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Keywords: inconsistencies in primary source selection, with most reviews excluding grey
Flipped learning, literature. Inadequate quality assessment practices were evident, with over half lacking
formal risk of bias evaluation. The analysis also found variable approaches to
publication bias assessment and potential language bias, with most reviews limiting
inclusion to English-language publications. The analysis further reveals a pronounced
- imbalance in outcome domains. Cognitive outcomes dominated, particularly academic
Research synthesis. achievement. The affective and interpersonal domains received substantially less
attention despite their theoretical importance to FL pedagogy. The paucity of specified
cognitive metrics in numerous reviews was a matter of particular concern, whilst the
near absence of metric reporting for affective and interpersonal outcomes was even
more concerning. In addition, the psychometric properties of instruments were rarely
critically evaluated. Although reviews consistently identified active learning, self-
paced instruction, and increased interaction as key mechanisms for FL effectiveness,
many failed to provide substantive exploration of how these mechanisms operate
within specific disciplinary contexts. This critical synthesis highlights the need for
methodological improvements in FL reviews, including comprehensive literature
sourcing, rigorous quality assessment, expanded domain focus beyond cognitive
outcomes, and deeper mechanism exploration to strengthen the evidence base guiding
educational practice.
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INTRODUCTION

Educational paradigms are undergoing profound transformation in response to 21st-century
demands. The complex interplay of technological advancement, globalization, and evolving
workforce requirements necessitates educational approaches that transcend traditional
knowledge acquisition to develop critical competencies including problem-solving,
communication, collaboration, and analytical thinking (Ramma et al., 2021). This shift reflects
growing recognition that conventional educational models, which rely on passive information
transfer, prove insufficient for preparing learners to navigate complex personal, professional,
and social environments, as research increasingly demonstrates their inadequacy in fostering
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the robust, adaptable skill sets required to meet contemporary challenges (Care, 2017; Fry et
al., 2009; Huang et al., 2020; Shih & Huang, 2019; Taguma et al., 2018). As Zhu et al. (2020)
argue, educational effectiveness now extends beyond content mastery to encompass
adaptability, critical thinking, and collaborative capabilities—competencies poorly served by
passive learning modalities. This recognition has catalysed widespread interest in innovative
pedagogical frameworks that promote active engagement, experiential learning, and skill
development across diverse educational contexts (Bialik & Fadel, 2015; Francis et al., 2020).

Among these pedagogical innovations, flipped learning (FL) has emerged as a particularly
promising approach, offering a restructuring of the educational experience through strategic
reallocation of learning activities. The past decade has witnessed unprecedented expansion in
FL implementation across educational contexts from K-12 classrooms to tertiary institutions
spanning disciplines as diverse as mathematics, medicine, engineering, and language
acquisition. At its core, FL represents a pedagogical restructuring that strategically inverts the
traditional instructional sequence. Foundational knowledge transmission shifts from
synchronous classroom lectures to asynchronous pre-class engagement through multimedia
resources, whilst valuable in-person class time is repurposed for interactive, application-
focused activities including collaborative problem-solving, discussions, and personalised
guidance (Bishop & Verleger, 2013). This pedagogical inversion fundamentally challenges
conventional educational time-space configurations, reflecting broader shifts toward student-
centred learning paradigms.

As FL implementations have proliferated globally, a substantial body of primary research has
emerged examining its effectiveness, implementation challenges, and contextual adaptations.
This expansion generated a complex, heterogeneous evidence base that educators,
policymakers, and researchers increasingly rely upon for implementation guidance. The
diversity of this primary research, spanning varied disciplines, educational levels, cultural
contexts, and methodological approaches, has necessitated systematic synthesis efforts to
consolidate findings and extract meaningful patterns. Consequently, systematic reviews (SRs)
and meta-analyses (MAs) have become critical tools for navigating this complex research
landscape, attempting to provide systematic assessments of FL effectiveness across diverse
contexts.

However, a critical problem has emerged: whilst the number of FL reviews continues to grow
exponentially, there has been no systematic examination of whether these syntheses themselves
meet established methodological standards or provide reliable evidence for educational
decision-making. This unchecked proliferation appears to create a paradox. The very tools
meant to clarify the FL evidence base may themselves be contributing to confusion if they
employ weak methodologies or incomplete outcome assessments.

The credibility and utility of these research syntheses fundamentally depend on their
methodological rigor and transparency. Established frameworks such as PRISMA provide
comprehensive guidelines for transparent reporting of review methodology and findings
(Moher et al., 2015), whilst assessment tools like AMSTAR 2 offer structured criteria for
evaluating methodological quality (Shea et al., 2017). As the corpus of FL reviews continues
to expand, evaluating these syntheses against established methodological standards becomes
increasingly important for discerning the reliability of their conclusions and recommendations.

High-quality SRs and MAs in education exhibit several essential methodological characteristics
that serve as benchmarks for evaluation. First, they implement transparent and comprehensive
literature search strategies, documenting databases consulted, search terms employed, date
parameters, and language restrictions. They also consider unpublished or grey literature to
minimise selection bias (Higgins et al., 2023). This comprehensiveness is particularly important
given documented publication bias in educational research, where studies reporting statistically
significant or positive outcomes are more likely to be published in peer-reviewed journals.
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Second, rigorous reviews systematically assess the quality or risk of bias in included primary
studies using validated tools appropriate to their research designs. This critical appraisal process
recognises that synthesizing evidence without accounting for primary study quality can yield
misleading conclusions that may inappropriately influence educational practice (Shea et al.,
2017). In educational contexts, where research designs often include diverse methodologies
beyond randomised trials, appropriate quality assessment becomes particularly challenging yet
essential. Third, meta-analyses must employ appropriate statistical approaches for data
synthesis, with justifiable choices regarding effect size metrics, heterogeneity assessment, and
model selection (fixed-effect vs. random-effects) (Borenstein et al., 2009). Given the inherent
variability in educational interventions and contexts, robust strategies for exploring and
managing heterogeneity using measures like 12, 12, subgroup analyses, or meta-regression are
necessary for meaningful interpretation of aggregated effects. Finally, established techniques
for detecting publication bias (e.g., funnel plots, Egger's test, fail-safe N calculations) are
essential for assessing whether the available literature presents a balanced view of the
intervention's effects (Sterne et al., 2011). This becomes particularly relevant for educational
innovations like FL that have generated substantial enthusiasm, increasing pressure toward
publication of positive findings.

Beyond methodological considerations, the value of FL reviews depends significantly on their
conceptualisation and assessment of educational outcomes. Educational interventions like FL
impact diverse outcome domains: cognitive (knowledge acquisition, conceptual understanding,
critical thinking), affective (motivation, satisfaction, self-efficacy), and interpersonal
(collaboration, communication skills, and engagement) (Bloom et al., 1956; Krathwohl et al.,
1964). Comprehensive reviews should capture this multidimensional impact to fully represent
FL's educational potential, particularly given its theoretical foundations in active learning and
constructivist pedagogies that emphasise holistic development (Prevalla & Uzunboylu, 2019;
Robertson, 2022; Rutkiené et al., 2022). Despite this, educational research, including FL
studies, faces persistent challenges in outcome measurement. These include substantial
variability in assessment approaches, limited standardisation of instruments, inconsistent
reporting of psychometric properties, and frequent reliance on self-reported measures for non-
cognitive outcomes (Leatherman & Cleveland, 2019; Ozenen, 2023; Roehling, 2018; Silverajah
et al., 2022). High-quality reviews should acknowledge these limitations and, where possible,
critically analyse their implications for interpreting findings regarding FL effectiveness.

Moreover, contemporary educational research increasingly recognises that moving beyond
simple effectiveness comparisons to investigate causal mechanisms (explaining how FL
produces outcomes) and moderating factors (determining when and for whom FL works best)
is essential for developing nuanced understanding that can inform practice (Goedhart et al.,
2019; Kapur et al. 2022; Lewis et al., 2020). Reviews that explore these dimensions provide
more valuable guidance for educational practitioners than those simply aggregating
effectiveness measures without addressing underlying processes.

Despite the proliferation of systematic reviews and meta-analyses on FL, a significant gap
exists: no comprehensive synthesis has critically examined the methodological rigor and
outcome assessment practices across these reviews. This gap is troubling for three critical
reasons:

* Quality uncertainty: Without systematic evaluation, educators and policymakers cannot
distinguish between methodologically robust reviews that provide reliable evidence and
weak syntheses that may perpetuate flawed conclusions, misguiding educational practice
(Tricco et al., 2018).

* Incomplete outcome mapping: Without understanding the patterns of outcome assessment
across FL reviews, researchers cannot identify which learning dimensions remain
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understudied or poorly measured, limiting comprehensive understanding of FL's
educational impact.

» Methodological blind spots: The absence of meta-methodological analysis prevents the
identification of systematic weaknesses in FL research synthesis, hindering improvements
in future evidence generation and synthesis practices.

This umbrella review (UR) addresses these critical gaps by systematically evaluating the
methodological quality and outcome reporting practices of FL research syntheses, thereby
providing meta-methodological insights essential for improving future evidence synthesis in
educational research. This study makes three distinctive contributions to the field:

» Comprehensive quality assessment: This work presents the first systematic evaluation of
methodological rigor across FL reviews, establishing a baseline for quality and identifying
key areas in need of improvement.

* Outcome assessment mapping: Educational outcomes in FL reviews are examined in terms
of standardisation and measurement, uncovering consistent patterns, notable gaps, and
opportunities for more holistic assessment approaches.

» Meta-methodological framework: A framework is proposed for evaluating educational
research syntheses, offering guidance for future reviewers aiming to produce higher-quality
syntheses and enabling readers to critically appraise existing reviews.

This critical UR examines the methodological underpinnings and outcome evaluations of the
growing body of FL research syntheses, thereby assessing the quality of evidence guiding
implementation decisions. Through systematic analysis of 41 comprehensive reviews spanning
STEM, medical and health sciences, and social sciences, this review addresses the following
research questions that guide the synthesis of FL reviews:

What are the general descriptive characteristics of FL reviews (e.g., publication year,
disciplinary distribution, review type, learner type, and country/region)?

What methodological challenges are reported in FL reviews? (e.g., sources of primary
studies, quality assessment of primary studies, publication bias, and language bias)?

What outcome-related issues are identified in FL reviews? (e.g., domain outcome focus,
outcome metrics, and outcome mechanisms)?

By critically examining these dimensions, this review aims to illuminate both the strengths and
limitations of current FL research syntheses, providing a meta-methodological perspective
crucial for researchers, practitioners, and policymakers navigating the rapidly evolving FL
evidence landscape. The findings will not only inform more rigorous future syntheses but also
enable more critical consumption of existing FL evidence, ultimately supporting more informed
educational decision-making.

METHOD

This UR was conducted in accordance with established methodological guidance for evidence
synthesis. Whilst URs typically integrate findings from multiple systematic reviews
(Aromataris et al., 2015), the PRISMA-ScR reporting framework was adopted (Tricco et al.,
2018) to ensure comprehensive and transparent reporting, as its systematic approach to mapping
evidence aligned with the study’s objective of identifying methodological patterns and gaps
across FL reviews.

A critical UR methodology was employed to synthesise and appraise evidence drawn from
existing systematic reviews and meta-analyses on FL. This design was deemed particularly
appropriate given the proliferation of FL research syntheses, as it facilitates the integration of
their findings into a higher-level, meta-methodological perspective (Becker & Oxman, 2011,
Grant & Booth, 2009). The accelerating expansion of FL scholarship since 2012 (Bergmann &
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Sams, 2012; Birgili, 2021) underscores the need for a structured and critical synthesis to inform
evidence-based practice.

The Population—Concept—Context (PCC) framework guided the formulation of the research
questions (Joseph et al., 2023; Peters et al., 2020):

* Population: Systematic reviews and meta-analyses on FL.
« Concept: Methodological quality indicators and outcome assessment practices.
« Context: Reviews published between 2017 and 2023 in STEM, medical/health, and social
science fields.
The UR process followed the steps outlined by Becker and Oxman (2011) and Grant and Booth
(2009):
« Identification and screening of relevant systematic reviews and meta-analyses.
« Extraction of descriptive, methodological, and outcome-related data.
« Critical appraisal of methodological quality using established frameworks (Hartling et al.,
2014).
» Thematic synthesis of findings through iterative coding and consensus-building (Braun &
Clarke, 2006; Kyngas et al., 2020).
By combining descriptive mapping, methodological critique, and thematic outcome analysis,
this review aims to highlight both the strengths and limitations of current FL evidence
syntheses. In doing so, it provides direction for more rigorous future research and offers a
stronger evidence base for pedagogical decision-making across diverse educational contexts.

Search Strategy

The search strategy was developed following PRISMA-ScR guidelines (Tricco et al., 2018)
through a systematic, multiphase approach to ensure comprehensive identification of relevant
literature. The selection of search terms followed a rigorous, iterative process to maximise
search sensitivity whilst maintaining precision. Initially, a preliminary scoping review of
seminal FL publications was conducted to identify commonly used terminology and conceptual
variations in the field (Bergmann & Sams, 2012; Bishop & Verleger, 2013). This preliminary
analysis revealed that whilst "flipped learning" and "flipped classroom" represent the dominant
terminology, regional and disciplinary variations exist, with some European and technical
education contexts preferring "inverted classroom” or "inverted learning."

Subsequently, the keyword selection was refined through three complementary approaches:

* Literature-derived terms: Analysis of index terms, keywords, and abstracts from highly
cited FL reviews (Hew et al., 2021; Lo, 2020) identified core terminology patterns and
conceptual synonyms

» Database thesaurus consultation: Medical Subject Headings (MeSH) and Education
Resources Information Center (ERIC) descriptors were examined to identify controlled
vocabulary relevant to FL concepts

» Expert validation: The preliminary search string was reviewed by educational technology
researchers to ensure coverage of discipline-specific terminology variations

This systematic process resulted in the final search string: ("flipped learning” OR "flipped
classroom” OR "inverted classroom™ OR “inverted learning”), which balanced
comprehensiveness with precision by capturing the primary conceptual variations whilst
avoiding overly broad educational technology terms that would reduce search specificity.

A comprehensive search was conducted across four major academic databases selected for their
coverage of educational research: Web of Science (multidisciplinary coverage with strong
citation tracking capabilities)) EBSCO (comprehensive education database aggregator
including Education Research Complete), ERIC (specialised education database maintained by
the US Department of Education), and SCOPUS (broad interdisciplinary coverage with
extensive international journal representation).
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The search strategy was adapted to each database's specific syntax requirements whilst
maintaining conceptual consistency. All searches utilised the "All Fields" designation to capture
relevant studies regardless of indexing variations. For example, the Web of Science search
applying the keywords to all fields retrieved 2,824 articles (see Appendix).

The search was deliberately limited to English-language, open-access articles published
between 2012 and 2024. The year 2012 was selected as the starting point based on bibliometric
evidence indicating a notable surge in FL research following the publication of Bergmann and
Sams' (2012) foundational text, which is widely recognised as catalysing mainstream adoption
of this pedagogical approach (Birgili, 2021). The open-access limitation was implemented to
ensure reproducibility and accessibility of the review findings, aligning with contemporary
open science principles.

Recognising the limitations of database indexing for review-type articles (Holly, 2017),
particularly the inconsistent application of publication type filters across databases, a multi-
pronged supplementary search strategy was employed. First, given the absence of reliable
automated filters for systematic reviews and meta-analyses across all selected databases, titles
and abstracts of all retrieved records were manually screened for explicit review indicators (e.g.,
"systematic review," "meta-analysis,” "research synthesis,"” "umbrella review"). Second,
reference tracking was conducted on all included reviews to identify relevant syntheses not
captured through database searching, following established snowballing procedures
(Greenhalgh & Peacock, 2005). Third, targeted grey literature searches were performed through
Google Scholar using truncated search strings to identify recent reviews not yet indexed in
traditional databases.

The comprehensive search strategy yielded 7,419 initial records across all databases. Following
automated and manual duplicate removal using reference management software, 2,946 unique
records remained for screening. Two independent reviewers with expertise in educational
research methodology conducted title and abstract screening using predetermined eligibility
criteria, achieving substantial inter-rater agreement (x = 0.82). This initial screening identified
118 potential reviews warranting full-text evaluation.

During full-text assessment, the two reviewers independently evaluated each article against
detailed inclusion and exclusion criteria, with discrepancies resolved through discussion and,
when necessary, consultation with a third reviewer. This rigorous evaluation process resulted
in the inclusion of 41 systematic reviews and meta-analyses in the final UR synthesis. The
complete selection process, including reasons for exclusion at the full-text stage, is detailed in
Figure 1 (PRISMA flow diagram).

Inclusion / Exclusion Criteria

Rigorous eligibility criteria were applied during full-text screening. Only systematic reviews
using qualitative, quantitative, or mixed methods were included, whilst primary studies (n =
2,828) were excluded. Non-systematic reviews (n = 25), including integrative, scoping, and
narrative reviews were excluded, along with those addressing overly broad topics (n = 5),
lacking clearly defined educational outcomes (n = 12), or focusing on non-educational contexts
(n = 13). All reviews were evaluated using the JBI critical appraisal checklist (Aromataris et
al., 2020), leading to the exclusion of four reviews. Nine reviews showing overlap in their
primary studies were excluded to maintain synthesis integrity (Ortega et al., 2016). Futhermore,
five reviews were excluded for not aligning with the operational definition of FL requiring both
pre-class video/audio content and interactive in-class activities (Bishop & Verleger, 2013), and
four more for lacking disciplinary outcome reporting.
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Figure 1. PRISMA search methodology.

Data Extraction & Synthesis

The PRISMA-ScR framework (Tricco et al., 2018) guided all aspects of this UR. The
framework informed the structure of research questions using the Population-Concept-Context
(PCC) approach and directed the search strategy, screening, and data extraction procedures.
Inclusion criteria specified that reviews must: (a) employ systematic review or meta-analysis
methodology, (b) examine FL in educational contexts, (c) report educational outcomes
explicitly, and (d) be published between 2017-2023. Nine reviews with overlapping primary
studies were excluded to maintain synthesis integrity.

Data extraction followed the JBI UR protocol (Aromataris et al., 2015) and incorporated the
data-charting methodology from scoping review literature (Tricco et al., 2018). Two reviewers
independently extracted data using a standardised form capturing three information categories:
(a) descriptive characteristics, (b) methodological features based on PRISMA criteria (Moher
et al., 2009), and (c) outcome-related issues. This dual extraction approach ensured reliability
as recommended in PRISMA-ScR guidelines.

For RQ1 (descriptive characteristics), data including publication year, review type, disciplines,
learner populations, and geographical regions were systematically extracted from all 41 reviews
and summarised in Figure 2. For RQ2 (methodological issues), a critical appraisal framework
based on established practices (Higgins et al., 2023; Kung et al., 2010) evaluated literature
search scope, quality assessment approaches, and publication bias investigation methods, with
findings presented in Figure 3.

For RQ3 (outcome-related issues), data extraction and synthesis were conducted using
qualitative content analysis with MAXQDA 22.0, a validated tool for systematic reviews
(Saldafa, 2021). The analysis used an inductive approach, allowing patterns and themes to
emerge from the data rather than applying predetermined categories (Bengtsson, 2016). Both
reviewers independently read all included studies multiple times before beginning formal
coding. Sentences served as the unit of analysis to capture detailed insights, following best
practices for educational research content analysis (Kyngas et al., 2020). An initial coding
framework was developed through open coding of 10% of the studies, then refined through
pilot coding of 25% of the studies (n = 18), with adjustments made to improve clarity and
coverage (Silver & Lewins, 2014). Three domains emerged from the data: cognitive, affective,
and interpersonal. Whilst these align with established educational taxonomies (Bloom et al.,
1956; Krathwohl et al., 1964), their identification was data-driven rather than predetermined.
Two coders independently applied the emergent framework, resolving discrepancies through
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consensus discussion following established qualitative reliability procedures (Kyngas et al.,
2020; Neuendorf, 2018; Saldafa, 2016). Inter-rater agreement reached 95%, with Cohen's x =
0.75, indicating substantial reliability. These domains, metrics, and mechanisms are
summarised in Figure 4.

RESULTS
Descriptive Characteristics of the Reviews

Based on the descriptive analysis of 41 reviews on FL approach, several key characteristics
emerge. The publication timeline, spanning from 2017 to 2023, reveals a significant increase
in research synthesis in recent years, with the large majority (n = 31) published between 2020
and 2023, peaking with twelve reviews in 2020. The field representation shows a predominance
in medical and health sciences (n = 13) and social sciences (n = 11), followed closely by
interdisciplinary fields (n = 9) and STEM (n = 8).

TS O

2.44% (n=1) 2017 Meta-analysis 41.46% (n=17)
244%(n=1) 2018

7.32% (n=3) 2019

Qualitative systematic review  26.83% (n=11)

Cross-disciplinary meta-analysis 21.95% (n = 9)

29.26% (n=12) 2020 Mixed-method review 9.76% (n = 4)
21.95% (n=9) 2021
1220% (n=195) 2022 Near Review
24.39% (n=10) 2023
Regi
=Be Mixed 43.90% (n = 18)
Undergraduat 14.63% (n=6
Field Leamier ndergraduate o (n=06)
Tertiary 14.63% (n = 6)

K-12 & tertiary 7.32% (n=3)

|
31.70% (n=13) Medical & health scicnccs:
26.80% (= 11)  Social sciences

Undergraduate & 4.88% (n=2)
graduate
Undergraduate & 4.88% (n=2)

I
I
I
I
I
I
I
I
|
|
|
: vocational degree

I
I
I

22.00% (n=9)  Cross-disciplinary — — _ _1

) ) i Not applicable 4.88% (n=2)
19.50% (n = 8) STEM Mixed regions 46.34% (n = 19) K-12 2.44% (n = 1)
Not mentioned 41.46% (n=17) ¢ 14 2.44% (n=1)

China 12.20% (n = 5)
Figure 2. The overview of the reviews by year, review type, learner type, field, and region.

Methodologically, meta-analytical reviews were most prevalent (n = 26), significantly
exceeding the number of qualitative (n = 11) and mixed-method reviews (n = 4). The included
reviews predominantly investigated mixed learner populations (n = 18), with undergraduate (n
= 6) and tertiary-level learners (n = 6). Less frequent reviews were focusing on K-12 (n = 1)
and K-16 (n = 1) learner groups, whilst two reviews did not specify applicable learner types.
Geographically, the scope was often international, with 19 reviews drawing studies from mixed
countries/regions. A substantial number of reviews (n = 17) did not specify the country or region
of the primary studies included, whilst five reviews focused exclusively on research conducted
in China.

Methodological Issues in FL Reviews

The credibility and utility of systematic reviews and meta-analyses depend heavily on the
methodological rigor employed both in the primary studies included in the synthesis process
itself. Examining the methodological features reported across FL reviews reveals considerable
variability and highlights several recurring challenges that impact the interpretation of their
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findings. The key methodological aspects as reported in FL reviews cover sources of primary
studies, quality assessment of primary studies, publication bias, and language restrictions.

Established

Peer-reviewed tools

articles

(n=14)

st Adapted
criteria/

checklist

(n=25)

Source of primary :
studies Quality assessment
Grey literature (n=41) (n=41)
(n=17)
No formal
Methodological issues assessment
in FL reviews (n=22)
; No biased
Bngish oy Language & publication ~ detected
e=2) biases (n=14)
(n=41)
Other Biased
languages detected
(" = 13) (n = ]0)
: Inconclusive/
el sp_eclﬁed not assessed
n=1) s

Figure 3. Methodological issues in FL reviews.

Concerning sources of primary studies, many reviews (n = 24) restricted inclusion primarily or
exclusively to peer-reviewed journal articles (e.g., Akcayir & Akgayir, 2018; Aljaber et al.,
2023). A significant number of reviews (n = 17) explicitly included grey literature such as
theses, dissertations, and conference papers/proceedings, often to mitigate publication bias or
capture a broader evidence base (e.g., Arslan, 2020; Aybirdi et al., 2023).

Reviews demonstrated diverse approaches to quality assessment of primary studies. Whilst
some reviews (n = 14) employed established tools including MERSQI and JBI checklists
(Aljaber et al., 2023), EPHPP (Cui et al., 2023), CASP (Li et al., 2020), NOS (Ge et al., 2020),
and Cochrane RoB tool (Naing et al., 2023; Park & Suh, 2021; Xiao et al., 2022; Xu et al.,
2019; Zhu, 2021), and others (n = 5) used adapted criteria (e.g., Tutal & Yazar, 2021; Vitta &
Al-Hoorie, 2020), a substantial number of reviews (n = 22) reported no formal quality appraisal,
relying instead on inclusion criteria as quality filters (e.g., Arslan, 2020; Guler et al., 2023) or
mentioned assessment without providing details (e.g., Ozbay & Cimar, 2021; Akcayrr &
Akgayir, 2018; Dogan et al., 2021). This lack of systematic quality assessment significantly
undermines the reliability of many reviews' conclusions.

For publication bias in meta-analyses (n = 30), common techniques included funnel plots,
statistical tests (Egger's regression, Begg's rank correlation), Trim-and-Fill method, Fail-Safe
N calculations, and occasionally p-curve analysis. Findings were mixed, with 14 reviews
concluding low risk of publication bias (e.g., Aybirdi et al., 2023; Bredow et al., 2021), 10
reviews finding evidence suggesting bias presence requiring statistical adjustment (e.g., Cui et
al., 2023; Farmus et al., 2020), and six reviews presenting inconclusive assessments due to high
heterogeneity (e.g., Naing et al., 2023).
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Regarding language inclusion, most reviews (n = 27) limited inclusion to English-language
publications (e.g., Turan, 2023). Yet, some demonstrated multilingual inclusivity, with six
reviews including both English and Chinese studies (e.g., Xu et al., 2019), two incorporating
English and Turkish articles (e.g., Dogan et al., 2021), one focusing on English and Korean
based on search terms (Jang & Kim, 2020), and one stating no language restrictions (Naing et
al., 2023). Conversely, some had narrower linguistic focus, with three reviews including only
Chinese publications (e.g., Peng et al., 2022) and one limited to Korean studies (Park & Suh,
2021).

Outcome Related Issues in FL Reviews

The analysis of 41 reviews on FL practices emerged a total of 132 codes across cognitive,
affective, and interpersonal learning domains within STEM, M&H, and SS fields. The cognitive
domain accounted for half of the reported outcomes (n = 66). The affective domain,
encompassing satisfaction, positive thoughts, self-confidence, and motivation, was less
frequently addressed (n = 35). Similarly, the interpersonal domain, focusing on social
engagement, interaction, active-in class time, and peer learning & collaboration, received the
least attention (n = 31) across fields (see Figure 4).
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Domain outcome focus

The cognitive domain dominated FL research outcomes across fields (n = 66), with academic
achievement as the most studied outcome. In STEM disciplines, meta-analyses revealed
positive effects in science (e.g., Dogan et al., 2023; g = 0.72, k = 30) and engineering (e.g.,
Strelan et al., 2020a; g = 0.72, k = 15). M&H sciences showed even stronger impacts in nursing
(Xu et al., 2019; SMD = 1.79, k = 22) and pharmacy (e.g., Cui et al., 2023; SMD = 1.30, k =
22), whilst SS fields demonstrated moderate to strong effects in teaching EFL/ESL (e.g., Ni et
al., 2023; ES = 0.68, k = 24) and general education (Jang & Kim, 2020; ES = 0.80, k = 26).
Beyond achievement, FL fostered autonomous learning across disciplines, evidenced in
mathematics, as found in 16 out of 97 studies reviewed by Cevikbas & Kaiser (2023), radiology
(Geetal., 2020; OR = 1.98, k = 5), Chinese medicine (Xiao et al., 2022; RR =1.52, k = 5), and
language education, as found in nine out of 22 studies reviewed by Linling & Abdullah (2023).
Conceptual understanding also improved across fields (Akcayir & Akgayir, 2018; Cevikbas &
Kaiser, 2023; Li et al., 2020), whilst higher-order thinking was particularly prominent in
nursing education (Park & Suh, 2021; g = 0.87, k = 5).

The affective domain (n = 35) showed notable patterns across disciplines. Student satisfaction
emerged as the most consistently documented outcome, with positive evidence in mathematics
(Bredow et al., 2021; g = 0.53, k = 10), ICT (Strelan et al., 2020b; g = 0.81, k = 7), nursing (Xu
et al., 2019; ES = 1.39, k = 6), health professions (Naing et al., 2023; SMD = 0.48, k = 8),
radiology (Ge et al., 2020; OR = 1.70, k = 7), and language education, where seven out of 78
studies in Arslan's (2020) review showed satisfaction. Positive attitudes were documented
across mathematics, noted in 27 out of 97 studies reviewed by Cevikbas & Kaiser (2023),
nursing (Xu et al., 2019; ES = 1.58, k = 5), and language education reported in 23 studies
(Arslan, 2020). Self-confidence received limited attention in STEM, highlighted in 14 out of
97 studies reviewed by Cevikbas & Kaiser (2023), and appeared only in pharmacy/anatomy
education (Aljaber et al., 2023; Kazeminia et al., 2022) and SS reviews (n = 3). For example,
in ELT, 10 studies out of 78 in a review noted that FL contributed to building self-confidence
in language learners (Arslan, 2020), whilst six studies out of 22 in EFL contexts highlighted the
approach's efficacy in enhancing self-confidence during the COVID-19 pandemic (Linling &
Abdullah, 2023). Besides, five articles out of 71 in broader educational fields reported increased
student confidence through FL practices (Akcayir & Akcgayir, 2018). Learner motivation was
moderately studied in STEM, largely absent from M&H, but extensively documented in
language education, where 35 out of 78 studies in Arslan's (2020) review documented this.

The interpersonal domain (n = 31) revealed transformation in classroom dynamics across
disciplines. Peer learning was prominent in STEM (n = 4), with enhanced collaboration in
mathematics, identified in 23 out of 97 studies by Cevikbas & Kaiser (2023), and engineering
(Lo & Hew, 2019). M&H sciences showed strong quantitative evidence (Xu et al., 2019; ES =
1.60, k = 10), whilst SS fields placed less emphasis, as noted in 14 out of 78 studies reviewed
by Arslan (2020). Active in-class time was featured prominently in STEM (n = 4), less in M&H
(n = 1), and moderately in SS (n = 3). Classroom interaction displayed an inverse pattern
compared to STEM. It received greater emphasis in M&H, as evidenced by Xu et al. (2019; ES
=141, k=8), and in SS, where Linling & Abdullah (2023) reported interaction in eight out of
22 studies. Student engagement varied, being moderately represented in STEM, observed in 28
out of 97 studies by Cevikbas & Kaiser (2023), and M&H, where Li et al. (2020) reported
engagement in six studies out of 56 studies, and Aljaber et al. (2023) observed engagement in
five out of 35 studies, but dominating in SS contexts qualitative reviews (n = 3) on ELT (Arslan,
2020; Linling & Abdullah, 2023; Turan & Akdag-Cimen, 2020), particularly noted by Arslan
(2020) in 19 out of 78 studies. Reviews showcase the effectiveness of FL practices in boosting
student engagement, as evidenced by 19 studies out of 78 studies (Arslan, 2020), 11 out of 43
(Turan & Akdag-Cimen, 2020), 11 out of 22 studies (Linling & Abdullah, 2023), in ELT
contexts and 10 out of 71 studies (Akgayir & Akgayir, 2018) in educational fields.
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Despite their theoretical importance, non-cognitive outcomes showed substantial limitations in
both breadth and depth across all fields. M&H sciences notably lacked motivation studies,
creating a critical gap in understanding how FL shapes motivational dynamics in healthcare
education. These evidentiary gaps suggest that whilst FL shows promising potential for
enhancing non-cognitive outcomes, current research provides an incomplete foundation for
understanding its comprehensive impact.

Domain outcome metrics

The synthesis of outcome metrics across 41 reviews revealed significant patterns and
limitations. Cognitive outcomes were assessed using diverse quantitative metrics in 18 reviews,
including GPAs, various tests/exams, grades, quizzes, and homework (e.g., Akcayir & Akgayir,
2018; Aljaber et al., 2023; Cui et al., 2023; Lo & Hew, 2019). Health-related disciplines
employed skill-based assessments (n = 7), including practical skills tests and OSCEs (Cui et
al., 2023; Li et al., 2022). Less comprehensive formats included quizzes (n = 4), homework (n
=2), MCQs (n = 2), and subjective evaluations (n = 4) (e.g., Ge et al., 2020; Peng et al., 2022).
Notably, 19 reviews failed to explicitly report cognitive outcome metrics (e.g., Arslan, 2020;
Aybirdi et al., 2023; Turan, 2023), and most offered limited critical analysis regarding
reliability and validity of assessment instruments.

In the affective domain, survey instrument predominated, including general questionnaires (n
=4) (e.g., Aljaber et al., 2023; Kazeminia et al., 2022), Likert scales (Kazeminia et al., 2022),
attitude scales (Tutal & Yazar, 2021), satisfaction scales (Naing et al., 2023), and written
feedback (Aljaber et al., 2023). Most significantly, 33 reviews failed to report affective outcome
metrics (e.g., Dogan et al., 2021; Park & Suh, 2021). Reviews typically did not discuss
psychometric quality, potential self-report biases, or whether standardised instruments were
employed, raising questions about the trustworthiness of positive affective findings.

Interpersonal outcomes represented the most underreported domain with  minimal
methodological diversity. Limited reports included qualitative surveys on interaction
(Kazeminia et al., 2022), subjective evaluations of cooperation/teamwork (n = 2) (Ge et al.,
2020; Xiao et al., 2022), and questionnaires addressing communication skills (n = 2) (Li et al.,
2022; Peng et al., 2022). Although five reviews highlighted increased interaction as a benefit,
they provided almost no critical analysis of measurement quality. Most strikingly, 36 reviews
failed to report interpersonal outcome metrics (e.g., Farmus et al., 2020; Guler et al., 2023;
Turan, 2023), revealing a striking incongruity: whilst FL reviews consistently emphasise
collaborative processes, it simultaneously neglects rigorous assessment of these dimensions.

Domain outcome mechanisms

Across reviews (n = 30), active learning during repurposed class time emerged as the primary
mechanism driving cognitive benefits (e.g., Akgayir & Akcgayir, 2018; Arslan, 2020; Park &
Suh, 2021). This mechanism operates by shifting focus to activities like problem-solving and
discussions, promoting deeper cognitive processing and higher-order thinking skills in many
reviews (n = 15) (e.g., Aljaber et al., 2023; Doggan et al., 2021). Self-paced learning via pre-
class materials was identified as an enabling mechanism in many reviews (n = 18) (e.g., Arslan,
2020; Cui et al., 2023; Peng et al., 2022), allowing students to master foundational knowledge
before class. Some reviews (n = 13) highlighted autonomy development as both prerequisite
and outcome (e.g., Cevikbas & Kaiser, 2022; Turan, 2023). Nevertheless, many reviews (n =
11) were critiqued for lacking depth when discussing these mechanisms, with connections
remaining superficial or speculative (e.g., Aljaber et al., 2023; Cui et al., 2023).

For affective outcomes, many reviews (n = 15) identified active engagement as driving
increased motivation and satisfaction (e.g., Cevikbas & Kaiser, 2022; Kazeminia et al., 2022).
The autonomy offered by self-paced learning was frequently cited (n = 12) as enhancing
satisfaction (e.g., Aljaber et al., 2023; Zheng et al., 2020), whilst responsibility and autonomy
were mechanisms for increased self-confidence in some reviews (n = 6) (e.g., Akcayir &
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Akgayir, 2018; Jang & Kim, 2020). Increased interaction was proposed (n = 9) as contributing
to a more positive environment (e.g., Bredow et al., 2021; Lo et al., 2017). However, some
reviews (n = 5) did not explore how these mechanisms operated, leaving connections general
and complex factors underexplored (e.g., Farmus et al., 2020; Turan & Akdag-Cimen, 2020).

For interpersonal outcomes, the most frequent mechanism across reviews (n = 30) was
repurposing class time for increased interaction and collaboration (e.g., Ge et al., 2020; Linling
& Abdullah, 2023). By moving content delivery outside class, instructors implemented
activities like group work and discussions, enhancing student-student and student-teacher
interaction (e.g., Dogan et al., 2021; Sopamena et al., 2023). The teacher's shift to facilitator
was also identified as an interpersonal mechanism (n = 7) (e.g., Akgayir & Akgayir, 2018;
Dogan et al., 2021). In contrast, many reviews (n = 11) failed to provide substantive insights
into the specific nature of these interactions or how collaboration effectively contributes to
learning outcomes (e.g., Chen et al., 2023; Ni et al., 2023).

DISCUSSION and CONCLUSION

The synthesis of 41 reviews across fields on FL spanning 2017-2023 uncovered crucial findings
that transcend methodological issues. These findings address core questions regarding FL's
conceptualisation, implementation, and assessment as an educational innovation. Whilst
methodological rigor remains fundamental to any evidence synthesis, the patterns that emerged
from this UR highlight distinctive challenges that carry particular significance for FL's
theoretical underpinnings and practical application.

The synthesis revealed systematic methodological opacity across FL reviews that undermines
evidence credibility. Methodological transparency exists on a continuum describing the degree
of detail and disclosure about research steps and decisions. Methodological opacity in reviews
reflects broader systemic challenges across research domains, fundamentally representing a
fundamental threat to educational knowledge advancement (Aguinis et al., 2020). The current
UR synthesis revealed that educational intervention in FL reviews suffers from methodological
transparency. This pattern mirrors what Campbell et al. (2019) identified as alarming gaps in
methodological reporting, with 95% of reviews in their study failing to describe their narrative
synthesis methods adequately. Similarly, Castro-Gil and Correa (2021) found that roughly 73%
of reviews on blended learning fell into the two lowest quartiles of methodological
transparency. That said, the present findings extended beyond simple reporting omissions to
reveal the failure to capture FL's multifaceted nature as a pedagogical innovation. Whilst
Templier and Paré (2018) highlighted that transparency varied considerably across six key
review steps from problem formulation to data analysis, the present synthesis illuminated an
additional critical dimension: the transparency of intervention implementation details. This is
in line with what Paré et al. (2016) described as the need to make the review process a non-
"black box" experience, yet reviews face the unique challenge of needing transparency at
multiple levels—both in their methodological procedures and in their documentation of the
pedagogical interventions under investigation.

The inadequate reporting of intervention details represents a critical transparency failure
paralleling issues in related educational research. Recent review (Kager et al., 2024) on
methodological transparency in lesson study research revealed significant underreporting
challenges particularly in the observation and reflection stages. The study also identified that
high variability and multiple adaptations of lesson study create substantial barriers to
meaningful evidence synthesis, as inadequate descriptions of conceptualisation and enactment
render research difficult to understand and replicate. This methodological opacity became
particularly questionable because FL educational interventions inherently depend on multiple
interrelated contextual factors, including pre-class material quality, in-class activity design,
student preparation levels, and instructor facilitation skills. The confluence of insufficient
review methodology transparency and inadequate intervention documentation creates an urgent
need for fundamentally reconceptualised reporting standards in educational reviews. Without
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enhanced frameworks that extend beyond existing guidelines like ENTREQ (Tong et al., 2012)
to systematically capture pedagogical design decisions, technological affordances, and
contextual moderators, educational research will perpetuate methodological shortcomings.
These shortcomings have been identified by Mesquida et al. (2025) as threats to reproducibility,
transparency, and statistical validity in evidence synthesis.

Building on these transparency concerns, another critical concern involves the exclusion of grey
literature in FL reviews, which represents a critical methodological limitation that undermines
evidence validity and comprehensiveness. The analysis converged with a paradoxical finding
that whilst most systematic reviews conduct comprehensive grey literature searches, few
incorporate these materials into final analysis. This exclusion created systematic bias in effect
size estimation (Hartling et al., 2017). To illustrate, published studies showed 9% greater
treatment effects compared to grey literature trials, inflating FL effectiveness by 15-30%
(Hopewell et al., 2007; Schmucker et al., 2017). Beyond statistical bias, grey literature
exclusion compromises ecological validity and practical implementation understanding.
Converging evidence from research highlights the importance of grey literature in reviews.
Adams et al. (2017) emphasised that grey literature sources enable reviews to incorporate
relevant contemporary material in dynamic and applied topic areas where academic research
lags, whilst Zhang et al. (2021) argued that they provide essential practitioner insights for
emerging topics, and some findings existing exclusively in grey literature (Kamei et al., 2021).
The inclusion is of great significance as reviews may overlook implementation challenges,
resource requirements, and contextual adaptations documented in conference proceedings and
institutional reports rather than peer-reviewed journals. At this point, grey literature exclusion
might be especially critical under conditions where interventions like FL exhibit complexity,
outcome measurement lacks standardised consensus, contextual factors critically influence
implementation, and research-based evidence remains scarce (Benzies et al., 2006).

Furthermore, the synthesis revealed that omitting formal quality assessment in reviews
represents methodological failure that undermines evidence synthesis reliability and utility,
contradicting well-established consensus that quality assessment constitutes an essential
systematic review component. Congruent with the research synthesis, research underlines the
fact that this omission is characterised as uncritical acceptance of systematic review results,
carrying significant risks for educational policy and practice, and is particularly troubling given
that educational intervention reviews appear disconnected from methodological advances
(Luchini etal., 2021; Shea et al., 2017). Page et al. (2021) describe this process as sophisticated
shifts from assessing "quality™ to assessing "certainty" in evidence bodies through advanced
tools like ROBIS and AMSTAR 2. Inadequate quality assessment undermines evidence validity
(Whiting et al., 2017) and becomes an obstacle in comprehensive methodological and evidence
quality appraisal (Harrison et al., 2021), particularly challenging for complex pedagogical
frameworks like FL that involve multiple components, diverse contexts, and varied outcomes
demanding sophisticated quality appraisal approaches. Zeng et al. (2015) noted that including
selection, performance, detection, attrition, and reporting biases may offer false confidence to
educators and policymakers. Addressing this issue requires fundamental changes. These
include mandatory quality assessment protocols, development of multi-dimensional assessment
tools capable of evaluating both methodological quality and intervention-specific factors, and
investment in validating quality assessment tools specifically designed for complex
pedagogical interventions like FL.

Moving to another significant issue, the findings from FL reviews that restricted their searches
to English-language publications align with broader patterns where approximately 38% (Stern
& Kileijnen, 2020) to 46.4% (Helbach et al., 2022) of systematic reviews impose such
restrictions. Such practice may distort understanding of pedagogical effectiveness of an
approach across diverse cultural contexts (Grégoire et al., 1995). For instance, Egger et al.
(1997) found that only 35% of German-language articles reported statistically significant results
compared to 62% of English-language articles, suggesting disproportionate publication of
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positive results in English literature. Furthermore, Jini et al. (2002) demonstrated that non-
English language trials showed treatment effect estimates averaging 16% more beneficial
compared to English-language trials, which indicates that English-dominated evidence bases
may systematically overstate effect sizes whilst underrepresenting implementation challenges.
The cultural dimensions of this exclusion are particularly concerning for educational
interventions inherently culturally embedded practices where local context fundamentally
shapes implementation and effectiveness. Language restrictions create systematic bias in
reviews, with Pham et al. (2005) demonstrating effect estimates approximately 63% smaller in
English-only versus language-inclusive reviews of complementary medicine interventions,
whilst Wang et al. (2015) found such restrictions reduce methodological quality scores and
overall credibility. These impacts become particularly concerning for educational research
given Walpole's (2019) evidence that approximately 10-15% of relevant studies exist
exclusively in non-English databases, suggesting reviews systematically exclude critical
insights about cultural moderators, implementation barriers, and contextual factors determining
intervention success or failure. Addressing this bias requires fundamental changes in evidence
synthesis approaches. These include comprehensive multilingual search strategies, transparent
reporting of language decisions, investment in translation resources, and explicit journal
guidelines recognising the culturally embedded nature of pedagogical practices.

With respect to domain outcomes, the striking dominance of cognitive ones in FL reviews
represented a profound theoretical-empirical disconnect that fundamentally undermines
understanding of pedagogical innovation considering that FL is explicitly grounded in
constructivist and social learning theories (Abeysekera & Dawson, 2015). This pattern, which
extends beyond what was revealed in the current UR, might be the manifestation of deep
structural features embedded within educational research traditions, institutional priorities, and
measurement paradigms. Affirming the patterns identified in the synthesis, Franco et al. (2014)
pointed out that systematic publication bias toward statistically significant results in educational
research creates academic reward systems that inadvertently shape outcome selection toward
easily quantifiable cognitive measures. Easterbrook et al. (1991) quantified this bias,
underlining that studies with statistically significant results were 2.32 times more likely to be
published than those with non-significant findings, creating systematic exclusion of nuanced
investigations into affective and interpersonal outcomes. An alternative explanation for this
dominance might be the theory-measurement disconnect that analogically exemplifies a process
termed "learnification,” which refers to the reduction of complex educational processes to
quantifiable learning outcomes (Biesta, 2010).

The synthesis of assessment instruments for reporting domain outcomes in reviews revealed
limited instrument analysis and heavy reliance on self-report tools, presenting fundamental
threats to the validity of FL evidence synthesis. This concern found theoretical grounding in
Clark and Watson's (2019) assertion that validity belongs to measurement interpretations, not
measures, requiring empirical testing of hypothesised relationships between constructs and
observable manifestations—validation processes partially absent in FL reviews. In addition,
Murphy and Hall (2024) identified this failure as a dangerous assumption that "neither rigorous
research design, nor advanced statistics, nor large samples can correct” false inferences from
faulty measurements. The CoDiL framework developed by Reinhold et al. (2024) revealed that
cognitive assessment validity depends on carefully theorised connections between behavioural
indicators and underlying processes, yet FL reviews seldom investigate whether their
measurement approaches correspond with constructivist principles. Recent research (Sancar-
Tokmak & Dagli, 2025) provides clear evidence of the quantitative impact of these validity
issues, demonstrating that theoretically grounded studies produced positive outcomes at a rate
of 56% —significantly exceeding the 29% rate observed in atheoretical approaches. This
finding reveals that measurement validity fundamentally influences both effect size estimation
and the conclusions reached through evidence synthesis.
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In line with the findings of the synthesis, research highlights that the reliance on self-report
measures for affective and interpersonal outcomes represents significant validity threats.
Kreitchmann et al. (2019) demonstrated that such measures are susceptible to social desirability
and acquiescent responding biases, consequently introducing systematic errors that
compromise assessment fairness and validity. Furthermore, Coman and Richardson (2006)
stated that 60% of studies inappropriately compared self-report disability measures with
performance-based functional limitation measures, representing fundamental construct
mismatches, whilst only 44% adequately reported psychometric properties. Their review found
correlations between self-report and performance measures ranging from -0.72 to 0.71, thus
emphasising that self-reporting reflects complex perceptions influenced by affective function,
personality, and culture, with stronger correlations observed only when instruments measured
identical constructs. EKinci et al. (2023) similarly identified that many educational scales lack
philosophical and theoretical grounding, thereby compromising the validity and reliability of
measurement instruments. Moreover, recent research underscores critical gaps in validated
instruments for technology-enhanced learning environments. Specifically, Algahtani et al.
(2023) emphasised that FL require specialised measurement approaches capturing both in-class
and out-of-class learning experiences whilst maintaining rigorous validation standards. In
addition, Urcola-Pardo et al. (2024) demonstrated that robust assessment tools require
systematic multi-phase approaches including item selection, expert panel validation, and
psychometric testing. Larsen et al. (2025) explicitly documented that this reliance on self-report
instruments ultimately constrains researchers' ability to understand motivational regulation and
learning design relationships, thereby limiting the development of effective interventions in
real-time learning contexts.

The inadequate exploration of causal mechanisms linking FL to outcomes represents a
fundamental issue emerging from the synthesis. The superficial treatment of theoretical
frameworks including constructivism, self-determination theory, and active learning principles
without substantive mechanistic investigation reveals deeper methodological problems.
Aeschbach et al. (2021) documented these transparency challenges, finding that only 22.62%
of measured constructs were clearly defined, merely 13.1% were situated within theoretical
frameworks, just 19.05% of measurements provided selection rationales, and only 4.54% of
self-developed measures demonstrated construct validity evidence. The absence of mechanistic
clarity has critical implications for understanding intervention effectiveness. Reinhold et al.
(2024) underscored that learning activities must serve as theoretical and empirical mediators,
functioning as "links" between students' external behavioural interactions and internal cognitive
processes. Without establishing these connections, reviews cannot explain which specific
mechanisms generate positive outcomes or identify the conditions under which these
mechanisms operate effectively. This mechanistic gap manifests in inadequate reporting of
implementation details.

In addition, in a recent study Chen et al. (2025) found that numerous studies failed to provide
detailed descriptions of pedagogical practices, thereby limiting analysis of specific
implementation mechanisms and exposing critical construct validity gaps within FL literature.
They further emphasised that future research must prioritise comprehensive reporting of
instructional design features to facilitate nuanced meta-analytic investigations, underscoring the
necessity of construct clarity for developing valid measures of educational interventions and
their learning outcomes. Moreover, Luo and Gan (2022) accentuated three crucial implications
for educational measurement: first, cross-sectional validation studies inherently limit causal
inference, necessitating longitudinal or experimental designs; second, the cultural and
contextual specificity of validated instruments requires careful consideration when applying
measures across diverse populations; and third, multi-method approaches that combine
quantitative validation with qualitative exploration are essential for enhancing both validity and
practical utility of educational measurement instruments.
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In short, this UR of 41 systematic reviews on FL (2017-2023) revealed that the evidence base
for this widely adopted pedagogical innovation has methodological challenges. These include
methodological opacity, grey literature exclusion, language restrictions, cognitive outcome
dominance, measurement validity issues, and inadequate mechanistic understanding. These
challenges collectively undermine the credibility and utility of current FL research synthesis.

RECOMMENDATIONS

The critical evidence in this UR covering methodological and domain issues necessitates
comprehensive reforms in how FL research is conducted, synthesised, and reported. These
recommendations address not isolated methodological issues but rather interconnected
challenges that collectively compromise the evidence base for this globally implemented
pedagogical innovation. The following recommendations, grounded in the specific patterns and
issues identified in this synthesis, outline essential changes needed across multiple levels of the
research enterprise to establish a credible and actionable evidence base for FL practices.

Researchers must adopt comprehensive reporting standards extending beyond procedural
details to include implementation characteristics, following models like the ENTREQ statement
and explicitly specifying review processes, sources, and rationales. Educational researchers
must move beyond token searches to meaningful incorporation, with review protocols explicitly
specifying search strategies, quality assessment criteria, and integration methods, including
routine sensitivity analyses.

Mandatory protocols should be established for all educational intervention reviews. Journals
should require explicit reporting as publication conditions and employ multi-dimensional
assessment tools evaluating both methodological quality and intervention-specific factors.
Comprehensive search strategies must include multilingual databases and international
collaboration. These strategies should include explicit documentation of languages included
and excluded, requiring investment in translation resources despite practical constraints.

Researchers must develop instruments aligned with FL's theoretical foundations, creating
assessments for critical thinking and collaborative skills beyond traditional knowledge-recall
measures. This development should address self-report bias through methodological
triangulation. Process-oriented methodologies are needed to track learning over time, including
ecological momentary assessment, learning analytics, and mixed-methods approaches, with
scale development targeting mechanistic constructs rather than just outcomes.

These recommendations represent not merely methodological refinements, but fundamental
reconceptualisation of how educational interventions like FL are evaluated and understood.
Such comprehensive transformation may enable FL research to achieve the rigor necessary.

LIMITATIONS

This UR has several methodological limitations that should be considered when interpreting its
findings. First, the restriction to English-language, open-access publications may have excluded
relevant reviews published in other languages or behind paywalls. Given the global
implementation of FL across diverse educational contexts, particularly in non-English speaking
regions of Asia, Europe, and Latin America, this linguistic restriction limits the
comprehensiveness of the synthesis and may introduce cultural bias toward Western
educational perspectives.

Second, the exclusion of grey literature reviews (scoping reviews, narrative reviews, integrative
reviews) focused solely on systematic reviews and meta-analyses. Whilst this decision
enhanced methodological consistency, it may have excluded valuable insights from other
synthesis approaches that could provide complementary perspectives on FL implementation
and effectiveness. Additionally, the requirement for reviews to align with Bishop and Verleger's
(2013) operational definition of FL requiring both pre-class video/audio content and interactive
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in-class activities may have excluded reviews examining variations or adaptations of FL that
deviate from this specific conceptualisation.

Third, the data extraction and coding processes, whilst following established protocols and
achieving substantial inter-rater reliability (Cohen's k = 0.75), remain subject to interpretive
decisions inherent in qualitative thematic analysis. The emergent categorization of outcomes
into cognitive, affective, and interpersonal domains, though data-driven and aligning with
established educational taxonomies, represents one possible organisational framework among
several that could have been applied.

Fourth, the heterogeneity included reviews spanning diverse disciplines, educational levels, and
geographical contexts whilst providing comprehensive scope, also complicates direct
comparisons and may obscure discipline-specific or context-dependent patterns. The
aggregation of findings across such diverse reviews assumes a level of comparability that may
not fully account for the unique characteristics of different educational settings.

Finally, this UR inherits the limitations of its constituent reviews. Quality assessment revealed
that over half of the included reviews lacked formal risk of bias evaluation, many restricted
searches to English-language publications, and most excluded grey literature. These
methodological weaknesses in the primary reviews necessarily constrain the reliability and
generalisability of this synthesis. The review can only be as robust as the evidence it
synthesises, and the identified methodological gaps in the reviewed studies represent
fundamental limitations that cannot be overcome through UR methodology alone.

Despite these limitations, this UR provides the first extensive critical analysis of FL research
synthesis, offering valuable insights into methodological patterns, outcome assessment
practices, and areas requiring improvement in future evidence synthesis efforts.
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