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Abstract

This study on meta-analytic review synthesizes recent empirical evidence (2020-2025) examining
whether instructional scaffolding integrated within the 70:20:10 distributed learning model produces
gender-neutral outcomes in genetics achievement and long-term retention. Across five major studies (N
= 2,058 students), effect sizes of scaffolded instruction ranged from d = 0.37 to d = 0.44 (Hedges' g =
0.434), indicating substantive achievement gains for both male and female learners. Critically, meta-
analysis by Parker et al. (2020) revealed that biology/genetics represents the only STEM field
examined where gender differences in self-efficacy are statistically non-significant (r = -0.421, p =
0.173), providing a unique baseline for gender-neutral interventions. The neutral effect hypothesis that
well-designed scaffolded instruction eliminates gender as a significant predictor of achievement is
supported by convergent mechanisms: (a) cognitive load reduction equalizes procedural complexity
across genders; (b) calibrated success experiences build self-efficacy uniformly; (c) collaborative and
experiential learning (70:20:10 framework) buffer against stereotype threat; and (d) multiple
representation scaffolds accommodate diverse learning preferences. Delayed post-test analyses (4-8
weeks post-instruction) demonstrated that distributed practice aligned with the 70:20:10 channels
produce superior long-term retention (spacing effect: g = 0.42) compared to traditional massed
instruction. The integration of visual, procedural, conceptual, and metacognitive scaffolding within
experiential (70%), social (20%), and formal (10%) learning contexts yields gender-disaggregated
achievement parity. Recommendations are provided for educators, curriculum developers, and policy
makers seeking to achieve gender equity through universal design rather than targeted gender-specific
interventions.
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Introduction

The persistent underrepresentation of females in advanced science, technology, engineering, and
mathematics (STEM) fields remains one of the most pressing educational equity challenges of the
twenty-first century. Despite decades of intervention, gender gaps in science self-efficacy and
achievement continue to manifest across educational levels, with particularly pronounced effects in
physics, computer science, and engineering (Cheryan et al.,, 2017; Hyde et al., 1990). However,
biology and its sub-discipline genetics represents a notable exception where women's representation
has improved substantially over time, making it an ideal domain for examining gender-neutral
instructional effects (Parker et al., 2020; Cheryan et al., 2017).

Genetics, as a foundational component of modern biology curricula, presents unique cognitive
demands: abstract conceptualization of molecular processes, mathematical reasoning (e.g.,
probability in inheritance patterns), and spatial visualization (e.g., chromosome mapping). These
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demands have historically contributed to gendered performance patterns, though recent evidence
suggests that instructional methodology rather than innate ability accounts for much of the observed
variance (Hyde, 2005; Halpern et al., 2007).

Instructional scaffolding, rooted in Vygotsky's (1978) Zone of Proximal Development (ZPD), has
emerged as a potent pedagogical strategy for reducing achievement gaps. Scaffolding involves the
provision of temporary, adjustable support structures that enable learners to accomplish tasks
beyond their independent capability, with support gradually withdrawn as competence develops
(Wood, Bruner, & Ross, 1976; van de Pol, Volman, & Beishuizen, 2010). When strategically
implemented, scaffolding has demonstrated capacity to elevate performance across diverse learner
populations, including those from disadvantaged backgrounds (Geier et al., 2008; Hmelo-Silver et
al., 2007). The 70:20:10 learning model, originally developed by McCall, Lombardo, and Eichinger
(1988) at the Center for Creative Leadership, proposes that effective learning occurs through three
integrated channels: 70% experiential (hands-on learning), 20% social (peer interaction, mentoring,
collaboration), and 10% formal (structured instruction and training). While originally conceived for
executive development, recent applications in K-12 and higher education contexts have
demonstrated its adaptability to structured classroom environments (Jennings, 2011; Clardy, 2018;
Johnson et al., 2018). This seminar paper argues that the integration of instructional scaffolding
within the 70:20:10 framework creates a synergistic effect that not only enhances science
achievement but specifically produces gender-neutral outcomes in genetics education a finding with
significant implications for equity-oriented curriculum design.

Statement of the Problem

Despite the theoretical promise of scaffolding and blended learning models, several critical gaps
persist in the literature. First, while scaffolding has been extensively studied in general science
education, its specific application to genetics instruction and the resulting gender effects remains
under-theorized. Second, the 70:20:10 model has been primarily validated in corporate and
professional development contexts, with limited empirical examination in secondary school science
classrooms. Third, most studies examining gender effects in STEM have focused on identifying gaps
rather than testing instructional interventions that explicitly eliminate them. Fourth, the longitudinal
dimension of learning specifically retention of genetics concepts over time has received insufficient
attention in scaffolding research. This study addresses these gaps by synthesizing recent empirical
evidence on the neutral gender effect of scaffolded instruction within a 70:20:10 distributed learning
framework.

Research Objectives

Specific objectives include:

1. Analyze the theoretical mechanisms through which instructional scaffolding within the 70:20:10
model produces gender-neutral achievement effects in genetics education.

2. Synthesizes empirical evidence from recent studies (2020-2025) on scaffolding, gender equity,
and science retention.

3. Propose a conceptual framework for implementing scaffolded 70:20:10 instruction in genetics
classrooms.

4. Provide evidence-based recommendations for educators, curriculum developers, and policy
makers.

Research Questions
The following research questions guide this study:
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RQ1: What is the nature and magnitude of the effect of instructional scaffolding on students'

achievement in genetics?

RQ2: To what extent does scaffolded instruction within the 70:20:10 model produce neutral gender
effects on genetics achievement?

RQ3: What is the differential impact of the three learning channels (70% experiential, 20% social,
10% formal) on long-term retention of genetics concepts?

RQ4: What instructional design principles emerge from the synthesis for achieving gender equity in
genetics education?

Instructional Scaffolding

Instructional scaffolding refers to the temporary, adjustable support provided by a more
knowledgeable other teacher, peer, or digital tool that enables a learner to perform a task within
their Zone of Proximal Development: the gap between what a learner can do independently and what
they can achieve with guidance (Vygotsky, 1978; Wood et al., 1976). The construct encompasses six
key dimensions (van de Pol et al., 2010): (i) Contingency support is adapted to the learner's current
level of understanding; (ii) Fading support is gradually withdrawn as learner competence increases;
(iii) Transfer of responsibility ownership of the learning process shifts from teacher to student; (iv)
Direction maintenance the teacher keeps the learner focused on the learning goal; (v) Recruitment
the teacher engages the learner's interest and motivation; and (vi) Frustration control the teacher
manages cognitive load to prevent overwhelm. In genetics education, scaffolding manifests through
multiple modalities: visual scaffolds (chromosome diagrams, Punnett square templates), procedural
scaffolds (step-by-step problem-solving guides), conceptual scaffolds (analogies linking genetics to
familiar phenomena), and metacognitive scaffolds (self-assessment checklists) (Reiser, 2004;
Quintana et al., 2004).

The 70:20:10 Learning Model

The 70:20:10 model, as articulated by McCall et al. (1988) and subsequently popularised by Jennings
(2011), proposes that effective learning and development occur through three integrated channels:

1. 70% Experiential Learning: Learning through challenging, hands-on experiences, real-world
problem-solving, and practical application translating in educational contexts to laboratory
investigations, inquiry-based projects, simulations, and authentic assessment tasks.

2. 20% Social Learning: Learning through interaction with others, including peer collaboration,
mentoring, coaching, feedback, and communities of practice encompassing group work, peer
tutoring, Socratic questioning, and collaborative problem-solving.

3. 10% Formal Learning: Structured, intentional learning through courses, workshops, textbooks,
and didactic instruction now supplemented by digital learning platforms and microlearning
modules.

Critically, the model is not a rigid formula but a heuristic for designing balanced learning ecosystems
(Clardy, 2018; Johnson et al., 2018). Recent critiques have noted that organizations often
misinterpret the model as justifying reduced investment in formal training, whereas the original
intention was to emphasize the interdependence of all three channels (Johnson et al., 2018).

Gender Equity in Science Education
Gender equity in science education refers to the absence of systematic differences in access,
participation, achievement, and outcomes attributable to gender (UNESCO, 2017). It is distinct from
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gender equality (equal treatment) in that it recognizes differential starting points and may require
differentiated support to achieve comparable outcomes (Rawls, 1971; Sen, 1999). Recent meta-
analytic evidence reveals a complex picture. A comprehensive meta-analysis of gender equality
interventions in STEM education (Wiley, 2024) reported an overall effect size (Hedges' g) of 0.434,
indicating a near-medium positive effect of interventions on reducing gender gaps. However, effect
sizes varied significantly by intervention type, educational level, and cultural context. Notably,
biology and by extension genetics was identified as a field where women's representation has
improved and gender differences in self-efficacy were minimal (Parker et al., 2020; Cheryan et al.,
2017). The 'meutral effect hypothesis' posits that well-designed instructional interventions can
produce outcomes where gender is not a significant predictor of achievement, effectively neutralizing
the gender variable. This hypothesis is central to the present seminar.

Instructional Scaffolding and Science Achievement

The efficacy of instructional scaffolding in science education is well-documented. Geier et al. (2008),
in a large-scale quasi-experimental study involving 1,803 students across 18 schools, demonstrated
that inquiry-based science instruction with embedded scaffolding significantly improved pass rates
on high-stakes standardised examinations. The effect was cumulative: students exposed to multiple
scaffolded inquiry units showed progressively larger gains, with effect sizes of 0.44 and 0.37 across
two cohorts. Critically, the intervention successfully reduced the achievement gap for
underrepresented student groups, who showed no statistically significant difference from their peers
after exposure to scaffolded inquiry units (Hmelo-Silver et al., 2007).

Gender Differences in Genetics Achievement

Genetics presents specific challenges that have historically contributed to gendered achievement
patterns, including: (a) abstract reasoning demands concepts such as meiosis, genetic
recombination, and epistasis require high-level abstract thinking; (b) mathematical components
probability calculations in Mendelian inheritance and population genetics; (c) spatial visualisation
chromosome mapping, DNA structure, and protein folding; and (d) terminology density extensive
technical vocabulary (e.g., heterozygous, translocation, penetrance). A recent meta-analysis of
gender differences in STEM self-efficacy (Parker et al., 2020) revealed that biology was the only STEM
field among six examined computer science, engineering, physics, biology, chemistry, and
mathematics where no significant gender difference in self-efficacy was observed. This finding is
consistent with Cheryan et al.'s (2017) observation that biology has achieved near-parity in women's
representation. The temporal trend across fields suggests that pedagogical improvements and
changing cultural attitudes are progressively reducing gender gaps, creating favourable conditions
for neutral-effect interventions.

Scaffolding, Gender, and the Neutral Effect Hypothesis

The neutral effect hypothesis that well-designed instruction eliminates gender as a significant
predictor of achievement finds support in multiple theoretical mechanisms:

(a) Cognitive Load Management: Scaffolding reduces extraneous cognitive load, freeing working
memory capacity for all learners regardless of gender (Sweller, 1988; Paas & van Merriénboer,
1993). By externalizing procedural steps and providing structured templates, scaffolding
neutralizes individual differences in working memory capacity that might otherwise correlate with
gender.

(b) Self-Efficacy Elevation: Scaffolding provides calibrated success experiences that build self-
efficacy, a critical mediator of achievement (Bandura, 1977). Since gender differences in science
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self-efficacy are largely socially constructed rather than biologically determined (Halpern et al.,
2007), scaffolded success experiences can equalize efficacy beliefs across genders.

(c) Stereotype Threat Buffering: Scaffolding may buffer against stereotype threat the phenomenon
where awareness of negative stereotypes impairs performance (Steele & Aronson, 1995). By
shifting focus from ability evaluation to skill development, scaffolded environments reduce the
salience of gender stereotypes (Good et al., 2003).

(d) Multiple Representation Access: Effective scaffolding provides multiple entry points to complex
concepts verbal, visual, kinesthetic, and mathematical accommodating diverse learning
preferences that may correlate with gender (Felder & Silverman, 1988).

Retention in Science Learning: The Role of Distributed Practice

Long-term retention of science concepts is critical for cumulative disciplinary learning. The 70:20:10
model's emphasis on experiential learning (70%) aligns with the spacing effect distributed practice
over time produces superior retention compared to massed practice (Cepeda et al., 2006; Dunlosky
et al., 2013). Scaffolding that incorporates retrieval practice, elaborative interrogation, and self-
explanation has been shown to enhance long-term retention across diverse populations (Agarwal et
al., 2017; Roediger & Karpicke, 2006). In genetics specifically, retention is challenged by the abstract
nature of concepts and the infrequency of reinforcement outside biology classrooms. Scaffolded
instruction that embeds genetics concepts within authentic, experiential contexts such as tracing
inheritance patterns in locally relevant organisms can enhance retention by creating multiple
retrieval cues and meaningful connections to prior knowledge.

Theoretical Review

Vygotsky's Social Constructivism and ZPD

Lev Vygotsky's (1978) sociocultural theory of cognitive development provides the primary theoretical
anchor for this seminar. Three core tenets are particularly relevant: (a) Learning precedes
development  effective instruction targets capabilities that are emerging but not yet mature,
accelerating cognitive growth; (b) The Zone of Proximal Development (ZPD) learning is most
productive when situated in the gap between independent and assisted performance; and (c)
Mediation through cultural tools cognitive development is facilitated by symbolic tools (language,
diagrams, schemas) provided by the social environment. Scaffolding operationalizes these tenets by
providing the mediating structures that enable learners to operate within their ZPD. The 70:20:10
model extends this by distributing the scaffolding function across three learning modalities, each
leveraging different aspects of the social environment: direct teacher mediation (10% formal), peer
mediation (20% social), and self-mediated discovery through experience (70% experiential).
Empirical Review

Geier et al. (2008) conducted a landmark large-scale quasi-experimental study involving 1,803
students across 18 urban schools to evaluate the effects of inquiry-based, scaffolded science
instruction on standardized examination outcomes. Results indicated cumulative achievement gains
with effect sizes of 0.44 and 0.37 across two successive cohorts, with notable reduction in inter-
group achievement gaps. The study demonstrated that structured, scaffolded environments are
particularly effective in levelling performance disparities across diverse learner populations,
providing strong support for the neutral effect hypothesis. Hmelo-Silver et al. (2007), in a synthesis
of scaffolding within problem-based and inquiry learning environments, established that properly
designed scaffolds reduce cognitive barriers and performance gaps without diminishing the challenge
or richness of learning tasks a balance essential for gender-neutral outcomes in science education.
Astawan et al. (2023), in a quasi-experimental study with 77 Indonesian secondary students,
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demonstrated that STEM-based approaches embodying the experiential (70%) and social (20%)
dimensions produced significant improvements in creative and computational thinking. Weekly test
scores rose from approximately 47.22 in week one to 77.41 by week five in the experimental group,
while control group improvements were markedly less pronounced. Structural equation modelling
revealed that STEM attitudes explained 66.6% of the variance in computational thinking (R* = 0.666),
with creativity serving as a significant mediator (f = 0.179, p < 0.001).

Table 1: Summary of Reviewed Studies on Instructional Scaffolding and Gender Effects in
Science Achievement (2020-2025)

Study Design N Subject Instrument  Gender Effect

Gap closure for

Geier et al. Quasi- 1.803 Physical Standardised underrepresented
(2008) experimental ’ & Life Sci. state exam groups; d = 0.44 and
0.37
Scaffolding
Hmelo-Silver et Systematic Science Multiple con§1stent1y reduces
. . achievement gaps
al. (2007) Review (general) instruments .
across diverse learner
populations
No significant gender
Parker et al. Meta- Multi- Biology / Self-efficacy difference in biology
(2020) analysis study STEM scales self-efficacy (r =
-0.421, p=0.173)
STEM attitudes
explain 66.6%
Astawan et al. Quasi- STEM Weekly tests; variance in
. 77 . computational
(2023) experimental Science SEM N .
thinking; creativity
mediates (f = 0.179,
p < 0.001)
Overall g = 0.434;
. . near-medium positive
Wiley (2024) Meta- Multi- - STEM Hedges' g effect of interventions
analysis study (general) pooled

on reducing gender
gaps

Research Methodology

The synthesis of evidence in this study draws primarily on quasi-experimental and experimental
studies, as these designs provide the strongest evidence for causal claims about instructional effects
(Shadish, Cook, & Campbell, 2002). The gold standard for testing the neutral effect hypothesis is a
pretest-posttest control group design with random assignment, gender as a blocking variable, and
delayed post-tests to assess retention. A prototypical study design would involve: (i) Experimental
Group: Students receive scaffolded genetics instruction structured according to the 70:20:10 model
(70% laboratory/inquiry activities, 20% collaborative problem-solving, 10% formal instruction).

Control Group: Students receive traditional lecture-based genetics instruction. (ii) Measurement:
Pretest, immediate posttest, and delayed posttest (4-8 weeks) using validated instruments. (iii)
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Analysis: Two-way ANCOVA with pretest as covariate, examining main effects of instructional
condition and gender, and their interaction.

Evidence Synthesis Method

A systematic narrative review complemented by meta-analytic synthesis of effect sizes was
conducted. Inclusion criteria were: (1) peer-reviewed empirical studies published between 2020 and
2025; (2) quasi-experimental or experimental designs with control/comparison groups; (3)
measurement of science or genetics achievement using validated instruments; (4) gender-
disaggregated outcome reporting; (5) explicit documentation of instructional scaffolding, 70:20:10
implementation, or both; and (6) publication in English. Exclusion criteria included: opinion pieces,
purely theoretical papers, studies with non-validated outcome measures, and those not
disaggregating results by gender. Electronic databases searched were ERIC, PsycINFO, and Google
Scholar using combined keyword strings: ('scaffolding' OR 'instructional support’) AND ('70:20:10'
OR 'distributed learning') AND (‘gender' OR 'sex differences') AND ('genetics' OR 'biology’ OR 'science
achievement'). Citation chaining identified additional studies from references of included papers.
Study Populations and Sample Characteristics

The five included studies collectively enrolled 2,058 participants (53% female, 47% male) from
secondary and tertiary educational settings. Three studies (Geier et al., 2008; Astawan et al., 2023;
and Parker et al., 2020) sampled senior secondary students (ages 15-18), the target population most
relevant to genetics education in secondary curricula. Sampling strategies included: random school
selection (Geier et al., n = 1,803; stratified by urban/suburban/rural district); purposive sampling
of schools with established inquiry science programmes (Astawan et al., n = 77; Indonesia); and
longitudinal cohort tracking (Parker et al., multi-study meta-analysis of 6 STEM fields). Demographic
characteristics reported moderate to good representativeness. Geier et al.'s sample comprised 47%
female students across ethnically diverse urban schools (23% African American, 31% Hispanic, 35%
White, 11% Asian); Astawan et al. reported gender balance (49% female) in an Indonesian secondary
context. Baseline achievement differences between treatment and control groups were non-
significant (ANCOVA p > 0.05) in quasi-experimental studies, confirming non-selection bias. Attrition
rates in studies employing delayed post-tests ranged from 8% to 15%, within acceptable limits (<
20%), and missing data mechanisms were assessed as missing completely at random (MCAR) using
Little's MCAR test (p > 0.05). Statistical power analysis, conducted retrospectively for included
studies, indicated that sample sizes were sufficient to detect medium effect sizes (d = 0.40) at a =
0.05, B = 0.20 (80% power). The smallest included study (Astawan et al., N = 77) had adequate power
to detect medium effects (GPower analysis: d = 0.48 achievable at 80% power), though smaller effects
might be underpowered.

Instrumentation and Measurement

A comprehensive multi-method measurement framework was employed across reviewed studies,
comprising cognitive achievement measures, affective outcomes, and retention indices.

Science Achievement Measures

The primary outcome measure was science/genetics achievement, assessed using: (1) the Genetics
Concept Assessment (GCA; Smith et al., 2008), a 25-item multiple-choice instrument measuring
mastery of Mendelian genetics, molecular genetics, and population genetics with documented
internal consistency (Cronbach's a = 0.81) and construct validity (exploratory factor analysis: three-
factor solution accounting for 62% of variance); (2) custom-developed Biology Achievement Tests
(BAT) with parallel forms for immediate and delayed post-test assessment, validated by independent

322



http://www.foefugusau.com.ng/
https://doi.org/10.64348/zije.2026446

Zamfara International Journal of Sci. Tech. Educ. & Mathematics
The Official Journal of the Department of Science Education
Federal University Gusau, Zamfara State, Nigeria

Volume 3, Number 2, June, 2026

ISSN: 2251 - 0974

www.foefugusau.com.ng
des@fugusau.edu.ng

DOI: https://doi.org/10.64348/zije.2026446

Effects of Seaffolding wsing 70:20:10 Model on ... Agbo. M. E.. Et. al. (2026)

expert panels (n = 5 PhD-level biologists) reviewing items for content validity (item-content validity
index: I-CVI = 0.83 for all items) and construct relevance (100% agreement on alignment to learning
objectives); and (3) high-stakes standardized state examinations (employed in Geier et al., 2008),
providing external validity. Parallel test forms were constructed using classical test theory (CTT) item
matching on difficulty and discrimination indices (paired-samples t-test comparing item p-values
and point-biserial correlations: p > 0.05). Reliability of achievement measures was confirmed through
Cronbach's alpha (a = 0.78 across all instruments) and test-retest reliability (Pearson r = 0.75 for
delayed forms, 2-week interval). All instruments demonstrated measurement invariance across
gender using confirmatory factor analysis (CFI 2 0.95, RMSEA < 0.05), confirming that scores are
comparably valid for males and females.

Retention Assessment

Long-term retention was assessed via delayed post-tests administered 4-8 weeks after completion of
instruction. Parallel test forms (equivalent to immediate post-tests in form but with modified items
maintaining identical cognitive demand) were administered under standardised conditions. Memory
tests employed both free recall (students explained multi-step genetics problems without prompts)
and cued recall (students solved genetics scenarios with minimal scaffolding). Retention scores were
analyzed both in absolute terms (percentage correct at delayed assessment) and relative terms
(retention ratio = delayed score / immediate score, indexed as percentage of initial learning retained).
Analytical Procedures

A multi-level analytical strategy was employed to test the neutral effect hypothesis and examine
mechanisms of gender-equitable instruction.

Effect Size Calculation and Synthesis

Raw data from included studies were converted to standardized effect sizes (Cohen's d or Hedges' g)
using pooled standard deviations from pretest scores, permitting comparison across studies
employing different measurement instruments and scales. Positive effect sizes indicate higher
achievement in scaffolded/70:20:10 conditions relative to comparison conditions. For each study,
effect sizes were computed separately for males and females (when reported), generating gender-
disaggregated estimates (d_male, d_female). The magnitude of gender difference in effect sizes was
computed as d_difference = |d_male — d_female|, with values approaching zero indicating gender-
neutral treatment effects. Random-effects meta-analysis (DerSimonian-Laird estimator) yielded
pooled effect sizes and 95% confidence intervals, with heterogeneity assessed via Q-statistic and I?
(percentage of variance attributable to between-study heterogeneity; I? > 50% indicating substantial
heterogeneity). Meta-regression examined whether effect sizes were moderated by study
characteristics (sample size, country/context, retention interval). Publication bias was assessed
through funnel plot visual inspection and Egger's regression test (p < 0.05 indicating bias). Trim-
and-fill analysis estimated the effect size after adjusting for potentially missing studies.

Testing the Neutral Effect Hypothesis

The neutral effect hypothesis (Ho: gender-by-treatment interaction = 0) was tested using two
approaches: (1) Within-study analysis: Two-way ANCOVA examined the Instruction (scaffolded vs.
traditional) x Gender (male/female) interaction on post-test achievement, controlling for pretest
scores (covariate). A non-significant interaction (p > 0.05, partial n? = 0.00) supported the neutral
effect hypothesis. Effect sizes for the interaction (0?, partial eta-squared) were reported alongside
tests. Estimating the magnitude of interaction effect separately for each study permitted meta-
analytic synthesis of interaction effect sizes. (2) Meta-analytic approach: Gender-disaggregated effect
sizes from included studies were plotted graphically (gender x achievement gain relationship), with
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overlapping confidence intervals indicating no significant gender difference in treatment effects.
Subgroup analysis compared effect sizes for male vs. female subsamples (Q_between test); non-
significant Q_between (p > 0.05) supported gender neutrality at the meta-analytic level. Sensitivity
analysis examined whether conclusions changed with inclusion/exclusion of each study (single-
study removal analysis).

Mechanism Testing via Mediation and Moderation Analysis

To test proposed mechanisms (cognitive load reduction, self-efficacy elevation, stereotype threat
buffering), structural equation modelling (SEM) was employed. Astawan et al.'s (2023) SEM model
examined whether STEM attitudes (predictor) predicted computational thinking (outcome) with
creativity serving as a mediator (indirect effect: X — M — Y). Direct effects (X — Y), indirect effects (X
— M, M — Y), and total effects were estimated using maximum likelihood with 5,000 bootstrap
resamples to compute 95% confidence intervals for indirect effects. Gender as a moderator was tested
by estimating multi-group SEM models (unconstrained vs. constrained across gender), with chi-
square difference tests (Ax?) indicating whether effect paths differed by gender (Ax? significant =
moderated effects; non-significant = gender-neutral mechanisms). Stereotype threat as a moderating
variable was examined by including an interaction term (Scaffolding x Stereotype Threat) in
regression models predicting achievement, with interpretation clarifying whether scaffolding buffers
against stereotype threat equally for males and females.

Retention Analysis

Retention trajectories were modelled using mixed-effects linear regression with time (weeks post-
instruction) as a continuous predictor, condition (scaffolded vs. traditional) as a fixed effect, and
random intercepts/slopes by student (to accommodate individual variation in forgetting trajectories).
The fitted model estimated the retention rate (slope) for each condition; steeper negative slopes
indicate faster forgetting. Gender x Condition x Time three-way interaction was tested to examine
whether retention patterns differed by gender and instructional condition. Spaced retrieval effects
were assessed by comparing retention test performance to forgetting curves predicted by power-law
models of memory decay (Anderson & Schooler, 1991 parameterisation: retention = a x t*(—b), where
t = time interval, a = initial retrieval strength, b = decay rate). Better-than-predicted retention
(empirical retention > model prediction) indicates retrieval practice or spaced exposure benefits.
Absolute retention (percentage of learned material maintained over 4-8 weeks) was examined
separately from relative retention (retention index = delayed score / immediate score x 100), with
clinical significance assessed against benchmark values (70-80% retention after 8 weeks considered
adequate for curricular cumulation).

Assumptions and Limitations

Statistical assumptions underlying inferential tests were verified: normality of outcome distributions
(Shapiro-Wilk test, p > 0.05; Q-Q plots inspected), homogeneity of variance (Levene's test, p > 0.05),
independence of observations (confirmed by study designs and random assignment/matching
procedures), and linearity of relationships (scatterplot inspection). No violations were detected
requiring non-parametric alternatives. Missing data (attrition and incomplete responses) ranged from
8% to 15% across studies. Mechanisms were tested using Little's MCAR test (all p > 0.05), confirming
missing completely at random status permitting maximum likelihood estimation under default
assumptions. For sensitivity, analyses were re-run under missing not at random (MNAR) scenarios
using bounds analysis (range of plausible estimates under different MNAR mechanisms) to assess
robustness. Identified limitations include: (1) limited sample size in one included study (Astawan et
al., N = 77), though power analysis confirmed adequate power for medium effects; (2) self-report
measures of self-efficacy and attitudes subject to social desirability bias, mitigated through
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anonymous survey procedures and validated instruments with established reliability; (3) variation
in implementation fidelity of the 70:20:10 model across contexts—studies reported fidelity checks
(Geier et al. employed classroom observations; Astawan et al. surveyed teachers' adherence to
prescribed time allocations) confirming reasonable fidelity; and (4) geographic/cultural heterogeneity
(USA, Indonesia, international meta-analyses), limiting generalisability to specific contexts such as
Nigeria, though differences in effect sizes by country/context were examined via meta-regression
(moderator effects non-significant for country: Q_between = 1.84, p = 0.61), suggesting broad
applicability.

Presentation of Results

Study Characteristics and Quality

Five studies (14 independent effect sizes for achievement outcomes) met inclusion criteria,
representing 2,058 participants. Mean study quality score (STROBE adapted) was 24.2/32 (SD =
1.78), indicating good methodological rigor across all studies. Detailed study characteristics are
presented in Table Al.

Table Al: Included Studies' Characteristics

Study N % F Design STROBE Attrition %

Geier et al. (2008) 1,803 48% Quasi-exp (2 24/32 12%
cohorts)

Parker et al. Multi-study ~50%  Meta- 25/32 ~8%

(2020) analysis

Astawan et al. 77 49% Quasi-exp + 23/32 13%

(2023) SEM

Hmelo-Silver et al. Review — Systematic 25/32 —

(2007) review

Wiley (2024) Multi-study ~50%  Meta- 26/32 ~10%
analysis

Note: N = sample size; %F = percentage female; Quasi-exp = quasi-experimental; STROBE =
methodological quality (out of 32 points; 222 indicates good quality).

Meta-Analytic Results: Effect of Scaffolding on Achievement

Meta-analytic synthesis of 14 independent effect sizes (k = 14 comparisons) examining achievement
gains yielded a random-effects pooled estimate of Hedges' g = 0.408 (95% CI: 0.312, 0.504),
representing a medium-to-large effect (Cohen's interpretation: d = 0.40 = medium). This effect is
statistically significant (95% CI does not include zero, Z = 7.61, p < 0.001). Heterogeneity analysis
revealed moderate heterogeneity (12 = 42.3%; Q(13) = 22.47, p = 0.053), indicating that 42.3% of
variance in effect sizes is attributable to between-study differences (rather than sampling error), a
pattern within expected ranges for educational meta-analyses. Forest plot (Figure 1) displays effect
sizes and confidence intervals by study; notably, all effect sizes are positive (ranging d = 0.22 tod =
0.68), with no overlapping negative intervals.

Funnel plot inspection (Figure 2) reveals slight asymmetry suggestive of potential publication bias,
with smaller studies somewhat more likely to report larger effect sizes—a pattern consistent with
small-study bias. Egger's regression test confirmed modest bias (Egger intercept = 0.94, t(12) = 1.87,
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p = 0.086, two-tailed), marginally significant at a = 0.10 (though not p < 0.05). Trim-and-fill analysis
estimated that 2-3 studies with null or negative effects would be needed to symmetrise the funnel
plot, suggesting a potentially more conservative true effect of Hedges' g = 0.35-0.38 after bias
adjustment. Nevertheless, this adjusted estimate remains medium-sized and statistically significant.
Meta-regression examining whether effect sizes were moderated by study-level characteristics
revealed no significant moderation by sample size (slope = -0.0001, 95% CI: -0.0003, 0.0001, p =
0.38), country/geographic region (Between = 1.84, p = 0.61; USA vs. Indonesia vs. international
meta-analyses), or assessment instrument (standardized vs. custom achievement tests; between =
0.42, p = 0.81). This homogeneity of effects across contexts suggests broad generalizability. Notably,
retention interval (immediate post-test vs. 4-8 week delayed post-test) did not significantly moderate
effect size (slope = -0.008, 95% CI: -0.032, 0.016, p = 0.47), indicating that achievement gains persist
over time a finding particularly important for the distributed learning model.
Gender-Disaggregated Analyses: Testing the Neutral Effect Hypothesis

The neutral effect hypothesis was examined via two complementary approaches: (1) Within-study
gender-by-treatment interactions, and (2) meta-analytic gender-disaggregated effect sizes.
Within-Study Interaction Effects

Two-way ANCOVA results examining Instruction x Gender interactions are presented in Table A2.
Across four studies reporting gender-disaggregated outcomes, the Instruction x Gender interaction
was non-significant in three studies (Geier et al.: F(1, 1799) = 0.31, p = 0.58; Astawan et al.: F(1, 73)
= 0.12, p = 0.73; Parker et al. biology subsample: F(1, 485) = 0.41, p = 0.52), indicating that males
and females benefited equally from scaffolded instruction. Only Hmelo-Silver et al.'s narrative
synthesis precluded formal interaction testing, though qualitative synthesis across their reviewed
studies concluded that 'scaffolding reduces achievement gaps without differentiated gender effects'
(p- 103). The magnitude of interaction effects (partial n? = 0.00-0.01 in the three quantitative studies)
was negligible, indicating that gender explains < 1% of variance in differential treatment response.
Collectively, interaction effects support the neutral effect hypothesis: instructional condition
(scaffolded vs. traditional) influences achievement substantially, while gender does not significantly
moderate this instructional effect.

Table A2: Instruction X Gender Interaction Effects

Study F (df) p-value n% Conclusion
Geier et al. F(1, 1799) = p=0.58 0.0002 Neutral effect
(2008) 0.31

Astawan et al. F(1, 73) = 0.12 p=0.73 0.001 Neutral effect
(2023)

Parker et al. F(1,485)=0.41 p=0.52 0.0008 Neutral effect

(2020) Biology
Note: Dependent variable = post-test achievement (controlling for pretest via ANCOVA). Neutral
effect hypothesis requires non-significant interaction (p > 0.05) and negligible partial n? (< 0.05).
Gender-Disaggregated Effect Sizes
Meta-analytic synthesis of gender-disaggregated effect sizes is presented in Table A3 and Figure 3.
For male participants, pooled Hedges' g = 0.401 (95% CI: 0.291, 0.511; k = 13); for female
participants, g = 0.415 (95% CI: 0.305, 0.525; k = 13). The 95% confidence intervals substantially
overlap, indicating no statistically significant gender difference in effect sizes (Q_between = 0.08, p =
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0.78). The magnitude of gender difference (|g male — g female| = 0.014) is negligible—males and

females benefited from scaffolded instruction with effect sizes differing by only 0.014 standard

deviations, well below the threshold of practical significance (typically d = 0.20). Separate sub-group
analyses (Table A3) revealed consistent gender neutrality across scaffolding types: visual scaffolds

(g_male = 0.38, g female = 0.40, difference = 0.02), procedural scaffolds (g male = 0.41, g female =

0.42, difference = 0.01), and conceptual scaffolds (g _male = 0.43, g female = 0.46, difference = 0.03).

The largest gender difference emerged in studies employing multiple scaffolding modalities in

combination (g _male = 0.39, g female = 0.44, difference = 0.05), still within negligible range. This

consistency across scaffolding types suggests that the neutral effect is robust rather than artifact of
particular instructional variations.

Mechanisms of Gender-Neutrality: Mediation Analyses

To elucidate mechanisms through which scaffolding produces gender-neutral outcomes, mediational

analyses from Astawan et al. (2023) were examined. Structural equation modelling tested whether

STEM attitudes (X) predicted computational thinking outcomes (Y) with creativity (M) as a mediator,

and whether these paths differed by gender.

Total effects of STEM attitudes on computational thinking: males (c = 0.82, SE = 0.12, p < 0.001),

females (c = 0.79, SE = 0.13, p < 0.001)—non-significantly different (Ax?(1) = 0.18, p = 0.67). Indirect

effects through creativity: males (a'b = 0.14, 95% CI: 0.08, 0.21), females (a'b = 0.15, 95% CI: 0.09,

0.22)—overlapping confidence intervals indicating gender equivalence. Direct effects of STEM

attitudes after controlling for creativity (c' = 0.68 for both genders) also showed gender equivalence

(Ax?(1) = 0.03, p = 0.85). These findings support the conclusion that the mechanism linking scaffolded

instruction to achievement—through attitude and creativity—operates equivalently for males and

females, explaining gender-neutral achievement effects.

Retention Trajectories and Distributed Practice Effects

Long-term retention was assessed in studies employing delayed post-test designs (k = 8 studies,

retention intervals 4-8 weeks post-instruction). Mixed-effects linear regression modelling retention

trajectories revealed:

(a) Absolute retention (percentage correct on delayed test): Scaffolded condition M = 72.4% (SD =
14.2), traditional condition M = 58.9% (SD = 16.8), representing a significant retention advantage
for scaffolded instruction (Cohen's d = 0.87, p < 0.001).

(b) Relative retention (retention index = delayed score / immediate score x 100): Scaffolded condition
M =91.2% (SD = 8.4) of learned material retained after delay, traditional condition M = 78.3% (SD
= 11.6), t(6) = 3.14, p = 0.021. This indicates superior forgetting resistance in scaffolded
environments.

(c) Forgetting trajectories (slope of retention vs. time interval): Scaffolded instruction showed slower
forgetting rate (b = -0.48 per week, 95% CI: -0.64, —-0.32) compared to traditional instruction (b
= -0.82 per week, 95% CI: —1.08, -0.56), indicating that learned concepts decay more slowly in
scaffolded contexts.

(d) Gender-by-condition-by-time interaction: Non-significant (F(1, 120) = 0.22, p = 0.64), indicating
gender-equivalent retention advantages in scaffolded conditions males and females both retained
significantly more material in scaffolded vs. traditional conditions.

These findings align with spacing effect theory: the 70:20:10 model's emphasis on distributed

experiential learning (70%) interspersed with social reinforcement (20%) and formal consolidation

(10%) produces naturally spaced, interleaved exposure to content a pattern empirically demonstrated

to enhance long-term retention (Cepeda et al., 2006).

Summary of Findings
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Meta-analytic evidence strongly supports the neutral effect hypothesis. Across multiple analytical
approaches (within-study interactions, gender-disaggregated effect sizes, mediation analyses),
results converge on the conclusion that scaffolded instruction within the 70:20:10 framework
produces gender-equivalent achievement gains (male d = 0.40, female d = 0.42) and equivalent long-
term retention advantages. The consistency of findings across countries, instructional contexts, and
assessment instruments suggests broad applicability of this approach to achieving gender equity in
science education.

Conclusion

This comprehensive evidence synthesis demonstrates that instructional scaffolding integrated within
the 70:20:10 distributed learning model provides a theoretically sound and empirically validated
approach to achieving gender equity in genetics education. Rather than requiring gender-targeted
interventions, the evidence suggests that universally designed, scaffolded, experientially grounded
instruction accessible to all learners regardless of gender produces gender-neutral achievement
outcomes while simultaneously enhancing long-term retention.

Implications

For secondary school educators in Nigeria and globally, this finding has immediate practical
significance: implementation of scaffolded inquiry-based genetics instruction, attention to time
allocation reflecting the 70:20:10 proportions, and systematic use of retrieval practice can eliminate
gender-based achievement gaps while building deeper, more durable understanding of genetic
concepts essential for further studies in biomedical and agricultural sciences.
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