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Digital transformation is changing how university physical education
(PE) teachers plan lessons, demonstrate movement, organize practice, assess
learning, and provide feedback. However, operating digital tools is not
equivalent to using them pedagogically. This conceptual article develops a
parsimonious model linking digital teaching competence with teaching
performance among university PE teachers, with teacher work engagement as a
mediator. Technological Pedagogical Content Knowledge explains how
competence improves the alignment of technology, pedagogy, and PE content,
whereas Job Demands-Resources theory explains how competence can function
as a personal resource that promotes vigor, dedication, and absorption. Four
hypotheses are proposed: digital teaching competence positively predicts
teaching performance; digital teaching competence positively predicts work
engagement; work engagement positively predicts teaching performance; and
work engagement partially mediates the competence-performance relationship.
A cross-sectional survey and structural equation modeling procedure are
outlined for an initial test among full-time university PE teachers in Henan
Province, China. The article contributes a discipline-sensitive definition of
digital teaching competence, distinguishes competence from teaching
performance, and identifies a focused mechanism through which capability may
become sustained instructional action. It also offers practical directions for
problem-centered professional development and institutional support.
Longitudinal and multi-source studies are recommended to establish temporal
order and reduce common-method bias.

digital teaching competence; teaching
performance; physical education;
higher education; teacher work
engagement; TPACK

judgment required to align digital resources with
learning objectives, content, pedagogy, assessment,
inclusion, ethics, and reflection. DigCompEdu organizes

1 INTRODUCTION

University physical education occupies a distinctive
position in digital transformation because its learning
processes are embodied, spatial, interactive, and safety-
sensitive. Teachers must explain and demonstrate
movement, organize practice, observe performance,
correct errors, regulate workload, assess motor and
cognitive learning, and protect students' physical and
emotional safety. Video analysis, wearable sensors,
learning management systems, mobile applications, and
artificial intelligence can support these tasks. Yet
technology can also reduce activity time, distract
learners, widen access inequalities, or generate data that
teachers cannot convert into useful feedback. The
relevant professional question is therefore not whether a
PE teacher uses technology, but whether the teacher can
integrate it in ways that improve instruction.

Digital teaching competence is more specific than
general digital literacy. It includes the professional

educators' competence around professional engagement,
digital resources, teaching and learning, assessment,
learner empowerment, and the facilitation of learners'
digital competence (Redecker, 2017). The Higher
Education Digital Competence framework similarly
emphasizes teaching practice, student empowerment,
professional  digital  literacy, and  continuing
development (Tondeur et al., 2023). These dimensions
are highly relevant to PE but must be interpreted
through the demands of movement learning.

The focal outcome in this article is teaching
performance, defined as the quality with which teachers
enact instructional responsibilities. In PE, it includes
lesson preparation, communication of objectives,
demonstration,  organization, safety management,
differentiation, feedback, assessment, and reflection.
SETEQ-PE was developed to represent this
multidimensional domain (Kyrgiridis et al., 2014), and
subsequent research has applied it to in-service PE
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teachers (Rojo-Ramos et al., 2023). Teaching
performance is thus broader than technology-use
frequency and closer to actual instructional practice than
general job performance.

Existing evidence suggests that digital competence
can support teaching quality, but studies often use
overlapping constructs and focus on school teachers,
preservice teachers, or general university faculty.
Direct-effect models also do not explain why capability
becomes sustained instructional action. This article,
therefore, proposes teacher work engagement as a
mediating mechanism. Work engagement is a positive
work-related state characterized by vigor, dedication,
and absorption (Schaufeli et al., 2006). Competence can
reduce avoidable effort, increase control over digital
tasks, and make innovation more meaningful;
engagement can then support persistence, attention, and
instructional follow-through.

The model integrates Technological Pedagogical
Content Knowledge (TPACK) with Job Demands-
Resources (JD-R) theory and is situated in Henan
Province, China. Henan has a large and diverse higher
education system, while provincial policy calls for
artificial intelligence to be integrated into teaching,
resources, assessment, and management (Henan
Provincial Department of Education, 2025). Policy
expectations nevertheless produce instructional value
only when teachers possess pedagogically grounded
competence and supportive working conditions. By
focusing on one antecedent, one mechanism, and one
outcome, the article offers a concise framework suitable
for empirical testing and professional development.

2 CONCEPTUAL BACKGROUND

2.1. Digital teaching competence in university
physical education

Digital teaching competence is defined here as a
university PE teacher's capacity to select, create,
integrate, evaluate, and ethically govern digital
technologies in accordance with PE content,
pedagogical purposes, learner characteristics, and
instructional context. This definition has four
boundaries. First, it is professional rather than merely
technical: operating a camera, platform, or wearable
does not demonstrate an ability to improve learning.
Second, it is enacted in planning, instruction, feedback,
assessment, or reflection rather than being limited to
declarative knowledge. Third, it is contextual because
the value of a tool depends on content, facilities, class
size, student needs, safety, and the phase of learning.
Fourth, it is developmental because technologies and
ethical expectations continue to change.

The definition is consistent with TPACK, which
treats effective technology integration as the interaction
of technological, pedagogical, and content knowledge
(Mishra & Koehler, 2006), and with broader teacher
digital competence  frameworks that include
professional, personal, pedagogical, and ethical
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capacities (Falloon, 2020). In PE, the integration is
readily observable. Slow-motion video has limited value
if it hides the critical movement feature, is shown
without an interpretive cue, or occupies time that should
be spent practicing. The same tool becomes useful when
a teacher records from an appropriate angle, connects
the image to a concise cue, guides self-assessment, and
returns students quickly to purposeful practice.
Wearables may support load management, but their
metrics must be valid, interpreted cautiously, and
communicated without stigmatizing students. Al can
help generate differentiated tasks, but the teacher
remains responsible for accuracy, accessibility, privacy,
and safety.

PE research shows both opportunity and uneven
readiness. Teachers and students recognize potential
benefits  while  reporting limited competence,
insufficient support, distraction, and classroom-
management concerns (Wallace et al., 2023). Reviews
similarly identify knowledge, time, technical reliability,
equity, and sustainable implementation as persistent
issues (@sterlie et al., 2025). Chinese in-service PE
teachers have reported relatively strong teaching
efficacy but only moderate technology self-efficacy
(Song & Cheong, 2024). A recent PE-specific digital
literacy scale for Chinese teachers identified
instructional design, resource integration, assessment
and feedback, interaction and empowerment, and
professional development as central dimensions (Wang
et al., 2026). These findings support measuring
competence through PE-specific instructional work
rather than generic tool use.

Table 1 summarizes six operational domains. They
represent related capabilities and should not be treated
as a checklist requiring technology in every lesson.

Table 1. Operational domains of digital teaching
competence in university physical education

. PE-specific Instructional
Domain
enactment relevance
Digital Supports

communication,

Professional .
collaboration,

coordination,

engagement : reflection, and
resource sharing, and .
. . access to expertise
professional learning
Selecting, creating,
adapting, and Improves fit
Digital organizing video, among content,
resources platform, sensor, learners, and
mobile, or Al- facilities
supported materials
Integratmg_tools into Supports clear
. demonstration, : .
Teaching . instruction and
.| practice, .
and learning . adaptive task
collaboration, and desian
differentiation g
Assessment | Collecting and Strengthens
and interpreting evidence | formative



. PE-specific Instructional

Domain
enactment relevance

feedback and providing assessment and
timely, specific error correction
feedback
Improving

Learner acce_ss_|b|I_|ty, Supports inclusion
participation,

empowerme and self-regulated

nt autonomy, and learnin
responsible student g
use
Protecting privacy,

. checking accuracy,
Ethics, managing distraction Prevents harmful
safety, and ) or performative
. and risk, and

reflection L technology use

reviewing

instructional value

2.2. Teaching performance and work engagement

Teaching performance concerns what teachers
accomplish through instructional behavior, not simply
what they know or believe. In university PE,
performance is demonstrated when teachers translate
objectives and content into coherent lessons, organize
time and space, communicate clearly, model skills,
maintain safety, differentiate practice, monitor learning,
provide feedback, and assess progress. It should not be
equated with student fitness scores, competitive success,
or visually sophisticated digital materials because these
indicators are influenced by factors beyond the teacher's
immediate control.

SETEQ-PE provides a wuseful measurement
foundation through dimensions such as content
application, learning environment, and teaching.ng
strategies, lesson implementation, technology use, and
assessment (Kyrgiridis et al., 2014). For the present
model, however, predictor and outcome must remain
distinct. Technology-use items embedded in a
performance scale could inflate the association with
digital teaching competence. A focused measure should
therefore assess preparation, communication,
organization, differentiation, safety, feedback, and
assessment while excluding items that merely repeat
digital-tool use. Self-report is practical for an initial
survey but should later be supplemented with student
ratings, observation, peer review, or teaching portfolios.

Work engagement offers a motivational bridge
between competence and performance. Vigor refers to
energy and persistence, dedication to significance and
enthusiasm, and absorption to concentrated involvement
(Schaufeli et al., 2006). These qualities are relevant to
PE because teachers manage movement, equipment,
safety, group organization, and diverse learner
responses simultaneously. Engagement may determine
whether a teacher persists with lesson redesign,
interprets captured evidence, and applies feedback
consistently rather than using a digital tool once and
abandoning it.
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3 THEORY AND HYPOTHESES
Figure 1 summarizes the proposed direct and
mediated relationships.

Hi Diract offact

| I

Teaching
Performance

PREDICTOR o MEDIATOR o
Digital Teaching Teacher Work
Competence Engagement

Hd Indirect effect threugh teacher work engagement

Figure 1. Conceptual framework linking digital
teaching competence, teacher work engagement, and
teaching performance. H4 denotes the indirect effect

through teacher work engagement.

3.1. TPACK and
relationship
TPACK explains why digital teaching competence

should improve performance. Technological knowledge

concerns the possibilities and limitations of tools;
pedagogical knowledge concerns task progression,
feedback, differentiation, interaction, and assessment;
content knowledge concerns movement principles,
tactics, health concepts, training, and safety.

Competence is demonstrated when these forms of

knowledge guide a coordinated instructional decision.

Technical skill alone should therefore have an

inconsistent relationship with performance: a teacher

may operate an application but lack the pedagogical
judgment to determine when it adds value or the content
knowledge to interpret its output.

Digital teaching competence can improve
performance through four main processes. First, it
supports instructional design by helping teachers select
resources that fit objectives and decide when technology
should precede, accompany, or follow physical practice.
Second, it improves representation by making timing,
sequence, and spatial relations visible when direct
demonstration is insufficient. Third, it strengthens
formative assessment by enabling teachers to capture

the competence-performance

evidence, identify patterns, and provide specific
feedback. Fourth, it supports differentiation and
inclusion  through  alternative  representations,

individualized cues, and flexible communication.
Evidence from higher education supports the
expected direction. Digital competence has been linked
with task-technology fit, system use, and performance
(Hizam et al., 2021). University teachers' digital
teaching skills have also been associated with teaching
quality through instructional interaction and student
motivation (Zhang & Wu, 2025), while TPACK has
been identified as a mechanism connecting Al
competence with teaching performance (Tan et al.,
2025). PE studies continue to report digital competence
as a meaningful professional-development need
(Martinez-Rico et al., 2022; Wallace et al., 2023). The
relationship is conditional on access, support, and
classroom management, but integrated competence



should predict performance more strongly than simple
usage frequency.

H1: Digital teaching competence positively predicts
teaching performance among university physical
education teachers.

3.2. Digital teaching competence and work
engagement

JD-R theory distinguishes job demands that require
sustained effort from job and personal resources that
help employees achieve goals, manage demands, and
develop professionally. Resources stimulate work
engagement, which can improve performance (Bakker
et al., 2023). Digital transformation produces demands
through new platforms, data requirements, privacy
concerns, rapidly changing tools, and expectations of
continuous availability. Competence changes how
teachers experience these demands. A competent
teacher can identify suitable tools more quickly,
anticipate problems, create reusable resources, interpret
evidence, and recover when technology fails.
Competence may therefore function as a personal
resource by increasing control and reducing avoidable
effort.

Competence may also strengthen professional
meaning. Teachers are more likely to invest in digital
innovation when it supports their identity as PE
educators rather than appearing as compliance with a
generic initiative. Using video to improve movement
awareness or data to regulate workload connects
technology with an immediate educational purpose.
Successful integration also creates mastery experiences
that make later experimentation less threatening.

Evidence from Chinese universities supports this
pathway. Sang et al. (2023) found that instructors'
digital competence was positively associated with work
engagement and that effort expectancy helped explain
the relationship. The effect may be weaker when
infrastructure is unreliable or institutional expectations
are excessive, but the parsimonious model first tests the
average association.

H2: Digital teaching competence positively predicts
teacher work engagement among university physical
education teachers.

3.3. Work engagement, teaching performance, and

mediation

Teaching performance requires discretionary effort
beyond minimum task completion. PE teachers must
monitor students continuously, adapt tasks, provide
individualized feedback, and reorganize lessons when
conditions change. Vigor supports active monitoring
and persistence; dedication sustains attention to
instructional goals; and absorption supports careful
interpretation of movement and assessment evidence.
Engaged teachers should consequently demonstrate
stronger preparation, organization, responsiveness, and
follow-through. A weekly study of starting teachers
found that job resources predicted engagement and
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engagement predicted weekly performance (Bakker &
Bal, 2010), consistent with the motivational process
proposed by JD-R theory.

H3: Teacher work engagement positively predicts
teaching performance among university physical
education teachers.

The model also proposes an indirect pathway.
Competence improves the quality of technology-
pedagogy-content decisions, while engagement supplies
the energy and dedication needed to enact those
decisions consistently. A teacher may design an
appropriate digital assessment yet fail to use the
evidence when frustration or low dedication prevents
follow-through. A similarly competent but more
engaged teacher may invest the effort required to
interpret the evidence, provide feedback, and redesign
the next lesson. Some effects of competence are
immediate and cognitive, whereas others depend on
motivational investment; partial rather than complete
mediation is therefore expected.

H4: Teacher work engagement partially mediates
the positive relationship between digital teaching
competence and teaching performance.

4 PROPOSED METHODOLOGY

4.1. Design and sampling

An initial test can use a quantitative, cross-
sectional survey of full-time PE teachers in regular
undergraduate, vocational undergraduate, and
higher vocational institutions in Henan Province.
Administrators without teaching duties, part-time
teachers, and teachers outside PE should be
excluded. Because a complete list of individual
teachers may be unavailable, institutions can be
sampled as clusters, and all eligible PE teachers
within selected institutions invited. Provincial
statistics indicate approximately 5,290 full-time PE
teachers (Henan Provincial Bureau of Statistics,
2024). Using Cochran's (1977) assumptions and
finite-population correction gives a minimum of
near 359 valid responses; inviting at least 450
teachers allows for nonresponse and unusable
cases.

A cross-sectional design is suitable for testing
associations and an indirect effect at an early stage,
but it cannot establish temporal order. Any
findings should be described as consistent with the
theoretical model rather than proof of causality. A
later time-lagged study could measure competence
first, engagement second, and teaching
performance from another source third.



4.2. Measures and instrument development

Digital teaching competence can be assessed with
approximately 14 items adapted from DigCompEdu
self-assessment work, higher education frameworks,
and PE-specific evidence (Ghomi & Redecker, 2019;
Redecker, 2017; Tondeur et al., 2023; Wang et al.,
2026). Items should cover professional engagement,
resource selection and creation, lesson integration,
movement demonstration, collaborative learning, digital
assessment, accessibility, participation, and responsible
use. The six domains may form competence rather than
reflect interchangeable manifestations of one trait;
theory and preliminary factor analysis should therefore
guide whether a higher-order or composite specification
is more appropriate.

Work engagement can be assessed with six items
adapted from the short Utrecht Work Engagement
Scale, representing vigor, dedication, and absorption
(Schaufeli et al., 2006). Teaching performance can be
assessed with approximately 12 items adapted from
SETEQ-PE and subsequent applications (Kyrgiridis et
al., 2014; Rojo-Ramos et al., 2023). Items should cover
planning, objectives, demonstration, differentiation,
safety, communication, student-centered methods, and
assessment, while excluding direct measures of
technology use.

All items can use a five-point agreement scale.
When Chinese and English versions are required,
translation and back-translation should be followed by
expert review for content relevance, clarity, and
contextual fit. A pretest with about 30 PE teachers can
identify —ambiguous language and  unrealistic
assumptions. Table 2 summarizes the measurement
plan.

Table 2. Proposed measurement plan

Construct Proposed | Source Main validity
indicators | basis concern
Redecker
(2017).; Distinguish
Ghomi and | .
. About 14 integrated
Digital - Redecker .
. items ) teaching
teaching . (2019);
competence across Six | oo competence from
domains " | basic tool use and
al. (2023); erformance
Wanget P
al. (2026)
6 items Compare
Teacher \(i(i)v(()arrlng Schaufeli | plausible factor
work de%ic’ation etal. structures and
engagement and ' 1 (2006) avoid content
absorption redundancy
About 12 Kyrgiridis | Remove
Teachin PE-specific | etal. technology-use
performgnce instructiona | (2014); overlap and later

I behavior | Rojo-
items Ramos et

supplement self-
report
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Proposed | Source Main validity
Construct . .
indicators | basis concern
al. (2023)

4.3. Data collection and analysis

Ethics approval and institutional permission should
be obtained before recruitment. The questionnaire
should state the purpose, inclusion criteria, completion
time, voluntary nature of participation, confidentiality,
and withdrawal rights. No direct identifiers should be
collected. Institutional contacts may distribute the
survey but should not know who participates or access
individual responses. Duplicate records, implausible
completion times, and invariant patterns should be
screened using preregistered rules.

Analysis should begin with confirmatory factor
analysis. Reliability can be assessed through Cronbach's
alpha and composite reliability; convergent validity
through standardized loadings and average variance
extracted; and discriminant validity through construct
correlations, the Fornell-Larcker criterion, and the
heterotrait-monotrait ratio where available (Fornell &
Larcker, 1981). Model evaluation should use several fit
indices, including chi-square/degrees of freedom,
comparative fit index, Tucker-Lewis index, root mean
square error of approximation, and standardized root
mean square residual (Kline, 2023).

The structural model should estimate the three
direct paths and the indirect path. Bias-corrected
bootstrapping with 5,000 resamples can provide a 95%
confidence interval for the indirect effect. Direct,
indirect, and total effects should be reported with
standardized coefficients and uncertainty intervals.
Demographic controls should be included only when
theory justifies their connection with the outcome.

Common-method  variance requires attention
because all constructs may be collected from one
respondent. Procedural remedies should include
anonymity, neutral wording, separation of predictor and
outcome sections, and assurance that there are no
correct answers. Statistical checks cannot substitute for
a stronger design (Podsakoff et al., 2003). Future studies

should combine teacher-rated competence and
engagement with student-rated or observer-rated
performance.

5 DISCUSSION AND IMPLICATIONS

The model makes a focused claim: digital teaching
competence should be associated with stronger teaching
performance because it improves pedagogical decision
quality and strengthens work engagement. This claim
avoids technological determinism. More devices, more
data, or more frequent platform use do not necessarily
improve instruction. The decisive issue is whether
teachers can integrate technology with PE content,
pedagogy, assessment, inclusion, ethics, and reflection.
The first contribution is construct clarity. Digital
teaching competence is more applied than general



digital literacy and more directly measurable than the
full TPACK knowledge architecture. Its PE-specific
enactment includes movement demonstration, practice
guidance, motor assessment, safety, and protection of
active learning time. Separating competence from
teaching performance also reduces conceptual and
measurement overlap.

The second contribution is the integration of
capability and motivation. TPACK explains how
competence improves instructional decisions; JD-R
theory explains why competence may increase the
energy and dedication required to implement them.
Work engagement provides explanatory depth without
adding many loosely connected variables. The model
also creates a practical diagnostic distinction: low
competence calls for training and coached practice,
whereas adequate competence combined with low
engagement points toward workload, autonomy,
recognition, infrastructure, or support.

Professional development should therefore begin
with authentic instructional problems rather than
software demonstrations. A useful cycle is to identify a
PE learning challenge, select a pedagogical strategy,
evaluate digital support, design a brief application, enact
it, collect evidence, and reflect with peers. Examples
include using slow-motion video to improve a specific
cue, designing a low-burden formative assessment, or
checking Al-generated task variations for accuracy and
safety. This approach builds integrated competence and
produces mastery experiences that can strengthen
engagement.

Institutions must also treat time, technical
assistance, governance, and access as teaching-quality
resources. Teachers cannot translate competence into
performance when networks are unreliable, platforms
are imposed without consultation, privacy rules are
unclear, or innovation adds invisible labor. Peer
mentoring, shared resource libraries, protected
development time, and responsive technical support can
reduce demands and increase the instructional return on
competence. Evaluation systems should reward
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7 CONCLUSION

Digital teaching competence is a professional
resource for university PE teachers only when
technology is used with pedagogical and disciplinary
judgment. Integrating TPACK with JD-R theory
explains how competence may improve teaching
performance directly through better instructional
decisions and indirectly through stronger work
engagement. The four-hypothesis model and proposed
methodology provide a concise basis for research in
Henan and comparable higher education contexts. For
practice, institutions should develop competence
through authentic PE problems and create conditions in
which teachers can translate capability into safe,
responsive, and effective instruction.
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