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Abstract

Background. Wearable technologies such as heart rate monitors, accelerometers, and fitness trackers are increasingly
integrated into school-based physical education (PE) to enhance instructional strategies, student engagement, and
personalised learning. Yet empirical evidence on their pedagogical effectiveness remains fragmented.

Purpose. This systematic review synthesises research on wearable technology applications in school-based PE,
examining their integration into teaching strategies, student motivation and participation, and personalised feedback.
Methods. A systematic search across Web of Science, Scopus, ERIC, SPORTDiscus, and PsycINFO identified 12 peer-
reviewed studies published between 2000 and 2025. Methodological quality was assessed using the Mixed Methods

Appraisal Tool (MMAT), and results were synthesised.

Results. Wearable technologies facilitated diverse instructional strategies including real-time feedback, self-
monitoring, gamification, and goal setting. Their use increased student motivation, participation, and enabled
personalised feedback, although data privacy and ethical concerns were noted. Teacher digital literacy and
pedagogical competence influenced implementation effectiveness.

Conclusions. Wearable technologies offer significant pedagogical benefits for school-based PE by enhancing
motivation, participation, and personalisation. Successful implementation requires thoughtful instructional design,
teacher readiness, and careful ethical management of student data. Future research should investigate long-term
outcomes and professional development models for educators.

Keywords: wearable technologies, school-based physical education, student motivation, personalised learning,

technology integration.

Introduction

In recent years, the application of wearable technology
in physical education (PE) has increased steadily, and it is
now becoming a standard teaching tool in PE classrooms.
Devices such as heart rate monitors, accelerometers and
smart bracelets can record students’ physiological and motor
datain real time, providing a more objective basis for teachers
to understand students’ classroom participation and exercise
intensity (Lin et al., 2021, 2023; Wort et al., 2021). The use
of these technologies makes it easier for teachers to carry
out personalised feedback and differentiated teaching and
also helps students gradually form self-monitoring and self-
regulation learning ability (Boiché et al., 2020). Therefore,
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wearable technology has not only altered the teaching
methods of traditional PE classrooms to some extent but
also provided new ideas for enhancing the quality of PE
teaching, particularly in sports intensity monitoring, real-
time feedback, and sports performance evaluation (Xu et
al., 2024).

In PE classes, wearable technology is no longer just a
health monitoring tool. However, it has gradually become
an important resource to support teaching and promote
students’ learning. By obtaining students’ motor and
physiological data in real-time, teachers can more accurately
assess students’ exercise intensity, skill performance, and
classroom participation. For example, heart rate monitoring
can guide students to participate in activities within the
appropriate intensity range and adjust the amount of exercise
in real-time according to feedback, thereby improving the
exercise effect (Cunningham-Rose et al., 2024; Grastén et al.,
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2019). At the same time, accelerometers and other devices
can record students’ activities under different exercise
intensities, providing teachers with more comprehensive
classroom information (Zhang & Wang, 2024). For students,
instant feedback helps them gain a clearer understanding
of their own motor state, thereby enhancing self-regulation
ability and improving learning motivation (Grastén et al.,
2019; Siacor et al., 2024). In general, wearable technology
can help students adjust their exercise strategies based
on real-time data, promoting improvements in exercise
performance and learning outcomes.

Although the application of wearable technology in PE
classes is increasing, the relevant research is still relatively
scattered. Existing research focuses more on changes in the
technical performance, health effects, or sports performance
of the equipment itself. It less systematically analyses how
these technologies are effectively utilised in the teaching
process and their impact on students’ learning outcomes
(Boiché et al., 2020). Some studies explain students’ learning
motivation and participation using self-determination
theory or social and cultural learning theory; however, a
comprehensive analysis ofhow wearable technology supports
the explicit teaching of strategies, classroom management,
and students’ self-regulation remains insufficient (Esmonde,
2019). Therefore, there is still a lack of a systematic overview
of the teaching application of wearable technology in PE and
its learning effect (Zhang et al., 2025).

Based on this, this study aims to systematically review
the application of wearable technology in school PE
situations, focusing on how these technologies support
teaching strategies, promote students’ learning motivation
and classroom participation, and provide personalised
feedback for students. By integrating existing research, this
study aims to provide a practical reference for PE teachers
and educational researchers, helping them utilise wearable
technology more effectively in PE classes to enhance the
quality of teaching. This review aims to address these research
questions: 1) How are wearable devices used in school
physical education classes? What are the most common
teaching strategies and classroom designs? 2) What is the
overall impact of wearable devices on students’ motivation,
participation, and learning in physical education classes?
Under what kind of classroom and teaching conditions are
these influences more likely to promote learning or bring
negative effects?

Theoretical Framework

Self-Determination Theory (SDT) is used to explain
how the learning environment influences the “quality of
motivation” in students, and how this motivation, in turn,
affectsparticipationandthelearningexperience. SDT believes
that people have three basic psychological needs: autonomy
(feeling of choice and control), sense of competence (feeling
that one can do well and make progress), and relatedness
(feeling respected, accepted, and connected with others).
When classroom teaching supports these needs, students
are more likely to form autonomous motivations, that is, to
participate because of interest or recognition of the value
of learning, which is usually more stable and sustainable.
On the contrary, when the teaching method oppresses or
thwarts these needs, students are more likely to experience
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controlled motivation (to avoid criticism, participate for
the sake of a score, or due to external pressure), and may
even experience a lack of motivation and withdrawal. The
advantage of SDT is that it not only focuses on “whether
the amount of exercise has increased” but also pays more
attention to “this increase is driven by interest or pressure’,
so it is more suitable for explaining technical intervention
in physical education classes (Deci & Ryan, 2000; Viciana
etal., 2019).

In this review, we use SDT to understand how wearable
devices affect students’ learning through “teaching
methods”, rather than attributing the effect to technology
itself. Wearable devices can support a sense of competency
by providing clear, timely, and linked feedback to learning
goals, helping students see progress and adjust their
strategies (Grastén et al., 2019). When teachers provide
explanation and guidance, and give students space to set
personal goals, choose rhythms, and understand data,
devices may also support autonomy (Kerner & Goodyear,
2017; Siacor et al., 2024). If the use of data in the classroom
emphasizes cooperation, encouragement, and inclusion,
equipment may also enhance the relationship. This review
focuses on the analysis under the framework of SDT: (1) the
teaching mechanism of equipment uses (feedback design,
goal setting, teacher language, and interaction), and (2) the
key situational conditions that determine their promotion
or suppression of psychological needs (Deci & Ryan, 2000;
Kerner & Goodyear, 2017).

Methodology

This systematic review follows the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
framework to ensure the standardisation and transparency
of the research process (Page et al., 2021). In view of the
significant differences in equipment type, research object,
teaching strategy, and learning results, this study employs a
systematic review with narrative synthesis to integrate and
analyse the relevant research findings (Rodgers et al., 2009).
In this way, this study strives to comprehensively present
the application of wearable technology in PE and provide a
theoretical reference for subsequent educational technology
research and practice (Keogh et al., 2021).

Search Strategy

The literature retrieval strategy of this study follows the
standard practice of systematic reviews, selecting five core
databases for retrieval: ERIC, SPORTDiscus, Web of Science,
Scopus, and APA PsycINFO (Page et al., 2021). The retrieval
time range is set to 2000-2025 to cover as much research as
possible on the application of wearable technology in school
PE (Keogh et al.,, 2021). To enhance the comprehensiveness
of retrieval and minimise the risk of missing relevant
research, this study develops a more systematic retrieval
strategy grounded in Boolean logic, drawing on best practice
suggestions from systematic reviews (Siddaway et al., 2019;
Higgins, 2019). Different forms of keyword expression
are included in the search process, including synonyms,
variations in spelling, changes between singular and plural
forms, and common expressions related to teaching. For
example, in terms of wearable technology, terms such as
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“heart rate monitor”, “fitness tracker” and “smartwatch” are
used; in the teaching dimension, “teaching strategies” is
covered. Expressions such as “instructional approaches” and
“learning outcomes”

To adapt to the retrieval rules of different databases, this
study employs intercepts (such as strateg*, technolog*) and
Boolean operators (AND/OR), adjusting the retrieval fields
accordingly based on the syntactic characteristics of each
database. For example, this approach utilises abstracts in
ERIC (AB), use the TITLE-ABS-KEY in Scopus (Page et al.,
2021). In addition, through manual consultation of the list
of references included in the literature, relevant research that
may be omitted in the initial retrieval is also supplemented to
identify (Stone et al., 2023). For example, we design a search
strategy of Web of science: TS=(“wearable technolog*”
OR smartwatch OR Fitbit OR “heart rate monitor” OR
accelerometer) AND TS=(“physical education” OR “PE class”
OR “school-based physical activity”) AND TS=(teaching OR
pedagogy OR “teaching strateg*” OR “learning outcome*”
OR motivation OR engagement). Table 1 summarises the
classification structure of search words and the changes in
their terms.

Table 1. Search Term

Cons1def Different Key Word
Terminology
Synonyms wearable technology, heart rate monitor,

fitness tracker, smartwatch, activity tracker

Different Spelling physical education, PE, teaching strategies,

instructional approaches, classroom feedback

device/devices, student/students, teacher/
teachers, outcome/outcomes

Singular versus
plural forms

Final Searching
Equations

(“wearable technolog*” OR “heart rate
monitor*” OR “fitness tracker*” OR
“smartwatch*”) AND (“physical education”
OR “PE”) AND (“teaching strateg*” OR
instruction* OR feedback OR engagement
OR outcome*)

This study has formulated explicit inclusion and
exclusion standards to ensure that the selected literature is
consistent with the research purpose. The included research
must be published in an English peer-reviewed journal. For
empirical research, the research design can be qualitative,
quantitative or mixed methods, as long as it has specific
educational or practical value for PE. The research content
should involve the application of wearable devices in primary
or secondary school PE classrooms, focusing on their role
in teaching strategies, classroom monitoring, or student
learning feedback, rather than just for health monitoring or
behaviour records.

Only pay attention to the technical performance of the
equipment; literature that does not belong to the school PE
classroom is excluded. To enhance the transparency and
repeatability of the research process, the specific inclusion
and exclusion criteria are outlined in Table 2. Given that
this study focuses on the application of teaching in school
PE classes during the compulsory education stage, the
intervention research conducted in colleges and universities
or with adult groups is not included in the scope of this review
due to the significant differences in teaching situations.

81

Table 2. Inclusion and Exclusion Criteria

Inclusion Criteria

Topic: Pedagogical applications of wearable
technologies in school physical
education

Language: English

Publication Types: Peer-reviewed journal articles

Data Range: 2000-2025

Study Type: Empirical research (qualitative,
quantitative, or mixed methods)

Setting: Formal, school-based physical

education classes (primary and
secondary levels)

Target Participant: School-aged students, PE teachers

Intervention Purpose: Use of wearable technologies to
support teaching strategies or learning

outcomes

Exclusion Criteria

Publication Types: Conference abstracts, editorials, book
reviews, dissertations, non-peer-
reviewed works, grey literature

Setting: Informal, extracurricular, elite training,

clinical or university-based studies

Intervention purpose: Use of wearables solely for health

monitoring or technical validation

Study Focus: Studies without analysis of teaching

strategies or pedagogical outcomes

Literature Selection

This study strictly follows the PRISMA 2020 system
overview reporting guidelines, and its screening process is
shown in Figure 1 (Page et al., 2021). In the initial stage,
10,523 documents were retrieved through five databases, and
the document management software Zotero was uniformly
introduced for sorting and preliminary weighting (Gee,
2024). After the automatic removal of duplicate records (n =
493), the remaining 10,030 documents were imported into
Rayyan, a system review collaboration platform, and entered
the formal screening link (Siddaway et al., 2019).

Two authors jointly conducted the literature screening,
using independent double review and discussion. Both
reviewers screened each record based on predefined
inclusion and exclusion criteria in the title and abstract
phase. Uncertain or conflicting cases were marked using
Rayyan’s “maybe” function, then resolved through discussion
(Kellermeyer et al., 2018). At this stage, 9,871 irrelevant
records were excluded, leaving 159 articles for full-text
review. During full-text screening, both authors made
independent judgments again, using Rayyan’s “conflict”
alerts to resolve any disagreements. One additional relevant
study was identified through a literature search. Finally, 12
studies met all criteria and were included in the synthesis.
This review followed a two-person screening protocol
supported by Rayyan’s conflict resolution tools to ensure
transparency, consistency, and reproducibility.
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Quality Appraisal

This review used the Mixed Methods Appraisal Tool
(MMAT, 2018) to assess all 12 included studies to ensure
research quality and analytical credibility. MMAT is suitable
for evaluating qualitative, quantitative, and mixed-method
designs, matching the diversity of the selected literature
(Hong et al., 2018). Two authors independently conducted
the appraisal after agreeing on scoring criteria. Each
study was assessed using five design-specific questions,
rated as “yes,” “no,” or “cannot tell” (See Appendix A)
Discrepancies were resolved through discussion, and all
results were documented in a standardised scoring table.
Notably, no studies were excluded based on quality scores;
instead, the ratings informed the interpretation of findings
to enhance credibility (Souto et al., 2015). Using MMAT
adds methodological transparency and rigour to this review
(Hong et al,, 2019). MMAT results are used to control the
certainty of conclusions: if a topic mainly comes from
multiple “unjudged/unsatisfied” studies, we will regard it as
a preliminary discovery and express it more carefully in the
discussion.

Data Extraction and Synthesis

In this study, a systematic review with narrative
synthesis was employed to investigate the impact of wearable
technologies on students’ motivation, participation, and
learning outcomes in physical education. Key information—
including study aims, device types, research designs, and
contexts—was extracted from 12 included studies to establish
a systematic analytical basis (see Appendix B) (Page et al,,
2021; Souto et al., 2015).

Given the substantial heterogeneity in study designs,
samples, and wearable devices, conducting a statistical
meta-analysis was not appropriate (Keogh et al., 2021;
Siddaway et al., 2019). Instead, a narrative approach was
adopted to synthesise findings across studies. Each article
was coded in Microsoft Excel 16 according to its objectives,
methods, and key outcomes, allowing recurring patterns
and thematic similarities to be identified across different
educational contexts. This process enabled the comparison
of convergent and divergent findings, revealing consistent
trends in how wearable technologies support student
motivation, participation, and skill development (Hong et
al., 2019). Results were therefore reported descriptively, with
an emphasis on pedagogical implications and directions for
future research.

This review establishes a standardized data extraction
table in Microsoft Excel and first selects a small number of
them to be included in the literature for trial extraction to
unify the field meaning and extraction rules. The extracted
content includes: author and year, research country and
school situation, sample characteristics, such as grade/age/
number of people, research design and duration, wearable
device type and data indicators, teaching purpose and
teaching strategy, such as feedback, goal setting, gamification,
self-monitoring, etc., outcome indicators, such as, motives,
participation, classroom activity volume, learning-related
results, and core findings related to research problems. The
first author completes the data extraction of all literature,
and the second author checks the extraction results item
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by item. When differences arise, an agreement is reached
through discussion, and the extraction rules are refined as
needed.

To enhance the trustworthiness of the synthesis, all
identified themes were reviewed through team discussions
to ensure the evidence well supported them. Following this
iterative process, three core themes were confirmed: (1) the
application of wearable technology in physical education; (2)
its role in enhancing student motivation and participation;
and (3) the use of wearable devices to provide personalised
feedback.

—
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o
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W }
Article tile and abstract screened *x
o Records excluded
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E Final list of include in
(n=12)
S
Fig. 1. PRISMA flow chart
Results

This review encompassed a total of 12 empirical
studies on wearable technology in school PE classrooms.
The research designs included quantitative description,
qualitative interviews with control trial teachers, and a small
number of mixed methods and technology evaluation studies
(Almusawi et al., 2021; Boiché et al., 2020; Cunningham-
Rose et al., 2024; Grastén et al., 2019; Guijarro-Romero
et al,, 2025; Layne et al., 2022; Lindberg et al., 2016; Sit
et al,, 2019; Smith et al., 2019; Stockel & Grimm, 2021;
Wort et al., 2021; Zhang & Wang, 2024) The device includes
heart rate monitoring, accelerometers/activity trackers,
pedometers, and smart sports glasses, etc. The results are
presented according to the three themes of the original draft.

The Application of Wearable Technology
in Physical Education

Wearables were rarely used as pedagogy in isolation;
instead, they were integrated into existing teaching
structures (Layne et al., 2022; Cunningham-Rose et al,,
2024; Guijarro-Romero et al., 2025). When wearable data
are used to communicate clear lesson intentions and provide
understandable performance information, they can function
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as competence-supportive scaffolds. For example, investigate
the influence of heart rate projection on classroom effort
(Cunningham-Rose et al., 2024), integrate the heart rate
system with the sports education model and evaluate
classroom activity volume and rope skipping performance
(Layne et al., 2022), it provides real-time heart rate feedback
in the classroom and simultaneously measures physiological
and motivational indicators (Stockel & Grimm, 2021).
Studies mainly based on accelerometers have mostly been
used to objectively measure MVPA sedentary time or activity
patterns, and to investigate the relationship between these
indicators and classroom/school context (Boiché etal., 2020).
In addition, a group randomized controlled trial evaluated
the effect of gamified interval units on students’ weekly
activity levels (Guijarro-Romero et al., 2025). Technology
integration research also includes classroom solutions for
wearable motion-sensing games (Lindberg et al., 2016) and
classroom evaluation based on real-time feedback from
smart glasses (Zhang & Wang, 2024). Research indicates
that the implementation of wearable devices is significantly
influenced by teacher readiness resource conditions and
classroom feasibility (Almusawi et al., 2021; Wort et al,,
2021).

The teacher’s perspective study points out that the
implementation of wearable devices is significantly affected
by teachers’ readiness, resource conditions and classroom
feasibility (Almusawi et al., 2021; Wort et al., 2021). If
teachers lack time, confidence, or data interpretation
routines, wearable integration may become fragmented and
harder for students to understand, limiting its pedagogical
value (Almusawi et al., 2021; Wort et al., 2021).

Improving Motivation and Participation

The research results indicate that wearable technology
can indeed enhance students’ participation motivation and
activity input to a certain extent in PE classes, primarily
through real-time feedback that concretises and visualises
sports efforts, thereby improving students’ perception of
their own performance (Stockel & Grimm, 2021; Wort et al.,
2021). When such technologies are combined with gamified
design or clear goal setting, it becomes easier for students
to understand classroom requirements and maintain
participation, especially in the short term, resulting in a
higher level of activity (Guijarro-Romero et al., 2025; Viciana
etal., 2019).

There are two main ways to present motivation and
participation in research: one type reflects classroom effort
and participation (such as heart rate interval time and
moderate-to-vigorous physical activity, or MVPA) through
objective intensity/activity indicators; the other directly
measures motivation or motivation-related variables. The
heart rate projection study reported classroom intensity
and effort indicators (Cunningham-Rose et al., 2024), and
the real-time heart rate feedback study also reported the
results of psychophysiology and motivation (Stockel &
Grimm, 2021). Research shows that motivation variables
are related to school activities measured by accelerometers
(Boiché et al., 2020), and SDT-related variables can predict
physical education classes and total MVPA (Grastén et al.,
2019). Additionally, studies have examined the differences
in activity patterns of depicting school hours (including
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physical education) among various groups and under
different seasonal conditions (Sit et al., 2019). Technology
integration research also reveals classroom effects, including
“learning experience/sense of participation” and “learning-
related results” (Lindberg et al., 2016; Zhang & Wang, 2024).

However, this motivational improvement is not stable
or universal, and its effect is highly dependent on the
logic of using teaching situations and techniques. Many
studies have shown that when wearable technology is
used to compare, rank, or continuously monitor student
behaviour, the motivation structure in the classroom may
shift from interest- and experience-oriented to data-driven
and externally controlled (Kerner & Goodyear, 2017). In
this case, although students may temporarily increase the
amount of activity, it is accompanied by a decrease in stress,
anxiety and motivation, weakening the autonomy and
positive experience that should have been emphasised in
PE classes.

Providing Personalised Feedback through Wearable Devices

The research results indicate that wearable technology
offers a new support pathway for differentiated teaching,
formative evaluation, and students’ self-regulation in
PE classrooms through real-time and personalised data
feedback (Goodyear et al., 2019; Wort et al., 2021; Zhang &
Wang, 2024). When feedback is directly related to students’
own performance, it is easier for students to understand
learning goals and adjust behaviour, thus improving skill
learning efficiency and classroom participation to a certain
extent (Goad et al.,, 2019; Cunningham-Rose et al., 2024).
This mechanism enables students to gradually participate in
the self-regulated learning process, no longer relying entirely
on the teacher’s immediate instructions.

The most consistent function of cross-research is
“feedback,” including classroom real-time intensity feedback,
activity feedback, and action/posture feedback. Heart rate
projection provides real-time visual data and collects effort
indicators accordingly (Cunningham-Rose et al., 2024);
real-time heart rate feedback research takes data as part
of the classroom experience and evaluates relevant results
(Stockel & Grimm, 2021); The integrated research of sports
education model uses the heart rate system for classroom
monitoring and connects it to the evaluation of activity and
skill performance (Layne et al., 2022). The study of smart
glasses uses real-time posture feedback in the classroom and
reports skill-related results (Zhang & Wang, 2024). Device
measurement research reveals differences in the accuracy
of pedometers across various action tasks, suggesting that
the step index may be unstable in certain physical education
class contents (Smith et al., 2019). Teacher research also
highlights that data can be of potential value for feedback and
informed decision-making in teaching, but the feasibility
of implementation and the ability to interpret data are key
conditions (Wort et al., 2021; Almusawi et al., 2021).

However, research also clearly shows that the teaching
value of personalised feedback is not automatically
generated by technology. First of all, the data generated by
wearable devices is not equivalent to the quality of learning.
Its measurement results have obvious situational limitations.
If they are directly used to evaluate students’ performance,
it is easy to simplify or even misjudge the learning process
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(Smith et al., 2019). Secondly, students’ ability to understand
data is not a priori, and the lack of teaching-guided data
feedback may be transformed into a cognitive burden, thus
weakening their original intention to support learning
(Casey et al., 2017; Creaser et al., 2022).

Discussion

Theresults of this review indicate that wearable technology
is more akin to a “classroom infrastructure” than a neutral
teaching tool in school physical education classes. It often
enters the classroom through the data process of “monitoring-
feedback-display” and affects how teachers organize teaching,
how students understand effort and performance, and how
classroom relationships are redefined (Layne et al., 2022;
Cunningham-Rose et al., 2024; Wort et al., 2021). Therefore,
we need to analyze this phenomenon using a theoretical
framework that can explain why the same technology
produces different consequences in different classrooms.
Self-determination theory (SDT) provides a clear entry point:
whether technology truly promotes learning, the key is not the
equipment itself, but whether it supports or hinders students’
autonomy, sense of competence, and relationships in the
classroom (Deci & Ryan, 2000). From this perspective, your
three themes are not simply the linear logic of “application-
effect-feedback’, but three groups of motivational mechanisms
that may reinforce or offset each other.

In teaching integration and teaching strategy, the
study generally points out that wearable devices rarely
constitute teaching methods alone, but are superimposed
on existing teaching structures, such as sports education
models, game units, or intensity-centered lessons (Layne
et al., 2022; Guijarro-Romero et al., 2025; Cunningham-
Rose et al., 2024). The critical point of SDT is that this
“superposition” does not necessarily mean better learning. It
may not only provide clear goals and informative feedback
to support the sense of competency; it may also become
a fragmented monitoring process due to teachers’ lack of
data explanation and classroom routines but also increase
students’ confusion and pressure (Almusawi et al., 2021;
Wort et al., 2021). More importantly, there is a natural risk
of a mismatch between equipment indicators and classroom
tasks. The underestimation of pedometers in non-walking
tasks reminds us that data is not equivalent to effort, let alone
the quality of learning; once teachers or students regard data
as “expressing the truth’, the sense of competence may be
continuously frustrated by wrong feedback (Smith et al.,
2019). This means that in practice, “technical integration”
must be redefined as a teacher’s professional judgment
ability: teachers need to know when data is informational
support and when it is just noise; and they should be able
to put the data back into the teaching objectives and action
tasks to explain, instead of letting the data reverse define that
the classroom should teach What (Casey et al., 2017).

Motivational engagement and participation are most
likely to be misinterpreted because some studies have
indeed reported higher intensity indicators or higher
MVPA, especially in the context of heart rate projection
or gamification design (Cunningham-Rose et al., 2024;
Guijarro-Romero et al., 2025). However, according to the
SDT, a more crucial question arises: What is the quality of
motivation underlying the same greater effort? If the data
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presentation in the classroom resembles a publicly visible
supervisory device, students may increase their intensity
due to the pressure of being evaluated, which is closer to
controlled motivation. It may seem effective in the short
term, but in the long run, it may weaken autonomy and
continuous participation (Deci & Ryan, 2000) This is also why
critical research would remind us that heart rate monitoring
and feedback loops may reshape classroom power relations,
slide physical learning towards data compliance, and impose
an additional burden on students who are unwilling to be
shown or perform poorly (Esmonde, 2019) Meanwhile, the
research also suggests that there is a connection between
motivational variables and objective activity levels, and the
differences are presented among different groups (Boiché et
al., 2020; Grastén etal.,2019). This means that, at the practical
level, one should not merely focus on increasing the intensity
but rather pay more attention to how to make students feel
that they have the choice and ability to be accepted through
classroom language, goal setting, and interaction methods.
If the main consequence of using technology is comparison
rankings or implicit humiliation, then even MVPA Ascent
may also come at the expense of autonomy and a sense of
relationship, ultimately being detrimental to learning and
long-term sports engagement (Kerner & Goodyear, 2017).

Personalized feedback and data evaluation are the most
educational and critical parts of wearable technology. Wheth-
er it is heart rate real-time feedback, intensity interval visu-
alization, or posture feedback provided by smart glasses, the
core is to transform “imperceptible performance clues” into
actionable feedback, so as to support a sense of competence
and self-regulation (Stockel & Grimm, 2021; Zhang & Wang,
2024). However, personalized feedback is not inherently
equivalent to “learner centered” When feedback is overly da-
taized or bound to evaluation, it may change from “promot-
ing understanding and improvement” to “code of conduct
and performance monitoring”, which will frustrate autonomy
and make students treat data as objects to be judged rather
than self-regulating resources (Kerner & Goodyear, 2017; Es-
monde, 2019). In addition, data-driven feedback also raises
privacy and ethical concerns, especially in the K-12 scenar-
io, where the scope, storage, and use boundaries of data are
unclear, directly affecting students” psychological safety and
participation experience (Jovanovic & Kay, 2022). Therefore,
the practical significance can be very specific: teachers should
position wearable data as auxiliary evidence for formative
evaluation, not the basis for scoring; at the classroom level,
give priority to the strategy of “private feedback, goal selec-
tion, and emphasis on progress” to protect autonomy and
relationship; at the school level, clear consent mechanisms
and data are needed. Access and storage rules and improve
data literacy and interpretation ability through teachers’ pro-
fessional development, otherwise technology is easy to slide
from “supported learning” to “defined learning” (Almusawi
etal., 2021; Wort et al., 2021; Goodyear et al., 2019). Overall,
this review supports a “cautious and optimistic” conclusion:
the educational value of wearable technology stems from the
teaching mechanism that requires support, rather than from
more intensive data production.

Conclusion

This system review shows that wearable technology has
the potential to support differentiated teaching, formative
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evaluation and student self-regulation in PE, especially
promoting student participation and skill learning through
personalized feedback. However, its teaching effectiveness
does not come from technology itself but depends on how
teachers interpret and use data. A key contribution of this
review is that we move beyond describing devices and
instead explain how wearables work in PE through a simple
mechanism-and-conditions lens. Across studies, wearables
matter mainly because they change feedback, make lesson
goals more visible, and increase the visibility of performance
data. Using SDT, we show that these pathways shape students’
autonomy, competence, and relatedness, which helps explain
why similar technologies produce mixed outcomes (Deci &
Ryan, 2000). Wearables are most likely to support PE aims
when data are used as formative feedback, metrics fit the task,
and routines protect privacy and inclusion; they are more
likely to hinder learning when data are used for ranking,
comparison, or control (Esmonde, 2019; Smith et al., 2019;
Wort et al.,, 2021). Therefore, wearable technology should
be used as an auxiliary tool to serve teaching judgment,
not a mechanism to dominate classroom operation.
Future research needs to pay more attention to its teaching
integration method and the ethical boundaries of data use.
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Hocumi TexHonorii y wKinbHOMYy ¢pisnyHOMY BUXOBaHHi:
CUCTEeMATUYHNIN OrNA[ NejarorivyHNX acnekTiB

I130cianb Yskao' 5P, Tucroe Cy?ABCPE

"YuiBepcurer Bipminrema
*Tlegaroriunuit yHiBepcuteT BuyTpimaboi MoHroii

ABTOpPCHKMIT BRI A — Au3aitH gocmipkenHs; B — 36ip ganux; C — crataHanis; D — migroroska pykormcy; E — 36ip kowrtis

Pegepar. Crarrsa: 11 ¢, 4 Tabn., 1 puc., 36 mxeper.

O6rpynryBannsa. Hocumi TexHosorii, 30kpeMa MOHITOpY cepIieBOTo PUTMY, aKCeZlepoMeTpH Ta (iTHec-TpeKepH, efiati Jac-
Tillle iHTerpy0ThCA y LIKiNbHe (isyyHe BUXOBAHHA 3 METOI0 BIOCKOHA/ICHHs HaBYa/IbHUX CTPATerill, MiBUIEHH:A 3a/Ty4eHOCTi
Y4HIB i 3ab6e3neyeHH: MepCOHANi30BAaHOTO HaBYaHHA. BogHOYAC eMITipiyHi 0Ka3M IXHbBOI NefaroriqyHoi eeKTUBHOCTI 3a/INITa-
I0TbCsI PPAarMEeHTOBAHVIMIL.

Meta. MeTOI0 LIbOTO CMCTEMATUYHOTO OIVIAJY € y3araJbHEHH: [JOCTi[KEHb IIO/I0 3aCTOCYBAHHA HOCHMMMX TEXHOJIOTIN y
IIKiITBHOMY (i3MYHOMY BUXOBaHHI 3 aHaIi30M iX iHTerpamnii B HaBYa/IbHI CcTparerii, BIUIMBY Ha MOTMBAIII0 Ta y4acTh Y4HIB, a
TaKOXX BUKOPYMCTAHHSA IIePCOHAI30BAHOTO 3BOPOTHOTO 3B A3KY.

Mertopu. CucreMarnynnii moiyk y 6asax Web of Science, Scopus, ERIC, SPORTDiscus ta PsycINFO nossosus igenTndiky-
BaTy 12 perieH30BaHMX JOCTI/KeHb, OIy0/IiKoBaHuX y epioy; 3 2000 o 2025 pik. MeTof0/MIOTi4HY AKICTh JOCTIPKEHD OL[iHIOBATIN
3a JIOTIOMOTI 00 iHCTPYMEHTA OL[iHIOBAHH 3MillIaHMX METO/IB, ITiC/I1 YOTO Pe3yIbTaTy 6y}10 CUHTE30BaHO.

Pesynprarn. Hocumi Texnosorii cnpusnm peanisanii pisHOMaHITHUX HaBYa/IbHUX CTPATeriil, 30KpeMa Ha/laHHIO 3BOPOTHO-
ro SB’HSKY B peasbHOMY Yaci, CAMOKOHTPOJIIO, refiMidikariii Ta MOCTaHOBII Ifineit. Ix BMKOPMCTaHHA HiJIBUIIYBA/I0 MOTHUBALIiIO
Il y9acTh Y4HIB, a TAaKOXX 3a0e3ledyBaio IepCoHANI30BaHNIT 3BOPOTHMIT 3B 130K, X04a BOAHOUYAC Oy/I0 Big3HaYeHO mpobieMu,
HOB’s13aHi 3 KOHQIJEHIITHICTIO JaHUX Ta eTMYHUMM acleKTaMu. PiBeHb 1 poOBOI IPaMOTHOCTI BYMTEIB i IXHs Iefaroriyxa
KOMIIETEHTHICTb CYTTEBO BIUIMBA/IM Ha e(peKTUBHICTD YIPOBA/KEHHSL.

BucnoBku. Hocumi TexHO/Oril MaloTh 3HaYHMII ITeJarOriYHNUIT TOTEHIia/ y IIKiITbHOMY (isMYHOMY BUXOBaHHI, CIIPUAIOUN
HiBUIIEHHIO MOTMBAIlil, yJacTi Ta mepcoHami3anil HaBYaHHs. YCIIIIHe BIPOBAKEHHs HOTpeOye IMPOLyMAHOrO HaBYATbHOIO
IM3aliHy, TOTOBHOCTI BUUTEIIB i peTe/IbHOTO €TUYHOTO YIpaB/IiHHA faHUMY y4HiB. [Tofambli fOCTiKeHHA MaloTh Oy TH CIIps-
MOBaHI Ha BUBYEHHsI [JOBTOCTPOKOBUX e(eKTiB Ta Mofesteil po¢eciliHOro pO3BUTKY II€aroris.

KirouoBi cmoBa: Hocumi TexHOIOTi, MIKinbHe (isydHe BMXOBAaHH:A, MOTUBALlifA YYHIB, IepCOHA/Ti30BaHe HABYAHHS, IHTeTpa-
IIisl TEXHOJIOTIIA.
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