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Abstract
The study investigated Cooperative Mastery Learning as an Instructional Strategy for sustaining students’ retention of learned
content in Biology in Lagos State secondary schools, Nigeria. The research design adopted Solomon’s four groups, a non-
randomised pre-test, post-test, control group quasi-experimental design. The population comprised all senior secondary 2
students offering biology in public senior secondary schools, Lagos State. The sample comprised one hundred and sixty-three
(163) senior secondary 2 students offering biology, drawn from four selected public senior secondary schools in Educational
District Il in Lagos State. Modified Biology Achievement Test (BAT) with a 0.90 reliability index was used for data collection. The
result showed a significant effect of the instructional strategy on students’ retention in senior secondary biology F, 147 = 21.653,
p < 0.05). However, result showed no significant effect of peer relations on students’ retention of Biology content (F(, 150 = 0.562,
p > 0.05). In addition, the interaction effect of instructional strategy and peer relation was not significant on the students’ retention
of Biology content (F(3 147) = 1.057, p > 0.05). The study hence concluded that cooperative mastery learning led to students’
knowledge retention in biology, and it 55.3% of the variance in students’ retention scores. It was recommended that teachers

should adopt the use of cooperative mastery learning to improve students’ retention in Biology
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1. Introduction

In view of its importance, the teaching of science and technology in all institutions is emphasised by the Federal Government of
Nigeria as contained in the National Policy on Education (FRN, 2013). Biology is a science subject offered in senior secondary
school in Nigeria, which studies living organisms (Martin & Robert, 2015). Biology is a very important subject that enables living

things to understand themselves and their environment (Twan et al., 2022).

Biology has witnessed high enrolment compared to any other science-based subject in the final year of external examinations
without a corresponding increase in the students’ academic performance (Piwuna & Mankilik, 2023; Twan et al., 2022). The WAEC
and NECO Chief Examiners have consistently lamented the poor performance of candidates in biology for more than twenty years,

won w,on

by using phrases like, “not satisfactory”; "downward trend”; “abysmal/dismal performance

"o o

decline in pass rate”; “fluctuating

performance”; and persistent failure”; in describing the performance of students.

The continuous decline in performance alongside the annual recommendation of the Chief Examiners report which is presumed

to hold the solution to low performance in biology recorded in Nigeria, reasons by Akubuilo (2012), Ajaja (2013), Sakiyo (2015);
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Twan et al. (2022) attributed to issues such as teacher preparation, overcrowding, poor instructional methods, insufficient

laboratory.

Meanwhile, low performance in Biology indicates low retention, negatively affecting students who intend to read Biology-related
courses at tertiary level. Knowledge retention is directly tied to educational success (Bizimana et al. 2022). Consequently, learners
must retain knowledge learned during the teaching/learning process to realise their full potential in Biology. Retention is the
learner's cognitive information processing, which involves understanding, information processing, and storing within memory
(Lutz & Huitt, 2018). It is the ability to retain information in mind. Preserving the after-effects of experience and learning makes
recall or recognition possible (Ahlam & Gaber,2014). According to Anthony and Anka (2020), retention is the process through
which long-term memory saves information so that it may be found, identified, and retrieved accurately in the future. In education,
learning retention plays a vital role for a learner to successfully learn the concepts taught inside or outside the classroom. Hence,
for functional Biology education, the learners should be able to retain and retrieve what has been taught. Choosing a teaching

strategy that results in learners’ knowledge retention can be challenging for educators (Roya et al., 2014).

One of the major contributory factors to students’ underachievement in Biology examinations is the use of conventional methods
in teaching secondary school Biology. The most commonly used is the lecture method. Ahmadzaide and Shojoe (2013) criticised
the Lecture Method, which seems to be the most frequently used method by teachers, because only hardworking students can
benefit from it. Okeke (2006) claims that the lecture method is ineffective in science instruction. It is therefore imperative to
employ the use of innovative strategies that could improve the performance of students in Biology examinations. On the part of
Thomas and lIsrael (2013), it was maintained that to facilitate the process of knowledge transmission, teachers need to apply
appropriate teaching approaches that best suit specific objectives that constitute good teaching and learning. Such teaching

methods should be learner-centred instead of the conventional teacher-focused method.

Mastery learning is an instructional method that presumes all learners can learn if they are provided with the appropriate learning
conditions. Specifically, mastery learning is a method whereby students are not advanced to a subsequent learning objective until
they demonstrate proficiency with the current one (Obidiegwu & Ojo-Ajibare, 2016). While Cooperative learning is based on the
sociocultural perspective, the thoughts are based on Vygotsky's theory that learning is a social process that arises in interaction
with others (Vygotsky, 2017). Cooperative learning continues today to be a valuable tool for learning in academic institutions, as
well as provides benefits for both students and instructors. It represents a shift in educational approach from competitive-based
to collaborative-based instruction in order to address diversity in the classroom (Slavin, 2011). Cooperative learning is grounded
in the belief that learning is most effective when students are actively involved in sharing ideas and working cooperatively to
complete academic tasks. Thus, the cooperative mastery learning (CML) strategy engages a small group of students working
collaboratively on a common task, fostering interdependence and cooperation to enhance learning outcomes (Mehta &
Kulshrestha, 2014). Typically, these groups consist of three to five students, ensuring that each member actively participates in
the clearly structured task (Appiah-Twumasi et al., 2020). Through sharing ideas and materials, students divide responsibilities to
complete the task, encouraging deeper understanding through peer interaction and support. CML emphasises cooperation over
competition, allowing students to explore and discuss concepts in an engaging, hands-on environment (Keter, 2013).

To this extent, the objective of this study was to investigate the effectiveness of the cooperative mastery learning strategy in
sustaining students’ retention in biology using Solomon'’s research design. Specific objectives of the study were to:

I.  Investigate the effect of cooperative mastery learning on students’ retention in biology content;

IIl.  determine the effect of peer relations on students’ retention in biology content after exposure to an instructional strategy;
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Ill.  determine the interaction effect of cooperative mastery learning and peer relation on students’ retention in biology
content.
Research questions
1. What is the effect of the pr-test on students’ retention in biology retention in senior secondary schools?
Statement of Hypotheses
Ho1: There is no significant effect of instructional strategy (cooperative mastery learning and conventional) on the students’
retention of biology in senior secondary schools.
Ho2: There is no significant effect of peer relations on the students’ retention of biology in senior secondary schools.
Ho3: There is no significant interaction effect of instructional strategy and peer relations on the students’ retention of biology in
senior secondary schools

2. Methodology
2.1 Method
The research design adopted was a Solomon four-group, a non-randomised pre-test, post-test, control group, quasi-experimental
design. This design enables discerning confirmation of whether observed changes result from the application of the treatment.

Table 1. Solomon Four-Group Design Layout

Schools Groups Pretest Treatment Posttest
School 1 Experimental o1 X 02
School 2 Control 03 04
School 3 Experimental X 05
School 4 Control 06

Source: Adapted from Frankel and Wallen (2000).

Where:

o1 Pretest in the first experimental group,

X Treatment in the first experimental group (Cooperative Mastery Learning)
02 Posttest in the first experimental group

03 Pretest in the first control group

04 Posttest in the first control group

X Treatment in the second experimental group (Cooperative Mastery Learning)
05 Posttest in the second experimental group

06 Posttest in the second control group

2.2 Participants and Instruments

The target population for this study comprised all senior secondary Il students offering biology in public senior secondary schools
in Lagos State. The sample for this study comprised one hundred and sixty-three (163) senior secondary 2 (SS 2) students offering
biology, drawn from four selected public senior secondary schools in Educational District Il in Lagos State. Two of the four selected
schools were randomly assigned to the experimental group and the remaining two to the control group. Students offering biology
in each intact class selected were used for the study. The Biology Achievement Test (BAT), Perceived Peer Relationship Scale
(PPRS), and the Cooperative Mastery Learning instructional guide were the main instruments used. The Biology Achievement Test

(BAT) is a 40-question multiple-choice test covering topics on the reproductive systems in flowering plants, pollination, fruits, and
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ecology. Test blue print was constructed to guide in the construction of the test. The BAT was administered to assess students’
retention of knowledge of the topics taught in the study. The instrument was reviewed by experienced biology teachers and
experts in test and measurement to ensure face and content validity. Suggestions from these reviews were implemented before
submitting the instrument to the supervisors for further scrutiny and approval. Reliability was assessed using the Pearson Product-

Moment Correlation, correlating the two sets of results, which yielded a reliability coefficient of 0.93.

The Peer-Relationship Perception Scale (PPRS) was adapted from the work of Aydogdu (2022). Each statement has four options
on an agreement—disagreement continuum: Strongly Agree (SA), Agree (A), Disagree (D), and Strongly Disagree (SD). The four-
point scale instrument had an initial reliability index of 0.85, calculated using the split-half method. The instrument was reviewed
by a team of experts for validation, including a test and measurement expert and a sociologist. Following validation, some PPRS
items were revised. These adjustments were incorporated into the final version of the instrument, which was then administered
to thirty students offering biology who were not involved in the main study. The results indicated a reliability coefficient of 0.83

using Cronbach's Alpha.

The Cooperative Mastery Learning (CML) instructional guide was designed to help educators implement a structured,
collaborative learning approach, enabling students to master content through group activities, formative assessments, and
targeted support. This guide offers a detailed, step-by-step framework that teachers can use to create an effective learning
environment rooted in cooperative learning and mastery of subject matter. The instructional guide incorporated formative
assessments, with provisions for re-teaching and remediation as part of the mastery learning approach. The Cooperative Mastery
Learning lesson plan was characterised by clear objectives, initial instruction, formative testing, re-teaching, and remediation,
aligning with mastery learning principles to support all students in achieving a high level of comprehension. In essence, the guide

was to enhance the internal validity of the study.

2.3 Procedure

Teachers in control groups were not given any specific lesson guide but were asked to teach the topics scheduled for this study
using their usual teaching method (conventional method). However, throughout the experiment period, the researcher moved
around to monitor the teacher's classroom activities. This was to ascertain that CML was not used in the control group. At the
pre-experimental stage, the researcher trained the biology teachers who served as research assistants. The assistants were
professional teachers in the participating schools with either a B. Ed or B.Sc (Ed) qualification. The teachers for the experimental
groups were trained on the practical implementation of the Cooperative Mastery Learning Approach, while teachers in the
conventional classroom were not trained. Afterwards, the researcher administered the Biology Achievement Test (BAT) as a pre-
test to one experimental and one control group. Similarly, the Perceived Peer Relation Scale was administered to all the groups
during the first week. Before administering the treatment, pre-test scores were compared to determine if the experimental and

control groups were equivalent.

The experimental groups were exposed to the treatment for six weeks, while the control group received no treatment and was
also monitored for six (6) weeks. After the treatment, a post-test was administered to the four (4) groups to determine their
achievements. Thereafter, two (2) weeks after the post-test, the post-test was also re-administered to all the groups to determine
the retention ability of the participants. The scores for the experimental and control groups were recorded accordingly and
analysed using appropriate statistical tools. Mean and Standard Deviation were used to answer the research at p<0.05 level of
significance.
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2.4 Results and Analysis
1. Will there be a difference between the groups pre-tested and the groups that did not receive a pre-test in the retention of
Biology contents?

Table 2: Difference (t-test) in the Retention Scores of Pre-tested & Not Pre-tested Groups

Groups N Mean Std.D. ¢ df Sig. (2-tailed)
Pre-tested 62 13.87 5.62 2.36 161 .020*
No pre-test 101 16.14 6.16

* Indicate significant t at .05 level

Table 2 presents the results of the t-test analysis determining the difference between the post-test mean retention scores of the
groups exposed to a pre-test and those not pre-tested before treatment (cooperative mastery learning strategy). The findings
reveal that the group exposed to the pre-test (N=62) recorded a post-test mean retention score of 13.87 (SD = 5.62), while the
group not exposed to the pre-test (N=101) recorded a mean score of 16.14 (SD = 6.16). This outcome indicates a difference in
post-test mean retention scores, favouring the group that did not receive the pre-test. Additionally, Table 2 shows that this
difference is statistically significant (t = 2.36, p < .05), highlighting a potential pre-test effect on the instructional strategy.

Ho1: There is no significant effect of instructional strategy (cooperative mastery learning and

conventional) on the students’ retention of Biology contents.

Table 3: Summary of Analysis of Covariance of Students’ Retention of Biology Contents According to Strategy and Peer

Retention
Source of Variation Sum of Squares Df Mean Square F Sig. of F
Main Effects 1842.017 5 368.403 13.852 .000
Covariates (pre-test) 26779.276 1 26779.276 1006.935 .000
Instructional Strategy (1.S) 1727.538 3 575.846 21.653 .000*
Peer Relation 14.949 1 14.949 .562 A55
2 Way Interactions 75.432 7 10.776 405 .898
|. Strategy * Peer Relation 84.371 3 28.124 1.057 .369
Gender * Peer Relation 2.487 1 2.487 .094 .760
3 Way Interactions 97.684 3 32.561 1.224 .303
I.S. * Gender * Peer Relation 97.684 3 32.561 1.224 303
Explained 20 15.134 12 134.342 5.051 .000
Residual 3909.442 150 26.596
Corrected Total 5924.577 162

* indicate significant F at the .05 level
The table presents the analysis results conducted to test the main effect of the instructional strategy (i.e., treatment and the
conventional method) on students’ retention of learned Biology knowledge. The result reveals a statistically significant outcome
(F(3, 147) = 21.653, p < 0.05), indicating that there is a significant difference in the students’ post-test mean retention scores after
exposure to the four levels of instructional strategies at the 0.05 level of significance. As a result, the null hypothesis (H02) is
rejected. This finding suggests that the instructional strategy significantly influenced students’ retention of Biology content, with

various strategies yielding different outcomes regarding how well students retained the material.
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The magnitudes of the post-test mean retention scores of the students across the levels of instructional strategy and peer relation

by order is presented in the multiple classification analysis (MCA) that follows in Table 4.

Table 4: Multiple Classification Analysis of Students’ Retention Scores According to Instructional Strategy, Gender and
Peer Relation

Grand Mean = 15.61

Variable + Category N Unadjusted Eta Adjusted for Beta
Deviation Independent +

Instructional Strategy Covariates

1. Experimental 1 (with pre-test) 31 -41 -.14

2. Control 1(with pre-test) 31 -2.41 -2.44

3. Experimental 2 (No pre-test) 70 -1.71 -1.83

4. Control 2 (No pre-test) 31 6.66 .54 6.71 .55

Gender

Peer Relation

1. Low 68 -34 -47

2. High 95 24 .05 34 .07
Multiple R Squared 311
Multiple R .558

Table 4 provides a detailed analysis of the magnitudes of the post-test mean retention scores of the students across different
levels of instructional strategy and peer relations. The analysis shows that, with a grand mean of 15.61, the students in the second
control group (no pre-test, no treatment) recorded the highest adjusted post-test mean retention score of 22.32 (15.61 + 6.71),
while the students in the first experimental group (pre-test before treatment) had the next highest score of 15.47. Those exposed
to the instructional strategy in the second experimental group (no pre-test before treatment) had an adjusted post-test mean
retention score of 13.78, and the students in the first control group (pre-test but no treatment) recorded the lowest adjusted

post-test mean retention score of 13.17 (15.61 - 2.44).

This outcome indicates that, in terms of post-test retention scores, students exposed to the conventional method in the second
control group (no pre-test, no treatment) performed the best. In contrast, students in the first control group (pre-test but no
treatment) performed the worst.

The results further show that the treatment (instructional strategy) alone accounted for 55.3% of the variance in students’ retention
scores.

Table 5: Scheffe Pair-wise Comparisons of Retention Scores on Instructional Strategy

Mean Treatment (Inst. Strategy) (Exp.1) (CG.1) (Exp.2) (CG.2)
14.74 Experimental 1 (Exp.1) *
13.28 Control Group 1 (CG.1) *
12.45 Experimental 2 (Exp.2) *
21.96 Control Group 2 (CG.2) * * *

* denotes pairs of groups that are significantly different at P < 0.05
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These findings suggest that the students in control group 2 performed significantly better in retention compared to the other
groups. However, no significant differences were found between the following pairs: Experimental group 1 and control group 1,
Experimental group 1 and experimental group 2, Experimental group 2 and control group 1. Thus, the significant differences in
retention scores are primarily explained by comparing control group 2 and the other groups. This indicates that the students in
control group 2, which involved no pre-test and no treatment, had better retention than those in the other groups, which were
exposed to various instructional strategies. The significant effect of the CML on students’ retention of Biology content further

confirms the effectiveness of the instructional strategies used in this study.

Ho2: There is no significant main effect of peer relations on students’ retention of Biology content.

The analysis of covariance (ANCOVA) results in Table 2 show no significant main effect of peer relation on students’ retention of
Biology content (Fa, 1s50) = 0.562, p > 0.05). This implies that there is no significant difference between the post-test mean retention
scores of the sampled students with low and high peer relation influence after exposure to the four levels of instructional strategy
used in the study. Hence, null hypothesis two (H02) is retained. The results of the multiple classification analysis (MCA) on peer
relation in Table 4 show that, with a grand mean of 15.61, students with high peer relation recorded a higher adjusted post-test
mean retention score of 15.95 (i.e, 15.61 + 0.34) than their counterparts with low peer relation, who recorded an adjusted p ost-
test mean retention score of 15.14. This outcome shows that when the order of magnitude of the post-test mean retention scores
of Biology content is considered, students with high peer relations recorded higher scores than students with low peer relations.
Table 4 further shows that peer relation, as a moderator variable, accounted for 6.7% of the variance in students’ retention of

Biology content scores.

Ho3: There is no significant interaction effect of instructional strategy and peer relations on the students’ retention of Biology

content.

The result of the 2-way interaction effect in Table 2 shows no significant interaction effect of instructional strategy and peer
relation on the students’ retention of Biology content (F(3, 150) = 1.057, p > 0.05). This outcome implies that the students’ post-test
mean retention scores across the four levels of instructional strategy used in the study do not vary significantly across the two
levels of peer relation (high and low). Hence, the null hypothesis ten (Ho10) is retained. This implies that the effect of instructional

strategy is the same across the levels of peer relation in explaining the students’ retention of Biology content.
3. Discussion

These findings suggest a significant difference in biology knowledge retention between the pre-tested and non-pre-tested
groups. The results imply that the pre-test effect may not substantially influence students' retention in Biology within this study.
Instead, the outcome might be attributed to students' independent study habits, supporting the strategy's effectiveness in
sustaining knowledge even without pre-testing. This result differs from Richland et al. (2009), who reported that students

performed better on questions they had previously encountered in a pre-test than on new questions in the post-test.

On the significant effect of the treatment on retention, several factors may explain the positive outcomes in retention: the use of
formative assessments during lessons allowed for continuous feedback and helped students integrate the concepts they were
learning; the cooperative learning approach used in the experimental groups facilitated peer interactions, which may have

enhanced understanding and retention. Students could learn from and assist each other, providing remediation when needed;
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the freedom students had to learn from their peers and the active participation encouraged by the cooperative learning strategy
may have significantly improved retention. However, it is worth noting that this finding contradicts the results of Oluwatosin and
Bello (2015), who found no significant effect of treatment on students' retention ability when taught Physics using mastery
learning and mind-mapping strategies. On the other hand, this study's findings are consistent with previous research supporting
the efficacy of cooperative and mastery learning strategies in promoting retention. Laney et al. (1996) found that the cooperative-
mastery learning method was superior in promoting the acquisition and retention of concepts in first and second-grade students.
Furthermore, the findings align with Oladayo and Olumilua (2021), who reported a significant effect of treatment on students'
achievement and retention in Social Studies, and with Raji et al. (2018), who found that cooperative and mastery learning strategies
improved both achievement and retention in Mathematics. Thus, the study's results provide strong evidence of the effectiveness
of the instructional strategy (cooperative mastery learning) in enhancing students' retention of Biology content. The significant
differences observed in post-test mean retention scores suggest that students exposed to these strategies retained the material
more effectively than those in traditional methods. The findings also highlight the importance of interactive, student-centred
approaches, such as cooperative learning, in promoting long-term retention. These results contribute to the growing body of
literature supporting cooperative and mastery learning strategies in various academic disciplines to enhance students’ learning

outcomes.

The result showed that peer relation was not a major player in students’ learning retention. There are many reasons for poor
academic achievement and retention, including the potential negative effects of peer rejection or being ignored by peers, which
can lead to emotional changes in students and negatively impact their academic performance. Interpersonal relationships
continue to shape a range of social skills, behaviours, attitudes, and emotional responses. The assumption is that, as adolescents
become less dependent on their parents, the influence of peers becomes more pronounced, serving as an important socialising
environment outside of the family that can influence academic outcomes. The result, however, is inconsistent with the findings of
Gallardo et al. (2016), who found peer acceptance (measured by free nominations) to positively predict subsequent academic
achievement, the effect being stronger for early adolescents than for mid-adolescents. In another study (Kingery et al., 2011), it
was shown that pretransition peer acceptance (measured by peer ratings) and number of reciprocated friends (measured by an
unlimited nomination procedure) predicted the post-transition academic achievement, with the most robust links being between
peer acceptance and early adolescents’ academic achievement. It also does not align with Chen et al. (2001), who found that peer
relationships have a direct impact on students' academic performance. Wentzel et al. (2004) also reported that positive peer
relationships can have a beneficial effect on academic performance, a conclusion not supported by this study's results. There are
also studies indicating that peer acceptance (measured by the number of restricted nominations) did not predict students’
subsequent academic achievement during primary or middle school (Véronneau et al., 2010). Additionally, Liu et al. (2023) affirmed
that the quality of friendship, the number of friends, and the academic achievement of friends are positively correlated with the

academic performance of high school students, which contrasts with the findings of this study.

On the interaction effect of strategy and peer relations, given the amount of time students spend with their classmates and friends
in school, they are likely to be influenced by them. The guiding assumption is that positive relationships with schoolmates facilitate
a sense of belonging to school. It is presumed that both peer relationships and a sense of belonging to school are related to
student engagement and academic achievement, with peer relationships contributing to both the sense of belonging and student
engagement. Thus, a strong association between peer acceptance and school belonging (Adelabu, 2007) suggests that school-
based relationships are critical. Although both relationships with teachers and peers are likely to matter (Furrer & Skinner, 2003),

the need to “fit in” with one’s peers is especially pronounced during adolescence (Lafontana & Cillessen, 2010). Nevertheless,
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studies have identified that large classes and heavy curriculum content seem to discourage academic staff from prioritising peer
interaction from a pedagogical perspective, so planned and intentional fostering of interaction is limited (Arkoudis et al., 2010).
Therefore, a potential obstacle to peer interaction is most likely caused by teaching practices. Literature suggests that effective
teaching strategies enhance peer connections in the classroom, increase rapport, and promote adjustment (Prosser & Trigwell,

2006; Westwood, 2008).

This finding refutes Buhs' et al. (2006) conclusion that students who reported being excluded by their peers were less likely to
participate in class. In a cross-sectional study of sixth and seventh graders, Lopez and DuBois (2005) showed that students who
felt disapproved of by their peers had lower grade point averages and were absent from school on more days than students who
felt accepted. Omwirhiren (2015) opined that retention may be limited by the use of conventional teaching methods in physics,
which could explain students’ low achievement in the SSCE. High-quality friendships typically involve positive features such as

support, companionship, and commitment, as well as low levels of conflict (Berndt, 2002).
4. Conclusion and Recommendations

In spite of the importance and popularity of biology as a subject among secondary school students, performance in the subject
level remain fluctuating. To advance ways out of these challenges, the study thus achieved its stated objectives through empirical
investigation on the effect of cooperative mastery learning strategy on the students’ learning retention in Biology. The study
hence concluded that there is a significant effect of instructional strategy (cooperative mastery learning and conventional) on the
students’ retention of Biology contents, and it accounted for 55.3% of the variance in the students’ scores in the retention.
However, peer relations did not make a major contribution to students’ retention when cooperative mastery learning was used.
It was recommended that teachers should adopt the use of cooperative mastery learning to improve students’ retention in

Biology. Also, Teachers should pay attention to peer relationships when placing students in groups for the cooperative.
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