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ABSTRACT

Hybrid learning has become increasingly relevant in vocational education, yet limited
evidence explains how students’ perceptions of its implementation relate to their
interest in learning physics. This study examined the relationship between perceived
hybrid learning implementation and physics learning interest among vocational high
school students. A quantitative cross-sectional correlational design was employed
involving 59 tenth-grade students from three purposively selected classes at UPT
SMK Negeri 2 Pinrang, South Sulawesi, Indonesia. Data were collected using a 27-
item perceived hybrid learning implementation questionnaire, a 16-item physics
learning interest questionnaire, and classroom observations as supporting evidence.
Questionnaire data were analyzed using descriptive statistics and simple linear
regression. Students’ perceived hybrid learning implementation scores ranged from
49 to 97 (M = 70.56, SD = 8.03), while physics learning interest scores ranged from
30 to 56 (M = 43.34, SD = 5.77). Classroom observations indicated relatively
consistent hybrid-learning implementation across the three classes, although
patterns of student participation varied. Regression analysis revealed a significant
positive relationship between perceived hybrid learning implementation and physics
learning interest, B = .284, SE = .087, B = .396, {(57) = 3.251, p = .002, accounting
for approximately 15.7% of the variance in learning interest. These findings suggest
that students who perceive hybrid learning more positively tend to report greater
interest in physics. However, given the cross-sectional design, the relationship should
be interpreted as associative rather than causal.
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Learning interest is an important motivational-affective factor that directs students'
attention, sustains their engagement, and encourages continued participation in learning
activities. The four-phase model of interest development proposes that interest may
begin as situational interest triggered by features of the learning environment and, when
adequately supported, develop into more enduring forms of individual interest (Hidi &
Renninger, 2006). This process is particularly relevant to physics education because
students are expected to engage with abstract concepts, mathematical representations,
and scientific phenomena whose relevance may not always be immediately apparent.
Contextual relevance and meaningful learning experiences are therefore important for
fostering students' interest in science (Potvin & Hasni, 2014). More recent evidence from
physics classrooms further shows that instruction connected to students' interests and
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perceived relevance can strengthen situational interest and reduce behavioral
disengagement (Brakhage et al., 2023).

Digital technologies provide additional possibilities for creating such varied and
meaningful learning experiences. One increasingly established approach is the
purposeful integration of face-to-face instruction with online learning activities, digital
resources, and technology-mediated interaction. Although the literature commonly uses
the term blended learning for this configuration, the present study uses hybrid learning
to refer to the integration of face-to-face and online learning within the same physics
course. lts pedagogical value lies not simply in using technology but in connecting the
two learning modes in ways that extend access to resources, interaction, feedback, and
opportunities for active learning (Garrison & Kanuka, 2004; Graham, 2006).
Contemporary reviews reinforce this distinction. A systematic review of school-based
digital learning found that blended approaches generally produced more favorable
outcomes than fully online instruction, although their effectiveness varied across learning
conditions (Topping et al., 2022). Similarly, a recent meta-analysis of 133 studies
involving 18,464 participants found an overall positive effect of blended learning on
student performance, while also showing that teaching methods, the proportion of online
learning, and forms of online interaction moderated its effectiveness (Yu et al., 2025).

These findings suggest that the presence of online and face-to-face components
alone is insufficient to characterize an effective hybrid learning environment. What
matters is how these components are organized and experienced by learners. A recent
systematic review found positive relationships between blended-learning environments
and academic, behavioral, cognitive, and affective engagement, while also emphasizing
the importance of interaction, learning communities, peer involvement, and active
instructional design (De Bruijn-Smolders & Prinsen, 2024). Students' perceptions are
therefore relevant because learners participating in the same instructional arrangement
may differ in how they experience teacher support, interaction, accessibility, integration,
and opportunities to participate. Evidence from blended-learning environments also
indicates that perceived teaching presence can contribute to students' autonomous
motivation through the satisfaction of their needs for autonomy, competence, and
relatedness (Adam et al., 2023). Consequently, examining perceived hybrid learning
implementation provides a more learner-centered perspective than simply classifying a
course as hybrid or non-hybrid.

This issue is especially important in physics education. Online components can
provide simulations, videos of physical phenomena, worked examples, digital
assignments, and asynchronous access to learning resources, whereas face-to-face
sessions can provide opportunities for experiments, problem solving, conceptual
discussion, and immediate feedback. However, these affordances do not automatically
generate stronger engagement or interest. Hybrid learning environments can also create
problems related to workload, technological access, weak interaction, or poorly
coordinated learning activities. In vocational education and training contexts, for
example, collaborative activities, technology integration, assessment, and feedback
have been associated with students' attitudes, satisfaction, and motivation, while poorly
designed learning arrangements may contribute to overload or disengagement
(Radovan & Makovec Radovan, 2024). Thus, the potential of hybrid learning depends
on whether technological and pedagogical elements are integrated in ways that make
the learning experience meaningful to students.

The vocational-school context adds another important dimension. Unlike general
academic programs, vocational education is expected to connect conceptual knowledge
with occupational competencies, practical activities, and the demands of students' fields
of specialization. A recent systematic review of blended learning in vocational education
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identified student engagement, motivation, satisfaction, pedagogical design,
technological conditions, and learner-centered support as central issues in effective
implementation (Song & Lai, 2025). In Indonesia, Wahjusaputri et al. (2024) similarly
demonstrated the potential of a hybrid teaching-factory model that combined online and
face-to-face learning in vocational high schools, particularly by providing varied
opportunities for interaction, discussion, and active participation. These findings indicate
that hybrid learning in vocational education needs to do more than provide digital access;
it should also connect learning activities with the practical and disciplinary experiences
relevant to vocational students.

Indonesian physics-education research provides additional evidence for the
potential of this approach. Yunita et al. (2021) found that blended learning combined with
practical activities produced greater gains in physics learning outcomes among
vocational-school students than the comparison condition. In another secondary-school
physics study, Dewanda and Dwikoranto (2022) reported favorable learning-interest
outcomes when guided inquiry was implemented through blended learning. Together,
these studies suggest that integrating online and face-to-face activities can support
physics learning and that learning interest can be responsive to the instructional
environment. Nevertheless, these Indonesian studies primarily evaluated blended
learning as part of an instructional intervention and focused on outcomes such as
achievement or post-intervention interest. They provide less evidence about whether
differences in students' perceptions of how hybrid learning is implemented are
associated with differences in their physics learning interest, particularly among
vocational high school students.

This distinction represents an important empirical gap. Recent international
research has increasingly emphasized that blended-learning outcomes depend on
instructional design, interaction, learner experience, and the quality of integration
between online and face-to-face components rather than on technology use alone.
Research in vocational education likewise highlights the importance of engagement and
learner-centered implementation (Song & Lai, 2025). However, the intersection of these
issues remains insufficiently examined in vocational high school physics: existing
evidence says relatively little about whether students who perceive hybrid learning as
more positively implemented also report stronger interest in learning physics. Examining
this relationship is relevant because students within the same hybrid-learning context
may not experience its integration, resources, interaction, and support in the same way.
Understanding this variation can contribute to a more nuanced evaluation of hybrid
learning and provide evidence for designing physics instruction that is responsive to the
characteristics of vocational learners.

Accordingly, this study examined the relationship between perceived hybrid
learning implementation and physics learning interest among vocational high school
students. Specifically, it aimed to (1) describe students' perceptions of hybrid learning
implementation in physics instruction, (2) describe their physics learning interest, and (3)
determine whether perceived hybrid learning implementation was significantly related to
physics learning interest. Consistent with the correlational design, the study did not
assume a causal relationship between the two constructs. It was hypothesized that
students reporting more positive perceptions of hybrid learning implementation would
also report higher levels of physics learning interest.

2. Method

2.1. Research Design and Participants
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This study employed a quantitative cross-sectional correlational design to examine
the relationship between students’ perceived hybrid learning implementation and their
interest in learning physics. The study was conducted during the even semester of the
2024/2025 academic year at UPT SMK Negeri 2 Pinrang, South Sulawesi, Indonesia.
The variables were measured after hybrid learning had been implemented as part of the
students’ regular physics instruction; no instructional treatment was assigned or
manipulated by the researchers. Accordingly, the design was intended to identify the
direction and magnitude of the relationship between the two variables rather than to
establish a causal effect.

The target population consisted of 342 tenth-grade students distributed across 14
classes and six vocational programs. The final sample comprised 59 students from three
intact classes: X Agribisnis Perikanan 1, X Agribisnis Perikanan 2, and X Pengembangan
Perangkat Lunak dan Gim 2. The classes were purposively selected because hybrid
learning had been implemented in their physics instruction. Because the sample was
drawn from three classes within a single vocational high school using nonprobability
sampling, the findings are interpreted within this specific educational context and should
not be generalized beyond comparable settings without caution.

Hybrid physics instruction combined face-to-face classroom activities with digitally
supported learning. Face-to-face sessions were used to communicate learning
objectives, explain physics content, and facilitate interaction, while digital platforms and
learning resources were used to reinforce concepts and support subsequent learning
activities. Classroom records indicated that students participated in teacher explanation,
group discussion, digital tasks, use of visual learning materials, and access to additional
online resources. This instructional setting provided the context in which students
evaluated their experiences of hybrid learning.

2.2. Instruments and Data Collection

Two questionnaires were used to obtain the individual-level data for the main
analysis. Perceived hybrid learning implementation was measured using a 27-item
questionnaire covering students’ experiences with online learning resources,
participation in online and face-to-face activities, focus, comprehension, enjoyment, and
integration of the two learning modes. Physics learning interest was measured using a
16-item questionnaire addressing attention, enjoyment, participation, persistence,
information seeking, and willingness to engage in physics learning. Both instruments
used a four-point Likert-type response format. Negatively worded items were reverse-
coded before total scores were calculated so that higher scores consistently represented
more positive perceptions of hybrid learning implementation or stronger physics learning
interest.

Before their use in the main study, questionnaire items were subjected to item
analysis using Pearson product-moment correlations, while internal consistency was
assessed using Cronbach’s alpha. The questionnaires were subsequently administered
to the 59 participating students after they had experienced hybrid physics instruction,
and individual total scores were used in the statistical analysis.

Classroom observation was used as a complementary source of evidence
regarding the implementation of hybrid learning. The observation sheet documented
students’ attention, activeness, engagement in learning activities, digital skills, and ability
to relate learning materials to contextual or everyday situations. Observations were
conducted across the three participating classes and summarized at the class level. The
records showed variation in participation and use of digital resources while also
indicating a broadly comparable hybrid-learning structure across classes. The
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observation data were used only to contextualize the questionnaire findings and were
not included as variables in the regression model.

2.3. Data Analysis

Questionnaire data were coded and analyzed using IBM SPSS Statistics version
23. Descriptive statistics were first calculated for both main variables, including the
number of participants, minimum and maximum scores, means, and standard deviations.
Observation scores were analyzed separately at the class level using minimum,
maximum, mean, and standard deviation values.

Because the primary aim of the study was to examine the relationship between
perceived hybrid learning implementation and physics learning interest, both
questionnaire variables were treated as continuous measures. Before conducting the
regression analysis, the normality of the regression residuals was examined using the
one-sample Kolmogorov—Smirnov test. Normality was assessed using the
unstandardized residuals, and a significance value greater than .05 was interpreted as
indicating no statistically significant departure from normality.

Simple linear regression was then conducted with physics learning interest as the
dependent variable and perceived hybrid learning implementation as the predictor.
Statistical significance was evaluated at a = .05. The analysis reported the
unstandardized regression coefficient (B), standard error (SE), standardized regression
coefficient (B), t statistic, p value, and 95% confidence interval. The regression equation
was used to estimate changes in physics learning interest associated with differences in
perceived hybrid learning implementation, while the coefficient of determination (R?) was
used to indicate the proportion of variance in physics learning interest accounted for by
the predictor. Given the cross-sectional correlational design, all regression results were
interpreted as statistical associations rather than causal effects.

3. Results

Descriptive analysis was conducted on data from 59 vocational high school
students. As presented in Table 1, perceived hybrid learning implementation scores
ranged from 49 to 97, with a mean of 70.56 (SD = 8.03). Physics learning interest scores
ranged from 30 to 56, with a mean of 43.34 (SD = 5.77). The dispersion of scores
indicates meaningful variability in both variables, allowing differences in students’
perceptions of hybrid learning implementation to be examined in relation to differences
in their physics learning interest.

Table 1. Descriptive Statistics of the Study Variables

Variable N Minimum Maximum M SD
Perceived hybrid learning 59 49.00 97.00 70.56 8.03
implementation

Physics learning interest 59 30.00 56.00 43.34 5.77

Note. M = mean; SD = standard deviation.

The descriptive results show that students did not perceive hybrid learning
implementation uniformly. Scores were distributed across a relatively broad range,
suggesting differences in how students experienced the combination of face-to-face
instruction, digital learning resources, and online activities. Physics learning interest also
varied across participants, indicating that students reported different levels of interest in
learning physics.
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Classroom observations provided additional information about how hybrid learning
was implemented across the three participating classes. The observation records
showed that face-to-face explanations were combined with digital resources and online
learning activities. In Class X Agribisnis Perikanan 1, most students attended to the
teacher’s explanations, although active participation was concentrated among several
students. In Class X Agribisnis Perikanan 2, participation was more varied, particularly
during group discussions and digital tasks, while students appeared more responsive
when visual media and contextual examples were used. In Class X Pengembangan
Perangkat Lunak dan Gim 2, students showed relatively active participation in
questioning, discussion, and the use of additional digital learning resources.

The observation scores across the three classes ranged from 75 to 78, with a mean
of 76.33 and a standard deviation of 1.53 (Table 2). The narrow range indicates relatively
limited variation in the overall observed implementation of hybrid learning across the
three classes, although differences in patterns of student participation were evident from
the observation records.

Table 2. Summary of Classroom Observations of Hybrid Learning Implementation

Statistic Value
Number of classes observed 3
Minimum score 75
Maximum score 78
Mean 76.33
SD 1.53

Note. Observation scores summarize the implementation of hybrid learning across the
three participating classes.

Taken together, the questionnaire and observation findings provide
complementary information. The classroom observations indicate that a broadly
comparable hybrid-learning structure was implemented across the three classes,
whereas the wider variation in student questionnaire scores suggests that students
differed in how they perceived and experienced that implementation. This distinction
supports the use of perceived hybrid learning implementation as the predictor
examined in the subsequent analysis.

Before testing the relationship between the two variables, the normality of the
regression residuals was examined. The one-sample Kolmogorov—-Smirnov test
conducted on the unstandardized residuals yielded D = .109, p = .078. Because the
result was not statistically significant, no significant departure from normality was
detected, supporting the use of linear regression for the available data.

Simple linear regression was then used to examine the relationship between
perceived hybrid learning implementation and physics learning interest. The results are
presented in Table 3.

Table 3. Simple Linear Regression Predicting Physics Learning Interest

Predictor B SE B t p 95%ClforB
Constant 23.301 6.202 — 3.757 <.001 —
Perceived hybrid 284 .087 .396 3.251 .002 [.110, .458]

learning implementation
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Note. Dependent variable = physics learning interest; N = 59. B = unstandardized
regression coefficient; SE = standard error; B = standardized regression coefficient; Cl =
confidence interval.

Perceived hybrid learning implementation was positively and statistically
significantly associated with physics learning interest, B = .284, SE = .087, 3 = .396, #(57)
= 3.251, p = .002. The positive coefficient indicates that students who reported more
favorable perceptions of hybrid learning implementation also tended to report higher
levels of physics learning interest. Specifically, a one-point increase in the perceived
hybrid learning implementation score was associated with an estimated 0.284-point
increase in the predicted physics learning interest score.

The regression equation was:

Y = 23.301 + 0.284X

where Y represents physics learning interest and X represents perceived hybrid learning
implementation. The standardized coefficient (8 = .396) indicates a moderate positive
relationship between the two variables. For this single-predictor model, the
corresponding proportion of variance accounted for was approximately 15.7% (R? =
.157). Thus, perceived hybrid learning implementation showed a meaningful statistical
relationship with physics learning interest, while most of the variation in students’ interest
remained associated with factors outside the present model.

4. Discussion
4.1. Perceived Hybrid Learning Implementation in Vocational Physics Learning

The findings show that students varied considerably in how they perceived the
implementation of hybrid learning, even though classroom observations indicated
relatively limited variation in the overall implementation across the three participating
classes. The observation scores ranged from 75 to 78, whereas students' perceived
hybrid learning implementation scores ranged much more widely from 49 to 97. This
difference is important because it suggests that exposure to a broadly similar
instructional arrangement does not necessarily result in the same learning experience
for every student. In a blended environment, students may perceive access to resources,
interaction, instructional support, and opportunities for participation differently even when
they participate in the same general learning structure.

This interpretation is consistent with ElSayad (2024), who found that students'
perceptions of learning in blended environments are associated with academic self-
efficacy, student—student interaction, student-teacher interaction, and metacognitive
self-regulation. These findings emphasize that students are active participants in
constructing their experiences of blended learning rather than passive recipients of a
uniform instructional model. In vocational education, this issue may be even more
important because online learning needs to accommodate practical and competency-
oriented activities. Resmiaty et al. (2021), for example, showed that the implementation
of blended learning in vocational education needs to consider students' learning
conditions, technological access, and difficulties associated with practical subject matter.

The classroom observation records in the present study provide contextual support
for this interpretation. Students in X Agribisnis Perikanan 1 generally followed classroom
explanations, although active participation was concentrated among some students. In
X Agribisnis Perikanan 2, participation was more varied, particularly during group
discussion and digital tasks, while students appeared more responsive when visual
media and contextual examples were used. Students in X Pengembangan Perangkat
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Lunak dan Gim 2 showed comparatively active questioning, discussion, and use of
supplementary digital learning resources. These observations should not be interpreted
as statistically established differences between classes, but they illustrate how patterns
of participation may differ within a broadly comparable hybrid-learning structure.

The distinction between observed implementation and student perception
therefore strengthens the conceptualization adopted in this study. What is measured by
the questionnaire is not simply whether hybrid learning occurred, but how positively
students perceived its implementation. This learner-centered perspective is more
informative than treating hybrid learning as a binary condition because it acknowledges
that instructional arrangements may be experienced differently by individual students.

4.2. Physics Learning Interest in the Hybrid Learning Context

The descriptive results also revealed meaningful variation in physics learning
interest, with scores ranging from 30 to 56. Such variation is theoretically plausible
because learning interest is not determined solely by stable personal characteristics; it
can also be influenced by features of the learning environment. Hidi and Renninger's
(2006) interest-development framework proposes that situational interest may be
triggered by environmental conditions and maintained when learners repeatedly
encounter meaningful and engaging experiences. In physics education, this is
particularly relevant because abstract concepts may become more engaging when
students can connect them with observable phenomena, practical applications, or
personally meaningful contexts.

Recent evidence supports this interpretation. Brakhage et al. (2023) demonstrated
in a classroom-based physics study that instructional approaches designed around
students' interests and perceived relevance can foster situational interest and reduce
behavioral disengagement. The present observation records similarly indicate that
students appeared more responsive when learning materials were presented through
visual media and contextual examples. Although the current study did not experimentally
test these particular instructional features, the observational evidence suggests that
contextualization and representation may be relevant features of students' hybrid physics
experiences.

Evidence from Indonesia provides further contextual support. Dewanda and
Dwikoranto (2022) examined guided inquiry supported by blended learning in secondary-
school physics and reported favorable outcomes for students' learning interest. Their
intervention design differs from the correlational approach employed here, so the two
studies should not be treated as directly equivalent. Nevertheless, both indicate that
students' interest in physics is meaningfully connected with the instructional
environments through which physics is experienced.

The present study adds a somewhat different perspective. Rather than asking
whether a particular blended-learning intervention increases interest, it examines
variation among students already learning within a hybrid environment. The results
therefore suggest that even within the same broad instructional model, students may
report substantially different levels of physics learning interest. This variation provides
an important basis for examining how students' perceptions of the learning environment
relate to their interest.

4.3. Relationship Between Perceived Hybrid Learning Implementation and Physics
Learning Interest

The central finding of this study is the positive and statistically significant
relationship between perceived hybrid learning implementation and physics learning
interest. The standardized regression coefficient (8 = .396) indicates a moderate positive
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association, and the regression model accounted for approximately 15.7% of the
variance in physics learning interest. Students who evaluated the implementation of
hybrid learning more positively therefore tended to report stronger interest in learning
physics.

One possible explanation concerns the motivational conditions created by well-
integrated learning environments. Hybrid learning can extend opportunities for
interaction, access to materials, feedback, flexibility, and participation, but these
opportunities are likely to matter only when students perceive them as meaningful and
supportive. Adam et al. (2023) found that perceived teaching presence in blended-
learning environments contributed to autonomous motivation through students'
satisfaction of needs related to autonomy, competence, and relatedness. From this
perspective, the relationship found in the present study may partly reflect students'
responses to learning environments that provide meaningful guidance while also
allowing greater access and participation.

This interpretation is also compatible with the design perspective proposed by
Marcellis et al. (2024), who emphasize that motivating blended-learning environments
require purposeful integration of online and offline activities that support students'
autonomy, competence, and relationships with teachers and peers. The present study
did not directly measure these psychological mechanisms, so they should be treated as
theoretically plausible explanations rather than demonstrated mediators. Nevertheless,
they help explain why students' perceptions of implementation may be more relevant to
interest than the mere availability of digital technology.

Student engagement provides another possible explanatory pathway. De Bruijn-
Smolders and Prinsen's (2024) systematic review found generally positive effects of
blended-learning interventions on academic, behavioral, cognitive, and affective
engagement. Their review also highlights the importance of active participation and
appropriately designed blended-learning environments. This evidence is consistent with
the present observation records, in which patterns of participation, discussion, use of
digital resources, and responsiveness to visual or contextual material varied across
students and classes. It therefore appears reasonable to interpret students' perceptions
of implementation as reflecting, at least partly, the quality of opportunities they
experienced for engaging with physics learning.

The vocational context makes this relationship particularly significant. Vocational
learning is expected to connect disciplinary knowledge with practical competencies and
occupationally relevant experiences. Song and Lai's (2025) systematic review of
vocational blended learning identified pedagogical design, technological support, learner
characteristics, motivation, satisfaction, and engagement as important elements shaping
the effectiveness of blended environments. Similarly, Jiang et al. (2024) reported
improvements in student presence, motivation, satisfaction, and academic performance
in a blended-learning environment within higher vocational education, with student
presence emerging as an important factor. Although these studies involve different
educational levels and contexts, they reinforce the importance of how vocational
students participate in and experience blended learning.

The magnitude of the present relationship nevertheless requires careful
interpretation. An R? of approximately .157 indicates that perceived hybrid learning
implementation accounted for about 15.7% of the observed variance in physics learning
interest. Consequently, approximately 84.3% of the variance was not accounted for by
this single predictor. This does not invalidate the relationship; rather, it indicates that
students' interest in physics is likely associated with multiple individual, instructional, and
contextual factors. Prior experiences with physics, academic self-efficacy, self-
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regulation, teacher support, peer interaction, perceived task relevance, and access to
technology are among the factors that may contribute to differences in students' interest.

The result should also be interpreted within the limitations of the research design.
Because perceived hybrid learning implementation and physics learning interest were
measured at the same time, temporal direction cannot be established. More positive
perceptions of hybrid learning may be associated with stronger interest, but it is also
possible that students who were already more interested in physics evaluated their
learning experiences more positively. Furthermore, both principal variables were
measured using self-report questionnaires, which may introduce shared method effects.
The findings therefore demonstrate a cross-sectional association rather than a causal
effect. Longitudinal and experimental research will be required to establish whether
changes in the quality of hybrid-learning implementation are followed by changes in
physics learning interest.

4.4. Implications, Limitations, and Directions for Future Research

The findings suggest that efforts to improve hybrid physics learning should focus
on the quality of integration rather than simply increasing the amount of technology used.
Online activities should have a clear pedagogical relationship with face-to-face activities.
Digital resources may be particularly useful for visualization, preparatory learning,
repeated access to materials, and differentiated practice, whereas classroom activities
can provide opportunities for experimentation, discussion, direct feedback, and practical
application. Such integration may be especially relevant in vocational education, where
students are expected to connect conceptual knowledge with occupationally meaningful
tasks.

Indonesian vocational-education research provides useful examples of this
direction. Wahjusaputri et al. (2024) reported that a hybrid teaching-factory approach
offered varied opportunities for interaction and discussion and supported active
participation in vocational learning. More recently, Saputri and Fransisca (2026)
developed adaptive hybrid-learning media combining Android and web platforms for
vocational students and reported highly positive student responses to the learning
environment. These studies reinforce the importance of designing technological
components around students' learning needs and vocational contexts rather than
treating digital media as an additional delivery channel.

The observational findings of the present study point in a similar direction. Students
appeared more responsive when instruction involved visual resources and contextual
examples, while the use of supplementary digital resources was particularly visible
among students in the Software and Game Development class. These patterns suggest
potential areas for instructional development, although the present design cannot
determine whether any particular activity directly produced stronger learning interest.
Future research could therefore examine specific features of hybrid physics instruction,
such as simulation use, contextualized vocational problems, teacher feedback, student
autonomy, and online—face-to-face integration, as separate predictors of interest and
engagement.

Several limitations should guide the interpretation and extension of the findings.
First, the sample consisted of 59 students drawn purposively from three classes within a
single vocational high school, limiting generalizability beyond comparable settings.
Second, students were nested within intact classes, and possible class-level influences
could not be adequately separated with only three classroom clusters. Third, the cross-
sectional design prevents conclusions about causal direction. Fourth, reliance on student
self-report for both principal variables may have contributed to shared method variance.
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Finally, the current model included only one predictor and therefore could not determine
how hybrid-learning perceptions operate alongside other potentially important factors.

Future studies should involve multiple vocational schools and larger samples
representing different vocational programs. Longitudinal research could assess whether
changes in perceived implementation precede changes in learning interest, while quasi-
experimental studies could compare alternative hybrid-learning designs. Future research
should also combine student perceptions with more objective indicators of
implementation, such as classroom observations, learning-platform activity, teacher
reports, and instructional-design measures. Including additional predictors such as
academic self-efficacy, self-regulation, teacher support, perceived vocational relevance,
and prior physics achievement would provide a more comprehensive explanation of
physics learning interest.

Overall, the findings support a learner-centered understanding of hybrid learning
in vocational physics education. A broadly similar hybrid-learning structure was
implemented across the participating classes, yet students differed substantially in how
they perceived that implementation and in their reported physics learning interest. The
moderate positive relationship between the two constructs suggests that the educational
value of hybrid learning depends not only on combining online and face-to-face modes,
but also on how students experience the quality and integration of those modes. This
distinction represents the principal contribution of the present study and provides a useful
direction for improving hybrid physics instruction in vocational-school contexts.

5. Conclusion

This study examined the relationship between perceived hybrid learning
implementation and physics learning interest among vocational high school students.
The findings show that students differed substantially in how they perceived the
implementation of hybrid learning, although classroom observations indicated that the
overall hybrid-learning structure was implemented relatively consistently across the three
participating classes. Students also reported varying levels of interest in learning physics,
indicating that both constructs differed meaningfully among participants.

The regression analysis demonstrated a significant positive relationship between
perceived hybrid learning implementation and physics learning interest, with a moderate
standardized association (f = .396, p = .002). The model accounted for approximately
15.7% of the variance in physics learning interest, indicating that students who perceived
hybrid learning more positively also tended to report stronger interest in learning physics.
However, most of the variance in learning interest remained associated with factors
beyond the present model. The original inferential analysis likewise reported a significant
positive regression coefficient for hybrid learning, B = .284, t = 3.251, p = .002.

These findings highlight the importance of considering students’ experiences of
hybrid learning rather than focusing only on whether online and face-to-face modes are
formally combined. In vocational physics education, the quality of integration,
accessibility of digital resources, opportunities for interaction, contextual relevance, and
alignment with practical learning needs may be especially important for supporting
students’ interest. Nevertheless, because the study used a cross-sectional correlational
design with a purposively selected sample from a single school, the findings should be
interpreted as evidence of association rather than causation.

Future research should involve larger and more diverse vocational-school samples,
include additional predictors of physics learning interest, and employ longitudinal or
quasi-experimental designs to examine whether improvements in hybrid-learning
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implementation are followed by changes in students’ interest over time. Combining
student perceptions with classroom observations, teacher reports, and digital learning-
activity data may also provide a more comprehensive understanding of how hybrid
learning functions in vocational physics education.
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