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Abstract

Blended learning has become increasingly prominent in pre-service teacher education, yet evidence remains fragmented
regarding how particular instructional design features relate to student engagement and learning outcomes. This systematic review
synthesised empirical research on blended learning in pre-service teacher education, with particular attention to instructional design,
engagement, and academic and professional outcomes. We identified studies through systematic database searching and screened
them using predefined eligibility criteria. We coded eligible studies for methodological characteristics, instructional design features,
forms of engagement evidence, outcome domains, and direction of findings, and appraised methodological quality using the Mixed
Methods Appraisal Tool. The synthesis identified six recurring and overlapping design themes, with alighment and sequencing,
interaction and feedback, and autonomy and self-regulation particularly prominent. Engagement was represented inconsistently
across the literature, ranging from direct measurement and proxy indicators to instances in which study authors invoked
engagement without corresponding empirical indicators. Reported outcomes extended beyond academic achievement to include
motivational, self-regulatory, technological, pedagogical, and professional dimensions. Although favourable findings were common,
variation in research designs, measures, contexts, and methodological quality limits broad causal conclusions about blended learning
effectiveness. The review indicates that blended learning in pre-service teacher education is better understood through the
configuration and integration of its instructional components than as a uniform delivery model. Future research should more directly
examine the pathways connecting instructional design, engagement, and academic and professional outcomes.

Keywords: Blended learning; Instructional design; Learning outcomes; Pre-service teacher education; Student engagement;
Systematic review

1. Introduction

Blended learning (BL) refers to the purposeful integration of face-to-face instruction and computer-
mediated learning activities within a single course or programme. In higher education, BL is
widely adopted to increase flexibility and access while preserving interaction, feedback and
guided practice. Its value, however, lies less in combining modalities than in design alignment:
coherent sequencing across learning phases and explicit links among tasks, assessment evidence,
feedback and scaffolding (Ashraf et al.,, 2021; Boelens et al., 2017). Accordingly, BL is better
understood as a course-level pedagogical design than as a descriptive label for combining online
and face-to-face delivery modes.

In pre-service teacher education (PSTE), BL is consequential because teacher candidates must
build pedagogical content knowledge while learning to enact technology-enhanced teaching in
authentic contexts. Its effectiveness should therefore be evaluated not only in terms of academic
achievement but also through professionally meaningful outcomes, including teaching self-
efficacy, reflective practice, digital pedagogical competence and readiness for technology-
integrated teaching (Biberman-Shalev et al., 2023; Mishra & Koehler, 2006).

In the post-COVID-19 period, BL adoption accelerated as programmes redesigned coursework
and practicum learning to sustain mentoring, collaboration and feedback across settings (Carrillo
& Assuncao Flores, 2023). Although meta-analyses report overall benefits, heterogeneity in
interventions, comparators and measures limits design-specific guidance (Ma et al., 2023; Schmid
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et al., 2023). A synthesis that distinguishes enacted design features from broad modality labels is
therefore needed to examine which aspects of BL design are reported alongside student
engagement and educational outcomes in PSTE.

Student engagement is frequently proposed as a potential pathway connecting BL design with
learning outcomes. Engagement is generally conceptualised as comprising behavioural, emotional
and cognitive dimensions, but its operationalisation varies considerably across studies. Some
studies measure engagement directly through validated scales, observations or explicitly defined
behavioural indicators, whereas others use participation, task completion, platform activity or
reflective outputs as proxy indicators. In other cases, engagement is invoked in interpreting
reported learning outcomes without independent measurement. The Community of Inquiry
framework can help explain interaction and teaching presence, while the TPACK framework
addresses the integration of technological, pedagogical and content knowledge; however, neither
framework substitutes for the direct measurement of student engagement (Bergdahl et al., 2024;
Buntins et al., 2021; Garrison et al., 2000; Mishra & Koehler, 2006). Consequently, engagement is
often proposed rather than empirically tested as a pathway connecting BL design with learning
and professional outcomes.

Existing syntheses illuminate different aspects of BL and technology-enhanced teacher
education but leave several questions unresolved. Reviews have documented definitional
inconsistency, rapid growth in blended and flipped learning and generally positive outcome
patterns. However, they rarely connect recurring design features with comparable indicators of
student engagement and professionally meaningful outcomes in PSTE (Ashraf et al., 2021; Han &
Rokenes, 2020; Short et al, 2021). Meta-analyses have estimated overall effects, but high
heterogeneity and the limited number of experimental studies restrict conclusions about the
pathways through which particular design features may influence engagement and outcomes (Ma
et al., 2023; Schmid et al., 2023). Table 1 summarises these gaps.

Table 1
Gaps identified in prior syntheses of blended learning in PSTE
ls);;?c;esis Type & scope e\}incfel;j:?n) Takeaway for the present review
Ashrafetal.  Review of reviews 57 reviews Identifies definitional and reporting
(2021) examining cross- inconsistencies but provides limited evidence
disciplinary BL linking PSTE design, engagement and
outcomes.
Short et al. Systematic mapping 88 primary =~ Documents rapid growth but provides limited
(2021) review of preparation for studies consolidation of recurring design features or
K-12 blended teaching comparable engagement and outcome
indicators.
Han and Scoping review of 33 primary  Reports generally positive outcomes, but
Rokenes flipped classrooms in studies engagement is heterogeneous and frequently
(2020) teacher education inferred rather than directly measured.
Eggersetal.  Systematic review of self- 21 primary  Reports promising findings, but its broader
(2021) regulation strategy studies higher-education scope and heterogeneous
interventions in higher- interventions limit PSTE-specific guidance.
education BL
Ma et al. Meta-analysis of BL 15 primary  Estimates overall effects, but limited
(2023) effectiveness in PSTE studies experimental evidence and diverse outcomes
restrict design-specific and mechanism-related
conclusions.
Schmid etal. Meta-analysis comparing 107 primary  Reports broad effects, but substantial
(2023) online, blended, flipped studies heterogeneity limits PSTE-specific conclusions
and classroom about design and underlying mechanisms.

instruction for teachers

Note. BL = blended learning; PSTE = pre-service teacher education.
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The literature presents three main gaps. First, broad modality classifications provide limited
information about the specific design features enacted within courses and modules. Second, the
strength of evidence supporting the proposed role of student engagement has not been
systematically differentiated according to whether engagement was directly measured,
represented by proxy indicators, or invoked without corresponding indicators. Third, previous
syntheses have focused primarily on academic achievement and have paid less attention to
professional outcomes, which are particularly important in teacher education.

To address these gaps, the present review links recurring BL design features to the strength of
engagement evidence and to reported academic and professional outcomes across quantitative,
qualitative, and mixed-methods studies. Figure 1 presents the analytical logic guiding the
synthesis.

Figure 1
Conceptual representation of potential pathways linking blended-learning design features, student
engagement, and learning outcomes
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Note. Arrows represent hypothesised relationships derived from the synthesis and should not be interpreted as causal or
mediation effects established across the included studies.

The model conceptualises BL as a course-level pedagogical design that creates opportunities for
student engagement and contributes to multidimensional outcomes. It also recognises contextual
and implementation conditions that may influence the observed relationships among design,
engagement and outcomes.

The review contributes to the literature in three ways. First, it consolidates heterogeneous BL
implementations into recurring design features that can inform pedagogical practice in PSTE.
Second, it evaluates the strength of engagement-related evidence by distinguishing direct
measurement, proxy-based evidence and interpretive inference. Third, it extends the synthesis
beyond academic achievement to include digital pedagogical competence, self-regulation,
collaboration, teaching self-efficacy and professional readiness.

Following the PRISMA 2020 reporting guidelines (Page et al., 2021), the review synthesises 59
empirical studies published between 2021 and 2025. It addresses the following review questions:

RQ 1) What study characteristics and BL configurations are represented in empirical research
on pre-service teacher education?

RQ 2) What recurring design features are reported in relation to student engagement and
academic and professional outcomes?

RQ 3) How is student engagement conceptualised and operationalised, and how strong is the
evidence supporting its proposed role in potential design-engagement-outcome pathways?

RQ 4) What outcome patterns and contextual or implementation conditions are reported across
different BL designs?

2. Method

This systematic review followed PRISMA 2020 (Page et al., 2021), and the search was reported in
accordance with PRISMA-S (Rethlefsen et al.,, 2021). Before screening began, the reviewers
developed a protocol specifying the eligibility criteria, screening and extraction rules, quality
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appraisal procedures, and design-engagement-outcomes synthesis framework. The protocol was
not prospectively registered. This limitation restricts independent verification that all decisions
were made before the results were known. To improve transparency, we report the complete
search strategies, eligibility criteria, extraction procedures, coding rules, and study-level decisions
in Supplementary Tables S1-56.

To minimise definitional drift, we operationalised blended learning conservatively as the
verifiable integration of online and face-to-face components within the same course or module
design. We coded the strength of engagement evidence during synthesis, rather than for eligibility,
to calibrate interpretations of potential design-engagement-outcome pathways. We coded learning
analytics or log indicators as Proxy unless the original study explicitly defined and analysed them
as engagement. Three reviewers independently screened records and extracted data, resolving
discrepancies through discussion and consensus. Figure 2 presents the PRISMA flow diagram.

2.1. Search Strategy

We searched Web of Science Core Collection, Scopus, and ERIC for English-language empirical
journal articles on blended learning in PSTE published between January 2021 and December 2025
(Gusenbauer & Haddaway, 2020). We selected this five-year window to examine recent course
designs developed during and after the rapid expansion of technology-supported teacher
education associated with the COVID-19 period. It therefore provides a focused account of recent
evidence rather than a historical synthesis of all blended-learning research in PSTE. We conducted
searches on 31 December 2025, and finalised inclusion decisions on 13 January 2026. Records were
deduplicated in EndNote X9. We also examined the reference lists of included studies and key
prior syntheses for additional eligible reports. Supplementary Table S1 provides the complete
database-specific search strings, applied limits, and yields. We considered language, publication
type, database, and date restrictions when interpreting the review's coverage.

2.2. Eligibility Criteria and Study Selection

We specified eligibility criteria a priori using PICOS (Amir-Behghadami & Janati, 2020; Higgins et
al., 2019). We included studies that examined pre-service teachers, implemented blended learning
with verifiable online and face-to-face integration within the same course or module, and reported
academic and/or professional outcomes using empirical methods. Quantitative, qualitative and
mixed-method studies were eligible. Comparator groups were not required but were recorded
when available. We did not include engagement as a criterion because operationalisation was
inconsistent. Instead, we coded engagement evidence as Measured, Proxy, or Inferred during
synthesis to calibrate interpretations of potential pathways.

We excluded studies when data for pre-service teachers could not be separated from other
populations, blended integration could not be verified, reports were non-empirical or out of scope,
full texts were unavailable, or articles were not in English. Three reviewers independently
screened titles and abstracts and assessed full texts against the eligibility criteria, resolving
disagreements through discussion and consensus. Full-text exclusions were coded using a
predefined taxonomy (Supplementary Table S2). As shown in Figure 2, we included 59 studies in
the final synthesis.

2.3. Data Extraction, Quality Appraisal, and Synthesis

We piloted a standardised extraction form and codebook on five studies and refined ambiguous
definitions before applying the form to the full sample. Three reviewers extracted study
characteristics, design and comparator information, blended-learning features, engagement
operationalisation, outcome domains, and effect direction in Excel, and cross-checked the entries.
Cohen's kappa was 0.91 for the categorical codes included in the agreement assessment. Because
variable-level agreement coefficients were not available, this value indicates overall coding
consistency rather than evidence that every category achieved equivalent reliability.

We coded engagement evidence as Measured, Proxy, or Inferred. The Measured category
required explicit engagement indicators analysed as engagement, such as validated
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multidimensional scales, structured observations or rubric scores, or analytics explicitly defined
and tested as engagement. The Proxy category captured structured learning process traces that
were not defined or analysed as engagement, such as coded participation or reflective outputs,
clicks, views, time-on-task, or access frequency. We used the Inferred category when no
engagement indicators were reported, and engagement was invoked only to interpret outcomes.
Ambiguous cases were coded conservatively as Proxy or Inferred unless engagement was
explicitly defined and tested.

We coded effect direction as a descriptive mapping variable rather than as an estimate of
intervention effectiveness. For comparative studies, coding prioritised between-group results. For
studies without a comparator, within-group pretest-posttest change was recorded separately
because it provides weaker evidence for attribution. When a report did not identify a primary
outcome, the reviewers applied the prespecified hierarchy documented in the codebook, beginning
with the outcome most closely aligned with the stated study aim. Abstract prominence alone was
not treated as sufficient evidence of primacy. We classified effects as positive, null, negative, or
mixed. Because these categories combine heterogeneous measures and designs, they indicate the
direction of reported findings and should not be interpreted as pooled effects or causal estimates.

We appraised methodological quality using the Mixed Methods Appraisal Tool (MMAT),
version 2018 (Hong et al., 2018). In accordance with MMAT guidance, we did not calculate an
overall numerical score or exclude studies solely because of appraisal results. We instead used
criterion-level judgements to qualify the interpretation of individual findings and pathway-related
claims. Supplementary Table S5 reports these judgements, with 'Cannot tell' indicating insufficient
reporting. We also developed a review-specific, theme-level confidence appraisal based on four
dimensions: methodological limitations identified through MMAT, consistency across studies,
directness of engagement measurement, and objectivity of outcome measurement. Supplementary
Table S6 reports the decision rules, dimension-level judgements, final confidence classification,
and rationale for each of the six design themes. These classifications are interpretive aids and
should not be interpreted as a validated certainty-of-evidence assessment. Given the substantial
methodological and outcome heterogeneity, meta-analysis was not appropriate. We therefore used
thematic synthesis (Thomas & Harden, 2008), descriptive mapping, and cross-study evidence
matrices. Supplementary Table S4 provides the evidence-chain mapping.

3. Results
3.1. Study Selection and Analytic Sample

Figure 2 presents the PRISMA flow diagram (Page et al., 2021). Searches in Web of Science, Scopus,
and ERIC identified 914 records (188, 397, and 329, respectively). After removing 175 duplicates,
we screened 739 titles and abstracts and excluded 583 records (population not relevant to PSTE, n
= 286; did not examine eligible blended learning, n = 252; review articles, n = 45). Of 156 full-text
articles assessed, 97 were excluded (mixed or non-eligible populations, n = 16; online-only designs,
n = 16; non-empirical or did not meet the outcome criteria, n = 32; topic mismatch, n = 22; full text
not accessible, n = 7; non-English articles, n = 4). The final analytic sample included 59 empirical
studies.

To minimise definitional drift, we operationalised BL conservatively: eligible studies had to
demonstrate verifiable online and face-to-face integration within the same course or module and
describe links between the two components across tasks and/or assessment. We excluded self-
labelled "blended" studies without evidence of such integration. Given heterogeneity in enacted
design logics, study designs and comparators, and the operationalisation of outcomes and
engagement (Supplementary Table S3), we synthesised findings through a structured narrative
synthesis that integrated study-level mapping (Supplementary Table S3) with theme-based
evidence-chain aggregation (Section 3.3; Supplementary Table S4), rather than through meta-
analysis.
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Figure 2
PRISMA flow diagram of the screening and selection procedure for included studies
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3.2. Descriptive Map of Included Studies

Supplementary Table S3 provides study profiles (study design, comparator, sample, blended
learning configuration, engagement evidence type, outcome domains, and main findings),
alongside effect-direction coding. The distributions reported below reflect the characteristics of the
included studies rather than the representativeness of the wider population.

3.2.1. Temporal trend

Publication output increased toward the end of the window (2021-2025), peaking in 2025 (n = 20),
indicating increased recent empirical reporting. Supplementary Table S3 (Sheet 2) reports study-
level distributions and effect-direction coding.

3.2.2. Geographical distribution

Geographical coverage was broad but unevenly distributed. Turkey contributed 20 studies,
followed by China and Indonesia, each with six studies. Taiwan contributed three studies and
Hong Kong one study. Figure 3 summarises the geographical distribution, with full study-level
coding provided in Supplementary Table S3.

3.2.3. Study design types

Study designs were heterogeneous, with intervention-oriented comparisons dominating. Quasi-
experimental or experimental designs with comparison groups accounted for 30 studies. One-
group pre-post designs were also common (11 studies), which constrain causal attribution and
increase reliance on implementation and comparator transparency. Survey, correlational, or
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Figure 3
Distribution of included studies by country
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Note. Turkey aggregates studies labelled as Turkey or Tiirkiye in the source reports; China, Taiwan, and Hong Kong are
reported separately according to the study settings recorded in Supplementary Table S3.

structural equation modelling (SEM) designs appeared in five studies. Qualitative or case-based
designs appeared in seven studies, and design-based or action research in four. Learning analytics-
based observational studies were rare (two studies). Comparator specification and baseline clarity
are recorded in Supplementary Table S3.

3.2.4. Blended learning configuration

Configuration labels were unevenly reported. Flipped learning was most common (33 studies).
Hybrid variants appeared in two studies; HyFlex and rotation or station models appeared in one
study each; massive open online course (MOOC)-based designs appeared in three studies.
Nineteen studies were coded as other or unspecified. Because subtype labels were reported
inconsistently, the synthesis prioritised enacted design features (Section 3.3) and treated
configuration as contextual metadata (Supplementary Table S3).

3.2.5. Engagement evidence and interpretive invocation

Engagement was inconsistently operationalised across the 59 studies. Thirteen studies provided
empirical indicators relevant to engagement. Five directly measured engagement using indicators
explicitly defined and analysed as engagement, while eight reported proxy indicators such as
participation, task completion, learning-process traces, or reflective activity without explicitly
operationalising these indicators as engagement. A further seven studies reported no engagement
indicators but invoked engagement in the original study authors' interpretation of their findings.
We treated these cases as interpretive invocation rather than empirical engagement evidence. The
remaining 39 studies contained neither engagement indicators nor substantive engagement
interpretation. Behavioural, emotional, and cognitive dimensions were retained only where
supported by the underlying engagement coding and were not aggregated across inference-only
cases as though they represented measured engagement. Study-level engagement classifications
are reported in Supplementary Table S3, while theme-level direct-engagement counts are reported
in Supplementary Table S4.

3.3. Thematic Synthesis of Design Features, Engagement, and Outcomes

Outcome reporting was extensive but uneven across domains: attitudes and motivation were
reported in 47 studies, knowledge and achievement in 37, higher-order thinking and application in
27, and teamwork and communication in 12. These outcome domains were not mutually exclusive.
These frequencies indicate domain coverage rather than effect magnitude. We observed mixed
findings in 11 studies (Supplementary Table S3, Sheet 2).
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Interpretation of potential engagement pathways was calibrated according to the strength of
engagement evidence described in Section 2.3. Claims were stated most strongly when
engagement was operationalised and analysed with an interpretable comparison and more
cautiously when supported only by proxy indicators. Where engagement was invoked without
indicators, it was treated as explanatory framing rather than empirical evidence of an engagement
pathway.

The six themes were developed through an iterative, code-based thematic synthesis (Thomas &
Harden, 2008). Reviewers first coded reported design features, engagement indicators, outcomes,
and implementation conditions at study level. They then grouped related descriptive codes into
candidate themes, compared them against the extracted evidence, and refined them to distinguish
core design patterns from contextual conditions. The authors recorded the final definitions and
inclusion rules in the codebook and applied them across the 59 studies. Because a study could
contain several design features, assignments were non-mutually exclusive. Theme 2, interaction
and feedback cycles, appeared in 54 studies and is therefore treated as a cross-cutting design
dimension rather than a discrete configuration directly comparable with the other themes.
Supplementary Table S4 provides the coding rules, study assignments, discrepant-case decisions,
and examples supporting each theme. Table 2 summarises the theme-level links with direct
engagement measurement, outcome-domain coverage, and mixed findings.

Across themes, reporting completeness varied, particularly for sequencing, facilitation routines,
assessment criteria, and engagement operationalisation. These reporting gaps limited how
explicitly we could map design features, engagement evidence, and outcomes.

3.3.1. Coherent alignment and sequenced integration as the design backbone

This theme captures blended designs that link preparation, enactment, and consolidation through
explicit sequencing and alignment between tasks and assessment across online and face-to-face
components (e.g., structured phases, aligned materials, and planned consolidation through
reflection and feedback uptake) (Eren & Dokme, 2022; Reffiane et al., 2022).

Engagement evidence was limited within this theme (n = 11). Engagement was represented
mainly through proxy indicators or interpretive invocation, with no direct engagement
measurement, which limits claims about potential engagement pathways (Hayward et al., 2022;
Seoane & Jiménez, 2022). Outcomes most often involved knowledge or achievement and attitudes
or motivation, with some higher-order application gains reported alongside aligned tasks (Bekele
et al., 2025; Hayward et al., 2022). Studies also reported mixed findings when sequencing, dosage,
fidelity, or comparator logic was under-specified, reducing interpretability (Kaya & Aydemir,
2025; Yeh et al., 2025).

3.3.2. Interaction quality and feedback uptake as potential engagement pathways

This theme identifies interaction quality and feedback uptake as potential pathways through
which blended-learning designs may support engagement. Across the included studies, peer and
instructor exchanges were organised around learning artefacts, feedback-informed revision, and
connections between online contributions and in-class sense-making or task refinement (Kesler et
al., 2024; Tumelius & Kuure, 2024). These recurring design features were reported alongside
engagement indicators and learning outcomes, but the available evidence does not establish
interaction or feedback as a causal mechanism.

Where engagement was directly operationalised, it was most consistently reflected in
behavioural engagement indicators (e.g., participation quality, task commitment) and was less
consistently reflected in emotional indicators (e.g., perceived support or value) (Kesler et al., 2024;
Wang et al.,, 2025). Outcomes commonly involve attitudes, motivation, and achievement, with
higher-order application gains most often reported when feedback cycles require revision,
justification, and uptake. Mixed findings occur when interaction is shallow, facilitation is uneven,
or comparators overlap, weakening counterfactual inference (Cab1 & Tiirkoglu, 2025; Sun et al.,
2022).
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3.3.3. Flipped enactment patterns as a prominent implementation configuration

This theme identifies flipped enactment as the dominant blended configuration, aligning
structured pre-class online preparation with active, collaborative, or problem-focused face-to-face
sessions. Because the theme was based on enacted design features rather than reported
configuration labels, its 35 study-theme assignments exceeded the 33 studies explicitly labelled as
flipped learning. Practices include explicit links between preparation and in-class performance,
accountability for pre-class work, and use of class time for analysis, practice, and feedback rather
than content replay (Chen, 2024; Erol & Celik, 2022; Fidan, 2023; Giinbatar, 2021).

Where engagement was operationalised, evidence most often reflected engagement with tasks
across the preparation and enactment sequence, particularly when pre-class tasks were
consequential and supported by guidance and feedback (Gu et al., 2022; Wang & He, 2023).
Outcomes commonly cluster in motivation and knowledge achievement, with higher-order
application gains reported when in-class time is protected for explanation, justification, and
coached practice building on preparation (Chen, 2024; Erol & Celik, 2022; Giinbatar, 2021). Mixed
patterns cluster where fidelity or dosage varies, baseline equivalence is unclear, or comparators
overlap (Cab1 & Turkoglu, 2025; Yurtseven Avci et al., 2022).

3.3.4. Scaffolded autonomy and self-requlation as potential engagement pathways

This theme foregrounds learner control and flexibility, but benefits are conditional on whether
autonomy is scaffolded rather than assumed (Kouhia & Harkki, 2023; Yudt et al., 2024).

In the two studies that directly measured engagement, evidence primarily reflected self-
regulatory engagement, including behavioural persistence, emotional commitment, and cognitive
effort regulation, especially when scaffolds supported planning and monitoring (Cab1 & Tiirkoglu,
2025; Wang et al.,, 2025). Outcomes primarily involve attitudes or motivation; knowledge or
achievement gains are less consistent and appear contingent on the specificity of self-management
supports (Kouhia & Héarkki, 2023; Menggo & Darong, 2022). Mixed patterns occur when flexibility
is offered without adequate scaffolding, especially where readiness for self-regulated learning
varies, and guidance for planning, monitoring, and feedback uptake is limited (Cab1 & Tiirkoglu,
2025; Yudt et al., 2024).

3.3.5. Practice-based and project-centred designs for professional learning outcomes

This theme covers blended interventions organised around authentic teaching tasks and
performance artefacts, where integration is enacted through iterative production, rehearsal, and
refinement (Hujjatusnaini et al., 2022; Mualim et al., 2025).

Only one study in this theme measured engagement directly. In the remaining studies,
engagement was represented through proxy indicators or inferred from patterns such as sustained
involvement, revision-focused effort, and collaborative participation (Hujjatusnaini et al., 2022;
Mualim et al, 2025). Outcomes often include higher-order application gains alongside
motivational benefits, with teamwork or communication benefits emerging when collaboration is
structurally required (Dolmaci & Acar, 2025; Hujjatusnaini et al., 2022; Mualim et al., 2025). Mixed
patterns occur when fidelity, exposure conditions, or artefact specifications and assessment criteria
are under-reported, limiting attribution across settings (Kitching, 2026).

3.3.6. Contextual and learner differences as boundary conditions

This theme treats institutional context, delivery constraints, and learner characteristics as boundary
conditions that may help explain heterogeneous outcomes, rather than assuming uniform transfer
of design features (Kesler et al., 2024; Ramos et al., 2025).

Direct engagement measurement was limited to three studies in this theme, which linked
contextual supports and learner characteristics to engagement and motivational outcomes (Han et
al., 2025; Ramos et al., 2025; Wang et al., 2025). Attitudes and motivation were reported across all
11 studies, whereas knowledge and achievement, higher-order thinking and application, and
teamwork and communication outcomes appeared in smaller subsets (Giinbatar, 2021; Kesler et
al., 2024; Tumelius & Kuure, 2024). Mixed patterns clustered where baseline conditions and
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comparator logic were unclear, or where constraints reshaped engagement opportunities without
sufficient implementation detail (Han et al., 2025; Jong, 2023).

4. Discussion

This review synthesised 59 empirical studies of blended learning in PSTE published from 2021 to
2025. Studies reported more favourable outcomes when they described purposeful sequencing,
practice-oriented tasks, and feedback linked to revision. These patterns are descriptive rather than
causal because study designs, comparators, measures, and implementation reporting varied
considerably. Only five studies directly measured engagement. Consequently, the evidence
supports plausible design propositions, but it does not establish engagement as a causal pathway
linking blended designs with academic or professional outcomes.

4.1. Design as the Foundation for Effective Blended Learning

The synthesis identifies instructional design as a central factor differentiating reported outcome
patterns in teacher preparation. More consistent positive outcomes were reported when online and
face-to-face components were integrated through an explicit sequence, tied to assessment
evidence, and assigned clear learning functions that supported rehearsal and reflection. This
interpretation is consistent with research identifying interaction, support for learning processes,
and the organization of instructional activities as central challenges in blended learning design
(Boelens et al., 2017). Qualitative evidence from flipped learning implementations similarly
highlights planning, material preparation, instructional processes, and assessment as important
dimensions of implementation ($Sahin et al., 2020). Moreover, positive outcomes do not necessarily
extend across all learning dimensions: Yildirim and Turgut (2025) reported improved academic
achievement among pre-service teachers following a flipped classroom intervention but found no
significant effects on self-regulated learning or classroom engagement. In a related teacher-
education context, pre-service mathematics teachers participating in an Al-supported practicum
described opportunities to develop reflective pedagogical decision-making, respond to diverse
learner needs, and reconsider classroom interactions (Danisman, 2026). In this sense, blended
learning is best interpreted as a pedagogical opportunity created through deliberate design rather
than an inherent advantage associated with the “blended” label.

Teaching presence and scaffolding appear to be important design requirements. Within the
Community of Inquiry framework, teaching presence encompasses instructional design,
facilitation, and the direction of learning (Garrison & Arbaugh, 2007). Evidence from pre-service
teacher education further associates teaching presence with instructor support, relevant
instruction, and opportunities for active and collaborative learning (Oziidogru, 2021). These
principles can be operationalized through facilitation routines, planned feedback cycles, and clear
expectations for participation and responses. Implementation challenges, including increased
workload, uneven digital pedagogical capability, and inadequate technological support, can
undermine instructional coherence (Cheng et al., 2026; Rasheed et al., 2020). Related evidence
indicates that targeted training can strengthen pre-service teachers' self-efficacy in developing
technology-supported instructional content, while structured practice opportunities, modelling,
and feedback have been identified as important considerations in blended teacher preparation
(Mohafa et al., 2026). To sustain BL beyond pilot delivery, programmes therefore need feasible
workload models, reusable facilitation scripts, and reliable institutional infrastructure.
Accordingly, mixed or null findings should be interpreted alongside reported instructional design,
implementation fidelity, and comparator conditions rather than treated as definitive evidence
against BL.

4.2. Engagement as a Potential Pathway, with Cautious Interpretation of Evidence Strength

This review treats engagement as a potentially testable pathway rather than an established
explanatory mechanism, making stronger claims only where studies explicitly operationalised and
measured engagement. Engagement is commonly conceptualised in behavioural, emotional, and
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cognitive dimensions (Fredricks et al., 2004), a distinction that is also relevant to blended learning
environments. Within the reviewed studies, behavioural engagement was suggested by
participation in required preparatory activities and task completion, whereas opportunities for
cognitive engagement appeared in activities involving explanation, reflection, and collaborative
problem-solving. However, the presence of such activities should not automatically be equated
with measured engagement. Emotional engagement was less consistently represented, and
references to perceived support or task value did not necessarily constitute direct measures of this
dimension. Evidence from blended learning research further illustrates the importance of
distinguishing engagement dimensions, as cognitive, social, behavioural, and agency-related
engagement can exhibit different patterns (Cubacub & Jimenez, 2025). Because direct engagement
measurement was uncommon in the reviewed studies, these links are interpreted as plausible
design propositions rather than established causal relationships.

Across most of the evidence base, engagement pathways should therefore be presented as
hypotheses rather than tested explanations. Future pre-service teacher education studies of
blended learning should employ validated multidimensional engagement measures and
triangulate self-reports with observational evidence and theoretically grounded trace or log
indicators, alongside relevant performance measures. This recommendation is consistent with
evidence that learning analytics research predominantly captures observable behavioural
engagement while less frequently addressing its multiple dimensions (Bergdahl et al., 2024).
Related research with pre-service teachers has identified nonlinear associations between the
frequency of Al-tool use and perceived mental workload, further illustrating why indicators of
technology use should not be treated as interchangeable with measures of learners’ cognitive
experiences (Danisman & Evran Acar, 2026). The distinction between engagement and
achievement is particularly important in teacher preparation: Yildirim and Turgut (2025) reported
improved academic achievement following flipped classroom instruction but no significant
improvement in classroom engagement. Future studies should also report implementation fidelity
and comparator equivalence, including contact time and assessment demands, to support stronger
tests of proposed pathways, replication, and cumulative synthesis.

4.3. Learning and Professional Outcomes, Implications, and Limitations
4.3.1. Outcome patterns and conditionality

Within these evidential constraints, studies frequently reported gains in knowledge and
achievement, higher-order thinking, application, reflective practice, pedagogical confidence, and
professional readiness. These frequencies describe the direction and coverage of reported findings
rather than a pooled estimate of effectiveness. Professionally relevant outcomes were more often
reported when authentic tasks, such as microteaching, portfolios, or coached enactment, were
combined with structured feedback and revision. Nevertheless, alternative explanations, including
selection effects, unequal contact time, comparator overlap, and implementation differences,
cannot be excluded.

4.3.2. Implications for practice, programme leadership, and research

The implications extend across teaching practice, programme leadership, and research. Teacher
educators should prioritise coherence over tools by aligning objectives, learning activities, and
assessment evidence. Online components can support preparation, while face-to-face time can be
protected for feedback-rich practice activities (Biggs, 1996; Garrison & Arbaugh, 2007). Programme
leaders should support teaching presence through feasible workload models, stable infrastructure
and staff development. They should standardise reusable assets, including facilitation scripts,
feedback rubrics and assessment-linked task sequences, to maintain instructional quality beyond
pilot implementation. Researchers should strengthen transparency by reporting implementation
fidelity and comparator equivalence and by using replicable analytic decision rules. They should
also operationalise engagement with validated multidimensional measures and triangulate self-
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report measures with trace or log indicators explicitly modelled as engagement, alongside relevant
performance-based indicators (Fredricks et al., 2004).

4.3.3. Limitations and confidence in pathway interpretations

The principal limitation concerns the weakness of evidence for proposed engagement pathways.
Engagement was directly measured in only five studies; eight used process indicators as proxies,
seven invoked engagement without corresponding indicators, and 39 provided neither
engagement indicators nor substantive engagement interpretation. Claims concerning a design-
engagement-outcomes pathway must therefore remain provisional. Transferability is also limited
by the evidence's geographical concentration and the predominance of single-institution studies.
The restriction to English-language journal articles published between 2021 and 2025 and indexed
in three databases may have excluded earlier research, non-English studies, grey literature, and
studies indexed elsewhere, thereby introducing language, database, time-lag, and publication
biases. The review should accordingly be understood as a synthesis of recent indexed evidence
rather than a comprehensive historical account. Finally, although the protocol was prepared a
priori, it was not prospectively registered, limiting external verification of prespecified decisions.

Comparability is also constrained by study design and reporting. Many studies relied on quasi-
experiments or one-group pre-post designs and self-reported outcomes, with limited performance
indicators or longitudinal follow-up. Heterogeneous blended configurations and incomplete
fidelity reporting likely contribute to mixed findings. In particular, mixed or null effects are
difficult to interpret when comparator conditions include substantial online elements, or when
contact time and assessment demands differ across conditions. Reporting bias cannot be excluded;
without meta-analysis, small-study effects cannot be formally assessed, so interpret the observed
positive patterns cautiously.

4.3.4. Priorities for future research and reporting

Future research should use designs matched to the questions being examined. Strong comparative
or cluster-randomised designs may be appropriate when the aim is to estimate intervention effects
and when allocation, sample size, and clustering can be handled rigorously. Design-based and
longitudinal approaches may be more appropriate for examining how blended-learning
components operate across authentic teacher-education settings. Across designs, researchers
should prespecify primary outcomes, document comparator conditions and contact time, report
implementation fidelity and null findings, and use validated measures of behavioural, emotional,
and cognitive engagement. Self-reports should be triangulated with trace data and performance
indicators that are explicitly modelled as engagement. Future reviews should register protocols
prospectively and apply established certainty-assessment procedures where appropriate.

These improvements would permit clearer comparisons across settings and more defensible
tests of whether engagement mediates or otherwise helps explain relationships between blended-
learning design and student outcomes.

4.3.5. Evidence-informed design principles

Drawing on the evidence map presented in Table 2, six evidence-informed design principles can be
identified to guide the development and implementation of blended learning courses in pre-
service teacher education (PSTE). First, blended learning activities should be purposefully
sequenced, ensuring alignment between pre-class, in-class, and post-class activities, their intended
learning functions, and assessment evidence. Second, interaction and feedback should be
structured as iterative processes that enable student teachers to engage with feedback, revise their
work, and progressively improve their understanding and performance, rather than merely
receive feedback. Third, flipped classroom designs should prioritise the use of face-to-face
instructional time for pedagogical enactment, including rehearsal, modelling, and guided practice.
Fourth, learner autonomy should be supported through appropriate scaffolding, combining
flexibility with clear instructional structures, pacing support, and prompts that facilitate self-
regulated learning. Fifth, practice-centred learning activities should emphasise the production of
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teaching artefacts, microteaching experiences, and reflective outputs that connect coursework with
practicum expectations. Finally, the implementation of blended learning should be responsive to
contextual conditions, including practicum arrangements, technological access, cohort
characteristics, and institutional resources, with these conditions reported transparently to support
the interpretation and transferability of findings. Given the limited direct evidence concerning
engagement pathways, these principles should be understood as evidence-informed design
propositions requiring further empirical examination rather than universally validated
prescriptions.

5. Conclusion

This review indicates that blended learning in pre-service teacher education is best examined as a
course-level pedagogical design rather than as the mere use of multiple delivery modes. Across 59
recent studies, studies that coherently sequenced online and face-to-face components, actively
facilitated them, aligned them with assessment, and connected them to authentic teaching practice
more often reported favourable academic and professional outcomes. However, heterogeneity in
research designs and outcome measures, together with direct engagement measurement in only
five studies, prevents causal conclusions about effectiveness or the proposed design-engagement-
outcome pathways. The review's main contribution is therefore an evidence-informed framework
that differentiates design features, the strength of engagement evidence, and reported outcomes.
Future research should test these proposed pathways using transparent implementation reporting,
validated multidimensional engagement measures, prespecified outcomes, and appropriately
designed comparative or longitudinal studies.
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