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Abstract

Introduction: A realist review examined how learning mechanisms explain
variation across teaching approaches in undergraduate medical education
(UME). Methods: PubMed/MEDLINE, Scopus, Web of Science, and ERIC
were searched through August 2026. Of 2383 records, 27 met inclusion criteria.
Evidence was synthesized using context-mechanism-outcome configurations,
with Interactive, Constructive, Active, Passive (ICAP) characterizing engage-
ment. Results: Three mechanism-level demi-regularities were identified.
Mechanism activation, cognitive engagement, constructive alignment, and im-
plementation fidelity explained variation, while instructional labels showed
heterogeneity. Conclusion: Instructional labels are family indicators rather
than interventions. Mechanism-ICAP profiles and implementation fidelity
provide analytical units for understanding outcomes across UME contexts.
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1. Introduction

1.1. The Educational Problem

Medical education prepares students to acquire knowledge, interpret evidence,
solve clinical problems, communicate effectively, collaborate, and apply learning
in patient care. These demands have prompted the adoption of active-participa-
tion approaches that engage students directly rather than relying solely on lec-
tures. Across STEM education, active learning has been associated with improved

examination performance and reduced course failure compared with traditional
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teaching (Freeman et al., 2014). Active-participation approaches—including
flipped classrooms, team-based learning (TBL), problem-based learning (PBL),
peer-assisted learning (PAL), BOPPPS [bridge-in, outcomes (or objectives), pre-
assessment, participatory learning, post-assessment, and summary], and Jigsaw
teaching—combine retrieval practice, discussion, problem solving, application,
explanation, and feedback, yet identical instructional labels often represent mark-
edly different activities across institutions. Accordingly, instructional labels may
function as family indicators, with outcomes determined by the learning activities
and cognitive mechanisms that are actually enacted. Reported effects vary widely:
flipped classrooms (SMD 0.33 - 0.93) (Hew & Lo, 2018; Spai¢ et al., 2025; Hughes
& Lyons, 2017), team-based learning (d = 0.55 - SMD 2.63) (Chen et al., 2018;
Swanson et al., 2019), problem-based learning shows domain-specific effects (Trullas
et al., 2022), and team-based learning outperformed problem-based learning
(SMD 0.37, 95% CI 0.02 - 0.73) (Zhang et al., 2024). Together with evidence from
cognitive-architecture (Bordage, 2009; Sweller et al., 2019; Leppink & van den
Heuvel, 2015; Young et al., 2014), testing-effect (Pyc & Rawson, 2010; Pan & Rick-
ard, 2018; Adesope et al., 2017; Rowland, 2014; Yang et al., 2021), and peer-learn-
ing literatures (Loda et al., 2019; Loda et al., 2020; ten Cate et al., 2012; Brierley et
al., 2022,) this variability motivates a mechanism-based rather than label-based

synthesis.

1.2. Conceptual Framework

A realist conceptual framework integrates theory, intervention, evidence, and ed-
ucational practice so that a reader can recognize what advance in knowledge a
synthesis offers (Bordage, 2009; Bucklin et al., 2021). This review is organized
around such a framework. The framework has one anchor, one engagement clas-
sifier, six mechanism resources, and one cross-cutting moderator; their relation-
ships are derived rather than merely enumerated.

Anchor: constructive alignment. Constructive alignment of intended learning
outcomes, teaching activities, and assessment is the condition under which mech-
anisms can be observed consistently. When teaching, learner activity, and assess-
ment target the same construct, an intervention resource can plausibly activate a
corresponding learner response; when alignment is absent, observed effects can-
not be cleanly attributed to any mechanism. The anchor therefore establishes the
analytic boundary inside which the six resources can be observed.

Engagement classifier: ICAP. ICAP distinguishes Passive, Active, Construc-
tive, and Interactive engagement by what the learner produces. ICAP is not a sev-
enth mechanism; it specifies the level of engagement at which the anchor can be
observed to operate. ICAP classifies the engagement a resource is expected to
elicit, while the mechanism resources explain what the resource does (Figure 1).

Six mechanism resources. Working-memory redistribution, retrieval, ac-
countability, context anchoring, constructive alignment (operating again at the

resource tier when applied to specific outcomes), and cognitive and social con-
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gruence are specified underneath the anchor and classifier as the design features
through which mechanism activation plausibly occurs. Resources do not stand
alone. They require anchor-level alignment to be observed consistently, and they
require Constructive or Interactive engagement to take effect at the level realist
intervention theory predicts. Their theoretical grounding, mechanism-level evi-

dence base, and operationalization are detailed in §1.3.
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Figure 1. ICAP-mechanism conceptual framework. The diagram links educational need to
student activity, to ICAP engagement mode, to activated mechanism, and to educational
outcome.
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Cross-cutting moderator: implementation fidelity. Fidelity is treated as a
moderator on activation rather than as a seventh mechanism. Fidelity determines
whether the design feature presented to learners manifests as mechanism activa-
tion in any given implementation, and is recorded during extraction and again
during CMO adjudication.

The framework maintains a single hierarchy throughout the review: context
supplies the condition for activation; the intervention resource is the design fea-
ture presented to learners; the mechanism is the inferred learner response; ICAP
specifies the engagement level at which the mechanism operates; the outcome is
the educational result; and fidelity moderates whether the resource actually man-

ifests as activation.

1.3. Mechanism Profiles

Six mechanisms structure the realist analysis. Each is presented as an intervention
resource—a design feature engaging a learner response within an appropriate
context.

Working-memory redistribution. Pre-class preparation shifts information
transmission outside class, freeing time for application and feedback; activation
depends on repurposing this time for high-demand activities (Sweller et al., 2019;
Leppink & van den Heuvel, 2015; Young et al., 2014).

Retrieval. Questions, exercises, tests, and case prompts require the retrieval of
information, plausibly strengthening retention and transfer (Pyc & Rawson, 2010;
Pan & Rickard, 2018; Adesope et al., 2017; Rowland, 2014; Yang et al., 2021).
Within ICAP, retrieval may operate at Active, Constructive, or Interactive tiers.

Accountability. Readiness tests, quizzes, peer check-ins, and participation ex-
pectations plausibly activate preparation, channeling effort toward assessment
(Ngoc et al., 2020). Accountability may interact with retrieval through the incen-
tive context.

Context anchoring. Authentic clinical problems plausibly activate encoding
and retrieval alongside clinical cues, potentially explaining effects on clinical rea-
soning (Trullas et al., 2022).

Constructive alignment. Alignment of outcomes, teaching, and assessment
plausibly channels effort toward targeted processes, with stronger activation when
all three target the same construct (Pereira et al., 2024).

Cognitive and social congruence. Structured peer interaction may activate ap-
propriately pitched explanatory processes (Loda et al., 2019; Loda et al., 2020; ten
Cate et al., 2012; Brierley et al., 2022; Grijpma et al., 2024). Responding to and
building on peers may reach ICAP-Interactive engagement, supporting concep-
tual integration; opinion exchange without elaboration remains closer to Active

engagement.

1.4. Initial Program Theory

Following realist review methodology, we articulated an a priori program theory

DOI: 10.4236/ce.2026.1711115

2044 Creative Education


https://doi.org/10.4236/ce.2026.1711115

A. E. Argyrou, A. C. Lazaris

specifying three context-mechanism-outcome configurations. Context denotes
conditional features relevant to mechanism activation; mechanism denotes the
inferred causal process—intervention resource plus learner response—through
which change occurs; outcome denotes the learner-level result. The configura-
tions served as an analytic scaffold rather than a fixed taxonomy, with evidence
used to retain, qualify, or refine each CMO. ICAP describes how mechanisms op-
erate at different engagement levels, not as an additional mechanism.

1) CMO-1. Working-memory redistribution + retrieval + accountability >
knowledge acquisition. Where preparation is required and verified, retrieval is
embedded in classroom activity, and accountability is present, resources plausibly
activate preparatory and retrieval effort, supporting foundational knowledge
above lecture-only instruction.

2) CMO-2. Constructive alignment + context anchoring > clinical reasoning
and transfer. Where teaching and assessment target applied judgement and learn-
ing is anchored in authentic clinical problems, resources plausibly activate coher-
ent context-specific processing, supporting clinical reasoning and transfer beyond
factual recall.

3) CMO-3. Cognitive/social congruence at the ICAP-Interactive tier > durable
understanding through peer explanation. Where peers provide appropriately
pitched explanations and learners respond constructively, reciprocal peer reason-
ing may support deeper conceptual integration than individual study. These con-

figurations informed extraction and iterative theory refinement.

2. Methods
2.1. Reporting Standards

The review followed the STORIES statement (Gordon & Gibbs, 2014) and PRISMA
2020 (Page et al., 2021). Titles and abstracts were screened independently in du-
plicate, with disagreements resolved by discussion. A PRISMA flow diagram rec-
ords the numbers of records identified, screened, eligible, and included, with rea-

sons for exclusion at full-text review.

Framework-Derived Study Design
All methodological decisions were guided by the conceptual framework. The re-
search question was formulated on the basis of the ICAP prediction that engage-
ment mode may moderate outcomes. Eligibility criteria and the extraction form
were constructed to ensure that variables recorded for each study map directly
onto framework constructs (ICAP mode per activity; six mechanisms present/ab-
sent; intended outcome, activity, and assessment for constructive alignment; im-
plementation fidelity (Stains & Vickrey, 2017); and educational outcomes). The
subgroup structure was defined a priori by ICAP mode rather than by instruc-
tional label.

Context was captured alongside mechanisms as a condition for activation ra-

ther than solely as a source of heterogeneity. Recorded contextual fields included
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learner preparation, curricular structure, faculty involvement, preparation re-
quirements, assessment structure, educational setting, learner characteristics,
group structure, and supervision/facilitation. Implementation fidelity was treated
as a cross-cutting condition that could affect whether intended resources and
mechanisms were enacted in a given implementation; it was not assumed to be an
independently established cause of effect variation.

Mechanism profiles were coded from the learner-facing activities described in
the included reports, where sufficient detail was available, and were used to adju-
dicate the three initial CMO configurations through realist synthesis. Because
many included reports synthesized multiple primary studies, activity-level coding
should be understood as limited to the activities explicitly described in the source
reports, not as a complete re-extraction or recoding of every underlying primary

study.

2.2. Search Strategy and Eligibility

PubMed/MEDLINE, Scopus, Web of Science Core Collection, and ERIC were
searched from inception to August 2026. Because the contemporaneous search log
did not preserve the verbatim platform strings, we report the reproducible con-
ceptual strategy used to translate the eligibility criteria into each database rather
than reconstructing an exact historical string. PubMed/MEDLINE combined con-
trolled vocabulary and text words for medical/health-professions education with
active-learning terms (including flipped classroom, team-based learning, prob-
lem-based learning, peer-assisted learning, BOPPPS, and Jigsaw); Scopus and
Web of Science used title/abstract/keyword topic fields with the corresponding
free-text concepts; ERIC used education thesaurus/free-text equivalents. The core
concept was: (medical OR health-professions OR undergraduate) AND (educa-
tion OR teaching OR learning) AND (active learning OR flipped classroom OR
team-based learning OR problem-based learning OR peer-assisted learning OR
BOPPPS OR Jigsaw), with outcome terms used for screening rather than as man-
datory search terms. Citation chasing was conducted from conceptually central re-
ports identified during searching and screening. Backward and forward citations
were logged as citation-chasing records, entered into the same screening pool after
duplicate removal, and subjected to the same title/abstract and full-text eligibility
criteria as database-derived records; a citation-chasing record could therefore en-
ter the final synthesis only after passing the same eligibility process. Citation chas-
ing was used to improve conceptual completeness and was not treated as a sepa-

rate evidence stream.

2.3. Study Selection and Data Extraction

We identified 2383 records addressing interactive teaching methods in higher ed-
ucation. After removal of 2183 duplicates, 200 records were screened for relevance
to medical education; 27 reports met all predefined inclusion criteria and were
included in the synthesis. The PRISMA flow diagram details the number of rec-
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ords identified through database searching and citation tracking, screened by title
and abstract, retrieved for full-text review, and finally included in the synthesis.
The 27 reports comprised systematic reviews, meta-analyses, scoping/realist re-
views, and primary comparative or quasi-experimental educational reports, cov-
ering predominantly undergraduate medical students and, where mechanistically
relevant, broader undergraduate health-professions learners. To avoid conflating
reviews with the primary studies they summarized, the unit of inclusion was the
report, while the unit of evidence was the primary study or study set described by
that report. Several reviews addressed overlapping literatures (particularly flipped
classrooms, team-based learning, peer-assisted learning, and testing-enhanced
learning). Because the source reports did not consistently provide machine-read-
able identifiers for all underlying primary studies, a complete deduplicated count
of primary studies across reviews could not be established; overlap was therefore
treated as a source of evidence dependence rather than as independent replication.
Citation-chasing records entered the same screening and eligibility pathway de-
scribed above. A standardized extraction form captured study/report design, learner
population, intervention, comparator, mechanism profile, ICAP engagement mode
where coding was possible, outcome, effect estimate, heterogeneity, funding, con-
flicts of interest, and the source of each effect or quality judgement. A report-level
evidence map was used to distinguish report type, learner population, and over-

lapping evidence domains (Figure 2).
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Figure 2. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) diagram.

A report-level evidence map is provided in Table 1, including study type,

learner population, and the evidence domain in which each report contributed.
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Table 1. The table identifies the 27 reports treated as substantive evidence sources in this review. Study type and learner population
are reported at the broad level supported by the manuscript and the cited reports.

Report

Study type Learner population Evidence domain/overlap

Brierley et al. (2022)

Bucklin et al. (2021)

Chen et al. (2018)

Daly et al. (2026)

Grijpma et al. (2024)

Hew & Lo (2018)

Hughes & Lyons (2017)

Loda et al. (2019)

Loda et al. (2020)

Ma et al. (2022)

Maggio et al. (2018)

Ngoc et al. (2020)

Pahwa et al. (2022)

Secomb (2008)

Spaic et al. (2025)

Swanson et al. (2019)

ten Cate et al. (2012)

Trullas et al. (2022)

Medical .

. . . . PAL; overlap with near-peer/PAL

Systematic review/meta-analysis  students/health-professions literat
iterature

learners

Continuing medical Active-learning implementation;
Survey study

education professionals/units  survey of educational practice

TBL; overlap with broader TBL

Medical students in China .
evidence

Meta-analysis

Undergraduate health-
professions learners

. . Case-based learning; mechanistic
Realist review
context

Qualitative interview study Experienced educators in Small-group engagement;

(constructivist grounded theory) small-group learning educator perspectives

Flipped classroom; overlap with
Meta-analysis Health-professions students PP P

Hughes and Spai¢

Flipped classroom; overlap with
Systematic review Medical students PP P

Hew and Spai¢

Medical students/medical ~ Cognitive and social congruence;

Scoping review
pig trainees PAL

Cognitive/social congruence;

Medical trainees
related PAL evidence

Instrument-development study

Systematic review/meta-analysis ~ Medical students in China BOPPPS

) . Evidence synthesis;
. Medical education .
Meta-synthesis methodological/contextual

evidence/guidance literature
support

Readiness
Meta-analysis Medical students in TBL

assurance/accountability

Quasi-experimental primary Undergraduate medical

Jigsaw pathology teaching

study students

Clinical education

Systematic review learners/health-professions Peer teaching and learning

students

Medical students/medical
education learners

. . . Flipped classroom; overlap with
Systematic review/meta-analysis
Hew and Hughes

Higher-education learners,
& TBL; overlap with Chen and

Meta-analysi
eta-analysis Zhang

including health-professions
evidence

. . Medical students taught by =~ Near-peer tutoring; comparison
Retrospective comparative study

near-peer tutors or faculty of academic performance

. . Undergraduate medical
Scoping review PBL
students
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Continued
Vernon & Blake (1993) Meta-analysis Medical education learners PBL; historical evidence base
. . . Classroom learners across Testing/quizzing; mechanistic
Yang et al. (2021) Systematic review/meta-analysis . . .
educational settings support for retrieval
Yiou & Goodenough (2006) Educational report Medical/anatomy students PBL implementation

Zhang et al. (2024)

Belezini et al. (2021)
Lazari et al. (2023a)
Lazari et al. (2023b)

Lazaris et al. (2015)

Lee et al. (2025)

Systematic review Medical education learners

Primary comparative educational =~ Undergraduate medical

TBL versus PBL; overlap with
TBL/PBL reviews

Interactive pathology teaching

study students
Primary educational study Medical students Experiential student study groups
Primary educational study Medical students Tele—path(l)l(:rgzﬁlnglage—based
Primary educational study Medical students Experiential pathology learning
Systematic review Medical education learners Student engagement

Two reviewers independently coded the included reports using a prespecified
coding framework. The primary coding unit was a distinct learner-facing activity
within an intervention, provided that the report described the activity sufficiently
to support classification. When an intervention comprised multiple activities,
each activity was coded separately; report-level profiles were subsequently derived
from the activities described. Instructional labels alone were not considered suffi-
cient evidence for assigning a mechanism or an ICAP mode.

Mechanism indicators were coded as present when an explicitly reported inter-
vention feature met the prespecified operational definition, absent when the re-
port explicitly indicated that the feature was not used, and unclear/not reported
when the available description did not permit a defensible determination. ICAP
classification was based on the observable learner activity or product: Passive in-
volved receiving information; Active involved manipulating or selecting infor-
mation without generating a new explanatory product; Constructive involved
generating an explanation, prediction, solution, or other new knowledge product;
and Interactive required reciprocal contributions through which learners built on
one another’s ideas.

When activity details were insufficient to support an ICAP classification, the
activity was recorded as not classifiable rather than assigned a default mode. Such
activities were excluded from mode-specific agreement calculations and synthesis,
but were not treated as evidence that the corresponding engagement mode was
absent. Disagreements were resolved through discussion and consensus. Because
the retained coding counts were insufficient to independently verify a numerical
inter-rater agreement coefficient, no numerical coefficient is reported. Accord-
ingly, the synthesis distinguishes explicit evidence, explicit absence, and insuffi-
cient reporting, and does not interpret unclassifiable activities as evidence against

a proposed mechanism or engagement mode.
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2.4. Risk of Bias and Methodological Quality

Methodological quality was considered in accordance with the level of appraisal
information available in each included report. Because this review synthesized
both evidence syntheses and primary educational studies, appraisal information
was not uniformly available or directly comparable across all 27 reports. We there-
fore distinguished between risk-of-bias or methodological-quality judgements re-
ported by the included sources and assessments independently conducted for the
present review. No new study-level ratings were assigned where the information
required for a defensible appraisal was unavailable. Where reported, methodolog-
ical-quality judgements were used as interpretive qualifiers during the realist syn-
thesis, informing the strength and certainty with which evidence was considered
to support, qualify, or challenge a context-mechanism-outcome (CMO) configu-
ration. They were not treated as independent evidence of mechanism activation,
nor were they used to attribute differences in outcomes to methodological quality
alone. Given the incomplete and heterogeneous availability of appraisal infor-
mation, the contribution of risk of bias to individual CMO judgements could not
be systematically quantified. This limitation was taken into account when inter-

preting the strength of the synthesized propositions.

2.5. Realist Synthesis Methods

This review is a realist review in the methodological sense of that term. It specifies,
a priori, the configurations of context, intervention resource, mechanism, and
outcome—the CMO configurations—through which active-participation teach-
ing is hypothesized to produce learning, and it adjudicates these configurations
against evidence drawn from included systematic reviews and meta-analyses.

Generative causation. Realist synthesis treats outcomes as the joint product of
mechanism, context, and resource, rather than as the separable effect of an inter-
vention labelled in a particular way. The analytical question is therefore not
whether a labelled approach works on average, but which mechanisms are acti-
vated, for whom, under which conditions, and through which engagement modes.
Instructional labels are treated in this review as family indicators, and the varia-
tion observed across labels in headline effects is interpreted as evidence of mech-
anism variation rather than as statistical noise requiring partition.

Retroduction. A realist review relies on retroduction—the inference, from pat-
terns of outcome in the evidence, of what must be true of the underlying mecha-
nism for those outcomes to occur. Each of the three CMOs in this review is derived
from a learning-theory expectation that makes explicit what must be true of the
learner for the outcome to occur, rather than being inferred post-hoc from effect
estimates. CMO-1 is derived from the cognitive-architecture prediction that free-
ing cognitive capacity through pre-class preparation, in combination with re-
trieval and accountability, produces durable knowledge acquisition. CMO-2 is de-
rived from the alignment prediction that learning activities and assessments tar-

geting the same construct produce stronger transfer when also anchored in au-
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thentic clinical problems. CMO-3 is derived from the congruence prediction that
reciprocal peer explanation at appropriate pitch produces elaborated understand-
ing beyond what is achieved by individual study. The synthesis therefore moves
from theoretical expectation to pattern of evidence, rather than from pattern of
evidence to post-hoc theory.

Quantitative evidence as realist evidence. Effect estimates, prediction inter-
vals, I? statistics, and risk-of-bias judgements drawn from included systematic re-
views and meta-analyses are used in this review as realist evidence rather than as
data to be re-analyzed; the interpretation and reporting of prediction intervals are
informed by methodological literature on meta-analytic heterogeneity and pre-
diction intervals (Borenstein, 2023; IntHout et al., 2016; Mdtrai et al., 2026; Sie-
mens et al., 2025). High heterogeneity—most notably the I> = 95.2% reported in
the flipped-classroom meta-analyses—is informative about variation in mecha-
nism activation across implementations. It is not partitioned here as methodolog-
ical nuisance but is explained as substantive evidence about under which condi-
tions the mechanism fires. No de novo meta-analysis is undertaken; the synthesis
does not re-pool estimates or re-analyze included sources.

Analytical sequence. The synthesis follows a defined sequence. An initial pro-
gram theory specifying three CMO configurations is articulated a priori (§1.4).
Evidence is then extracted against dichotomous mechanism-resource indicators,
ICAP engagement mode, intended outcome/activity/assessment for alignment,
implementation fidelity, and educational outcomes ($2.3). Supporting and con-
tradictory evidence is identified for each CMO and for the corresponding failure
configurations. CMO adjudication proceeds through triangulation of mecha-
nism-profile coding, ICAP mode, intervention components, and effect estimates
from the included meta-analyses. Cross-case comparison is undertaken across in-
structional labels rather than within them, so that mechanism activation is com-
pared rather than labels. Finally, the program theory is refined into demi-regular-
ities (§4.8).

Demi-regularities as middle-range propositions. The demi-regularities de-
rived through this sequence are middle-range propositions about mechanism ac-
tivation in undergraduate medical education. They are not grand-theory claims;
their transferability is conditional on context conditions—preparation required
and verified; teaching and assessment targeting applied judgement; peer interac-
tion structured with appropriate pitch. Demi-regularities should therefore be read
as falsifiable propositions for prospective primary studies rather than as confir-
mations of effective practice.

Six mechanisms as analytic scaffold. The six mechanism resources are used as
an a priori analytic scaffold for CMO adjudication. They were specified from
learning theory rather than arrived at inductively from the evidence. Evidence that
did not map onto the six resources was retained and used to qualify, refine, or
refute the initial program theory. Iteration therefore retains the configuration
where evidence supports it, qualifies it where context-dependent, and revises it

where contradicted.
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This methodology is reflected consistently across the framing of the research
question (§1.2), the extraction variables (§2.3), the appraisal strategy (§2.4), and
the criteria used to refine the demi-regularities (§4.8). The methodological iden-
tity of the review—realist rather than positivist meta-analytic—is preserved across

these elements without need to invoke any additional source.

3. Results
3.1. Overall Findings

Active-participation teaching was associated with better outcomes than passive
instruction across the included evidence base, but the reported effects were not
directly comparable because the underlying syntheses differed in learner popula-
tions, comparators, outcome definitions, study designs, and evidence bases. Re-
ported effects ranged from SMD 0.33 to SMD 2.63 across instructional labels.
Mechanism activation, ICAP engagement, constructive alignment, and imple-
mentation fidelity are considered possible explanations for some between-study
variation, but the cited reviews do not isolate these factors experimentally from
differences in populations, comparators, outcomes, faculty involvement, or im-
plementation setting. Accordingly, mechanism activation and fidelity are treated
as explanatory hypotheses supported by pattern consistency, not as established
independent moderators.

3.2. Flipped Classroom: Variation in CMO-1 Activation

Flipped-classroom effects ranged from SMD 0.33 to 0.93 (Hew & Lo, 2018; Spai¢
et al., 2025; Hughes & Lyons, 2017). Large syntheses report very high heterogene-
ity (Spai¢ et al.,, 2025). This degree of heterogeneity is consistent with “flipped
classroom” representing a family of interventions rather than a uniform treat-
ment, but does not identify which implementation features account for the varia-
tion. Differences in learner populations, comparators, outcome measures, curric-
ular setting, and implementation are alternative explanations for the observed var-
iation. Within those constraints, differences in mechanism-activating features—
such as pre-class preparation, retrieval opportunities, accountability structures,
classroom application, feedback, and assessment alignment—and differences in
implementation fidelity provide plausible additional explanations. The evidence
does not permit these factors to be separated from the other sources of heteroge-
neity; therefore, the CMO-1 interpretation is hypothesis-generating rather than a
demonstrated causal decomposition.

3.3. TBL: Retrieval and Accountability Configuration

A Chinese medical-education meta-analysis reported an SMD of 2.46 (95% CI
1.53 - 3.40) (Chen et al., 2018), whereas a broader meta-analysis reported approx-
imately d = 0.55 (Swanson et al., 2019). A systematic review comparing team-
based learning with problem-based learning found a modest advantage for TBL
(SMD 0.37,95% CI 0.02 - 0.73) (Zhang et al., 2024). These findings are consistent
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with the proposition that TBL is more than group work: readiness assurance plau-
sibly activates retrieval and accountability, team discussion supports Constructive
or Interactive engagement, and application exercises anchor learning to clinical
decisions. Variation across estimates is plausibly explained by differences in
CMO-1 mechanism activation rather than by instructional label alone. Differ-
ences in inclusion base, comparator structure, source-study risk-of-bias profiles,
and curricular context are consistent candidates for the observed gap, and the
methodological features that may account for the contrast should be considered

across both source syntheses.

3.4. PBL: Context Anchoring and Constructive Alignment

The 2022 scoping review by Trullas and colleagues concluded that problem-based
learning was at least as effective as traditional teaching for knowledge retention
and academic performance, while also supporting broader professional compe-
tencies (Trullas et al., 2022). Because effect sizes were not pooled, within-label het-
erogeneity in PBL implementation and assessment was documented but not quan-
tified. These findings are consistent with constructive alignment: when learners
interpret cases, identify learning needs, prioritize problems, and justify decisions,
assessments should evaluate these competencies, plausibly supporting CMO-2
when teaching activities and assessment both target applied clinical judgement.
Support for CMO-2 appears to have been more indirect than support for CMO-
1, because several supporting syntheses assessed knowledge or general academic
outcomes rather than clinical reasoning directly.

3.5. PAL: Congruence and Interactive Engagement

In Brierley and colleagues’ 21-trial meta-analysis, peer-assisted learning produced
an aggregate SMD of 0.52 (0.18 - 0.85; p = 0.003), with effects of 0.63 for clinical
outcomes and 0.69 for practical outcomes (Brierley et al., 2022). Near-peer tutor-
ing produced a mean effect size of d = 0.23 across 36 course-level contrasts, with
29 positive contrasts (ten Cate et al., 2012). The evidence base on cognitive and
social congruence provides a mechanistic basis for interpreting these effects (Loda
et al., 2019; Loda et al., 2020; Maggio et al., 2018).

These findings are consistent with the value of peer teaching, but do not estab-
lish that all peer-led activities are equivalent. Tutor preparation, supervision, in-
teraction structure, learner needs, and assessment alignment moderated outcomes

in ways plausible for CMO-3.

3.6. BOPPPS and Jigsaw: Boundary Conditions and Failure
Configurations

Across 40 comparisons with lecture-based learning, BOPPPS produced SMDs of
1.56 (95% CI 1.24 - 1.89) for knowledge, 1.15 (1.00 - 1.30) for skills, and 1.22 (0.85
- 1.59) for comprehensive ability, with higher teaching satisfaction (OR 3.64, 2.97
- 4.46) (Ma et al., 2022). Although these effects are substantial, limited study qual-

ity warrants cautious interpretation.
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Generalizability flag. The BOPPPS evidence derives largely from a single na-
tional context. The largest team-based-learning synthesis is similarly concentrated
(Chen et al., 2018), contrasting with more modest international estimates (Swan-
son et al., 2019). International peer-assisted-learning and problem-based-learning
syntheses also report smaller, more heterogeneous effects. Consequently, support
for CMO-1 is strongest within the educational structures in which these reports
were conducted, and transferability to settings with different learner preparation,
faculty development, and curricular structures requires cautious interpretation.

Jigsaw teaching may promote Constructive or Interactive engagement when
learners explain content, respond to peers, and integrate shared understanding.
However, its evidence base is dominated by quasi-experimental studies and re-

mains hypothesis-generating.

3.7. Realist Synthesis: CMO Adjudication

Across the 27 included reports, all three CMOs received consistent but predomi-
nantly indirect support, with findings that were consistent with the proposed
mechanism but did not directly measure learner-level processes. The learner re-
sponses shown in Table 1 should therefore be interpreted as theory-informed in-
ferences rather than directly observed mechanisms. Support for CMO-2 was more
indirect than for CMO-1, because several supporting syntheses assessed knowledge
or general academic outcomes rather than clinical reasoning directly. Some of the
observed heterogeneity may reflect meaningful variation in intervention design

rather than instructional labels alone. Table 2 summarises the CMO evidence ma-

trix.
Table 2. CMO evidence matrix.
Mechanism/ Learner response Supportin, Strength of
CMO Context R P Outcome P,P g gt
resource (inferred) evidence support
Moderate;
consistent with the
Flipped syntheses; roposed
Pre-class Working-memory PPec sy . Prop .
) . e Knowledge TBL readiness  configuration, but
preparation required redistribution; Preparatory and . .

CMO-1 . . . acquisition above assurance; mechanism

and verified; retrieval; retrieval effort . o
) ) . lecture-only testing-effect activation is

readiness testing accountability ’ )
reviews inferred rather

than directly

measured

Indirect;

Teaching and consistent with
& . Coherent effort  Clinical reasoning .

assessment target Constructive mechanism;

CMO-2 applied judgement; alignment; context

toward context- and transfer PBL scoping review;

clinical reasoning

2 ) specific clinical beyond factual BOPPPS .
authentic clinical anchoring . not directly
processing recall .
problems measured in
BOPPPS
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Continued

Peers explain at an
appropriate level
within a supportive
CMO-3 environment;
learners generate,
exchange, and
respond

Preparation weakly

CMO-1 required or

. unverified; no
failure

accountability;
passive absorption

Teaching activity
CMO-2  and assessment
failure  target different
constructs

CMO-3 Peer interaction

failure lacks explanation

structure

Intervention retains
Fidelity label; mechanism-
failure activating
(cross- components
cutting) omitted or weakly
implemented

Cognitive/social
congruence;
ICAP-Interactive
peer exchange

retains label but  preparatory effort;

activities and

assessment

discussion only without elaboration  integration

Any of the six

Deeper conceptual PAL meta-analysis; Moderate;

Reciprocal integration than  near-peer tutoring mechanism

constructive peer  instructionally (ten Cate et al., plausible from

reasoning identical individual 2012); congruence secondary
study work evidence
. .. Indirect;
Intervention Limited

Smaller knowledge =~ Within-label hypothesis-level;

. . . gains than label- variation in flipped fidelity is a
omits activating ~ mechanism not .
. comparable reports classroom plausible
components activated
moderator
Within-label
oo Effort directed o . Indirect; plausible
Misaligned Limited variation in PBL;

toward assessable candidate

transfer/clinical- BOPPPS effects
but unrelated

reasoning gains concentrated on
knowledge/skill

explanation for

content part of variation

Jigsaw

Participatory ~ Opinion exchange Shallow conceptual quasi-experimental

evidence; PAL Hypothesis-level

heterogeneity

HighI?=952%ina Indirect;
flipped-classroom  heterogeneity
synthesis (Spai¢ et shows variation,

Effect attenuated  al., 2025); limited not its cause.

Mechanism not
. relative to fidelity- fidelity Fidelity is a
resources activated N )
comparable reports operationalisation candidate
across syntheses moderator

(Stains & Vickrey, requiring direct
2017) testing.

4. Discussion

4.1. Principal Finding

The principal finding of this realist review is that instructional labels do not ade-
quately describe educational interventions. The same label may involve different
combinations of retrieval, accountability, clinical application, peer interaction, ex-
planation, and assessment alignment. ICAP is not treated as an additional mech-
anism here; it specifies the level of learner engagement at which the relevant mech-
anism may operate. ICAP therefore distinguishes what learners actually produce
during an activity: they may receive information passively, manipulate it actively,
generate explanations constructively, or engage interactively by responding to and
developing one another’s contributions. A flipped classroom is not necessarily ac-
tive merely because students watch content before class; a team activity is not nec-

essarily interactive merely because students sit together.
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The realist question examined here is therefore not whether intervention X
works, but which mechanisms are activated, for whom, under which conditions,
and with what outcomes? Variation in headline effects across labels may become
interpretable once mechanisms, ICAP mode, and implementation fidelity are con-

sidered.

4.2. What This Study Adds

Rather than proposing another active-learning taxonomy, the review is organized
around a different unit of analysis: the mechanism-ICAP configuration rather
than the instructional label. Three contributions beyond existing meta-analyses of
active-participation teaching are identified (Freeman et al., 2014; Hew & Lo, 2018;
Hughes & Lyons, 2017; Trullas et al., 2022; Brierley et al., 2022). First, it reframes
analysis from instructional labels (flipped, TBL, PBL, PAL [Peer Assisted Learn-
ing], BOPPPS, Jigsaw) to mechanism-ICAP configurations, providing a theoreti-
cally grounded basis for selecting learning activities according to the cognitive en-
gagement they activate. Second, it identifies three CMO-level demi-regularities
(retrieval + accountability > knowledge; alignment + context -> clinical reasoning;
congruence + Interactive peer engagement -> conceptual integration) that recur
across the evidence base but are obscured in label-level syntheses. Third, it iden-
tifies implementation fidelity (Stains & Vickrey, 2017) as a cross-cutting modera-
tor and a plausible contributor to the marked heterogeneity reported in flipped-
classroom meta-analyses (Hew & Lo, 2018; Spai¢ et al., 2025; Hughes & Lyons,
2017), supporting routine fidelity reporting in future reviews. The flipped-class-
room literature illustrates this argument: interventions sharing the same label dif-
fer substantially in mechanism activation, ranging from configurations combin-
ing preparation, retrieval, accountability, application, and aligned assessment to
simple lecture replacement with recordings. Consequently, some of the observed
heterogeneity (Hew & Lo, 2018; Spaic et al., 2025; Hughes & Lyons, 2017) may
reflect meaningful variation in intervention design rather than instructional labels
alone, supporting explanation-based evidence synthesis as a plausible comple-

ment to label-based synthesis in health-professions education.

4.3. Constructive Alignment and ICAP

Constructive alignment links intended outcomes, teaching activities, and assess-
ment, originating with Biggs and illustrated by Pereira and colleagues (Pereira et
al., 2024). ICAP provides the engagement structure: retrieval may operate at Ac-
tive, Constructive, or Interactive tiers depending on learner output (Pyc & Raw-
son, 2010; Pan & Rickard, 2018; Adesope et al., 2017; Rowland, 2014; Yang et al.,
2021). Cognitive and social congruence support Constructive or Interactive peer
engagement (Loda et al., 2019; Loda et al., 2020). ICAP complements, rather than
supersedes, sociocultural, workplace-learning, and complexity-informed perspec-
tives, which explain participation within professional communities, organiza-

tional cultures, clinical practice, and adaptive educational systems. ICAP is used
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in this synthesis to explain cognitive engagement while wider contextual determi-

nants of learning are recognized.

4.4. Practical Implications for Curriculum Design

Curriculum planning should begin with the educational problem students need to
solve:

1) Students with factual knowledge but limited capacity for application may
need clinical cases and context anchoring.

2) Students demonstrating insufficient preparation may need clearer account-
ability structures.

3) Students who engage in case discussion but demonstrate poor assessment
performance may need improved constructive alignment.

4) Students who are reluctant to ask questions may need stronger cognitive and
social congruence.

5) Students who forget previously taught material may need more retrieval op-
portunities.

The student activity and intended ICAP mode should be defined. The activity
design should specify whether students are expected to select information, gener-
ate explanations, apply knowledge, critique reasoning, or jointly construct a deci-
sion (Daly et al., 2026). Reducing lecture time without replacing it with purposeful
learning activity is unlikely to produce the intended change. Shared classroom
time should be used for application, explanation, discussion, feedback, and inter-
action.

Inspired by the mechanism-profile synthesis reported above, the undergraduate
Pathology curriculum at the Medical School of the National and Kapodistrian
University of Athens was redesigned as a mechanism-aligned, evidence-informed
educational framework rather than the adoption of a single pedagogic label. The
redesign draws on the active-learning syntheses identified in this review—Ma and
colleagues (Ma et al., 2022) and Spai¢ and colleagues (Spai¢ et al., 2025) for the
integrated-mechanism rationale; Freeman and colleagues (Freeman et al., 2014)
for the performance baseline; Burgess, van Diggele, Roberts, and Mellis for insti-
tutional-translation guidance; Stains and Vickrey (Burgess et al., 2020; Stains &
Vickrey, 2017) for the implementation-fidelity requirement; and Loda and col-
leagues (Loda et al., 2019) for the cognitive-and-social congruence rationale that

motivates the peer-component design.

4.4.1. Mechanism Presence in the Redesigned Curriculum

The redesign operationalises all six mechanisms identified in §1.3:

* M1 (working-memory redistribution). Each thematic unit begins with pre-
circulated digital whole-slide images and structured reading lists, so that in-
class contact hours are reserved for schema application rather than transmis-
sive intake (Sweller et al., 2019; Leppink & van den Heuvel, 2015; Young et al.,
2014).
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* M2 (retrieval as a causal learning event). Course examinations use selected
digital whole-slide images accompanied by structured dialogue with the exam-
iner. Students are guided toward a microscopic diagnosis and then asked either
to identify lesions in pre-specified fields of view or to locate diagnostically rel-
evant features in response to targeted questions, instrumentally operationalis-
ing retrieval rather than passive recognition (Pyc & Rawson, 2010; Pan & Rick-
ard, 2018; Yang et al., 2021).

* M3 (accountability-driven effort transformation). Voluntary small-group
sessions are organised in a two-session structure, so that preparation for the
second session presents a structurally obligatory rather than volitional com-
mitment (Chen et al., 2018; Swanson et al., 2019).

* M4 (context-anchored encoding). Plenary teaching is systematically followed
by case-based exercises requiring students to integrate histopathological find-
ings with clinical, imaging, and laboratory data in support of diagnostic and
therapeutic reasoning. Each thematic unit concludes with discussion of repre-
sentative clinical cases that illustrate the clinical significance of pathological
findings in establishing the final diagnosis, determining disease prognosis, and
guiding individualised treatment within the framework of precision medicine.

* MS5 (constructive alignment). Examination design has been aligned with the
cognitive operations classroom teaching elicits rather than retaining transmis-
sive items (Pereira et al., 2024; McCartney, 2014). The whole-slide-image dis-
cussion format makes this alignment operational.

* M6 (social congruence). Small-group cohorts are constructed with explicit
attention to congruence between tutor and learner, mirroring the cognitive-
and-social congruence moderators documented by Loda and colleagues (Loda
et al,, 2019; Loda et al., 2020) and the PAL aggregate reported by Brierley and
colleagues (Brierley et al., 2022); SMD 0.52 (0.18 - 0.85; p = 0.003).

4.4.2. From Transmissive to Participatory Engagement

Students who have become accustomed to an impersonal model of education—
one in which their studies are perceived primarily as a sequence of theoretical
courses culminating in equally theoretical examinations that must simply be
passed—often experience considerable difficulty participating in meaningful
communication with their instructors, principally because of fear of making mis-
takes. Within an active participatory educational process, however, mistakes are
not merely inevitable but essential: learning from them substantially reduces the
likelihood of their repetition in clinical practice, where the consequences are more
serious. The premise underlying the redesign is that errors made in dialogic en-
gagement with whole-slide images are precisely the kinds of errors whose correc-
tion later improves prognosis-related reasoning—analogous to the Vernon and
Blake (Vernon & Blake, 1993) clinical-versus-factual divergence, but operating at
the level of within-institution curriculum design rather than cross-institution syn-

thesis.
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4.4.3. Plenary, Dialogic, and Laboratory Components

Plenary teaching is systematically followed by case-based exercises requiring stu-
dents to integrate histopathological findings with clinical, imaging, and laboratory
data to support diagnostic and therapeutic reasoning. Each thematic unit con-
cludes with discussion of representative clinical cases illustrating the clinical sig-
nificance of pathological findings in establishing the final diagnosis, determining
disease prognosis, and guiding individualized therapeutic decisions within the
framework of precision medicine. Students engage in open dialogue with the in-
structor while examining pathological specimens and histopathological images,
correlating morphological findings with the patient’s clinical history, symptoms,
physical examination findings, imaging studies, and other laboratory investiga-
tions. Through this process, students develop an appreciation of the multidisci-
plinary nature of patient management and the importance of effective collabora-
tion among healthcare professionals, founded on mutual respect for each disci-
pline’s expertise and role (Kassab et al., 2023; Lee et al., 2025). Group dynamics in
particular significantly influence learning outcomes in health-professions educa-
tion (Belezini et al., 2021).

In parallel, laboratory sessions provide hands-on opportunities for the macro-
scopic examination of pathological lesions in surgical specimens. Using educa-
tional digital whole-slide images (Lazari et al., 2023a; Lazari et al., 2023b), students
examine histopathological lesions simultaneously with the instructor, actively
identifying and interpreting microscopic abnormalities in real time. This ap-
proach constitutes an authentic simulation-based training experience that closely
reflects the routine practice of a contemporary pathology laboratory (Lazaris et
al., 2015) (Figure 3).

Figure 3. Examples of digital whole-slide images presented during synchronous virtual pa-
thology teaching.
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4.4.4. Voluntary Small-Group Sessions: A Jigsaw-Mechanism Translation

Aligned with the PAL evidence base (ten Cate et al., 2012; Brierley et al., 2022) and
the principle that PBL remains most effective when used to support integration of
foundational science with clinical reasoning rather than short-term knowledge
acquisition (Trullas et al., 2022; Vernon & Blake, 1993) (Secomb, 2008; Yiou &
Goodenough, 2006), and consistent with the mechanism profile of Jigsaw cooper-
ative learning documented in two MBBS-Phase-II pathology quasi-experiments
(Pahwa et al., 2022)—pre-to-post gains of 11.1 + 3.50 to 14.57 + 3.20; 89.3% scor-
ing >50%; satisfaction 86.73; n = 141—voluntary small-group pathology sessions
were introduced to reinforce collaborative, learner-centred engagement. Each se-
mester, students may voluntarily participate in small-group interactive learning
activities focused on selected specimens organised by organ system or disease cat-
egory (e.g., dermatopathies or breast pathology). During the first session, all stu-
dent groups undertake an in-depth review of the selected cases under the joint
supervision of a pathology-faculty member and a clinician specialising in the cor-
responding field (e.g., a dermatologist or breast surgeon). During the second ses-
sion, each student group presents its assigned case, describing the clinical presen-
tation, the patient’s diagnostic work-up, the relevant investigations performed, the
key pathological features required for differential diagnosis, the demonstration of
these findings on the corresponding digital whole-slide image, and the implica-

tions for subsequent patient management (Figure 4).

Figure 4. Voluntary small-group pathology sessions.
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4.4.5. Assessment Alignment (M5)

The interactive-learning principles have been incorporated into student assess-
ment. Part of the course examination is conducted using selected digital whole-
slide images accompanied by appropriate clinical case histories. Through a struc-
tured discussion with the examiner, students are guided toward establishing the
correct microscopic diagnosis. They are subsequently asked either to identify key
microscopic lesions and histopathological patterns at specific microscopy fields
indicated by the examiner or to independently locate and interpret diagnostically
relevant histological features within the digital slide in response to targeted ques-
tions. This instrument directly addresses the M5 (constructive-alignment) imple-
mentation gap documented in §4.2 and targeted by Stains and Vickrey’s (Stains &
Vickrey, 2017) implementation-fidelity framework (Pereira et al., 2024; McCart-
ney, 2014). Per the framework a vanced in this review, redesign of classroom teach-
ing without corresponding alignment of assessment items is the principal docu-
mented failure mode; this example operationalises the alignment.

The example illustrates, at a single institution, how the six-mechanism frame-
work advanced in this paper translates into a concrete curriculum. The same mech-
anism profile that accounts for systematic variation in observed effects across the
27-report corpus also supplies the design vocabulary for curriculum committees
to audit their own active-learning initiatives. Implementation fidelity (Stains &
Vickrey, 2017), institutional support (Graffam, 2007), and rigorous measurement
of learner engagement (Kassab et al., 2023; Lee et al., 2025) are the conditions
without which mechanism presence does not translate into achieved gains—and
the conditions under which this institutional example should be read as a mecha-

nism-aligned rather than merely label-aligned redesign.

4.5. Implementation Fidelity

Implementation fidelity emerged as one plausible, cross-cutting explanation for
heterogeneity (Stains & Vickrey, 2017). When the same label is delivered with dif-
ferent degrees of preparation, retrieval practice, accountability, faculty facilitation,
classroom application, feedback, and assessment alignment, the enacted interven-
tion may differ despite a shared label. However, fidelity is not isolated in the cited
reviews from learner population, comparator, outcome, or setting differences. It
is therefore presented as a candidate moderator of mechanism activation, not as a
demonstrated independent explanation of the observed effect variation. Future
primary studies and reviews should report fidelity explicitly and, where possible,

test it alongside population, comparator, and outcome characteristics.

4.6. Choosing Appropriate Outcomes

A method intended to improve clinical reasoning should not be evaluated only
through factual recall (Daly et al., 2026). A method intended to improve founda-
tional knowledge should include valid measures of retention. Depending on the

intervention, relevant outcomes may include knowledge acquisition, clinical rea-
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soning, transfer, practical performance, and learner satisfaction. Satisfaction pro-
vides information about acceptability, but it should not be treated as a substitute

for evidence of learning.

4.7. Strengths and Limitations

Because the synthesis relied predominantly on systematic reviews and meta-anal-
yses, contextual and mechanistic interpretation was constrained by the level of
detail reported in the underlying evidence syntheses; this limitation does not in-
validate the review but should be considered when interpreting fine-grained
mechanism inference. In particular, the report-level evidence base contains over-
lapping primary studies, and the available reports did not consistently permit
complete reconstruction of those overlaps. In addition, activity-level ICAP coding
was necessarily unavailable for reports that did not describe learner activity in
sufficient detail, and the original inter-rater k could not be independently verified
from the retained coding counts. These limitations favor qualitative, theory-in-
formed interpretation over claims of independent quantitative moderation by

mechanism activation or fidelity.

4.8. Refined Program Theory and Demi-Regularities

Theory refinement proceeded through the following stages: initial program the-
ory, evidence extraction, CMO adjudication, cross-case comparison, and refine-
ment, culminating in three mechanism-level demi-regularities and a cross-cutting
fidelity proposition. The CMO configurations were refined into three demi-regu-
larities, while implementation fidelity emerged as a cross-cutting moderator.

1) Where retrieval and accountability are activated, knowledge acquisition
tends to improve more than when these mechanisms are weak, regardless of in-
structional label.

2) Where teaching and assessment align with applied judgement, clinical rea-
soning tends to improve, whereas factual-recall outcomes may change less.

3) Where peer interaction shifts from Active to Interactive ICAP engagement,
conceptual integration is more likely when congruence is supported.

Heterogeneity in flipped-classroom syntheses (Hew & Lo, 2018; Spai¢ et al,,
2025; Hughes & Lyons, 2017) is compatible with fidelity variation as one possible
explanation, but does not establish fidelity as the cause of the observed variation
(Chen et al., 2018; Stains & Vickrey, 2017). Future studies should report mecha-
nism-ICAP profiles alongside labels, including preparation, retrieval, case-solv-
ing, explanation, peer teaching, critique, and aligned assessment. Mechanism-

level meta-regression should be reserved for sufficiently large evidence bases.

5. Conclusion

Active-participation teaching generally appears to outperform passive instruction
in the included evidence base, but its effectiveness varies substantially. This vari-

ability is consistent with—though not reducible to—variation in mechanism acti-
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vation, ICAP engagement mode, constructive alignment, and implementation fi-
delity, alongside differences in learner populations, comparators, outcomes, and
settings. The mechanism-ICAP configuration, rather than the instructional label,
is offered as a plausible explanatory unit for variation in educational outcomes;
labels function as imperfect proxies for the configurations they instantiate. Imple-
mentation fidelity is treated as a cross-cutting condition that may influence mech-
anism activation, not as an independently established moderator. The demi-reg-
ularities should therefore be understood as theory-refining propositions requiring
prospective empirical testing across diverse undergraduate medical education set-

tings.
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