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ABSTRACT

This study examined the effect of the Jigsaw collaborative learning strategy on senior secondary
school students’ achievement in Biology, and tested whether the effect was moderated by gender. A
quasi-experimental, pre-test post-test non-equivalent control group design was adopted, drawing on
a larger factorial intervention conducted in public secondary schools in Ibadan South West Local
Government Area, Oyo State. Intact SS2 classes were assigned to a Jigsaw condition (n = 45) and a
conventional lecture condition (n = 42), and both groups were taught the topic of Ecology over a six-
week period. Achievement was measured with a 40-item Ecology Achievement Test (EAT) drawn from
past senior school certificate examination items, with internal consistency established using the
Kuder-Richardson 20 formula. Data were analysed using analysis of covariance (ANCOVA), with pre-
test scores as the covariate. Students taught with the Jigsaw strategy recorded a substantially higher
post-test mean (M = 70.20, SD = 8.12 ) than their counterparts in the conventional group (M =
55.40, SD = 8.47), and the difference was statistically significant when prior achievement was
controlled. The main effect of gender and the strategy by gender interaction were not statistically
significant. The findings indicate that the Jigsaw strategy is an effective and equitable approach for
raising achievement in senior secondary Biology, and they support a shift from lecture-dominated
routines towards structured, accountable peer teaching. Implications for classroom practice, teacher
professional development and curriculum policy are discussed.
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1. INTRODUCTION

Biology occupies a central position in the Nigerian senior secondary curriculum because it underpins
entry into medicine, agriculture, biotechnology and a wide range of health-related careers, and
because it contributes to the scientific literacy a society needs to respond to public health, food
security and environmental challenges (Nwachukwu et al., 2024). Despite this importance,
performance in the subject has remained persistently weak. Reports from national examining bodies
consistently document low pass rates and recurrent difficulty with explanation of mechanisms,
interpretation of diagrams and application of concepts, rather than mere recall (Aina, 2022; West
African Examinations Council, 2025). This pattern suggests that the dominant instructional culture,
in which the teacher transmits content and learners receive it passively, does not adequately support
the depth of understanding that the subject demands.

A large body of research attributes part of this underachievement to the continued reliance on
conventional, teacher-centred methods, and recommends a shift towards student-centred,
collaborative approaches in which learners construct understanding through structured interaction
(Fashola & Okoro, 2023; Pius & Anidu, 2023). Among these approaches, the Jigsaw strategy has
attracted sustained attention. Originally developed in the early 1970s (Cochon Drouet, Lentillon-
Kaestner, & Margas, 2023), Jigsaw divides a topic into complementary subtopics, assigns each
subtopic to an “expert” group for focused study, and then recombines learners into home groups in
which each member teaches the others the portion they have mastered. The design compels every
learner to explain, question and integrate ideas, and it distributes responsibility for learning across
the group rather than concentrating it in the teacher.

The strategy is theoretically anchored in Johnson and Johnson’s (2022) social interdependence
theory, which holds that collaborative goal structures generate promotive interaction, in which
learners encourage and assist one another, whereas competitive and individualistic structures do
not. When positive interdependence is combined with individual accountability, group members
invest in one another’s understanding because their own outcomes depend on it. Jigsaw
operationalises these conditions directly: a learner cannot complete the task without teaching peers
and being taught by them, and brief individual checks make each member’s contribution visible.
Johnson and Johnson (2022) similarly observed that well-structured group learning improves
achievement when accountability is built into the design.

Empirical evidence from Nigerian and African classrooms is broadly consistent. Quasi-experimental
studies in Anambra and Awka South reported higher Biology achievement for students taught with
Jigsaw than for those taught conventionally, attributing the gains to role clarity, guided expert
preparation and pacing controls that protect time for explanation (lbeh & Okigbo, 2024; Okafor &
Boh, 2025). Work in Niger State found significant advantages for Jigsaw Il over conventional
teaching on selected Biology concepts (Kanko & Samuel, 2022), and a recent quasi-experimental
evaluation of the lJigsaw model reported comparable gains alongside improved engagement
(Kebede, Zema, Geletu, & Zinabu, 2025). Studies that examined gender, including evidence from
Gombe, commonly report no significant differences between male and female learners under Jigsaw
when participation is deliberately balanced and contribution remains visible (Ahmed, Pam, & Umar,
2025).
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Two gaps motivate the present study. First, although the benefits of collaborative learning are well
documented in general terms, much of the Nigerian evidence compares a single collaborative
method against lecture in conditions that are not always typical of ordinary, large, mixed-ability public
school classrooms, which limits the practical guidance available to teachers (Jinadu & Aderemi,
2025). Second, questions persist about whether the strategy benefits male and female learners
equitably under routine conditions, since participation patterns in mixed classes can shape
measured achievement. The present study therefore examined the effect of the Jigsaw strategy on
senior secondary students’ achievement in Biology in public schools in Ibadan South West Local
Government Area, and tested whether that effect was moderated by gender.

1.1 Statement of the Problem

Despite the central role of Biology in equipping learners with scientific literacy and preparing them
for health- and science-related careers, students in many Nigerian secondary schools continue to
perform below expected standards. Persistent weaknesses in explaining mechanisms, interpreting
diagrams, applying concepts, and sustaining understanding over time suggest that routine
lecture-dominated instruction may not sufficiently support deep learning. Although cooperative
learning strategies such as Jigsaw, Think-Pairs-Share, and Group Investigation have been shown to
enhance participation, reasoning, and retention, their classroom use remains inconsistent, and their
relative contributions to Biology achievement in typical school conditions are not clearly established.
Additionally, questions remain about whether these strategies benefit male and female learners
equitably, especially in large, mixed-ability classes where participation patterns can influence
measured achievement. The lack of structured comparison across these strategies, together with
limited evidence from ordinary school contexts, creates uncertainty for teachers seeking reliable,
practical methods to strengthen performance in Biology. Therefore, there is a need to examine the
effects of Jigsaw, Think-Pairs-Share, and Group Investigation on secondary school students’
academic achievement in Biology, as well as to determine whether gender influences learning
outcomes under these strategies. This will provide evidence-based guidance for improving
instructional practice and enhancing students’ achievement in the subject.

1.2 Aim and Objectives of the Study
The aim of this study is to determine the effect of collaborative learning techniques on the Biology
achievement of senior secondary school students in Ibadan South West Local Government Area. The
specific objectives are to:
1. determine the main effect of collaborative learning techniques on scores in Biology
achievement of senior secondary school students.
ii. determine the main effect of gender on Biology achievement of senior secondary school
students.
iii. determine the interaction effect of collaborative learning techniques and gender on Biology
achievement of senior secondary school students.

1.3 Scope of the Study

This study is delimited to senior secondary school students offering Biology in selected public
secondary schools. The focus is on Senior Secondary School Il (§S2) students because they have
received foundational instruction in Biology and are adequately positioned to participate in
structured collaborative learning activities.
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The study population consists of intact classes within the chosen schools, and the investigation is
limited to the instructional periods assigned for Biology within the school timetable. Findings from
this study therefore apply to learners in similar public school contexts, class sizes, and curriculum
structures. Content-wise, the study is limited to the Ecology content of Senior Secondary School
Biology curriculum, specifically covering topics such as ecosystems, biodiversity, food chains, food
webs, and environmental interactions, as outlined in the Nigerian Educational Research and
Development Council (NERDC) curriculum.

The study covers three collaborative learning techniques lJigsaw, Think-Pair-Share, and Group
Investigation and the conventional method as the comparison strategy. The variables examined
include the main effect of collaborative techniques on students’ Biology achievement, the effect of
gender on achievement, and the interaction effect of strategy and gender on learners’ performance.
The study focuses solely on achievement scores obtained from standardized Biology test items
developed for the intervention and does not extend to affective or psychomotor outcomes.
Conclusions are therefore limited to the relationships among instructional strategy, gender, and
academic achievement in Biology.

1.4 Hypotheses
The following null hypotheses will be tested at 0.05 level of significance:

Hol: There will be no significant difference in the Biology achievement of senior secondary school
students across instructional strategies (collaborative learning techniques and the conventional
method).

Ho2: There will be no significant difference in the Biology achievement of senior secondary school
students by gender.

Ho3: There will be no significant interaction between instructional strategies and gender on the
Biology achievement of senior secondary school students.

2. THEORETICAL FRAMEWORKS

2.1 Social Constructivism Theory

Vygotsky's sociocultural theory and subsequent constructivist scholars (Chand, 2023; Leiberman &
Kizis, 2026) argue that learning is mediated by social interaction in which language and cultural
tools enable students to construct meanings through dialogue that makes thinking visible and open
to critique. The classroom becomes a community where knowledge is jointly produced and
negotiated, with talk and writing serving as cognitive tools rather than mere displays of recall
(Saleem et al., 2021). Vygotsky's Zone of Proximal Development justifies scaffolding that is gradually
withdrawn as competence grows, including guiding questions, sentence starters, and worked
explanations that model disciplinary language (Chand, 2023). Language is a primary mediational
tool, so explicit attention to vocabulary and causal structures reduces barriers to participation and
improves written responses (lbanez & Pentang, 2021).
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Social constructivism is not unstructured discovery but designed interaction with explicit roles,
norms, and quality criteria that remain accountable to disciplinary standards (Amerstorfer & von
Munster-Kistner, 2021), although classroom practice does not always keep pace with this policy
ideal (Habte, Bishaw, & Lechissa, 2021). In large classes, brief individual checks tethered to group
work ensure understanding is attributable to each learner and provide formative data for responsive
instruction (Morris, Perry, & Wardle, 2021). Tasks should foreground explanation and evidence
rather than recall, with visual supports such as diagrams and process maps making relations explicit
and providing shared referents for talk (Yu et al., 2023). Feedback must be dialogic and frequent,
with sentence frames guiding students to evaluate explanations against standards of mechanism
and clarity so that independent reasoning becomes more precise (Morris, Perry, & Wardle, 2021).

2.2 Social Interdependent Theory

Johnson and Johnson (2022) explain that positive interdependence among learners produces
promotive interaction in which students help one another and give constructive explanations, while
negative or no interdependence produces competitive or individualistic behavior. The theory treats
cooperation not as an attitude but as a property of task design, assessment, and classroom norms in
which individual contributions relate to group goals (Castillo-Rodriguez, 2022). Promotive interaction
is the mechanism through which positive interdependence yields achievement, as learners explain
ideas, challenge reasoning, and provide feedback that supports mastery of shared goals (Johnson &
Johnson, 2022). Individual accountability is a non-negotiable complement to positive
interdependence so that cooperation does not mask uneven understanding; Johnson and Johnson
(2022) note that teachers can sample individuals for short oral probes or brief written checks tied to
group goals.

Role interdependence is created when tasks require complementary functions such as explainer,
questioner, and evidence finder, while resource interdependence is engineered when information or
representations are distributed so no single student holds all materials (Cochon Drouet, Lentillon-
Kaestner, & Margas, 2023). Group processing requires teams to reflect on how well they used roles,
adhered to norms, and supported one another's learning, and to identify concrete improvements for
the next cycle (Stanczak et al., 2022). Equity is central to the theory because, according to Johnson
and Johnson (2022), positive interdependence coupled with accountability prevents domination by a
few voices and ensures gains are distributed across learners who differ by confidence or prior
knowledge. The theory aligns with cognitive considerations because, as Sweller (2023) notes,
interdependence structures reduce extraneous load by clarifying roles and sequencing, thereby
freeing working memory for germane processing during explanation.

2.3 Cognitive Load Theory

Sweller (2023) proposes that successful learning depends on how instructional design distributes a
learner's limited working memory resources across intrinsic, extraneous, and germane load, with
achievement improving when unnecessary processing is minimized and productive processing is
amplified. Recent pedagogy developed by Chen, Retnowati, Castro-Alonso, Paas, and Sweller (2023)
recommends segmenting long explanations into short, timed phases that reduce split attention,
signaling to draw attention to critical features of diagrams, and using worked examples that model
disciplinary language and can be faded as fluency grows.
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Consalvi, Ouwehand, and Paas (2024) argue that teachers should avoid decorative images or
tangential anecdotes that consume attention without supporting explanation and should prefer
streamlined text pointing directly to causal relations. Inclusive adaptations recommended by Chand
(2023) suggest designing for variability in attention, language, and executive control by presenting
single clean diagrams with short verbal descriptions and sentence frames that model how to justify
claims. Environmental controls such as minimizing simultaneous demands and providing predictable
time windows reduce extraneous load that would consume working memory during explanation
(Sweller, 2023). According to Cochon Drouet, Lentillon-Kaestner, and Margas (2023), retrieval
practice including one item exit prompts functions as low load events that are diagnostic and
consolidate memory, with spacing across weeks protecting cumulative topics from rapid forgetting.
For inquiry and group routines, Duran et al. (2022) recommend lowering extraneous burdens while
preserving disciplinary reasoning by providing short explicit milestones, compact data displays, and
shared success criteria. Finally, Sweller (2023) suggests that if students struggle, teachers should
ask whether difficulty arises from the concept itself, from confusing materials, or from missing
practice; improvement begins by removing clutter, tightening sequences, and adding brief
explanation prompts and retrieval events.

3. RESEARCH METHODS

3.1 Participants

Participants were senior secondary two (SS2) students offering Biology in public secondary schools
in Ibadan South West Local Government Area, Oyo State, Nigeria. SS2 students were selected
because they have completed foundational Biology instruction and are positioned to take part in
structured collaborative activities. Intact classes were used to preserve the natural classroom setting
and avoid disruption to school timetables. The analytic sample for this study comprised 87 students:
45 in the Jigsaw group and 42 in the conventional control group. The wider study from which the
sample is drawn included 216 students and was approximately balanced by gender, with female
students forming a slight majority, reflecting the natural composition of the participating classes
rather than any deliberate selection.

3.2 Materials

Achievement was measured with the Ecology Achievement Test (EAT), a 40-item multiple-choice
instrument with options lettered A to D. The items were drawn from senior school certificate
examination past questions and mapped to the Ecology content taught during the intervention,
including ecosystem components, food chains and food webs, and energy flow. The instrument
contained a demographic section and the test items. Content validity was established through expert
review by Biology educators, who judged the items for coverage, clarity and appropriateness to the
syllabus. Reliability was estimated using the Kuder-Richardson 20 formula, with an acceptable
internal consistency coefficient of at least .70. Parallel pre-test and post-test forms were equated for
difficulty through piloting and expert judgement. Lesson plans for the Jigsaw and conventional
conditions standardised content coverage and time on task across groups.
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3.3 Design

A quasi-experimental, pre-test post-test non-equivalent control group design was adopted, as random
assignment of individual students was not feasible within intact classes. The independent variable
was instructional strategy (Jigsaw versus conventional), the moderator variable was gender (male,
female), and the dependent variable was Biology achievement measured by the EAT post-test. Both
groups were pre-tested in the second week, taught the same Ecology content for four weeks, and
post-tested in the sixth week. The Jigsaw group was taught through expert and home group routines
with guiding questions, peer teaching and brief individual checks, while the conventional group was
taught the same content through teacher explanation, board illustration and question-and-answer.

3.4 Data Analysis

Data were analysed using descriptive statistics (means, mean gains) and analysis of covariance
(ANCOVA). The pre-test served as the covariate to adjust for any initial differences between the non-
equivalent groups. The main effect of strategy was tested using the omnibus ANCOVA from the wider
study, and the focal contrast between the Jigsaw and conventional groups was examined using
Bonferroni-adjusted pairwise comparison. The main effect of gender and the strategy by gender
interaction were tested within the same factorial model. Hypotheses were tested at the 0.05 level of
significance.

4. RESULTS

Table 1. Pre-test and Post-test Achievement Means for the Jigsaw and Conventional Groups

Group N Pre-test M SD Post-test M SD l(\g/l;&:}n
Jigsaw 45 41.90 7.84 70.20 8.12 28.30
Conventional 42 41.60 7.91 55.40 8.47 13.80

Note. Scores are expressed as percentages of the 40-item Ecology Achievement Test (EAT). Mean
gain = post-test M — pre-test M.

Table 1 shows that the two groups began the intervention at a comparable level, with pre-test means
of 41.90 (SD = 7.84) for the Jigsaw group and 41.60 (SD = 7.91) for the conventional group. After
the intervention, the Jigsaw group reached a post-test mean of 70.20 (SD = 8.12), compared with
55.40 (SD = 8.47) for the conventional group. The corresponding mean gains were 28.30 and
13.80, a difference of more than fourteen points in favour of the Jigsaw strategy.
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Figure 1: Pre-test and post-test achievement means for the Jigsaw and conventional groups.
Table 2. Analysis of Covariance for Achievement by Instructional Strategy

Source SS Df MS F Sig.
Strategy (Method) 2486.35 3 828.78 124.62 .000
Pre-test (covariate) 398.42 1 398.42 59.84 .000
Error 1403.56 211 6.65

Note. F-values are from the omnibus factorial analysis from which this contrast is drawn.

As shown in Table 2, the main effect of instructional strategy on achievement was statistically
significant, F(3, 211) = 124.62, p < .05, with the pre-test covariate also significant, F(1, 211) =
59.84, p < .05. The Bonferroni-adjusted pairwise comparison confirmed that the Jigsaw group
significantly outperformed the conventional group, with an adjusted mean difference of 14.80 points
(p < .001). The first null hypothesis is therefore rejected: the Jigsaw strategy produced significantly
higher Biology achievement than the conventional method when prior achievement was controlled.

The main effect of gender on achievement was not statistically significant, F(1, 211) = 1.58, p =
.210, and the strategy by gender interaction was likewise not significant, F(3, 211) = 0.82, p = .482.
The second and third null hypotheses are therefore retained. These results indicate that male and
female students achieved at comparable levels and that the advantage of the Jigsaw strategy did not
depend on gender. Table 3 provides the structure for the gender-disaggregated means within the
Jigsaw and conventional groups.

Table 3. Post-test Achievement Means by Strategy and Gender

Group Male M Male SD Male n Female M geDmaIe Female n
Jigsaw 70.80 8.05 23 69.57 8.23 22
Conventional 55.90 8.51 21 54.90 8.43 21

Note. Cell means are post-test scores expressed as percentages of the 40-item EAT. The non-
significant gender main effect, F(1, 211) = 1.58, p = .210, and strategy x gender interaction, F(3,
211) =0.82, p =.482, are from the factorial ANCOVA.
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Table 3 shows that within the Jigsaw group, male students obtained a post-test mean of 70.80 (SD =
8.05, n = 23) and female students obtained a mean of 69.57 (SD = 8.23, n = 22), a difference of
1.23 points. Within the conventional group, male students obtained a mean of 55.90 (SD =8.51,n =
21) and female students obtained a mean of 54.90 (SD = 8.43, n = 21), a difference of 1.00 point.
The near-parallel pattern of small gender gaps across both conditions is consistent with the non-
significant interaction.

4. DISCUSSION OF FINDINGS

The study set out to determine whether the Jigsaw collaborative learning strategy improves senior
secondary students’ achievement in Biology, and whether any such effect is moderated by gender.
The results provide a clear answer to the first question. Students taught with Jigsaw achieved
markedly higher post-test scores and more than double the mean gain of students taught
conventionally, and the difference remained significant after adjusting for prior achievement. This
finding aligns with social interdependence theory, which predicts that collaborative structures
combining positive interdependence with individual accountability generate the promotive
interaction that drives learning (Johnson & Johnson, 2022). In Jigsaw, the requirement that each
learner teach a subtopic forces the kind of explanation and elaboration that examiners repeatedly
find lacking in Biology scripts (West African Examinations Council, 2025).

The result is consistent with prior Nigerian and African evidence. The magnitude and direction of the
effect echo studies in Anambra, Awka South and Niger State that reported Jigsaw advantages over
conventional teaching (lbeh & Okigbo, 2024; Kanko & Samuel, 2022; Okafor & Boh, 2025), and with
a recent quasi-experimental evaluation of the Jigsaw model (Kebede et al., 2025). The convergence
across different states, samples and instruments strengthens confidence that the design features
that travel well, namely structured expert preparation, accountable peer teaching and brief individual
checks, are the active ingredients rather than novelty or teacher enthusiasm alone.

The absence of a significant gender effect, and of a strategy by gender interaction, indicates that the
Jigsaw strategy benefited male and female students comparably. This supports the gender
similarities hypothesis (Cantley & McAllister, 2021) and is consistent with parity findings reported for
collaborative routines when participation is deliberately balanced (Ahmed et al., 2025). The practical
reading is encouraging: a well-implemented Jigsaw classroom does not appear to advantage one
gender over the other, so teachers can adopt it without concern that it will widen gender gaps in
achievement.

These findings carry several implications. For classroom practice, they support a deliberate move
away from lecture-dominated routines towards structured peer teaching with clear roles, guiding
questions and short accountability checks. For teacher professional development, they suggest that
workshops should rehearse the specific routines of Jigsaw, including expert group preparation and
home group teaching, rather than promoting group work in the abstract. For curriculum policy, they
reinforce the case for embedding collaborative strategies in the senior secondary Biology curriculum
and providing the materials and class arrangements that make them feasible in large classes.
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Several limitations should temper interpretation. The quasi-experimental design used intact classes,
so unmeasured class-level differences cannot be excluded, although the pre-test covariate adjusts
for initial achievement differences. The intervention was relatively short and focused on a single
topic, Ecology, so generalisation to other Biology strands should be cautious. Achievement was
measured immediately after the intervention; because retention was not assessed, the durability of
the gains is unknown. Finally, the study was confined to one local government area, which bounds its
external validity. Future research should examine retention over time, extend the intervention across
multiple topics, and replicate the design in other settings.

5. CONCLUSION

The lJigsaw collaborative learning strategy produced significantly higher achievement in senior
secondary Biology than the conventional lecture method, and it did so equitably across male and
female students. The strategy’s structured combination of expert preparation, accountable peer
teaching and individual checks appears to convert classroom participation into measurable
attainment. Teachers, teacher educators and curriculum planners should therefore prioritise the
adoption and faithful implementation of Jigsaw, supported by appropriate training and classroom
resources, as a practical means of strengthening performance in a subject of national importance.
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