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Abstract

Background: Blended learning is common in health professions education, but aggregate comparisons may obscure differences
among knowledge, procedural skill, and integrated performance. Whether these domains differ after program-level changes under
acommon assessment system remains uncertain.

Objective: We aimed to compare knowledge, psychomotor performance, and integrated scenario competence between blended
and traditional in-person emergency medical technician level 1 certification training, and, as an exploratory secondary aim, to
describe digital engagement and technology acceptance among blended-cohort participants who completed the survey.

Methods: We compared routinely collected certification records from traditional in-person (2020; n=603) and blended (2023;
n=581) emergency medical technician level 1 cohorts. The primary outcome was psychomotor performance; secondary outcomes
were knowledge, integrated scenario performance, and competency-threshold attainment. We estimated between-cohort differences
with 95% Cls and adjusted linear regression. Equivalence was assessed using two 1-sided tests with expert-derived educational
importance margins established through an instructor consensus exercise before the panel was provided with the between-cohort
results (x5 points for knowledge, £3 points for psychomotor performance, and £4 points for integrated scenario performance).
These margins represent educational consensus thresholds rather than externally validated clinical thresholds. Blended-cohort
trainees were additionally offered a questionnaire on digital engagement and technology acceptance, analyzed by multiple linear
regression on intention to use e-learning again.

Results. Psychomotor performance waslower in the blended cohort (80.60, SD 9.70, vs 84.44, SD 10.80; mean difference 3.84,
in-person minus blended, 95% CI 2.67-5.01; d=0.37; P<.001); the adjusted coefficient was —4.04 (95% CI -5.15t0 -2.92; P<.001).
Equivalence within the prespecified +3-point margin was not demonstrated. K nowledge (difference —0.30, 95% CI -1.68 to 1.08)
and integrated scenario performance (-0.94, 95% Cl —1.89 to 0.00) fell within the prespecified £5- and +4-point margins,
respectively. Psychomotor-threshold (521/581, 89.7%, vs 557/603, 92.4%; P=.10) and overall-certification rates (459/581, 79%,
vs474/603, 78.6%; P=.87) did not differ detectably. Knowledge-threshold attainment was higher in the blended cohort (516/581,
88.8%, vs 503/603, 83.4%; P=.007). Among the 236 blended-cohort participants who completed the survey, perceived benefits
and positive attitudes toward digital learning were positively associated with intention to use e-learning again.

Conclusions: The blended cohort had lower early psychomotor scores, whereas knowledge and integrated scenario differences
fell within the prespecified margins. Programs adopting comparable models should assess psychomotor outcomes directly rather
than infer them from knowledge or overall certification outcomes.

https://mededu.jmir.org/2026/1/€94950 JMIR Med Educ 2026 | vol. 12 | €94950 | p. 1
(page number not for citation purposes)


mailto:cwyang0413@gmail.com
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MEDICAL EDUCATION

(JMIR Med Educ 2026;12:€94950) doi: 10.2196/94950

Liuetd

KEYWORDS

blended learning; emergency medical services; health professions education; psychomotor skills; retrospective cohort study;

technology acceptance

Introduction

Background

Blended learning is now a standing design choice in health
professions education rather than acontingency, and the relevant
guestion has shifted from whether programs can deliver content
online to how different competencies perform after a
program-level transition [1]. Pandemic-era transitions that
prompted widespread adoption [2,3] retain methodological
interest because they produced externally mandated changes
applied to whole programs, a configuration difficult to obtain
deliberately. Syntheses in health professions education report
that blended learning yields knowledge outcomes at least
comparable, and in some settings superior, to traditional
instruction [1,4]. That evidence base, however, is dominated
by aggregate comparisons of overall effectiveness. Whether a
bundled program-level transition is associated differently with
knowledge, procedural skill, and integrated performance under
acommon assessment system remains uncertain.

Health professions education is inherently multidimensional,
requiring theintegration of knowledge, psychomotor skills, and
complex situational judgment. Traditional in-person health
professions education has historically emphasized extensive
hands-on practice, immediate instructor feedback, and
scenario-based learning to support these competencies. Blended
learning redistributes activities across digital and in-person
environments [5,6]. In the program studied here, theoretical
instruction moved online and scheduled practical hours were
consolidated into fewer onsite course days. Evidence on
psychomotor performance under such designs is inconsistent
and often limited by small sample sizes, heterogeneous
assessments, or reliance on self-reported competence [7].
Large-scale comparative data on standardized procedural and
complex integrated performance outcomes remain sparse. A
comprehensive evidence map of health professions digital
education identified modality comparison, skills performance
assessment, and learner-context interactions as areas with
substantial remaining research gaps[8].

Another gap in the health professions education literature
concerns learner digital readiness and technology acceptance,
which may shape engagement with blended learning
environments. The technology acceptance model and related
frameworks hold that perceived usefulness and ease of use shape
attitudes and intentions toward digital learning tools [9,10]. A
systematic review of these applications in medical education
found growing use alongside a need for context-specific
validation across learner populations [11]. Digital literacy and
self-efficacy are associated with engagement and performance
in online learning [12,13], and inequalitiesin digital readiness
have been documented in online education settings [14].
Emergency medical technician (EMT) trainees vary widely in
age, educational background, and technological familiarity, and
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how these characteristics relate to engagement with blended
learning has rarely been described in this population. The
ancillary survey reported here addresses that descriptive gap
among blended-cohort participants who completed the survey.
It does not measure the certification outcomes and cannot
account for any difference between the cohorts.

Theoretical Framewor k

Blended learning can be understood as a form of instructional
restructuring that alters when and how learning activities occur
across competency domains. Three bodies of literature are
summarized below, and they do not serve the same purpose.
Cognitive load theory [15] and mastery learning and deliberate
practice[16,17] provide arationalefor reporting the competency
domains separately. Technology acceptance [9,10] does not
bear on the comparison between domains and is used only for
the exploratory secondary aim concerning digital engagement
among blended-cohort participants who completed the survey.

Cognitive load theory describes why early procedural learning
isdemanding: declarative knowledge and motor execution must
be coordinated while both are still unfamiliar [15]. It provides
arationale for reporting the 3 competency domains separately
rather than as a composite, but it does not specify the direction
of any particular change in sequencing.

Distributed accessto theoretical content may alter opportunities
for self-paced review and retrieval practice, which can
strengthen retention [ 18]. Whether these opportunitiestransate
into measurable differences in smulated clinical scenarios has
not been established.

Mastery learning and deliberate practice frameworks bear on
how instructional restructuring may influence procedural
competence[16,17]. These models hold that expertise devel ops
through repeated, feedback-rich practice until predefined
standards are met. Where aprogram altersthetiming or density
of practice, initia performance and later retention may be
affected, although the direction is not obvious a priori. A
systematic review reported advantages for distributed rather
than massed surgical-skills training in several outcomes [19].
A small quasi-experimental study compared 3-month retention
after combined spacing and testing with retention after
single-session training without testing [ 20]; because both spacing
and testing differed, it does not i solate the contribution of either
component. In the present setting, theoretical instruction was
separated from practical sessions and the scheduled practical
hours were distributed across fewer course days; these bundled
changes cannot be distinguished by this study. Whether the
consolidated onsite schedule changed how procedural practice
was distributed cannot be determined from the available records.

Together, these perspectives justify domain-specific reporting
but do not predict a specific ordering across assessment scales.
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The present study does not test the instructional mechanisms
they propose.

Learner engagement with blended environmentsis also shaped
by technology acceptance. Perceived usefulness and perceived
ease of use are constructs of the technology acceptance model
[10,21], while the facilitating-conditions construct comes from
the unified theory of acceptance and use of technology [9];
digital literacy, self-efficacy, and experience further shape
engagement behavior and perceived instructional value
[12,13,22,23]. These constructs supplied the questionnaire items
and organized the descriptive results reported for the exploratory
secondary aim. They do not explain the certification outcomes
because no acceptance measure was used as a predictor of
assessment  performance and the questionnaire was not
administered to the traditional cohort.

The COVID-19—~elated transition from fully in-person to
blended emergency medical technician level 1 (EMT-1) training
at our institution created an opportunity for a retrospective
historical cohort comparison of certification outcomes under a
single national certification system. We compared knowledge,
psychomotor performance, and integrated scenario competence
between the traditional and blended cohorts, asking whether
the difference between cohorts was of similar size acrossthe 3
domains. Asan exploratory secondary aim, we described digital
engagement and technol ogy acceptance among blended-cohort
participants who completed the survey and examined which
participant-reported factors were associated with their intention
to use e-learning again; this second aim is confined to those
participants and is not used to explain the between-cohort
differences addressed by thefirst. The comparisonisat thelevel
of outcomes. It does not measure the learning processes that
might explain any difference observed.

Methods

Study Design

We conducted a retrospective historical cohort comparison
following aninstitutional changeininstructional delivery related
tothe COVID-19 pandemic. Thetransition restructured EMT-1
training from afully in-person format to a blended model. The
curriculum framework, competency standards, and assessment
procedures in both periods were governed by the same national
certification system. The delivery format was fixed by program
period and applied to every trainee enrolled in that period; there
was no within-period choice between formats. This does not
eliminate selection into course timing, attendance-related
selection, or secular differences between the historically
separated cohorts. This study analyzed routinely collected
administrative training records from aregional EMT-1 training
center; no prospective participant enrollment was conducted.

Two cohort periodswereincluded: apretransition cohort trained
between January and December 2020 (traditional format) and
aposttransition cohort trained between January and December
2023 (blended format). Cohortstrained in 2021 and 2022 were
excluded because public health restrictions varied within and
between course offerings, enrollment was reduced, and delivery
format was not consistently defined. The 2023 cohort represents

https://mededu.jmir.org/2026/1/e94950

Liuetd

the earliest stable implementation of the blended curriculum,
so the estimate may differ from one obtained after instructors
had accumulated more experience with the format. This
historical cohort design enabled comparison under one
certification framework while retaining the limitations of a
nonrandomized, historically separated cohort comparison.

Setting and Educational Context

This study was conducted at a regional emergency medical
services (EMS) education center accredited by Taiwan's
Ministry of Health and Welfare to deliver EMT-1 certification
training. Taiwan's national EM Straining system followsa3-tier
structure (EMT-1, emergency medical technician level 2
[EMT-2], and EMT-Paramedic), with EMT-1 representing
foundational training in basic life support, scene safety, patient
assessment, and initial emergency interventions. The EMT-1
curriculum comprises 40 hours of standardized instruction,
including didactic teaching, hands-on psychomotor skills
training, and scenario-based simulation. Accredited training
centersare required to implement auniform national curriculum,
adhere to predefined competency requirements, and apply
standardized assessment tools. These requirements provide a
common framework but do not by themselves establish
comparable realized instruction across cohorts.

Participants

This study’s population comprised trainee records available in
the retained EMT-1 certification database for the designated
study periods. Study eligibility criteria were age =20 years,
completion of the required EMT-1 training components,
attendance at >90% of scheduled instructional sessions, no prior
EMT certification at any level, and recorded completion of the
certification assessments. The retained administrative dataset
contained 1251 trainee records after program-completion and
attendance requirements had already been applied. Original
course-enrollment rosters were unavailable, so the numbers
initially enrolled and excluded before assembly of the retained
dataset could not be determined for either cohort. Sixty-six
records were subsequently excluded for age <20 years, leaving
1185 age-eligible records. Analyses then used a complete-case
set: atrainee was included only if a score was recorded for all
3 certification assessments. One traditional -cohort record lacked
arecorded psychomotor score and was excluded, leaving 1184
for analysis, comprising 603 in the traditional cohort and 581
inthe blended cohort. The attendance criterion identifiestrainees
who completed within their own cohort. Under program
regulations in force in both periods, trainees who missed
scheduled sessions with approved leave could be deferred to a
subsequent cohort, where they completed missed instruction
and assessments within a 6-month window. In the blended
program, attendance at live online sessions was verified by
requiring cameras to remain on with the participant’s face
identifiable; a designated assistant recorded attendance and
captured periodic screenshots, and the live sessions were
recorded. Trainees who missed live online hours were directed
to the program’s make-up procedure before the onsite practical
days. The available administrative records do not show how
often this procedure was used and do not separate exclusions
attributable to attendance, incomplete assessment, or prior
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certification, so cohort-specific exclusion counts and selection
effects cannot be assessed.

Instructional Conditions

Traditional 1n-Person Program (Pretransition Cohort)

The traditional cohort completed a 40-hour course delivered
across 5 days and entirely in person. The schedule comprised
18 hours of didactic instruction and 22 hours of practical
activities, including psychomotor skills practice and integrated
scenarios. The supplied period-specific records did not
independently document a 16-hour/6-hour subdivision of the
practical component.

All sessions were conducted onsite. Instructor qualifications,
competency standards, and assessment processeswere governed
by national EMT-1 requirements.

Blended Learning Program (Posttransition Cohort)

The blended cohort completed the same 40 scheduled
instructional hours, reorganized so that the didactic component
was delivered online and the practical component onsite.
Eighteen hours of theoretical instruction were delivered online,
comprising 4 hours of prerecorded material released before the
course and 14 hours of live synchronous teaching via a
videoconferencing platform with interactive elements. Session
recordings were available for asynchronous review. The
remaining 22 scheduled hours comprised face-to-face practical
activities across 3 onsite course days, including psychomotor
skills practice and scenario-based simulation; the supplied
period-specific records did not independently document a
16-hour/6-hour subdivision. The recognized schedule in both
periods totaled 45 hours, of which 5 were allocated to written
and practical assessment; the 40 instructional hours reported
throughout this paper exclude assessment time. The online
component preceded the onsite days, but published course
notices for 2023 show intervals ranging from 1 day to
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approximately 3 weeks across offerings. The records do not
identify which offering each trainee attended.

Documented Features of the Practical Training
Component

The practical-training features are summarized in Table 1. The
accredited provider had previously reported that, as a standing
practicein both formats, learnerspracticed in pairs, classeswere
divided between concurrent skills stations, and instructorswere
assigned under a ceiling rule of 1 instructor per 15 learners.
Because of rounding, the nomina ratio could range from
approximately 1:10to 1:15. The authors additionally confirmed
from direct program knowledge that the onsite practical-training
model, teaching materials, and instructor pool did not change
between periods. These are program-level confirmations rather
than period-specific session records. The records reviewed did
not document realized group sizes, equipment used,
cohort-specific scenario all ocation, repetition counts, feedback
or debriefing procedures, assessment-station configuration, or
session-level instructor calibration.

Taken together, the provider's standing-practice account and
the authors’ direct program knowledge indicate that the onsite
practical-training model, teaching materials, and instructor pool
did not change between periods. The records reviewed did not
permit a session-level audit of realized group size, equipment
use, scenario allocation, repetition counts, feedback, debriefing,
or hands-on exposure. The program transition nevertheless
bundled online theory with consolidation of practical sessions
into 3 onsite days rather than 5 course days. Observed
differencestherefore cannot be attributed to a single component.

The knowledge assessment (TR1), psychomotor skills
assessment (TR2), and integrated scenario assessment (TR3)
were administered at the conclusion of the training program,
after al instructional components had been completed.
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Table 1. Documented course and staffing information for the traditional and blended programs.

Parameter

Traditional in-person program (2020)

Blended program (2023)

Recognized schedule

Didactic instruction

Scheduled practical instruction
Skills/scenario allocation

Délivery pattern

Practice grouping

Instructor staffing

Facility, manikins, equipment

Scenario cases, repetition, and
feedback

Assessment

45 hours (40 instructional, 5 assessment)

18 hours, in person

22 hours

Not documented in supplied period-specific records

Five course days, with didactic and practical content
partially interleaved within the same day

Learnersin pairs; class divided between concurrent
stations

Sameinstructor pool; ceiling rule of 1 instructor per 15
learners

Same study center; period-specific room, manikin, and
equipment records were not available for this audit

Teaching materials unchanged; cohort-specific scenario
allocation, repetition counts, and feedback/debriefing
records were not available for this audit

K nowledge assessment (TR19), psychomotor skills as-
sessment (TRZb), and integrated scenario assessment

45 hours (40 instructional, 5 assessment)

18 hours, online (4 prerecorded, 14 live synchronous)
22 hours

Not documented in supplied period-specific records

Online component preceding 3 onsite practical days; in-
terval between components varied across offerings

Learnersin pairs; class divided between concurrent sta-
tions

Same instructor pool; ceiling rule of 1 instructor per 15
learners

Same study center; period-specific room, manikin, and
equipment records were not available for this audit

Teaching materials unchanged; cohort-specific scenario
allocation, repetition counts, and feedback/debriefing
records were not available for this audit

Knowledge assessment (TR1), psychomotor skills assess-
ment (TR2), and integrated scenario assessment (TR3),

(TR3%), under national protocols

under national protocols

8TR1: knowledge assessment.
bTR2: psychomotor assessment.
®TR3: integrated scenario assessment.

Outcome M easures

Primary Outcome

The primary outcome was psychomotor performance, assessed
via TR2: a standardized skills assessment station evaluating
out-of-hospital cardiac arrest management, including
cardiopulmonary resuscitation quality metrics, airway
management, and defibrillation procedures. The passing
threshold was =70%.

Secondary Outcomes

Exploratory between-cohort comparisons were conducted for
2 additional certification assessments:

« TR1 (Knowledge): a multiple-choice examination scored
out of 100 points, covering anatomy, physiology,
pharmacology, and clinical decision-making (passing
threshold: =60%).

« TR3 (Integrated Scenario Performance): a high-fidelity
simulation requiring integration of cognitive and
psychomotor competenciesin randomly assigned scenarios
selected from a standardized case bank (eg, acute
myocardial infarction, pulmonary embolism, intracerebral
hemorrhage, and prehospital out-of-hospital cardiac arrest
triage and transport decisions; passing threshold: 270%).

All assessments were administered under the same national
certification framework and the standardized operational
procedures in effect during each study period. Historical
interrater agreement estimates for the operational scoring rubrics
were available from a separate association instructor calibration
exercise conducted on September 28, 2020. During that exercise,
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evaluators independently scored the same recorded trainee
performances, yielding k=0.85 for TR2 and k=0.82 for TR3.
These estimates were not derived from duplicate ratings of the
assessments analyzed in this study, which were routinely scored
by a single evaluator. Because the original calibration forms
and complete information on the numbers of raters and
performances were unavailable, the estimates could not be
recomputed, and their applicability to the assessments
administered during the study periods could not befully verified.

Ancillary Survey I nstrument and Analysis

Digital learning experiences were assessed using a
theory-informed, self-administered questionnaire offered to the
blended cohort. The instrument measured digital engagement
across 4 dimensions (skills, emotional, participation, and
performance engagement) using 12 itemsadapted from Fredricks
et al [24]. Perceived challenges (8 items), perceived benefits (5
items), and technol ogy acceptance (4 items, based on technology
acceptance model constructs) were al so assessed, together with
demographic characteristics and prior digita learning
experience. Items adapted from English-language instruments
were trandated into Chinese and reviewed by the author team.
The instrument showed high internal consistency across
subscales (Cronbach 0=.928-.941) and content validity
established by expert review (content validity index=0.92).
These survey outcomes are exploratory and are reported as such
throughout. The questionnaire analysis included the 236
blended-cohort participants who completed the survey.

Sample Size Calculation
Under equal group sizes, a 2-sided independent-samplest test
with an a of .05 requires 176 participants per group to provide
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80% power to detect a standardized mean difference (d) of 0.30.
Both analyzed cohorts exceeded this requirement. Observed
power is not reported because it is a deterministic function of
the P values already given and adds nothing to the Cls.
Nonsignificant results were not interpreted as evidence of
equivalence [25]; equivalence testing against the prespecified
marginsis described in the Statistical Analysis subsection.

Statistical Analysis

Statistical analyses were performed using SPSS (version 28.0;
IBM Corp). Shapiro-Wilk tests rejected exact normality in all
6 cohort-by-outcomedistributions (all P<.001). Giventhelarge
group  Sizes, between-cohort mean  comparisons,
education-stratified TR2 comparisons, and equivalence tests
used pooled-variance (egual-variances-assumed)
independent-samples t procedures and were interpreted using
effect estimates and Cls. Effect sizes are reported as absolute
Cohen d values; mean differences are reported with 95% Cls.
Knowledge variances differed between cohorts (SD 13.30 vs
10.75); Welch t test for that comparison gave the same
conclusion (difference —0.30, 95% CI -1.67 to 1.08; P=.67).
The primary analyses used the same compl ete-case sample for
all 3 outcomes (=603 in the traditional cohort and n=581 in
the blended cohort). An additional sensitivity analysis of TR3
included all available scenario scores (n=604 and n=581,
respectively).

A nonsignificant differenceisnot evidence of equivalence[25].
Each outcome was therefore al so assessed by two 1-sided tests
against its prespecified educational importance margin, with
equivalence declared only when both one-sided tests reached
P<.05. Educational importance thresholds of 5 pointsfor TR1,
3 pointsfor TR2, and 4 pointsfor TR3 were established through
an in-person consensus discussion among 12 EMS instructors
at the association’s instructor consensus camp on September
12, 2025. These thresholds were applied as symmetric
equivalence margins of +5, £3, and +4 points, respectively. The
margins were established before the between-cohort analyses
were conducted and before any study results were disclosed to
the panel. Participants were asked to identify score differences
that they considered educationally important for the knowledge,
psychomotor, and integrated scenario assessments, and the
discussion continued until consensus was reached. Based on
the approximate scoring structure of the assessments, the
margins were broadly comparable to the scores assigned to 2
knowledge-test items for TR1, 1 psychomotor checklist item
for TR2, and either 1 mgjor item or 2 minor items for TR3.
These margins represent expert-derived educational thresholds
rather than externally validated clinical thresholds (Multimedia
Appendix 1). Competency-threshold attainment, defined asthe
proportion of trainees meeting the passing standard for each
assessment and the proportion certified overall, was compared
using Pearson chi-sgquare tests without continuity correction.
To assess whether the between-cohort imbalance in education
level accounted for the psychomotor difference, that outcome
was additionally examined within each education stratum. Sex
differences were examined with 2-way ANOVA, fitted
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separately for each outcome with instructional modality, sex,
and their interaction as factors and Type 11l sums of squares.
The ANOVA interaction term tested whether sex differences
varied by modality. Pearson correlation coefficients were
calculated for age with each outcome within each cohort and
for education level with each outcome, with education coded
ordinally as high school or below, college or university, and
graduate or higher. To assess the robustness of between-group
differences, multivariable linear regression models were fitted
for the primary outcome (TR2) and secondary outcomes (TR1,
TR3) with instructional modality as the independent variable,
adjusting for age, sex, and education level, using
heteroscedasticity-consistent SEs (HC3 estimator). Education
entered these models as a single ordinal term with the same 3
ordered categories. Regression coefficients (b) are
unstandardized and are expressed in assessment score points.
The survey datawere analyzed separately from the certification
outcomes, with the participant as the unit of analysis. Among
the 236 blended-cohort participants who completed the survey,
intention to use e-learning for future training was regressed on
perceived benefits, positive attitudes toward digital learning,
emotional engagement, performance engagement, and agein a
single ordinary least squares model, with multicollinearity
assessed using variance inflation factors. This model is
exploratory and does not describe the full blended cohort.

Statistical significancewas set at P<.05 for the primary outcome
(TR2). TR1 and TR3 were treated as secondary exploratory
comparisons, P values are reported descriptively without
multiplicity correction.

Ethical Consider ations

This study’s protocol was reviewed and approved by the
Research Ethics Committee B, National Taiwan University
Hospital (NTUH-REC No. 202601212RINB), in accordance
with the Declaration of Helsinki. Because this study involved
retrospective analysis of deidentified educationa records, the
committee approved a waiver of informed consent. Data were
deidentified at the source institution and stored in encrypted,
password-protected databases in compliance with applicable
data protection regulations.

Results

Participant Characteristics

The complete-case analysis included 1184 participants: 603
from the traditional cohort (January-December 2020) and 581
from the blended cohort (January-December 2023). All 3
assessments were administered as mandatory components of
the certification program. Table 2 presents the baseline
participant characteristics.

No statistically significant differences were detected in sex
distribution (P=.19) or age (P=.54). Education level differed
(P=.005), with ahigher proportion of graduate-level traineesin
the blended cohort (97/581, 16.7%, vs 68/603, 11.3%).
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Table 2. Baseline participant characteristics.
Characteristic In-person (n=603) Blended (n=581) P value
Male, n (%) 325 (53.9) 291 (50.1) 19
Age (years), mean (SD) 31.2(8.7) 31.5(9.0) 54
Education level, n (%) .005
High school or below 141 (23.49) 104 (17.9)
College or university 394 (65.3) 380 (65.4)
Graduate or higher 68 (11.3) 97 (16.7)

Primary Outcome: Psychomotor Performance

Table 3 summarizes performance on the 3 assessmentstogether
with the equivalence tests against the prespecified margins.

Mean differences are calculated as in-person minus blended,
and Cohen d vaues are absolute. Equivalence testing was
conducted against the prespecified educational importance
margins. “Met” indicates that both 1-sided tests reached a P
value less than .05 under the stated numerical bound; it does
not establish clinical equivalence. Because the 3 raw-score
margins corresponded to different standardized widths
(approximately 0.41, 0.29, and 0.48 SD for TR1, TR2, and TR3,
respectively), the pattern of “met” and “not met” partly reflects
margin width relative to score variability and should not be
interpreted as aranking of domain sensitivity.

Psychomotor performance was lower in the blended cohort
(80.60, SD 9.70, vs 84.44, SD 10.80; mean difference 3.84,
95% Cl 2.67-5.01; P<.001), with asmall-to-medium effect size

Table 3. Competency assessment outcomes by training modality.

(d=0.37). The psychomotor outcome did not meet the
prespecified equivalence criterion (upper 1-sided P=.92).

In a multivariable model adjusting for age, sex, and education
level, the blended-cohort indicator was associated with lower
psychomoator scores (b=—4.04, 95% Cl -5.15t0-2.92; P<.001).
The adjusted coefficient was slightly larger in magnitude than
the unadjusted difference; the nonrandomized design does not
permit a causal interpretation.

Because education level differed between cohorts, with ahigher
proportion of graduate-level trainees in the blended cohort,
psychomotor performance was examined within each education
stratum. The difference favoring the traditional cohort was
present in al 3 strata. Values were 2.78 points (95% CI -0.32
to 5.89; P=.08) among trainees with high school education or
below (=141 vs 104), 4.15 points (95% Cl 2.76-5.54; P<.001)
among those with college or university education (n=394 vs
380), and 4.40 points (95% Cl 1.55-7.25; P=.003) among those
with graduate education (n=68 vs 97). The estimate was
imprecise in the smallest stratum.

QOutcome In-person, mean (SD) Blended, mean (SD)  Difference (95% CI) |d| P vaue Equi\_/al ence within
margin

TR12 knowledge 69.23 (13.30) 69.53 (10.75) -030(-168t01.08) 002 .67 Met (5 points)

TR2%, psychomotor 84.44 (10.80) 80.60 (9.70) 3.84(2.67105.01) 037 <001  Notmet (3 points)

TR, integrated scenario  85:59 (8.64) 86.53 (7.85) -094(-1.89t0000) 011 .05 Met (x4 points)

3TR1: knowledge assessment.
bTR2: psychomotor assessment.
°TR3: integrated scenario assessment.

Secondary Outcomes: Knowledge and I ntegrated
Scenario Performance

Knowledge scores differed by —0.30 points between cohorts
(95% CI -1.68 to 1.08; d=0.02; P=.67), and the difference fell
within the prespecified +5-point equivalence margin (both
1-sided P<.001). Integrated scenario scores differed by —0.94
points (95% Cl —1.89t0 0.00; d=0.11; P=.05), and the difference
fell within the prespecified +4-point margin (both 1-sided
P<.001). Using every record with a scenario score (n=604 vs
581), the difference was —1.08 points (95% CI —2.07 to —0.10;
d=0.13; P=.03); the result still met the +4-point margin. After
covariate adjustment, neither knowledge (b=-0.21; P=.76) nor
integrated scenario performance (b=0.62; P=.17) was associated

https://mededu.jmir.org/2026/1/e94950

with instructional modality. We draw no directiona inference
from the integrated scenario result.

Competency-Threshold Attainment

Because certification depends on meeting fixed passing
standards rather than on mean scores, threshold attainment was
compared separately (Table 4). On the psychomotor assessment,
521 of 581 (89.7%) blended-cohort trainees and 557 of 603
(92.4%) traditional-cohort trainees met the 70% standard, a
difference of —-2.7 percentage points that did not reach
significance (P=.10). Overall certification rates were 459 of
581 (79%) and 474 of 603 (78.6%), respectively (P=.87).
Knowledge-threshold attainment was higher in the blended
cohort (516/581, 88.8%, vs 503/603, 83.4%; P=.007), whereas
integrated-scenario-threshold attainment did not differ detectably
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(559/581, 96.2%, vs 576/603, 95.5%; P=.55). The lower mean
psychomotor scoretherefore did not correspond to astatistically
significant between-cohort difference in meeting the national
competency standard. The near-identical knowledge means,
smaller SD, and 5.4-percentage-point higher pass rate in the

Table 4. Competency-threshold attainment by training modality.

Liuetd
blended cohort are consistent with anarrower score distribution
in which fewer trainees fell below the 60-point threshold.

Overall certification isthe certification outcomerecorded in the
training records.

Assessment Traditional in-person, n/N (%) Blended, n/N (%) Difference (blended minusin-person), P value
percentage points®

Knowledge (TR1?), 60 503/603 (83.4) 516/581 (88.8) +5.4 007

Psychomotor (TR2S), 270 557/603 (92.4) 521/581 (89.7) -2.7 10

Integrated scenario (TR3%), 270 576/603 (95.5) 559/581 (96.2) +0.7 55

Overall certification 474/603 (78.6) 459/581 (79.0) +0.4 87

3positive values indicate a higher proportion in the blended cohort.
bTR1: knowledge assessment.

®TR2: psychomotor assessment.

HR3: integrated scenario assessment.

Demographic Associations With Performance

Age correlations were negative for al 3 outcomes in both
cohorts. For knowledge, the correlations were r=-0.121
(P=.004) in the blended cohort and r=-0.055 (P=.17) in the
traditional cohort. For psychomotor performance, they were
r=—0.261 (P<.001) and r=—0.271 (P<.001), respectively; for
integrated scenario performance, they were r=—0.158 (P<.001)
and r=-0.150 (P<.001), respectively.

Female participants had higher mean scores in every
cohort-by-outcome cell. In 2-way ANOVA models with sex
and instructional modality asfactors, the main effect of sex was
significant for all 3 outcomes (TR1 F;;,55=48.0, TR2
F11180=15.7, and TR3 F;,45=46.3; al P<.001). No
sex-by-modeality interaction was detected for TR1 (Fy 1185=0.04,
P=.84), TR2 (F1 1180=0.99; P=.32), or TR3 (Fy 115,=0.18; P=.67).

Education level, coded ordinally as high school or below, college
or university, and graduate or higher, was positively correlated
with knowledge (r=0.147; P<.001) and with integrated scenario
performance (r=0.130; P<.001). The correlation with
psychomotor performancewas near zero (r=0.021; P=.47). The
education-stratified psychomotor difference persisted within
every education stratum, including among traineeswith graduate
education, who were more numerous in the blended cohort.
Knowledge-threshold attainment, which was higher in the
blended cohort, was not examined within education strata.

Secondary Outcomes: Digital Engagement and
Technology Acceptance

Of the 236 blended-cohort participants who completed the
survey (response rate: 236/581, 40.6%), approximately
three-quarters (181/236, 76.7%) reported prior e-learning
experience. No statistically significant differenceswere observed
indigital engagement, perceived benefits, perceived challenges,
or technol ogy acceptance between participants with and without
prior e-learning experience (all P>.05; Multimedia Appendix
2). In an exploratory multiple linear regression, perceived

https://mededu.jmir.org/2026/1/e94950

benefits (b=0.34; P<.001) and positive attitudes toward digital
learning (b=0.28; P<.001) were positively associated with
intention to use e-learning again. Emotional engagement and
performance engagement were aso associated with this
intention, whereas age showed a modest negative association
(b=—-0.02; P=.047). The model explained 47% of the variance
(R2=0.47; Multimedia Appendix 3). These findings describe
survey participants only and are not generalized to the full
blended cohort.

Discussion

Principal Findings

In this retrospective comparison of eligible completers from 2
certification cohorts assessed under 1 national system, abundled
program-level transition was associated with different outcome
estimates across 3 competency domains. Psychomotor scores
were 3.84 points lower in the blended cohort. Knowledge and
integrated scenario differences were —0.30 and —0.94 points,
respectively. The prespecified equivalence criterion was met
for knowledge and integrated scenario performance and not met
for psychomotor performance. These boundswere not validated
clinica thresholds. Psychomotor-threshold,
integrated-scenario-threshol d, and overall-certification rates did
not differ detectably; knowledge-threshold attainment was 5.4
percentage points higher in the blended cohort (P=.007). Among
the 236 blended-cohort participants who completed the survey
(236/581, 40.6%), perceived benefits and positive attitudes
toward digital learning were positively associated with intention
to use e-learning again. The survey findings are exploratory and
describe survey participants only.

The score differences were 3.84 points for psychomotor
performance, —0.30 for knowledge, and —0.94 for integrated
scenario performance, each on its own assessment scale.
Comparisons across domains are descriptive because the
assessments are not on acommon validated scale and no formal
cross-domain contrast was performed. This study does not
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explain the observed estimates. Cognitive load, feedback quality,
rehearsal continuity, and procedural integration were not
measured, so the accounts discussed in the Comparison With
Prior Evidence subsection are candidate explanations rather
than findings.

These results also show why the components of a blended
program should be described separately. In the egquivalence
tests, knowledge and integrated scenario scores met the
prespecified margins, whereas psychomotor performance did
not. Because delivery format, sequencing, calendar
consolidation, and cohort year changed together, this study
cannot identify which feature accountsfor the observed pattern.

Comparison With Prior Evidence

The knowledge-score difference was —0.30 points (95% CI
-1.68 to 1.08), consistent with prior syntheses of online or
blended vs face-to-face knowledge outcomes [1,4,26,27].
Reviews focused on clinical-skills outcomes address a related
but distinct evidence base [7,28]. A broader online-learning
meta-analysis al so emphasi zed differences among instructional
comparisons [29]. Knowledge and integrated scenario scores
met the equivalence criteria within their prespecified margins.

Psychomotor performance differed between cohorts. Cognitive
load theory offers one possible account [15], although this study
did not measure cognitive load or schema formation. The
distributed-practice literature addresses the more specific
guestion of timing: asystematic review reported advantagesfor
distributed rather than massed surgical-skillstraining in several
outcomes[19], and asmall quasi-experimental study compared
3-month retention after combined spacing and testing with
retention after single-session training without testing [20].
Because spacing and testing changed together in the latter studly,
it does not identify the contribution of either component. Neither
source tests the bundled separation of theory from practice and
consolidation of practical hoursin thisprogram, and the present
data do not identify a mechanism.

Two features of the blended program changed together and
cannot be separated in this design: the interval between the
online theory component and the first onsite practical session
varied from 1 day to approximately 3 weeks across course
offerings, and the practical hourswere consolidated into 3 onsite
days rather than distributed across 5 course days. Prior work
identifies practice scheduling as a design consideration in
procedural motor-skills training [30], but neither feature was
mani pulated independently here. An untested possibility isthat
alonger delay between the online theory component and the
first onsite practical session would be associated with lower
psychomotor scores. If so, trainees whose onsite days began
the next day would be expected to score closer to thetraditional
cohort than trainees who waited approximately 3 weeks. These
records do not permit that comparison, because no field links
a trainee to a particular course offering, so the documented
variation in interval cannot be joined to individua scores.
Enrollment records identifying each trainee's offering, or a
prospective design in which theinterval is assigned, would test
the prediction. The observed difference therefore cannot be
attributed to the theory-to-practice interval, the consolidated
schedule, or any proposed learning process.

https://mededu.jmir.org/2026/1/e94950
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The wider literature on technology-supported resuscitation
training is heterogeneous. Lin et al [31] reported little overall
difference in chest-compression quality; among learners using
feedback devices, only the appropriate compression-rate measure
favored face-to-face training. Ko et a [32] found that the
3-practice blended arm had more correct-speed compressions
and shorter hands-off time, and both blended arms performed
better on environmental safety; knowledge, attitude, and
confidence did not differ across groups. Boonmak et al [33]
compared onlinewith didactic theory after both groupsreceived
the same 2-hour skills training and reported comparable
knowledge and skills outcomes. Iskander et al [34] established
noninferiority for change in self-assessed confidence, not
objective competence, among the 21% of participants with
complete pre- and postcourse guestionnaires.
Sarboozi-Hosseinabadi et al [35] reported no statistically
significant between-group differences at the 3 assessed time
points and described webinar and simulation as equally effective.
The remaining studies also differed in design and outcome:
Bieri et al [36] assessed self-reported confidence and perceived
knowledge without standardized psychomotor testing; Lim et
a [37] found poorer overall skills with self-directed
technology-based training without instructor guidance, while
certainty across the reviewed evidence was very low; Chong et
al [38] found no statistically significant adjusted differencesin
manikin scores, although the remote group practiced on more
days and made more assessment attempts; and Chien et a [39]
reported no significant difference between 6-month blended
and traditional refresher groups, whereas skills declined more
after a 12-month interval. Unlike their refresher single-skill
context, our study examined initial multiskill certification
training, so their comparison has limited direct applicability to
learners acquiring several skillsfor thefirst time. These studies
provide relevant comparisons, but they do not establish formal
equivalence across delivery models or explain the
between-cohort pattern observed here.

Integrated scenario scores fell within the prespecified +4-point
equivalence margin. Distributed access and flipped-classroom
designs may support review, retrieval practice, and presession
study [18,40], but this study did not test whether those processes
affected scenario performance.

Agewas modestly negatively correlated with psychomotor and
integrated scenario performance in both cohorts. Although age
has been examined in the technology-adoption literature [41],
these performance correl ations do not test atechnol ogy-adoption
mechanism. The cohort-specific coefficients were numerically
close (psychomotor: r=—0.261 in the blended cohort and
r=—0.271 inthetraditional cohort; integrated scenario: r=—0.158
and r=-0.150, respectively), but no formal age-by-cohort
contrast was performed. These descriptive results therefore do
not show whether delivery format modified the age association.

Alternative Explanations

The 3-year interval between cohorts is the principal threat to
internal vaidity. Familiarity with onlineinstruction, expectations
of remote work, and other unmeasured cohort characteristics
may have differed between 2020 and 2023 and could have
influenced outcomes independently of the program transition.
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Both cohorts completed the same 3 assessment domains under
the same national certification protocols and passing standards.
Period-specific item sets, checklists, and assessment scenarios
were not available for this retrospective audit and therefore
could not be verified asidentical . Thisdoes not eliminate secular
changesin learners or implementation, including how the same
instructor pool delivered the course over time. The selective
outcome pattern does not resolve this threat because temporal
confounding could affect competency domains differently. We
therefore cannot determine how much of the psychomotor
difference reflects the bundled program transition or secular
change.

A second explanation concerns delivery of the face-to-face
component by the sameinstructor pool under adifferent calendar
schedule. The blended program scheduled its 22 hours of
practical activities across 3 onsite days, whereas the traditional
program distributed the same scheduled practical hours across
5 course days. This study did not measure realized pacing,
fatigue, cross-day revisiting, supervision, equipment use,
feedback, or instructiona quality. Because thetransition bundled
online delivery of theory with consolidation of practice, these
components cannot be distinguished, and the observed difference
is consistent with either or with other unmeasured
implementation differences.

A third concern is attendance-based selection. The retained
administrative dataset was assembl ed after program-completion
and attendance requirements had already been applied. Because
the original enrollment rosters and records of exclusions before
dataset assembly were unavailable, we could not determine
cohort-specific enrollment or exclusion counts. The direction
and magnitude of any resulting selection bias therefore cannot
be quantified.

Implicationsfor Instructional Design

The knowledge difference met the prespecified equivaence
criterion, whereas the psychomotor difference did not. This
contrast concerns observed outcomes and does not identify the
responsible program component, because delivery format,
practice scheduling, and cohort year changed together and the
proposed instructional mechanisms were not measured. If the
psychomotor difference reflectsinstructional sequencing, then
programs adopting comparable formats may need to examine
whether psychomotor training remains sufficiently intensive,
feedback-rich, and temporally connected to theoretical learning;
video-based skill previews, mental rehearsal, and greater density
of early hands-on sessions are candidates for prospectivetesting.

Theoretical Contribution

This study contributes to the literature on digital and blended
health professions education by reporting 3 competency domains
separately under 1 assessment system following a bundled
program-level transition. Prior work has largely compared
overall effectiveness; separate estimates avoid collapsing distinct
score scales into a single summary judgment. The primary
evidence therefore remainsthe estimated differences, their Cls,
effect sizes, and competency-threshold results.

Separate reporting of competency domains may be useful in
other procedural and simulation-based disciplines, including

https://mededu.jmir.org/2026/1/e94950
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nursing, surgical training, and resuscitation education, as a
prompt to disaggregate outcomes. More broadly, digital
education interventions may warrant evaluation not only by
aggregate outcomes but also by how different competencies
perform.

Limitations

This study has severa limitations. The nonrandomized
historical-cohort design prevents causal inference, and temporal
confounding across the 3-year interval cannot be excluded.
Period-specific assessment item sets, checklists, and scenarios
were unavailable, so measurement comparability across years
could not be verified. The exclusion of cohorts from 2021 and
2022, when delivery format varied under changing restrictions
and enrollment was reduced, meansthat the comparison captures
the earliest stable posttransition cohort and cannot describe
instructor adaptation during the intervening years. The
educational importance margins were based on a single
instructor consensus discussion that included 3 study authors
and were not independently validated thresholds. The reported
K values were historical interrater agreement estimates from a
separate 2020 instructor calibration exerciserather than duplicate
ratings of the analyzed assessments. Because the original
calibration forms and complete information on the numbers of
raters and performances were unavailable, the applicability of
these estimatesto the assessments admini stered during the study
periods could not be verified.

Several implementation and selection features were aso
unmeasured. We did not collect measures of cognitive load,
feedback quality, rehearsal continuity, or schemaformation, so
the proposed instructional mechanisms remain untested. The
interval between online theory and the first onsite day varied
from 1 day to approximately 3 weeks, but the records do not
identify each trainee’s offering. Although the authors confirmed
that the onsite practi cal-training model, teaching materials, and
instructor pool did not change between periods, this
program-level confirmation did not provide a session-level
audit. Cohort-specific equipment use, scenario allocation,
repetitions, feedback, debriefing, and assessment-station
configuration were unavailable for retrospective verification.
Cohort-specific exclusion counts and reasons were aso
unavailable, so attendance-based sel ection cannot be quantified.

Generalizability is limited by the single-center setting and by
the ancillary survey, which was completed by 236 of 581
(40.6%) blended-cohort participants. The survey findings are
exploratory, describe survey participants only, and cannot be
generalized to the full blended cohort or used to explain the
between-cohort differences. The outcome window was also
narrow: we assessed immediate posttraining performance
without retention or field-performance data, and technical skills
decay at rates that differ by skill and initial proficiency [42].
Multicenter designs with longitudina follow-up and direct
measures of implementation and learning processes would
address these gaps.

Conclusions

In this single-center, nonrandomized comparison of cohorts 3
years apart, the ingtitutional transition to blended delivery was
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associated with a 3.84-point lower early psychomotor scorein
the blended cohort (95% Cl 2.67-5.01). The between-cohort
differenceswere —0.30 points for knowledge (95% Cl —1.68 to
1.08) and —-0.94 points for integrated scenario performance
(95% CI —1.89t0 0.00). The knowledge and integrated scenario
differences met the prespecified equivalence criteria; the
psychomotor difference did not. These educationally defined
margins were not validated clinical thresholds.

Liuetd

Because delivery format, calendar consolidation, and cohort
year changed together, this study cannot isolate the effect of
moving didactic instruction online. The proposed instructional
mechanismswere not measured and therefore remain candidate
explanationsrather than findings. Programs adopting comparable
models should assess psychomotor outcomes directly rather
than infer them from knowledge scores or overall pass rates.
Whether denser early practice, shorter theory-to-practice

intervals, or supplementary rehearsal would change outcomes

Psychomotor-threshold, integrated-scenario-threshold, and requires prospective eval uation,

overal-certification rates did not differ detectably between
cohorts. Knowledge-threshold attainment was 5.4 percentage
points higher in the blended cohort (P=.007).
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TR1: knowledge assessment
TR2: psychomotor skills assessment
TRS3: integrated scenario assessment
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