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Abstract

Drawing-centred and drawing-associated visual-representation strategies are used in
anatomy and histology education, but the literature spans learner-generated drawing,
guided drawing, screencasts, multisensory approaches, and model-based visual abstrac-
tion. This systematic evidence map examined their use and conducted an exploratory
quantitative synthesis of objective learning outcomes among health science students. The
review was prospectively registered in PROSPERO (CRD420261360533) and reported ac-
cording to PRISMA 2020. Searches finalized in April 2026 covered PubMed, Scopus, Web of
Science Core Collection, CINAHL, and MEDLINE via Ovid, with backward and forward
citation searching. After deduplication and supplementary searching, 1129 records were
screened, 181 full-text reports were assessed, and 100 unique studies were included in the
evidence map. Fifty-one studies were preliminary quantitative candidates. Six independent
contrasts met the numerical meta-analysis criteria; however, only four were sufficiently
aligned with drawing-centred learning to form the primary quantitative subset. Random-
effects meta-analysis using Hedges g, REML estimation, and Hartung—Knapp confidence
intervals yielded a positive but statistically uncertain primary estimate (g = 0.18, 95% CI
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—0.27 to 0.64; I? = 50.1%; T = 0.037; prediction interval —0.85 to 1.22). The broader six-
contrast model was also positive but uncertain (g = 0.29, 95% CI —0.08 to 0.67). Certainty
of evidence was very low. These analyses are exploratory rather than confirmatory because
few conceptually comparable studies were available.

Keywords: anatomy education; histology education; drawing-based learning; learner-generated
drawing; active visual representation; health science students; systematic evidence map;
exploratory quantitative synthesis

1. Introduction

Teaching anatomy and histology in health science programmes requires learners to pro-
cess visually complex information, but the two domains do not impose identical cognitive
demands. Anatomy often requires the construction of three-dimensional mental repre-
sentations from two-dimensional images, specimens, and schematic resources, whereas
histology requires recognition of microscopic patterns, interpretation of tissue organization
across sections and preparations, and connection of these observations to functional con-
cepts [1-4]. These differences are important when evaluating drawing because a strategy
that supports spatial transformation in anatomy may not operate in exactly the same way
as a strategy that supports pattern discrimination in histology.

Student-generated drawing has attracted attention because it can function as a genera-
tive learning activity rather than merely as an illustrative product. By producing drawings,
sketches, diagrams, annotations, or schematic representations, learners may need to select
relevant features, organize spatial or morphological relationships, integrate visual and ver-
bal information, and externalise their current understanding [5-10]. In this sense, drawing
may support learning by making structure and organization visible to the learner and to
the instructor.

However, the educational literature uses drawing-related terminology unevenly. Some
studies compare diagram-based and microscopic-image representations [11], while others
examine learner-generated drawing during a course, guided drawing tutorials, instructor-
generated drawing, drawing screencasts, tablet-based drawing, diagram completion,
haptico-visual drawing, body painting [12], modelling, or active visual abstraction through
models. Broader scholarship has also discussed drawing as a pathway to deeper under-
standing and retention [13]. These approaches may share a representational component, but
they should not be treated as cognitively identical. Therefore, a clear conceptual boundary
is needed between drawing-centred interventions and broader drawing-associated active
visual-representation strategies.

Systematic reviews and meta-analyses in anatomy education have mainly focused
on related but distinct resources, including three-dimensional visualization technologies,
anatomy laboratory pedagogies, physical models, plastinated specimens, and augmented
reality [1,2,14-16]. These reviews are valuable, but they do not directly clarify how drawing-
centred strategies, or adjacent active visual-representation strategies identified through
drawing-anchored searches, are represented in anatomy and histology education.

This review had two objectives: (1) to map drawing-centred and drawing-associated
visual-representation strategies used in anatomy and/or histology education among health
science students; and (2) to synthesize objective learning and performance outcomes when
studies were conceptually comparable and numerically complete. The primary quantitative
synthesis was limited to four drawing-centred contrasts. A secondary exploratory model
added two conceptually more distant, model-based contrasts to examine how broadening
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the intervention definition affected the pooled estimate. Here, exploratory indicates that
the quantitative analyses were non-confirmatory because of the small number of studies,
conceptual heterogeneity, and very low certainty of evidence.

2. Materials and Methods
2.1. Protocol and Registration

This systematic evidence map with exploratory meta-analysis was designed in ac-
cordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) 2020 framework and planned with reference to Cochrane methodological guid-
ance [17,18]. The review protocol was prepared prospectively and registered in PROSPERO
before formal study identification, screening, data extraction, risk-of-bias assessment,
and synthesis (registration number CRD420261360533). The registration record is avail-
able at https:/ /www.crd.york.ac.uk/PROSPERO/view /CRD420261360533 (accessed on
20 July 2026). Protocol-level amendments that affected the source list, eligibility opera-
tionalisation, or synthesis strategy are reported below and in the Supplementary Materials.

The registered protocol focused on student-generated drawing. During eligibility
calibration and before final synthesis, the intervention domain was operationalized to
retain drawing-associated strategies when active visual construction was a central instruc-
tional component. To manage the resulting conceptual heterogeneity, these studies were
included in the evidence map, whereas the primary quantitative synthesis was limited to
drawing-centred interventions; model-based contrasts were examined only in a secondary
exploratory model. This amendment is documented in the Supplementary Materials.

2.2. Search Strategy and Information Sources

A comprehensive search strategy was developed to identify comparative and descrip-
tive studies evaluating drawing-centred and drawing-associated visual-representation inter-
ventions in anatomy and/or histology learning among health science students. Search terms
were anchored in drawing, sketching, diagramming, annotation, and student-generated
visual representation and combined with anatomy /histology and health-science student
terms. In brief, the strategy combined three concept blocks: morphology-domain terms,
drawing/diagramming/annotation terms, and health-science student or health-professions
education terms. Electronic searches were finalized in April 2026 in PubMed, Scopus, Web
of Science Core Collection, CINAHL, and MEDLINE via Ovid. No operational date re-
striction was documented in the search record, and no language filter was applied at the
database-search stage. One retrieved Chinese-language report on anatomy and drawing in
obstetrics and gynecology could not be assessed reliably because a usable translation was
unavailable [19] (PMID: 21609574).

Embase had initially been considered during protocol planning but was removed from
the final source list before formal screening because institutional access was not available.
This amendment was made before study selection, data extraction, risk-of-bias assessment,
and synthesis, and was documented as part of the review workflow.

Backward citation searching and forward citation searching were undertaken as sup-
plementary identification methods. Retrieved supplementary records were matched against
the Zotero-deduplicated master library to determine whether they represented genuinely
additional records. The finalized electronic search strategies, database-specific strings, and
operational limits are provided in Supplementary Table S2; full-text exclusion reasons are
reported in Supplementary Table S4.
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2.3. Eligibility Criteria

Eligible studies included undergraduate or entry-level health science students en-
rolled in formal higher education programmes, including medicine, dentistry, nursing,
physiotherapy/kinesiology, and related health professions, who were studying anatomy,
histology, human morphology, or equivalent curricular modules. Studies with mixed
populations were included only when data for the target health science student population
were reported separately or could be extracted separately. Studies in postgraduate trainees
or residents were retained only for the broader evidence map or secondary exploratory
interpretation when the educational domain was directly relevant, and such differences
were considered as indirectness rather than as evidence of identical instructional effects.

The intervention domain comprised educational strategies in which drawing or active
visual representation was central to anatomy and/or histology learning. For synthesis,
interventions were classified into four operational strata.

2.3.1. Learner-Generated Drawing

Learner-generated drawing required students to produce drawings, sketches, diagrams,
annotations, schematic reproductions, diagram completions, draw-and-explain products, or
digital drawings. These interventions represented the closest operational match to generative
drawing and were eligible for the drawing-centred primary synthesis when the quantitative
criteria in Section 2.6 were met.

2.3.2. Drawing-Supported Instruction

Drawing-supported instruction used instructor-generated drawing, drawing tutorials,
drawing screencasts, or staged visual construction. These interventions were retained
within the drawing-centred domain but were distinguished from learner-generated draw-
ing because the learner’s degree of representational agency differed.

2.3.3. Drawing-Associated Active Visual Representation

Drawing-associated interventions combined visual representation with another sen-
sory, material, or modelling mechanism, including haptico-visual drawing, body painting,
modelling, artistic three-dimensional abstraction, and multimodal representational activities.
They were retained in the evidence map and, when quantitatively eligible, in the secondary
exploratory model; they were not interpreted as equivalent to learner-generated drawing.

2.3.4. Adjacent Visual-Learning Strategies

Adjacent visual-learning strategies included three-dimensional or model-based re-
sources without a clear learner-generated or drawing-supported mechanism. They were
not eligible for the drawing-centred primary synthesis. They were retained descriptively
only when active visual construction or manipulation was a central instructional compo-
nent explicitly linked to morphology learning; entry into the secondary model additionally
required all quantitative criteria specified in Section 2.6.

Eligible comparators included teaching approaches that did not require student-
generated drawing or equivalent active visual representation, such as usual teaching,
lecture-based instruction, practical sessions without drawing, atlas- or image-based study,
microscopy without drawing, written note-taking, or digital resources without drawing.
Active-vs-active visual comparisons were retained only when relevant to the evidence map
or exploratory sensitivity analyses. Such contrasts were interpreted as relative comparisons
between active visual strategies rather than as estimates of the absolute effect of drawing
against usual teaching.
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Both randomized and non-randomized comparative study designs were eligible, in-
cluding randomized controlled trials, cluster-randomized trials, quasi-experimental studies
with concurrent comparators, controlled before-after studies, crossover trials, and cohort-
type comparative educational studies. Single-group pre-post studies without a comparator,
descriptive studies, purely qualitative studies, editorials, letters, narrative reviews, proto-
cols, conference abstracts without sufficient data, and studies that did not permit extraction
of comparative outcome data were excluded from quantitative synthesis. The population,
intervention, comparator, outcomes, and eligible study designs are summarized in Table 1.

Table 1. PICO framework.

Element Description

Undergraduate or entry-level health science students enrolled in
medicine, dentistry, nursing, physiotherapy /kinesiology, and

Population related health professions, studying anatomy, histology, human
morphology, or equivalent modules.
Drawing-centred interventions comprised learner-generated
drawing and drawing-supported instruction. Drawing-associated
I . active visual-representation strategies were retained for evidence
ntervention

mapping and the secondary exploratory model when active visual
construction was central; adjacent model-based strategies were
otherwise descriptive.

Teaching approaches that do not require student-generated
drawing or equivalent active visual representation, including usual
teaching, lecture-based instruction, practical sessions without

Comparator drawing, atlas- or image-based study, microscopy without drawing,
written note-taking, digital resources without drawing, or active
visual comparators. Active-vs-active comparisons were interpreted
as relative comparisons.

Main outcomes: objective academic performance and conceptual
integration. Additional outcomes: delayed knowledge retention,

Outcomes cognitive load, visuospatial or representational outcomes, learner
perceptions, engagement, satisfaction, self-efficacy, and
implementation-related variables.

Randomized controlled trials, cluster-randomized trials,
quasi-experimental studies with a concurrent comparator,
controlled before-after studies, crossover trials, and cohort-type
comparative educational studies.

Study design

2.4. Study Selection and Data Extraction

All records identified through the electronic database searches were imported into
Zotero (version 9.0.6) for reference management and deduplication. The deduplicated
library was then supplemented with unique records identified through backward and
forward citation searching. Title/abstract screening and full-text eligibility assessment were
completed in duplicate by two reviewers (A.B.-M. and ].J.V.-F.) using predefined eligibility
criteria. Inter-reviewer agreement for screening was substantial (Cohen’s kappa = 0.80).
Discrepant records were rechecked against the prespecified eligibility framework before
final inclusion coding. Reasons for exclusion at the full-text stage were recorded using a
structured coding framework.

Data extraction and study coding were performed by three reviewers (V.P.-L.,
M.M.-Sch., and D.S.-Ch.) using standardized forms. Extracted information included study
design, participant characteristics, discipline, educational context, intervention characteris-
tics, comparator characteristics, outcome definitions, measurement timing, and numerical
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data required for synthesis. Coding disagreements, ambiguous extraction decisions, or
uncertain quantitative-feasibility decisions were resolved by consensus after rechecking the
full text and the prespecified eligibility framework. For quantitative feasibility assessment,
each candidate study was classified according to the availability of sample size, mean, stan-
dard deviation or convertible dispersion data, outcome comparability, timing, conceptual
proximity to drawing-centred learning, and risk of double-counting.

2.5. Risk of Bias and Certainty of Evidence

Risk of bias was assessed according to study design by three reviewers (V.P-L.,
M.M.-5ch., and D.S.-Ch.) using a standardized judgement framework. Randomized studies
were evaluated using the Cochrane Risk of Bias 2 framework [20], whereas non-randomized
and quasi-randomized comparative studies were interpreted using ROBINS-I principles
where applicable [21]. Formal domain-level assessment focused on the six strict meta-ready
contrasts because these studies informed the quantitative models. The broader 100-study
evidence map was not treated as a causal effectiveness synthesis and was summarized
using an abbreviated design-level appraisal based on study design, comparator structure,
outcome type, quantitative role, and proximity to drawing-centred mechanisms. Study-
level considerations informing the six quantitative risk-of-bias judgments are reported in
Section 3.7. Certainty of evidence was evaluated using GRADE [22].

2.6. Statistical Analysis

Quantitative synthesis was undertaken only when studies were sufficiently compa-
rable in educational domain, intervention concept, outcome type, and assessment timing
and when the required arm-level numerical data were available. Eligibility for the primary
synthesis required: (1) a learner-generated or drawing-supported intervention as defined
in Section 2.3; (2) a concurrent comparator; (3) an objective post-intervention learning or
performance outcome; (4) compatible assessment timing; (5) extractable arm-level sample
size, mean, and standard deviation; and (6) an independent contrast without participant
double-counting. The primary model therefore included four drawing-centred contrasts.
The secondary exploratory model applied the same numerical criteria but additionally
allowed two conceptually more distant model-based contrasts. The secondary model was
used to examine the influence of broadening the representational mechanism and was not
interpreted as an estimate of learner-generated drawing alone.

Continuous outcomes were numerical learning or performance measures summarized
by a mean and standard deviation, such as examination scores, knowledge-test scores, or
performance scores. Because eligible studies used different measurement scales, effects
were expressed as standardized mean differences and calculated as Hedges g, including
the small-sample correction. For each eligible contrast, the intervention and comparator
groups were extracted using the reported sample size, mean, and standard deviation. Effect
directions were harmonized so that positive values indicated better objective learning or
performance in the drawing-centred or drawing-associated intervention group.

Statistical analyses were performed in RStudio version 2026.04.0+526 using R version
4.5.2 and the metafor package version 5.0-1. Random-effects models were fitted using
restricted maximum likelihood estimation. Given the small number of studies and antici-
pated between-study variability in educational interventions, populations, and outcome
measures, Hartung-Knapp adjustment was used for the confidence interval of the pooled
effect estimate. Statistical heterogeneity was assessed using tau?, the Q statistic, and 12.
Prediction intervals were calculated to describe the expected range of true effects in a future
comparable study. All analyses were based on one eligible contrast per study whenever
possible to avoid double-counting participants. Where conceptually related intervention
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arms were combined, this decision was documented and evaluated in sensitivity analysis.
The arm-level dataset, methodological decisions, arm-combination decisions, sensitivity
definitions, and reproducible R/metafor code are provided in Supplementary Table S5. For
Styn et al. [7], the tablet-based and paper-based drawing arms were combined to avoid
double-counting the shared writing-summary comparator.

The pooled estimates were interpreted according to magnitude, direction, confidence
interval, heterogeneity, prediction interval, and conceptual proximity to drawing-centred
learning, rather than solely on statistical significance. Because the evidence base was
pedagogically heterogeneous, the quantitative synthesis was treated as exploratory and
embedded within a broader systematic evidence map.

2.7. Sensitivity Analyses: Methods

Sensitivity analyses were conducted to examine whether the quantitative findings
were robust to key methodological and conceptual decisions. These analyses were not
intended to establish confirmatory subgroup effects, given the small number of studies,
but rather to evaluate the influence of potentially debatable contrasts on the direction and
magnitude of the summary estimate.

First, within the drawing-centred subset, we examined the effect of excluding the
combined-arm study and the effect of excluding the active-comparator contrast. Second,
for the broader six-contrast model, we repeated the analysis in three scenarios: excluding
Joseph et al. [23], excluding Koh et al. [24], and excluding both studies, because these con-
trasts involve a working model and an artistic/color-coded 3D model rather than learner-
generated drawing. Additional exploratory checks excluded active technology/model
comparator contrasts and combined-arm transformations.

Meta-regression was not performed because the number of studies within the analyti-
cally coherent quantitative domain was insufficient to support reliable covariate modelling.
Similarly, formal subgroup analyses were not treated as confirmatory. Differences by in-
tervention family, comparator type, discipline, and timing of assessment were addressed
descriptively within the evidence map and narrative synthesis.

3. Results
3.1. Study Selection

The finalized electronic database searches identified 2318 records: PubMed (n = 620),
Scopus (1 = 642), Web of Science Core Collection (n = 428), CINAHL (n = 64), and MEDLINE
via Ovid (n = 564). Deduplication in Zotero removed 1190 duplicate records, leaving
1128 unique database-derived records.

Backward citation searching contributed one additional unique record after matching
against the deduplicated library, whereas primary forward citation searching did not
contribute additional unique records. The final title /abstract screening corpus therefore
comprised 1129 records. Of the 207 reports sought for retrieval, 26 could not be obtained and
181 were assessed at full-text level. After full-text assessment, 80 reports were excluded. The
remaining 101 included reports were consolidated into 100 unique studies for the qualitative
evidence map. Of these, 51 were assessed as preliminary quantitative candidates. Six
independent contrasts met strict meta-ready criteria for exploratory quantitative synthesis,
and four of these were classified as the drawing-centred primary quantitative subset. The
complete study-selection counts are summarized in Table 2 and illustrated in Figure 1.
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Table 2. PRISMA 2020 flow counts [17].

PRISMA Item n Methodological Note
. - PubMed 620; Scopus 642; Web of Science 428;
Records identified from databases 2318 CINAHL 64; MEDLINE via Ovid 564.
Duplicates removed 1190 Deduplication performed in Zotero.
Unique records after deduplication 1128 Database-derived master library.

Additional unique records from
citation searching

Backward citation searching added Rafi et al. [25];
1 forward searching added no unique records
after matching.

1128 database records plus one unique

Records screened 1129 citation-search record.
Records excluded by title/abstract 922 Conservatwg e.xclusmn of clearly
non-eligible records.
Reports sought for retrieval 207 Full-text retrieval set.
Reports not retrieved 26 Coded as full text not retrieved.
Reports assessed for eligibility 181 Full texts retrieved and assessed.
Excluded with structured full-text reasons; the
Reports excluded after full-text assessment 80 remaining 101 included reports were consolidated
into 100 unique studies.
Studies included in qualitative synthesis 100 Broad systematic review set after consolidation of
one duplicate included-study entry.
Preliminary quantitative candidates 51 Quantitative feasibility assessed.
All six had objective outcomes, compatible timing,
Strict meta-ready contrasts for exploratory 6 and complete arm-level numerical data; two were
quantitative synthesis retained only for the broader secondary exploratory
model.
Ritchie et al. [26], Pickering et al. [27], Styn et al. [7],
Drawing-centred primary quantitative subset 4 and Mathon et al. [28] were retained for the primary

quantitative analysis.

3.2. Characteristics of Included Studies

The qualitative evidence map included 100 unique studies addressing drawing-based,
drawing-supported, drawing-associated active visual-representation, and adjacent representa-
tional strategies in anatomy, histology, human morphology, physiology-integrated morphol-
ogy, and related health sciences education contexts. The included evidence base was domi-
nated by gross anatomy, surface anatomy, applied anatomy, neuroanatomy, brain imaging, and
histology /microscopic morphology, but also included cardiovascular, physiology-integrated,
and broader visual-learning contexts (Table 3; Supplementary Table S1).

Across the included evidence base, interventions encompassed learner-generated
drawing, guided sketching, diagrammatic learning, draw-and-explain activities, digital
or tablet-based drawing, drawing tutorials or screencasts, body painting, haptico-visual
drawing, modelling, 3D /model-based visual abstraction, and other drawing-associated
active visual-representation approaches. These intervention families were retained in the
evidence map but were not treated as cognitively equivalent for quantitative interpretation.
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Identification of studies via databases and registers

Records identified from databases
(n=2318)

PubMed 620; Scopus 642; WOS 428;
CINAHL 64; MEDLINE via Ovid 564

Records removed before screening
Duplicate records removed in Zotero
(n=1190)

v

Records after database deduplication
(n=1128)

v

Additional unique record identified
through citation searching
(n=1)

v

Records screened by title/abstract
(n=1129)

Records excluded
(n=922)

Eligibility ]

|

Included

v

Reports sought for retrieval
(n = 207)

Reports not retrieved
(n = 26)

v

Reports assessed for eligibility
(n=181)

v

Reports excluded
(n = 80)
Reasons recorded in full-text
exclusion matrix

Studies included in qualitative synthesis
(n = 100 unique studies)

v

Strict meta-ready contrasts for exploratory
quantitative synthesis (n = 6)

v

Drawing-centred primary quantitative subset
(n=4)

Figure 1. PRISMA 2020 flow diagram showing identification, screening, retrieval, eligibility, quali-
tative inclusion of 100 unique studies, restriction to six strict meta-ready contrasts for exploratory
quantitative synthesis, and the drawing-centred primary quantitative subset of four contrasts [17].

Table 3. Descriptive map of the 100 unique studies included in the qualitative synthesis, grouped by

educational domain and intervention family.

Educational Domain Group

Studies, n

Main Intervention Families

Study Citations

Gross anatomy, surface anatomy,
and applied anatomy

65

3D models, haptics, body painting,
and physical visualisation (n = 26);
Learner-generated drawing,
sketching, and diagrammatic
learning (n = 26); Digital,
tablet-based, screencast, or
technology-mediated visual
representation (n = 11); Art-based,
multimodal, or creative visual
representation (1 = 2)

[5-9,23,24,26,29-84]
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Table 3. Cont.

Educational Domain Group Studies, n Main Intervention Families Study Citations

Histology, cytology, and
microscopic morphology representation (n = 3); Digital,

Learner-generated drawing,
sketching, and diagrammatic
learning (n = 9); Art-based,

multimodal, or creative visual

15 [4,25,85-97]

tablet-based, screencast, or
technology-mediated visual
representation (1 = 3)

Integrated morphology,
physiology, and

cardiovascular learning

Learner-generated drawing,
sketching, and diagrammatic
learning (n = 3); 3D models, haptics,
body painting, and physical
visualisation (n = 2); Art-based,
multimodal, or creative visual
representation (n = 1); Digital,
tablet-based, screencast, or
technology-mediated visual
representation (1 = 1)

[98-104]

Neuroanatomy, brain imaging,
and neural sciences

Learner-generated drawing,
sketching, and diagrammatic
learning (n = 5); Digital,
tablet-based, screencast, or
technology-mediated visual
representation (n = 2); Other active
visual-representation strategy (n =
1); 3D models, haptics, body
painting, and physical visualisation
(n=1)

[3,27,28,105-110]

Other health sciences or visual
learning contexts

Learner-generated drawing,
sketching, and diagrammatic
learning (n = 2); 3D models, haptics,
4 body painting, and physical [111-114]
visualisation (n = 1); Art-based,
multimodal, or creative visual
representation (1 = 1)

Note. Citations refer to the final reference list. The full study-level characteristics table with one row per
included study is provided as Supplementary Table S1. One publication contributes two separately extracted
report-level entries.

When grouped at the domain level, included studies most commonly addressed
gross or applied anatomy (1 = 65), histology/cytology/microscopic morphology (n = 15),
neuroanatomy or brain-imaging contexts (n = 9), integrated morphology-physiology or
cardiovascular learning (n = 7), and other health sciences or visual-learning contexts (1 = 4).

The study-level characteristics of the 100 unique studies included in the evidence
map were extracted from the final full-text eligibility matrix. Because the complete table
is extensive, a descriptive map is presented in Table 3, and the full study-level table is
provided as Supplementary Table S1, with citations for each included study.

An abbreviated design-level appraisal showed that the broader evidence base was
methodologically heterogeneous. Based on the study-design labels in Supplementary
Table S1, the 100 studies comprised randomized or quasi-randomized comparative stud-
ies (n =21), non-randomized comparative/cohort studies (n = 23), pre-post or within-
participant evaluations (n = 7), descriptive educational evaluations (n = 13), qualitative
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studies (n = 13), survey/perception or usability evaluations (n = 11), and other mixed
educational designs (1 = 12). This appraisal was not a substitute for formal risk-of-bias
assessment and was used only to constrain the narrative synthesis to descriptive claims.

3.3. Outcome-Oriented Narrative Synthesis
3.3.1. Objective Academic Performance and Conceptual Integration

Studies of objective academic performance and conceptual integration were considered
according to the representational mechanism. Learner-generated drawing studies examined
whether producing drawings, diagrams, or annotations supported knowledge acquisition,
structure recognition, examination scores, or applied interpretation. Drawing-supported
studies evaluated guided tutorials, instructor-generated drawing, or drawing screencasts.
Drawing-associated studies examined multisensory or model-based activities and were
interpreted separately because they did not require the same degree of learner-generated
representation. Many studies could not be pooled because they used pre-post designs,
crossover formats without extractable paired data, historical cohorts, missing dispersion
values, incompatible outcome constructs, or insufficient numerical reporting.

3.3.2. Retention, Cognitive Load, and Visuospatial or Representational Outcomes

Evidence for retention, cognitive load, and visuospatial or representational outcomes
was more fragmented. Anatomy and neuroanatomy studies tended to emphasize spatial
organization, three-dimensional reasoning, structure—function relationships, mental ro-
tation, or image interpretation. Histology and cytology studies more often emphasized
microscopic pattern recognition, diagram production, tissue identification, and retention
of visual features. These differences support separate interpretation rather than a single
assumed mechanism across anatomy and histology.

3.3.3. Learner Perceptions, Engagement, and Implementation Outcomes

Learner perceptions, engagement, satisfaction, self-efficacy, and implementation-
related outcomes were frequently positive, but they were usually reported in descriptive,
survey-based, or mixed-methods designs. These outcomes inform acceptability and peda-
gogical feasibility, but they were not treated as evidence of effectiveness unless accompanied
by objective comparative learning outcomes. Haptico-visual drawing, body painting, mod-
elling, and three-dimensional visual abstraction were interpreted as drawing-associated or
adjacent representational approaches rather than as learner-generated drawing.

3.4. Quantitative Feasibility and Evidence Mapping

Among the 100 unique studies included in the evidence map, 51 were identified as pre-
liminary quantitative candidates because they appeared to report comparative educational
outcomes potentially relevant to synthesis. A strict numerical extraction audit showed
that only a minority provided the full arm-level information required for conservative
quantitative synthesis. Specifically, 10 rows had exact arm-level sample size, mean, and
standard deviation data; 11 were classified as partial or conditional because they required
additional assumptions, conversions, paired/crossover handling, graph digitization, or
missing variance information; and 30 were not suitable for pooling because numerical data,
outcome compatibility, or design requirements were insufficient.

Within the 51 quantitative candidates, the most frequent intervention families in-
cluded drawing or diagrammatic learning, digital/live drawing or drawing video, student-
generated drawing, digital drawing or sketching, 3D/model-based visualization, mod-
elling or 3D visualization with a drawing component, and multisensory drawing/body-
painting/modeling approaches. This distribution confirmed that the quantitative evi-
dence base was broader than pure freehand drawing alone and supported the decision
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to distinguish a drawing-centred primary quantitative subset from a broader secondary
exploratory model.

The primary quantitative synthesis was restricted to four drawing-centred contrasts
with objective learning /performance outcomes, compatible timing, and complete arm-
level data. Two additional strict meta-ready contrasts were retained only in the broader
secondary exploratory model because they reflected model-based active visual abstraction
rather than drawing-centred learning.

3.5. Quantitative Synthesis of Objective Learning/Performance Outcomes

The primary quantitative synthesis included four drawing-centred contrasts: a draw-
ing tutorial, a drawing screencast, tablet/paper drawing, and teaching through draw-
ing. Two additional strict meta-ready contrasts, Joseph et al. [23] and Koh et al. [24],
were retained in the broader secondary exploratory analysis because they involved an
artistic/color-coded 3D model and a working model rather than learner-generated or
drawing-supported learning. The characteristics and quantitative roles of the six strict
meta-ready contrasts are summarized in Table 4.

Table 4. Characteristics of the six strict meta-ready contrasts and their quantitative role.

Study/Design Intervention Category Objective o
and Population and Quantitative Role Comparator Outcome/Timing n (1/C) Hedges g (95% CD
Ritchie [26]
Educational intervention; Drawing tutorial; Objective anatomy
undergraduate drawing-centred Control performance; 92/50 0.23 (—0.12 to 0.57)
speech-science primary subset post-course/exam
anatomy students
Koh [24] .
Double-blind randomized Artistic/color-coded 3D Photorealistic Anatomy post-test;
. . model; secondary . . 22/24 0.51 (—0.07 to 1.10)
trial component; first-year 3D model immediate
' exploratory model only
medical students
3 .
Nofilsrzigcgii]zed Working model; Objective knowledge
. secondary exploratory Control/no model . . 13/11 1.04 (0.18 to 1.90)
comparative study; test; immediate
. . model only
orthopedic residents
Pickering [27] Drawing screencast;
Quasi-randomized drawing-centred primary . . Learning gain; B
controlled trial; Year subset with Mixed reality immediate 84/62 0.01(=0.32t0 0.34)
2 medical students active comparator
Tablet- and paper-based
Styn [7] drawing combined; Objective anatom
Randomized comparative d ) ! Writing summaries ject omy 70/35 —0.05 (—0.45 to 0.36)
. . rawing-centred test; immediate
study; medical students .
primary subset
Mathon [28] Teaching through . .
Prospective randomized drawing; Brain-imaging
. . . . . ¢ Standard teaching interpretation; 40/40 0.63 (0.18 to 1.07)
single-blind trial; third-year drawing-centred immediate

medical students

primary subset

The drawing-centred primary random-effects estimate was directionally positive but

statistically uncertain for objective learning/performance outcomes. The summary ef-
fect was Hedges g = 0.18, with a Hartung—Knapp 95% confidence interval from —0.27 to
0.64. Between-study heterogeneity was moderate (I2 =50.1%; % = 0.037), and the predic-
tion interval ranged from —0.85 to 1.22. Therefore, although the point estimate favored
drawing-centred interventions, both the confidence interval and prediction interval indi-
cated substantial uncertainty.

Accordingly, the primary quantitative findings were interpreted as suggestive rather
than confirmatory. The broader six-contrast secondary model, which also included the
artistic/color-coded 3D model and working-model studies, remained positive but uncertain
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(Hedges g = 0.29, 95% CI —0.08 to 0.67; I? = 53.7%; 1> = 0.058; prediction interval —0.49 to
1.08). This broader estimate was not interpreted as the effect of learner-generated drawing
alone. The study-level effects and pooled estimate for the drawing-centred primary model
are shown in Figure 2.

Primary exploratory meta-analysis: drawing-centred interventions

Ritchie 2023

Pickering 2022

Styn 2023

Mathon 2021

Random-effects model

Hedges g [95% CI] Weight

- 0.23[-0.12,0.57]  27.3%

. 0.01[-0.32,0.34]  28.6%
.3 ~0.05[~0.45,0.36]  23.3%
- 0.63[0.18, 1.07] 20.8%

‘ 0.18 [-0.27, 0.64] 100%

REML + Hartung-Knapp; k=4; tau?=0.037; 1*’=50.1%; p=0.292; PI -0.85 to 1.22

-0.5 0.0 0.5 1.0 1.5
Standardized mean difference (Hedges g)
Positive values favour drawing-centred interventions

Figure 2. Primary exploratory random-effects meta-analysis of drawing-centred interventions for objec-
tive learning/ performance outcomes. Positive Hedges g values favour drawing-centred interventions.
The contributing studies were Ritchie et al. [26], Pickering et al. [27], Styn et al. [7], and Mathon et al. [28].
REML, restricted maximum likelihood; HK, Hartung—Knapp; PI, prediction interval.

3.6. Sensitivity Analyses: Results

Sensitivity analyses evaluated whether the primary estimate and the broader ex-
ploratory model were driven by specific conceptual or statistical decisions. Within the
drawing-centred primary subset, excluding the combined-arm study yielded Hedges
g = 0.26 (95% CI —0.49 to 1.01), and excluding the active-comparator contrast yielded
Hedges g = 0.26 (95% CI —0.55 to 1.07). Both analyses remained directionally positive
but very imprecise. The results of the primary, secondary, and sensitivity models are
summarized in Table 5.
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Table 5. Quantitative synthesis and exploratory sensitivity analyses.

Analysis k Effect (95% CI) p (HK) 1%/? Prediction Interval
Primary: drawing-centred 4 0.18 (—0.27 to 0.64)  0.292 50.1%/0.037 —0.85 to 1.22
interventions
Sensitivity A:
drawing-centred, excluding 3 0.26 (—0.49 to 1.01) 0.277 58.6%/0.050 —3.35t0 3.87
combined-arm study
Sensitivity B:
drawing-centred, excluding 3 0.26 (—0.55 to 1.07) 0.307 58.9%/0.059 —3.65 to 4.16
active comparator
Secondary: all six strict 6 0.29 (—0.08 to 0.67)  0.102 53.7%,/0.058 —0.49 to 1.08
meta-ready contrasts
Secondary sensitivity: B o B
excluding Joseph et al. [23] 5 0.23 (—0.13 to 0.58) 0.155 45.3%/0.035 0.50 to 0.95
Secondary sensitivity: 5 027 (—021t00.75)  0.195 60.4%/0.070 —0.74t0 1.27

excluding Koh et al. [24]

Secondary sensitivity:
excluding Joseph et al. [23] 4 0.18 (—0.27 to 0.64) 0.292 50.1%/0.037 —0.85t0 1.22
and Koh et al. [24]

Note. HK = Hartung-Knapp; 1> = between-study variance. Prediction intervals were calculated for models
with at least three contrasts. Sensitivity A excludes Styn et al. [7] because it required combined-arm handling;
sensitivity B excludes Pickering et al. [27] because it used an active mixed-reality comparator. The secondary
study-exclusion models exclude Joseph et al. [23], Koh et al. [24], or both. All sensitivity analyses were exploratory
robustness checks because each restricted model included very few studies. The arm-level extraction dataset,
methodological decisions, sensitivity-analysis definitions, T> values, prediction intervals, and reproducible R code
using the metafor package are provided in Supplementary Table S5.

Across primary and secondary sensitivity analyses, the pooled estimates remained
positive in direction, but all Hartung-Knapp confidence intervals crossed the null. The
study-exclusion analyses of Joseph et al. [23] and Koh et al. [24] reduced the conceptual
breadth of the analysis but did not convert the evidence into a statistically certain effect.
These findings support the interpretation that the available quantitative evidence is di-
rectionally suggestive but very uncertain. Exploratory sensitivity plots are provided in
Supplementary Figure S1.

3.7. Risk of Bias, Reporting Bias, and Certainty of Evidence
3.7.1. Study-Level Risk of Bias

Study-level risk of bias was evaluated for all six strict meta-ready contrasts because
these studies informed either the drawing-centred primary analysis or the broader sec-
ondary exploratory model. Randomized trials were appraised using RoB 2 [20], whereas
non-randomized and quasi-randomized comparisons were interpreted using ROBINS-I
principles [21]. Judgments considered allocation or confounding, deviations from intended
interventions, missing outcome data, outcome measurement, selective reporting, and the
overall risk of bias.

Overall, three contrasts had high risk of bias or serious study limitations, and three
had some concerns. At the study level, Ritchie et al. [26] and Joseph et al. [23] were
limited by non-randomized comparisons and the resulting potential for selection and
confounding; Pickering et al. [27] used quasi-random allocation and an active comparator,
which also limited causal interpretation. Koh et al. [24], Styn et al. [7], and Mathon et al. [28]
used randomized designs, but incomplete methodological reporting prevented low-risk
judgments. Table 6 reports the principal design and reporting considerations for each
contrast, while the distribution of domain-level and overall risk-of-bias judgments across
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the six contrasts is summarized in Figure 3. Complete domain-level forms are provided in
the risk-of-bias supporting material.

Table 6. Study-level design and reporting considerations informing the risk-of-bias judgments.

Study

Appraisal Basis

Principal Consideration

Informing the Judgment Overall Risk-of-Bias Judgment

Ritchie et al. [26]

Non-randomized educational
comparison; ROBINS-I principles

Non-randomized
participation/comparison and
potential selection
and confounding.

High risk/serious limitations

Koh et al. [24]

Randomized trial
component; RoB 2

Randomized comparison, but
methodological reporting was

. L Some concerns
insufficient to support a

low-risk judgment.

Small postgraduate sample,
non-random allocation, and
potential confounding.

Non-randomized comparative

Joseph etal. [23] study; ROBINS-I principles

High risk/serious limitations

Quasi-random allocation and
an active comparator
limited causal interpretation.

Quasi-randomized controlled

Pickering etal. [27] trial; ROBINS-I principles

High risk/serious limitations

Randomized design, but

Randomized comparative incomplete reporting of key

Styn et al. [7] Some concerns

study; RoB 2 trial procedures prevented a
low-risk judgment.
Randomized design, but
Randomized single-blind incomplete reporting of key
Mathon et al. [28] trial; RoB 2 trial procedures prevented a Some concerns

low-risk judgment.

Risk-of-bias summary for six strict meta-ready contrasts (n = 6)

e

Selective reporting -

T 1
0 20 40 60 80 100
Percentage of contrasts

m low =1 Some concerns m High/serious

Figure 3. Risk-of-bias summary plot for the six strict meta-ready contrasts. Low risk = green, some
concerns = amber, and high risk/serious limitations = red. Study-level considerations are reported in
Table 6 [7,23,24,26-28].

3.7.2. Risk of Bias Due to Missing Results

Formal small-study effect testing and funnel-plot asymmetry assessment were not
performed because fewer than ten studies were included in the quantitative synthesis [18].
Reporting bias was therefore considered qualitatively. The evidence base showed a sub-
stantial reduction from 100 unique studies included in the evidence map to 51 preliminary
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quantitative candidates, six strict meta-ready contrasts, and four drawing-centred primary
contrasts. This reduction indicates that incomplete numerical reporting, incompatible
outcome constructs, heterogeneous timing, and conceptual heterogeneity were major con-
straints on quantitative synthesis.

3.7.3. Certainty of Evidence

Using the GRADE framework, the certainty of evidence for the drawing-centred
primary objective learning/performance outcome was judged to be very low [22]. The
body of evidence was downgraded for risk-of-bias concerns, inconsistency, imprecision,
and residual indirectness related to intervention delivery and comparator differences. The
broader six-contrast secondary exploratory model was also judged as very low certainty,
with additional indirectness because not all contributing contrasts represented drawing-
centred learning; some estimated relative effects between active visual strategies or model-
based representational activities. The corresponding GRADE judgments for the primary
and secondary models are summarized in Table 7.

Table 7. GRADE summary of findings for the drawing-centred primary subset and broader secondary model.

Outcome Studies/Participants Effect (95% CI) Prediction Interval Certainty/Downgrading Refs.
Objective . .
learning /performance: 4 studies/4 contrasts; Hedges g =0.18 Very low: risk of bias,

drawing-centred
primary subset

473 participants (—0.27 to 0.64)

—0.85to0 1.22 inconsistency, residual [7,26-28]
indirectness, and imprecision

Objective
learning / performance:
broader secondary
exploratory model

6 studies/6 contrasts; Hedges g =0.29
543 participants (—0.08 to 0.67)

Very low: risk of bias,
—0.49 to 1.08 inconsistency, serious [7,23,24,26-28]
indirectness, and imprecision

GRADE rationale: the drawing-centred primary subset was downgraded for risk-
of-bias concerns, inconsistency, residual indirectness, and imprecision. The broader sec-
ondary exploratory model was additionally downgraded for serious indirectness because
it included active visual-abstraction and working-model contrasts that should not be in-
terpreted as pure learner-generated drawing. Publication bias was not formally assessed
because fewer than ten studies were included.

4. Discussion
4.1. Principal Findings

This systematic evidence map identified a broad and heterogeneous literature on
drawing-based, drawing-supported, and drawing-associated active visual-representation
strategies in anatomy, histology, morphology, and related health sciences education. Al-
though 100 unique studies were included in the map, only six independent contrasts met
strict meta-ready criteria and only four were sufficiently close to drawing-centred learning
to form the primary quantitative subset. This distinction is central to the interpretation: the
field is pedagogically active, but the evidence that can support quantitative inference about
drawing-centred learning remains sparse.

The drawing-centred primary meta-analysis suggested a small positive but statistically
uncertain effect on objective learning/performance outcomes (Hedges g = 0.18). The
confidence interval crossed the null, and the prediction interval was wide, indicating that
future comparable studies may plausibly show no effect, negative effects, or larger positive
effects. The broader six-contrast secondary model was also positive but uncertain (Hedges
g = 0.29), and sensitivity analyses excluding Joseph et al. [23], Koh et al. [24], or both did
not materially change the core conclusion: available quantitative evidence is suggestive,
not confirmatory [7,23,24,26-28].
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4.2. Interpretation in Relation to Anatomy and Health Sciences Education

The findings are consistent with the theoretical rationale that drawing can operate as
a generative learning activity: learners may need to select relevant information, organize
structural relationships, transform visual material, and externalise understanding [5-10].
However, the analysis emphasizes that not all drawing-associated interventions invoke
the same cognitive mechanism. Learner-generated drawing, guided drawing, drawing
screencasts, haptico-visual drawing, body painting, and model-based visual abstraction
may all involve representation, but they differ in learner agency, sensory input, scaffolding,
motor demands, and comparator contamination.

The distinction between anatomy and histology is also important. In anatomy and
neuroanatomy, drawing may be most relevant when learners must organize spatial relation-
ships, transform two-dimensional resources into three-dimensional representations, or reason
through topographic structure. In histology, drawing may support attention to microscopic
patterns, tissue organization, and discriminative visual features. The present review therefore
does not claim that drawing has the same function across both domains. Rather, it maps
how drawing and adjacent representational strategies have been used across morphological
education and identifies where rigorous comparative evidence is currently available.

The relationship between drawing and haptics deserves particular attention. Reid
etal. [29] and related haptico-visual approaches suggest that drawing may serve as a bridge
between tactile exploration, visual observation, and spatial understanding. Such studies
are highly relevant conceptually, but they should be interpreted as multisensory represen-
tational strategies rather than as conventional learner-generated drawing. Accordingly, the
synthesis treats haptico-visual drawing as part of the evidence map and discussion, while
avoiding overgeneralization from these designs to the pooled drawing-centred effect.

Compared with neighbouring anatomy-education reviews on 3D visualization, labora-
tory pedagogies, physical models, plastinated specimens, and augmented reality [1,2,14-16],
the present review addresses a narrower representational question but reaches a similar
methodological conclusion: active visual resources may be useful under some instructional
conditions, yet effects depend on implementation, scaffolding, outcome alignment, compara-
tor choice, and study design. Generalization to other medical subject areas should be made
cautiously because comparable drawing-centred effectiveness syntheses remain limited.

4.3. Implications for Curriculum and Instructional Design

For curriculum design, the findings support cautious, outcome-aligned use of drawing
rather than indiscriminate addition of drawing activities. Drawing is more defensible when
it is integrated with a specific morphological reasoning task, scaffolded through modelling
or feedback, and linked explicitly to assessment expectations. In anatomy, this may involve
drawing to clarify spatial relations, layered organization, pathways, or clinically relevant
topography. In histology, it may involve drawing or annotating microscopic features to
strengthen pattern recognition and conceptual integration.

Comparator choice is critical. A drawing screencast compared with mixed reality
estimates the relative effect of two active visual approaches, not the absolute effect of
drawing compared with usual teaching [27]. Similarly, artistic/color-coded 3D models and
working models may reflect active visual abstraction or model-based learning rather than
drawing-centred learning [23,24]. Educators and researchers should therefore describe
the representational mechanism precisely and avoid labelling all visual or model-based
activities as drawing interventions.
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4.4. Strengths and Limitations

A major strength of this review is the transparent PRISMA 2020 workflow, includ-
ing explicit database counts, deduplication, supplementary citation searching, full-text
eligibility coding, and a conservative decision not to force all quantitative candidates
into a single effectiveness estimate [17]. The analysis further distinguishes by separating
the 100-study evidence map, the four-contrast drawing-centred primary model, and the
broader six-contrast secondary exploratory model. The quantitative analysis used Hedges
g, random-effects modelling, REML estimation, Hartung—Knapp adjustment, and predic-
tion intervals, which are appropriate for a small and heterogeneous educational evidence
base [18].

Several limitations should be acknowledged. First, the drawing-centred primary
meta-analysis included only four contrasts, which limits precision and precludes confir-
matory subgroup analysis or meta-regression. Second, risk-of-bias concerns remained
important across the quantitative subset. Third, even the drawing-centred subset included
variation in learner-generated drawing, guided drawing, drawing screencasts, comparator
type, and timing. Fourth, anatomy and histology were mapped together because both
are morphology-intensive health-science education domains, but they differ in cognitive
demands and should not be assumed to share identical mechanisms. Fifth, the search was
anchored in drawing, sketching, diagramming, and annotation terms and did not include
dedicated education databases such as ERIC or PsycINFO; therefore, the evidence map
should not be interpreted as a comprehensive review of all active visual, 3D, augmented-
reality, mixed-reality, or model-based strategies independent of drawing. Sixth, 26 reports
sought for retrieval could not be obtained. Separately, one retrieved Chinese-language
report on anatomy and drawing in obstetrics and gynecology could not be assessed reliably
because a usable translation was unavailable [19] (PMID: 21609574). Seventh, many studies
in the broader evidence base did not provide sufficient numerical data for pooling. Finally,
the certainty of evidence was judged very low.

4.5. Implications for Future Research

Future studies should use rigorous comparative designs, clearer allocation procedures,
prespecified outcomes, and transparent reporting of sample sizes, means, standard devia-
tions, assessment timing, and attrition. Researchers should distinguish between learner-
generated drawing, instructor-generated drawing, guided drawing, drawing screencasts,
diagram completion, haptico-visual drawing, body painting, model-based visualisation,
and other active visual-representation approaches. This distinction is essential because
these interventions may not share the same cognitive mechanism, instructional dose, or
comparator contamination risk.

Future trials should prioritize objective learning outcomes, delayed retention, con-
ceptual transfer, spatial or representational reasoning, and cognitive load, while avoiding
exclusive reliance on satisfaction or perceived usefulness. Where possible, studies should
report enough data to support future meta-analysis and should avoid multiple uncorrected
outcomes without a clearly prespecified primary outcome. The field would benefit from a
core outcome set for anatomy and histology education studies involving drawing-centred
and active visual-representation interventions.

5. Conclusions

Drawing-based and drawing-associated active visual-representation strategies are
widely used across anatomy, histology, and related health sciences education. The evidence
map shows a diverse field, but the quantitative evidence for drawing-centred interventions
remains sparse. The primary drawing-centred exploratory meta-analysis suggested a posi-
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tive but statistically uncertain effect on objective learning /performance outcomes, and the
broader six-contrast model remained similarly uncertain. Given the small number of strict
meta-ready studies, moderate heterogeneity, risk-of-bias concerns, indirectness, impreci-
sion, and very low certainty of evidence, the findings should be interpreted as directionally
suggestive rather than confirmatory. The review supports continued pedagogical use and
rigorous evaluation of drawing-centred strategies, but it does not establish drawing as an
isolated, universally effective intervention.
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