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Abstract (Structured)

Background. Wearable devices are entering physical education (PE) from elite sport. The
question is not whether they can measure students, but whether their feedback changes what
students do and learn.

Aim. This review maps the devices and metrics used in PE, appraises measurement
trustworthiness, and examines how far device feedback translates into movement load and
learning outcomes.

Material and methods. PubMed and related sources were searched to September 2026 for
studies of wearables and feedback in PE; peer-reviewed studies and reviews were prioritised
and synthesised narratively.

Results. Devices in PE span accelerometers, wrist-worn heart rate sensors, inertial
measurement units and smartphone systems. Step counting and heart rate are acceptably
accurate; energy expenditure estimation is not. Feedback is mostly visual, concurrent and
descriptive, rarely grounded in learning theory. Feedback improves motor skill learning versus
no feedback, but evidence on format and timing is limited. Device-supported PE yields
consistent short-term gains in moderate-to-vigorous activity, but effects on motivation are
inconsistent. Evidence favours male, able-bodied and advantaged populations.

Conclusions. Device feedback is promising but under-theorised in PE; accuracy, feedback
design and pedagogy jointly determine whether data become learning. Future work should treat
feedback design as an explicit variable and assess learning rather than device-derived activity.
Key words: wearable devices; physical education; feedback; motor learning; physical
activity; student engagement

1. Introduction

Physical education (PE) occupies a uniquely favourable position in the school day: it is the only
curricular context in which the whole student cohort is expected to move, and it reaches young
people irrespective of prior sporting commitment or family circumstance (Silva et al., 2018). It
is therefore repeatedly positioned as a public health lever. That position, however, rests on an
assumption that is only partly supported.

Objectively measured activity during PE lessons is typically modest. In a Swedish study of 39
lessons across three grade levels, approximately 25% of lesson time was spent in moderate-to-
vigorous physical activity (MVPA), and the proportion varied markedly with lesson content,

ranging up to roughly one third during fitness and orienteering lessons (Froberg et al., 2017).
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Comparable patterns of content-dependent activity have been reported elsewhere (Kremer et
al., 2012), and developmental trajectories suggest that activity accrual during PE does not
automatically improve as students progress through school (Cheval et al., 2016). The same
conclusion emerges from the school day as a whole: accelerometer-based evidence shows that
recess and other non-curricular segments contribute substantially but inconsistently to daily
activity (Pulido Sanchez & Iglesias Gallego, 2021).

PE thus represents a high-reach but low-yield setting, and the question of how to raise its yield
is an enduring one.

Raising that yield is not solely a question of intensity. Interventions designed to improve the
quality of PE have produced small-to-moderate effects across psychomotor, cognitive, affective
and social learning domains; a meta-analysis of 135 studies with more than 42,500 participants
reported a mean effect of d = 0.32, rising to approximately 0.40 after adjustment for publication
bias (Dudley et al., 2022).

The institutional features that constitute quality PE — curricular time, class size, facilities and
assessment policy — are largely beyond the individual teacher's control (Burson et al., 2021).
What remains within the teacher's control is the instructional process, and within that process
feedback is one of the most powerful and most modifiable levers.

A systematic review of 23 studies conducted in PE lessons found strong evidence that feedback
interventions improve students' motor skill learning compared with no feedback, while
evidence on the comparative merits of different feedback formats and contents was limited or
mixed (Zhou et al., 2021).

This distinction matters for the argument developed in the present review: feedback has a
defensible evidence base as a pedagogical mechanism, even where the optimal configuration
of that feedback remains unresolved.

Against this background, the past decade has seen a rapid expansion of digital measurement in
education, and PE has been drawn into it. The literature now routinely describes data-driven
pedagogy, intelligent PE systems and the governance of student physical health through large-
scale data infrastructures (Deng et al., 2022; Wu, 2025; Yue, 2022).

Wearable devices are the most visible entry point of this movement into the gymnasium,
because they promise something that has always been pedagogically attractive: an objective,
continuous, individualised view of what each student is actually doing.

Students themselves appear receptive. In a survey of 428 Chinese college students, perceived

usefulness, perceived ease of use, innovation and curiosity, health needs and social motivation
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all positively predicted the use of sports smart wearable devices, with technology readiness
moderating these relationships; notably, privacy concerns also entered the model as a
significant term rather than as a background worry (Wu et al., 2026).

A meta-analysis of 24 studies with 7,180 respondents similarly found that perceived usefulness
Is positively associated with fitness wearable adoption, with the strength of that association
moderated by cultural background, gender and the pandemic context (Shi et al., 2022).

A cross-sectional study of 1,286 students across six Chinese universities found that wearable
sports equipment was associated with exercise persistence, mediated by exercise motivation
and moderated by social support (Han et al., 2025). The evidence on whether device use
translates into sustained activity is nonetheless more guarded at the level of pooled trials.

A systematic review and meta-analysis of randomised trials in children and adolescents
concluded that the effects of wearable activity trackers on physical activity in young
populations remain uncertain (Au et al., 2024), and an earlier systematic review of 33 studies
found largely mixed evidence for increases in steps and MVPA, alongside qualitative reports
of increased motivation through self-monitoring, goal setting,

feedback and competition — but also of technical difficulties and novelty effects (Creaser et
al., 2021).

A recent systematic review published in this journal similarly reported acceptable accuracy for
step counting and heart rate but poor accuracy for energy expenditure, and observed that pooled
effects favouring wearable interventions in adults were not replicated in youth populations
(Grzybowska et al., 2026).

Taken together, the literature supports two internally consistent claims that are frequently
conflated. The first is that wearable devices can measure selected aspects of movement with
acceptable accuracy and can be used profitably in PE. The second is that the mere presence of
devices, or of the data they produce, improves learning. The first is reasonably well established;
the second is not.

The gap between them is educational rather than technological, and it is a gap about feedback:
whether students receive information about their movement that they can understand, act on
and internalise, and whether teachers receive information that changes what they teach.

The present review addresses that gap. Its objectives are to map the device classes and metrics
currently used in PE; to appraise the quality and interpretability of the measurements on which
feedback depends; to describe the feedback designs actually employed and the theoretical

frameworks that might organise them;



and to evaluate the evidence linking device-supported feedback to movement load, motor skill
learning and student engagement.

A secondary aim is to identify the populations, settings and outcome domains in which the
evidence is thinnest, since these define the most defensible contribution of a new empirical
study.

2. Research Materials and Methods

This is a narrative review. Narrative synthesis was chosen because the guiding question — how
device-generated feedback functions pedagogically in PE — spans measurement science, motor
learning and motivational psychology, a combination for which formal pooling across a single
effect-size metric would be inappropriate and potentially misleading.

The review was prepared in accordance with published recommendations for the reporting of
narrative reviews, and the selection and interpretation of sources is described transparently
below so that readers can judge the basis of each synthesis.

Search strategy. Bibliographic searches were carried out in PubMed and supplementary
bibliographic sources from database inception to September 2026. Search strings combined
three concept blocks. The device block comprised wearable, wearables, wearable technology,
wearable device, smartwatch, fitness tracker, activity tracker, accelerometer, inertial
measurement unit, IMU, microtechnology, pedometer and heart rate monitor.

The setting block comprised physical education, physical education lesson, PE class, school,
secondary school, university students, college students and undergraduate.

The outcome block comprised feedback, augmented feedback, real-time feedback, visual
feedback, auditory feedback, haptic feedback, biofeedback, motor learning, motor skill, skill
acquisition, training load, workload, physical activity, motivation, self-determination, self-
efficacy and engagement. Terms were searched in title and abstract fields.

Eligibility and selection. Peer-reviewed articles were eligible if they concerned the use of a
wearable or body-worn sensor device, or of feedback derived from such a device, in a physical
education, school sport or closely comparable instructional setting; or if they addressed the
measurement properties, feedback design or pedagogical implementation of such devices.
Priority was given to systematic reviews, meta-analyses and randomised or quasi-experimental
studies in students, and to studies published in the most recent decade. Studies concerning
exclusively clinical rehabilitation populations were considered only where they contributed
directly to the understanding of feedback design.



Titles and abstracts were screened, full texts of potentially relevant records were examined, and
the reference lists of included reviews were screened for additional sources. No formal risk-of-
bias appraisal was applied, consistent with the narrative design; instead, study design, sample
and population are reported at the point of citation so that the strength of each claim is visible
to the reader.

Synthesis. Findings were organised around four questions: what devices measure in PE and
how well; how feedback derived from those devices is designed; through which mechanisms it
is proposed to act; and what outcomes have actually been demonstrated for movement load,
motor skill learning and engagement. Numerical pooling was not performed, and the review
does not present itself as a systematic review or meta-analysis.

3. Research Results

The findings are presented in nine parts. The first two concern the instruments themselves —
what is measured in a PE setting and how trustworthy those measurements are.

The following seven address the pedagogical layer: how feedback derived from devices is
currently designed, the mechanisms through which it is proposed to act, and the evidence for
effects on movement load, motor skill learning, engagement, equity, teaching practice and
ethical acceptability.

3.1. Device Classes and Metrics in the PE Context

The devices used in PE research are best understood as three overlapping families, distinguished
by what they quantify rather than by their form factor.

The first family is activity and movement volume. Accelerometers, pedometers and their
consumer equivalents estimate step counts, activity counts, time spent in intensity bands and,
by extrapolation, MVPA. This family underpins the largest share of school-based research,
because its outputs map directly onto the MVPA targets that structure school physical activity
policy.

In a multinational study of 5,874 children in twelve countries, accelerometry revealed that only
about one quarter of children reported attending PE three or more times per week, and that the
association between PE attendance and daily activity varied by national income level (Silva et
al., 2018). Accelerometry has also been used to characterise activity across segments of the
school day and to identify which segments respond to intervention (Cradock et al., 2014; Pulido
Sanchez & Iglesias Gallego, 2021).

The second family is physiological and internal load. Wrist-worn optical heart rate sensors and
chest straps estimate cardiovascular intensity, and heart rate-derived indices are used as proxies
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for internal training load. Because heart rate is interpretable in real time with minimal
processing, this family has particular pedagogical appeal: a student can see intensity as it
happens.

The third family is movement quality and external load. Inertial measurement units and,
increasingly, smartphone cameras with pose-estimation algorithms quantify jumps,
accelerations, changes of direction and segment kinematics. In team sport research this family
has been the dominant topic of wearable investigation.

A systematic review of accelerometry for external workload monitoring identified 118 eligible
studies, in which devices were most often worn on the scapulae, most often manufactured by a
single commercial provider, and most often used to derive a proprietary composite load
variable; rugby, Australian football, soccer and basketball predominated, and the samples were
overwhelmingly male and professional or elite (Gomez-Carmona et al., 2020).

A scoping review of 407 studies reached a closely similar conclusion: two thirds of studies
concerned soccer, rugby or Australian football, 81% concerned male athletes and 74%
concerned elite or professional competition (Benson et al., 2020). In other words, the wearable
literature that is most technically mature is also the least representative of a PE class, and the
translation of these methods into educational settings cannot be assumed.

Where that translation has been attempted in basketball — a sport central to many school and
university curricula — studies have used wearable devices for posture monitoring during
training (Ma & Hao, 2022) and inertial measurement units to quantify jump count, jump height
and a proposed tendon-load-weighted jump height in youth players (Benson et al., 2021).
Reviews of wearable applications in sport have likewise concentrated on training and
performance contexts rather than on instructional settings, with endurance training and team
sport workloads forming the principal areas of synthesis (Zhang et al., 2025).

A narrative review of monitoring in female youth athletes examined internal and external load
measures together, and drew attention to two points of direct relevance to PE: the validity and
practicality of most measures are poorly characterised in female youth populations, and
menstrual cycle reporting is a substantive missing element in load monitoring (Temm et al.,
2022).

Collegiate women's sport provides a further reference point, in which practice workloads have
been characterised with the explicit aim of informing return-to-play decisions (Kupperman et
al., 2021). Together these studies indicate that load monitoring is a technically feasible but
demographically skewed enterprise.



3.2. Measurement Quality: What Can and Cannot Be Trusted

Because feedback inherits the error of the measurement on which it is based, the validity of
consumer devices in school-aged populations is a pedagogical issue, not merely a technical one.
The evidence is uneven across metrics. In a study of nineteen adolescents who completed a 24-
hour protocol in a metabolic chamber while simultaneously wearing eleven commercially
available wrist devices and a research-grade accelerometer, the accuracy of total step counts
and 24-hour total energy expenditure differed substantially between devices,

with several consumer devices performing acceptably for steps but poorly for energy
expenditure (Hao et al., 2021).

A school-based validation of a consumer device for monitoring children's activity reached
similar conclusions (Mooses et al., 2018).

These findings align with the systematic review published in this journal, which reported that
step counting in leading consumer devices reached acceptable accuracy, that optical heart rate
sensors performed well at rest and at moderate intensity, and that energy expenditure estimation
remained inaccurate across essentially all devices (Grzybowska et al., 2026).

Two implications follow. First, intensity is a far safer basis for student-facing feedback than
energy expenditure: telling a student that they have burned a particular number of kilocalories
is not supportable by current consumer technology, whereas indicating that they are currently
in a moderate or vigorous heart rate zone is defensible with caveats.

Second, the appropriateness of a device cannot be inferred from its commercial prominence.
The relatively small number of validation studies conducted in school-aged participants, across
the range of body compositions and skin tones represented in a PE class, means that teachers
adopting devices are frequently extrapolating beyond the evidence.

Feasibility adds a further constraint that is often underestimated. Lessons are short, classes are
large, devices must be distributed and retrieved, data must synchronise, and the mismatch
between these practical demands and research-grade monitoring has itself been a subject of
methodological work.

One line of research attempted to solve this problem by deriving an equation translating step
counts into percentage of lesson MVPA, achieving a strong correlation of 0.896 with
accelerometer-determined MVPA and a mean absolute difference of about five percentage
points, and then embedding that equation in a wireless pedometer system with a smartphone

application intended to give teachers feedback during the lesson (Hartwig et al., 2019).



The design logic is instructive: the value of the system lay not in the sophistication of the sensor
but in the deliberate engineering of a metric that a teacher could interpret within the time
available.

A qualitative evaluation of remote training to develop a school fitness surveillance system
similarly identified the interpretability of data for non-specialist staff as a decisive factor in
whether a monitoring system became usable (Egan et al., 2023).

3.3. Feedback Design: An Under-Specified Variable

If devices supply the measurement, feedback is the pedagogical act. Yet the feedback literature
in this field is considerably less developed than the sensor literature, and the vocabulary is used
inconsistently.

The components of feedback that matter for learning are conventionally organised along four
dimensions: modality (visual, auditory, haptic, verbal), timing (concurrent with the movement,
immediately after it, or delayed), content (knowledge of results, describing the outcome, versus
knowledge of performance, describing the movement itself), and frequency and scheduling
(continuous, reduced, bandwidth or summary feedback).

A scoping review of digital biofeedback systems for targeted exercise found that feedback was
mainly visual, concurrent and descriptive, and most often conveyed knowledge of results; only
three of the systems reviewed provided a clear rationale for their choice of feedback design,
and only four studies evaluated the feedback itself rather than the system as a whole (Brennan
etal., 2019).

That finding describes a field that has been built from the technology outwards.

The consequence is a body of evidence in which feedback is treated as a feature of a device
rather than as a designed instructional variable.

In the PE-specific literature, this is visible in the most directly relevant systematic review: of
23 included studies, strong evidence supported feedback over no feedback for skill learning,
but evidence comparing visual with verbal feedback was limited, and comparisons of
informational, praise and corrective feedback were mixed (Zhou et al., 2021).

The review's authors framed the outstanding questions explicitly as questions about feedback
elements rather than about devices, which is the correct framing and, as the subsequent sections

show, one that has not yet been widely adopted.



3.4. Mechanisms: How Device Feedback Is Proposed to Work

Four mechanisms are invoked, explicitly or implicitly, to explain why device-derived feedback
should affect learning. They are not mutually exclusive, and most intervention studies draw on
more than one without testing them separately.

Self-regulation. The most frequently cited mechanism is that feedback supports self-
monitoring, which in turn supports goal setting and self-regulation of effort.

Qualitative syntheses of wearable use in young people consistently identify self-monitoring,
goal setting, feedback and competition as the routes through which devices are perceived to
increase motivation (Creaser et al., 2021), and a randomised trial in adolescents embedded an
accelerometer-linked online intervention system explicitly around this logic (Guthrie et al.,
2015).

The mechanism is plausible and consistent with broader evidence, but it is usually inferred from
user accounts rather than tested against a control condition that receives equivalent attention
without the feedback.

Basic psychological needs. The second mechanism draws on self-determination theory, in
which feedback is theorised to support the needs for competence and autonomy and thereby to
shift motivation towards more autonomous forms. The clearest experimental test in a PE context
compared forty adolescents who ran for thirty minutes within a regular PE lesson either with or
without real-time, individually referenced heart rate feedback.

Participants receiving feedback reported greater enjoyment of running and showed higher
physical effort; the authors interpreted the effect in terms of support for autonomy and
competence (Stockel & Grimm, 2021).

Survey evidence is broadly consistent: perceived autonomy support, feedback and course
interest have been linked to attachment-related outcomes in PE (Sagin et al., 2025), autonomy-
supportive teaching has been associated with more positive emotional perception in PE classes
(Leisterer & Paschold, 2022), motivational processes in PE have been linked to objectively
measured activity outside school (Kalajas-Tilga et al., 2020),

and objectively measured activity during PE has been found to predict intrinsic motivation
independently of academic achievement level (de Bruijn et al., 2023).

The wider self-determination literature in adolescents and young adults provides the conceptual
scaffolding for these claims (Kalajas-Tilga et al., 2022; Nurmi et al., 2016; Owen et al., 2013;
Sebire et al., 2013; Wang, 2017). It is worth noting that the direction of causality in the survey
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studies is genuinely ambiguous: enjoyment may produce effort as readily as feedback produces
enjoyment.

Attention and cognitive load. A third mechanism concerns what feedback does to attention.
Augmented feedback can direct attention towards relevant movement information, but it can
also displace attention from the task itself, and the classical speed—accuracy and impulse-
variability principles governing ballistic skill learning describe how task constraints interact
with instruction and feedback (Molina et al., 2019).

This mechanism is rarely measured in PE studies, although it is the most plausible explanation
for why continuous visual feedback displays sometimes fail to improve retention even when
they improve performance in the moment.

Evidence from biofeedback research outside PE is relevant here: visual biofeedback of trunk-
sway smoothness has been shown to support motor learning in a unipedal stance task (Cruz-
Montecinos et al., 2020), and device-based biofeedback has been shown to alter balance
performance with apparent sex differences (Wang et al., 2021a, 2021b).

Auditory and vibrotactile channels have also been tested as alternatives or complements to
visual feedback (Casellato et al., 2019; Pitale & Bolte, 2018), and a randomised pilot trial found
that exergame training with augmented feedback improved knee joint proprioception in healthy
adults (Zhang et al., 2026). These studies demonstrate that feedback channel and content are
experimentally tractable variables; they have simply not been systematically varied in PE
settings.

Teacher decision-making and assessment. The fourth mechanism is at least as important as
the other three and is much less studied as a learning mechanism: device data can change what
the teacher does. Formative assessment requires the teacher to know where each student stands
relative to a learning goal, and wearable data offer a continuous, individualised basis for that
judgement.

The monitoring system described earlier was designed precisely to make lesson-level activity
data available to the teacher in a form usable during instruction (Hartwig et al., 2019). Yet this
mechanism is almost always evaluated as a feasibility outcome rather than as a mediator of
student learning.

3.5. Evidence on Movement Load

The most consistent and best-evidenced outcome of device-supported PE is an increase in in-

class physical activity.
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The clearest recent demonstration comes from a controlled study in four PE classes at a low-
income public school: 55 students aged 11-14 were assigned to two weeks of wearable-
supported PE or usual PE, and analyses of the 52 students with complete data showed a
significant group-by-time interaction for in-class MVPA favouring the intervention group with
a substantial effect size.

Feasibility benchmarks for recruitment, retention, data completeness and technology adherence
were all met, and the intervention was delivered within ordinary lessons by existing staff (Ryu
et al., 2026).

The design features of this study are worth noting: the wearable was embedded in instruction
rather than added to it, the outcome was measured by an independent device rather than the
intervention device, and the feasibility benchmarks were specified in advance.

Broader school-based evidence points in the same direction but with more heterogeneity.
School physical activity interventions have increased activity during the school day and, in
some trials, produced downstream effects on academic outcomes (Cradock et al., 2014; Puri¢
et al., 2021; Lima et al., 2020). Cluster-randomised work comparing pedagogical models has
shown that the pedagogical approach, rather than the presence of technology, shapes the activity
accrued (Crotti et al., 2021).

Trials that supplied devices or monitors without redesigning instruction have generally
produced smaller and less durable effects (Arlinghaus et al., 2021; Weaver et al., 2018a, 2018c¢),
and the pooled youth evidence remains inconclusive (Au et al., 2024; Grzybowska et al., 2026).
The pattern across these studies supports a specific reading: devices raise activity when they
are used to change what happens in the lesson, and much less so when they are used to record
what happens in the lesson.

3.6. Evidence on Motor Skill Learning, Motivation and Engagement

The evidence on skill learning is derived mainly from studies of visual and video feedback
rather than from wearable sensors proper, but it is directly relevant because the feedback
channel is the same.

A quasi-experimental study of 36 students found that digital video feedback produced a
substantial improvement in round-off performance in gymnastics, with scores rising from a
mean of 1.74 to 3.67 and an effect size of r = 0.86 (Fauzi et al., 2026).

A quasi-randomised trial in 73 sixth-grade students compared four conditions across seven table
tennis lessons — written instruction sheets, self-recorded video, instructed video delivered

through a coaching application, and traditional instruction — and found that all groups
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improved, with the video-supported conditions performing at least as well as traditional
instruction within a compressed time frame (Feng et al., 2025).

A randomised controlled trial in 56 university beginners compared digital corrective feedback
generated by a large language model and embedded within reciprocal teaching with peer
feedback alone over a fifteen-session handball course; the design required mandatory manual
verification of the automated feedback, a detail that is methodologically important given the
error-proneness of automated feedback in motor domains (Rakha, 2026).

A mixed-methods pilot study of an eight-week augmented reality golf programme in 24
undergraduates found a moderate descriptive increase in learning motivation and indications of
increased attention, but effects did not survive adjustment for multiple comparisons, which the
authors reported candidly (Cheng & Chiu, 2026).

Related work has examined motion decomposition and visualisation in gymnastics education
(Yang et al., 2026) and, more broadly, the effects of artificial intelligence applications on motor
learning, motivation and engagement (Daly et al., 2026). Peer-mediated feedback without
devices has an established evidence base in PE (Whipp et al., 2015), which is a useful reminder
that the active ingredient may be the feedback structure rather than the technology.

An eight-week randomised controlled trial in 70 first-year university students integrated
smartphone-based kinematic feedback into an interdisciplinary curriculum and reported gains
in kinematic performance, blinded technique ratings and autonomous motivation (Zhang,
2026).

Evidence on motivation and engagement at scale is more equivocal. The largest relevant study
in a university setting surveyed 1,182 students across four Chinese universities and combined
structural equation modelling with interviews.

Use of wearable-derived dashboards and automated alerts was associated with perceived smart
teaching quality and with personalised feedback, which were in turn associated with physical
literacy and learning engagement; the direct path from analytics use to physical literacy was
negligible. In other words, the effect of the technology was fully mediated by pedagogical
variables (Chen et al., 2026).

A similar pattern of mediation by motivational and social processes appears in cross-sectional
work on wearable equipment and exercise persistence (Han et al., 2025), and the studies
discussed earlier on real-time heart rate feedback (Stockel & Grimm, 2021) point in the same
direction. Studies of gamified and television-game-based PE have reported motivation gains
but usually over short periods and with limited follow-up (Ferriz-Valero et al., 2020).
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Conversely, the study that produced the clearest MVVPA gain found no significant change in
psychosocial beliefs (Ryu et al., 2026), and pooled youth trials have not shown significant
effects on activity (Au et al., 2024).

The most defensible summary is therefore asymmetric. Device-supported feedback in PE
reliably changes what students do within lessons. Whether it changes what students believe
about themselves as movers, or what they retain after the devices are removed, is not yet
established.

3.7. Equity: Who Is Represented, and Who Benefits

The demographic skew of the wearable literature is one of its most consistent findings. In the
two large reviews of wearable workload monitoring in team sport, male athletes accounted for
81% of studies, elite or professional athletes for 74%, and soccer, rugby and Australian football
for two thirds of the evidence base (Benson et al., 2020; Gomez-Carmona et al., 2020);
accelerometry-based external load research shows the same pattern (Gomez-Carmona et al.,
2020).

Female youth populations are explicitly identified as under-characterised with respect to the
validity and practicality of load measures, and menstrual cycle data are routinely absent (Temm
etal., 2022).

In PE research specifically, three equity-relevant strands are visible. The first concerns girls
and young women: process evaluations of programmes linking PE with community sport have
documented the structural and social barriers that shape girls' participation (Casey et al., 2014),
and device-based studies have reported sex differences in response to feedback (Wang et al.,
2021b).

The second concerns socioeconomic disadvantage: the study that demonstrated the clearest
MVPA effect was deliberately conducted in a low-income school and framed as an equity
intervention (Ryu et al., 2026), while teacher-reported barriers to activity among inactive
adolescents cluster in physical opportunity and reflective motivation domains, both of which
are socially patterned (Moore et al., 2023).

The third concerns students with disabilities and those marginalised in sport: inclusive PE
approaches have been developed specifically for sport-marginalised students (Kwon et al.,
2025), and faculty perspectives on adapted PE highlight persistent gaps between policy and
delivery (Park, 2023).

Two further equity considerations are specific to wearables. Device-based measurement may

render some students' movement invisible when the algorithms underpinning it have been
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validated in populations unlike them, and the visibility that devices create may be experienced
differently by students who are self-conscious about their bodies, their skill level or their
socioeconomic circumstances.

Neither issue is well addressed in the current literature.

3.8. Teachers, Data Literacy and Workload

Devices do not interpret themselves. The realisation of any pedagogical benefit depends on
teachers who can read, question and act on data within a lesson that lasts less than an hour.
Qualitative work with 156 PE teachers identified 21 barriers to physical activity among inactive
adolescents, distributed across capability, opportunity and motivation domains, and examined
the acceptability of a further digital exercise intervention against that backdrop (Moore et al.,
2023).

Students' own perceptions of technology integration in PE have been examined in studies of
heart-rate-monitor-based units, where students valued the visibility of effort but also reported
that the technology changed the social character of the lesson (Marttinen et al., 2019); broader
cross-sectional work on students' acceptance of digital media in PE reports generally positive
but conditional attitudes (Mackenbrock & Kleinert, 2026).

On the teacher side, professional development appears to be a meaningful lever: technology-
focused training workshops have been associated with PE teachers' job satisfaction,
commitment and self-determined motivation (Tian et al., 2026), and participatory, competency-
building approaches have increased teachers' physical activity promotion and students' activity
in pilot work (Weaver et al., 2018b).

Pre-service teachers' engagement with digital environments has been examined in the Chinese
context, where social media forms a substantial part of the professional information
environment (Xu et al., 2023).

Two further points deserve emphasis. First, feedback is relational as well as informational:
students' experience of being seen and recognised by their PE teacher is itself associated with
motivational outcomes (Andresen et al., 2023), and a device that displaces rather than supports
that relationship would be a poor trade. Second, data literacy is not the same as technical
literacy.

Interpreting a heart rate trace, judging whether an anomalous value reflects measurement error
or genuine effort, and deciding whether to intervene or to leave the student alone are
professional judgements, and the studies reviewed above suggest that the field has invested
much more in generating data than in preparing teachers to make those judgements.
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3.9. Ethical, Privacy and Practical Constraints

Wearable measurement in schools produces identifiable data about minors, often continuously,
frequently on commercial platforms, and sometimes under conditions of limited consent. This
is not a peripheral concern; it is a design constraint on what can legitimately be done.

Practical and ethical guidance for schools adopting digital approaches to physical literacy has
been developed, and it identifies consent, data governance, the risk of surveillance-like
monitoring and the differential vulnerability of students as central issues (Bopp & Stellefson,
2020).

A qualitative evaluation of the implementation of a school fitness surveillance system provides
a concrete illustration of how these issues surface in practice, including questions of who owns
the data, who sees it, and what happens when a value is alarming (Egan et al., 2023).
Student-level survey evidence supports the same conclusion from the user side: privacy
concerns entered the acceptance model for sports smart wearables as a significant predictor
rather than as a marginal consideration (Wu et al., 2026). The pooled evidence on adherence
and dropout in youth wearable studies also points to a practical dimension of the same problem,
since devices that are abandoned produce neither data nor learning (Creaser et al., 2021; Ridgers
etal., 2016; Smith et al., 2023).

Recent Chinese policy and research interest in data-driven governance of student physical
health (Deng et al., 2022) and in medical-health data-driven PE schemes (Yue, 2022) makes
these questions urgent rather than hypothetical.

A defensible position for practice is that the minimum data necessary should be collected, that
processing should occur as close to the point of use as possible, that students should be able to
see and understand their own data, and that devices should be switched off by default when
they are not serving a stated learning purpose.

4. Discussion

The literature reviewed here supports a single organising proposition: the educational value of
wearables in PE lies not in the measurement but in the feedback loop that the measurement
closes. Devices change what is visible to students and to teachers; feedback is the mechanism
through which visibility becomes learning.

When that loop is closed deliberately — as in the lesson-level MVPA monitoring system
designed around a metric a teacher could act on (Hartwig et al., 2019), or in the wearable-
supported PE programme that produced a substantial MVVPA effect within ordinary lessons in
a low-income school (Ryu et al., 2026) — outcomes improve. When devices are added to
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lessons without redesigning the feedback structure, gains are smaller, less durable and more
dependent on novelty.

This framing has four consequences for practice.

First, choose metrics for interpretability rather than precision. Step counts and heart rate
bands are adequately measured by consumer devices and are directly meaningful to students;
energy expenditure is not adequately measured and is not meaningful in the way students
assume (Grzybowska et al., 2026; Hao et al., 2021). A teacher who makes a feedback decision
is, whether they intend it or not, making a claim about measurement validity.

Second, design the feedback, not the dashboard. The dimensions that matter — modality,
timing, content, frequency — are the same dimensions that the motor learning literature has
studied for decades, and they are cheaper to vary than devices are to buy (Brennan et al., 2019;
Zhou et al., 2021). The most common failure mode observed in this literature is a system in
which the teacher has chosen an elaborate feedback mode without a rationale for it.

Third, measure learning, not just activity. Increasing in-class MVPA is a legitimate and
achievable goal, and it is the best-supported outcome of device-supported PE. It is not
equivalent to learning. Studies that report only device-derived activity, particularly when
measured by the same device that delivers the intervention, may overstate the pedagogical value
of the technology.

Fourth, plan for equity and privacy before implementation. The current evidence base is
dominated by male, able-bodied and comparatively advantaged populations (Benson et al.,
2020; Gomez-Carmona et al., 2020; Temm et al., 2022), which means that the confidence with
which any conclusion can be extended to, for example, a first-year university women's
basketball option course is limited.

Constructing the intervention so that it is tested in the population in which it will be used is
both a scientific and an ethical improvement.

Several specific research priorities follow. Studies should treat feedback design as the
independent variable rather than as a property of a device; report measurement validity in the
specific population and setting of use; include retention or transfer tests rather than only
immediate performance;

measure the teacher-mediated pathway explicitly, since the largest university study found that
the technology effect was fully mediated by pedagogical variables (Chen et al., 2026); test in

under-represented populations, including female students and students in non-elite university
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courses; and report implementation data with sufficient granularity that feasibility, rather than
efficacy alone, can be judged (Ryu et al., 2026).

Finally, the literature contains an implicit assumption that deserves to be made explicit. Many
interventions assume that students will find their own data motivating.

The evidence reviewed here suggests that this assumption holds conditionally: it holds when
data are legible, when they support rather than undermine competence, when there is a teacher
or peer structure that gives the data meaning, and when the measurement does not become a
source of anxiety or social comparison.

Where those conditions are met, the effects observed are among the largest in this literature
(Ryu et al., 2026; Stockel & Grimm, 2021); where they are not, the device is an expensive
stopwatch.

5. Limitations

This review has several limitations. It is narrative rather than systematic; consequently it does
not provide a complete enumeration of the literature, and the selection and weighting of sources
involved judgement. No formal risk-of-bias appraisal was performed, although study design
and population are stated at each citation so that the reader can calibrate the strength of each
claim.

Because the review deliberately spans measurement science, motor learning and motivational
theory, the treatment of each individual area is necessarily less deep than a single-domain
review would be.

The evidence base itself is uneven in ways that limit the conclusions: several of the most directly
relevant studies are small, of short duration, and conducted in single institutions; the wearable
literature is demographically skewed towards male and elite athletes; the studies most directly
concerning PE are predominantly from a small number of national contexts;

and the studies concerning digital skill feedback rely on paradigms — video, augmented reality,
automated feedback — that overlap with, but are not identical to, wearable sensor feedback.
Finally, the field is moving quickly, and both device capability and the research literature are
likely to change substantially in the near term.

6. Conclusions

Wearable device feedback in physical education is best understood as a pedagogical
intervention that depends on measurement, rather than as a measurement technology with

pedagogical side effects.
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Devices in current use measure steps, heart rate and, with increasing confidence, aspects of
movement quality; they do not measure energy expenditure reliably, and their validity in the
specific populations found in a PE class is often unverified. Feedback derived from these
devices is predominantly visual, concurrent and descriptive, and is generally not informed by
an explicit theory of learning.

The clearest demonstrated benefit of device-supported PE is a short-term increase in in-class
moderate-to-vigorous physical activity, particularly when devices are embedded in redesigned
instruction. Effects on motivation, psychosocial beliefs and skill retention are plausible,
mechanistically coherent and, at present, inconsistent.

Because the largest studies indicate that the effects of the technology are mediated by
pedagogical variables such as feedback quality and perceived teaching quality, the productive
question for both research and practice is not which device to buy, but what feedback the device

should generate, for whom, and to what end.

Disclosure

In preparing this work, the authors used an Al-assisted writing tool (e.g., Claude) for the purpose of improving the
language and readability of the text. After using this tool, the authors reviewed and edited the content as needed
and accept full responsibility for the substantive content of the publication.

Supplementary Materials

Not applicable. This review has no supplementary material.

Author Contributions

Huang Xiaoging: Conceptualization, Methodology, Investigation, Data curation, Writing — original draft. Lang
Jun: Supervision, Writing — review & editing. All authors have read and agreed to the published version of the
manuscript.

Funding

This research received no external funding.

Institutional Review Board Statement

Not applicable; this narrative review did not involve human participants.

Informed Consent Statement

Not applicable; no human participants were involved.

Data Availability Statement

No new data were created in this study. All sources synthesised are published and listed in the reference list.
Acknowledgements

Not applicable.

Conflicts of Interest

The authors declare no conflicts of interest.

19



References

Andresen, F., Torvik, E., & Lagestad, P. (2023). Students' experience of being seen by their
physical education teachers and associated factors. Frontiers in Sports and Active
Living, 5, 1101072. https://doi.org/10.3389/fspor.2023.1101072

Arlinghaus, K. R., Ledoux, T. A., & Johnston, C. A. (2021). Randomized Controlled Trial to
Increase Physical Activity Among Hispanic-American Middle School Students.
Journal of School Health, 91(4), 307-317. https://doi.org/10.1111/josh.13004

Au, W. W., Recchia, F., Fong, D. Y., Wong, S. H. S., Chan, D. K. C., Capio, C. M., Yu, C. C.
W., Wong, S. W. S, Sit, C. H. P., Ip, P., Chen, Y. J., Thompson, W. R., & Siu, P.
M. (2024). Effect of wearable activity trackers on physical activity in children and
adolescents: a systematic review and meta-analysis. The Lancet Digital Health,
6(9), €625-e639. https://doi.org/10.1016/S2589-7500(24)00139-0

Benson, L. C., Réisdnen, A. M., Volkova, V. G., Pasanen, K., & Emery, C. A. (2020). Workload
a-WEAR-ness: Monitoring Workload in Team Sports With Wearable Technology.
A Scoping Review. Journal of Orthopaedic & Sports Physical Therapy, 50(10),
549-563. https://doi.org/10.2519/jospt.2020.9753

Benson, L. C., Owoeye, O. B. A., Réisénen, A. M., Stilling, C., Edwards, W. B., & Emery, C.
A. (2021). Magnitude, Frequency, and Accumulation: Workload Among Injured
and Uninjured Youth Basketball Players. Frontiers in Sports and Active Living, 3,
607205. https://doi.org/10.3389/fspor.2021.607205

Bopp, T., & Stellefson, M. (2020). Practical and Ethical Considerations for Schools Using
Social Media to Promote Physical Literacy in Youth. International Journal of
Environmental Research and Public Health, 17(4), 1225.
https://doi.org/10.3390/ijerph17041225

Brennan, L., Dorronzoro Zubiete, E., & Caulfield, B. (2019). Feedback Design in Targeted
Exercise Digital Biofeedback Systems for Home Rehabilitation: A Scoping
Review. Sensors, 20(1), 181. https://doi.org/10.3390/520010181

Burson, S. L., Mulhearn, S. C., Castelli, D. M., & van der Mars, H. (2021). Essential
Components of Physical Education: Policy and Environment. Research Quarterly
for Exercise and Sport, 92(2), 209-221.
https://doi.org/10.1080/02701367.2021.1884178

Casellato, C., Ambrosini, E., Galbiati, A., Biffi, E., Cesareo, A., Beretta, E., Lunardini, F.,
Zorzi, G., Sanger, T. D., & Pedrocchi, A. (2019). EMG-based vibro-tactile

20


https://doi.org/10.3389/fspor.2023.1101072
https://doi.org/10.1111/josh.13004
https://doi.org/10.1016/S2589-7500(24)00139-0
https://doi.org/10.2519/jospt.2020.9753
https://doi.org/10.3389/fspor.2021.607205
https://doi.org/10.3390/ijerph17041225
https://doi.org/10.3390/ijerph17041225
https://doi.org/10.3390/s20010181
https://doi.org/10.1080/02701367.2021.1884178
https://doi.org/10.1080/02701367.2021.1884178

biofeedback training: effective learning accelerator for children and adolescents
with dystonia? A pilot crossover trial. Journal of NeuroEngineering and
Rehabilitation, 16(1), 150. https://doi.org/10.1186/s12984-019-0620-y

Casey, M. M., Telford, A., Mooney, A., Harvey, J. T., Eime, R. M., & Payne, W. R. (2014).
Linking secondary school physical education with community sport and recreation
for qgirls: a process evaluation. BMC Public Health, 14(1), 1039.
https://doi.org/10.1186/1471-2458-14-1039

Chen, Y., Xian, D., Zhao, Y., Sun, Y., Ren, Y., & Wang, C. (2026). Al-enabled learning
analytics use relates to physical literacy and engagement in university PE via smart
teaching and personalised feedback. Scientific Reports, 16(1), 8341.
https://doi.org/10.1038/s41598-026-39778-9

Cheng, G. R., & Chiu, W. Y. (2026). Perceived usability and psychological responses to
augmented reality feedback in beginner golf: a mixed-methods pilot study.
Frontiers in Sports and Active Living, 8, 1938037.
https://doi.org/10.3389/fspor.2026.1938037

Cheval, B., Courvoisier, D. S., & Chanal, J. (2016). Developmental trajectories of physical
activity during elementary school physical education. Preventive Medicine, 87,
170-174. https://doi.org/10.1016/j.ypmed.2016.02.043

Cradock, A. L., Barrett, J. L., Carter, J., McHugh, A., Sproul, J., Russo, E. T., Dao-Tran, P., &
Gortmaker, S. L. (2014). Impact of the Boston Active School Day policy to promote
physical activity among children. American Journal of Health Promotion, 28(3
Suppl), S54-64. https://doi.org/10.4278/ajhp.130430-QUAN-204

Creaser, A. V., Clemes, S. A., Costa, S., Hall, J., Ridgers, N. D., Barber, S. E., & Bingham, D.
D. (2021). The Acceptability, Feasibility, and Effectiveness of Wearable Activity
Trackers for Increasing Physical Activity in Children and Adolescents: A
Systematic Review. International Journal of Environmental Research and Public
Health, 18(12), 6211. https://doi.org/10.3390/ijerph18126211

Crotti, M., Rudd, J. R., Roberts, S., Boddy, L. M., Fitton Davies, K., O’Callaghan, L., Utesch,
T., & Foweather, L. (2021). Effect of Linear and Nonlinear Pedagogy Physical
Education Interventions on Children's Physical Activity: A Cluster Randomized
Controlled Trial (SAMPLE-PE). Children, 8(1), 49,
https://doi.org/10.3390/children8010049

21


https://doi.org/10.1186/s12984-019-0620-y
https://doi.org/10.1186/1471-2458-14-1039
https://doi.org/10.1186/1471-2458-14-1039
https://doi.org/10.1038/s41598-026-39778-9
https://doi.org/10.1038/s41598-026-39778-9
https://doi.org/10.3389/fspor.2026.1938037
https://doi.org/10.3389/fspor.2026.1938037
https://doi.org/10.1016/j.ypmed.2016.02.043
https://doi.org/10.4278/ajhp.130430-QUAN-204
https://doi.org/10.3390/ijerph18126211
https://doi.org/10.3390/children8010049
https://doi.org/10.3390/children8010049

Cruz-Montecinos, C., Cuesta-Vargas, A., Mufioz, C., Flores, D., Ellsworth, J., De la Fuente,
C., Calatayud, J., Rivera-Lillo, G., Soto-Arellano, V., Tapia, C., & Garcia-Masso,
X. (2020). Impact of Visual Biofeedback of Trunk Sway Smoothness on Motor
Learning during Unipedal Stance. Sensors, 20(9), 2585.
https://doi.org/10.3390/s20092585

Daly, A., Mnedla, S., & Chelly, M. S. (2026). Artificial intelligence in education: effects on
motor learning, motivation, and student engagement from an educational
psychology  perspective.  Frontiers in  Psychology, 17, 1816494.
https://doi.org/10.3389/fpsyq.2026.1816494

de Bruijn, A. G. M., de Greeff, J. W., Temlali, T. Y., Oosterlaan, J., Smith, J., & Hartman, E.
(2023). Objectively measured physical activity during primary school physical
education predicts intrinsic motivation independently of academic achievement
level. British Journal of Educational Psychology, 93 Suppl 1(S1), 90-112.
https://doi.org/10.1111/bjep.12527

Deng, C., Yu, Q., Luo, G., Zhao, Z., & Li, Y. (2022). Big data-driven intelligent governance of
college students' physical health: System and strategy. Frontiers in Public Health,
10, 924025. https://doi.org/10.3389/fpubh.2022.924025

Dudley, D., Mackenzie, E., Van Bergen, P., Cairney, J., & Barnett, L. (2022). What Drives
Quality Physical Education? A Systematic Review and Meta-Analysis of Learning
and Development Effects From Physical Education-Based Interventions. Frontiers
in Psychology, 13, 799330. https://doi.org/10.3389/fpsyg.2022.799330

buri¢, S., Bogataj, S., Zovko, V., & Sember, V. (2021). Associations Between Physical Fitness,
Obijectively Measured Physical Activity and Academic Performance. Frontiers in
Public Health, 9, 778837. https://doi.org/10.3389/fpubh.2021.778837

Egan, C. A., Merica, C. B., Paul, D. R., Bond, L., Rose, S., Martin, A., & Vella, C. (2023). A
qualitative evaluation of remote training to develop a fitness surveillance system.
Health Education Journal, 82(1), 68-81.
https://doi.org/10.1177/00178969221139198

Fauzi, R. A., Suherman, A., Saptani, E., Tingsabhat, S., & Heryanto, M. (2026). The effect of
digital video feedback on roundoff learning outcomes in gymnastics learning.
Frontiers in Sports and Active Living, 8, 1771596.
https://doi.org/10.3389/fspor.2026.1771596

22


https://doi.org/10.3390/s20092585
https://doi.org/10.3390/s20092585
https://doi.org/10.3389/fpsyg.2026.1816494
https://doi.org/10.3389/fpsyg.2026.1816494
https://doi.org/10.1111/bjep.12527
https://doi.org/10.1111/bjep.12527
https://doi.org/10.3389/fpubh.2022.924025
https://doi.org/10.3389/fpsyg.2022.799330
https://doi.org/10.3389/fpubh.2021.778837
https://doi.org/10.1177/00178969221139198
https://doi.org/10.1177/00178969221139198
https://doi.org/10.3389/fspor.2026.1771596
https://doi.org/10.3389/fspor.2026.1771596

Feng, D., Cossich, V. R. A., Abdelrasoul, E., Campelo, A. M., & Katz, L. (2025). The impact
of video performance technology and peer-to-peer learning on table tennis skill
acquisition in elementary students. Frontiers in Sports and Active Living, 7,
1653334. https://doi.org/10.3389/fspor.2025.1653334

Ferriz-Valero, A., @sterlie, O., Garcia Martinez, S., & Garcia-Jaén, M. (2020). Gamification in
Physical Education: Evaluation of Impact on Motivation and Academic
Performance within Higher Education. International Journal of Environmental
Research and Public Health, 17(12), 4465. https://doi.org/10.3390/ijerph17124465

Froberg, A., Raustorp, A., Pagels, P., Larsson, C., & Boldemann, C. (2017). Levels of physical
activity during physical education lessons in Sweden. Acta Paediatrica, 106(1),
135-141. https://doi.org/10.1111/apa.13551

Gbémez-Carmona, C. D., Bastida-Castillo, A., lbafiez, S. J., & Pino-Ortega, J. (2020).
Accelerometry as a method for external workload monitoring in invasion team
sports. A systematic review. PLOS ONE, 15(8), e0236643.
https://doi.org/10.1371/journal.pone.0236643

Grzybowska, D., Grzyb, W., 1dzik, K., Jaslikowska, A., Kubicki, A., Kurnik, M., Le$niak, M.,
Niderla, N., Rachwal, N., & Rzeszutek, J. (2026). The use of wearable technology
in monitoring physical activity and training: A systematic review. Quality in Sport,
62, 73379. https://doi.org/10.12775/QS.2026.62.73379

Guthrie, N., Bradlyn, A., Thompson, S. K., Yen, S., Haritatos, J., Dillon, F., & Cole, S. W.
(2015). Development of an accelerometer-linked online intervention system to
promote physical activity in adolescents. PLOS ONE, 10(5), e0128639.
https://doi.org/10.1371/journal.pone.0128639

Han, Y., Wang, S., Zhang, Z., & Fan, J. (2025). The impact of wearable sports equipment on
college students' physical exercise persistence: a mediated model of physical
exercise motivation moderated by social support. Frontiers in Sports and Active
Living, 7, 1691032. https://doi.org/10.3389/fspor.2025.1691032

Hao, Y., Ma, X. K., Zhu, Z., & Cao, Z. B. (2021). Validity of Wrist-Wearable Activity Devices
for Estimating Physical Activity in Adolescents: Comparative Study. JMIR
mHealth and uHealth, 9(1), €18320. https://doi.org/10.2196/18320

Hartwig, T. B., del Pozo-Cruz, B., White, R. L., Sanders, T., Kirwan, M., Parker, P. D.,
Vasconcellos, D., Lee, J., Owen, K. B., Antczak, D., Lubans, D. R., & Lonsdale, C.
(2019). A monitoring system to provide feedback on student physical activity

23


https://doi.org/10.3389/fspor.2025.1653334
https://doi.org/10.3390/ijerph17124465
https://doi.org/10.1111/apa.13551
https://doi.org/10.1371/journal.pone.0236643
https://doi.org/10.1371/journal.pone.0236643
https://doi.org/10.12775/QS.2026.62.73379
https://doi.org/10.1371/journal.pone.0128639
https://doi.org/10.1371/journal.pone.0128639
https://doi.org/10.3389/fspor.2025.1691032
https://doi.org/10.2196/18320

during physical education lessons. Scandinavian Journal of Medicine & Science in
Sports, 29(9), 1305-1312. https://doi.org/10.1111/sms.13438

Kalajas-Tilga, H., Koka, A., Hein, V., Tilga, H., & Raudsepp, L. (2020). Motivational processes
in physical education and objectively measured physical activity among
adolescents. Journal of Sport and Health Science, 9(5), 462-471.
https://doi.org/10.1016/j.jshs.2019.06.001

Kalajas-Tilga, H., Hein, V., Koka, A., Tilga, H., Raudsepp, L., & Hagger, M. S. (2022).
Application of the trans-contextual model to predict change in leisure time physical
activity. Psychology & Health, 37(2), 62-86.
https://doi.org/10.1080/08870446.2020.1869741

Kremer, M. M., Reichert, F. F., & Hallal, P. C. (2012). Intensity and duration of physical efforts
in Physical Education classes. Revista de Salde Publica, 46(2), 320-326.
https://doi.org/10.1590/s0034-89102012005000014

Kupperman, N., DeJong, A. F., Alston, P., Hertel, J., & Saliba, S. A. (2021). Athlete Workloads
During Collegiate Women's Soccer Practice: Implications for Return to Play.
Journal of Athletic Training, 56(3), 321-330. https://doi.org/10.4085/205-20

Kwon, Y., Kim, D., Kang, M., & Cho, G. (2025). Expanding Participation in Inclusive Physical
Education: A Maker-Based Approach for Sport-Marginalized Students. Children,
12(12), 1681. https://doi.org/10.3390/children12121681

Leisterer, S., & Paschold, E. (2022). Increased perceived autonomy-supportive teaching in
physical education classes changes students’ positive emotional perception
compared to controlling teaching. Frontiers in Psychology, 13, 1015362.
https://doi.org/10.3389/fpsyg.2022.1015362

Lima, R. A., Soares, F. C., Bezerra, J., & de Barros, M. V. G. (2020). Effects of a Physical
Education Intervention on Academic Performance: A Cluster Randomised
Controlled Trial. International Journal of Environmental Research and Public
Health, 17(12), 4287. https://doi.org/10.3390/ijerph17124287

Ma, Z., & Hao, Q. (2022). Posture Monitoring of Basketball Training Based on Intelligent
Wearable Device. Journal of Healthcare Engineering, 2022, 4121104.
https://doi.org/10.1155/2022/4121104

Mackenbrock, J., & Kleinert, J. (2026). Students' acceptance of digital media in physical
education-a cross-sectional study. Frontiers in Sports and Active Living, 8,
1654602. https://doi.org/10.3389/fspor.2026.1654602

24


https://doi.org/10.1111/sms.13438
https://doi.org/10.1016/j.jshs.2019.06.001
https://doi.org/10.1016/j.jshs.2019.06.001
https://doi.org/10.1080/08870446.2020.1869741
https://doi.org/10.1080/08870446.2020.1869741
https://doi.org/10.1590/s0034-89102012005000014
https://doi.org/10.1590/s0034-89102012005000014
https://doi.org/10.4085/205-20
https://doi.org/10.3390/children12121681
https://doi.org/10.3389/fpsyg.2022.1015362
https://doi.org/10.3389/fpsyg.2022.1015362
https://doi.org/10.3390/ijerph17124287
https://doi.org/10.1155/2022/4121104
https://doi.org/10.1155/2022/4121104
https://doi.org/10.3389/fspor.2026.1654602

Marttinen, R., Daum, D., Fredrick, R. N., Santiago, J., & Silverman, S. (2019). Students'
Perceptions of Technology Integration During the F.I.T. Unit. Research Quarterly
for Exercise and Sport, 90(2), 206-216.
https://doi.org/10.1080/02701367.2019.1578328

Molina, S. L., Bott, T. S., & Stodden, D. F. (2019). Applications of the Speed-Accuracy Trade-
off and Impulse-Variability Theory for Teaching Ballistic Motor Skills. Journal of
Motor Behavior, 51(6), 690-697. https://doi.org/10.1080/00222895.2019.1565526

Moore, R., Edmondson, L., Gregory, M., Griffiths, K., & Freeman, E. (2023). Barriers and
facilitators to physical activity and further digital exercise intervention among
inactive British adolescents in secondary schools: a qualitative study with physical
education  teachers.  Frontiers in  Public Health, 11, 1193669.
https://doi.org/10.3389/fpubh.2023.1193669

Mooses, K., Oja, M., Reisberg, S., Vilo, J., & Kull, M. (2018). Validating Fitbit Zip for
monitoring physical activity of children in school: a cross-sectional study. BMC
Public Health, 18(1), 858. https://doi.org/10.1186/s12889-018-5752-7

Nurmi, J., Hagger, M. S., Haukkala, A., Araujo-Soares, V., & Hankonen, N. (2016). Relations
Between Autonomous Motivation and Leisure-Time Physical Activity
Participation: The Mediating Role of Self-Regulation Techniques. Journal of Sport
and Exercise Psychology, 38(2), 128-137. https://doi.org/10.1123/jsep.2015-0222

Owen, K. B., Astell-Burt, T., & Lonsdale, C. (2013). The relationship between self-determined
motivation and physical activity in adolescent boys. Journal of Adolescent Health,
53(3), 420-422. https://doi.org/10.1016/j.jadohealth.2013.05.007

Park, S. (2023). Faculty Perspective Regarding Practical Experience of Adapted Physical
Education for Undergraduate Students. International Journal of Environmental
Research and Public Health, 20(5), 4282. https://doi.org/10.3390/ijerph20054282

Pitale, J. T., & Bolte, J. H. (2018). A heel-strike real-time auditory feedback device to promote
motor learning in children who have cerebral palsy: a pilot study to test device
accuracy and feasibility to use a music and dance-based learning paradigm. Pilot
and Feasibility Studies, 4(1), 42. https://doi.org/10.1186/s40814-018-0229-0

Pulido Sanchez, S., & Iglesias Gallego, D. (2021). Evidence-Based Overview of
Accelerometer-Measured Physical Activity during School Recess: An Updated
Systematic Review. International Journal of Environmental Research and Public
Health, 18(2), 578. https://doi.org/10.3390/ijerph18020578

25


https://doi.org/10.1080/02701367.2019.1578328
https://doi.org/10.1080/02701367.2019.1578328
https://doi.org/10.1080/00222895.2019.1565526
https://doi.org/10.3389/fpubh.2023.1193669
https://doi.org/10.3389/fpubh.2023.1193669
https://doi.org/10.1186/s12889-018-5752-7
https://doi.org/10.1123/jsep.2015-0222
https://doi.org/10.1016/j.jadohealth.2013.05.007
https://doi.org/10.3390/ijerph20054282
https://doi.org/10.1186/s40814-018-0229-0
https://doi.org/10.3390/ijerph18020578

Rakha, A. H. (2026). Digital feedback via free ChatGPT within the reciprocal teaching style:
improving fundamental handball skills and students' attitudes among university
beginners.  Frontiers in  Sports and Active Living, 8, 1772502.
https://doi.org/10.3389/fspor.2026.1772502

Ridgers, N. D., McNarry, M. A., & Mackintosh, K. A. (2016). Feasibility and Effectiveness of
Using Wearable Activity Trackers in Youth: A Systematic Review. JMIR mHealth
and uHealth, 4(4), €129. https://doi.org/10.2196/mhealth.6540

Ryu, S., Kringle, E., & Gao, Z. (2026). Wearable-Supported Physical Education for Physical
Activity and Psychosocial Beliefs in Underserved Adolescents. Journal of School
Health, 96(9), €70219. https://doi.org/10.1111/josh.70219

Sagin, A. E., Yiicekaya, M. A., Ugras, S., Mergan, B., Temel, C., Duran, M., & Duarte-Mendes,
P. (2025). The mediating role of physical education course interest in the
relationship between perceived autonomy support, feedback, and school
attachment. Frontiers in Psychology, 16, 1675108.
https://doi.org/10.3389/fpsyg.2025.1675108

Sebire, S. J., Jago, R., Fox, K. R., Edwards, M. J., & Thompson, J. L. (2013). Testing a self-
determination theory model of children's physical activity motivation: a cross-
sectional study. International Journal of Behavioral Nutrition and Physical
Activity, 10(1), 111. https://doi.org/10.1186/1479-5868-10-111

Shi, L., Huang, X., Abbas, S., Yang, Z. Q., & Huang, L. (2022). Relationships between
perceived usefulness and fitness wearable technology user adoption mediated by
culture, gender, and COVID-19: A meta-analysis. Quality in Sport, 8, 55-69.
https://doi.org/10.12775/QS.2022.08.01.005

Silva, D. A. S., Chaput, J. P., Katzmarzyk, P. T., Fogelholm, M., Hu, G., Maher, C., Olds, T.,
Onywera, V., Sarmiento, O. L., Standage, M., Tudor-locke, C., & Tremblay, M. S.
(2018). Physical Education Classes, Physical Activity, and Sedentary Behavior in
Children. Medicine & Science in Sports & Exercise, 50(5), 995-1004.
https://doi.org/10.1249/MSS.0000000000001524

Smith, J. A., Christie, S. L., Rockette-Wagner, B., Wilson, L., Govia, I. O., Facey, K. A., &
Tulloch-Reid, M. K. (2023). Acceptability and use of waist-worn physical activity
monitors in Jamaican adolescents: lessons from the field. BMC Research Notes,
16(1), 3. https://doi.org/10.1186/s13104-022-06266-y

26


https://doi.org/10.3389/fspor.2026.1772502
https://doi.org/10.3389/fspor.2026.1772502
https://doi.org/10.2196/mhealth.6540
https://doi.org/10.1111/josh.70219
https://doi.org/10.3389/fpsyg.2025.1675108
https://doi.org/10.3389/fpsyg.2025.1675108
https://doi.org/10.1186/1479-5868-10-111
https://doi.org/10.12775/QS.2022.08.01.005
https://doi.org/10.12775/QS.2022.08.01.005
https://doi.org/10.1249/MSS.0000000000001524
https://doi.org/10.1249/MSS.0000000000001524
https://doi.org/10.1186/s13104-022-06266-y

Stockel, T., & Grimm, R. (2021). Psychophysiological Benefits of Real-Time Heart Rate
Feedback in Physical Education. Frontiers in Psychology, 12, 651065.
https://doi.org/10.3389/fpsyg.2021.651065

Temm, D. A, Standing, R. J., & Best, R. (2022). Training, Wellbeing and Recovery Load
Monitoring in Female Youth Athletes. International Journal of Environmental
Research and Public Health, 19(18), 11463.
https://doi.org/10.3390/ijerph191811463

Tian, H., Liu, Q., & Wang, Q. (2026). Technology-based sports training informed workshops
and physical education teachers' job satisfaction, commitment, and self-determined
motivation. BMC Psychology, 14(1), 583. https://doi.org/10.1186/s40359-026-
04241-x

Wang, L. (2017). Using the self-determination theory to understand Chinese adolescent leisure-
time physical activity. European Journal of Sport Science, 17(4), 453-461.
https://doi.org/10.1080/17461391.2016.1276968

Wang, I. L., Wang, L. I., Liu, Y., Su, Y., Yao, S., & Ho, C. S. (2021). Application of Real-Time
Visual Feedback System in Balance Training of the Center of Pressure with Smart
Wearable Devices. International Journal of Environmental Research and Public
Health, 18(18), 9637. https://doi.org/10.3390/ijerph18189637

Wang, I. L., Wang, L. I., Xue, S. J., Hu, R, Jian, R. J., & Ho, C. S. (2021). Gender differences
of the improvement in balance control based on the real-time visual feedback
system with smart wearable devices. Acta of bioengineering and biomechanics,
23(1), 163-171. https://doi.org/10.37190/abb-01764-2020-02

Weaver, R. G., Webster, C. A., Beets, M. W., Brazendale, K., Schisler, L., & Aziz, M. (2018).
An Intervention to Increase Students' Physical Activity: A 2-Year Pilot Study.
American Journal of Preventive Medicine, 55(1), el-el0.
https://doi.org/10.1016/j.amepre.2018.03.005

Weaver, R. G., Webster, C. A., Beets, M. W., Brazendale, K., Chandler, J., Schisler, L., & Aziz,
M. (2018). Initial Outcomes of a Participatory-Based, Competency-Building
Approach to Increasing Physical Education Teachers' Physical Activity Promotion
and Students' Physical Activity: A Pilot Study. Health Education & Behavior,
45(3), 359-370. https://doi.org/10.1177/1090198117731600

Weaver, R. G., Webster, C. A., Egan, C., Campos, C. M. C., Michael, R. D., & Vazou, S.

(2018). Partnerships for Active Children in Elementary Schools: Outcomes of a 2-

27


https://doi.org/10.3389/fpsyg.2021.651065
https://doi.org/10.3389/fpsyg.2021.651065
https://doi.org/10.3390/ijerph191811463
https://doi.org/10.3390/ijerph191811463
https://doi.org/10.1186/s40359-026-04241-x
https://doi.org/10.1186/s40359-026-04241-x
https://doi.org/10.1080/17461391.2016.1276968
https://doi.org/10.1080/17461391.2016.1276968
https://doi.org/10.3390/ijerph18189637
https://doi.org/10.37190/abb-01764-2020-02
https://doi.org/10.1016/j.amepre.2018.03.005
https://doi.org/10.1016/j.amepre.2018.03.005
https://doi.org/10.1177/1090198117731600

Year Pilot Study to Increase Physical Activity During the School Day. American
Journal of Health Promotion, 32(3), 621-630.
https://doi.org/10.1177/0890117117707289

Whipp, P. R., Jackson, B., Dimmock, J. A., & Soh, J. (2015). The effects of formalized and
trained non-reciprocal peer teaching on psychosocial, behavioral, pedagogical, and
motor learning outcomes in physical education. Frontiers in Psychology, 6, 149.
https://doi.org/10.3389/fpsyg.2015.00149

Wu, Y. (2025). Data driven pedagogy in physical education a new paradigm in teaching
effectiveness. Scientific Reports, 15(1), 43794. https://doi.org/10.1038/s41598-
025-27746-8

Wu, J., Xiang, C., Zhao, J., Zhang, H., Ji, Y., & Li, S. (2026). The intention of Chinese college
students to use sports smart wearable devices based on the technology acceptance
model and technology readiness index. Scientific Reports, 16(1), 11399.
https://doi.org/10.1038/s41598-026-41062-9

Xu, Y., Yin, Z., Liu, H., Sun, M., Guo, Z., & Liu, B. (2023). Model Construction of Chinese
Preservice Physical Education Teachers' Perception of Social Media: A Grounded
Theory Approach. International Journal of Environmental Research and Public
Health, 20(5), 3886. https://doi.org/10.3390/ijerph20053886

Yang, H., Cheng, G., & Cheng, S. (2026). Advanced utilization of motion decomposition and
visualization technology in gymnastics education. Frontiers in Psychology, 17,
1794257. https://doi.org/10.3389/fpsyq.2026.1794257

Yue, N. (2022). Medical Health Data-Driven Physical Education Scheme: Public Environment-
Oriented Exercise Health Management. Journal of Environmental and Public
Health, 2022(1), 6399603. https://doi.org/10.1155/2022/6399603

Zhang, T., Zhang, M., & Luo, J. (2025). The application and development trends of wearable
devices (WD) in endurance sports training: A literature review. Quality in Sport,
37, 57604. https://doi.org/10.12775/QS.2025.37.57604

Zhang, Y., Garcia Arias, L. F., Timmerman, H., Cao, M., & Wilhelm, E. (2026). Enhancing
Knee Joint Proprioception in Healthy Adults Through Exergame Training With
Augmented Feedback: Randomized Controlled Pilot Trial. JMIR Rehabilitation
and Assistive Technologies, 13, e78525. https://doi.org/10.2196/78525

28


https://doi.org/10.1177/0890117117707289
https://doi.org/10.1177/0890117117707289
https://doi.org/10.3389/fpsyg.2015.00149
https://doi.org/10.3389/fpsyg.2015.00149
https://doi.org/10.1038/s41598-025-27746-8
https://doi.org/10.1038/s41598-025-27746-8
https://doi.org/10.1038/s41598-026-41062-9
https://doi.org/10.1038/s41598-026-41062-9
https://doi.org/10.3390/ijerph20053886
https://doi.org/10.3389/fpsyg.2026.1794257
https://doi.org/10.1155/2022/6399603
https://doi.org/10.12775/QS.2025.37.57604
https://doi.org/10.2196/78525

Zhang, D. (2026). Enhancing motor skill acquisition and autonomous motivation in university
physical education: a randomized controlled trial of a STEAM-integrated approach.
Frontiers in Psychology, 17, 1754141. https://doi.org/10.3389/fpsyq.2026.1754141

Zhou, Y., Shao, W. D., & Wang, L. (2021). Effects of Feedback on Students’ Motor Skill
Learning in Physical Education: A Systematic Review. International Journal of
Environmental Research and Public Health, 18(12), 6281.
https://doi.org/10.3390/ijerph18126281

29


https://doi.org/10.3389/fpsyg.2026.1754141
https://doi.org/10.3390/ijerph18126281
https://doi.org/10.3390/ijerph18126281

