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Abstract
Background: The use of remote teaching in medical education has increased since the COVID-19 pandemic. However, the
effectiveness of synchronous remote teaching for specific psychomotor components of the neurological examination, such as
tendon reflex assessment, remains underexplored.
Objective: This study aimed to evaluate the short-term effectiveness of synchronous remote teaching compared with
traditional in-person teaching for training medical students in tendon reflex examination skills and related neurological
examination knowledge.
Methods: This quasi-experimental study enrolled 110 fifth-year medical students between August 2022 and April 2024, who
were assigned to either synchronous remote teaching (n=46) or in-person teaching (n=64). The participants completed pre-
and postcourse knowledge tests and an objective structured clinical examination (OSCE) assessing tendon reflex examination
skills. Motivational beliefs related to self-regulated learning and technology acceptance were measured at baseline. Group
differences were analyzed using t tests, Mann-Whitney U tests, and correlational analyses.
Results: Posttest knowledge scores were higher in the synchronous remote teaching group than in the in-person group
(mean difference 0.86, 95% CI 0.21‐1.51; Cohen d=0.50; P=.01), indicating a modest effect size. Both groups demonstra-
ted substantial improvements in tendon reflex OSCE performance; however, the between-group difference in OSCE score
improvement was not statistically significant (mean difference −3.64; 95% CI −9.36 to 2.08; Cohen d=−0.26; P=.21). Within
the synchronous remote teaching group, higher motivational beliefs were positively correlated with OSCE score gains (Pearson
r=0.34; P=.04; n=46), suggesting a potential role of self-regulated learning–related motivational processes. These exploratory
findings should be interpreted with caution.
Conclusions: Under the conditions of this study, synchronous remote teaching was associated with modest improvements
in knowledge outcomes and with OSCE-assessed tendon reflex examination skill gains that were comparable to those of
traditional in-person teaching, without statistically significant between-group differences in psychomotor performance. These
findings do not establish durable skill acquisition and should not be interpreted as evidence of equivalence or superiority of
synchronous remote teaching over in-person instruction. Unlike many prior remote medical education studies that primarily
focused on asynchronous learning or self-reported outcomes, this study incorporated synchronous interactive instruction with
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objective OSCE-based psychomotor assessment. These findings contribute to the emerging literature on synchronous remote
clinical skills education, although future randomized and longitudinal studies are needed to evaluate long-term skill retention
and broader applicability.
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Introduction
The COVID-19 pandemic has accelerated the adoption of
remote teaching in medical education [1-3]. Compared with
traditional face-to-face instruction, remote teaching offers
flexibility by reducing geographical and physical constraints
[4]. It is commonly categorized into asynchronous and
synchronous formats [5]. While asynchronous learning allows
self-paced study, synchronous teaching enables real-time
interaction and feedback, which may be particularly important
for training psychomotor clinical skills [6]. Psychomotor
skills require not only knowledge acquisition but also
supervised practice, immediate feedback, and performance
correction. These requirements present challenges for remote
teaching environments, where the absence of physical
presence may limit instructors’ ability to observe and
guide learners effectively [7]. Neurological examination is
a core clinical competency used to localize lesions and
guide diagnostic reasoning [8]. Many components, such
as tendon reflex assessment, are psychomotor skills that
require precise technique, appropriate force application, and
timing [9]. These skills are therefore highly dependent on
direct observation, guided practice, and feedback, making
them particularly relevant for evaluating the effectiveness of
synchronous remote teaching [10].

Recent studies have further demonstrated that online
and synchronous learning modalities can effectively support
medical education, particularly when interactive elements
are incorporated [11-13]. Synchronous remote teaching
may address some limitations of asynchronous formats by
enabling real-time supervision and interaction [14]. Prior
educational studies have suggested that synchronous online
learning environments may enhance learner engagement
and cognitive participation through immediate interaction
and feedback mechanisms [15]. With video-based plat-
forms, instructors can observe learners’ performance, provide
immediate feedback, and correct errors during skill execution
[16-18]. However, whether such real-time interaction can
translate into objectively measurable improvements in clinical
performance remains unclear. From a theoretical perspective,
learner engagement in synchronous remote environments may
be understood through the technology acceptance model
(TAM) [19], which emphasizes perceived usefulness and
perceived ease of use as key determinants of technology
adoption [20]. Recent bibliometric analyses further suggest
that TAM remains a dominant theoretical framework for
understanding learner engagement and behavioral intention
in contemporary online education environments, particularly
in technology-mediated interactive learning settings [21].
In addition, self-regulated learning (SRL) theory highlights

the role of learners’ active monitoring, goal setting, and
self-efficacy in skill acquisition [22]. Core SRL components
relevant to psychomotor skill acquisition include goal setting,
self-monitoring of performance against criteria, and self-
efficacy, which influences effort, persistence, and respon-
siveness to feedback [23]. These frameworks suggest that
both technological factors and learner-related processes may
influence learning outcomes in remote clinical skills training.

Despite these theoretical considerations, empirical
evidence regarding the effectiveness of synchronous online
teaching for psychomotor clinical skills, particularly in
relation to objectively assessed neurological examination
performance, remains limited and inconsistent [24]. Prior
studies have largely focused on asynchronous learning or
knowledge-based outcomes, with relatively few directly
comparing synchronous remote teaching with traditional
in-person instruction using standardized performance-based
assessments such as objective structured clinical examina-
tions (OSCEs) [25-28]. Evidence specifically addressing
discrete psychomotor tasks, such as tendon reflex exami-
nation, remains particularly scarce. To address this gap,
we conducted a quasi-experimental study to compare the
short-term effectiveness of synchronous remote teaching
and traditional in-person teaching among fifth-year medical
students. The primary outcome was OSCE-assessed tendon
reflex examination performance, and the secondary outcome
was neurological examination knowledge. We hypothesized
that synchronous remote teaching would achieve similar
short-term improvements in both OSCE performance and
knowledge compared with in-person teaching.

Methods
Study Design
This study used a neurological examination course integra-
ted into the physical examination curriculum at a medical
center affiliated with a university in Taipei. This study
used a nonrandomized, open-label, active-control, parallel-
group design with within-participant repeated measurements
(pretest-posttest). Data were collected at the following two
predefined time points: baseline before the course (T0) and
immediately after course completion (T1), with motivation
and technology acceptance measured once at baseline.
Setting
The study was conducted within the neurological examina-
tion curriculum for fifth-year medical students at a univer-
sity-affiliated medical center in Taipei, Taiwan. Participant
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recruitment and data collection were conducted from August
29, 2022, to April 22, 2024.

Participant Recruitment
Fifth-year medical students (clerkship 1) rotating through
internal medicine and neurology were recruited during the
study period. Because the assessments and questionnaires
were embedded within the formal curriculum, participation
was considered quasi-voluntary. The students participated
in the regular basic clinical skills neurological examina-
tion course, with each class including approximately 8‐10
students. Because different clerkship blocks varied in size and
instructional modality across the study period, the number
of participants in each teaching group was not identical.
Students were informed that questionnaire completion was
optional and that declining participation would not affect
course grades, clinical evaluations, or academic standing.
Survey responses were anonymized and deidentified before
analysis.

Inclusion and Exclusion Criteria
Inclusion criteria included fifth-year medical students
enrolled in the neurological examination course during the
study period. Exclusion criteria included inability to complete
the pre- and posttests, failure to complete course procedures,
or missing any major component of the study assessments.
Sample Size and Group Allocation
This study was designed as a pragmatic educational eval-
uation embedded within the existing clerkship curriculum.
Therefore, a formal a priori sample size calculation based on
a prespecified effect size, α level, and statistical power was
not performed. Participant recruitment and group assignment
were determined by cohort availability and the preexisting
teaching schedule during the study period, rather than by
an optimal allocation strategy (eg, Neyman allocation). As
a result, group sizes were unequal between the synchronous
remote teaching and the in-person teaching groups.

Specifically, the control group consisted of students who
received standard in-person teaching as part of the routine
curriculum. The experimental group comprised students from
the same academic year who were additionally invited to
participate in synchronous remote teaching. Both groups
received comparable instructional content and opportunities
for practice and feedback, differing only in the mode of
delivery. As participation in the remote group was based
on additional invitation and voluntary agreement, group
allocation reflects convenience sampling without randomiza-
tion; therefore, selection bias and baseline imbalance cannot
be fully excluded.
Teaching Intervention and Instructional
Procedures
The experimental group used the Remote Clinical Presence
System (RCPS), an enhanced telepresence setup developed
for real-time remote clinical teaching, with permission
granted for its use in this study. RCPS was designed to
support synchronous remote teaching in clinical settings

by preserving real-time interaction between instructors and
learners [29]. Google Chrome was used as the web interface,
and Google Meet was used for audiovisual communication.

RCPS enabled bidirectional, real-time audiovisual
interaction, allowing students to observe neurological
examination demonstrations and receive immediate feedback
while performing examination tasks remotely. To facilitate
transmission of fine motor actions and examination tech-
niques—such as tendon localization, patient positioning,
and reflex hammer handling—the camera setup provided a
stable and close-up view of the examination field. Viewing
angles could be adjusted during teaching sessions based
on instructional needs, and instructors were able to request
repositioning of the camera or repeat demonstrations to
ensure adequate visualization of key procedural steps.

Before each teaching session, audiovisual connectivity
was checked to ensure stable transmission. In the event of
transient technical interruptions, instruction resumed after
reconnection, and critical examination steps were repea-
ted as needed to maintain instructional continuity. This
instructional approach is consistent with prior reports on
enhanced telepresence systems and synchronous digital
platforms, which emphasize real-time interaction, demonstra-
tion, and feedback as essential elements for skill-based
clinical education [29-32].

This study used a quasi-experimental design of “none-
quivalent experimental group, control group with pre- and
posttests” (nonrandomized controlled trial). The control group
consisted of students who received in-person teaching in the
classroom. These students observed the instructor’s interac-
tions with standardized patients, demonstrations of neurolog-
ical examination procedures, and the results. The instructor
interacted with the students, observed how they performed the
procedures, and provided feedback.

The experimental group participated in synchronous
remote video learning using RCPS. These students also
observed interactions, demonstrations, and results via video.
The instructor interacted with them through video confer-
encing, observed how they performed the procedures, and
provided feedback.

The neurological examination course was conducted over
2 weeks, with each session lasting about 60 minutes, using
2 standardized patient scenarios. One scenario covered the
motor and sensory systems, while the other covered the
cranial nerves and cerebellar systems. The goal was to
train students to focus on appropriate examination strategies
based on patient symptoms. The instructor demonstrated
techniques, interacted with students, pointed out common
errors, and allowed time for students to practice performing
the neurological examination. The instructor monitored both
in-person and remote students, offering real-time feedback.
Measures and Covariates
The participants completed assessments electronically via a
QR code–linked Google questionnaire at two time points
(T0 baseline and T1 immediately after the course). At
T0 (pretest), they completed background questionnaires,
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knowledge tests, self-reported confidence items, and baseline
measures of motivation and technology acceptance using
5-point Likert scales based on the Motivated Strategies for
Learning Questionnaire (MSLQ) [33] and the TAM [34]. At
T1 (posttest), they repeated the knowledge and confidence
assessments. In this study, self-reported confidence referred
to their perceived comfort and readiness to perform the
examination, rather than an objectively observed psychomo-
tor skill. Self-reported confidence was measured using a
5-point Likert scale (1=not confident at all; 5=very confi-
dent), administered at both T0 and T1.

The course evaluation questionnaire and knowledge tests
were reviewed by a panel of neurology educators to
ensure content relevance, clarity, and alignment with course
objectives. Revisions were made based on expert consen-
sus before administration. The knowledge assessment was
designed to cover key neurological domains and cognitive
processes relevant to the course and was divided into pre- and
posttests with comparable content and difficulty [35].

OSCE Assessment Procedures
The participants also underwent an OSCE administered at
both T0 (pretest) and T1 (posttest) using the same standar-
dized checklist and scoring rubric. They conducted tendon
reflex assessments on standardized patients at the following
five specific sites: biceps brachii, brachioradialis, triceps
brachii, knee jerk, and ankle jerk. The evaluation criteria for
this test included the following components:

1. Instruction: explaining the examination procedure to the
patient.

2. Preparation: assisting the patient to adopt the correct
position, identifying the correct tendon location, and
ensuring the examined area was relaxed.

3. Technique: holding the reflex hammer correctly and
striking the precise tendon location.

4. Response: eliciting a tendon reflex and comparing the
response on both sides.

Neurologists, trained as examiners, observed the students
and graded their performance using a standardized checklist
and scoring rubric. Examiners were blinded to participants’
group allocation to minimize assessment bias and were not
involved in the instructional sessions. Before the study, all
examiners participated in a consensus meeting to standard-
ize the interpretation of scoring criteria and ensure consis-
tency in evaluation. Interrater reliability was assessed before
study initiation, with 2 examiners independently rating 5
students; the resulting Spearman correlation coefficient was
0.70, indicating acceptable agreement. In this study, the
only directly observed psychomotor skill assessment was
the tendon reflex examination OSCE, which served as a
focused proxy for selected neurological examination skills.
This focused approach was chosen to ensure feasibility and
consistency within the course context.

Statistical Analysis
Motivation and technology acceptance were treated as
baseline learner characteristics, whereas knowledge scores,
self-reported confidence, and OSCE performance were

analyzed as repeated-measures outcomes. Before inferential
analyses, normality of continuous variables and their change
scores (T1-T0) was assessed using the Shapiro-Wilk test,
supplemented by visual inspection of histograms and Q-Q
plots.

Because outcomes were measured at two time points
(T0 and T1), within-group pre-post changes were examined
using paired-sample t tests when normality assumptions were
met; otherwise, Wilcoxon signed-rank tests were applied.
Between-group differences in change scores were examined
using independent-sample t tests or Mann-Whitney U tests, as
appropriate based on distributional assumptions.

Motivation and technology acceptance were further
examined using Pearson correlation analyses to assess their
associations with improvements in knowledge and OSCE
performance.

To address baseline imbalances inherent to the non-
randomized design, regression-based, covariate-adjusted
analyses were conducted using an analysis of covariance
(ANCOVA) framework, with posttest outcomes specified as
dependent variables, teaching modality as the fixed fac-
tor, and baseline performance and prior neurology rota-
tion experience included as covariates. To assess whether
prior neurology rotation experience moderated the effect
of teaching modality, a teaching modality × prior neurol-
ogy rotation interaction term was additionally included in
the ANCOVA models, and P values for interaction were
reported. Adjusted estimates with 95% CIs were reported to
aid interpretation of the magnitude and precision of observed
effects.

Subgroup analyses by tendon reflex examination steps,
anatomical sites, and prior neurology rotation experience,
as well as correlation analyses, were conducted as explora-
tory, hypothesis-generating analyses. Given their exploratory
nature, no formal correction for multiple comparisons (eg,
Bonferroni adjustment) was applied; therefore, the potential
risk of type I error inflation was acknowledged, and findings
were interpreted cautiously with emphasis on effect sizes and
CIs.

Given the low proportion of missing data, complete-case
analysis was performed, and no imputation procedures were
applied. Study data were organized using Microsoft Excel
(Microsoft Corp) and analyzed with SPSS (version 22; IBM
Inc). All statistical tests were 2-tailed, with a 95% CI, and
statistical significance was set at P<.05.
Ethical Considerations
This study was approved by the Taipei Medical University
Joint Institutional Review Board (approval N202201046).
Written informed consent was obtained from all partici-
pants before study participation. Participation in question-
naire completion was voluntary. Students were informed that
declining participation or skipping questionnaire items would
not affect course grades, clinical evaluations, or academic
standing. Survey responses and study data were anonymized
and deidentified before analysis. All participants received a
convenience store gift voucher valued at 100 New Taiwan
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Dollars (approximately US $3.17) as compensation for study
participation. No identifiable participant images or personal
information were included in the paper.

Results
The course evaluation questionnaire and knowledge
assessment demonstrated acceptable content coverage and
internal consistency for the intended educational context.

This study recruited a total of 110 participants, of whom
46 (21 female, 45.7%; mean age 22.9, SD 1.3 years) were
assigned to the experimental group (synchronous remote
teaching). The control group (in-person teaching) included 64

participants (19 female, 29.7%; mean age 23.2, SD 1.9 years).
No significant differences were found between the groups in
terms of sex (P=.11) or mean age (P=.31). All participants
completed a course evaluation survey, a pretest on neurologi-
cal examination knowledge, and a pretest for the OSCE on
tendon reflexes. In the control group, 5 participants did not
complete the second week of the course or posttest because
they were under mandatory isolation following COVID-19
infection during the study period, leaving 59 participants
for the posttest. In addition, 3 participants were unable to
complete the OSCE posttest because they had to leave early
to fulfill online clinical duty requirements, reducing the final
sample size to 56. The recruitment process is shown in Figure
1.

Figure 1. Participant flowchart of the quasi-experimental study comparing synchronous remote teaching and traditional in-person teaching for
neurological examination training among fifth-year medical students at a university-affiliated medical center in Taipei, Taiwan (August 2022-April
2024). OSCE: objective structured clinical examination.

Of the 110 participants, 105 completed both the pre- and
posttests for the knowledge assessment and course evalua-
tions. The Cronbach α for the MSLQ was 0.882, indicating
good reliability, while the overall Cronbach α for the TAM
was 0.937, indicating excellent reliability. The knowledge test
items demonstrated a moderate difficulty index of 0.64 and

an acceptable discrimination index of 0.23, supporting their
suitability for educational assessment. Within-group analyses
showed that the participants in the experimental group
(n=46) had a significant increase in knowledge scores (mean
9.15, SD 1.42 vs mean 8.25, SD 1.63; P<.001), whereas
the control group (n=59) had a smaller and nonsignificant
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improvement (mean 8.29, SD 1.95 vs mean 7.69, SD 1.79;
P=.08). Between-group comparison indicated that the posttest
knowledge scores were higher in the experimental group than
in the control group (mean 9.15, SD 1.42 vs mean 8.29, SD
1.95; P=.01; Cohen d=0.50), corresponding to a moderate
effect size. However, the absolute difference was less than
1 point on a 13-point scale, suggesting that the magnitude
of this difference may be of limited practical educational
significance. Notably, there was a baseline imbalance in prior

neurology rotation experience between groups (42/46, 91.3%
vs 43/59, 72.9%; P=.02), which may have partially contrib-
uted to the observed between-group difference in posttest
scores. Importantly, no significant between-group differen-
ces were observed in pretest scores or in the magnitude of
improvement from pre- to posttest, as shown in Table 1
and Figure 2, indicating that the overall learning gains were
comparable between the 2 teaching modalities.

Table 1. Comparison of neurological examination knowledge between the experimental and control groups.
Characteristic Experimental group (n=46) Control group (n=59) t test (df) P value
Female, n (%) 21 (45.7%) 16 (27.1) —a .06
Age (years), mean (SD) 22.85 (1.28) 23.20 (1.94) 1.08 (103) .29
Completed neurology rotation, n (%) 42 (91.3) 43 (72.9) — .02b

Pretest score (0‐13), mean (SD) 8.25 (1.63) 7.69 (1.79) –1.65 (103) .10
Posttest score (0‐13), mean (SD) 9.15 (1.42) 8.29 (1.95) –2.61 (103) .01b
Score improvement (pre-post), mean (SD) 0.90 (1.73) 0.60 (2.60) –0.70 (103) .48

aNot available.
bSignificant at P<.05.

Figure 2. Comparison of pretest and posttest scores for the neurological examination knowledge assessment between the synchronous remote
teaching (experimental) group and the in-person teaching (control) group.

Among the 105 participants who completed the knowl-
edge test, 102 also completed the pretests and posttests
for the tendon reflex neurological examination OSCE. The
OSCE showed a moderate difficulty index of 0.55 and a
good discrimination index of 0.43, indicating appropriate
assessment performance for distinguishing learner ability.
Within-group analyses showed that both the experimen-
tal group (n=46) and the control group (n=56) achieved
substantial improvements in self-reported confidence and

OSCE performance (all P<.001). These findings indicate
that both instructional modalities were associated with
marked short-term gains in psychomotor examination skills.
However, regarding the primary outcome, the between-group
difference in OSCE score improvement (pre-post change) was
not statistically significant (mean 23.07, SD 16.53 vs mean
26.71, SD 11.31; P=.21), corresponding to a small effect size
(Cohen d=−0.26; 95% CI −0.65 to 0.13). The CI included
zero and spanned both potential benefits and disadvantages,
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indicating uncertainty in both the direction and magnitude of
the effect. Overall, these findings suggest that the difference
in OSCE-assessed psychomotor skill acquisition between the
two teaching modalities was small and not educationally
meaningful within the context of this study. Notably, a

higher proportion of participants in the experimental group
had prior neurology rotation experience (42/46, 91.3% vs
41/56, 73.2%; P=.02), which may have introduced baseline
imbalance; however, this did not translate into a measurable
advantage in OSCE improvement (Table 2 and Figure 3).

Table 2. Comparison of neurological tendon reflex objective structured clinical examination scores between the experimental and control groups.
Characteristic Experimental group (n=46) Control group (n=56) t test (df) P value Cohen D (95% CI)
Female (%), n (%) 21 (45.7) 15 (26.8) —a .06 —
Age (years), mean (SD) 22.85 (1.28) 23.13 (1.82) 0.87 (100) .39 —
Completed neurology rotation (%) 91.3 (42/46) 73.2 (41/56) — .02b —
Frequency of practicing reflex examinations,
mean (SD)

7.24 (14.93) 4.59 (13.16) −0.95 (100) .34 —

Preclass self-reported confidence in reflex
examinations (1-5), mean (SD)

2.89 (0.95) 2.73 (1.12) −0.77 (100) .45 —

Postclass self-reported confidence in reflex
examinations (1-5), mean (SD)

4.20 (0.78) 4.25 (0.75) 0.36 (100) .72 —

Pretest total score (0‐80), mean (SD) 44.35 (17.83) 41.66 (11.18) −0.89 (100) .38 0.18 (−0.21 to 0.58)
Posttest total score (0‐80), mean (SD) 67.41 (9.47) 68.38 (8.31) 0.55 (100) .59 −0.11 (−0.50 to 0.28)
Score Improvement (pre-post), mean (SD) 23.07 (16.53) 26.71 (11.31) 1.27 (100) .21 −0.26 (−0.65 to 0.13)

aNot available.
bSignificant at P<.05.

Figure 3. Comparison of pretest and posttest scores for the tendon reflex neurological examination objective structured clinical examination between
the synchronous remote teaching (experimental) group and the in-person teaching (control) group.

Cohen d was calculated for between-group differences using
pooled SDs (experimental minus control); 95% CIs were
calculated using the SE of d.

Further subgroup analyses based on specific examination
sites and procedural steps did not show statistically significant

between-group differences in pre- to posttest changes, as
shown in Tables 3 and 4. Importantly, the magnitude of
changes across subcomponents was consistently small, and
the direction of effects was not systematic, further supporting
the absence of a meaningful modality-specific advantage.
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Table 3. Subgroup analysis of tendon reflex objective structured clinical examination scores by examination site comparing the experimental and
control groups.
Examination site and assessment Experimental group (n=46), mean (SD) Control group (n=56), mean (SD) t test (df) P value
Biceps brachii
  Pretest (0‐16) 9.13 (3.90) 8.79 (3.00) −0.50 (100) .62
  Posttest (0‐16) 13.61 (1.89) 13.54 (2.08) −0.18 (100) .86
  Improvement 4.48 (3.93) 4.75 (2.58) 0.40 (100) .69
Brachioradialis
  Pretest (0‐16) 8.17 (4.72) 6.84 (3.95) −1.56 (100) .12
  Posttest (0‐16) 13.48 (2.43) 13.54 (2.26) 0.12 (100) .90
  Improvement 5.30 (4.20) 6.70 (4.27) 1.65 (100) .10
Triceps brachii
  Pretest (0‐16) 8.20 (4.18) 8.80 (2.50) 0.87 (100) .39
  Posttest (0‐16) 13.17 (2.89) 13.50 (2.56) 0.60 (100) .55
  Improvement 4.98 (4.47) 4.70 (3.35) −0.35 (100) .72
Knee jerk
  Pretest (0‐16) 10.33 (3.33) 9.52 (2.76) −1.34 (100) .18
  Posttest (0‐16) 13.72 (2.18) 13.96 (1.80) 0.63 (100) .53
  Improvement 3.39 (3.69) 4.45 (2.78) 1.65 (100) .10
Ankle jerk
  Pretest (0‐16) 8.52 (4.24) 7.71 (2.67) −1.12 (100) .27
  Posttest (0‐16) 13.43 (2.46) 13.84 (2.12) 0.89 (100) .37
  Improvement 4.91 (4.06) 6.13 (3.02) 1.68 (100) .10

Table 4. Subgroup analysis of tendon reflex objective structured clinical examination by examination step comparing the experimental and control
groups.
Examination step and assessment Experimental group (n=46), mean (SD) Control group (n=56), mean (SD) t test (df) P value
Step 1: instruction
  Pretest (0‐10) 5.50 (3.21) 5.23 (3.06) −0.43 (100) .67
  Posttest (0‐10) 6.78 (3.12) 7.04 (3.38) 0.39 (100) .70
  Improvement 1.28 (4.28) 1.80 (4.11) 0.63 (100) .53
Step 2: preparation
  Pretest (0‐30) 17.41 (7.75) 16.29 (4.50) −0.87 (100) .39
  Posttest (0‐30) 26.46 (5.25) 26.95 (3.39) 0.55 (100) .59
  Improvement 9.04 (7.29) 10.66 (5.15) 1.27 (100) .21
Step 3: technique
  Pretest (0‐20) 10.98 (5.52) 10.52 (3.18) −0.50 (100) .62
  Posttest (0‐20) 18.26 (2.28) 18.32 (2.26) 0.13 (100) .89
  Improvement 7.28 (5.26) 7.80 (3.34) 0.58 (100) .56
Step 4: response
  Pretest (0‐20) 10.46 (5.20) 9.63 (4.67) −0.85 (100) .40
  Posttest (0‐20) 15.91 (3.27) 16.07 (3.43) 0.24 (100) .81
  Improvement 5.46 (5.09) 6.45 (4.79) 1.01 (100) .32

To further address potential baseline imbalances between
groups, additional covariate-adjusted analyses were conduc-
ted for both knowledge and tendon reflex OSCE outcomes
using an ANCOVA framework. Posttest outcomes were
specified as dependent variables, with teaching modality
as the fixed factor, and baseline performance and prior
neurology rotation experience included as covariates.

For the knowledge assessment, covariate adjustment for
baseline knowledge scores and prior neurology rotation
experience did not materially alter the primary findings.

The adjusted posttest knowledge score was numerically
higher in the synchronous remote teaching group than
in the in-person group (adjusted mean difference=0.94
points; 95% CI −0.10 to 1.98), corresponding to a small
effect size (F(1100)=3.23; P=.08; partial η²=0.031). Neither
baseline knowledge performance nor prior neurology rotation
experience demonstrated a significant independent associa-
tion with post-test knowledge outcomes, and no significant
interaction was observed between teaching modality and prior
rotation experience.
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Similarly, for the tendon reflex OSCE, covariate-adjus-
ted analysis revealed a small, nonsignificant adjusted mean
difference in posttest OSCE performance between the
synchronous remote teaching and in-person teaching groups
(−1.28 points; 95% CI −6.27 to 3.71), corresponding to a
negligible effect size (F(198)=0.26; P=.61; partial η²=0.003).
Baseline OSCE performance was a significant predictor of
posttest OSCE scores (P<.001), whereas prior neurology
rotation experience was not. No interaction effect between
teaching modality and prior rotation experience was observed
(P=.97), indicating that the effectiveness of synchronous
remote teaching was consistent regardless of prior clinical
exposure.

In view of the potential impact of prior neurol-
ogy rotation experience on learning outcomes, additional
analyses were conducted. Among the 105 participants, 85
had completed a neurology rotation, while 20 had not.
The participants with prior rotations demonstrated slightly
higher baseline knowledge scores; however, this difference
was not statistically significant. No meaningful differences
were observed in posttest knowledge scores or in pre-post
score improvement between those with and without prior
rotations (Table 5).

Table 5. Comparison of knowledge outcomes between participants with and without prior neurology rotationsa.

Outcome measure
With prior neurology rotation
(n=85), mean (SD)

Without prior neurology rotation
(n=20), mean (SD) U value z value P value

Pretest score (0‐13) 8.03 (1.68) 7.54 (1.98) 756.5 −0.76 .45
Posttest score (0‐13) 8.69 (1.82) 8.57 (1.62) 843.5 −0.05 .96
Score improvement (pre-post) 0.66 (2.11) 1.03 (2.85) 822.0 −0.23 .82

aSignificant at P<.05. Subgroup analyses are exploratory. A formal interaction test (teaching modality × prior neurology rotation experience) was
performed using a covariate-adjusted analysis of covariance framework; no significant interaction was observed.

Exploratory analyses suggested a numerically greater
improvement in knowledge test scores among participants
without prior neurology rotations, although this difference
did not reach statistical significance. To formally evaluate
whether prior neurology rotation experience moderated the
effect of teaching modality on knowledge outcomes, we
conducted a covariate-adjusted ANCOVA including baseline
knowledge score, teaching modality, prior rotation experi-
ence, and their interaction. The interaction between teach-
ing modality and prior neurology rotation experience was
not statistically significant, indicating no evidence that prior
clinical exposure moderated knowledge outcomes.

Among the 102 participants who completed the tendon
reflex OSCE, those with prior neurology rotations (n=83)

reported more frequent prior practice, higher precourse
self-reported confidence, and higher pretest OSCE scores
than those without rotations (n=19). Despite these baseline
differences, postcourse self-reported confidence and posttest
OSCE performance were similar between groups (Table 6).
Exploratory subgroup analyses indicated a greater magnitude
of OSCE score improvement among the participants without
prior neurology rotations. However, this pattern should be
interpreted cautiously, as the observed differences were small,
derived from post hoc comparisons, and subject to potential
type I error due to multiple testing.

Table 6. Comparison of tendon reflex objective structured clinical examination scores between participants with and without prior neurology
rotations.

Outcome measure
With prior neurology
rotation (n=83), mean (SD)

Without prior neurology
rotation (n=19), mean (SD) U value z value P value

Frequency of practicing reflex exams 6.53 (15.38) 2.53 (2.27) 508.0 −2.46 .01a

Preclass self-reported confidence in reflex exams (1-5) 2.90 (1.01) 2.37 (1.12) 557.5 −2.10 .04a

Postclass self-reported confidence in reflex exams (1-5) 4.23 (0.79) 4.21 (0.63) 744.0 −0.43 .67
Pretest total score (0‐80) 44.46 (14.91) 35.95 (10.58) 488.0 −2.58 .01a

Posttest total score (0‐80) 67.86 (8.70) 68.32 (9.59) 747.5 −0.35 .72
Score improvement (pre-post) 23.40 (14.17) 32.37 (10.43) 490.0 −2.57 .01a

aSignificant at P<.05. Subgroup analyses are exploratory. A formal interaction test (teaching modality × prior neurology rotation experience) was
performed using an analysis of covariance framework to evaluate effect modification (P for interaction=.97).

To assess whether prior neurology rotation experience
moderated the effect of teaching modality on OSCE
performance, a covariate-adjusted ANCOVA was performed
with posttest OSCE score as the dependent variable, baseline
OSCE score as a covariate, and teaching modality, prior
rotation experience, and their interaction included as fixed
factors. The interaction between teaching modality and prior

neurology rotation experience was not statistically significant
(P for interaction=.97), indicating that prior clinical exposure
did not meaningfully influence the effect of teaching modality
on psychomotor performance.

Subgroup analyses based on specific examination sites
and procedural steps indicated that the participants with
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prior neurology rotations demonstrated higher baseline OSCE
scores across several reflex sites and examination steps
(Tables 7 and 8). Postcourse improvements were numeri-
cally greater among the participants without prior rotations
in several components. These site- and step-based analyses

involved multiple comparisons and were conducted for
exploratory purposes only; therefore, the reported P val-
ues were not adjusted for multiple testing and should be
interpreted cautiously.

Table 7. Subgroup analysis of tendon reflex examination, objective structured clinical examination scores by examination site among participants
with and without prior neurology rotations.

Examination site and assessment
With prior neurology rotation
(n=83), mean (SD)

Without prior neurology rotation
(n=19), mean (SD) U value z value P value

Biceps brachii
  Pretest (0‐16) 9.30 (3.44) 7.37 (2.93) 485.0 −2.62 .009a

  Posttest (0‐16) 13.66 (1.88) 13.16 (2.43) 715.0 −0.64 .52
  Improvement 4.36 (3.30) 5.79 (2.76) 570.5 −1.89 .06
Brachioradialis
  Pretest (0‐16) 7.76 (4.51) 6.05 (3.29) 590.5 −1.71 .08
  Posttest (0‐16) 13.48 (2.29) 13.63 (2.54) 717.5 −0.62 .54
  Improvement 5.72 (4.40) 7.58 (3.39) 591.5 −1.70 .09
Triceps brachii
  Pretest (0‐16) 8.89 (3.46) 6.95 (2.37) 487.5 −2.61 .009a

  Posttest (0‐16) 13.24 (2.85) 13.84 (1.92) 712.0 −0.67 .50
  Improvement 4.35 (4.00) 6.89 (2.40) 432.5 −3.07 .002a

Knee jerk
  Pretest (0‐16) 10.06 (3.06) 9.11 (2.90) 666.0 −1.06 .29
  Posttest (0‐16) 13.89 (1.78) 13.68 (2.71) 747.5 −0.36 .72
  Improvement 3.83 (3.29) 4.58 (3.06) 674.0 −0.99 .32
Ankle jerk
  Pretest (0‐16) 8.45 (3.51) 6.47 (2.84) 490.5 −2.57 .01b

  Posttest (0‐16) 13.58 (2.28) 14.00 (2.29) 669.0 −1.05 .30
  Improvement 5.13 (3.53) 7.53 (3.08) 476.5 −2.69 .007a

aSignificant at P<.01.
bSignificant at P<.05.

Table 8. Subgroup analysis of tendon reflex examination objective structured clinical examination scores by examination step among participants
with and without prior neurology rotations.

Examination step and assessment
With prior neurology rotation
(n=83), mean (SD)

Without prior neurology rotation
(n=19), mean (SD) U value z value P value

Step 1: instruction
  Pretest (0‐10) 5.35 (3.03) 5.37 (3.55) 786.5 −0.02 .99
  Posttest (0‐10) 6.81 (3.34) 7.42 (2.89) 720.5 −0.61 .54
  Improvement 1.46 (4.20) 2.05 (4.12) 731.0 −0.50 .62
Step 2: preparation
  Pretest (0‐30) 17.46 (6.28) 13.89 (SD 4.84) 523.5 −2.28 .02a

  Posttest (0‐30) 26.77 (SD 4.30) 26.53 (SD 4.46) 782.0 −0.06 .95
  Improvement 9.31 (SD 6.07) 12.63 (SD 6.34) 571.5 −1.87 .06
Step 3: technique
  Pretest (0‐20) 11.18 (SD 4.52) 8.74 (SD 3.07) 474.0 −2.72 .007b

  Posttest (0‐20) 18.23 (SD 2.29) 18.58 (SD 2.12) 745.5 −0.40 .69
  Improvement 7.05 (SD 4.39) 9.84 (SD 3.06) 451.0 −2.92 .004b

Step 4: response
  Pretest (0‐20) 10.47 (SD 4.99) 7.95 (SD 4.03) 552.5 −2.03 .04a

  Posttest (0‐20) 16.05 (SD 3.14) 15.79 (SD 4.21) 769.5 −0.17 .87
  Improvement 5.58 (SD 4.97) 7.84 (SD 4.39) 575.0 −1.84 .07
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aSignificant at P<.05.
bSignificant at P<.01.

All participants completed a pretest course evaluation survey
assessing motivational beliefs regarding SRL (MSLQ) and
technology acceptance of remote teaching products (TAM).
Baseline scores were similar between the experimental group
(n=46) and the control group (n=56) for both MSLQ (mean
90.17, SD 8.72 vs mean 89.79, SD 10.49; P=.84) and TAM
(mean 60.54, SD 11.34 vs mean 59.75, SD 11.47; P=.73),
indicating comparable baseline learner characteristics.

To explore whether learning outcomes were associated
with motivational beliefs, participants were stratified into
high- and low-scoring groups based on the median MSLQ
score. These analyses were conducted as exploratory and
hypothesis-generating, and no formal adjustment for multiple
comparisons was applied. Participants with higher motiva-
tional belief scores demonstrated higher posttest knowledge
scores (mean 9.06, SD 1.77 vs mean 8.35, SD 1.71; P=.04)
and greater OSCE improvement (mean 27.75, SD 13.72
vs mean 22.16, SD 13.76; P=.04) compared with those

with lower scores. Within the experimental group, higher
motivational scores were associated with higher post-test
knowledge scores (mean 9.55, SD 1.42 vs mean 8.68,
SD 1.30; P=.04) and greater OSCE improvement (mean
27.60, SD 15.77 vs mean 17.67, SD 16.13; P=.04). How-
ever, these subgroup findings remain exploratory and should
not be interpreted as evidence of a causal relationship.
Correlation analyses showed moderate positive associations
between self-efficacy (r=0.367) and overall MSLQ score
(r=0.342) with OSCE improvement, suggesting that higher
motivational beliefs may be related to greater performance
gains. However, the strength of these associations was
moderate, and regression analysis indicated that motivational
beliefs explained only a limited proportion of the variance
in OSCE improvement (R2=0.117), as shown in Figure 4.
These findings suggest that, while motivational factors may
contribute to learning outcomes, they represent only one of
multiple influencing factors.

Figure 4. Linear regression curve between the Motivated Strategies for Learning Questionnaire (MSLQ) total score and improvement in objective
structured clinical examination (OSCE) scores for tendon reflex examination in the experimental group.

We further examined whether learning outcomes differed
according to levels of technology acceptance. Participants
were stratified into high- and low-scoring groups based on the
median TAM score. No significant differences were observed
in knowledge improvement (mean 0.75, SD 2.02 vs mean
0.75, SD 2.49; P>.99) or OSCE performance (mean 24.87,
SD 15.56 vs mean 25.28, SD 12.23; P=.88) between groups.
These findings suggest that, within the context of this study,

variation in technology acceptance was not associated with
differences in short-term learning outcomes, although this
may reflect a threshold effect whereby basic usability was
sufficient for effective participation.
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Discussion
Principal Findings
This study evaluated the short-term effectiveness of syn-
chronous remote teaching compared with traditional in-
person teaching for neurological examination training among
fifth-year medical students. Both teaching modalities were
associated with improvements in neurological examination
knowledge, tendon reflex OSCE performance, and self-repor-
ted confidence. Although the synchronous remote teaching
group demonstrated modestly higher postcourse knowledge
scores, no statistically significant between-group differen-
ces were observed in OSCE improvement after covariate
adjustment. Exploratory analyses further suggested that
motivational beliefs related to SRL may be associated
with greater psychomotor skill improvement in synchronous
remote learning environments.

The absence of meaningful between-group differences
in tendon reflex OSCE improvement suggests that synchro-
nous remote teaching may support short-term acquisition of
selected psychomotor neurological examination skills under
structured instructional conditions. One possible explana-
tion is that tendon reflex assessment relies on standardized
procedural sequences, visual observation, and repeated guided
practice, all of which can be effectively demonstrated through
synchronous video-based interaction [10,36]. In addition,
the RCPS system enabled close-up visualization of tendon
localization, examination technique, and patient positioning,
while instructors provided immediate corrective feedback
during skill performance. These findings are consistent with
prior literature suggesting that synchronous remote teaching
environments may support psychomotor clinical skills when
real-time interaction and structured feedback are incorporated
[17,36,37]. However, unlike many previous studies that relied
primarily on self-reported outcomes or asynchronous formats,
this study evaluated performance using an OSCE-based
assessment focused on a specific neurological examination
task.

As this study used a nonrandomized design, baseline
imbalance in prior neurology rotation experience required
careful interpretation. Participants with prior rotations
demonstrated higher baseline self-reported confidence and
greater OSCE performance, suggesting that prior clinical
exposure may contribute to foundational procedural skills
[38]. However, covariate-adjusted analyses and formal
interaction testing did not demonstrate evidence that
prior neurology rotation experience modified the effect
of teaching modality on either knowledge or OSCE out-
comes. These findings suggest that the observed learning
outcomes associated with synchronous remote teaching
appeared consistent across different baseline experience
levels, although residual confounding cannot be fully
excluded.

Theoretical Implications: Interpreting
Findings Through the Lenses of SRL
Theory and TAM
The exploratory association between motivational beliefs
and OSCE improvement may be interpreted through the
lens of SRL theory. In particular, self-efficacy and moti-
vational regulation may support learners’ engagement,
persistence, and responsiveness to feedback during psycho-
motor skill acquisition [39-41]. These associations appeared
more pronounced in the synchronous remote teaching group,
suggesting that remote interactive environments may place
greater emphasis on learners’ active self-monitoring and
self-regulatory capacity [38,42]. However, because these
analyses were exploratory and this study was not designed to
directly evaluate SRL mechanisms, these findings should be
interpreted cautiously and regarded as hypothesis-generating.

In contrast, technology acceptance was not significantly
associated with knowledge or OSCE outcomes. One possible
interpretation is that, within highly interactive and instruc-
tor-guided synchronous environments, technology acceptance
may function primarily as a prerequisite for participation
rather than a direct determinant of learning effectiveness [21,
43]. This distinction may help contextualize the role of TAM
in synchronous psychomotor clinical skills training, although
the present findings remain exploratory and do not establish
theoretical mechanisms.

Collectively, these findings suggest that the effectiveness
of synchronous remote psychomotor skills training may
depend less on technology acceptance itself and more on
how learners actively engage with feedback and regulate
their own learning processes. From a theoretical perspective,
this observation is broadly consistent with SRL models,
which emphasize self-monitoring, self-efficacy, and strategic
regulation as important determinants of learning performance
in complex educational environments [22,23,42]. In contrast,
TAM may be more useful for explaining learners’ willing-
ness to adopt and engage with educational technologies than
for directly predicting skill acquisition outcomes once active
participation has been established [19-21]. Although causal
mechanisms cannot be inferred from this study, these findings
contribute to the growing literature exploring how learner
characteristics interact with technology-mediated clinical
skills education and may help inform future theory-driven
investigations of remote psychomotor skills training.
Practical and Real-World Implications
From a practical perspective, synchronous remote teach-
ing may provide a flexible option for delivering neurolog-
ical examination training when face-to-face instruction is
constrained by geographical distance, scheduling limitations,
infection control requirements, or limited access to special-
ist instructors. Enhanced telepresence systems and synchro-
nous video-based educational environments may facilitate
real-time demonstration, observation, and feedback while
expanding access to clinical skills education across distrib-
uted training sites [17,29,36]. Although further evidence is
required regarding scalability and long-term effectiveness, the
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present findings suggest that structured synchronous remote
teaching may serve as a useful supplementary instructional
approach for medical schools seeking to maintain interactive
clinical skills training while addressing logistical challenges
in contemporary medical education [36,37].
Limitations
Several limitations should be considered when interpreting
the present findings. First, this study used a quasi-experimen-
tal design without randomization, which introduces poten-
tial selection bias and residual confounding. In particular,
baseline imbalance in prior neurology rotation experience
may have influenced learning outcomes despite the use of
covariate-adjusted analyses and formal interaction testing.
Therefore, the findings should be interpreted as associative
rather than strictly causal. In addition, participants’ awareness
of being studied may have introduced a Hawthorne effect
[44], potentially increasing motivation and engagement across
both groups. Several subgroup and exploratory analyses were
conducted without formal correction for multiple testing,
which increases the potential risk of type I error; accordingly,
these exploratory findings should be regarded as hypothesis-
generating rather than confirmatory. Furthermore, self-repor-
ted confidence represents a subjective learner perception and
may not fully correspond to objectively measured psychomo-
tor performance.

Second, the study evaluated only immediate posttest
outcomes and, therefore, does not establish long-term
retention or durable skill acquisition. In addition, the directly
observed psychomotor assessment focused specifically on
tendon reflex examination skills, which represent only one
component of the neurological examination; therefore, the
findings should not be generalized to broader neurologi-
cal examination competencies without further study. The
pragmatic design also did not include a formal a priori
sample size calculation, and unequal group sizes resul-
ted from cohort availability and scheduling constraints,
which may have limited statistical power to detect small
between-group differences. Finally, the synchronous remote

teaching sessions were conducted in relatively small groups
with substantial instructor interaction and individualized
feedback; therefore, the scalability and effectiveness of this
instructional approach in larger educational settings remain
uncertain.
Conclusions
Under the conditions of this quasi-experimental study,
synchronous remote teaching was associated with short-term
improvements in tendon reflex examination skills, neuro-
logical examination–related knowledge, and self-reported
confidence among fifth-year medical students. Although
modestly higher postcourse knowledge scores were observed
in the synchronous remote teaching group, no statistically
significant between-group differences were identified in
OSCE-assessed psychomotor performance after covariate
adjustment. These findings suggest that structured synchro-
nous remote teaching may support short-term acquisition
of selected neurological examination skills when real-time
interaction, guided practice, and immediate feedback are
incorporated into instructional design.

To our knowledge, this study is among the first to evaluate
synchronous remote teaching for tendon reflex examina-
tion training using OSCE-based psychomotor assessment
and theory-informed interpretation grounded in SRL and
technology acceptance frameworks. These findings contrib-
ute to the growing literature on synchronous digital clini-
cal skills education by extending prior research that has
primarily focused on asynchronous learning or subjective
learner perceptions. However, because this study assessed
only immediate outcomes and focused on tendon reflex
examination skills, the findings should not be interpreted as
evidence of long-term skill retention or generalized effective-
ness across the full spectrum of neurological examination
competencies. Future research should incorporate randomized
designs, larger multicenter cohorts, and longitudinal follow-
up to evaluate scalability, long-term retention, transferability
to other neurological examination domains, and strategies to
support SRL in remote clinical skills education.

Acknowledgments
The authors thank Daniel Salcedo for granting permission to use the Remote Clinical Presence System (RCPS) in this study.
The authors also thank ATS Medical Editing for providing English-language editing support. The authors declare the use of
generative AI (GAI) in the research and writing process. According to the GAI Delegation Taxonomy (GAIDeT) taxonomy
(2025) [45], the following tasks were delegated to GAI tools under full human supervision: proofreading, editing, and adapting
and adjusting the emotional tone. The GAI tool used was ChatGPT 5.5 (OpenAI). Responsibility for the final paper lies
entirely with the authors. GAI tools are not listed as authors and do not bear responsibility for the final outcomes. The
declaration submitted by the authors. MSW and KPT are co-corresponding authors on this work, and the latter can be reached
by email at kptang@mail.ntue.edu.tw.
Funding
This study was funded by the 2023 Key Research Program of Taipei Municipal Wan Fang Hospital (approval 112-WF-
EVA-35).
Authors’ Contributions
CSH drafted the paper and prepared the tables and figures. KPT and MSW critically revised the paper for important intellectual
content.

JMIR MEDICAL EDUCATION Huang et al

https://mededu.jmir.org/2026/1/e77034 JMIR Med Educ 2026 | vol. 12 | e77034 | p. 13
(page number not for citation purposes)

mailto:kptang@mail.ntue.edu.tw
https://mededu.jmir.org/2026/1/e77034


Conflicts of Interest
None declared.
References
1. Hall AK, Nousiainen MT, Campisi P, et al. Training disrupted: practical tips for supporting competency-based medical

education during the COVID-19 pandemic. Med Teach. Jul 2020;42(7):756-761. [doi: 10.1080/0142159X.2020.
1766669] [Medline: 32450049]

2. Sandars J, Correia R, Dankbaar M, et al. Twelve tips for rapidly migrating to online learning during the COVID-19
pandemic. MedEdPublish (2016). 2020;9(82):82. [doi: 10.15694/mep.2020.000082.1] [Medline: 38058947]

3. Rose S. Medical student education in the time of COVID-19. JAMA. Jun 2, 2020;323(21):2131-2132. [doi: 10.1001/
jama.2020.5227] [Medline: 32232420]

4. Pei L, Wu H. Does online learning work better than offline learning in undergraduate medical education? A systematic
review and meta-analysis. Med Educ Online. Dec 2019;24(1):1666538. [doi: 10.1080/10872981.2019.1666538]
[Medline: 31526248]

5. Stöhr C, Demazière C, Adawi T. The polarizing effect of the online flipped classroom. Comput Educ. Apr
2020;147:103789. [doi: 10.1016/j.compedu.2019.103789]

6. Alzahrani HA, Shati AA, Bawahab MA, et al. Students’ perception of asynchronous versus synchronous distance
learning during COVID-19 pandemic in a medical college, southwestern region of Saudi Arabia. BMC Med Educ. Jan
23, 2023;23(1):53. [doi: 10.1186/s12909-023-04034-5] [Medline: 36691003]

7. Regmi K, Jones L. A systematic review of the factors - enablers and barriers - affecting e-learning in health sciences
education. BMC Med Educ. Mar 30, 2020;20(1):91. [doi: 10.1186/s12909-020-02007-6] [Medline: 32228560]

8. Hughes T. Neurology and the clinical anatomist. Medicine (Abingdon). Aug 2020;48(8):497-501. [doi: 10.1016/j.
mpmed.2020.05.006] [Medline: 32834734]

9. Campbell WW, Barohn RJ. DeJong’s The Neurologic Examination. 8th ed. Wolters Kluwer; 2020. ISBN:
9781496386168

10. Peyton JWR. Teaching & Learning in Medical Practice. Manticore Europe Ltd; 1998. ISBN: 9781900887007
11. Chick RC, Clifton GT, Peace KM, et al. Using technology to maintain the education of residents during the COVID-19

pandemic. J Surg Educ. 2020;77(4):729-732. [doi: 10.1016/j.jsurg.2020.03.018] [Medline: 32253133]
12. Khalil R, Mansour AE, Fadda WA, et al. The sudden transition to synchronized online learning during the COVID-19

pandemic in Saudi Arabia: a qualitative study exploring medical students’ perspectives. BMC Med Educ. Aug 28,
2020;20(1):285. [doi: 10.1186/s12909-020-02208-z] [Medline: 32859188]

13. Wilcha RJ. Effectiveness of virtual medical teaching during the COVID-19 crisis: systematic review. JMIR Med Educ.
Nov 18, 2020;6(2):e20963. [doi: 10.2196/20963] [Medline: 33106227]

14. Khan RA, Atta K, Sajjad M, Jawaid M. Twelve tips to enhance student engagement in synchronous online teaching and
learning. Med Teach. Jun 2022;44(6):601-606. [doi: 10.1080/0142159X.2021.1912310] [Medline: 33877950]

15. Dinh CT. Impact of synchronous online learning environment on students’ cognitive engagement and learning outcomes.
TOJDE. 2023;24(3):21-38. [doi: 10.17718/tojde.1165209]

16. Iancu AM, Kemp MT, Alam HB. Unmuting medical students’ education: utilizing telemedicine during the COVID-19
pandemic and beyond. J Med Internet Res. Jul 20, 2020;22(7):e19667. [doi: 10.2196/19667] [Medline: 32614776]

17. Belt ES, Lowenthal PR. Synchronous video-based communication and online learning: an exploration of instructors’
perceptions and experiences. Educ Inf Technol (Dordr). 2023;28(5):4941-4964. [doi: 10.1007/s10639-022-11360-6]
[Medline: 36320822]

18. Zhang RN, Bi NC, Mercado T. Do Zoom meetings really help? A comparative analysis of synchronous and
asynchronous online learning during COVID-19 pandemic. J Comput Assist Learn. Sep 4, 2022;39(1):210-217. [doi: 10.
1111/jcal.12740] [Medline: 36247930]

19. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q. Sep 1,
1989;13(3):319-340. [doi: 10.2307/249008]

20. Venkatesh V, Davis FD. A theoretical extension of the technology acceptance model: four longitudinal field studies.
Manage Sci. Feb 2000;46(2):186-204. [doi: 10.1287/mnsc.46.2.186.11926]

21. Jiang S, Li H, Gan D. Technology acceptance model for online education: identifying interdisciplinary topics and their
evolution based on BERTopic model. Social Sciences & Humanities Open. 2025;12:101831. [doi: 10.1016/j.ssaho.2025.
101831]

22. Zimmerman BJ. Becoming a self-regulated learner: an overview. Theory Pract. May 2002;41(2):64-70. [doi: 10.1207/
s15430421tip4102_2]

JMIR MEDICAL EDUCATION Huang et al

https://mededu.jmir.org/2026/1/e77034 JMIR Med Educ 2026 | vol. 12 | e77034 | p. 14
(page number not for citation purposes)

https://doi.org/10.1080/0142159X.2020.1766669
https://doi.org/10.1080/0142159X.2020.1766669
http://www.ncbi.nlm.nih.gov/pubmed/32450049
https://doi.org/10.15694/mep.2020.000082.1
http://www.ncbi.nlm.nih.gov/pubmed/38058947
https://doi.org/10.1001/jama.2020.5227
https://doi.org/10.1001/jama.2020.5227
http://www.ncbi.nlm.nih.gov/pubmed/32232420
https://doi.org/10.1080/10872981.2019.1666538
http://www.ncbi.nlm.nih.gov/pubmed/31526248
https://doi.org/10.1016/j.compedu.2019.103789
https://doi.org/10.1186/s12909-023-04034-5
http://www.ncbi.nlm.nih.gov/pubmed/36691003
https://doi.org/10.1186/s12909-020-02007-6
http://www.ncbi.nlm.nih.gov/pubmed/32228560
https://doi.org/10.1016/j.mpmed.2020.05.006
https://doi.org/10.1016/j.mpmed.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/32834734
https://doi.org/10.1016/j.jsurg.2020.03.018
http://www.ncbi.nlm.nih.gov/pubmed/32253133
https://doi.org/10.1186/s12909-020-02208-z
http://www.ncbi.nlm.nih.gov/pubmed/32859188
https://doi.org/10.2196/20963
http://www.ncbi.nlm.nih.gov/pubmed/33106227
https://doi.org/10.1080/0142159X.2021.1912310
http://www.ncbi.nlm.nih.gov/pubmed/33877950
https://doi.org/10.17718/tojde.1165209
https://doi.org/10.2196/19667
http://www.ncbi.nlm.nih.gov/pubmed/32614776
https://doi.org/10.1007/s10639-022-11360-6
http://www.ncbi.nlm.nih.gov/pubmed/36320822
https://doi.org/10.1111/jcal.12740
https://doi.org/10.1111/jcal.12740
http://www.ncbi.nlm.nih.gov/pubmed/36247930
https://doi.org/10.2307/249008
https://doi.org/10.1287/mnsc.46.2.186.11926
https://doi.org/10.1016/j.ssaho.2025.101831
https://doi.org/10.1016/j.ssaho.2025.101831
https://doi.org/10.1207/s15430421tip4102_2
https://doi.org/10.1207/s15430421tip4102_2
https://mededu.jmir.org/2026/1/e77034


23. Pintrich PR. The Role of Goal Orientation in Self-Regulated Learning Handbook of Self-Regulation. Academic Press;
2000:451-502. [doi: 10.1016/B978-012109890-2/50043-3]

24. Gordon M, Patricio M, Horne L, et al. Developments in medical education in response to the COVID-19 pandemic: a
rapid BEME systematic review: BEME Guide No. 63. Med Teach. Nov 2020;42(11):1202-1215. [doi: 10.1080/
0142159X.2020.1807484] [Medline: 32847456]

25. Lau KHV, Hamlyn E, Williams TJ, et al. The effects of video instruction on neuroscience intensive care unit nursing
skills in case presentations and neurological examinations. J Neurosci Nurs. Jun 1, 2021;53(3):129-133. [doi: 10.1097/
JNN.0000000000000591] [Medline: 33840806]

26. Rutherford-Hemming T, Kelsey NC, Grenig DL, Feliciano M, Simko L, Henrich CM. Multisite single-blinded
randomized control study of transfer and retention of knowledge and skill between nurses using simulation and online
self-study module. Simul Healthc. Aug 2016;11(4):264-270. [doi: 10.1097/SIH.0000000000000168] [Medline:
27388860]

27. Shin JY, Issenberg SB, Roh YS. The effects of neurologic assessment e-learning in nurses. Nurse Educ Today. Oct
2017;57:60-64. [doi: 10.1016/j.nedt.2017.07.007] [Medline: 28734188]

28. Harth C, Xue Y, Yang J. Internet teaching of the neurologic examination and OSCE performance in the neurology
clerkship (s19.006). Neurology. Apr 6, 2015;84(14_supplement). [doi: 10.1212/WNL.84.14_supplement.s19.006]

29. Salcedo D, Huang WC, Suk FM, Lin CW. Enhanced telepresence for clinical training in high-risk environments. Med
Educ. Nov 2020;54(11):1063-1064. [doi: 10.1111/medu.14330] [Medline: 32885459]

30. Gegenfurtner A, Ebner C. Webinars in higher education and professional training: a meta-analysis and systematic review
of randomized controlled trials. Educational Research Review. Nov 2019;28:100293. [doi: 10.1016/j.edurev.2019.
100293]

31. Ødegaard NB, Myrhaug HT, Dahl-Michelsen T, Røe Y. Digital learning designs in physiotherapy education: a
systematic review and meta-analysis. BMC Med Educ. Jan 13, 2021;21(1):48. [doi: 10.1186/s12909-020-02483-w]
[Medline: 33441140]

32. Oster C, Farhood I, Klebe S, Kleinschnitz C, Peters L. Neurological examination course in an interactive webinar as a
solution during a pandemic. An overview of the implementation, optimization as well as critical considerations. GMS J
Med Educ. 2021;38(1):Doc9. [doi: 10.3205/zma001405] [Medline: 33659614]

33. Pintrich PR, Smith DAF, García T, McKeachie WJ. A Manual for the Use of the Motivated Strategies for Learning
Questionnaire (MSLQ). National Center for Research to Improve Postsecondary Teaching and Learning, University of
Michigan; 1991. URL: https://eric.ed.gov/?id=ED338122 [Accessed 2026-06-30]

34. Davis FD. User acceptance of information technology: system characteristics, user perceptions and behavioral impacts.
Int J Man Mach Stud. Mar 1993;38(3):475-487. [doi: 10.1006/imms.1993.1022]

35. Rovinelli RJ, Hambleton RK. On the use of content specialists in the assessment of criterion-referenced test item
validity. Tijdschr Onderwijs Res. 1977;2(2):49-60. URL: https://psycnet.apa.org/record/1979-12368-001 [Accessed
2026-06-30]

36. He L, Yang N, Xu L, et al. Synchronous distance education vs traditional education for health science students: a
systematic review and meta-analysis. Med Educ. Mar 2021;55(3):293-308. [doi: 10.1111/medu.14364] [Medline:
32881047]

37. Martin F, Sun T, Turk M, Ritzhaupt A. A meta-analysis on the effects of synchronous online learning on cognitive and
affective educational outcomes. IRRODL. 2021;22(3):205-242. [doi: 10.19173/irrodl.v22i3.5263]

38. Turan S, Konan A. Self-regulated learning strategies used in surgical clerkship and the relationship with clinical
achievement. J Surg Educ. 2012;69(2):218-225. [doi: 10.1016/j.jsurg.2011.09.003] [Medline: 22365869]

39. Adesope OO, Zhou MM, Nesbit JC. Achievement goal orientations and self-reported study strategies as predictors of
online studying activities. J Educ Comput Res. Dec 2015;53(3):436-458. [doi: 10.1177/0735633115603989]

40. Quesada-Pallarès C, Sánchez-Martí A, Ciraso-Calí A, Pineda-Herrero P. Online vs. classroom learning: examining
motivational and self-regulated learning strategies among vocational education and training students. Front Psychol.
2019;10(2795):2795. [doi: 10.3389/fpsyg.2019.02795] [Medline: 31920839]

41. Stegers-Jager KM, Cohen-Schotanus J, Themmen APN. Motivation, learning strategies, participation and medical school
performance. Med Educ. Jul 2012;46(7):678-688. [doi: 10.1111/j.1365-2923.2012.04284.x] [Medline: 22691147]

42. Zheng B, Sun T. Self-regulated learning and learning outcomes in undergraduate and graduate medical education: a
meta-analysis. Eval Health Prof. Dec 2025;48(4):430-450. [doi: 10.1177/01632787241288849] [Medline: 39361881]

43. Wong G, Greenhalgh T, Pawson R. Internet-based medical education: a realist review of what works, for whom and in
what circumstances. BMC Med Educ. Feb 2, 2010;10(12):12. [doi: 10.1186/1472-6920-10-12] [Medline: 20122253]

44. Merrett F. Reflections on the Hawthorne effect. Educ Psychol (Lond). Jan 2006;26(1):143-146. [doi: 10.1080/
01443410500341080]

JMIR MEDICAL EDUCATION Huang et al

https://mededu.jmir.org/2026/1/e77034 JMIR Med Educ 2026 | vol. 12 | e77034 | p. 15
(page number not for citation purposes)

https://doi.org/10.1016/B978-012109890-2/50043-3
https://doi.org/10.1080/0142159X.2020.1807484
https://doi.org/10.1080/0142159X.2020.1807484
http://www.ncbi.nlm.nih.gov/pubmed/32847456
https://doi.org/10.1097/JNN.0000000000000591
https://doi.org/10.1097/JNN.0000000000000591
http://www.ncbi.nlm.nih.gov/pubmed/33840806
https://doi.org/10.1097/SIH.0000000000000168
http://www.ncbi.nlm.nih.gov/pubmed/27388860
https://doi.org/10.1016/j.nedt.2017.07.007
http://www.ncbi.nlm.nih.gov/pubmed/28734188
https://doi.org/10.1212/WNL.84.14_supplement.s19.006
https://doi.org/10.1111/medu.14330
http://www.ncbi.nlm.nih.gov/pubmed/32885459
https://doi.org/10.1016/j.edurev.2019.100293
https://doi.org/10.1016/j.edurev.2019.100293
https://doi.org/10.1186/s12909-020-02483-w
http://www.ncbi.nlm.nih.gov/pubmed/33441140
https://doi.org/10.3205/zma001405
http://www.ncbi.nlm.nih.gov/pubmed/33659614
https://eric.ed.gov/?id=ED338122
https://doi.org/10.1006/imms.1993.1022
https://psycnet.apa.org/record/1979-12368-001
https://doi.org/10.1111/medu.14364
http://www.ncbi.nlm.nih.gov/pubmed/32881047
https://doi.org/10.19173/irrodl.v22i3.5263
https://doi.org/10.1016/j.jsurg.2011.09.003
http://www.ncbi.nlm.nih.gov/pubmed/22365869
https://doi.org/10.1177/0735633115603989
https://doi.org/10.3389/fpsyg.2019.02795
http://www.ncbi.nlm.nih.gov/pubmed/31920839
https://doi.org/10.1111/j.1365-2923.2012.04284.x
http://www.ncbi.nlm.nih.gov/pubmed/22691147
https://doi.org/10.1177/01632787241288849
http://www.ncbi.nlm.nih.gov/pubmed/39361881
https://doi.org/10.1186/1472-6920-10-12
http://www.ncbi.nlm.nih.gov/pubmed/20122253
https://doi.org/10.1080/01443410500341080
https://doi.org/10.1080/01443410500341080
https://mededu.jmir.org/2026/1/e77034


45. Suchikova Y, Tsybuliak N, Teixeira da Silva JA, Nazarovets S. GAIDeT (Generative AI Delegation Taxonomy): a
taxonomy for humans to delegate tasks to generative artificial intelligence in scientific research and publishing. Account
Res. Apr 2026;33(3):2544331. [doi: 10.1080/08989621.2025.2544331] [Medline: 40781729]

Abbreviations
ANCOVA: analysis of covariance
MSLQ: Motivated Strategies for Learning Questionnaire
OSCE: objective structured clinical examination
RCPS: Remote Clinical Presence System
SRL: self-regulated learning
TAM: technology acceptance model

Edited by Stefano Brini; peer-reviewed by Teng Peng, Vitor Reis; submitted 07.May.2025; final revised version received
10.Jun.2026; accepted 11.Jun.2026; published 15.Jul.2026

Please cite as:
Huang CS, Tang KP, Wu MS
Synchronous Remote Teaching for Neurological Examination Training in Fifth-Year Medical Students: Quasi-Experimental
Study
JMIR Med Educ 2026;12:e77034
URL: https://mededu.jmir.org/2026/1/e77034
doi: 10.2196/77034

© Chih-Shan Huang, Kung-Pei Tang, Ming-Shun Wu. Originally published in JMIR Medical Education (https://
mededu.jmir.org), 15.Jul.2026. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Medical Education, is properly cited. The complete bibliographic
information, a link to the original publication on https://mededu.jmir.org/, as well as this copyright and license information
must be included.

JMIR MEDICAL EDUCATION Huang et al

https://mededu.jmir.org/2026/1/e77034 JMIR Med Educ 2026 | vol. 12 | e77034 | p. 16
(page number not for citation purposes)

https://doi.org/10.1080/08989621.2025.2544331
http://www.ncbi.nlm.nih.gov/pubmed/40781729
https://mededu.jmir.org/2026/1/e77034
https://doi.org/10.2196/77034
https://mededu.jmir.org
https://mededu.jmir.org
https://creativecommons.org/licenses/by/4.0/
https://mededu.jmir.org/
https://mededu.jmir.org/2026/1/e77034

	Synchronous Remote Teaching for Neurological Examination Training in Fifth-Year Medical Students: Quasi-Experimental Study
	Introduction
	Methods
	Study Design
	Setting
	Participant Recruitment
	Inclusion and Exclusion Criteria
	Sample Size and Group Allocation
	Teaching Intervention and Instructional Procedures
	Measures and Covariates
	OSCE Assessment Procedures
	Statistical Analysis
	Ethical Considerations

	Results
	Discussion
	Principal Findings
	Theoretical Implications: Interpreting Findings Through the Lenses of SRL Theory and TAM
	Practical and Real-World Implications
	Limitations
	Conclusions



