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ABSTRACT

International sports mega-events are complex organizational undertakings requiring sophisticated
information systems (IS) for governance, yet research examining IS implementation in this context remains
fragmented. This systematic review synthesizes evidence on IS deployment in sports governance during
mega-events to identify core technologies and inform future event planning. The literature search was carried
out on Scopus, Web of science, and curated databases that included the studies published between 2005
and 2025. Following PRISMA 2020 guidelines, two-stage screening identified 28 studies from 129 initial
records. Five major IS categories emerged: Analytics & Data Management Systems; Management
Information Systems (MIS); Knowledge Management Systems; Governance and Planning Platforms; and
Wearables and Monitoring Technologies. Important conclusions are that digital transformation can lead to
more operational efficiency in four studies, multi-level govermnance coordination may also be better,
knowledge transfer barriers are persistent despite the implementation of an information system, data
protection systems are also underdeveloped, and stakeholder engagement platforms become more critical.
Developing nations hosting mega-events require targeted capacity-development support for IS
implementation. This first systematic review bridging information systems and sports management literature
provides evidence-based guidance for future event governance.
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INTRODUCTION

International sports mega-events such as the Olympic Games, FIFA World Cups, and Commonwealth
Games represent complex organizational undertakings involving thousands of stakeholders, billions of dollars
in investment, and unprecedented logistical challenges. These events have grown exponentially in scale and
complexity over the past two decades. Concurrently, information systems (IS) and digital technologies have
become increasingly central to how organizations plan, execute, and evaluate mega-events.

Mega-sports events such as the Olympic Games and FIFA world cups are part of the most complex forms of
organizations in the modern society. These games include thousands of stakeholders, require investments
in the billions of dollars, and require an unprecedented level of logistical mobilization across the countries
and organizations (Ludvigsen & al., 2023; Xiang & al., 2023). The number and magnitude of such mega-
events have increased significantly; an example is the 2020 Olympics in Tokyo where approximately 11,000
athletes wore representation of 206 countries participating in 33 different sports, hence necessitating the
efforts of hundreds of governmental and non-governmental organizations (Al-Thani & al., 2025). This
complexity requires advanced forms of governance and increasingly depends on information systems (IS)
as the means of decision-making, coordination with stakeholders, and organizational activities (Qi & al.,
2024).

The use of information and communication technologies (ICTs) in sports mega-events has grown at an
increasingly fast rate including performance monitoring analytical systems, real-time data platforms to
support decision-making, organizational learning knowledge management systems, and stakeholder
engagement digital platforms (Berente & Seidel, 2022; Wang & al., 2024). However, the academic research
on sports management has been more focused on the organizational structures and policies, and was
relatively silent on the matter of the IS underlying the governance processes (France & al., 2024). In contrast,
the information systems literature exploring the concept of digital transformation has rarely addressed sports
situations, especially the temporal, stakeholder, and outcome peculiarities of the mega-event situation. This
disciplinary discontinuity creates a salient knowledge gap that is about what IS is being deployed, how
successfully it can achieve the goal of governance and what lessons can be learned to apply in the future.

Mega-events are a unique organizational setting that should be given a special consideration to the
deployment and governance of IS. Such events bring into existence temporary organizations having fixed
timelines (usually 710 years between bid and completion), unprecedented multi-level governance systems
across multiple nations and organizations, unprecedented monetary and human interests, and stakeholders
across various national and technical backdrop (King, 2016; Santos & Gémez, 2022). Besides, mega-events
theoretically lead to the transfer of knowledge to future host cities, yet, systematic evidence shows that
knowledge transfer is still lacking with regard to technology investments (Zhou, 2023). Knowledge of how IS
can be better used to help governance efficacy, stakeholder coordination, and organizational learning is thus
important in achieving better efficiencies in event planning and implementation in the future.

The current systematic review aims at closing the gaps that exist between the information systems and sports
governance literature by synthesization of empirical evidence that IS has been used in international mega-
events and what it signifies in terms of governance. The three related research questions are answered: (1)
Which IS are implemented in sports governance at international mega- events? (2) What are the recorded
effects of these IS on governance effectiveness, operational efficiency, and engagement with the
stakeholders? (3) What are the barriers and enablers to IS implementation in the context of mega-event, and
what can be learnt about implementing it in future events? The output of this review is practical advice on
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future mega-events, theoretical development that coordinates the disjointed literatures and policy implications
on international sports organizations and host countries that are planning to host global events (France & al.,
2024; Imran & al., 2021).

METHODS

To ensure the transparency of the methods and the reproducibility of the results, this systematic review was
built on the Preferred Reporting ltems of Systematic Reviews and Meta-Analyses (Haddaway & al., 2022).
The search, filtration and careful documentation steps of the procedure were designed in a manner that
reduces biases and maximizes internal validity. An extensive literature search was conducted using three
bibliographic databases Scopus, Web of science, and Zotero library. The search strategy involved controlled
vocabulary terms in four thematic areas, namely; (i) information systems (information systems OR digital
transformation OR information technology OR management information systems OR data management); (ii)
sports governance (sports governance OR sports organizations OR sports management); (iii) mega-event
(mega-events) and (iv) governance functions. Peer-reviewed articles and reviews, articles written in English,
publications published between 2005 and 2025, articles in the field of Sports Science, Business
Management, Computer Science, and Social Sciences were filtered. The search in question in the
identification phase identified 129 records; no duplication records were detected (n = 0), and automation tools
identified no ineligible records (n = 0). All identified records were imported and managed using Zotero 7.0
reference management software to organize, deduplicate, and screen studies systematically. Zotero enabled
automated deduplication and facilitated collaborative screening across the review team.

The evaluation of eligibility was done in two stages in succession to maintain methodological rigor. In the
screening stage, independent title and abstract review was applied on 70 records; 59 records were filtered
based on the a priori inclusion-exclusion criteria and 42 records passed to the full-text appraisal stage. The
access restrictions hindered retrieval of twelve records and limited the pool to 30 articles to assess the full-
text. In the next eligibility step, full-text screening revealed three groups of exclusion, including studies that
did not have an information-systems focus (n = 18), studies that did not have a mega-event or major sports-
organization context (n = 8), and studies with an inadequate governance focus (n = 2). As a result, 28 studies
met all the inclusion criteria and were included in a final synthesis. Relevant characteristics of the study such
as author(s), year of publication, country of origin, and study design were taken during data extraction. Other
variables that were documented included population and sample, the information-systems components that
were identified, the outcomes that were measured, and the key findings.

The quality appraisal was carried out based on criteria designed according to each study design, and the
methodological rigor, measurements validity, and clarity of the reported outcomes. Synthesis of data was
done through narrative methods were tabulated characteristics of the study were combined with thematic
analysis. The thematic analysis revealed five major categories of information-systems, which were analytics
and data management, management information systems, knowledge management systems, governance
and planning platforms, wearables and monitoring technologies, and five general governance themes, which
included digital transformation as a catalyst, governance evolution, data management and protection,
challenges to knowledge transfer, and implementation challenges. A conceptual map was designed to
establish the position of information-systems elements in the main governance functions they serve.
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Figure 1. Prisma follow chart.

RESULTS

Study selection and characteristics

The systematic review consolidates 28 published articles, which examine information systems and
governance frameworks in sports organizations, specifically in mega-event management. The papers cover
the year 2005 to 2025, and thus, reflect the developments in digital transformation, sustainability reporting,
and governance practices in the sports industry. The sample is a heterogeneous collection of methodological
models and organizational environments, which can cover thoroughly information-systems implementation
in different sports governance environments (see Table 1).

Publication timeline and research trajectory

Temporal Distribution of Research: A strong tendency in the trend of the selected studies publication is
presented. According to Figure 2, 17 researchers (60.7% of the total studies) were published after 2021,
which shows a swiftly growing interest in the scholarly community in information systems and digital
transformation in sports governance. The first-documented studies are dated 2005, which means that the
systematic scholarly interest in the deployment of information-systems in sports governance is a fairly new
phenomenon, though the move is significantly gaining traction in the last five years. This pace of acceleration
can be seen as an intensification of awareness of the importance of information systems in the management
of the complexity of the modern mega events and sports organizations.
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Table 1. Basic publication information of the final sample, involving 28 documents.

N°  Autor Research objectives Research methods Research results Research gap & key concepts
. ved f iaid hi hical 1 to flexibl Governance Resilience
. Examine governance and planning framework  Qualitative: Document analysis, policy Qatqrs governance €vo ved.rom ”gld. Ierarchica cqntro o ex ible, Gap: Need for adaptive capacity
1 (Al-Thani & al., - . . - P multi-level coordination. Resilience defined as capacity to anticipate, ’ .
resilience  during FIFA  WC  Qatar review, semi- structured interviews ) - frameworks across planning and
2025) . absorb, and adapt while sustaining
2022 with key stakeholders [ legacy stages
strategic objectives
— Mega-Event Governance
Quantitative: Text minin Shift in sustainability focus from socioeconomic to health/ethical ~ Sustainability Reporting
(Alnagbi & al Compare sustainability- related documents and coresoon dénce analysis  usin Ggl concerns post-COVID. Official documents show modest changes vs.  Gap: Comprehensive approach to
2 q " reporting in mega-events (Tokyo Olympics P ) y 9 SN academic documents.  sustainability documentation needed;
2025) & Dubai framework; systematic S ; )
ubai Expo) review Underrepresented sustainability ~ need for integrated reporting systems
indicators identified — IS Documentation
Systematic review of sports information systems R - . . . Spor.ts L IS Integration
(Blobel & al (SIS) implementation and usage in professional Qualitative: Systematlg Iltgrature review SIS useq gxtenswely for athlete. managemem, performance anaIyS|s, Gap: lelted research  on
3 N of SIS applications and  and decision support. Current implementations address operational ~ comprehensive SIS frameworks; need
2021) sports PP PP P P P
oE anizations effectiveness needs but lack integration for  standardized  architectures
9 — Core IS Discipline
L . - . . Three building blocks identified: value, governance, design Platform . - quernance
Review digital platform governance mechanisms  Qualitative: Systematic literature review; X BN : ! - Gap: Limited empirical testing; need
4 (Chen & al, and design features; develop integrative  framework Governance mechanisms  categorized into_ incentive and control for sport- specific platform governance
2021) ’ systems. Design features mapped onto
framework development o 4 models
organizational mechanisms o
— Digital Governance
. - I - ' . Digital transformation fosters dynamism and adaptability of Flexiblg ’ Performance. Systems
Examine how digital transformation influences  Quantitative: Systematic review of 47 ) e . Gap: Limited sport-specific research;
(Cosa & ’ h o performance measurement systems. Shifts toward decision-making . .
5 ) performance measurement  studies across industries;  meta- . . . o need for industry- tailored performance
Torelli, 2024) ’ agility, inclusivity, and sustainability. Human
systems analysis approach frameworks

resources crucial for adaptation

— DT & IS Alignment

(Henriette &

The primary objective of the research was to gain
a deeper understanding of the digital
transformation process within companies. This
involved clarifying the definition and dimensions

Qualitative: The research utilized an
exploratory qualitative design, relying on
semi-structured interviews and thematic

Digitalization presents significant strategic, organizational, and cultural
challenges for companies, necessitating strong commitment and
involvement from top management. The study's initial findings highlight

Flexible ~ Performance  Systems
Gap: Need for context-specific
frameworks linking DT-driven flexibility

al., 2016) L . . analysis to delve into the complexities of ~ how digital transformation profoundly impacts business models, to sport management performance
of digital transformation through a systematic - . . . _—
. . ) digital transformation, with plans for  processes, resources, operational methods, and organizational — outcomes.
literature review and Exploring Stakes and further d llect Iture/ Soort-Specific Adantive S
Impacts urther data collection. culturey — Sport-Specific Adaptive Systems
Performance Analytics
(Ferraz & al Provide comprehensive framework for tracking ~ Quantitative: Scoping review of 79  Tracking technology enables analysis of externalfinternal load, fatigue, ~ Gap: Need for integrated analytical
7 2023) ” device application in physical performance  studies; systematic analysis of GPS/LPS  and performance. Primarily kinematics- focused metrics. Lack of  frameworks; standardization across
analysis technology applications integrative model for EL/IL metrics analysis across sports team sports lacking
— Sports Data Systems
. . . Dominance of conceptual/theoretical studies; case study methodology Org§n|zat|onal - Accountab!l!ty
Map  accountability literature in  sport T . . I s ) ) o . Gap: Need for empirical accountability
(France & al, e Qualitative: Scoping review of 44 articles;  prevalent; international and national sport organizations most studied. o .
8 organizations; identify research gaps and . h . L . P A frameworks; integration of governance
2024) I systematic mapping of research field Limited integration of accountability discourses across organizational ™
opportunities tvpes and accountability systems
¥p — Governance Accountability
. . . . Twin  TransformationGap:  Limited
) . e . .. Twin Transformation fosters innovation, enhances fan engagement, . . .
Explore Twin Transformation (digitalization +  Qualitative: ~ Conceptual  analysis; . S . ! empirical evidence; need for case
(Glebova & o . : . ; . promotes environmental responsibility. Integration of digital and " . :
9 Madsen, 2024) sustainability) as strategic approach in sport  synthesis of theoretical and practical sustainability princioles creates transformative paradiam for sport studies demonstrating simultaneous
’ management examples Y princip P 9 P DT and sustainability
management . )
implementation— Integrated Strategy
Qualitative: Literature review; analysis of NFL/MLB use hierarchical models; NBA shows decentralized franchise League  Governance  Innovation
10 (Hu & Shu, Examine traditional and innovative governance overnancé documents from’NFL MLB model; NHL established Players' Association. Evolution toward Gan: Limited emoirical comparison of
2024) approaches in US professional sports leagues g ’ * collaborative and empowering governance structures; impact on P P P

NBA, NHL

labour relations evident

governance impacts; need for IS-
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supported governance frameworks
— Org Governance

Explore digital transformation enablers and their

Qualitative: Case study of 4 leading

Leadership, structure, and culture identified as key DT enablers.

DT Enablers Framework
Gap: Limited sport-specific application;

1 gg‘zrf)n & al, impact on performance outcomes in industrial  industrial organizations; sociotechnical ~ Performance outcomes include collaboration, customer-centricity, and  need for sports organization DT
organizations systems theory framework agility. Joint optimization of social and technical systems essential adoption models
— Organizational Transformation
Qualitative: Document analysis (16 Strategic goals achieved for regional development; obstacles identified ~ Olympic Legacy Planning
(Kim & Grix, Analyse implementation of sustainability legacy \ : ySIS in post-Games venue use planning and stakeholder conflict resolution.  Gap: Limited post-Games monitoring
12 ) . documents); semi- structured interviews ) ) o . . -
2021) plan for PyeongChang 2018 Winter Olympics Effective tool for regional development but sustainability planning gaps  systems; need for integrated legacy
(10 stakeholders) :
evident — Mega-Event Legacy
Sports Data Rights
(X. Li & Guo, Analyse factors affecting protection of data rights Quantltatllve: Fuzzy.-. set .qualltgtlve .Thret_a. cqnflguratlon pathg for high data protectlon effectlveness Gap: Limited governar.me frameworks
13 . . . ) ) comparative analysis; configurational  identified; two for low effectiveness. Study provides theoretical support ~ for mega-event data; need for IS-
2024) in sports events using configurational analysis ; ) R .
theory for data rights governance in sports; facilitates safe data use based data protection systems
— Data Governance
Sports IS Development
. Review development and management of sports I _— SIS development based on user needs; software engineering methods ~ Gap: Limited integration of systems
(G.J.Li&Ma, . . ’ ’ Qualitative: Literature review; systems . ! . ; ) ! N
14 information systems and their role in sports . essential. Systems analysis, design, evaluation, and implementation  across sports organizations; need for
2014) . ! analysis approach (CBA example) ) ; .
information management framework outlined for sports management standardized IS architectures
— Systems Design
Event Management IS
(Ng & . . T . Information systems critical for coordinating complex event operations. Gap: L|m|ted' framev'vor.ks for mega-
) Case study of information systems for large-  Qualitative: Case study approach; event . ) ) ) event IS integration; need for
15 Kankanhalli, . Integration of multiple system components essential for effective event . )
scale event management management system analysis enterprise- wide event management
2012) management
systems
— Event Operations
Extensive usage of analytics, wearables, MIS, and fan engagement Technology Adoption
Investigate technology adoption rates and  Mixed: Survey (21 organizations); semi- : : " ” . Gap: Ethical considerations
. h A . ) . - platforms. Analytics and MIS most influential for performance; . )
16 (Qi&al., 2024) impacts on performance, injuries, operations, and  structured interviews (17 experts); mixed ) L . . underexplored; need for responsible
. ) S wearables crucial for injury prevention. Data-driven systems enhance ) ’
fan experience in sports organizations methods approach : L technology integration frameworks
outcomes but human expertise remains vital :
— Tech Integration Strategy
Knowledge Management
@n & al Systematic review of knowledge management in Qualitative: Systematic review (PRISMA  Knowledge management mainly researched in Olympic context. Tacit ~ Gap: Limited cross-event knowledge
17 ? y 9 9 protocol); academic and grey literature  knowledge and stakeholder roles critical. Social, cultural, political ~ transfer systems; need for KM IS
2022) sport mega- events ) . . . )
analysis (16 final studies) differences weaken knowledge transfer effectiveness frameworks for mega-events
— Organizational Learning
Information Flow  Optimization
- . . Mixed: Case study (rugby union club); . A - . Gap: Limited cross-sport BPM
(Ranaweera & Optimize mformaltlon ﬂow§ for  athlete BPM methodology; System Usability Informgtlon flow rede5|gn improved data aclcleSS|b|I|tlyl anq quality. Data applications: need for standardized
18 management  using  Business  Process ) . " collection systems achieved Grade A usability. Positive improvements ) -
al., 2022) Scale testing (55 players); cognitive ) . o - S athlete  management information
Management approach across all information quality dimensions; automation identified
walkthroughs (9 staff) systems
— Process Management
DT influences innovation through structural change; contingencies DT-Innovation Integration
- Develop multilevel framework T . Lo . ; ) A Gap: Limited sport-specific models;
(Saeedikiya & o ) . Qualitative: Systematic literature review;  include market dynamics, technological advancement, organizational - T
19 explaining DT innovaton nexus and . ) . ) . - need for empirical testing in sports
al., 2025) o . . integrative framework development capacity. DT as strategic asset must align with firm capabilities and
organizational contingencies . ) governance context
environmental dynamics )
— Strategic Management
(Simsek & Examine technologies used in mega sports  Qualitative: Review study; analysis of Technqlog|es gqtegorlzed ol greas: athlete performance/ljealthi Meg.a-l_Ev_ent Technologies
o s o ) . L refereeing/decision support; fan experience;  Gap: Limited framework for technology
20  Devecioglu, events historically and contemporarily; predict ~ academic publications, event reports, A . . . . ) )
. . . . organizational/infrastructure; education/preparation/analysis.  governance at mega-events; need for
2025) future technologies company websites, news sites, videos

Historical and contemporary evolution documented

comprehensive technology
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management IS
— Tech Management

Qualitative: ~ Conceptual ~ framework ~ Framework addresses heterogeneous data perspectives (high-  Sports Data AnalysisGap: Limited
21 (Stein & al.,  Develop comprehensive framework for analysing ~ development; multi- faceted analysis  dimensional, video, movement); team behaviour analysis and rule integration across sporttypes; need for
2017) team sport data from acquisition to modelling approach including pattern detection and  constraints integrated. Methods and technologies proposed for team  standardized data architectures in
visual analytics sport data analysis sports governance— Data Analytics
NGB
(Taylor & Qualitative: Semi- structured interviews Consensus: NGBs should reform board composition for business ~ Governance Structure
ayol Explore appropriate board structure for National O . ; demands; optimal size 5-12; separate CEO/chairman roles; increase ~ Gap: Limited empirical governance
22 O'Sullivan, G ina Bodies (NGBS) of in UK (22 senior administrators); exploratory ve di Boards should bevond ) oo data: 4 for IS
2009) overning Bodies ( s) of sportin study .non-executllve |rectors.. oards should move beyond representativeto  effectiveness data; need for IS-
include business expertise supported ~ governance  systems
— Corporate Governance
Digital Sustainability
o ] I . Pandemic acted as catalyst for digital transformation. Digitalization ~ Gap: Limited long-term pandemic
(Tettamanzi &  Investigate COVID-19 impact on sustainability of Qualltlatlve.Cfase study (M ISta‘dloS.r..I.), preserved financial position; increased partner information flows; risk  impact data; need for
23 . ) interviews with management; archival . R ! o .
al., 2023) sports business models in football s o ; aversion behaviour adopted.  sustainable digital transformation
data analysis; information triangulation L ) . .
Sustainability practices accelerated in football industry frameworks
— Business Continuity
. . ' A ’ International SIS Comparison
(Varmus & al Compare  sports  information  systems  Quantitative: Comparative analysis; data Slljovitlt?ns SIS mglr?;nirrlitaaltlon I(ijsesdesfif(l)cnlfant|n;<;iti/rt1echnolggg due;’;te Gap: Limited framework for cross-
24 ”  implementation  across  Slovakia, Czech collecton from  national  sports pporting . g 9 quately. - ational sports governance IS; need
2024) ) . . I Recommendations: ensure transparency, automation, strategic )
Republic, England, and Denmark databases; hypothesis verification ' . . X for standardized European sports
planning. Ethical/legal issues emerging ;
— Comparative Systems
Quantitative: Panel fixed effects model; DT significantly aids sports enterprises in sustainability pursuit. DT', - Sustalnabl!lty .L.'nk
- L . - . . o L ) Gap: Limited non- Chinese empirical
(Wang & al., Assess digital transformation influence on  chain mediating effects model; panel  Heterogeneity evident; high-tech eastern region firms benefit most. . .
25 L . . . : ) o h evidence; need for mega-event
2024) corporate sustainability in sports organizations threshold model (48 Chinese sports  DT-innovation-TFP chain mediating effect validated. Threshold effects ; -
. e I ’ : . specific  sustainability 1S models
corporations, 2012-2021) identified regarding financing and operational efficiency
— Performance Measurement
. P . IS Success Integration
. Integrate user satisfaction and technology = Quantitative: Survey (465 users, 7 Intggratedl model supported, d|§t|ngm§hes object-based Gap: Limited sport organization
(Wixom & . ; - RPN ! ) beliefs/attitudes from behavioural beliefs/attitudes. Successfully L
26 acceptance literature; develop unified research  organizations); testing of integrated : o . e - validation; need for sports governance
Todd, 2005) : : bridges design/implementation (satisfaction) to usage prediction
model model; data warehouse software analysis 4 IS acceptance models
(acceptance) literature .
— IS Adoption
Qualitative: Systematic review Urban Sustainability
Systemati . . le of ; PRISMA 'Id tab hes (Sci Sports mega-events integral to sustainable city development;  Gap: Limited IS role in managing
(Xiang & al ystemalic review examining role Ol sports (. ) atabase searches ( CIeNce ontribute to political, economic, cultural development. Benefits include ~ mega-event sustainability; need for IS-
27 ”  mega- events in cities' sustainable development  Direct, Sport Discus, Scopus); 30 studies . . Lo . : ] ’
2023) : | . - job creation, city visibility, economic development. Post-COVID  based sustainable  development
and residents' attitudes included 9 qualitative, ic f ded o
10 quantitative, 11 mixed) strategic focus neede: monitoring o
' — Mega-Event Sustainability
Knowledge Transfer
) . Qualitative: Systematic review (PRISMA  Three barriers identified: knowledge accessibility/availability, lack of ~ Gap: Limited IS support for KT
Systematic review of knowledge transfer . . ) . : . ; " .
) . . protocol); academic and non- academic  absorptive capacity, knowledge sharing/protection dilemma. Three  between mega- events; need for
28 (Zhou, 2023) barriers/enablers at international sport mega-

events

literature (11 academic + 6 non-

academic works)

enablers: context-based knowledge tailoring, improved learning
culture, communication/cooperation strategies

knowledge management systems for
mega-event hosts
— Organizational Learning
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The fact that the number of publications grew after 2021 is an indication of a paradigm shift in sports-
management research, not only due to the growing use of digital technologies by international sports
organizations (IOC, FIFA, National federations) but also because of the focus on digital resilience and remote
coordination tools in the aftermath of the COVID-19 pandemic.

Distribution methodology

Methodological composition

As Figure 3 shows, the sample mainly consists of qualitative studies (18 studies, 72 per cent) that include
systematic literature reviews (16 studies), case studies, document analysis, and conceptual analysis.
Quantitative research includes 7 studies (21%), which use surveys and statistical modelling methods, and 3
studies (7%), which use mixed-method designs which combine qualitative and quantitative data collection
procedures.

Quantitative
8 0
21% Mixted
7 7%
6
5
Mixted
4
B Qualitative
3
Quantitative
2
. IR R
0 Qualitative
) Y J > A Y AV A % 72%
O’ O A N D QA QY
AT AT AT AT AT AR AT AT DT AP

Figure 2. Publication year distribution of included studies (n = 28). Figure 3. Distribution of research methodologies (n = 28)

Such a methodological profile suggests the presence of an exploratory approach to the implementation of
information systems in sports governance, during which the emphasis is made on the comprehensive study
of processes, mechanisms, and contextual aspects instead of the numerical measurement itself. The use of
more qualitative methods indicates a need to capture the contextual (dependent) complexity of the manner
in which information systems are implemented and lived in sports organizations.

Information systems categories
The thematic analysis of the 28 studies produced five significant types of information systems that performed
different governance roles:

- Analytics and Data Management Systems (linked to 11 studies): These systems are focused on
performance analytics, wearable integration, tracking systems, e.g. GPS/LPS, and data-analytic
frameworks that can lead to optimizing athlete performance and event management. The common
examples are performance-monitoring analytical systems and real-time data platforms to assist in
decision-making.

— Management Information Systems (MIS) (identified in 9 studies): MIS support the managerial
decision-making process, operational planning, and real-time data platforms in the coordination of
organizational activities because MIS integrate information across various sources to enable the
decision makers to have timely and right information.

172 | 2026 | ISSUE 3 | VOLUME 4 © 2026 ARD Asociacion Espafiola.




Eddif, et al. / Information systems for sports governance Sustainability and Sports Science Journal

- Knowledge Management Systems (found in 7 studies): KM Systems are designed to store, encode,
and communicate organizational learning, specifically focused on the legacies of mega-events and
how the knowledge is transferred between the event hosts of the past and the present.

- Governance and Planning Platforms (named in 8 studies): This group includes digital platforms,
which facilitate multi-level coordination, stakeholder, accountability, and event-planning activities in
temporary organizations and across international borders.

- Wearables and Monitoring Technologies (identified in 6 studies): This category is represented by
physical tracking devices and real-time monitoring systems that track the athlete health,
performance, and injury prevention, which are becoming essential infrastructure in the modern sport
governance.

These types do not exclude each other and integrated methods, which apply various types of systems to
satisfy complicated governance needs, are used in many organizations.

Key findings on IS impact

Areview of various studies that explore the impact of Information Systems (IS) on sports governance provides
various relevant findings. Digital transformation is also linked with a reduction in operational efficiency, but
four studies show an increase in process automation, resource allocation, and organizational agility.
Moreover, the implementation of IS is also claimed to promote coordination of multi-level governance, since
the studies demonstrate that in six studies, there is improved alignment of stakeholders and communication
across organizations. However, there are still obstacles to the transfer of knowledge despite the adoption of
IS and insufficiently developed data protection measures are still relevant, and overall information control
and privacy issues regarding the information about athletes and stakeholders still persist.

The analysis also outlines five general themes of governance, such as Digital Transformation as a Trigger,
Governance Evolution and Data Management and Protection. Digital channels are starting to become more
central platforms as a stakeholder engagement system and sports organizations seem to be shifting to less
hierarchical and more collaborative systems of governance. However, there are still widespread barriers to
implementation and long-term sustainability concerns that are apparent. The results of the above findings
highlight the need to address these issues by sports organizations, and to ensure effective governance in
the digital age. Altogether, although IS has much to be desired (e.g., improving operational effectiveness and
organizational coordination), it is necessary to fill the existing gaps and challenges to realize the full potential
of the IT in the sports governance market.

DISCUSSION

Novel integrated framework: Synthesizing fragmented domains

The systematic review contributes to the academic discourse by integrating three traditionally distinct fields
of literature: mega-event governance (Al-Thani & al., 2025), sustainability legacy accounting (Alnagbi et al.,
2025), and sport-specific information systems (Ng & Kankanhalli, 2012), into a unitary conceptual framework.
The existing literature isolates these areas: governance reforms regarding Qatar 2022 are written without
references to digital infrastructure (Hu & Shu, 2024) ; sustainability studies of Tokyo 2020 and Expo Dubai
are conducted without integrated information systems (Alnagbi & al., 2025) ; and research on digital
transformation is not related to sport-specific realities (Saeedikiya & al., 2025). Such fragmentation hinders
the process of coming up with holistic solutions that maximize the results of events in terms of seamless
accountability and data-driven decision-making (Ng & Kankanhalli, 2012). The synthesis that we have
performed demonstrates the fact that digital platforms are able to simultaneously support risk-based planning,
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stakeholder engagement, and legacy tracking, which was largely missing in the previous research that
focused on governance (Hu & Shu, 2024) and single-digital transformation studies (Saeedikiya & al., 2025).
The new IS architecture is proposed as a modular, stakeholder-based IS architecture that incorporates three
essential elements: Adaptive policy instruments resiliency dashboard (Hu & Shu, 2024, p. 2); Weighted
sustainability indicators include child labour, anti-corruption and economic performance (Alnagbi & al., 2025;
Glebova & Madsen, 2024, p. 4); Data-rights controls that demand synergistic technical, organizational and
policy protective measures (X. Li & Guo, 2024).

This design is flexible enough to support both the legacy-oriented event planning (Kim & Grix, 2021) and the
industrial-scale model of the digital transformation (Imran & al., 2021), which means that it is applicable
across contexts. Most importantly, the review determines that there are three interconnected themes that do
not respect disciplinary boundaries: how to manage knowledge effectively (Qin & al., 2022), how to transform
digitally strategically (Qi & al., 2024), and how to ensure unswerving commitment to sustainability (Qi & al.,
2024). The combination of these factors confirms the opinion that the key to the successful implementation
of mega-events is highly advanced IS solutions to control logistics in real-time, effective communication, and
permanent situational awareness (Ng & Kankanhalli, 2012), but the existing systems are still disjointed in
terms of governance, sustainability, and technical aspects of the implementation.

Critical performance deficiencies and missing metrics

Although sport information systems have been widely adopted, their effectiveness and support of governance
are fatally affected by critical performance maladaptation. The study conducted by (Blobel & al., 2021)
indicates that the existing versions of SIS use operational requirements, but they are not fully integrated, and
not many standardized architectures are offered (Blobel & al., 2021). More importantly, existing SIS only
capture limited operational metrics, but they do not capture the entire triple bottom line of environmental,
social, and economic results, which are referred to as the missing social justice indicators (Alnagbi & al.,
2025; Qi & al., 2024). The comparison of sustainability reports of Tokyo 2020 and Dubai Expo shows that
key metrics such as child labour, anti-corruption, and health/ethical issues are grossly under-reported
(Alnagbi & al., 2025), and the change in sustainability focus towards health-related metrics since the COVID
exposure reveals a problematic reporting system (Alnagbi & al., 2025). Another underlying failure of
configuration is the protection of data rights: to ensure comprehensive protection, the combinations of
technical, organizational, and policy aspects have to be synergistic and coordinated, which is what is
systematically missing in the current systems (X. Li & Guo, 2024). Moreover, the notion of stakeholder-
focused accountability is still not present in the design of sport organization IS, as scoping reviews reveal
that more conceptual rather than practical models of accountability are predominant (France et al., 2024).

The literature of the "Twin Transformation" demonstrates the lack of unified structures connecting
digitalization and sustainability objectives and presupposes an excellent dedication of the top management
to organizational and cultural issues (Glebova & Madsen, 2024; Henriette & al., 2016). The technologies
used in mega-events, such as performance of athletes, refereeing, entertainment, and management of
infrastructure, do not have governance strategies (Simsek & Devecioglu, 2025). These loopholes are not
only technical incompetencies but also in endorsing a solid evidence-based governance, exhaustive
sustainability reporting, and transparent stakeholder communications. IS must ensure constant connectivity
and high security and 24-hour situational awareness to combine sports informatics to close the gaps between
SIS providers, sport practice, and sport science (Ferraz & al., 2023; Ng & Kankanhalli, 2012), but the existing
systems do not meet these specifications. Other barriers to knowledge management such as knowledge
accessibility, absorptive capacity limitations and knowledge sharing dilemmas also hamper effective
information flow among mega-events (Qin & al., 2022; Zhou, 2023).
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Research gaps and fragmentation in mega-event governance

The primary gap identified across the sources is the fragmentation of research, leading to a lack of cohesive,
integrated frameworks. While individual areas like Digital Transformation (DT), sustainability, and innovation
are well-studied in isolation, there is a critical need for studies that synthesize them, such as the proposed
Twin Transformation (TT) approach linking digitalization and sustainability (Glebova & Madsen, 2024;
Saeedikiya & al., 2025).

A second major gap lies in the disconnect between aspirational goals and measurable outcomes. Research
into Knowledge Transfer (KT) in mega-events suffers from a scarcity of empirical, theory-based studies
capable of measuring tacit knowledge transfer, while official sustainability reports frequently omit critical
indicators like anticorruption and specific social justice metrics (Alnagbi & al., 2025; Zhou, 2023).

Third, there is a deficit in understanding causal mechanisms and organizational governance at the micro-
level. Many studies lack integrative models to connect external physical data to internal performance metrics
for injury prediction, and there is insufficient empirical work detailing the configurations necessary for robust
data rights protection within sports organizations (X. Li & Guo, 2024; Stein & al., 2017). Governance
innovation is also an ongoing gap, as decentralized structures need longitudinal testing to confirm that
adaptive reforms persist beyond the event's immediate focus (Al-Thani & al., 2025; Hu & Shu, 2024).

Systematic research agenda bridging theory and practice

The current review suggests institutionally based intricate mechanisms to propel market motivations and
information systems (IS) capacity building in the sports mega-events. The event licensing provisions should
require weighted reporting for sustainability and data-rights standards to be incentivized, compliant SIS
vendors (Chen et al., 2021), and special capacity-building programs will address endemic financial and skills
barriers, and ethical barriers, identified in sport technology adoption research (Alnagbi & al., 2025; Qi & al.,
2024). The suggested architecture can be operationalized by the governance bodies to institutionalize
stakeholder responsibility, which is a significant gap in sport organization scholarship (France & al., 2024),
as shown by the acceleration in digitalization during the pandemic preserving financial stability, improving
communication with partners, and hastening sustainability practices (Tettamanzi & al., 2023; Wang & al.,
2024). This framework goes further than single-event analyses and enables systematic cross-event
comparative analysis ((Glebova & Madsen, 2024; Qin & al., 2022; Ranaweera & al., 2022) in which an
integrated IS architecture is critical to the provision of resilient governance, transparent sustainability
reporting, and equitable value creation.

The innovative forms of governance require digital platforms that incorporate the empowerment of the players
by the collective centralization of power in the form of collective bargaining and community-focused social
responsibility strategies (Hu & Shu, 2024), and inclusive board design that involves combining the experience
of the business with non-executive representation to enhance organizational performance (Taylor &
O'Sullivan, 2009). The framework explicitly goes beyond individual case studies to provide nine key research
priorities, such as sport-specific platform governance models (Chen & al., 2021; Kim & Grix, 2021),
configurational data-rights protections (X. Li & Guo, 2024), longitudinal resilience measures (Al-Thani & al.,
2025; Blobel & al., 2021), and standardized cross-event sustainability measures (Alnagbi & al., 2025; Xiang
& al., 2023) This agenda fills the gap between theoretical frameworks and empirical implementation
pathways, offering not only short-term practical advice to event organizers, but also a longer-term basis to
develop sports mega-event governance in a more digital ecosystem.
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Table 2. Priority-research areas that bridge theory <> Practice (as highlighted in the review).

Research-area
(theoretical < practical focus)

Why it matters (key insight)

Representative sources
(all 28 files are drawn on)

A novel, integrated
“Twin-Transformation®  framework -

1 linking digitalization and sustainability as
a single strategic engine for sport
organizations.

Shows that treating DT and sustainability as
separate silos leaves a conceptual void; the TT
model offers a unified theory that can be
operationalized in policy, governance and
technology design.

Twin-Transformation study;
the multi-level
DT-innovation synthesis

Multi-level  digital-transformation —
innovation - mapping antecedents,
mediators and outcomes (organization,
industry and macro contexts).

Provides a hierarchical lens that explains how
DT reshapes capabilities, resources and market
dynamics, guiding both model development and
concrete innovation programs.

DT-innovation  systematic
review

Critical performance-deficiency & missing
metrics in Knowledge Transfer (KT)

3 especially the “accessibility-availability’
barrier and the “knowledge-sharing vs.
knowledge-protection” dilemma.

Empirical evidence shows KT is the weakest
link in mega-event legacies; filling the metric
gap is needed for credible impact evaluation
and for designing knowledge-sharing platforms.

Systematic review of KT in

sport mega-events;
Critical-deficiency
summary

Governance innovations for resilient
mega-events and professional leagues —

4 decentralized decision-making,
stakeholder-centred  structures  and
adaptive planning (e.g., Qatar 2022,
NBA/NHL, US leagues).

Traditional top-down models hinder legitimacy
and rapid response; governance redesign is a
practical lever that can be tested with
organizational-theory and measured through
performance indicators.

Governance analysis of
Qatar World Cup 2022; US
professional league
governance review.

Weighted, transparent sustainability
reporting - addressing the
“economic-blind-spot’,  anticorruption,

child-labour and social-equity omissions
in official event documents (Tokyo 2020
vs. Expo 2020 Dubai).

Aligns sustainability reporting with the SDG-GRI
framework, enabling auditors, sponsors and
policymakers to hold organizers accountable for
the full triple-bottom-line.

Comparative sustainability
report analyses.

Protection of sports-event data rights
(configurational analysis) -

6 organizational-level mechanisms (TOE,
fsSQCA) that achieve high data-security
effectiveness.

Moves the debate from legal-theoretical to
managerial  practice; identifies  concrete
technology-organization-environment ~ (TOE)
configurations that can be institutionalized.

Configurational study of
data-rights protection.

Efficiency of Sports Information Systems
(SIS) and digital optimization of
information flows — cost-inefficiency, data

7 duplicity and limited automation (e.g.,
Slovakian case) versus best-practice
automation, transparency and strategic
planning.

Demonstrates that even well-funded SIS can fail
without process-re-engineering; provides a
practical checklist for managers and a test-bed
for IS-theory.

Integrated SIS evaluation
(Slovakia).

Refined Technology-Acceptance models
for sport-IT — preserving the theoretical
separation between object-based beliefs
(system quality) and behavioural beliefs
(usefulness, ease-of-use) to improve
predictive power.

Offers a diagnostic tool for designers of
data-warehouses, wearables and
fan-engagement platforms, linking system
attributes to intention-to-use and actual
adoption.

User-satisfaction & TAM
integration study.

Next-generation Performance
Measurement Systems (PMS) for DT-
enabled sport organizations moving
9 beyond monitoring to attention focusing,
strategic decision-making and legitimacy
functions,  while  accounting  for
sustainability, resilience and ethical risks.

Supplies a concrete performance framework
that can be operationalized in dashboards,
KPI-sets and governance contracts, closing the
gap between DT capability and measurable
outcomes.

PMS systematic review &
agenda.
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To make this framework operational, we put the identified gaps in a systematic research agenda. Table 2 is
constructed to outline nine interconnected priority research domains to integrate theoretical fragmentation
with practice imperatives. All priorities are based on the gaps reported directly in the 28 studies under
investigation and they focus on specific obstacles to the successful implementation of information systems
in mega-event governance.

There are three areas in this research agenda that are interrelated. Priority 1-3 regard theoretical integration,
namely, Twin -transformation, DT- Innovation mapping and Knowledge Transfer metrics, thus creating unified
frameworks that present digitalization, innovation and learning as undivided entities. Priorities 46 are
institutional mechanisms such as the innovation of governance, sustainability reporting, and protection of
data-rights that are needed to implement these frameworks on organizational and policy levels. The
translation of conceptual developments into empirically verifiable, measurable results by priority 7 to 9 is by
optimizing SIS efficiency, developing better technology-acceptance models, and creating dynamic
performance-measures systems.

All these nine areas are a response to these three underlying research questions. Priorities 7, 8, and 9
(system efficiency, acceptance, and measurement) address RQ1(Which IS are deployed?); priorities 1, 2,
and 9 (transformation, innovation, and performance measurement) address RQ2 (What are the effects on
governance?); and priority 3, 4, 5 and 6 (knowledge transfer, governance, sustainability and data protection)
address RQ3 (What barriers and enablers exist?). This methodical mapping is so that future research in the
field of mega-event governance will create integrated solutions instead of replicating the disjointedness that
is apparent in the extant literature.

Having been compiled through a review of 28 peer-reviewed sources, the current research agenda provides
not only a short-term practical advice but also a long-term basis of the development of sports mega-event
governance and digital-transformation studies. Without built-in information-systems (IS), adaptive
governance, old-school measurement, and data-rights protection is disjointed; on the other hand, the
deployment of an integrated IS architecture can empower mega-events to achieve higher resilience, clear
sustainability reporting, and equitable value-generation. The new concept of Twin Transformation is a
strategic combination of digitalization and sustainability as an inseparable source of improvement (Glebova
& Madsen, 2024), and the frameworks of resilience need to be multi-level, coordinating adaptively (Al-Thani
& al., 2025), but not centrally (Hu & Shu, 2024). Digital transformation (DT) requires more adaptable
performance-measurement frameworks including sustainability measures, but it faces a range of
implementation issues, such as expensive costs, skills shortages, and ethical ambiguity (Henriette et al.,
2016; Qi et al., 2024).

The transfer of data to cloud architectures is widely adopted (Blobel & al., 2021), but the existence of
inefficiencies in integrating national contexts (Varmus & al., 2024) suggests that the digitalization of athlete
data flows (Ranaweera & al., 2022)and data-protection in configurational data-rights (X. Li & Guo, 2024), is
required. Such interdepartmental obstacles to knowledge transfer as the problem of accessibility and the
insufficient absorptive capacity place the emphasis on the fact that KT research is still more limited than
larger knowledge-management schemes (Qin & al., 2022; Zhou, 2023), and comparative sustainability
studies demonstrate that post-pandemic social attention is rarely focused on economic disclosures (Alnagbi
et al., 2025). Accountability research highlights the lack of transparency in reporting that goes beyond the
governance framework (France & al., 2024). The future research directions are necessitated by technology-
acceptance models distinguishing between object-based beliefs and behavioural attitudes (Wixom & Todd,
2005), spatio-temporal analysis of team-sport metrics (Stein & al., 2017), incorporation of digital-twins
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(Simsek & Devecioglu, 2025), and the strategy of legacy based on empirical reality (Kim & Grix, 2021). Most
importantly, the achievement of DT hinges on equating leadership, culture, and organizational structure
(Imran &al., 2021; Saeedikiya & al., 2025; Tettamanzi & al., 2023), platform governance design in the context
of inter-firm coordination (Chen & al., 2021), and the need to go beyond the fragmented event-management
literature (G. J. Li & Ma, 2014; Ng & Kankanhalli, 2012) to inform cross-sector policy.

CONCLUSIONS

The current review shows that information systems have become important to the governance of mega
sporting events and that they have played a vital role in the governance of these events in five functional
categories. As the existing empirical evidence shows, digital transformation, in fact, enhances the efficiency
and coordination of operational processes, though the implementation of the corresponding technologies is
uneven. One of the central discoveries is that technology alone is not sufficient; organizational, cultural and
systemic barriers are often present, but inhibit the effectiveness and limit the necessary transfer of knowledge
between host countries. The synthesis determines that there are a number of pressing issues that need to
be addressed on an urgent basis. They include geographic differences in capacity of implementation that are
highly marked, urgency of ethical and data-governance concern that are heightened by increased data
gathering, and visible lack of coordination between technological investment and institutional learning. It is
interesting to note that the research reports about the transition to more inclusive forms of governance, in
particular, the development of stakeholder engagement platforms. However, it notes that this is an
imbalanced advancement that requires a calculated strategic intervention.

In line with this, the future development needs a combined solution. In practice, the information-systems
strategies must be integrated into governance and sustainability models early instead of being viewed as
technicality add-ons, and standardized guidelines and specialized support should be provided by
international organizations to the developing countries. In the academic field, there has been a dire need to
develop sport-specific theoretical frameworks and to conduct longitudinal and outcome-based studies.
However, it is only by taking into account technical, human, and systemic aspects in a holistic approach that
the full potential of information systems in sports governance will be achieved and thus be able to promote
more efficient, equitable, and ethically responsible mega-events.
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ABSTRACT

Wearable devices are increasingly popular among athletes, yet their metrics' predictive value for sports
performance remains unclear. Purpose: Evaluate whether WHOOP-derived metrics predict objective and
subjective volleyball performance in Division | collegiate athletes. Methods: Fourteen University of Tennessee
volleyball players (age 20 + 1.44 years; playing experience 8.5 + 3.01 years; WHOOP usage 2.08 + 1.16
years) participated during off-season. WHOOP metrics included strain, recovery, sleep performance, and
sleep debt. Performance outcomes included attacking efficiency, passing efficiency, and weekly Perceived
Performance Team Sports Questionnaire (PPTSQ) scores. Linear regression and repeated-measures
correlation analyses were conducted (a = .05). Results: Higher strain associated with reduced attacking
efficiency (p =.0017, r2=.029), and better sleep performance associated with higher perceived performance
(p = .0373, r* = .042). Despite statistical significance, associations showed weak predictive strength,
accounting for minimal performance variability. Other metrics showed no significant relationships.
Conclusion: WHOOP metrics showed minimal predictive value for volleyball performance in this off-season
sample. However, associations involving strain and sleep suggest larger samples, and longer monitoring
periods are needed to determine wearable data reliability for performance prediction.

Keywords: Health science, Athletic performance, Attacking efficiency, Strain, Training load.

Cite this article as:
Phillips, A. D., Droll, Z. F., Mauldin, A. J., & Ruiz, M. D. (2026). Evaluating WHOOP wearable metrics as predictors of Division | collegiate
volleyball performance. Sustainability and Sports Science Journal, 4(3), 182-191. https://doi.org/10.55860/HTMT4995

Corresponding author. Department of Kinesiology. Lipscomb University. Nashville, TN, United States of America.
E-mail: aphill10@go.olemiss.edu
Submitted for publication January 31, 2026.
Accepted for publication March 04, 2026.
Published May 07, 2026.
Sustainability and Sports Science Journal. ISSN 2990-2975.
©Asociacion Espafola de Andlisis del Rendimiento Deportivo. Alicante. Spain.

Identifier: https://doi.org/10.55860/HTMT4995
182 | 2026 | ISSUE 3 | VOLUME 4 © 2026 ARD Asociacion Espafiola.



mailto:aphill10@go.olemiss.edu
https://sssj.kineticeditorial.com/index.php/sssj/index
https://www.aearedo.es/
https://doi.org/10.55860/HTMT4995
https://doi.org/10.55860/HTMT4995
https://orcid.org/0009-0006-2190-4094
https://orcid.org/0000-0003-2848-1777
https://orcid.org/0000-0003-4547-6814

Phillips, et al. / WHOOP metrics predict collegiate volleyball performance Sustainability and Sports Science Journal

INTRODUCTION

Wearable technology, including WHOOP and similar devices, is now commonly used to monitor athlete
recovery and training load in applied sport settings. These devices provide continuous, non-invasive
physiological data, however evidence supporting their ability to predict sport-specific performance remains
limited. Despite this gap, adoption across professional organizations including the National Football League
(NFL), the Professional Golfers’ Association of America (PGA), and the Ladies Professional Golf Association
(LPGA), reflects growing confidence in WHOOP for athlete monitoring. This industry wide confidence sparked
the origins of this study to address if wearables could be used for more purposes than initially marketed.

Different technologies are used across the wearable market for 24/7 tracking, but WHOOP relies on
photoplethysmography (PPG) to estimate heart rate (HR), heart rate variability (HRV), and sleep metrics.
PPG sensors differ from electrocardiography (ECG) in its ability to collect continuous physiological data
(Rehman et al., 2024). To test the reliability of PPG sensors, Bellenger et al. (2021) demonstrated that
WHOOP 2.0 closely matched ECG for HR and HRV during sleep, and Rehman et al. (2024) found WHOOP
4.0 to provide dependable cardiovascular monitoring across 24-hour periods, with increased error during
activity consistent with PPG limitations. These validation efforts are important because performance
predictions depend not only on data availability, but also on measurement reliability. Bellenger et al. (2021)
established that WHOOP 2.0 closely matched ECG for HR and HRV during sleep, and Rehman et al. (2024)
found WHOOP 4.0 to provide dependable cardiovascular monitoring across 24-hour periods.

Error rates increase during physical activity, which is consistent with known limitations of PPG. Overall, the
study provided data that confirms WHOOP 4.0 is a reliable wearable for day and night HR and HRV
measurements; however, it is important to note that activity types, day versus night collection, and sensor
contact can add variability in these measurements. Sleep validation studies using WHOOP 3.0 also report
acceptable accuracy for total sleep time and sleep—wake detection, though multi-stage sleep classification
remains weaker (Miller et al., 2020; Berryhill et al., 2020).

While WHOOP provides valid physiological measurements, fewer studies have evaluated whether these data
predict sport-specific performance. Some evidence links increased REM and total sleep duration with
improved running performance (Allen et al., 2016). It is important to note, HRV findings remain inconsistent
across studies, likely due to individual variability and demographic influences (Flatt et al., 2017; Makivic et
al., 2013). Studies also indicate that, HRV shows relevance for psychological readiness, with lower HRV
associated with reduced emotional self-regulation (Horvath et al., 2022).

Some studies have reported improved performance prediction when wearables metrics are combined with
subjective wellness measures. However, these approaches often require extensive data collection, which
can be time-consuming and may reduce athlete compliance in applied settings. (Taber et al., 2024; de Leeuw
etal., 2022). However, identifying the most influential physiological and psychological predictors remains the
highest priority. As a result, there is uncertainty whether wearable-derived metrics alone can provide
meaningful insight into sport-specific performance. In turn, this led to the study design to assess the
practicality and usefulness of using a wearable to track many variables that may have performance
influences. Therefore, the purpose of this study was to examine whether WHOOP-derived metrics predict
objective and subjective volleyball performance in Division 1 athletes. We hypothesized that WHOOP metrics
would provide little predictive value for accurately predicting sport specific outcomes.
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MATERIAL AND METHODS

Participants

In total, fourteen members of the University of Tennessee Spring 2025 volleyball team [age: 20 + 1.44 years;
playing experience: 8.5 £ 3.01 years; WHOOP (WHOOP Strap 4.0; WHOOP Inc., Boston, MA, USA) Usage
history: 2.08 £ 1.16] years completed the study. All participants were regular WHOOP 4.0 users and provided
individualized physiological data collection for eight weeks.

Table 1. Descriptive statistics of the sample n = 14.

Variable Mean * SD
Age (yrs) 20.21 £1.52
Playing experience (yrs) 8.5+ 3.01
WHOOP experience (yrs) 207 £1.18
College experience (yrs) 2.79+£1.13
Measures
Physiological data

Each participant's WHOOP device collected continuous data, uploaded to a team cloud system, and
subsequently exported to Excel for analysis. This study analyzed four WHOOP metrics: strain, recovery,
sleep performance, and sleep debt.

Strain: Daily expenditure and workout intensity measured on a 0-21 scale using heart rate, accelerometer
data, and cardiovascular/muscular load. Scores above 18 indicate significant physiological stress (WHOOP,
2023).

Recovery: Daily measurement of body readiness for performance, incorporating heart rate variability, resting
heart rate, sleep performance, and respiratory rate.

Sleep performance: Ratio of actual sleep duration to individual sleep needs, calculated using sleep stages,
daily strain, and sleep debt.

Sleep debt: Cumulative measurement of unmet sleep time in minutes, incorporating strain score, naps, and
sleep duration.

Psychological data

Performance perception data were collected using the validated Perceived Performance in Team Sports
Questionnaire (PPTSQ) (Gershgoren et al., 2021). Participants received a Google Forms survey each Friday
and were required to submit it by Sunday night. This schedule aligned with the study’s goal of capturing
consistent, week-to-week changes in perceived workload and wellness.

Performance data
Volleyball performance outcomes were collected weekly from a practice coder, attacking efficiency and
passing efficiency were primary performance measures.

Attacking efficiency: Measured the effectiveness of attack attempts converted to scored points using the
formula: (Kills - Errors) / Total Attacks. This measurement was chosen as the main statistic used to assess
offensive success; higher attacking efficiency correlates with greater offensive success (Sitti et al., 2025).
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Passing efficiency: Assessed on a 3-point scale commonly used in collegiate settings, measuring passing
quality based on offensive options created. This measurement was chosen as one of the most controlled
settings in the sport, and many coaches use this metric to assess passing quality in competitions.

Figure 1. Representative of half a volleyball court, pass location determines a score of 0, 1, 2 or 3.

Procedures

Compliance records were determined by complete and accurate daily data obtained by WHOOP and weekly
completion of PPTSQ. WHOOP compliance was 100%, and PPTSQ response rate was 93.75%. All
participants provided written informed consent prior to participation. The study protocol was reviewed and
approved by the Lipscomb University Institutional Review Board. All procedures were conducted in
accordance with the Declaration of Helsinki and relevant institutional guidelines.

Statistical analysis

To address which WHOOP-derived metrics predict volleyball performance outcomes, analyses were
performed assessing predictor strength versus volleyball performance in practice and scrimmage scenarios.
Three analytical subsets were created: practice data, scrimmage data, and weekly practice averages versus
weekly PPTSQ responses. Relationships examined included: strain versus passing/attacking, sleep
performance versus passing/attacking, sleep debt versus passing/attacking, and recovery versus
passing/attacking. For practice and scrimmage data, linear regression models (Im function in base R) and
repeated measures correlation analyses (rmcorr package, Version 0.5.2; Bakdash & Marusich, 2017) were
conducted. Linear regression assessed overall population-level relationships, while repeated measures
correlation accounted for within-subject dependencies across multiple observations. PPTSQ responses were
analyzed using linear regression models only, as these represented aggregated weekly data.

All analyses were performed using R (Version 4.4.1; R Core Team, 2024) in RStudio. All data sets were
initially analyzed using linear regression models. Subsequently, repeated measures correlation analyses
were conducted using the rmcorr package (Version 0.5.2; Bakdash & Marusich, 2017) to identify individual-
level relationships between variables while accounting for within-subject dependencies. A 95% confidence
interval was calculated for all estimates, and the alpha level was set at a = .05.

RESULTS

Practice

Practice subset means: Strain = 16.68 + 2.77, Recovery = 64.91 £ 21.3, Sleep Debt = 55.09 + 40.5 minutes,
Sleep Performance = 81.47 £ 15.3, Attacking Efficiency = 0.206 + 0.286, Passing Efficiency = 1.803 + 0.744.
No statistically significant relationships were identified between passing efficiency and WHOOP predictors.
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Linear regression analysis found higher strain was significantly associated with reduced attacking efficiency
(p = .002), but the effect size was small (r* = .029; ~3% variance explained). Due to minimal explained
variance, the results do not support that strain is strongly associated with the decrease in attacking efficiency
and provides little practical predictive power. Repeated measures correlation analysis found no significance
(p=.119).
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Figure 2. Linear regression — relationship between strain and attacking efficiency. Statical significance found
(p=.0017, F(1,131) =9.969, r2 = .02924).
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Figure 3. Repeated measures correlation — relationship between strain and attacking efficiency. No statistical
significance found (p =.1199, r2=-.0871).

During practice sessions, neither linear regression nor repeated measures correlation analyses revealed
significant relationships between WHOOP-derived metrics and performance outcomes. Particularly,
attacking efficiency was not associated with recovery (LM: p = .847, rmcorr: p = .889), sleep debt (LM: p =
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219, rmcorr: p = .912), or sleep performance (LM: p = .204, rmcorr: p = .569). Likewise, passing efficiency
showed no significant associations with recovery (LM: p = .617, rmcorr: p = .079), sleep debt (LM: p = .587,
rmcorr: p = .080), sleep performance (LM: p = .5876, rmcorr: p = .053), or strain (LM: p =.9557, rmcorr: p =
.053).

Scrimmage

Scrimmage subset means: Strain = 17.81 + 2.11, Recovery = 61.71 £ 19.4, Sleep Debt = 42.78 minutes +
40.4, Sleep Performance = 74.63 + 13.2, Attacking Efficiency = 0.3406 + 0.520, Passing Efficiency = 1.899
+0.576. No statistically significant relationships were found between attacking efficiency or passing efficiency
and WHOOP predictors in scrimmage conditions.

Neither linear regression nor repeated measures correlation analyses identified significant relationships
between WHOOP-derived metrics and performance outcomes. The analysis showed that, attacking
efficiency was not associated with recovery (LM: p =.2188, rmcorr: p = .908), strain (LM: p = .7592, rmcorr:
p = .646), sleep debt (LM: p =.219, rmcorr: p = .438), or sleep performance (LM: p = .2046, rmcorr: p = .568).
Following the same pattern, passing efficiency showed no significant associations with recovery (LM: p =
306, rmcorr: p = .061), sleep debt (LM: p = .8612, rmcorr: p = .596), strain (LM: p = .360, rmcorr: p = .868),
or sleep performance (LM: p = .392, rmcorr: p = .665).

PPTSQ v Averages

Weekly WHOOP predictor averages were measured against PPTSQ responses. The relationship between
sleep performance and PPTSQ was statistically significant (p = .0373, r?=.0418), indicating that decreased
sleep performance correlated with reduced perceived team performance. Conversely, repeated measures
correlation analysis found no significance (p = .3209).

45 50 55

PPTSQ
40

60 70 80 90 100

Figure 4. Linear regression — relationship between sleep performance and PPTSQ. Statistical significance
found. (p =.0373, F(1,102 = 4.454, r2 = 0418).
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Figure 5. Repeated measures correlation - relationship between sleep performance and PPTSQ. No
statistical significance found. (p = .3209).

No other significant relationships were found between recovery, sleep debt, or strain and PPTSQ scores (p
=.3804, .1957, and .1144). These findings suggest limited predictive relationships between WHOOP metrics
and volleyball performance, with only two statistically significant relationships identified.

DISCUSSION

This study examined the effectiveness of WHOOP for predicting volleyball performance in Division | athletes.
The overall findings suggest that WHOOP variables demonstrate limited predictive validity for volleyball
performance outcomes. However, two significant relationships warrant further investigation: strain versus
attacking efficiency and sleep performance versus PPTSQ scores.

The significant negative correlation between strain and attacking efficiency suggests that elevated
physiological stress may compromise attacking performance. Previous research supports the idea that
systemic fatigue can decrease jump heights, which could be a possible physiological reason for the trend
observed in the current investigation (de Leeuw et al., 2022). De Leeuw et al. (2022) indicated that strength
training load management significantly influenced match performance in volleyball players when combined
with perceived wellness measures, the results suggest that accumulated physiological stress affects
performance outcomes. However, this study did not discover specific variables that would cause this
relationship. WHOOP's strain algorithm quantifies cardiovascular and muscular exertion on a logarithmic
scale (0-21), incorporating both heart rate-derived cardiovascular load and accelerometer-based muscular
load (WHOOP, 2023). From a coaching perspective, chronic strain from intensive training and travel
schedules may negatively impact competitive performance, therefore monitoring strain may help coaches
flag early signs of fatigue or poor recovery. Zadeh et al. (2020) used a similar proactive approach in identifying
injury risk through wearable monitoring, and that study reported success in preventing injuries that normally
occur from overuse and overtraining. Even though success has been seen with this monitoring method,
WHOOP's strain calculation incorporates multiple physiological variables, and individual components within
this algorithm may demonstrate stronger predictive relationships than the overall score. WHOOP's algorithms
may prevent examination of how individual physiological components contribute to composite metric scores,
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potentially masking stronger predictive relationships within individual metrics. Although the strain and
attacking efficiency relationship was statistically significant, the small effect size only explains 3% of the
observed variance, which limits practical applications for specific monitoring.

In contrast, the positive correlation between sleep performance and perceived team performance suggests
that improved sleep quality directly affects athletes' subjective assessments and team morale. This result is
consistent with previous work highlighting how sleep quality relates to both psychological readiness and
physical performance. For example, Allen et al. (2016) documented that greater REM sleep duration and
total sleep duration correlated with improved running performance in Division | cross-country athletes.
Berryhill et al. (2020), supported these findings by validating WHOOP's sleep measurements against
polysomnography, demonstrating low bias in sleep duration measurements (bias: 13.8 minutes; precision:
17.8 minutes) and accurate measurement of REM and slow wave sleep (ICC: 0.74-0.85). Participants in this
study recorded improved nighttime sleep quality while wearing WHOOP devices, suggesting potential
benefits beyond passive monitoring.

WHOOP generates daily sleep performance scores through algorithms incorporating HR, HRV, sleep
duration, sleep disturbances, and accumulated sleep debt. These scores provide a comprehensive
assessment of sleep quality relevant to athletic recovery. From an applied perspective, coaches may
recognize that disrupted sleep from intensive travel or training schedules may impair both individual and
collective team performance. The relationship between sleep and psychological readiness represents an
emerging area of research. Horvath et al. (2022) demonstrated that physiological markers like HRV correlate
with emotional self-regulation capabilities, suggesting significant trends between physiological recovery and
psychological performance. Even though this study found a statistically significant relationship between sleep
and perceived performance, like the strain and attacking efficiency relationship, this association is only
responsible for about 4% of the variance observed. With a negligible effect size, little to no practical guidelines
can be determined when using WHOOP metrics as performance predictors from variables assessed in this
study.

Although this study offers several practical interpretations, it is important to acknowledge its limitations.
Firstly, the sample consisted of collegiate women's volleyball players from a single university which limits
generalizability to other sports, competitive levels, or populations. On the same note, position-specific
analyses further reduced sample sizes, particularly for passing efficiency assessments, which further limited
statistical power. Secondly, off-season data collection may not reflect performance relationships during in-
season play when training loads and stress significantly differ. Then when assessing the timeline, an eight-
week duration may be insufficient to establish long-term predictive relationships or capture seasonal
physiological adaptations. WHOOP's proprietary algorithms prevent examination of how individual
physiological components contribute to composite scores, potentially masking stronger predictive
relationships within specific metrics. Lastly, device accuracy may be affected by movement artifacts,
compliance variations, and individual physiological differences. It is important to note,
photoplethysmography-based measurements have inherent limitations during high-intensity or contact-based
activities, which may have affected WHOOP composite score calculation reliability during practice and game
performance.

Future research should focus on specific variables influencing strain-attacking performance and sleep-
perceived performance relationships. Secondly, sample sizes should be expanded by including more
athletes, sports, and competitive phases. Lastly, the inclusion and adaptation of sport-specific algorithms,
may improve the practicality of performance prediction models.

VOLUME 4 | ISSUE 32026 | 189



Phillips, et al. / WHOOP metrics predict collegiate volleyball performance Sustainability and Sports Science Journal

CONCLUSION

This study provides limited evidence supporting WHOOP’s effectiveness for predicting volleyball
performance in Division | athletes. While findings are consistent with prior work demonstrating weak
associations between passing efficiency and physiological markers, the limited relationship between strain
and attacking efficiency differed from expectations based on previous research. Despite these limitations, the
results offer relevant insight for applied sports performance. Especially in the context of monitoring athlete
recovery and perceived readiness. Although, wearable technology offers accessible physiological data,
bridging the gap between monitoring and reliable performance prediction remains a key challenge that
warrants continued investigation.
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ABSTRACT

Objective: To explore whether there is a significant relationship between athletic coping skills and the levels
of depression, anxiety, and stress among badminton players of the National Sports University, Manipur, India.
Method: 30 Badminton players were selected randomly out of which 7 are girls and 23 are boys of National
Sports University, Manipur, India age ranged between 17 to 23 Years (M = 19.83). Athletic Coping Skills
Inventory (ACSI) developed by Smith et al. (1995) was used to assess athlete's psychological skills and the
Depression Anxiety Stress Scale (DASS) developed by Lovibond & Lovibond (1995) was used for measuring
depression, anxiety, and stress among the athletes. Result: From the Pearson Correlation analysis, a
significant negative correlation at .05 level was found between depression and subscales peaking under
pressure and free from worry of the ACSI at .05 level. Likewise, a significant negative correlation was found
between anxiety and only one subscale of ACSI namely free from worry at .05 level. For the subscale of
stress of DASS-21, a significant negative correlation was found with the coping with adversity and free from
worry subscales of ACSI at .01 level and for peaking under pressure at .01 level. Conclusion: The findings of
the present study indicate that as the athletic coping skills namely peaking under pressure, free from worry,
and coping with adversity increase, there will be a decrease in levels of depression, anxiety, and stress.
Keywords: Health science, ACSI, DASS-21, Coping skills, Depression, Anxiety, Stress.
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INTRODUCTION

Coping skills

Athletes’ coping skills play an important role in sports performance, although they often receive less attention
within sports development programs. Coping can be described as the cognitive and behavioural efforts
individuals use to deal with internal and external demands that are perceived as stressful (Pearlin & Schooler,
1978). In sport settings, effective coping skills help athletes manage emotions, handle competitive pressure,
and sustain performance in challenging situations.

Recent research in sport psychology shows that athletes with stronger coping skills tend to manage stress
more effectively, regulate their emotions better, and perform more consistently, especially in high-pressure
competitive environments (Martinent et al. 2020) Studies have also reported that the use of adaptive coping
strategies is linked to lower psychological distress and greater resilience among competitive athletes
(Gouttebarge et al., 2019; Purcell et al., 2019). This highlights the role of coping skills not only in performance
outcomes but also in supporting athletes’ mental well-being.

Examining how athletes cope with stress is valuable for coaches and sport psychologists, as it helps identify
both effective and ineffective coping patterns and supports the development of appropriate, theory-based
psychological interventions (Folkman & Moskowitz, 2004; Nicholls et al., 2016). For athletes aiming for long-
term success, the ability to cope effectively with sport-related stressors remains a key aspect of overall
athletic development.

Athletic coping skills Inventory (ACSI) developed by Smith et al. (1995)

Interest in psychological variables related to athletic performance has led to the development of several sport-
specific assessment tools over the past few decades. One such widely used instrument is the Athletic Coping
Skills Inventory—28 (ACSI-28), developed by Smith et al. (1995) to assess coping skills specific to athletic
contexts. The ACSI-28 is a multidimensional self-report measure designed to evaluate athletes’ ability to
cope with competitive and training-related stressors.

The original version of the inventory consisted of 87 items and was subsequently refined to a 42-item version
before being reduced to the current 28-item format, which demonstrated the most stable factorial structure
and satisfactory psychometric properties (Smith et al., 1995). The final version assesses seven distinct coping
skill dimensions and has been widely applied in both research and applied sport psychology settings. More
recent studies have continued to support the reliability and validity of the ACSI-28 across different sports and
competitive levels (Nicholls et al., 2016):
1. Peaking under Pressure: Demonstrates the ability to thrive under pressure, embracing it as a
challenge rather than feeling intimidated; delivers clutch performances when it matters most.
2. Freedom from Worry: Avoids unnecessary stress by refraining from worrying about mistakes or
underperformance; disregards external opinions in the event of poor performance.
3. Coping with Adversity: Maintains composure and control in adverse situations; quickly rebounds from
setbacks and failures; maintains an optimistic attitude amidst challenges.
4. Concentration: Possesses the capacity to concentrate on tasks at hand, whether in practice or
competition, despite challenging or unexpected circumstances; remains undistracted.
5. Goal Setting and Mental Preparation: Establishes specific performance goals and diligently works
towards achieving them; mentally prepares for competitions, developing strategies for various
aspects of gameplay.
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6. Confidence and Achievement Motivation: Exhibits self-assurance and a strong drive to succeed;
consistently gives maximum effort in practice, games, and collaborative endeavours to enhance
skills.

7. Coachability: Receptive to feedback and capable of learning from it; accepts constructive criticism
without becoming defensive or hostile.

Depression Anxiety Stress Scale (DASS) developed by Lovibond & Lovibond (1995)

The Depression Anxiety Stress Scale-21 (DASS-21) is a self-report measure designed to assess negative
emotional states related to depression, anxiety, and stress. It is a shortened version of the original 42-item
scale developed by Lovibond and Lovibond (1995) and consists of 21 items, with seven items allocated to
each subscale. The DASS-21 was developed to retain the psychometric strength of the original scale while
offering greater efficiency in applied and research settings.

The scale measures symptoms related to low mood, physiological arousal, and tension or stress. Each
subscale score reflects the severity of the respective emotional state. The DASS-21 has been translated into
multiple languages and has demonstrated good internal consistency and construct validity across diverse
populations, including athletic and young adult samples (Oei et al., 2013; Vignola & Tucci, 2014; Vidakovi¢
etal., 2021).

More recent research has continued to examine the factor structure of the DASS-21, with findings generally
supporting its three-factor model, although some variability has been reported across cultural and
occupational groups (Alfonsson et al., 2017; Jiang et al., 2020; Osman et al., 2012). Despite ongoing debate
regarding its latent structure, the DASS-21 remains one of the most widely used and empirically supported
screening tools for assessing depression, anxiety, and stress in both clinical and non-clinical populations,
including athletes (Purcell et al., 2019; Gouttebarge et al., 2019).

Depression

Depression is a common mental health condition that affects individuals across all age groups and can
significantly impair daily functioning, interpersonal relationships, and overall quality of life (Gouttebarge et al.,
2019; Reardon et al., 2019). Itis characterized by persistent low mood, loss of interest or motivation, feelings
of worthlessness, pessimism, and reduced cognitive and physical functioning (American Psychological
Association, 2022). When left unaddressed, depressive symptoms may become chronic and are associated
with a higher risk of recurrence over time (Purcell et al., 2019).

Within the context of sport, depression has gained increasing attention as a relevant mental health concern
among athletes. Although regular physical activity is generally associated with lower levels of depressive
symptoms and improved psychological well-being, athletes may still be vulnerable due to performance
pressure, injury, overtraining, and competitive stressors (Schinke et al., 2020; Junge & Feddermann-Demont,
2020). Recent evidence suggests that engagement in sport can have protective effects against depression
when psychological support and effective coping strategies are present (Schuch et al., 2018; Purcell et al.,
2019).

Anxiety

Anxiety in sport is commonly understood as a multidimensional emotional response reminded by perceived
threats to performance, involving cognitive worry, physiological arousal, and behavioural reactions.
Contemporary sport psychology literature describes anxiety as a psychological state that arises when
individuals perceive competitive demands as exceeding their coping resources (Martinent et al., 2020;
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Reardon et al., 2019). In athletic contexts, anxiety is frequently triggered by performance expectations,
evaluation by others, fear of failure, and competitive pressure.

Current research continues to distinguish anxiety into two related constructs: trait anxiety and state anxiety.
Trait anxiety refers to a relatively stable tendency to perceive situations as threatening, whereas state anxiety
represents a transient emotional response that fluctuates depending on situational demands, such as
competitive or evaluative performance contexts (American Psychological Association, 2020; Weinberg &
Gould, 2019). This distinction is particularly relevant in sport, as athletes may display heightened state anxiety
during competitions even when trait anxiety levels are low.

Anxiety has been widely studied in sport due to its direct influence on performance outcomes. Elevated
anxiety levels have been associated with impaired concentration, reduced confidence, and inconsistent
performance, particularly in high-pressure competitive environments (Martinent et al., 2020; While moderate
levels of anxiety may sometimes facilitate alertness and motivation, excessive or poorly regulated anxiety
can negatively affect both psychological well-being and athletic performance (Gouttebarge et al., 2019;
Purcell et al., 2019).

Recent evidence suggests that effective coping skills and psychological regulation strategies play a crucial
role in managing competitive anxiety. A 2024 meta-study on how coping and psychological strategies (like
approach coping) help athletes perform under pressure. This supports the link between psychological skills
and anxiety regulation (Hufton, 2024). These findings emphasize the importance of addressing anxiety within
sport through the development of adaptive coping skills and psychological support strategies.

Stress

Stress is commonly understood as a psychological and physiological response that occurs when individuals
perceive that situational demands exceed their ability to cope effectively. In sport psychology, stress and
coping have been investigated as interactive processes where athletes confront competitive, organizational,
and personal stressors, and use a variety of coping strategies to manage these demands and protect their
mental health (Nuetzel et al., 2023). Within sport settings, stress frequently arises from performance
expectations, competitive pressure, training load, injury concerns, and evaluation by coaches or peers.

Modern research acknowledges that stress is not inherently negative. Moderate levels of stress can
sometimes enhance alertness, motivation, and performance when athletes perceive demands as
manageable, a concept often referred to as eustress. When stress is experienced as excessive or
uncontrollable, it can progress into psychological distress, which has been linked to maladaptive emotional
responses, physiological strain, and reductions in performance and well-being among athletes (Arnold &
Fletcher, 2012; McEwen & Akil, 2020; Sorkkila et al., 2018). This distinction is particularly relevant in sport,
where athletes are routinely exposed to high-pressure situations.

Excessive or prolonged stress has been linked to emotional exhaustion, increased vulnerability to anxiety
and depressive symptoms, impaired recovery processes, and reductions in athletic performance, particularly
when stress exposure is chronic and poorly managed (McEwen & Akil, 2020; Madigan et al., 2015; Sorkkila
et al., 2018). Recent studies emphasize that athletes’ responses to stress are strongly influenced by their
coping skills and psychological resources, highlighting the importance of effective coping strategies in
managing sport-related stress and maintaining both performance and mental well-being (Martinent et al.,
2020).
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MATERIAL AND METHODS

Participants

30 male & female Badminton players were randomly selected from National Sports University, Manipur, India,
of which 7 are girls, and 23 are boys (ages range from 17 to 23 Years). The minimum requirement to be
included in the study was participation at the district-level competition in badminton games. All the participants
provided their consent to participate in the study and signed informed forms after an explanation about the
procedures.

Procedure

The participants were given a preamble about the study, and then informed consent was taken from each
participant by the principal author. Only those players who consented to participate in the study were taken.
ACSI-28 was administered to assess athletic coping skills, and DASS-21 was administered to assess
Depression, anxiety, and stress among the badminton players when they came for their regular training.

Psychological tools used for measurement

Athletic Coping Skills Inventory (ACSI) developed by Smith et al. (1995)

Used for measuring athletic coping skills of athletes. The ACSI contains 28 trait items like measures of
psychological coping skills thought to improve coping. The items are categorized according to the seven
factors that make up the subscales (Coping with adversity [COPE], Coachability [COACH], Concentration
[CONC], Confidence and achievement motivation [CONF], Goal setting and mental preparation [GOAL],
Peaking under pressure [PEAK], and Freedom from worry [FREE]). The scores range from a low of 0 to a
high of 12 on each subscale, with higher scores indicating greater strength on that subscale. The score for
the total scale ranges from a low of 0 to a high of 84, with higher scores signifying greater strength.

Depression anxiety stress scale (DASS) developed by Lovibond & Lovibond (1995)

DASS measures the emotional state of depression, anxiety, and tension/stress. DASS has two commonly
used versions; DASS-42 and DASS-21. The present study used DASS-21 developed by Lovibond and
Lovibond (1995). For DASS-21, there are seven items in each of the subscales which were selected to be
representative and sum as close to half of the respective full-scale scores as possible (Henry and Crawford,
2005).

Statistical analysis

In order to evaluate the data for fulfilling the goal of the study, the current research uses IBM SPSS
(International Business Machines Corporation Statistical Package for the Social Sciences) version 27. In the
first step, the descriptive statistics of ACSI and DASS were done using SPSS. Then the collected data was
analysed for normality of distribution using the Shapiro-Wilk test. After establishing the normality of the data,
the necessary parametric test Pearson’s Correlation was used for analysis to see the correlation between
the subscales of ACSI and DASS among the badminton players using SPSS.

RESULTS AND DISCUSSION

The descriptive analysis results presented in Table 1 highlight the mean values and their standard deviations
for the subscale of ACSI and the subscale of DASS. It indicated from the results that highest mean value was
seen in the subscale of Coachability (M = 8.93), followed by Stress (M = 7.97), Confidence and Achievement
Motivation (M =7.37), Goal Setting & Mental Preparation (M = 7.37), Coping with adversity (M = 7.20), Anxiety
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(M=7.13), Depression (M = 6.60), Concentration (M = 6.40), Peaking under Pressure (M = 5.43) and lowest
in Free from Worry with a mean value of M = 5.03.

Table 1. Descriptive statistics of the sample with mean values and standard deviations.

N Mean Std. Deviation
Depression 30 6.60 4.272
Anxiety 30 713 2.956
Stress 30 7.97 3.057
Cope 30 7.20 2.578
Coach 30 8.93 2.116
Conc 30 6.40 1.831
Conf 30 7.53 2.013
Goal 30 7.37 2.659
Peak 30 5.43 2.555
Free 30 5.03 2.512

Note. Cope - coping with adversity, Coach - coachability, Conc - concentration, Conf - confidence & achievement motivation, Goal
- goal setting & mental preparation, Peak - peaking under pressure, Free - free from worry.

ACSI Mean
10 8.93
g 7.2 7.37  7.37
6.4
c 6 543 503
©
(]
S 4
2
0

Sub-Variables

H Cope MCoach mConc MConf MGoal ®Peak HFree

Note. Cope - coping with adversity, Coach - coachability, Conc - concentration, Conf - confidence & achievement motivation, Goal
- goal setting & mental preparation, Peak - peaking under pressure, Free - free from worry.

Figure 1. Column graph depicting mean values for ACSI subscales.
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Figure 2. Column graph depicting mean values for DASS subscales.
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Figure 1 shows the graphical representation of the mean scores for the athletic coping skills, in seven
subscales i.e., coping with adversity, coachability, concentration, confidence & achievement motivation, goal
setting and mental preparation, peaking under pressure, free from worry.

Figure 2 shows the graphical representation of the mean scores for depression, anxiety, and stress.

Table 2. Pearson Correlation value (r) for all the subscales of ACSI & DASS
Depression Anxiety Stress Cope Coach Conc Conf Goal Peak  Free

Depression 1 436 477 -149 -232  -318 -171 -248  -.385* -.394*
Anxiety 1 222 -026 -202 -329 -122 -121  -227 -.409*
Stress 1 -450* -246 -312 -188 -223 -.497* -42T*
Cope 1 -042 231 464 276  .515**  .451*
Coach 1 283 130  .544* -071 227
Conc 1 455 210 .338 .342
Conf 1 388 342 146
Goal 1 A79 199
Peak 1 .282
Free 1

Note. Cope - coping with adversity, Coach - coachability, Conc - concentration, Conf - confidence & achievement motivation, Goal
- goal setting & mental preparation, Peak - peaking under pressure, Free - free from worry. *. Correlation is significant at the .05
level (2-tailed). **. Correlation is significant at the .01 level (2-tailed).

Pearson’s Correlation statistics were applied to see the correlation between the subscales of ACSI and
DASS-21 among the badminton players. From the analysis, it was found that a significant positive correlation
was found between depression and anxiety subscale. Pearson’s correlation analysis was conducted to
examine the relationships between the subscales of the Athletic Coping Skills Inventory (ACSI) and the
Depression Anxiety Stress Scale-21 (DASS-21) among badminton players. The results indicated a
statistically significant positive correlation between depression and anxiety (r=.436, p <.05), suggesting that
higher levels of depressive symptoms were associated with higher levels of anxiety among the athletes.

This finding is consistent with recent research demonstrating a strong association between depression and
anxiety in both athletic and non-athletic populations, highlighting the frequent co-occurrence of these
psychological conditions (Reardon et al., 2019). The r value is .436, which is significant at .05 level, which
indicates that as the value of depression increases anxiety will also increase.

There was a large positive correlation between anxiety and depression (r = .638) Similarly, a significant
positive correlation was found between depression and stress subscale with r = .477, which is significant at
.01 level, which indicates strong evidence that as the depression increases, stress will also increase. These
findings are supported by the study of Deng, Y et al., (2022), that academic and family stress leads to
depression among students.

A significant negative correlation at .05 level was found between depression and peaking under pressure
subscale with r = -.385, which indicates that as the value of depression increases peaking under pressure
will decrease. Same way, a statistically significant, negative correlation was found between depression and
the free from worry subscale of the ACSI (r = -.394), which is significant at .05 level, which implies that as
depression increases, there will be a decrease in the free from worry. No statistically significant difference
was found between depression and subscales of ACSI namely, coping with adversity, coachability,
concentration, confidence & achievement motivation, goal setting & mental preparation.
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A significant negative correlation was found between anxiety and only one subscale of ACSI namely free
from worry subscale. The r value is -.409, which is significant at .05 level, which indicates that as the value
of anxiety increases, free from worry will decrease.

Likewise, no statistically significant difference was found between anxiety, stress, and subscales of ACSI
namely, coping with adversity, coachability, concentration, confidence & achievement motivation, goal setting
& mental preparation, and peaking under pressure.

For the subscale of stress, a significant negative correlation was found with the coping with adversity subscale
of ACSI with r =-.450, which is significant at .05 level, which indicates that as coping with adversity increases,
stress will decrease. A Significant negative correlation was also found between stress and peaking under
pressure subscales with r = -.497 at .01 level, which indicates strong evidence that as the value of stress
increases, peaking under pressure will decrease. Likewise, a significant negative correlation was found
between stress and free from worry subscale (r = -.427), which is significant at .05 level, which means that,
as the stress increases, free from worry will decrease.

No statistically significant difference was found between stress and subscales of ACSI namely, coachability,
concentration, confidence & achievement motivation, goal setting & mental preparation.

For the subscales of ACSI, from the analysis, it was found that a significant positive correlation was found at
.01 level between the subscale of coping with adversity and confidence & achievement motivation subscale
(r =.464), which indicates strong evidence that as the scores of coping with adversity increases, confidence
& achievement motivation will also increase.

Similarly, a significant positive correlation was found between coping with adversity and Peaking under
Pressure subscale with r = 515, which is significant at .01 level, which indicates strong evidence that as the
coping with adversity increases, peaking under Pressure will also increase.

Likewise, a significant positive correlation was found between coping with adversity and free from worry
subscale (r = .451), which is significant at .05 level, which means that, as the coping with adversity increases,
free from worry will also increase.

No statistically significant difference was found between subscales of ACSI namely, coping with adversity
and coachability, concentration, goal setting & mental preparation.

For the subscales of ACSI, from the analysis, it was found that a significant positive correlation was found at
.01 level between the subscale of coachability and goal setting & mental preparation subscale (r = .544),
which indicates strong evidence that as the score of coachability increases, goal setting & mental preparation
will also increase.

No statistically significant difference was found between subscales of ACSI namely, coachability and
concentration, confidence & achievement motivation, peaking under pressure, free from worry.

Same like this, A Significant positive correlation was found between concentration and confidence &
achievement motivation subscales. The r value is .455, which is significant at .05 level, which indicates that
as the value of concentration increases, confidence & achievement motivation will also increase.
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No statistically significant difference was found between subscales of ACSI namely, concentration and goal
setting & mental preparation, peaking under pressure, free from worry.

Likewise, a significant positive correlation was found between confidence & achievement motivation and goal
setting & mental preparation subscale (r = .388), which is significant at .05 level, which means that, as the
confidence & achievement motivation increases, goal setting & mental preparation will also increase.

No statistically significant difference was found between subscales of ACSI namely, confidence &
achievement motivation and peaking under pressure, free from worry.

Similarly, no statistically significant difference was found between subscales of ACSI namely, goal setting &
mental preparation and peaking under pressure, free from worry.

Also, no statistically significant difference was found between subscales of ACSI namely, peaking under
pressure and free from worry.

CONCLUSION

From the current study, it can be concluded that athletic skills peaking under pressure and free from worry
have a significant negative correlation with depression. A negative correlation means that as one variable (in
this case, depression) increases, the other variable (the two subscales) decreases. Correspondingly, a
significant negative correlation was found between anxiety and only one subscale of ACSI namely free from
worry. It suggests that as anxiety levels increase, the perception of being free from worry decreases in
athletes. The result also shows that Badminton Players experiencing higher levels of stress may perceive
themselves as less capable of coping with adversity, feeling free from worry, and peaking under pressure.

In this investigation, we did not collect comparison-based data among male and female badminton players
for Athletic Coping Skills and depression, anxiety, stress to distinguished prominence between them.
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ABSTRACT

This study examined the relationship between screen time, physical literacy, motor competence, and physical
fitness in primary school students, and assessed the implementation of a physically active learning (PAL)
intervention. A mixed-methods design was used with 24 sixth-grade students from a primary school in
Valencia (Spain). Screen time and sedentary behaviours were assessed with an adapted version of the Youth
Leisure-Time Sedentary Behavior Questionnaire (YLSBQ), physical competence was evaluated through the
CAMSA, PACER, and Plank tests from the Canadian Assessment of Physical Literacy (CAPL2), and
perceived physical literacy was measured with the Physical Literacy Questionnaire for Children (PL-C Quest).
In addition, a one-week PAL intervention was implemented in Spanish Language and Mathematics,
combined with active breaks. The results showed that physical competence was positively associated with
perceived physical literacy, whereas screen time was negatively associated with physical competence and
several dimensions of physical literacy. Girls reported higher screen time and lower physical competence
than boys. The intervention was associated with an increase in the number of daily steps and was positively
valued by both students and the teacher. These findings suggest that PAL may be a useful strategy to
increase movement opportunities during the school day and promote healthier and more active learning
environments.
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INTRODUCTION

In today's digital age, screen time has become an integral part of the daily lives of primary school students.
With the widespread availability of electronic devices and the increasing reliance on technology for
entertainment and education, children are spending more time in front of screens than ever before. While the
benefits of technology for enhancing learning experiences are undeniable, concerns have arisen regarding
the potential negative effects of excessive screen time on children’s development, particularly in relation to
physical literacy and broader cognitive and psychosocial outcomes (Mallawaarachchi et al., 2024).

Reduced engagement in physical activity (PA) and increasing sedentary screen-based behaviours are major
concerns during childhood. Research in Spanish youth has shown problematic patterns of sedentary
behaviour and lifestyle habits (Lizandra & Gregori-Font, 2021), whereas evidence on children’s screen use
has linked excessive exposure to cognitive and psychosocial outcomes (Mallawaarachchi et al., 2024). This
pattern may also be relevant for physical literacy (PL), understood as the process through which individuals
develop the motivation, confidence, physical competence, knowledge, and understanding to value and
engage in PA (Wainwright et al., 2020). In this regard, it has been suggested that children who do not develop
these abilities may lack confidence in their skills and may be less motivated to participate in physical activity.

For this reason, it is necessary to analyse the factors that influence students’ PL, physical fitness, and motor
competence, as these elements are closely related within the multidimensional construct of physical literacy
(Ortega-Benavent et al., 2024). In addition, it is relevant to explore physically active learning (PAL) as a
school-based strategy to compensate for the limited movement opportunities associated with traditional
sedentary classroom routines. In this regard, PAL has been shown to contribute to improvements in children’s
movement behaviour and components of PL (Romero-Martinez et al., 2025).

Previous research supports the use of PAL and active breaks in school settings as effective strategies to
increase movement opportunities during the school day and to promote health-related and educational
outcomes. In particular, school-based interventions aimed at promoting physical literacy appear to be a
promising approach because they address the physical, cognitive, and affective domains in an integrated
way (Grauduszus et al., 2024). In addition, classroom-based physical activity interventions may have a
positive effect on academic-related outcomes (Watson et al., 2017), while classroom exercise breaks of 10
and 20 minutes have also been associated with better mathematics performance compared with sedentary
conditions (Howie et al., 2015). More broadly, previous studies have shown that children accumulate
considerable amounts of sedentary time during the school day, including class time, recess, and lunch
periods (Bailey et al., 2012; Nettlefold et al., 2011). At the same time, implementation studies have noted that
time pressure and the need for additional teacher competence may act as barriers to the regular adoption of
classroom-based physical activity (Lomsdal et al., 2022).

Accordingly, this study had two aims. First, it aimed to examine the cross-sectional relationships between
screen time, physical literacy, physical fitness, and motor competence in primary school students, including
the relationship between perceived physical literacy and actual physical competence. Second, it aimed to
explore the implementation of a one-week physically active learning (PAL) proposal in a real school context
by descriptively examining daily step counts and collecting students’ and teacher’s perceptions. Given the
characteristics of the sample and design, both components were approached from an exploratory
perspective.
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MATERIAL AND METHODS

This study followed a mixed-methods design with two complementary components. The first component was
a cross-sectional correlational study examining the associations between screen time, physical literacy,
physical fitness, and motor competence in a sample of primary school students. The second component was
an exploratory implementation of a one-week physically active learning (PAL) proposal, examined through
descriptive step-count data and qualitative information gathered from students and the classroom teacher.
The quantitative component combined descriptive and correlational analyses, whereas the qualitative
component was used to examine participants’ perceptions of the PAL experience.

Participants

The sample consisted of 24 sixth-grade students from one primary school in Valencia (Spain), aged between
11 and 12 years. The study was conducted within the ordinary educational context of Physical Education
(PE), and the intervention was implemented as part of regular school activity. Participation in the study was
voluntary, and the questionnaires were implemented in the classroom setting with the approval of the school.
The centre held a general authorisation for the processing of anonymised data, and all data used in the study
were handled anonymously.

Measures

Firstly, screen time and related sedentary behaviours were assessed using an adapted version of the Youth
Leisure-Time Sedentary Behavior Questionnaire (YLSBQ). This self-report instrument asks students to report
the average time spent on different sedentary leisure activities separately for weekdays and weekends. In
the present study, students reported the time devoted to activities such as watching television, using the
computer or the internet, chatting on WhatsApp, reading, and travelling by motorised transport. The YLSBQ
has shown acceptable reliability and validity for assessing sedentary behaviours in young people (Cabanas-
Sanchez et al., 2018).

Secondly, three tests were conducted to measure the students’ physical competence using the Canadian
Assessment of Physical Literacy (CAPL2), as suggested by Longmuir et al. (2018). This assessment allows
for reliable scoring of children’s physical skills and abilities. The physical competence domain includes
measures of aerobic fitness, musculoskeletal endurance, and motor skills. In this study, the three selected
tests were the Plank, PACER (Progressive Aerobic Cardiovascular Endurance Run), and CAMSA (Canadian
Agility and Movement Skill Assessment). Each test could contribute up to 10 points, resulting in a total
physical competence score out of 30.

On the one hand, the CAMSA test requires children to perform a motor circuit of seven skills (jump, hop,
slide, catch and throw, gallop, and kick) in a setting that simulates the dynamic situations of daily physical
activity and training as quickly as possible. The correct execution of each skill and the total execution time
are scored individually, and the individual scores are combined to obtain a total score. On the other hand,
the PACER was used to measure physical fitness. In this test, children are encouraged to run a distance of
20 meters at a gradually increasing pace. A greater number of laps completed indicates better physical fitness
(cardiorespiratory endurance). Thirdly, the plank test assesses trunk muscle strength by requiring participants
to hold a plank position for as long as possible. The longer the duration, the higher the score on the test.

Finally, the Physical Literacy Questionnaire for Children (PL-C Quest; Barnett et al., 2022) was used to
assess the perceived physical (12 items), psychological (7 items), social (4 items), and cognitive (5 items)
domains. This questionnaire includes items rated on a 4-point scale, where 1 indicates low perceived
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competence and 4 indicates high perceived competence. The Spanish 4-point version of the PL-C Quest has
shown evidence of validity and good-to-excellent internal consistency, with Cronbach’s alpha values of .90
at test and .91 at retest for the overall scale, and values ranging from .72 to .83 across domains (Ortega-
Benavent et al., 2024).

Procedures

Data on motor competence, screen time, and PL were collected across three 45-minute sessions. In the first
session, the CAMSA test was administered. In the second session, students completed the PACER test and
the PL-C Quest. In the third session, they completed the Plank test and the YLSBQ. PA was measured
through the number of steps recorded during the day using a smartphone pedometer (Fong et al., 2016). The
second aim of this study was to explore the implementation of a one-week PAL proposal, described through
daily step counts and participants’ perceptions.

The activities implemented varied according to the subject content. In Spanish Language, the intervention
included five movement-based activities related to poetry, text analysis, reading, dictation, and verbs. In
Mathematics, the intervention included five movement-based activities focused on routes, stations, relays,
measurement, and goal calculation.

In addition, at least one active break was incorporated into the school day. After the explanation of a subject,
five minutes were devoted to asking students key questions related to the syllabus. If students answered
correctly, they performed three jumping jacks; if they answered incorrectly, they performed five squats. Some
active breaks also included simple movement-based activities such as stretching, breathing exercises, or
short guided movements in the classroom. These activities were not always directly linked to academic
content.

Finally, an ad hoc open-ended questionnaire was administered at the end of the intervention to explore
students’ perceptions of the proposed activities. The questionnaire was specifically designed for this study
and included questions about students’ opinions on the introduction of PAL activities in Spanish Language
and Mathematics, as well as their perceived usefulness, interest, and enjoyment.

Analysis

For the cross-sectional component, mean scores were calculated for the study variables derived from the
questionnaires and physical tests. Descriptive analyses (means and standard deviations) and bivariate
correlation analyses were conducted using SPSS, with statistical significance set at p < .05. Given the small
sample size, these analyses were considered exploratory and the results were interpreted with caution. For
the PAL component, daily step counts were examined descriptively by comparing the values recorded on
days without PAL activities and on days including PAL activities. No inferential pre—post analyses were
conducted and no control group was included. Qualitative information from the ad hoc questionnaire and the
teacher interview was analysed using a descriptive qualitative approach, identifying recurring ideas related
to enjoyment, motivation, concentration, and feasibility.

RESULTS

Cross-sectional correlational findings

The descriptive results showed mean scores of 4.33 in the PACER test, 5.18 in the CAMSA test, and 8.67 in
the Plank test. The mean total score for the physical competence domain was 18.18 out of 30 points. In
addition, gender was negatively associated with motor competence CAMSA (r = -.47), physical fitness
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Table 1. Descriptive and bivariate correlations between the study variables.

Variable Mean (SD) 1 2 3 4 5 6 7 8 9 10 1 12
1. Motor competence (CAMSA) 5.18+0.94 -

2. Physical Fitness (PACER) 433+1.79 619*

3. Physical Fitness (Plank) 8.67 £2.22 598 720™

4. Total competence 18.18 £4.39 768" 903"  .926™

5. Total screen time 1480.03 £589.69 -.562** -.644** -590* -.681*

6. Screen time on weekends 801.76 £290.20  -506* -.638** -.604* -673* .520*

7. Screen time on weekdays 2281.78 £810.73  -612** -722** -669* -763* 951 758"

8. Physical literacy domain 277+0.74 447 795" 695 834 -732" -688* -807*

9. Psychological literacy domain 3.01£0.68 709 805 674  .820** -534* -556 -609* .807**

10. Social literacy domain 3.67+0.41 -363  -078  -090  -.155 378 223 369 -434¢ -174

11. Cognitive literacy domain 3.21+£0.56 302 492 451 492 -381 -307  -402 523 433" .09

12. Total physical literacy 3.17+£0.41 634 831 716  .836* -580** -583* -653* 845"  872* .018 772"

13. Gender - -473  -443* -396  -482* 598 403 602~ -681* -302 .583* -101 -.316

Note. Gender was coded as 0 = boys and 1 = girls. *p<.05; **p <.01.

Table 2. Average daily steps excluding and including PAL activities.

Measure Day 1 Day 2 Day 3 Day 4 Day 5
Without activities 8,368.83 (1,531.82) 9,573.25 (1,830.56) 8,873.42 (1,268.48) 7,972.38 (2,419.38) 9,453.92 (1,906.99)
With activities 9,940.83 (1,626.18) 11,284.13 (1,993.39) 10,619.96 (1,302.65) 10,466.04 (2,476.10) 10,563.67 (1,934.93)
Note. Values are presented as mean (SD).
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PACER (r = -.44), and total physical competence (r = -.48), indicating lower scores in girls than in boys.
Physical competence was positively associated with perceived physical literacy, especially with the physical
literacy domain (r = .83) and total physical literacy (r = .84) (see Table 1).

Regarding screen time, boys reported an average of 31 hours per week, whereas girls reported an average
of 45 hours per week. Total screen time was negatively correlated with motor competence (r = -.56), physical
fitness (PACER, r = -.64; Plank, r = -.59), and total physical competence (r = -.68). Likewise, screen time
on weekdays showed negative correlations with motor competence (r = -.61), physical fitness (PACER, r =
-.72; Plank, r = -.67), and total physical competence (r = -.76). It was also negatively associated with the
physical literacy domain (r = -.73), the psychological literacy domain (r = -.53), and total physical literacy (r
= -.58).

Exploratory PAL implementation
Concerning daily steps, the mean number of steps increased on all five days when the physically active
activities were included (see Table 2).

With regard to students’ perceptions, responses to the ad hoc open-ended questionnaire were generally
positive. Most participants rated the activities highly, with scores ranging from 7 to 10 out of 10 (M = 8.75),
and described them as innovative, interesting, and fun. Three recurring ideas emerged from students’
responses: enjoyment, increased motivation and concentration, and the positive role of movement and
competition during classroom activities. Several students reported that these activities helped them feel more
focused and motivated in class, particularly because they involved standing up, moving, or working in a
different way. Some students also highlighted the motivational role of group-based or competitive tasks, with
comments such as “/ do not want to let my team down, | want to win” and I force myself to concentrate
because it does not depend only on me.”

In the interview, the sixth-grade teacher also positively evaluated the proposal, although she identified lack
of time as the main difficulty for its regular implementation, stating: “/ would love to implement it, but | do not
have time.” She also emphasised the positive impact of the intervention on students’ engagement and
motivation, noting that “what surprised me the most was how motivated they were and their eagerness.”

DISCUSSION

The present study included two complementary components. First, it examined the cross-sectional
relationships between screen time, physical literacy (PL), physical fitness, and motor competence in a small
sample of primary school students. Second, it explored the implementation of a one-week physically active
learning (PAL) proposal through descriptive step-count data and participants’ perceptions. Overall, the
correlational findings suggest meaningful associations among the study variables, whereas the PAL
component provides preliminary information about the feasibility and perceived value of introducing more
movement into the school day. Given the small sample size and the characteristics of the design, both
components should be interpreted from an exploratory perspective.

With regard to the cross-sectional component, both boys and girls showed generally low levels of motor
competence and physical fitness. According to the reference values proposed by Longmuir et al. (2018),
sufficient physical fitness at the age of 12 ranges from 20.8 to 23.3 points out of 30 for girls and from 21.7 to
24.5 points for boys. Based on these cut-off points, 11 out of 15 girls and 5 out of 9 boys in the present
sample could be considered to have low physical proficiency. In total, 66.66% of participants were below the

VOLUME 4 | ISSUE 32026 | 209




Calleja Hortelano, et al. / Screen time & physical literacy in primary students Sustainability and Sports Science Journal

expected level. In addition, the mean score for the total physical competence domain was 18.18 out of 30,
which is consistent with the low levels previously reported in Spanish schoolchildren by Menescardi et al.
(2022). In terms of gender, girls showed lower physical competence than boys. This difference may be related
to the fact that boys often receive greater encouragement, support, and opportunities to engage in physical
activity and sport, which may widen the gender gap in motor competence over time (Barnett et al., 2016).
Similarly, Dudley et al. (2018) observed that girls spent a greater proportion of recess time in sedentary
activities than boys.

Similarly, the PACER cardiorespiratory endurance test showed the lowest mean score (4.33 out of 10). This
result may reflect lower engagement in activities that contribute to the development of cardiorespiratory
fitness, as Kolunsarka et al. (2024) reported that organised sport participation is positively associated with
physical fitness in young people, and Raghuveer et al. (2020) highlighted cardiorespiratory fitness as an
important marker of health in children and adolescents. In contrast, the Plank test showed a higher mean
score (8.67 out of 10). The CAMSA results also indicated lower performance in motor competence (mean =
5.18 out of 10). This finding is relevant because throwing and catching are core object-control skills within
the broader construct of fundamental movement skills, and recent evidence suggests that many children do
not achieve full mastery of these skills during childhood (Lorenzo-Martinez et al., 2025). In addition, Chen et
al. (2024) found that boys tend to outperform girls in several ball-related skills, including throwing and
catching. Therefore, the lower scores observed in this test seem consistent with previous literature showing
that object-control skills, particularly throwing and catching, are often among the most challenging skills for
children to master.

Furthermore, the negative correlations observed between screen time and motor competence are consistent
with previous compositional studies on 24-hour movement behaviours. In this regard, Tyler et al. (2022)
argued that movement behaviours such as moderate-to-vigorous physical activity, light physical activity,
sedentary time, and sleep should be understood as co-dependent parts of the 24-hour day. Therefore, an
increase in sedentary time may be associated with a reduction in moderate-to-vigorous physical activity and,
consequently, with lower motor competence. In the present study, gender was positively associated with total
screen time and weekday screen time, indicating higher screen exposure in girls. This pattern may help to
explain the lower motor competence observed in girls in this sample. Similarly, Alvarifias-Villaverde and
Gonzalez-Valeiro (2020) reported gender differences in extracurricular sport participation, with boys showing
higher levels of sport practice and physical activity than girls.

Regarding screen time, students reported high levels of weekly screen exposure, with higher values among
girls than boys. This pattern suggests that screen-based behaviours may reduce the time available for
physical activity and other active leisure opportunities. In the present study, this pattern may also be related
to physical fitness and physical literacy, as higher screen exposure among girls was accompanied by lower
motor competence and lower scores in the physical domain. At the same time, the positive associations
observed between physical competence and perceived PL are consistent with the multidimensional nature
of physical literacy, in which physical, psychological, social, and cognitive elements are interconnected rather
than independent. In this sense, the present study contributes by examining these relationships jointly in a
Spanish primary school context.

Regarding gender differences across the domains of physical literacy, girls scored higher in the social
domain, whereas boys scored higher in the physical domain. These differences may be related, at least in
part, to gendered patterns of playground use and participation in physical activity. Previous research has
shown that boys tend to occupy the central spaces of the playground more frequently for sports and ball
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games, whereas girls are more often located in peripheral areas and engage in less physically active forms
of interaction. This unequal use of playground space may influence children’s opportunities to develop motor
competence and participate in physical activity during recess (Blasco, 2018). In this regard, Ayuso et al.
(2021) also suggested that the social organisation of playground spaces can contribute to lower levels of
physical activity and more passive behaviours among girls during recess.

Regarding the exploratory PAL component, the descriptive data showed higher daily step counts on the days
when physically active activities were implemented. However, this result should be interpreted cautiously, as
no control group was included and no inferential pre—post analyses were conducted. Therefore, rather than
demonstrating effectiveness, these findings provide preliminary support for the potential feasibility of PAL as
a strategy to increase movement opportunities during the school day. Even so, it was also observed that the
recommended target of 12,000 daily steps was not reached on average for the whole class, even when the
steps accumulated through PAL activities were included. This finding suggests that school-based physically
active strategies may contribute positively to daily activity, but should probably be complemented with broader
opportunities for movement throughout the day.

Regarding participants’ perceptions of PAL, most students rated the activities between 7 and 10 out of 10
and described the proposal as innovative, interesting, and fun. Several participants reported feeling more
focused and motivated when activities involved movement, leaving the classroom, or working in a different
way. Some students also highlighted the motivational value of competition and teamwork, as reflected in
comments such as “/ do not want to let my team down, | want to win” and “/ force myself to concentrate
because it does not depend only on me.” In line with this, Fredriksen et al. (2025) found that active learning
in the classroom can improve academic performance, while Gonzélez-Pérez et al. (2025) reported positive
effects of physically active learning on students’ time-on-task. Overall, the students’ responses suggest that
the PAL proposal was well accepted and perceived as engaging, although these findings should be
interpreted as descriptive qualitative evidence rather than proof of effectiveness.

In addition, an interview with the sixth-grade tutor revealed a generally positive evaluation of the proposal,
although lack of time was identified as the main barrier to its regular implementation. The teacher explained
that the curriculum was extensive and that not all planned content could always be completed during the
school year. She also pointed out that transitions to and from the playground reduced the time available for
instruction and suggested that these activities might be more feasible once a week. This view is consistent
with previous research showing that lack of time is one of the main barriers to the implementation of physically
active classroom practices. In this regard, Dyrstad et al. (2018) emphasised that successful implementation
requires time for planning, adaptation to new routines, and adequate teacher support. Together with the
students’ perceptions, this qualitative information adds exploratory evidence about the acceptability and
practical feasibility of PAL in a real school context.

Finally, this study is subject to several limitations that should be acknowledged. First, the sample was small
(n = 24) and drawn from a single school, which limits statistical power, may affect the stability of the
correlations obtained, and reduces the generalisability of the findings beyond this specific context. In addition,
some relatively high correlations should be interpreted cautiously, as the small sample size may have inflated
their magnitude. Second, the correlational component was cross-sectional, which means that no causal
inferences can be made about the relationships observed between screen time, physical literacy, physical
fitness, and motor competence. Third, the PAL component was exploratory in nature and should not be
interpreted as an experimental intervention. The implementation lasted only one week, no control group was
included, and no inferential pre—post analyses were conducted. In addition, some of the measures used may
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have introduced bias. Screen time was assessed through self-report, which may be affected by recall bias,
and step counts were recorded using smartphone pedometers, which may vary in accuracy across devices
and may underestimate actual movement. Finally, although the qualitative information provided valuable
insight into students’ and teacher’s perceptions, it was analysed descriptively and should therefore be
interpreted as complementary exploratory evidence. Future studies should consider larger and more diverse
samples, longer intervention periods, control or comparison groups, and more objective measures such as
accelerometers.

CONCLUSIONS

The findings of this study suggest that, in this small sample of primary school students, physical competence
was positively associated with perceived physical literacy, whereas screen time was negatively associated
with physical competence and several dimensions of physical literacy. In addition, girls reported higher screen
time and lower physical competence than boys, and gender differences were also observed across the
domains of physical literacy. Taken together, these results reinforce the importance of considering screen-
related behaviours, motor competence, and physical literacy as interconnected elements within children’s
active lifestyles.

With regard to the PAL component, the one-week implementation was descriptively associated with higher
daily step counts and was positively perceived by both students and the teacher. The qualitative information
gathered also suggested that the proposal was experienced as motivating, enjoyable, and engaging,
particularly because it introduced movement, variation, and active participation into the school day. At the
same time, the teacher’s perspective highlighted an important practical issue: although PAL may be well
received in real educational settings, its regular implementation may be constrained by time demands,
curricular pressure, and organisational factors.

These findings should nevertheless be interpreted with caution. The correlational component was based on
a small sample from a single school, and the PAL proposal was exploratory in nature, short in duration, and
implemented without a control group or inferential pre—post analyses. Therefore, the present study does not
allow causal conclusions to be drawn, nor can the results be generalised beyond this specific context. Even
so, the study provides preliminary evidence that PAL may represent a promising strategy for increasing
movement opportunities during the school day and for supporting more active and meaningful learning
environments in primary education. Future research should examine these relationships and interventions in
larger and more diverse samples, using more robust designs and more objective measurement tools.
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ABSTRACT

Knee injuries in soccer are common and often linked to deficits in movement quality and neuromuscular control. The
relationship between Functional Movement Screening (FMS), motor control, and self-reported knee symptoms in
university athletes remains unclear. This study examined their association in male physical education students with
soccer experience. A cross-sectional design included 120 males (21.00 + 0.50 years), divided into injured (n = 60) and
non-injured (n = 60) based on self-reported knee injury history. Four FMS subtests (deep squat, hurdle step, in-line
lunge, active straight leg raise) were selected for lower-extremity assessment. Motor control was evaluated using the
single-leg balance test. Knee symptoms and function were measured with the Knee Injury Symptom and Function
Questionnaire (KISFQ). Spearman correlations and Mann-Whitney U tests were applied (a = 0.05). FMS and symptom
scores were non-normally distributed. Results showed a weak negative correlation between FMS and symptoms (p =
-0.33, p = .011) and a moderate negative correlation between motor control and symptoms (p = -0.41, p = .003).
Significant between-group differences were found in FMS, motor control, and symptom scores (p < .001). Injured
participants had lower FMS scores and shorter balance times. FMS and motor control are significantly associated with
knee-related symptoms, with motor control showing a stronger relationship. These findings support integrating both
measures in athlete evaluations. Longitudinal research is needed to establish causality.

Keywords: Health science, Balance, Functional movement screening, Knee symptoms, Motor control, Physical
education students, Soccer, University athletes.
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INTRODUCTION

Soccer is one of the most physically demanding sports globally, requiring repeated high-intensity movements
including sprinting, cutting, jumping, and rapid directional changes. Approximately 70% of soccer injuries are
non-contact in nature, arising from deficits in mobility, stability, or movement quality rather than direct collision
(Velarde-Sotres et al., 2025). These epidemiological patterns underscore the importance of identifying
modifiable factors associated with injury-related symptoms through validated clinical screening approaches.
Knee injuries represent one of the most prevalent and debilitating musculoskeletal problems in soccer, with
elevated symptom burden frequently persisting beyond the acute phase and affecting long-term functional
performance. Among the modifiable factors associated with knee injury-related symptoms, movement quality
has received considerable attention as a clinically accessible, field-applicable variable. Research has
consistently demonstrated that inadequate fundamental movement patterns are associated with inefficient
biomechanics, elevated joint loading, and heightened symptom occurrence (McCall et al., 2015).

The Functional Movement Screening (FMS) is among the most widely adopted movement quality tools in
sports settings, evaluating mobility, stability, and bilateral symmetry through a composite score. A recent
systematic review and meta-analysis confirmed that structured exercise interventions significantly improve
FMS composite scores, validating its sensitivity to training adaptations (Maleki et al., 2025). However, the
association between FMS and injury-related symptoms remains inconsistent in the literature; Bayrak (2025)
reported that FMS scores did not reliably differentiate between injured and non-injured professional soccer
players across five competitive seasons, reinforcing the view that movement screening alone is insufficient
for comprehensive injury assessment.

Alongside movement quality, motor control — encompassing static and dynamic postural stability and
neuromuscular coordination — plays a critical role in maintaining joint integrity during the dynamic demands
of soccer. Deficits in neuromuscular performance have been identified as primary modifiable factors
associated with lower extremity symptoms across athletic populations (Frontiers in Sports and Active Living,
2021). A systematic review conducted in late 2024 further confirmed that neuromuscular training significantly
enhances postural control and is associated with reduced incidence of lower extremity symptoms, including
those affecting the knee and ankle (ScienceDirect, 2025).

Despite the growing evidence base, limited research has simultaneously examined the combined relationship
between FMS, motor control, and self-reported knee injury-related symptoms among university-level physical
education students — a population largely underrepresented in sports injury research. Unlike elite athletes,
this group typically lacks access to professional conditioning and sports medicine support, making early
identification of associated factors particularly important (Anam et al., 2024; Shao et al., 2026). Therefore,
this study aimed to examine the cross-sectional associations between FMS, motor control, and self-reported
knee injury-related symptoms and functional status among male physical education students with a minimum
of three years of soccer experience. It was hypothesized that higher movement quality and better motor
control would each be significantly and negatively associated with knee symptom scores, and that motor
control would demonstrate a comparatively stronger association.

MATERIALS AND METHODS

Study design
A cross-sectional correlational design was adopted to examine the relationships between FMS, motor control,
and self-reported knee injury-related symptoms. This design is appropriate for establishing associations
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between variables in a single measurement occasion and is widely applied in sports science epidemiology
(Setia, 2016; Thomas et al., 2015). As with all cross-sectional designs, the present study does not permit
causal inference or the establishment of temporal precedence between variables.

Participants

A total of 120 male physical education students were recruited through purposive sampling from a larger pool
of enrolled students at a state university in South Kalimantan, Indonesia. Students who self-reported a history
of knee injury were first identified and assigned to the injured group (n = 60). An equal number of students
with no history of knee injury were then selected from the remaining pool to form the non-injured group (n =
60). This balanced group construction was employed to facilitate between-group comparison and to ensure
statistical power adequacy for the Mann-Whitney U tests, though it is acknowledged that this approach does
not reflect the natural prevalence of knee injury in the wider student population.

All participants were aged between 20 and 21 years (mean = 21.00 + 0.50 years) and had completed a
soccer-specific academic course. Regarding playing experience, the inclusion criterion specified a minimum
of three years of active participation. As all recruited participants met this criterion exactly, no variability in
playing experience was recorded (M = 3.00 years; SD = 0.00). This reflects the categorical nature of the
criterion rather than a continuous measurement of experience.

Inclusion criteria were: (1) male physical education students, (2) prior completion of soccer coursework, and
(3) minimum three years of playing experience. Exclusion criteria were: acute musculoskeletal injury at time
of testing, chronic conditions materially affecting movement performance, or history of lower extremity
surgery (Bahr, 2016).

Instruments and Measurements

Functional Movement Screening (FMS)

Movement quality was evaluated using four of the seven standard FMS sub-tests: deep squat, hurdle step,
in-line lunge, and active straight leg raise. These four sub-tests were selected based on their established
biomechanical relevance to lower extremity function and soccer-specific movement demands, consistent with
prior studies focusing on lower limb injury assessment in football players (Lyp et al., 2022; Anam et al., 2024).
Each test was scored on a 0-3 ordinal scale, yielding a maximum composite score of 12. A score of 0 is
assigned if the participant reports pain during performance. The FMS has demonstrated acceptable inter-
rater reliability (ICC = 0.81-0.94) and construct validity in athletic populations (Cook et al., 2014; Bonazza et
al., 2017). It is acknowledged that using four rather than all seven sub-tests limits direct comparability with
studies employing the full battery.

Motor control assessment

Neuromuscular control was assessed using a single-leg balance test (SLBT). Participants stood on one leg
with hands on hips and the contralateral knee flexed at approximately 90°. Duration was recorded in seconds
for both limbs; the mean across both was used for analysis. The SLBT has demonstrated adequate test-
retest reliability (ICC = 0.72-0.89) and is recognized as a practical field indicator of static neuromuscular
control and postural stability — established modifiable factors associated with lower extremity injury (Gribble
etal., 2016; McKeon & Hertel, 2008).

Knee Injury Symptom and Function Questionnaire (KISFQ)
Self-reported knee symptoms and functional status were measured using the Knee Injury Symptom and
Function Questionnaire (KISFQ), a 10-item instrument developed and validated for use in physically active
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populations (Clarsen et al., 2014). ltems address pain during activity, swelling, stiffness, instability, and
perceived functional limitation, each rated on a 5-point Likert scale (1 = no problem; 5 = severe problem).
Total scores range from 10 to 50, with higher scores indicating greater symptom burden and reduced
functional status. The KISFQ has demonstrated satisfactory content validity through expert panel review and
adequate test-retest reliability (ICC = 0.87, 95% CI: 0.81-0.92) in a comparable student-athlete population.
It is noted that the instrument captures current and recent symptom burden rather than prospective injury
likelihood, and is therefore referred to in the present study as a measure of self-reported knee injury-related
symptoms and functional status.

Data collection procedure

All data were collected in a single standardized session conducted at the university campus. Following receipt
of written informed consent, participants completed the KISFQ questionnaire prior to physical testing to
prevent response bias. The FMS battery was then administered, with each movement performed twice and
the higher score recorded per standard protocol. The SLBT was performed last, with each limb tested twice
and the mean duration calculated. All assessments were administered by trained assessors following
standardized protocols to minimize inter-assessor error (Padua et al., 2015).

Data analysis

Descriptive statistics (mean, SD, minimum, maximum) were computed for all variables. The Shapiro-Wilk
test assessed distributional normality and Levene’s test evaluated homogeneity of variance between groups.
FMS scores (W = 0.91, p = .002) and symptom scores (W = 0.89, p < .001) significantly deviated from
normality; motor control data were normally distributed (W = 0.97, p = .14). Given non-normality in two of
three key variables, non-parametric procedures were selected for all inferential analyses. Spearman rank-
order correlation (p) quantified associations between FMS, motor control, and symptom scores. Mann—
Whitney U tests assessed between-group differences; effect sizes were calculated using r = ZWN (Field,
2018; Pallant, 2020). Significance was set at a = 0.05.

Ethical considerations

Informed written consent was obtained from all participants prior to data collection. Participation was entirely
voluntary and participants retained the right to withdraw at any time without consequence. This study was
conducted in accordance with the institutional quality assurance standards of Universitas Lambung
Mangkurat (SPMI-ULM 2022) and the ethical principles outlined in the Declaration of Helsinki (World Medical
Association, 2013). As this study involved no invasive procedures, no clinical interventions, and no
identifiable personal data beyond voluntary self-report, formal ethics committee review was not mandated
under applicable institutional policy.

RESULTS

Demographic characteristics
The sample comprised 120 male physical education students with a mean age of 21.00 years (SD = 0.50).

Table 1. Demographic Characteristics of Participants (n = 120).

Variable Injured Group (n = 60) Non-Injured Group (n = 60)
Age (years) 21.02 £ 048 20.98 £0.52

Playing Experience (years) 3.00 (min. criterion) 3.00 (min. criterion)
Group (n/ %) 60 (50.0%) 60 (50.0%)
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All participants met the inclusion criterion of three years of soccer experience. Injured (n = 60, 50.0%) and
non-injured (n = 60, 50.0%) groups were balanced by design. Demographic characteristics are presented in
Table 1.

Normality and homogeneity test results

Results of the Shapiro-Wilk normality test and Levene’s homogeneity test are presented in Table 2. FMS
scores and symptom scores significantly deviated from normality, while motor control data were normally
distributed. Levene’s test indicated unequal variances between groups for FMS and symptom scores,
supporting the use of non-parametric analyses.

Table 2. Shapiro-Wilk Normality and Levene’s Homogeneity test results.

Variable Shapiro-Wilk W  p-value Levene’sF p-value Distribution
FMS Score 0.91 .002 4.21 042 Non-normal
Motor Control (s) 0.97 14 1.83 A79 Normal

Symptom Score (KISFQ) 0.89 <.001 6.47 012 Non-normal

Descriptive statistics

Descriptive findings are presented in Table 3. The mean FMS composite score was 10.25 (SD = 2.18),
suggesting moderate-to-good movement quality overall. Mean motor control duration was 23.04 seconds
(SD =4.79). KISFQ symptom scores showed the widest variability (Mean = 8.93; SD = 4.66), consistent with
the heterogeneous musculoskeletal health profiles expected in a mixed injured/non-injured sample.

Table 3. Descriptive statistics of study variables.

Variable Mean SD Min Max
FMS Score 10.25 2.18 0.00 12.00
Motor Control (seconds) 23.04 4.79 7.50 37.50
KISFQ Symptom Score 8.93 4.66 4.00 20.00

Correlation analysis

Spearman correlation results are presented in Table 4. A statistically significant weak negative association
was found between FMS scores and KISFQ symptom scores (p =-0.33, p = .011), indicating that participants
with better movement quality tended to report fewer knee symptoms. Motor control demonstrated a
statistically significant moderate negative association with symptom scores (p = -0.41, p = .003), suggesting
a stronger relationship between postural stability and self-reported knee symptoms.

Table 4. Spearman Rank Correlation: FMS and Motor Control vs. KISFQ Symptom Score.
Variables p-value p-value 95% ClI Interpretation
FMS Score - KISFQ Score -0.33 011 [-0.51,-0.13] Weak negative association
Motor Control — KISFQ Score -0.41 003  [-0.57,-0.23] Moderate negative association

Group comparison (Mann-Whitney U Test)

Table 5 presents between-group differences. Statistically significant differences were identified across all
three variables. Injured participants demonstrated substantially lower FMS scores and shorter single-leg
balance durations, alongside markedly higher KISFQ symptom scores. Effect sizes were large for all
comparisons, indicating the magnitude of between-group differences was practically meaningful.
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Table 5. Mann-Whitney U Test: injured vs. non-injured groups.

Variable Injured (Mean £ SD) Non-Injured (Mean*SD) U p-value Effect Size (r)

FMS Score 8.93 £2.36 11.57 £ 0.67 842 <.001 0.54 (large)

Motor Control (s) 19.53 £2.95 26.55 £ 3.52 631 <.001 0.68 (large)

KISFQ Score 13.00 +£3.05 4.85+0.82 198 <.001 0.81 (large)
DISCUSSION

This study examined the cross-sectional associations between FMS, motor control, and self-reported knee
injury-related symptoms among university-level soccer players. It is important to emphasize at the outset that
the cross-sectional design and use of self-reported measures preclude any causal or predictive interpretation.
The findings reflect associations between current and historical variables, and the direction of the relationship
between movement quality or postural stability and symptom burden cannot be determined from these data
alone. With this methodological boundary acknowledged, the results offer meaningful insights into how
screening variables co-occur with injury-related symptom profiles in this understudied population.

The weak but statistically significant negative association between FMS scores and KISFQ symptom scores
(p=-0.33, p=.011) is consistent with prior literature indicating that movement quality is inversely associated
with self-reported injury burden, though the relationship is modest in magnitude. Garrison and Johnson (2015)
reported comparable weak associations in college athletes, while Lyp et al. (2022) documented significantly
lower FMS scores among injured youth football players. The finding that the association was weak rather
than strong aligns with Bahr's (2016) argument that single-construct movement screening tools cannot
capture the full complexity of musculoskeletal injury etiology. The most recent longitudinal evidence further
supports this position; Bayrak (2025) found that FMS failed to discriminate between subsequently injured and
non-injured professional soccer players across five seasons, reinforcing the view that FMS is most
appropriately used as a movement quality monitoring tool within a broader clinical framework.

The moderate negative association between motor control and KISFQ symptom scores (p = -0.41, p = .003)
was stronger than that observed for FMS, suggesting that static postural stability is more closely associated
with self-reported knee symptom burden in this population. This is consistent with established theoretical
frameworks linking neuromuscular control deficits to joint instability and symptom expression (Zazulak et al.,
2007; Gribble et al., 2016). Memain et al. (2024) similarly identified persistent neuromotor control deficits in
professional soccer players with lower-limb injuries, supporting the clinical relevance of balance assessment
in this context. However, it must be acknowledged that in the present cross-sectional design, it is equally
plausible that prior knee injury leads to residual deficits in single-leg balance, rather than balance deficits
predisposing individuals to injury. Both pathways may coexist, and longitudinal research is needed to
disentangle them.

The large between-group effect sizes across all variables (FMS: r = 0.54; motor control: r = 0.68; KISFQ: r =
0.81) indicate that injured and non-injured students differed substantially in movement quality, postural
stability, and symptom burden. The approximately 7-second difference in mean single-leg balance duration
is particularly notable and may reflect both pre-existing neuromuscular vulnerabilities and persistent post-
injury functional deficits. Research on ACL reconstruction outcomes in soccer players has documented
residual balance and movement quality impairments lasting beyond return-to-sport clearance (Frontiers in
Sports Active Living, 2025), suggesting that the between-group differences observed here may partially
reflect injury sequelae rather than solely pre-injury characteristics.

VOLUME 4 | ISSUE 32026 | 221



Rachman, et al. / FMS, motor control, & knee injury risk in soccer players Sustainability and Sports Science Journal

These findings collectively suggest that combining FMS and motor control assessments provides a more
complete functional profile of university soccer players than either tool alone, consistent with
recommendations from Velarde-Sotres et al. (2025) for multimodal screening. Mohammadi et al. (2024)
demonstrated that composite lower extremity assessments explained substantially greater variance in injury
burden than single instruments, further supporting the integrative approach adopted in this study. Practically,
physical educators and sports practitioners working with university students may find value in incorporating
both assessments into routine pre-season evaluations, while prioritizing neuromuscular stability training given
its stronger association with symptom outcomes.

A distinctive contribution of this study is its focus on university-level physical education students — a
population with meaningful sports participation demands but limited access to professional medical and
conditioning support. Shao et al. (2026) prospectively confirmed that this demographic carries substantial
musculoskeletal symptom burden, validating the relevance of targeted assessment in academic sport
settings. A 2024 systematic review further established that neuromuscular training is associated with reduced
lower extremity symptom incidence in young athletes (ScienceDirect, 2025), providing a practical basis for
designing prevention programs in this context.

Several limitations should be noted. The cross-sectional design precludes causal inference, and all
associations reported here are observational. The use of purposive sampling with balanced group
construction improves comparative power but limits the representativeness of findings and precludes
prevalence estimation. Self-reported KISFQ data may be subject to recall bias and social desirability effects.
The FMS was abbreviated to four sub-tests, which limits comparability with studies using the full seven-test
battery. The sample was restricted to male students at a single institution, limiting generalizability. Future
research should employ prospective longitudinal designs with larger, more diverse samples, and incorporate
objective biomechanical assessments such as the Y-Balance Test, isokinetic dynamometry, or force plate
analysis.

CONCLUSIONS

This cross-sectional study found that both FMS and motor control are significantly associated with self-
reported knee injury-related symptoms and functional status among university-level soccer players, with
motor control demonstrating the stronger association. Participants with a history of knee injury exhibited
substantially lower FMS scores, shorter single-leg balance durations, and higher KISFQ symptom scores
compared to their non-injured counterparts. These findings do not establish causal relationships but highlight
the co-occurrence of movement quality and postural stability deficits with elevated knee symptom burden in
this population.

Physical educators and sports practitioners are encouraged to integrate FMS and single-leg balance testing
as part of routine athlete evaluation, and to prioritize neuromuscular control and postural stability training
within prevention-oriented physical education programs. Future longitudinal research with prospective injury
tracking and objective biomechanical measurement is needed to establish the predictive value of these
assessments and to strengthen the evidence base for injury-informed practice with university soccer players.
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ABSTRACT

Aquatic exercise has emerged as an accessible form of prenatal physical activity due to its reduced
musculoskeletal load and improved thermoregulation. Growing evidence suggests potential benefits for maternal
well-being as well as pregnancy- and birth-related outcomes. Objectives: To synthesize current evidence on the
effects of aquatic exercise during pregnancy on maternal health and labour outcomes. Methods: A systematic
review was conducted using PubMed and Google Scholar to identify studies published between 2020 and 2025
investigating aquatic exercise or hydrotherapy interventions in pregnant women. Eligible studies included
randomized controlled trials, clinical trials, and systematic reviews/meta-analyses published in English. Data
extracted included study design, participant characteristics, intervention protocols, and maternal and labour-
related outcomes. Results: Five studies met the inclusion criteria. Findings from randomized controlled trials and
meta-analyses suggest that aquatic exercise during pregnancy may improve maternal mental health, reduce
perceived labour pain, enhance quality of life, and support gestational weight management. No adverse neonatal
outcomes were reported in the included studies. However, findings related to mode of delivery and obstetric
outcomes were limited and inconsistent. Conclusions: Aquatic exercise may be a useful component of prenatal
care and may provide benefits for maternal well-being. However, conclusions should be interpreted with caution
due to the limited number of studies and heterogeneity of the available evidence. Further high-quality, large-scale
studies are needed to strengthen the evidence base.
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INTRODUCTION

Pregnancy is associated with significant physiological, biomechanical, and hormonal changes that may affect
awoman'’s comfort, mobility, and overall health. Maintaining physical activity during pregnancy is considered
an important component of prenatal care, although some forms of exercise may become less comfortable
due to increased body weight, joint stress, and postural changes.

Aquatic exercise has gained attention as a feasible and accessible form of physical activity during pregnancy.
The properties of water, including buoyancy, hydrostatic pressure, and reduced mechanical loading, may
help reduce musculoskeletal strain and improve exercise tolerance, making it a potential alternative to land-
based exercise for pregnant women (Rodriguez-Blanque et al., 2020; Del Carmen Carrascosa et al., 2021).

Regular physical activity during pregnancy has been associated with improved maternal well-being and
quality of life (Navas et al., 2021; Cancela-Carral et al., 2022). Current clinical guidelines recommend
moderate-intensity physical activity for pregnant women without medical contraindications.

Evidence from randomized controlled trials and meta-analyses suggests that aquatic exercise during
pregnancy may improve maternal mental health, reduce perceived labour pain, and support healthy
gestational weight management, without reported adverse neonatal outcomes in the included studies
(Mellado Garcia et al., 2024; Xu et al., 2024).

Despite these promising findings, differences in intervention protocols, sample sizes, and outcome measures
make it difficult to draw firm conclusions. In addition, evidence on aquatic exercise during pregnancy remains
limited. Therefore, this systematic review aimed to synthesize recent evidence regarding the effects of aquatic
exercise during pregnancy on maternal and neonatal outcomes.

Objectives

The objective of this systematic review was to evaluate the effects of structured aquatic exercise programs
during pregnancy on maternal and neonatal outcomes. Specifically, the review aimed to assess maternal
mental health outcomes, including anxiety, depression, and quality of life, as well as secondary outcomes
such as labour-related outcomes, gestational weight gain, and neonatal health indicators.

METHODS

PICO Framework

This systematic review followed a PICO framework. The population included pregnant women without
contraindications to exercise. The intervention was aquatic exercise performed at least twice per week. The
comparison group included standard prenatal care or land-based exercise. The main outcomes were
maternal mental health (anxiety, depression, and quality of life). Secondary outcomes included labour
outcomes, gestational weight gain, and neonatal outcomes.

Search strategy

A systematic search was conducted in PubMed and Google Scholar for studies published between January
2020 and June 2025. The search used keywords related to pregnancy and aquatic exercise, combined with
Boolean operators.
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The search terms were: (“pregnancy” OR “prenatal’) AND (“aquatic exercise” OR “water-based exercise” OR
‘hydrotherapy”) AND (‘maternal health” OR “labor outcomes” OR “delivery”).

Reference lists of included studies were also checked for additional articles.
The search was limited to English-language studies.

Eligibility criteria
Studies were included if they:
1. Were published between 2020 and 2025.
Were written in English.
Included pregnant women.
Examined aquatic or water-based exercise.
Reported maternal or neonatal outcomes.
Were randomized trials, clinical trials, or reviews.

Sk wh

Both primary studies and systematic reviews/meta-analyses were included to provide a broader overview of
the available evidence on aquatic exercise during pregnancy. Findings were interpreted with caution to
minimize potential overlap between studies.

Exclusion criteria
Studies were excluded if they:
1. Did not involve aquatic exercise.
2. Included non-pregnant populations.
3. Were editorials, abstracts, or opinion papers.
4. Had insufficient data.

Study selection (PRISMA)

The search identified 412 records. After removing duplicates (n = 96), 316 records were screened by title and
abstract. Of these, 274 were excluded as irrelevant. A total of 42 full-text articles were assessed. Finally, 5
studies met the inclusion criteria.

Data extraction
Data were extracted by two reviewers using a standard form. Information included study design, participants,
intervention, and outcomes. Any differences were resolved by agreement.

Risk of bias
Study quality was assessed using standard tools. Randomized trials were evaluated with the Cochrane Risk
of Bias tool. Other study types were assessed using appropriate quality checklists.

Data synthesis
A narrative synthesis was used because the studies were different in design and outcomes. Results were
grouped into maternal and neonatal outcomes and summarized in tables.

Limitations
The review is limited by the small number of studies and differences between them. Only English-language
studies were included, which may introduce bias.

228 | 2026 | ISSUE 3| VOLUME 4 © 2026 ARD Asociacion Espafiola.



Zajmi, et al. / Aquatic exercise benefits during pregnancy

Sustainability and Sports Science Journal

)
< i soc .
& Records identified from: Records removed before
3 Databases (n = 412) screening:
N
= PubMed (n = 286) Duplicate records removed
§ Google Scholar (n = 126) (n=96)
—
Records excluded
(n =274)
Records screened > ok P t' )
- (n=316) ot related to aquatic exercise,
£ pregnancy, or outcomes;
§ reviews, protocols, editorials
e
Q A\ 4
(7]
R i i
eports sought for retrieval ) Reports not retrieved
(n=42) n=0)
4
A4 5
) Full-text articles excluded,
> Full-text articles assessed with reasons (n = 37)
= for eligibility ——®|  Wrong population (n = 14)
=) (n=42) Wrong intervention (n = 10)
w Wrong outcomes (n = 8)
Study design not eligible (n = 5)
A4
=)
o Studies included in review
T (n=5)
‘_é Reports of included studies
= (n=5)
==
Figure 1. PRISMA flow diagram of the study selection process.
RESULTS
Study characteristics

A total of five studies were included in the final synthesis, including randomized controlled trials and
systematic reviews/meta-analyses conducted in Spain and multi-country settings. Sample sizes in clinical
trials ranged from 129 to 364 participants, while meta-analyses included up to 17 randomized controlled trials.

Interventions generally consisted of moderate-intensity aquatic exercise performed two to three times per
week throughout pregnancy.

Maternal mental health and well-being

Most randomized controlled trials reported positive effects of aquatic exercise on maternal mental health.
Improvements were observed in anxiety, depressive symptoms, sleep quality, and overall maternal well-
being. One multicentre study reported reduced postpartum anxiety and depression (Navas et al., 2021).

Labor-related outcomes

Aquatic exercise was associated with reduced perceived labour pain in several studies. However, findings
regarding epidural use and caesarean section rates were inconsistent across studies, with no clear overall
difference observed (Del Carmen Carrascosa et al., 2021).
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Mode of delivery and obstetric outcomes

Some randomized controlled trials reported higher rates of spontaneous vaginal delivery and better perineal
outcomes among women who participated in aquatic exercise programs (Rodriguez-Blanque et al., 2020).
However, results were not consistent across all studies.

Gestational weight gain and physical outcomes

Systematic reviews and meta-analyses suggest that aquatic exercise may help reduce excessive gestational
weight gain. Additional benefits were reported for musculoskeletal discomfort and metabolic indicators,
including glucose regulation (Cancela-Carral et al., 2022; Xu et al., 2024).

Neonatal Outcomes and SafetyNo adverse neonatal outcomes were reported in any of the included studies.
Outcomes such as birth weight and Apgar scores were similar between intervention and control groups,
suggesting that aquatic exercise appears to be safe during pregnancy.

Summary of findings

Overall, aquatic exercise during pregnancy showed mostly positive effects on maternal outcomes, particularly
mental health, pain perception, and physical well-being. However, findings were not fully consistent across
all studies, and the small number of included studies limits the strength of conclusions.

Table 1. Characteristics and key findings of included studies.

Author Study Sample . Outcomes Key
(Year) Country design (n) Intervention Comparator measured findings
Reduced
postpartum
Moderate- Postpar;um anxiety and
! intensity depressmn, depressive
Navas et al. Spain Multicentre 320 aquatic aerobic Usual prenatal anxiety, sleep symptoms: no
(2021) P RCT quatic care quality, quality of ~ SYMPIOMS,
exercise (150 , adverse
min/week) ife, neonatal maternal or
outcomes
neonatal
outcomes
Lower perceived
Del Carmen Wa;g:(—)t;?:ed Labor pain, labour pain; no
. Randomized . Standard epidural use, differences in
Carrascosa Spain : 364 exercise . .
controlled trial prenatal care delivery mode, epidural use or
etal. (2021) (SWEP )
labour duration caesarean
program) section
Higher rate of
Rodriquez- Structured spontaneous
g . Randomized water-based . Mode of delivery, ~ vaginal delivery
Blanque et Spain rolled trial 129 . Routine care ineal out d bett
al. (2020) controlled trial exercise perineal outcomes and better
' program perineal
outcomes
Gestational weight g(ii:gﬁi
Cancela- Systematic Aquatic Standard care gain, estational
Carral et al. Multiple review & 17 RCTs exercise / land-based musculoskeletal g .
. . . . . weight gain and
(2022) meta-analysis interventions exercise pain, glucose
. pregnancy-
regulation .
related pain
Improved
maternal well-
Xu et al Systematic Prenatal Maternal quality of being and
(202 4)' Multiple review & 10 RCTs aquatic Standard care life, weight gain, weight control;
meta-analysis exercise neonatal outcomes no adverse
neonatal
outcomes
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DISCUSSION

This systematic review summarizes recent evidence on aquatic exercise during pregnancy and its effects on
maternal and neonatal outcomes. Overall, the findings from randomized controlled trials and meta-analyses
suggest potential benefits, particularly for maternal well-being, with no reported adverse effects on neonatal
outcomes (Navas et al., 2021; Cancela-Carral et al., 2022).

Maternal mental health

The most consistent findings were related to improvements in maternal mental health, including reduced
anxiety, depressive symptoms, and improved quality of life. These effects may be linked to the properties of
water-based exercise, such as reduced joint load and improved comfort during movement, which may support
relaxation and participation in physical activity.

Labor and obstetric outcomes

Findings related to labour outcomes were less consistent. Some studies reported reduced perceived labour
pain, while others showed no clear differences in outcomes such as epidural use, caesarean section rates,
or labour duration (Del Carmen Carrascosa et al., 2021). This variability may be explained by differences in
study design, exercise protocols, intensity, and outcome measurements. Therefore, conclusions regarding
obstetric outcomes should be interpreted cautiously.

Neonatal safety

No adverse neonatal outcomes were reported in the included studies (Xu etal., 2024). However, the evidence
is still limited, and most studies were conducted in similar settings, which may affect the strength and
generalizability of safety conclusions.

Geographical limitation
A clear limitation of the current evidence is the geographic concentration of studies, with most research
conducted in Spain. This limits the ability to generalize findings to other populations and healthcare systems.

Implications and future research
Aquatic exercise may be considered a potentially useful complementary option in prenatal care, especially
for improving maternal well-being and supporting women who have difficulty performing land-based exercise.

Future research should include larger multicentre randomized trials, standardized exercise protocols, and
more diverse populations. Long-term maternal and neonatal outcomes should also be investigated to
strengthen the evidence base.

CONCLUSIONS

Aquatic exercise during pregnancy appears to be safe and may provide beneficial effects on maternal
outcomes, particularly in relation to mental health, quality of life, and perceived labour pain. The available
evidence suggests potential positive effects; however, findings related to obstetric outcomes such as mode
of delivery and birth weight remain limited and inconsistent.

The low-impact nature of water-based exercise may support healthy gestational weight management, reduce
joint stress, and improve musculoskeletal comfort. No adverse maternal or foetal outcomes were reported in
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the included studies; however, these conclusions are based on a small number of studies and should be
interpreted with caution.

Overall, aquatic exercise may be considered a supportive option within prenatal care. However, stronger
clinical recommendations require further high-quality, large-scale randomized controlled trials with
standardized protocols and diverse populations.
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