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Abstract

The study aims to examine the effect of instructional strategy (Problem-Based Learning,
Inquiry Method and Lecture Method) on retention ofithe knowledge of the concept of Ecology
among secondary school Biology students in L[&x@fe Local Government Area, Rivers State.
The design for the study was quasi-experinigntal_A-sample of 143 Biology students were
selected from a population of 3,217 compﬁkﬁﬁgmnales and 70 females. These students
were selected from three (3) different schools using purposive sampling technique. The two
research questions were answered with mean and standard deviation. Analysis of Covariance
was used to test the two hypotheses formulated at 0.05 level of significance. The research
instrument title Basic Ecology Retention Test was developed and deployed for the study. The
instrument scored a reliability of 0.83 when subjected to Kuder-Richardson 21 formula. The
study found out that the retention of knowledge of Ecology concepts was highest in students
taught using Problem-Based Learning and was followed by those taught using Inquiry Method,
the least retention of knowledge of Ecology concepts was those taught with lecture method.
Also, there is no significant effect of gender on students’ retention of knowledge of Ecology
concept. Therefore, this study recommended that Biology teachers be encouraged to use
Problem —Based —Learning and Inquiry Method to teach the concept of Ecology in schools.
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Introduction

The word "retention" has its roots in Latin. Retention (noun) comes from: Retentio (Latin noun)
meaning "a holding back" or "keeping"; Retinere (Latin verb) meaning "to hold back" or "to
keep"; Prefix re- (Latin) meaning "back" or "again"; Tenere* (Latin verb) meaning "to hold".

(Meta AL 2024).

Retention as Knowledge Recall, can be described as the ability to recall and retrieve learned
information over time (Cepeda et al., 2020). Retention can also be seen as is the persistence of
learning over time, including the ability of one to apply learned concepts . (Ambrose et al.,

2020). With retention, a students can easily transfer learned concepts to new situations and
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contexts (Perkins, 2020). Retention is a critical educational learning outcome which is
evidence when the students are able to apply learned knowledge." (National Academy of

Sciences, 2023).

Retention can be categorized as Short-term Retention that is recall of information immediately
after instruction and Long-term Retention that is recall of information after a significant period
(days, weeks, months) (Cowan, 2008). Transfer Retention that is application of learned
concepts to new situations. By understanding retention in education, educators can develop
effective strategies to enhance student learning, improve academic achievement, and promote

lifelong learning.

Research in cognitive psychology highlights the importance of knowledge retention in
academic contexts. The cognitive load theory, for instance, suggests that the retention of
knowledge reduces cognitive overload, allow}p_.g ie;}rners to allocate mental resources more

efficiently (Sweller, 2020). t
l‘ ES

Studies have consistently shown that knowle ge retentlon reflects a strong predictor of
academic performance in students. This include both the male and female students. On
influence of gender on students’ retention of the knowledge of Ecology concepts, Regina
(2021), found out that the IBL approach enhances gender parity as it is concerned with students’
retention in Biology. Obasi and Olaniyan (2020) worked on Gender based retention of Biology
content using scaffolding instruction and found that female students had a higher retention

scores than the male students at the initial stage of learning.

To promote effective knowledge retention, educators can employ various strategies, such as:
Spaced repetition (Cepeda et al., 2020); Active recall (Roediger & Karpicke, 2020); Summative
assessments after formative assessments (Wiggins & McTighe, 2020; Hmelo-Silver, 2020).

Ecology is an interesting concept of Biology as it has to do with the study of living things and
its environment. With the importance of this topic, students' performance and retention in
Ecology have remain unsatisfactory, and it is worrisom (WAEC, 2023). Retention is a critical
component of academic learning, influencing cognitive development, academic performance,
and long-term outcomes. The instructional methods used during instruction, could contributes

to the students’ performance and retention.

The traditional lecture-based approach dominates science teaching and which leads to passive

teaching and learning. Research has shown that innovative teaching strategies, such as
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Problem-Based Learning (PBL) and Inquiry method, could enhance students' engagement,
motivation, and understanding, when retention is achieved. Strategies have been effective in
improving science education outcomes globally. Adonye and Avwiri, (2025) on the effects of
instructional strategy on Physics students’ academic performance in secondary schools in
Rivers State, found out that flex Instructional strategy used by the instructor had a significant
effect on the mean performance of students in Physics. While Thus, the strategy used by

teachers in the teaching and learning is very crucial.

Problem-Based Learning (PBL) strategy is student-centred educational strategy that involves
students working in groups to explore real-world problems or scenarios, fostering critical
thinking, creativity, and problem-solving skills (Salvin-Baden & Major, 2022). (PBL) is an
instructional strategy that involves presenting students with real-world problems or scenarios,
encouraging critical thinking, collaboration, and problem-solving. Students work in groups to
identify, analyze, and propose solutions, there@dd?%lopmg essential skills in critical thinking,
collaboration, communication, creativity adfﬁﬁ}l@i’-ﬁolvmg

Problem-Based Learning can be implemented by identifying learning objectives, designing a
problem or scenario, forming student groups, providing necessary resources, guidance, and
feedback. Problem-Based Learning could improve performance and retention by developing
critical thinking and problem-solving skills, enhancing collaboration and teamwork (Yuan et
al.,2008). By incorporating Problem-Based Learning strategies, educators can create engaging,
challenging, and relevant learning experiences that could improve students’ performance and

retention.

Inquiry Method is a student-centred strategy that is carried out with a view of finding solutions
and answers to educational problems. (Lunn Brownlee et al., 2022). Students formulate
questions, design investigations, collect data, analyse results to develop deeper understanding

and critical thinking.

Understanding the concept of male, female and gender in educational organizational is crucial,
for promoting performance and retention. Gender is the degree of muscularity and femininity
present in a human being. The male has the XY Chromosomes and dominance of testosterone
while the female has the XX chromosomes and oestrogen/progesterone dominance (World
Health Organization, 2024). However, this definition is evolving to accommodate diverse

masculinities and gender identities. Similarly, female typically describes individuals’ assigned
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female at birth, often characterized by XX chromosomes and oestrogen/progesterone
dominance. This definition is also expanding to encompass diverse femininities and gender
expressions. Research highlights the importance of considering gender dynamics in promoting

performance and retention.

Considering the effect of Instructional Strategies (Problem-Based Learning, Inquiry method
and Lecture method) on students’ retention of knowledge of Ecology concepts, Usman et al
(2023), studied the effectiveness of STEM Problem-Based Learning as an inquiry approach on
secondary school student’s performance in Biology at government-owned secondary schools
in Kebbi State, Nigeria. The study revealed that STEM Problem-Based Learning (STEM-PBL)
have a significant and favourable impact on students' Biology achievement and the approach
is more effective than the conventional approach in enhancing students’ retention in Biology.
Akpan and Udofia (2020) investigated the effect of Problem —based Learning on students’

retention of biological knowledge in Akwa IbQ\Sg{e and discovered that there is a significant
improvement in students retention when coﬂfﬂﬁ:}l Qltge control group. Ogunyemi and Salami
(2021) worked on Problem Based Learning strategy and the influence on retention of
knowledge in Human Physiology at the senior secondary school in Lagos State. The study
revealed that the problem based learning significantly maintained a higher scores during the

delayed test.

Fatima and Mohamed (2017), studied the effect of Guided Inquiry teaching method on senior
secondary school Biology students’ academic achievement and retention in Yola education
zone, Adamawa State, Nigeria. The study found out that students taught with guided inquiry
method had a significantly higher academic achievement than those taught with lecture method
while those taught with lecture method retained Biology concepts more than those taught with

guided inquiry method.

Statement of the Problem

The performance of Biology students in past WAEC results have shown low performance
according to WAEC Chief Examiners’ report for 2019-2024. May be, there are misconceptions
that needs to be clarified in the teaching and learning of the concept of Ecology. What could
be the reason for this poor academic performance by student? Do the students retain what they
have learnt ? Teacher- centred approaches have dominated secondary school classrooms in
Nigeria. Could it be the Instructional strategy used by the teachers during lesson instruction?

Could the use of Problem-Based Learning and Inquiry methods improve students’ retention in
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Ecology? Therefore, this study is out to investigate the effect of Problem-Based Learning and
Inquiry strategies on secondary school Biology students' retention of knowledge of Ecology

concepts in Ikwerre Local Government Area (L.G.A), Rivers State.

Aim and Objectives of the Study

The study investigated the effect of instructional strategy (Problem-Based Learning, Inquiry
method and lecture method) on the retention of the knowledge of Ecology concepts among
secondary school Biology students in Ikwerre Local Government Area, Rivers State. In specific

terms, the study sought to:

1. investigate the effect of instructional strategy (Problem-Based Learning, inquiry
method and lecture method) on students’ retention of the knowledge of Ecology
concepts;

@
2. ascertain the influence of gender on s‘qﬁe@é’ retention of the knowledge of Ecology

concepts. t‘:i—\ e

Fesj.ory
Research Questions
The following research questions were raised to guide this study:
1. What is the mean retention difference in Ecology among students taught using problem-

based learning, those taught using inquiry method and those taught using lecture method?

2. What is the mean difference in retention of knowledge of Ecology concepts between male

and female students?
Hypotheses

The following null hypotheses were formulated and were tested at 0.05 level of significance in

the study.

1. There is no significant difference in retention among students taught Ecology concepts
using problem-based learning, those taught using inquiry method and those taught using

lecture method.

2. There is no significant difference in retention between male and female students taught

Ecology concepts.

Methodology
The study adopted the quasi-experimental design. The population of the study consisted of all

the students in senor secondary school one (SSS 1) in Ikwerre Local Government Area of
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Rivers State. The population of the students at the time of the study, was 3,217 senior
secondary one (SSS 1) Biology students in all the seventeen (17) public secondary schools in
Ikwerre Local Government Area of Rivers State. 3 secondary schools were purposefully
selected for the study. The schools have qualified teachers, standard laboratory and have
presented students for WEAC for the past five years. The schools and participants were further
distributed into two experimental groups and a control group. In each school, an intact class
was selected randomly for the study. 73 males and 70 females totaling 143 students were used

for this study.

A validated research instruments with a reliability coefficient of 0.81 obtained using Kuder-
Richardson 21 formula, tagged “Basic Ecology Retention Test” (BERT) was developed by the
researcher. It is a 50 multiple choice questions containing four options (A,B,C and D) with
only one option as correct the other three were thq distracters. Each correct answer carries 2
marks giving a total of 100%. The 1nstmmenL\a ‘Sed to collect data from the students after
the pre-test performance test and the post- tetf ﬂ&j@ﬂ]{@ce test have been given to the students.
Data collected were analysed using descriptive statistics of mean, standard deviation and
Analysis of Covariance (ANCOVA). The hypotheses were tested at 0.05 level of significance.
The experimental group were taught using the Problem Based Learning and Inquiring method.

While the control group was taught with lecture method.
Results

Research Question 1: What is the mean difference in Ecology among students taught using
problem-based learning, those taught using the inquiry method and those taught using lecture
method?

Table 1: Mean and Standard Deviation of Students’ Retention of Knowledge Classified
by Instructional Strategy.

Instructional_Strategy Posttest Post Mean
posttest Difference
Problem-Based Learning Mean 28.22 25.38 2.84
N 55 55
Std. Deviation 5.290 5.201
Inquiry Method Mean 20.40 18.32 2.08
N 53 53
Std. Deviation 6.292 5.291
Lecture Method Mean 18.06 16.11 1.95
N 35 35
Std. Deviation 4.589 4.086
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Table 1 shows the mean and standard deviation of students’ retention of knowledge of Ecology
concepts using Problem-Based Learning, Inquiry Method, and Lecture Method. The results
indicated that students taught Basic Ecology Concepts using Problem-Based Learning had
mean difference of 2.84, those taught using the Inquiry Method had a mean difference of 2.08,
while those taught with Lecture method had mean difference of 1.19. The finding of the study
therefore revealed that the retention of knowledge of Ecology concepts was highest in students
taught using Problem-Based Learning, followed by those taught using Inquiry Method, while
those taught using Lecture Method had a least retention of knowledge of Ecology concepts and

so the least retention of knowledge of Ecology concepts.

Research Question 2: What is the mean difference in retention of knowledge of Ecology

concepts between male and female students? f,j;
s } &Y

Table 2: Mean and Standard Deviation tﬁjﬁg’ Retention of Knowledge Classified
by Gender. *

Gender Posttest Post Mean
Posttest Difference

Female Mean 22.23 20.99 1.24

N 70 70

Std. Deviation 7.337 8.039
Male Mean 23.41 22.29 1.12

N 73 73

Std. Deviation 6.698 6.580

Table 2. shows the mean and standard deviation of students’ retention of knowledge of Ecology
concepts with respect to gender. It was indicated that female students taught Basic Ecology
Concepts had mean difference of 1.24, while male students had mean difference of 1.12. The
finding of the study therefore revealed that the students irrespective of the gender showed
retention of knowledge of Ecology concept. However, the retention of knowledge of Ecology

concept in Females was slightly higher than in Males.

Hypothesis 1: There is no significant difference in retention among students taught Ecology
concepts using problem-based learning, those taught using inquiry method and those taught

using lecture method.
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Table 3: Summary of ANCOVA of Students’ Retention of Knowledge Classified by
Instructional Strategy Using Post-test Scores as a Covariate.
Dependent Variable: Post post-test scores on application

Source Type I df Mean F Sig. Partial
Sum Square Eta
of Squares

Squared

Corrected Model 6956.097% 3 2318.699 473.677 0.000 0911

Intercept 71.720 1 71.720 14.651 0.000 0.095

Posttest 2803.652 1 2803.652 572.745 0.000 0.805

Instructional 314.304 2 157.152 32.104 0.000 0.316

_Strategy

Error 680.420 139  4.895

Total 74666.000 143

Corrected Total 7636.517 142

a. R Squared = .911 (Adjusted R Squared =.909) _

Table 3 shows that F, ;39 = 32.104,p = Q.‘Q,Q(giﬁ 05), therefore the null hypothesis is
rejected. This indicates that there is mgnﬂt&gékg&:g of instructional strategy on students’
retention of knowledge of Ecology concepts. A partial eta-squared value of 0.316 for
instructional strategy indicates a very large effect of instructional strategy on students’
retention on knowledge of Ecology concepts. Students taught Ecology using Problem-Based
Learning, Inquiry Method and Lecture Method improved in retention of knowledge of Ecology
concepts. To know the direction of the significance difference, a Post Hoc analysis is done
using Bonferroni.

Table 4: Post Hoc Analysis of Students’ Retention of Knowledge Classified by
Instructional Strategy Using Post-test as a Covariate.

(D Instructional (J) Instructional Mean Std. Sig.P 95%
Confidence Interval
_Strategy _Strategy Difference Error

for Difference®
(I-J) Lower Upper
Bound Bound

Problem Based Inquiry Method  3.735* 0.501 0.000 2.520 4.949
Learning
Lecture Method  4.049* 0.589 0.000 2.622 5476
Inquiry Method Problem Based -3.735% 0.501 0.000 -4.949 -2.520
Learning
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Lecture Method 0.315 0.488 1.000 -.869 1.498
Lecture Method Problem Based -4.049* 0.589 0.000 -5.476 -2.622
Learning
Inquiry Method -315 0.488 1.000 -1.498 .869

is significant at the .05 level.
b. Adjustment for multiple comparisons: Bonferroni.

Table 4 shows that Problem-Based Learning has the highest significant mean difference (I - J)
when compared to Inquiry Method (3.735) and Lecture Method (4.049). This indicates that
students taught Ecology using Problem-Based Learning, showed the highest gain in

performance.

Hypothesis 2: There is no significant difference in retention between male and female students
taught Ecology concepts.
Table 5: Summary of ANCOVA of Stude,;fts?{{etentmn of Knowledge Classified by

Gender Using Post-test Scores as a Cova?&y o
Dependent Variable: Post post-test score ‘ﬁﬁpﬂﬂgtlon

Source Type 1 df Mean F Sig. Partial Eta
Sum of Square Squared
Squares

Corrected Model 6642.600* 2 3321.300 467.828 0.000 0.870

Intercept 4.108 1 4.108 0.579 0.448 0.004

Posttest 6582.027 1 6582.027 927.123  0.000 0.869

Gender 0.807 1 0.807 0.114 0.737 0.001

Error 993.917 140  7.099

Total 74666.000 143

Corrected Total 7636.517 142

a. R Squared = .870 (Adjusted R Squared = .868)

Table 5 shows that F; 140 = 0.114,p = 0.737(p > 0.05), therefore the null hypothesis is
retained. A partial eta-squared value of 0.001 for instructional strategy indicates a very small
effect of instructional strategy on students’ retention of knowledge of Ecology concept. This
indicates that there is no significant difference between the male and female students’ retention

of the knowledge of Ecology concept.

Discussion
The effect of instructional strategy (Problem-Based Learning, Inquiry Method and Lecture
Method) on students’ retention of the knowledge of Ecology concepts. The results of this study
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indicated that students taught Basic Ecology Concepts using Problem-Based Learning had the
highest mean score difference for retention of knowledge of concepts of Ecology. This could
be that the nature of Problem-Based Learning involves more solution-oriented processes of
analysis and synthesis. Inquiry Method had the second highest mean score difference for
retention of knowledge of the concepts of Ecology also presumable due to the fact that it also
embraces higher cognitive or mental processes of analysis and synthesis. While those taught
with Lecture method had the lowest mean score difference. This could be that Lecture method

do not deeply engage in higher cognitive or mental processes.

This indicates that students taught Ecology using Problem-Based Learning, showed the highest
gain in performance. The finding of the study therefore revealed that the retention of knowledge
of Ecology concepts was highest in students taught using Problem-Based Learning, followed
by those taught using Inquiry Method, while those,taught using Lecture Method had a mean
lose in retention of knowledge of Ecology ié‘\ci{s and so they had the least retention of
knowledge of Ecology concepts. tf es J Org

The present research is corroborated by the work of Usman et al (2023), who found out that
STEM Problem-Based Learning (STEM-PBL) have a significant and favourable impact on

students' Biology achievement and that students in the experimental group retained more

Biology information compared to the control group. This study also indicates that there is a
significant effect of instructional strategy on students’ retention of knowledge of Ecology

concepts when the students taught Ecology using Problem-Based Learning

This indicates that students taught Ecology using Problem-Based Learning, showed the highest
gain in retention. This agrees with the work of Akpan and Udofia (2020) Ogunyemi and Salami
(2021) who found out that there is a significant improvement in students retention when taught

with Problem Based Learning instruction.

Moreover, this study also indicated that female students taught Basic Ecology Concepts had a
slightly higher mean difference than the male students. The work also agrees with Obasi and
Olaniyan who found that the female students had a higher retention scores than the male
students at an initial stage of learning. This could be that the female had more interest in the
topic and also pays more attention in class. The finding of the study, therefore revealed that
there is no significant difference between the male and female students in their retention of the

knowledge of Ecology concept when taught using PBL.
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Conclusion

The study was able to establish the effect of Problem-Based Learning and Inquiry Method on
the retention of knowledge on Ecology concepts in secondary school students in Ikwerre

L.G.A. Rivers State.

This research shows that both PBL and IM can enhance retention, but with varying degrees of
effectiveness. For Retention, the use of PBL as instructional strategy showed more significant

retention of the concept of Ecology in the students.

In conclusion, both Problem-Based Learning and Inquiry Method are effective instructional
strategies for promoting retention of knowledge of Ecology concepts among senior secondary

school students, however, PBL enhanced retention more in the students.

Recommendations

@
1. Science teachers should employ the ﬁo@gin-Based Learning Method as much as
o=

possible in the teaching of scientiﬁctﬁ%m Ecology.
tow

2. Teaching resources should be channe ards the effective of Problem-Based
Learning.
3. The teacher should consider gender when using Problem based learning in order to

carry all the students along during teaching and learning.
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