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Abstract—This narrative review examines the digital
transformation of sports nutrition education. Digital
technologies are increasingly used to deliver sports nutrition
education, offering new possibilities for personalization,
accessibility, and learner engagement. However, the rapid
expansion of digital tools has resulted in a fragmented body
of research, with uneven evidence quality, limited theoretical
grounding, and inconsistent integration into professional
practice. The study aims to critically examine the digital
evolution of sports nutrition education and to develop a
structured framework to support the effective evaluation and
integration of digital tools. The review adopts a structured
narrative approach to synthesize peer-reviewed literature
published between 2015 and 2024 across the domains of
sports nutrition, digital education, and educational
technology. Relevant studies were identified through
systematic database searches and analyzed thematically and
chronologically to capture Kkey technological trends,
pedagogical approaches, and implementation challenges. The
results indicate a clear shift toward interactive, personalized,

and technology-enhanced educational models, with
prominent use of mobile applications, gamification,
immersive technologies, micro-learning formats, and

data-integrated systems. While these tools demonstrate
potential to improve nutrition knowledge, engagement, and
selected dietary behaviors, the evidence is largely limited to
short-term outcomes, with persistent challenges related to
sustained engagement, ethical governance, and professional
integration. Based on these findings, the study proposes an
integrated digital sports nutrition education framework. The
study concludes that digital technology adoption alone is
insufficient to achieve lasting educational impact, and that
theory-driven design, rigorous evaluation, and alignment
with professional practice are essential for advancing
effective and responsible digital sports nutrition education.
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technology, e-learning, mobile health, gamification, virtual
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1. INTRODUCTION

Nutrition is considered a central determinant of the
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performance, recovery, and long-term health of athletes.
Nutrition directly influences energy availability,
physiological adaptation to training, injury risk, and
overall competitive outcome [1, 2]. Therefore, effective
sports nutrition education is essential to enable athletes to
translate scientific recommendations into appropriate
dietary practices. Traditionally, this education has been
delivered through face-to-face consultations with sports
dietitians, printed educational materials, and lecture-based
instruction within academic or team-based
environments [1-3]. While these approaches are grounded
in scientific evidence, their impact is often constrained by
limited scalability, restricted accessibility, and insufficient
personalization. As a result, substantial gaps persist
between established sports nutrition knowledge and
athletes’ everyday dietary behaviors, with deficiencies in
both nutrition knowledge and its practical application
reported across a wide range of sporting contexts [2—4].
Evidence from intervention-based research further
indicates that improving nutrition knowledge alone is
rarely sufficient to produce sustained dietary behavior
change among athletes. Systematic reviews consistently
demonstrate that although educational interventions may
yield short-term improvements in knowledge or awareness,
long-term adherence to recommended nutritional practices
remains inconsistent and difficult to maintain [5]. These
findings highlight a significant gap in current sports
nutrition education approaches. This gap is in the
challenge of how to support ongoing engagement,
self-regulation, and behavior change that extend beyond
isolated educational encounters. Addressing this gap

requires educational models that extend beyond
information transmission toward continuous,
context-aware, and  behavior-informed support
mechanisms.

Over the past decade, advances in digital education and
educational technology have begun to reshape how sports
nutrition knowledge can be accessed, delivered, and
applied. The widespread adoption of digital technologies
such as smartphones and wearable technologies, along
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with increased accessibility to mobile health applications
and online learning platforms, has established new modes
of nutrition education that is interactive, on-demand, and
learner-centered [5—7]. These digital tools provide mobile
applications, gamified learning environments, immersive
Virtual Reality (VR) and Augmented Reality (AR)
experiences, micro-learning formats, and social
media-based interventions designed with the aim to
enhance learner engagement, personalize educational
content, and integrate nutrition guidance into athletes’
daily training routines [6, 8, 9].

Despite the fact that digital sports nutrition tool
dominates the market, challenges remain regarding the
existence of evidence supporting their educational value.
Existing research focuses mostly on individual
technologies or isolated interventions. This results in a
disconnected literature that lacks conceptual coherence
across disciplines and pedagogical approaches. Many
studies rely on short-term pilot designs, with limited
integration of established learning theories or behavior
change frameworks. There is also minimal assessment of
sustained behavioral or performance-related outcomes
over time [2, 9, 10]. Therefore, there is also limited
evidence that these digital tools actually translate into
sustained learning or behavior change.

Additionally, the commercialization of digital nutrition
technologies, in addition to their commercialism, has
outpaced rigorous academic evaluation. The implications
of these tools on data privacy, ethical governance, and
professional oversight are inconsistently addressed across
existing studies [5, 11, 12]. These issues are particularly
important in sports nutrition, as digital tools often collect
personal data, including sensitive dietary, health, and
financial information. Without clear ethical safeguards and
professional integration, the widespread use of such
technology’s risks undermining user safety and trust,
limiting their long-term educational impact.

Furthermore, there remains a notable lack of reviews
that systematically map the full digital ecosystem of sports
nutrition education, including the identification of
dominant pedagogical trends and persistent structural
challenges. Existing reviews tend to examine specific
technologies such as mobile applications, gamification, or
immersive environments in isolation, without situating
these tools within an educational, behavioral, or ethical
framework. This absence of synthesis limits the field’s
ability to move from tool-centered evaluations toward a
comprehensive understanding of how digital technologies
collectively affect the pedagogy, delivery, and impact of
sports nutrition education.

Accordingly, the purpose of this narrative review is to
address these gaps by providing a focused, theoretically
informed, and integrative examination of the digital
evolution of sports nutrition education. Specifically, this
review aims to categorize the major types of digital tools
currently used in sports nutrition education, identify key
pedagogical and technological trends shaping their
development and adoption, and synthesize the principal
challenges related to evidence quality, ethical governance,
sustained engagement, and professional integration
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reported in the literature. By systematically mapping the
digital landscape rather than evaluating individual tools in
isolation, this review aims to support more informed,
evidence-based decision-making across research and
practice.

By consolidating research published between 2015 and
2024 across sports nutrition, digital education, and
educational technology, this review proposes a structured
framework to guide the critical evaluation and responsible
integration of digital tools. In doing so, it aims to
contribute to the development of theory-driven, ethically
grounded, and professionally aligned approaches capable
of enhancing the effectiveness and sustainability of sports
nutrition education.

II. MATERIALS AND METHODS

This study adopts a narrative review methodology to
examine the digital evolution of sports nutrition education.
A narrative review design was intentionally selected
because the research focus spans multiple disciplines,
including sports nutrition, digital education, educational
technology, and behavioral science, and encompasses a
wide range of study designs, technological modalities, and
theoretical perspectives. The existing literature in this field
includes conceptual frameworks, pilot and feasibility
studies, case studies, applied interventions, and systematic
reviews, which vary substantially in methodological
approaches, outcome measures, and intervention
durations. This level of diversity limits the feasibility of
quantitative aggregation and renders meta-analytic
synthesis inappropriate for the current body of evidence.
Many digital interventions remain at early developmental
or exploratory stages and are frequently evaluated using
short-term or non-standardized outcome measures rather
than long-term randomized controlled designs. Under
these conditions, a narrative review approach allows for
integrative and critical synthesis of heterogeneous
evidence, facilitating comparison across digital modalities,
identification of pedagogical and technological trends, and
examination of theoretical alignment and implementation
challenges.

The primary aim of this review is to contextualize how
digital technologies collectively affect sports nutrition
education and integrate evidence across disciplines, and
address questions related to pedagogy, ethics, and
professional practice that extend beyond outcome-based
evaluation.

A. Search Strategy

The literature search was restricted to peer-reviewed
publications written in English and published between
January 2015 and March 2024, ensuring coverage of the
most recent decade of digital innovation while excluding
outdated technologies and early-stage platforms no longer
in active use.

Search terms were developed iteratively and combined
using Boolean operators to reflect three core domains:

*  Population and context (e.g., sports nutrition, athlete
nutrition, athletes);
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Digital interventions and technologies (e.g., digital

education, e-learning, mobile health, mHealth,

nutrition app, gamification, serious games, virtual

reality, augmented reality, digital learning object);

Educational focus and outcomes (e.g., education,

learning, training, behavior change, knowledge).
Reference lists of key articles and relevant reviews were
also manually screened to identify additional studies not
captured through the database searches.

B. Inclusion and Exclusion Criteria

Study selection was conducted in two stages, beginning
with an abstract screening followed by full-text review,
using predefined inclusion and exclusion criteria.
Inclusion criteria were as follows:

Peer-reviewed  journal articles,
proceedings, or doctoral dissertations.
Primary focus on a digital tool, platform, or
intervention used for sports nutrition education or
nutrition-related behavior change.

Target populations including athletes, sports nutrition
students, or sports nutrition practitioners within an
educational context.

Reported outcomes related to nutrition knowledge,
dietary behavior, motivation, engagement, or
implementation feasibility.

Publication between 2015 and 2024. Exclusion criteria
included:

Studies focused exclusively on clinical nutrition,
general population wellness, or non-sport contexts;
Digital tools used solely for dietary assessment or

conference

Phase 1: Identification

Systematic search in 4 databases

intake monitoring without an explicit educational or
behavior-change component;

Editorials, opinion pieces, non-research commentaries,
or grey literature.

Publications not available in English.

C. Data Extraction and Synthesis

For each included study, data were extracted
systematically to support thematic analysis. Extracted
information included publication, study design, target
population, and sport context, type of digital technology
employed (e.g., mobile applications, gamified platforms,
immersive technologies, social media, or e-learning
systems), educational purpose, pedagogical approach,
theoretical frameworks referenced, and reported outcomes
related to knowledge, behavior, engagement, or feasibility.

The synthesis followed a combined thematic and
chronological structure, enabling examination of how
research across different digital modalities has evolved
over time. Studies were grouped into thematic categories
such as mobile applications, gamification-based
interventions, immersive technologies, and social
media-based education and analyzed in relation to
pedagogical trends, theoretical grounding, and evidence
quality. Consistent with narrative review methodology, no
formal risk-of-bias scoring tool was applied. Instead, study
quality was appraised narratively, with attention to
methodological rigor, sample size, intervention duration,
theoretical alignment, and relevance to educational
outcomes.

PubMed, Scopus, ERIC, Web of Science

Phase 2: Screening

Records identified
n = (Total from all databases)

-

Records screened
n = (Unique records)

-

Records screened
n = (Unique records)

Phase 3:
Eligibility
Title/Abstract
screening
K

Records excluded:

Non-digital focus

Wrong population

Non-educational

n = (Number excluded)

K
Full-text excluded

No sports nutrition outcome

Wrong intervention type
n = (Number excluded)

Duplicates removed
n = (Number removed)

Include

Full-text articles assessed
for eligibility
n = (Number retrieved)

-

Phase 4:
Inclusion
Full-text review

a4
Studies included in final

narrative synthesis

n = (Final count)

Fig. 1. Literature identification and screening process used in the narrative review.
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Identification
Records identified from:
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v

Screening

Records screened n = 1246

Eligibility
Full-text articles
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/

Studies included in review

N

n=_87

b |

X
Exclude based on
title/abstract
N
<«
Records excluded

n= 1068

Exclude with reasons

Full-text excluded n=91
Reasons:
Wrong outcome: 33
Wrong intervention: 28
Wrong population: 19

Not empirical

Fig. 2. Literature identification and screening.

Fig. 1 presents an overview of the literature
identification and screening process employed in this
narrative review. Relevant records were retrieved from
multiple academic databases and screened at the abstract
and full-text levels to ensure alignment with the review
focus on digital sports nutrition education. The figure
illustrates the general selection pathway used to support
the narrative synthesis rather than a formal systematic
review protocol.

Fig. 2 provides an overview of the literature
identification and screening process used to inform this
narrative synthesis.

III. RESULTS AND DISCUSSION

This literature review synthesizes interdisciplinary
research to examine the evolution of digital sports nutrition
education. Drawing from scholarship across sports
nutrition, educational technology, digital pedagogy, and
behavioral science, the review examines how emerging
technologies have affected the delivery, accessibility, and
pedagogical foundations of nutrition education for
athletes.

A. Digital Education and the Shift Toward Learner-
Centered Models

The expansion of digital education reflects a
pedagogical shift toward interactive and learner-centered
environments. This shift is driven by advances in the
available educational technology and digital health
applications. Research emphasizes that effective digital
learning environments support active engagement,
iterative feedback, and adaptability to learner needs, rather
than passive content consumption. Systematic reviews of
technology-enhanced learning highlight that digital
systems are most effective when they enable experiential
interaction, scaffolded learning, and alignment between
instructional design and real-world application [8].
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In sports nutrition education, these pedagogical shifts
are seen in the use of digital modalities that aim to align
learning with athletes’ daily routines. Evidence from
nutrition and sport science literature indicates that mobile
and digitally mediated nutrition education can improve
access to information and support self-regulation,
particularly when learning is delivered in short, focused
formats and integrated into routine behaviors [2]. Digital
tools allow nutrition education to move beyond episodic
instruction  toward  continuous, context-sensitive
engagement, which is especially relevant in athletic
settings characterized by time constraints and fluctuating
performance priorities.

However, the literature also cautions that digital
delivery alone does mnot guarantee educational
effectiveness. Reviews of digital nutrition and health
interventions consistently report wide variability in
evidence quality, theoretical grounding, and sustained
behavioral outcomes [5]. Increased reliance on data-driven
and personalized digital systems raises important ethical
considerations related to transparency, user autonomy, and
data governance, particularly in environments that collect
sensitive health and performance information [11].

The evidence suggests that digital sports nutrition
education is most effective when pedagogical design,
behavioral theory, and ethical considerations are integrated
into the development and implementation of digital tools.
These findings provide a research-based foundation for
examining how specific digital modalities, such as mobile
platforms, immersive environments, and data-integrated
systems, are currently being used within sports nutrition
education and where critical gaps in evidence and practice
remain.

B.  Theoretical Foundations Informing Digital Sports
Nutrition Education

The theoretical foundations of digital sports nutrition
education are grounded in established learning and
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behavior change theories that emphasize how individuals
acquire, internalize, and apply knowledge over time.
Across the reviewed literature, there is a consensus that
digital tools are most effective when they are explicitly
informed by pedagogical and behavioral theory, rather
than designed primarily around technological capability or
convenience [2, 7]. This body of work positions digital
technologies not as substitutes for educational theory, but
as mechanisms through which theory can be
operationalized at scale.

Constructivism provides a foundational framework for
understanding how athletes engage with digital nutrition
education [13, 14]. Constructivism conceptualizes
learning as an active process in which individuals build
understanding through experience, reflection, and
contextual application. Evidence from immersive and
interactive digital learning research demonstrates that
simulation-based and scenario-driven environments align
closely with this perspective by enabling learners to test
decisions, receive immediate feedback, and reflect on
outcomes in controlled settings [8]. In nutrition-specific
contexts, interactive and immersive digital systems have
been shown to improve engagement and task accuracy
compared with passive instructional approaches,
suggesting that experiential interaction supports deeper
conceptual understanding. Studies of interactive nutrition
modules similarly report improvements in critical thinking
and applied reasoning when learners are required to
actively engage with content rather than consume
information passively [15].

Behavior change theory is a second theory that informs
digital sports nutrition education [16]. Research
synthesized in nutrition-focused digital intervention
reviews consistently shows that knowledge acquisition
alone is insufficient to produce sustained dietary behavior
change. Instead, effective interventions incorporate
mechanisms such as goal setting, self-monitoring,
feedback, and iterative adjustment, which support the
translation of knowledge into action over time [2, 7].
Digital platforms are theoretically well-suited to support
these processes, as they enable continuous tracking, timely
feedback, and reinforcement of behavioral intentions.
Evidence from mobile and wearable technology nutrition
systems further indicates that these feedback loops can
strengthen the metacongnitive awareness of the
relationships between nutrition and performance to
facilitate incremental behavioral adjustments [5, 17, 18].

Motivational theory is also included in the theoretical
grounding of digital sports nutrition education. Studies
across digital nutrition and health education highlight the
importance of perceived relevance, autonomy, and
competence in sustaining engagement over time. Digital
systems that allow users to set personalized goals, monitor
progress, and receive feedback aligned with their training
demands are more likely to maintain motivation than static,
one-size-fits-all educational content [7]. This emphasis on
personalization reflects theoretical understandings of
motivation rather than purely technical customization.

Recent scholarship further extends these theoretical
foundations by integrating ethical and governance
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considerations into discussions of digital education design.
Research on algorithmic decision-making and digital
health ethics demonstrates that trust, transparency, and
perceived fairness significantly influence user engagement
and adoption [11]. In nutrition education contexts, studies
caution that personalization driven by unclear algorithms
or unclear data governance can undermine autonomy and
long-term engagement, even when learning content is
theoretically sound [5, 12]. As a result, ethical design is
increasingly recognized as an integral component of the
theoretical framework underpinning digital sports
nutrition  education, rather than a secondary
implementation concern.

Taken together, the literature demonstrates that the
effectiveness of digital sports nutrition education is
contingent on its alignment with learning theory, behavior
change models, motivational principles, and ethical
frameworks. Digital tools that embody experiential
learning, support self-regulation, and provide adaptive,
transparent feedback are consistently positioned as
theoretically stronger than technology-driven solutions
lacking pedagogical grounding [7, 8, 12]. Findings
reinforce the need for theory-informed design as a
foundational requirement for advancing digital sports
nutrition education from experimental innovation toward
evidence-based practice.

C. Mobile Applications and Data-Integrated Nutrition
Education

Mobile applications are among the most widely studied
digital modalities in sports nutrition education. This is due
to the to their accessibility, scalability, and easy integration
into the everyday routines of athletes. Systematic reviews
of nutrition-related mobile health interventions for athletes
and physically active populations report that such
applications can enhance user engagement, support dictary
self-monitoring, and facilitate personalized nutrition
guidance when compared with traditional, episodic
educational approaches [2, 7]. Common functionalities
include dietary intake logging, nutrient analysis, goal
setting, reminders, and feedback mechanisms, which allow
nutrition education to be embedded within daily training,
recovery, and lifestyle contexts rather than confined to
formal instructional settings.

These features align with behavior change mechanisms
emphasizing self-regulation, feedback, and iterative goal
adjustment. Evidence synthesized from nutrition-focused
intervention reviews suggests that mobile applications are
very effective at increasing awareness of dietary patterns
and supporting short-term improvements in nutrition
knowledge and adherence when self-monitoring and
feedback are consistently used [2, 16]. Studies examining
mobile and wearable-integrated systems further indicate
that linking dietary data with training load, energy
expenditure, or physiological indicators may enhance
athletes” understanding of  nutrition-performance
relationships, thereby increasing perceived relevance and
engagement [5].

Despite these advantages, the literature consistently
identifies substantial variability in the quality, theoretical
grounding, and professional oversight of available sports
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nutrition applications. Systematic app evaluations reveal
that many widely used tools lack alignment with
established, sports nutrition guidelines, omit references to
evidence-based recommendations, or fail to incorporate
explicit behavioral or educational frameworks [7]. In
addition, professional involvement in app development
and content validation is often limited, raising concerns
regarding accuracy, consistency, and accountability within
commercial digital nutrition platforms.

However, while short-term improvements in
self-monitoring and nutrition knowledge are commonly
reported, longitudinal studies evidencing long-term
sustained behavior change or performance outcomes
remain scarce. [2, 5, 7]. This limitation reflects the
challenge identified across digital nutrition education
research: that digital tools advance more quickly than
rigorous evaluation of their implications can. Scholarship
highlights the need to situate mobile nutrition applications
within ethical and governance frameworks, particularly as
personalization and data integration increase. Research on
digital health ethics emphasizes that data transparency,
user control, and trust are essential for adoption and
sustained use. This is especially the case as applications
often collect sensitive dietary, health, or financial
data [11, 12]. The literature positions mobile applications
as promising but incomplete tools for sports nutrition
education. Their effectiveness depends less on
technological sophistication than on their integration with
nutritional science, behavior change theory, ethical design
principles, and evaluation.

D. Gamification and Engagement-Oriented Learning
Strategies

Gamification has emerged as a prominent strategy for
enhancing engagement and motivation in digital nutrition
education. Systematic reviews and meta-analyses suggest
that gamified interventions can improve learner
engagement and short-term nutrition knowledge by
incorporating elements such as challenges, feedback, and
rewards [9]. These features align with motivational
principles by fostering autonomy, competence, and
sustained participation.

Despite these benefits, the literature also cautions
against overreliance on gamification as a standalone
solution. Evidence indicates that while gamified
approaches may increase initial engagement, their impact
on long-term dietary behavior change is less consistent and
highly dependent on design quality and theoretical
grounding [9]. Consequently, gamification is increasingly
viewed as a supportive strategy that must be integrated
within educational and behavioral frameworks to achieve
lasting impact.

E.  Immersive Technologies: Virtual and Augmented

Reality

Immersive technologies, including virtual and
augmented reality, represent a rapidly evolving area within
digital education. Systematic reviews of immersive
learning environments in higher education demonstrate
that VR and AR can enhance experiential learning, spatial
understanding, and learner engagement when grounded in
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sound instructional design principles [5]. These
technologies enable learners to interact with complex
information in simulated or augmented contexts,
supporting applied learning and decision-making.

Within nutrition-related contexts, emerging research
suggests that immersive technologies may support
experiential exploration of dietary choices, food
environments, and metabolic processes [10]. However, the
evidence base remains limited, with most studies relying
on small-scale or exploratory designs. Reviews
consistently emphasize the need for more rigorous,
theory-driven research to evaluate the educational
effectiveness, scalability, and cost-benefit balance of
immersive technologies in applied settings [10].

F.  Social Media, Micro-Learning, and Informal Digital
Education

Social media platforms have increasingly been used as
channels for delivering nutrition education through
short-form content, peer interaction, and informal learning
communities. Research examining social media-based
nutrition interventions highlights their scalability,
immediacy, and capacity to foster engagement through
visually driven and socially mediated content. When
professionally  guided, such interventions have
demonstrated potential to improve nutrition knowledge
and awareness among targeted populations.

At the same time, the literature identifies significant
challenges related to content quality control, evidence
alignment, and ethical oversight within open digital
environments. The rapid dissemination of nutrition
information through social media increases the risk of
misinformation, commercial bias, and inconsistent
professional standards, underscoring the importance of
critical evaluation and structured integration within
educational practice.

G. Synthesis of Trends and Remaining Gaps

Collectively across the different digital modalities, the
literature reflects a clear shift toward interactive,
personalized, and digital technology models of sports
nutrition education. At the same time, several persistent
gaps remain. First, despite widespread adoption of digital
tools, evidence supporting sustained behavior change and
performance-related outcomes remains limited [4, §].
Second, many interventions lack explicit integration of
pedagogical theory and behavioral frameworks, reducing
their educational coherence and long-term effectiveness.

Ethical and governance-related concerns further shape
the digital sports nutrition landscape. Data privacy,
security, and responsible data use are particularly salient in
mobile and data-integrated systems that collect sensitive
dietary, health, and performance-related information.
Without clear governance structures and professional
oversight, these issues may undermine user trust and limit
the sustainability of digital education initiatives.

Taken together, the literature highlights the need to
move beyond tool-centered evaluations toward integrative
frameworks that support informed decision-making in
digital sports nutrition education. Such frameworks must
align educational objectives, technological affordances,
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behavioral theory, and ethical considerations to ensure
that digital innovation contributes meaningfully to
evidence-based practice.

IV. RESULTS AND DISCUSSION

Across the reviewed studies, four interrelated patterns
emerge: the development of a structured yet heterogeneous
ecosystem of digital tools, convergence around dominant
pedagogical and technological trends, consistent but
uneven evidence of educational potential, and persistent
structural challenges that constrain sustained impact and
professional integration.

Analysis of the literature indicates that contemporary
digital sports nutrition education encompasses a diverse
but identifiable ecosystem of tools. These include mobile
applications and wearable integrations, gamified platforms
and serious games, immersive technologies such as virtual
and augmented reality, social media—based interventions,
and  structured e-learning and  micro-learning
resources [5, 6, 8]. Mobile applications represent the most
extensively studied modality, reflecting their accessibility
and widespread adoption among athletes [5, 6]. Gamified
platforms and serious games have been examined
primarily within youth and formal educational contexts,
where engagement and motivation are key design
priorities [7]. Immersive technologies, including virtual
and augmented reality, remain largely confined to pilot and
feasibility studies, particularly within academic and elite
sport settings [8, 9]. Social media-based interventions and
micro-learning approaches have emerged as scalable
mechanisms for delivering concise, context-specific
nutrition education, though their structure and quality vary
considerably. While this diversity reflects innovation and
responsiveness to different learning needs, it has also
contributed to substantial variability in evaluation methods
and reported outcomes, complicating cross-study
comparison.

Despite this heterogeneity, the literature demonstrates
notable convergence around several dominant trends.
Digital tools increasingly emphasize personalization,
interactivity, and contextual relevance rather than static
content delivery.  Artificial intelligence-supported
personalization has shifted nutrition education away from
generalized recommendations toward adaptive systems
that tailor content, feedback, and decision support based
on individual athlete characteristics, preferences, and
contextual demands [5, 6].

Complementing this trend, micro-learning and
just-in-time delivery formats have gained prominence as
responses to athletes’ time constraints and cognitive load,
emphasizing short, focused learning units embedded
within training and recovery routines. In parallel, data
integration has expanded the scope of digital education by
linking nutrition guidance with training load, recovery, and
performance metrics, enabling more holistic and
context-aware learning experiences [6]. Together, these
trends reflect a movement toward learner-centered and
behavior-informed educational design.

Across modalities, the reviewed studies provide
consistent, though uneven, evidence that digital tools can
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enhance nutrition knowledge, learner engagement, and
selected  dietary = behaviors. = Gamification-based
interventions demonstrate particularly strong effects on
motivation and short-term knowledge acquisition,
supporting their use as engagement-oriented educational
strategies [7]. Social media-based micro-learning
interventions show promise in influencing real-world
dietary practices when content is professionally curated
and delivered within structured environments. Mobile
applications and wearable-integrated systems are
commonly associated with increased self-monitoring and
nutritional awareness; however, outcomes vary widely
depending on design quality, theoretical grounding, and
implementation context [5, 6]. Immersive technologies
consistently generate high levels of user engagement and
experiential learning potential, yet evidence supporting
their educational effectiveness remains largely exploratory,
with limited large-scale or longitudinal validation [8, 9].

Alongside these opportunities, the synthesis highlights
substantial and persistent barriers that constrain effective
integration of digital sports nutrition education. Equity and
access concerns further complicate the digital landscape,
with variations in digital literacy, technological access, and
infrastructure creating uneven benefits across athlete
populations. Data privacy and ethical risks are particularly
salient in digital systems that collect sensitive dietary,
health, and performance data, and insufficient governance
frameworks may undermine user trust and long-term
adoption.

Sustaining user engagement also emerges as a critical
challenge. Across digital health and nutrition interventions,
maintaining participation over time remains difficult,
suggesting that novelty-driven engagement is often
insufficient for long-term habit formation. This limitation
is especially consequential given the field’s growing
emphasis on behavior change rather than knowledge
acquisition alone. Digital tools that fail to maintain
engagement over time are therefore unlikely to bridge the
persistent gap between nutritional knowledge and daily
practice.

Importantly, the reviewed evidence underscores that the
future of digital sports nutrition education does not lie in
replacing professional expertise, but in redefining its role.

While many tools are positioned as standalone
solutions, the literature suggests that meaningful and
sustainable impact depends on hybrid models in which
digital technologies complement human guidance [2, 3].
Within such models, sports dietitians and educators
function as curators, interpreters, and facilitators selecting
evidence-based tools, contextualizing data outputs, and
embedding digital touchpoints within coherent,
personalized support strategies. The absence of clear
frameworks for professional integration represents one of
the most significant weaknesses identified across the
reviewed studies.

Taken together, the findings indicate that digital sports
nutrition education has reached a stage of conceptual
maturity but remains characterized by evidentiary
imbalance. While technological innovation has enabled
more personalized, interactive, and context-sensitive
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learning experiences, educational impact is shaped less by
the specific technology employed and more by
pedagogical alignment, behavioral design, ethical
governance, and integration with professional practice.
The contribution of the present review lies in its
integrative, theory-informed synthesis of this evolving
ecosystem. By situating digital tools within pedagogical,
behavioral, and professional contexts, the review clarifies
why technological advancement alone has not resolved
persistent educational gaps and identifies priorities for
future progress.

V. FRAMEWORK FOR EVALUATING AND INTEGRATING
DIGITAL TOOLS IN SPORTS NUTRITION EDUCATION

The findings of this review indicate that, despite the
expansion of digital tools in sports nutrition education,
their educational value remains inconsistent. While
technological innovation has enabled new forms of
personalization, interactivity, and accessibility, many
digital interventions continue to be constrained by weak
theoretical grounding, fragmented evaluation practices,
and limited integration into professional contexts. This
pattern reflects an imbalance in which technological
development has outpaced pedagogical coherence and
evidence-based implementation [5, 6].

To address these limitations, this review proposes an
integrated digital sports nutrition education framework.
The framework is theory-informed and designed to
support the critical evaluation and responsible integration
of digital tools within educational and applied sport
settings. Rather than focusing on specific technologies in
isolation, the framework conceptualizes effective digital
sports nutrition education through five interdependent
domains that collectively define educational quality,
ethical responsibility, and long-term sustainability.

A. Pedagogical Alignment

This refers to the extent to which digital tools are
grounded in established learning and behavior change
theories. The synthesis demonstrates that interventions
informed by constructivist learning  principles,
motivational theory, and behavior change models exhibit
greater educational coherence and applied relevance than
tools driven primarily by technological features
alone [1-3]. In addition, adoption and sustained use are
shaped by perceived usefulness and ease of use,
particularly in  mobile-based and app-mediated
interventions commonly used by athletes [5, 6]. Tools that
lack explicit theoretical grounding tend to prioritize
functionality over learning design, limiting their capacity
to support meaningful and sustained behavior change.

B.  Educational Design and Learning Modality

This domain examines whether digital tools leverage
modality-specific strengths to support context-aware and
meaningful learning. Effective interventions align
modality choice with clearly defined learning objectives,
rather than adopting technologies for novelty alone. The
reviewed literature indicates that gamification is
particularly effective for enhancing motivation and
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short-term engagement, while micro-learning formats
support just in-time access and reduced cognitive load
within athletes’ training routines [7, 10]. Immersive
technologies such as virtual and augmented reality offer
experiential learning opportunities that support applied
understanding, though their use remains largely
exploratory and context-dependent [8, 9]. Educational
impact is maximized when modality selection is
pedagogically intentional and aligned with learner needs.

C. Evidence Quality and Evaluation Rigor

A persistent theme across the literature is the gap
between innovation and validated educational outcomes.
Many digital sports nutrition tools are supported primarily
by pilot studies, feasibility research, or engagement
metrics, rather than rigorous evaluation of learning and
behavior change outcomes [5, 6]. This highlights the need
for transparent evidence that extends beyond usability and
satisfaction to include theoretically informed assessment
of educational effectiveness. Without consistent evaluation
frameworks, it remains difficult to distinguish between
tools that are engaging and those that are genuinely
educationally effective [1, 4].

D. Professional Integration and Workflow Fit

Sustainable impact in digital sports nutrition education
depends on complementing, rather than replacing,
professional expertise. The literature consistently
emphasizes that tools integrated into existing educational,
consultation, and coaching workflows demonstrate greater
credibility and applied relevance than standalone
solutions [2, 3, 7]. Hybrid digital-human models, in which
sports dietitians and educators curate tools, interpret data
outputs, and contextualize digital guidance, are more likely
to support long-term adoption and meaningful learning
outcomes. The absence of clear integration frameworks
remains a critical weakness across many current
interventions.

E. Ethics, Governance, and Sustainability

As personalization and data integration increase, ethical
governance and  sustainability = become  central
considerations. Digital tools frequently collect sensitive
dietary, health, and performance data, raising concerns
related to privacy, transparency, and user trust [10]. In
addition, variations in digital literacy and access highlight
the importance of equity-sensitive design to avoid
reinforcing existing disparities among athlete populations.
Long-term effectiveness further depends on sustained
engagement, which requires ethical design practices that
balance personalization, autonomy, and user burden rather
than reliance on novelty-driven interaction alone.

The  proposed  framework is  intentionally
cross-functional. Educators may use it to align digital tools
with learning outcomes and pedagogical principles; sports
dietitians may apply it to appraise tools for professional
practice; developers may use it to guide theory-driven
design; and researchers may adopt it to structure rigorous
and comparable evaluation. By integrating pedagogy,
evidence standards, professional workflows, and ethical
considerations, the framework advances the field beyond
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tool-specific evaluation toward a systems-oriented
approach. In doing so, it provides a coherent structure
capable of evolving alongside technological innovation
while ensuring that digital sports nutrition education
remains pedagogically sound, ethically responsible, and
professionally relevant.

VI. CONCLUSION

This narrative review set out to critically examine the
digital evolution of sports nutrition education, with the aim
of moving beyond descriptive accounts of emerging
technologies toward a deeper, theory-informed
understanding of how digital tools can meaningfully
support learning and behavior change. The synthesis
demonstrates that the field has evolved from basic
digitization of educational content toward more interactive,
personalized, and data-integrated learning environments.
Across digital modalities, tools that incorporate
personalization, micro-learning, and contextual feedback
show clear potential to address persistent gaps between
sports nutrition knowledge and athletes’ day-to-day
practices.

At the same time, the findings indicate that
technological advancement alone has not resolved
fundamental challenges in sports nutrition education.
Educational impact remains uneven and is frequently
constrained by weak theoretical grounding, fragmented
and short-term evaluation practices, sustained engagement
difficulties, and limited integration into professional sports
dietetics workflows. These patterns highlight that the
effectiveness of digital tools is determined less by the
sophistication of the technology itself and more by the
quality of pedagogical design, strength of the evidence
base, ethical governance, and alignment with applied
professional practice.

In response to these challenges, this review contributes
an integrated framework for evaluating and integrating
digital tools in sports nutrition education. The framework
synthesizes the literature into five interrelated domains:
pedagogical alignment, educational design and learning
modality, evidence quality and evaluation rigor,
professional integration and workflow fit, and ethics,
governance, and sustainability. Rather than promoting
specific technologies, the framework clarifies the
conditions under which digital innovation can support
sustained learning and behavior change in real-world sport
contexts. As such, it provides a practical and conceptual
bridge between fragmented research findings and
evidence-informed decision-making.

The framework further underscores the importance of
embedding educational theory, rigorous evaluation
mechanisms, and ethical safeguards throughout the
lifecycle of digital sports nutrition tools. From a research
perspective, it highlights the need to move beyond
feasibility and engagement metrics toward longitudinal,
theory-driven investigations that examine behavioral and
performance-related outcomes. Future research should
prioritize robust evaluation designs, co-creation with
sports dietitians and educators, and the development of
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clear standards for data governance and hybrid digital—
human models of nutrition education.

In conclusion, digital technologies offer substantial
opportunities to enhance sports nutrition education, but
their value depends on how thoughtfully they are designed,
evaluated, and integrated into professional practice. By
providing a coherent synthesis of the literature and a
structured evaluative framework, this review advances the
field toward more rigorous research, evidence-based
design, and professionally aligned implementation. The
proposed framework offers a foundation upon which
future innovation can build, ensuring that digital sports
nutrition education remains pedagogically sound, ethically
responsible, and capable of delivering sustained
educational impact.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

CONTRIBUTIONS

Maryam H. Alarfaj contributed to the conceptualization
of the study, conducted the literature search and screening,
and led the synthesis and writing of the manuscript. Dr.
Sahar R. Hamzah contributed to the theoretical framing,
critical interpretation of the literature, and refinement of
the discussion and conclusions. Dr. Aseel F. Alsaleh
performed a critical revision of the manuscript for
intellectual content and Prof. Alagab M. A. Ismail
contributed to methodological design and validation of the
review approach. All authors reviewed and approved the
final version of the manuscript.

REFERENCES

[1] A. Toon, S. Bailey, and B. Roelands, “Effects of nutritional
interventions on athletic performance,” Nutrients, vol. 15, no. 19,
4498, 2023.

M. Heikkild, M. Lehtovirta, O. Autio, M. Fogelholm, and R. Valve,
“The impact of nutrition education intervention with and without a
mobile phone application on nutrition knowledge among young
endurance athletes,” Nutrients, vol. 11, no. 9, 2249, 2019.

S. Fiorini et al., “Nutritional counseling in athletes: A systematic
review,” Frontiers in Nutrition, vol. 10, 1250567, 2023.

S. C. Hulland, G. L. Trakman, and R. D. Alcock, “Adolescent
athletes have better general than sports nutrition knowledge and
lack awareness of supplement recommendations: A systematic
literature review,” British Journal of Nutrition, vol. 131, no. 8, pp.
1362-1376, 2024.

V. J. Friedman, C. J. Wright, A. Molenaar, T. McCaffrey, L.
Brennan, and M. S. Lim, “The use of social media as a persuasive
platform to facilitate nutrition and health behavior change in young
adults: Web-based conversation study,” Journal of Medical Internet
Research, vol. 24, no. 5, €28063, 2022.

S. Gioia et al., “Mobile apps for dietary and food timing assessment:
Evaluation for use in clinical research,” JMIR Formative Research,
vol. 7, €35858, 2023.

N. Suleiman-Martos et al., “Gamification for the improvement of
diet, nutritional habits, and body composition in children and
adolescents: A systematic review and meta-analysis,” Nutrients,
vol. 13, no. 7, 2478, 2021.

J. Radianti, T. A. Majchrzak, J. Fromm, and I. Wohlgenannt, “A
systematic review of immersive virtual reality applications for
higher education: Design elements, lessons learned, and research
agenda,” Computers & Education, vol. 147, 103778, 2020.

E. Yigitbas and J. Mazur, “Augmented and virtual reality for diet
and nutritional education: A systematic literature review,” in Proc.

(2]

(3]
(4]

(6]

(71

(8]

(9]



[10]

[11]

[12

—

[13]

[14]

International Journal of Learning and Teaching, Vol. 12, No. 3, 2026

17th International Conference on Pervasive Technologies Related
to Assistive Environments, 2024, pp. 88-97.

A. J. Ritson, M. A. Hearris, and L. G. Bannock, “Bridging the gap:
Evidence-based practice guidelines for sports nutritionists,”
Frontiers in Nutrition, vol. 10, 1118547, 2023.

B. D. Mittelstadt, P. Allo, M. Taddeo, S. Wachter, and L. Floridi,
“The ethics of algorithms: Mapping the debate,” Big Data &
Society, vol. 3, no. 2, 2053951716679679, 2016.

C. Mundt, B. Yusufoglu, D. Kudenko, K. Mertoglu, and T.
Esatbeyoglu, “Al-driven personalized nutrition: Integrating omics,
ethics, and digital health,” Molecular Nutrition & Food Research,
vol. 69, no. 24, 70293, 2025.

C. H. Nguyen, T. Q. Tran, H. N. Huynh, L. T. Pham, and C. T. H.
Le, “Re-conceptualizing food consumption and its educational
values,” Essays in Education, vol. 27,no. 1, 5,2021.

G. D’Aprile, P. Di Bitonto, R. De Asmundis, and A. U. Severino,
“Social, constructivist and informal learning processes: Together on
the edge for designing digital game-based learning environments,”
Journal of e-Learning and Knowledge Society, vol. 11, no. 3, 2015.

235

[15]

[16]

[17]

[18]

J. McNamara, S. Sweetman, P. Connors, I. Lofgren, and G. Greene,
“Using interactive nutrition modules to increase critical thinking
skills in college courses,” Journal of Nutrition Education and
Behavior, vol. 52, no. 4, pp. 343-350, 2020.

M. C. Busstra, C. De Graaf, and R. Hartog, “Design of digital
learning material on social-psychological theories for nutrition
behavior research,” Journal of Educational Multimedia and
Hypermedia, vol. 16, no. 2, pp. 163—182, 2007.

K. M. Livingstone, C. M. Milte, S. Macfarlane, J. Woods, and A.
Booth, “The design and evaluation of online interactive learning in
an undergraduate nutrition course,” Frontiers in Nutrition, vol. 9,
811103, 2022.

B. Means, “Technology and education change: Focus on student
learning,” Journal of Research on Technology in Education, vol. 42,
no. 3, pp. 285-307, 2010.

Copyright © 2026 by the authors. This is an open access article
distributed under the Creative Commons Attribution License which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited (CC BY 4.0).


https://creativecommons.org/licenses/by/4.0/



