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Abstract

This study investigated the comparative effectiveness of Problem-Based Learning (PBL) and Lecture-Based Learning (LBL) in the
teaching of redox reactions to Senior High School students in Ghana. The central objective was to examine which of the two
pedagogical approaches yields better achievement outcomes, as measured by students’ mean scores in knowledge, comprehension, and
application of redox concepts. The study was designed to provide evidence for determining which method is more suitable and
effective for enhancing learning in chemistry classrooms, particularly for abstract and challenging concepts such as redox reactions. A
pure experimental design was adopted, involving 36 Senior High School chemistry students who were randomly assigned to two
groups: the PBL group (experimental) and the LBL group (control). Both groups were assessed through a series of pre-tests, immediate
post-tests, and delayed post-tests. These assessments were carefully structured to capture three levels of learning outcomes: knowledge
recall, conceptual comprehension, and application of redox principles. The use of the t-test helped establish the level of equivalence
between the groups and to determine the statistical significance of observed differences in performance. While both groups
demonstrated similar prior knowledge, students taught through PBL consistently achieved higher performance across knowledge,
comprehension, and application of redox principles in both immediate and delayed assessments. These results indicate that PBL
promotes deeper understanding and longer-lasting learning compared to the traditional lecture approach. These findings provide robust
evidence that PBL enhances not only short-term learning gains but also long-term retention of redox concepts. By engaging students in
problem-solving activities and encouraging active participation, PBL allows learners to develop a more meaningful understanding of
abstract chemical processes compared to the traditional lecture approach, which often emphasizes rote memorization. Educationally,
the findings highlight the value of learner-centered strategies in improving students’ mastery of abstract chemistry concepts. By
actively engaging students in problem-solving and critical thinking, PBL supports meaningful learning rather than rote memorization.
The study therefore underscores the need for chemistry teachers and curriculum developers to adopt PBL approaches to enhance
conceptual understanding, retention, and problem-solving skills at the Senior High School level.
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1. Introduction

Science education has attained an enviable position in
schools across the world, including Ghana. It is especially
crucial at the senior high school level, where science educa-
tion can serve three primary purposes [8]. Firstly, it equips
students with knowledge, preparing them for advanced stud-
ies in science [5, 27]. Secondly, it helps them comprehend the
practical applications of science, preparing them to enter the
technological workforce and pursue careers in related fields [4,
10]. Thirdly, it fosters scientific literacy, allowing students to
apply theoretical knowledge to solve everyday problems [5].
This aim can be realized when students are engaged in chal-
lenging science lessons in ways that promote deep conceptual
understanding, where knowledge of scientific principles leads
to comprehension and the ability to apply these concepts to
real-world scenarios [16].

Science education not only provides explanations for
significant phenomena in the natural world but also ad-
dresses numerous issues facing modern society [25]. De-
veloped nations, which have excelled in science and tech-
nology, emphasize the im-portance of science education as a
foundational element for their economic and technological
advancement [8]. The knowledge gained through science
education drives invention, innovation, and development,
which are essential for human progress. For countries, es-
pecially those in development, prioritizing science and
technology is key to improving the quality of life and ad-
vancing economic and social development [24]. The goals of
science education aim to foster a harmonious relationship
with the environment and lay a solid foundation for future
scientific studies through the development of both cognitive
skills and application [8].

To achieve this, science educators must employ teaching
methods that enhance students' comprehension of science and
enable them to apply in their learning [31]. The 2007 and 2010
editions of Ghana’s integrated science syllabus emphasize
promoting conceptual understanding and problem-solving
skills, crucial for scientific inquiry [24]. One key approach is
to develop critical thinking and problem-solving abilities, as
well as communication skills, among students [18, 19]. These
skills are essential for not only mastering scientific concepts
but also for transferring knowledge from theory to practice
[11].

However, one of the challenges that persist is students’
difficulties with conceptualizing and applying scientific
concepts. For instance, educators have identified redox reac-
tions particularly as a challenging topic [2]. Students often
struggle to comprehend electron transfer and apply this un-
derstanding to solve real-world problems [12]. Misconcep-
tions, such as the belief that oxygen is always present in redox
reactions, hinder the students' ability to accurately apply their
knowledge [26]. Such challenges highlight the gap between
theoretical knowledge and practical application, a gap that

36

must be bridged for students to become effective prob-
lem-solvers [14]. The low standards of science education and
the difficulties in applying theoretical knowledge to real-life
contexts have been a cause for concern. Many Senior High
School graduates find it challenging to solve work-related
problems using their scientific understanding, which is partly
due to the lecture-based teaching method prevalent in many
schools. The integrated science syllabus calls for a shift from
rote learning to methods that foster problem-solving and the
development of critical thinking [24].

2. Problem-Based Learning Verse
Lecture-based Learning

The lecture-based method of teaching has been one of the
most traditional and widely used forms of instruction in ed-
ucational settings in Ghana [5]. Despite the increasing inte-
gration of technology and more interactive teaching methods,
the lecture remains a central component of education at var-
ious levels, from primary to higher education. Lecture-based
teaching (LBL) has been found to encourage passive learning,
where students memorize facts without developing a deeper
comprehension of those facts [23]. This has led to concerns
about the effectiveness of lectures in fostering critical think-
ing and application of knowledge [20]. A potential solution to
this problem, is Problem-Based Teaching method (PBL), an
approach that promotes active learning by situating problems
at the core of the teaching process. PBL encourages students
to collaborate and develop solutions, fostering the application
of their knowledge and comprehension of science concepts
[22]. Through this method, students engage in the collection
and analysis of data, make observations, and draw conclu-
sions, which enables them to see the relevance of scientific
concepts in addressing real-world issues [3]. Research sup-
ports the efficacy of PBL, showing that it leads to better per-
formance outcomes, particularly in chemistry [9]. This
method, by promoting experiential learning, allows students
to move from knowledge acquisition to comprehension and
application, effectively bridging the gap between theory and
practice [17].

In chemistry, learners need to actively construct their own
personal awareness and meaning. Procedures following are
critical in learning concepts like balancing of redox equation,
finding solubility of substances and others which according to
Taber [28]. are perceived to be difficult for most Senior High
science students. Problem-based learning is a teaching
method characterized by using problems as a context for
students to develop problem solving and collaboration skills
in small groups while learning conceptual content [30]. The
teacher's role in this approach is to facilitate the grouping
process and instruction [13]. Several work in using prob-
lem-based method of teaching have been carried out among
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researchers across the world. In Gunter & Alpat [15]. studies
on the impact of problem-based learning on the academic
achievement of students in electrochemistry, a notable dif-
ference in scores was found between students in the PBL and
LBL groups, with the former showing a significant advantage.
A recent work by Al-Najjar et al., [7] in their study on Prob-
lem-Based Teaching (PBL) Versus Lecture based Teaching
(LBL) in Nursing Students, concluded that PBL encourages
productive group collaboration while also boosting active
learning and fostering critical thinking skills. It was found out
by Adu-Gyamlfi, et al [1] that, weak instructional strategies by
teachers are one of the causes of poor performance of students
in chemistry questions related to redox reaction in WASSCE
exams. They therefore recommended that teachers should
select the most appropriate strategies when teaching students
to increase understanding.

The study was guided by the following objectives: Deter-
mine the variance in average scores of the PBL and LBL in the
immediate post-test on the redox reaction achievement test;
Determine the difference between the mean score in the redox
reaction achievement test of the PBL and LBL on the addi-
tional post-test; To assess whether there exists a notable dif-
ference among students' mean scores of the students in
knowledge, comprehension, and application regarding a re-
dox reaction achievement test.

3. Methods and Materials

The use of appropriate teaching methodology is one of the
important factors that can enhance the achievement of the
aims of science education in Ghana, for instance, enquiry and
problem-based approach of teaching which make science
lessons activity-based and learner-centered [8]. The use of
more practical than theory in the teaching of science would be
effective. Teaching science demands access to advanced
practical and suitable instructional resources, which may not
be readily available to many educational systems in devel-
oping countries. Educators in such nations must innovate in
their teaching methods to enhance comprehension and stim-
ulate students' interest in science. As the education paradigm
is shifting towards more practical approach, teachers have to
find ways of practicalizing the teaching of science using lo-
cally and readily available low-cost materials. Performing of
activities and developing skills in science should be encour-
aged in the process of science teaching rather than the tradi-
tional way of memorization and reasoning. One major factor
for poor performance among learners in science is the abstract
manner in which scientific concepts are taught in the class
room [6]. Figure 1 illustrates the use of problem-based and
lecture-based approaches in teaching learners how to balance
redox equations, and ascertaining their effectiveness towards
learner understanding.

Experimental

Pre-test Implementation Immediate Delayed
Group —_— of the PBL | Post-test — Post-test
/ y
PBL vs LBL Compared mean results
in teaching . Knowledge
Redox . Comprehension
Reaction . Application
\. Pre-test Implementation Immediate Delayed
- of the LBL —*| Post-test " Post-test
Control
Group

Figure 1. PBL vs LBL in teaching Redox Reaction.

In this study, a conceptual framework outlines the process
for evaluating the effectiveness of Problem-Based Learning
(PBL) in an experimental group and Lecture-Based Learning
(LBL) in a control group. The framework integrates a series of
steps: pre-test, intervention, immediate post-test, and an ad-
ditional post-test to assess learning outcomes over eight-week
period.

Pre-test: Before the intervention, both the experimental and
control groups took a pre-test to assess their baseline
knowledge and understanding of the subject matter. This step
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ensured that any differences in outcomes could be attributed
to the intervention rather than pre-existing knowledge dis-
parities.

The experimental group experienced the intervention us-
ing Problem-Based Learning. PBL focuses on stu-
dent-centered learning where learners tackle complex
problems, enhancing critical thinking, collaboration, and
practical application of knowledge. The control group re-
ceived the traditional Lecture-Based Learning approach,
where content is primarily delivered through instructor-led
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lectures, and students engage less in problem-solving or
collaborative activities. This phase aims to provide data on
how each teaching method influences students' understand-
ing and skill development. Right after the intervention, both
groups will take an immediate post-test. This test measures
how well the students have grasped the content following the
specific teaching method they underwent. After some time
has passed, an additional post-test will be administered to
assess the retention and long-term learning effects. This
post-test is designed to evaluate whether the skills and
knowledge gained through PBL or LBL have been retained
and applied effectively over time.

4. Research Design

The philosophical stand point of this research was positiv-
ism, which employs the quantitative research approach for the
study. The pure-experimental design (pre-test/post-test con-
trol group design) was used, because the study was to inves-
tigate a situation where the classes were not intact and random
selection was possible. The pre-test/post-test control group
design was used because the study attempted to investigate
the impact of two teaching approaches (PBL approach and
LBL approach) on two similar groups (control and experi-
mental). The diagram below illustrates the pre-test/post-test
control group design of the pure-experimental design.

E .
xpemnem:a]] Pre-test Implementation Immediate . Delayed
Group E— of the PBT . Post-test | Post-test
Compared
Mean Results
Control _
Pre-test Implementation Immediate Delayed
Group » of the LBET — Post-test — Post-test
 —

Figure 2. Pre-test/post-test control group design of the pure-experimental design.

4.1. Population, Sample and Sampling
Techniques

The target population for the study was three Public Senior
High Schools in the Bunkpurugu-Nakpanduri district. How-
ever, the accessible population was 36 first-year, second-year
and third-year chemistry learners in Bunkpurugu Senior High
Technical School. This school was purposively chosen due to
its proximity to the researcher. Besides the proximity, the
school was also selected because of; (a) the challenges the
school has with teaching methodology concerning the teach-
ing redox reaction (b) willingness of the school to accom-
modate the study, (c) availability of enough chemistry learners
in the science classes (at least 13 students in each class).
Thirty-six, 36 learners were randomly selected using the
Krejeie and Morgan table for selecting sample size. The 36
learners were further randomly grouped into 18 learners each
for the control group and the experimental group. The random
selection into the control and experimental groups was done at
the year levels in order to avoid the chances of one class going
into one of the design groups. Each group had equal number
of first, second and third years.

38

4.2. Treatment of the Two (2) Groups

Before the teaching, both groups received a pre-test (Rel-
evant Previous Knowledge Test) to check how much prior
knowledge the students already possessed. The test took about
forty-five minutes. Then, the PBL group students were sepa-
rated into groups. As per Lohman and Finkelstein [21], stud-
ies indicate that very small student groups (three individuals
or less) attain learning outcomes more efficiently than me-
dium or large groups. Taking this concern, in this study stu-
dents were grouped into three and were given a guide devel-
oped by the researcher to be used to solve the problems in
Redox equations during the lesson. In order to respect time
and also to make use of technology, the teacher introduced the
lesson by stating the objectives of the lesson after which the
class was guided though the theory of redox reaction. Here,
the definition of basic concepts such as reaction, oxidation
and their examples were given. The teacher then guided the
class on how the guide will be used to balancing redox equa-
tions using with the aid of power point presentation since the
teacher had an in-depth knowledge in computer application in
education. The students searched through the list of reactions
given them and identified those that were redox after which
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they identified the medium by which those reactions were
taking place. They then solved the equations using the steps
stated in the guide. The students then shared with their fellows
from other groups by stating any step they discovered that was
not found in the guide.

On the other hand, those students who were under lec-
ture-based learning were taught according to the text books.
Questioning was employed, but the class was strongly re-
quested not to interact with each other once 60-minutes les-
sons begin. This approach is mostly used by chemistry
teachers in Ghanaian senior high schools.

4.3. Research Instruments

Data from the students were gathered using a pre-test, an
immediate post-test, and additionally delayed post-test. Each
test item consisted of a 10-item based on the first three (3)
ranks of the Blooms’ taxonomy i.e., knowledge, compre-
hension and application. Each of the test consisted of three
knowledge-based questions, three comprehension-based
question and four application-based questions based on the
principles of balancing of Redox reaction. All the tests were
compiled by the researcher based on the same principles of
Redox reaction. The pre-test called Relevant Previous
Knowledge Test (RPKT) was used to assess students’ prior
knowledge and difficulties in balancing Redox reaction
before the interventions. The short-term impact of the stu-
dents on the concept was assessed using the Redox Equation
Concept Test (RECT), conducted immediately after the
study. The post-test also called Redox Equation Achieve-
ment Test (REAT) was used a month later to evaluate the
long-term impact of the two methods of teaching balancing
of redox reactions. Each of the test items consisted of ten (10)
test items of unbalanced redox equations. Five marks was
rewarded to correct and complete answer, with a total score
of fifty (50) marks.

4.3.1. Validity of the Instrument

Content validity is the process of determining if a test ac-
curately represents a relevant universe or domain of content.
The tests items were therefore distributed to some Senior
Chemistry Lecturers in the Department of Science Education,
CK TEDAM University of Technology and Applied Science
and a Senior High School chemistry teacher with several
years of experience to determine its validity.

4.3.2. Reliability of the Instrument

To determine the reliability of the instruments for this study,
the three instruments were pilot-tested in Bunkpurugu Senior
High School in the North East Region of Ghana using 40
Agric science students and the reliability analysis was per-
formed. The reliability coefficients of these three instruments
are summarized in Table 1:
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Table 1. The reliability Coefficients of the Three Research Instru-
ments.

Variable Cronbach alpha
Pre-test (RPKT) 0.75
Immediate post-test (RECT) 0.77
Additional Post-test (REAT) 0.78

Before commencing the study, the research protocol was
submitted to and reviewed by an institutional ethics review
board to ensure compliance with ethical standards. Any con-
cerns raised by the board was addressed before data collection
began. All participants in the study were fully informed about
the nature and purpose of the research. Consent forms clearly
explained the research objectives, the voluntary nature of par-
ticipation, and the procedures involved. Participants were given
the opportunity to ask questions before they agreed to take part.
They were informed that they can withdraw from the study at
any time without any negative consequences. When it comes to
privacy and confidentiality, all participants were ensured that
personal information and data collected during the research will
be anonymized to protect participant identities and all data will
be securely stored in encrypted files, and access will be limited
to authorized personnel only. Data will be retained for the du-
ration of the study and destroyed after the research findings are
published or as per the institution’s data retention policy.

4.4. Data Analysis

T-test was the main statistic for analysis but much attention
was paid to the mean score and the p-values hence these have
been reported accordingly. The means were compared in
tables to analyze both the short- term and long -term effects on
problem-based teaching and lecture-based teaching. The in-
dependent T-test was utilized once more. Two-Tailed tests
were chosen to assess the statistical significance of effects
because the hypotheses being tested were bi-directional. For
all tests, the conventional o < 0.05 level of probability was
chosen as the threshold for rejecting each of the assumed null
hypothesis, and the tabulated results show statistical insig-
nificance only at or above this chosen probability level. De-
scriptive analysis of data did not feature in the analysis of the
gender differences in performance since the mean scores of
the text for the various groups were compared. In this, the
standard deviation and others were easily computed.

5. Results

The learners’ previous knowledge in balancing redox equa-
tions was tested. They were further tested immediately after the
intervention and after one month of intervention. The outcomes
are illustrated in the ensuing Figures and Tables below.


http://www.sciencepg.com/journal/edu

Education Journal

http://www.sciencepg.com/journal/edu

FORM OF PARTICIPANT
FORM 1 FORM 2 FORM 3
4~ Q
o
2 m
39 =) = »
3 3
Z 2
24 3 g
.
®
™ ”_.
c C O
So % %
$ 1 i 8
—
O
(™ gﬁ
3 -13
0 -
Q o
) -4 e
. b
@ O
A C
1 2 T
0
S EFE RN EEEE SRRy
g 8 8888% 88888%g 882888

TOTAL SCORE OUT OF 50

Figure 3. Pretest results on learners’ previous knowledge.

The descriptive results in Figure 3 were further analyzed using the t-test to ascertain the difference in the mean scores. These is

illustrated in the Tables below.

Table 2. T-test result of pre-test between PBL Group and LBL Group.

Category N Mean SD df t p
Problem-Based 18 18.94 10.26 34.00 0.33

Group 0.74
Lecture-Based 18 19.94 7.63 31.39 0.33

Group

The pre-test was conducted for both groups in order to
measure students’ prior knowledge in Redox reaction before
they were introduced to the two teaching pedagogies. Figures
3 to 5 shows learners overall performance in the achievement
test. Table 2 shows the statistical comparison of mean scores
between participants in the two categories (PBL and LBL).
The learners in PBL had a mean score of 18.94 in the pre-test
whiles the learners in the LBL group had a mean score of
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19.94. The difference in the mean scores of the pre-test be-
tween the two groups was not found to be statistically sig-
nificant (p = 0.74). This indicates that, the prior knowledge of
the participants in Redox reaction before they were introduced
to the two teaching pedagogies did not differ significantly.
The variability within each group, as shown by the standard
deviations, also suggests that the spread of scores is somewhat
larger in the PBL group compared to the LBL group.
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Figure 4. Learners’immediate post test results.
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The descriptive results in Figure 4 were further analyzed using the t-test to ascertain the difference in the mean scores. These is

illustrated in the Tables below.

Table 3. T-test result of Immediate post-test between PBL Group and LBL Group.

Category N
Problem-Based 18
Group
Lecture-Based 18
Group

Table 3 shows the statistical comparison of mean scores
between participants in the two categories (PBL and LBL) in
the immediate post-test. The mean score for students in the
PBL group was 32.00 in the immediate post-test, whereas the
mean score for students in the LBL group was 23.11. A sta-

Mean SD
32.00 7.88
23.11 5.15

41

df

34.00

29.30

t p
4.00

0.00
4.00

tistically significant disparity in the mean scores of the im-
mediate post-test between the two groups was noted (p = 0.00).
The variability within each group, as shown by the standard
deviations, also suggests that the spread of scores is somewhat
larger in the PBL group compared to the LBL group.
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Figure 5. Learners’delayed post test results.

The descriptive results in Figure 5 were further analyzed using the t-test to ascertain the difference in the mean scores. These is
illustrated in the Tables below.

Table 4. T-test result of additional post-test between PBL Group and LBL Group.

Category N Mean SD df t p
Problem-Based 18 31.56 7.07 34.00 5.61

Group 0.00
Lecture-Based 18 19.72 5.50 34.04 5.61

Group

Table 4 shows the statistical comparison of mean scores ditional post-test between the two groups was observed (p =
between participants in the two categories (PBL and LBL) for ~ 0.00). The variability within each group, as shown by the
the additional post-test. The mean score for students in the standard deviations, also suggests that the spread of scores is
PBL group was 31.56 in the additional post-test, while the somewhat larger in the PBL group compared to the LBL
mean score for students in the LBL group was 19.72. A sta- group.
tistically significant difference in the mean scores of the ad-

Table 5. T-test result of application for immediate and additional post-test between PBL and LBL.

Category Test Type N Mean SD df t p
Problem-Based Immediate 18 10.50 3.90 34.00 4.20 0.00
Group Additional 18 11.33 3.71 34.00 4.75 0.00
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Category Test Type N Mean
Lecture-Based Immediate 18 5.44
Group Additional 18 6.00

Table 5 contains the statistical comparison of the mean
scores between participants in the two categories (PBL and
LBL) for sub-level (application) in both immediate post-test
and additional post-test. For the immediate post-test, students
in PBL obtained a mean score of 10.50 whilst those in LBL

SD df t p
3.30 33.08 4.20 0.00
3.00 3250 4.75 0.00

obtained a mean score of 5.44. The difference in the mean
score between these two categories of students showed sta-
tistically significant with p=0.00. For the additional post-test,
the mean score was 11.33 and 6.00 for PBL and LBL groups
respectively with p = 0.00.

Table 6. T-test result of comprehension for immediate and additional post-test between PBL and LBL.

Category Test Type N Mean
Problem-Based Immediate 18 11.00
Group Additional 18 9.94
Lecture-Based Immediate 18 8.89
Group Additional 18 6.78

Table 6 contains the statistical comparison of the mean
scores between participants in the two categories (PBL and
LBL) for sub-level (comprehension) in both immediate
post-test and additional post-test. For the immediate post-test,
students in PBL obtained a mean score of 11.00 whilst those in

SD df t P

3.18 34.00 2.36 0.02
2.39 34.00 4.08 0.00
2.08 29.32 2.36 0.02
2.26 33.90 4.08 0.00

LBL obtained a mean score of 8.89. The difference in the
mean score between these two categories of students showed
statistically significant with p=0.02. For the additional
post-test, the mean score was 9.94 and 6.78 for PBL and LBL
groups respectively with p = 0.00.

Table 7. T-test result of knowledge for immediate and additional post-test between PBL and LBL.

Category Test Type N Mean
Problem-Based Immediate 18 10.50
Group Additional 18 10.27
Lecture-Based Immediate 18 8.78
Group Additional 18 6.83

Table 7 contains the statistical comparison of the mean
scores between participants in the two categories (PBL and
LBL) for sub-level (knowledge) in both immediate post-test
and additional post-test. For the immediate post-test, students
in PBL obtained a mean score of 10.50 whilst those in LBL
obtained a mean score of 8.78. The difference in the mean
score between these two categories of students showed sta-
tistically significant with p=0.04. For the additional post-test,
the mean score was 10.27 and 6.83 for PBL and LBL groups
respectively with p = 0.00.
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SD df T p
2.64 34.00 2.20 0.04
2.11 34.00 5.32 0.00
2.01 31.80 2.20 0.04
1.76 32.92 5.32 0.00

6. Discussions

The statistical results indicate that there was no significant
difference in the prior knowledge of students in the Prob-
lem-Based Learning (PBL) and Lecture-Based Instruction
(LBL) groups, as evidenced by the pre-test results. Specifi-
cally, the mean scores of the two groups were 18.94 for the
PBL group and 19.94 for the LBL group. The p-value of 0.74,
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which is well above the conventional significance threshold of
0.05, shows that the difference in the pre-test scores is statis-
tically insignificant. This suggests that both groups had
comparable levels of understanding of Redox reactions before
the intervention began. Additionally, the variability within
each group, as indicated by the standard deviations (10.26 for
the PBL group and 7.63 for the LBL group), reveals that the
spread of scores was wider in the PBL group. This means that
while the average performance of both groups was similar, the
PBL group displayed more diversity in students' prior
knowledge levels compared to the LBL group, whose scores
were more tightly grouped around the mean. Overall, these
findings suggest that the two groups started with similar
baseline knowledge in redox reactions, allowing for a fair
comparison of the effects of the two teaching methods on their
learning outcomes.

The statistical results from the immediate post-test show a
clear and significant difference in the performance of students
between the Problem-Based Learning (PBL) group and the
Lecture-Based Instruction (LBL) group. The mean score for
the PBL group was 32.00, while the mean score for the LBL
group was 23.11. The p-value of 0.00 indicated a statistically
significant difference between the two groups, suggesting that
the PBL group performed notably better than the LBL group
after the intervention. This result implies that the PBL ap-
proach was more effective in helping students grasp the con-
cept of Redox reactions compared to the traditional lec-
ture-based approach. For this reason, the null hypothesis Ho
which stated that, there was no significant difference between
PBL and LBL on the immediate post-test of the redox reaction
achievement test was rejected.

The statistical results from the additional post-test reveal a
clear and significant difference in the long-term impact of the
two teaching methods, Problem-Based Learning (PBL) and
Lecture-Based Instruction (LBL), on student performance in
Redox reactions. Table 5 presents the mean scores for the two
groups: the PBL group had a mean score of 31.56, while the
LBL group had a mean score of 19.72. The p-value of 0.00
indicates a statistically significant difference between the two
groups, suggesting that the PBL group outperformed the LBL
group in the long-term retention of the Redox reactions con-
tent. This result implies that the PBL approach not only had an
immediate effect on student performance, as shown in the
immediate post-test, but it also led to more sustained learning
over time, as evidenced by the higher mean score in the ad-
ditional post-test.

The results of the achievements tests suggest that, PBL was
more effective than LBL. In both the immediate post-test and
additional post-test, problem-based teaching did significantly
improve the achievement score of students in the two tests
than the lecture-based teaching. The result of this study is
supported by previous findings by Ayyildiz, & Tarhan, [9] on
problem-based learning in the teaching of chemistry: enthalpy
changes in systems, where the experimental group's (PBL)
average success rate was significantly higher than the control
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groups (LBL), and it had significantly exhibited notably fewer
alternative  conceptions, conceptual difficulties, and
knowledge gaps than compared to the control group did.
Again, this finding is in accordance with that of Aidoo et al.,
[5] which generally indicated a statistically significant dif-
ference in learner performance between those in the PBL
group and those receiving lecture-based instruction. In Gunter
and Alpat's [15] study on the impact of problem-based learn-
ing on the academic achievement of students in electro-
chemistry, a notable difference in scores was found between
students in the PBL and LBL groups, with the former showing
a significant advantage. Their conclusion stated that “prob-
lem-based teaching, when applied to subject of electrochem-
istry, proves more effective in enhancing student achievement
compared to an expository teaching method employed for the
same topic”. These finding of theirs is in line with that of this
research. It was demonstrated in a different study on the ion-
ization of water and acid and base strength in the general
chemistry course that PBL was successful in teaching chem-
istry concepts and improved students' attitudes after the ap-
plication [29].

The superior performance of learners taught through
Problem-Based Learning can be attributed to the instructional
emphasis on active learner involvement [3]. Unlike traditional
approaches Ghanaian senior high schools, PBL places learn-
ers at the centre of the learning process by engaging them with
context-based problems that mirror real-life situations. These
problems stimulate inquiry, peer interaction and shared re-
sponsibility for learning. As learners investigate solutions,
they are encouraged to generate ideas independently, pose
relevant questions, evaluate possible explanations and con-
nect new knowledge with prior understanding. This sustained
engagement facilitates deeper comprehension of concepts and
enhances knowledge retention, which is evident in their im-
proved post-test outcomes.

In addition, PBL promotes the development of advanced
cognitive abilities, including analytical thinking, logical rea-
soning, and practical application of knowledge among learn-
ers. They (Learners) are required to actively process infor-
mation, defend their viewpoints and justify proposed solu-
tions, rather than passively receiving content from the teacher.
The collaborative nature of PBL further enables learners to
exchange ideas, address misconceptions through discussion
and build confidence in communicating scientific concepts.
These processes collectively contribute to more meaningful
learning experiences and improved academic performance.

Overall, the significant difference observed in post-test
performance provides strong evidence of the instructional
effectiveness of Problem-Based Learning. The findings high-
light the potential of PBL to enhance learners’ academic
achievement, particularly in subjects that require conceptual
understanding and problem-solving skills. Therefore, inte-
grating PBL into classroom instruction is strongly recom-
mended to promote active learning, critical thinking, and
improved learner outcomes when compared to conventional
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lecture-based methods.

Looking at Figures 3, 4 and 5 it is clear that in each of test
carried out, the third years out performed both the second and
the first years. There was a clear indication that, performance
on redox reaction achievement test depended on level for both
PBL and LBL groups. Form 1 students in both groups scored
lowest, form 2 performed moderately, and Form 3 achieved
the highest scores. However, the experimental group con-
sistently outperformed the control group, with the difference
most evident in form 3. This demonstrates that Prob-
lem-Based Learning is more effective than Lecture-Based
Learning, particularly as student’s advance through school
and tackle more complex concepts. This showed that concept
of redox reaction is supposed to be taught in higher levels
especially in form three.

7. Conclusion

The study finding is a call in support of the shift from

objective-based curriculum to the standard-based curriculum.

In the objective-based curriculum, learners are considered as
passive participants of the teaching and learning process.
This system does not allow independent learning and
knowledge construction and application by learners. How-
ever, the standard-based curriculum employs learner-centred
teaching and learning approaches such as the problem-based
teaching and learning approach. This recognizes the learner
as the active participant of the teaching and learning process.
The problem-based format of "hands-on" instruction offers
learners greater flexibility to explore and deviate from pre-
scribed procedures. Such methodologies align with the 21st
Century learning environment, where learners actively con-
struct their understanding of the world through active, digital,
virtual, and online learning environments. It is evident that
technology has advanced to a point where virtual or prob-
lem-based methods can achieve or even surpass the learning
outcomes of traditional lecture-based (teacher-centered)
approaches.

8. Recommendations

Curriculum developers especially those in the areas of
chemistry should incorporate in the science curriculum
problem-based teaching as an option for the teaching of
balancing of redox reactions. Textbook writers may con-
sider and integrate problem solving strategies in guiding
students in the construction and application of the
knowledge of the balancing of redox equations and other
chemical concepts.

Abbreviations

PBL
LBL

Problem-Based Learning
Lecture-Based Learning
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