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Abstract

The study investigated the effect of Problem-Based Learning (PBL) and Glaser's teaching model on the cognitive and
affective performances of secondary school students in Algebra. Two research questions and corresponding
hypotheses guided the investigation, employing an intact group, pre-test, treatments only, post-test quasi-
experimental design in Imo State, Nigeria. A sample of 136 Senior Secondary School Two (SS2) students was selected
using multi-stage cluster, purposive, and simple random sampling techniques. Data were collected using the Algebra
Achievement Test (AAT) and the Algebra Affective Rating Scale (AARS). Internal consistency coefficients of 0.80 and
0.68 were determined for AAT and AARS, respectively. Research questions were addressed through mean and
standard deviation, while hypotheses were tested at a 0.05 alpha level using ANCOVA. Findings indicate significant
differences in mean cognitive and affective performance scores between students exposed to PBL and Glaser's
teaching model in the pre-test and post-test. However, no significant differences were observed between male and
female students. Recommendations include integrating PBL into the Algebra curriculum, encouraging Mathematics
teachers to adopt PBL for improved learning outcomes, and emphasizing the effectiveness of PBL regardless of

students' gender in Mathematics and Algebra instruction.

Introduction

Mathematics is the key to many opportunities.
It is a system of communication in science, art, and the
business world. Odogwu (2012) noted that mathematics
is used in describing diverse phenomena in both
physical and economic situations. Such areas as health,
aviation, and defense have felt the impact of
mathematics in their operations (National Research
Council, 2007). Mathematics is a science of numbers
and size, which is concerned with logical deductions
from common and general premises of all reasoning,
with a lifelong application. Mathematics plays an
indispensable role in the development of science,
technology, humanities, social sciences, and arts. When
Mathematical skills are properly developed and one is
knowledgeable enough and ready to apply are properly
developed and one is knowledgeable enough and ready
to apply correctly the knowledge and skill correctly,
then solving everyday problems of both the individual,
the neighbourhood (or environment), the nation and the
world at large becomes easier.

Algebra is a fundamental branch of
mathematics that serves as a cornerstone for advanced
mathematical concepts and various fields of science and
engineering. Proficiency in algebraic skills is crucial for
students as it equips them with the ability to analyze and
solve real-world problems, think critically, and build a
strong foundation for future mathematical endeavors.
Algebra is a branch of mathematics where letters and
symbols are used to treat relations and properties of a
quantity (Peterson, 2012). Peterson further defined
algebra as a branch of mathematics that deals with the
properties of operations and the structures these
operations are defined. Algebra, as one of the major
branches of pure mathematics, concerns itself with the
study of the rules of operations, relations, constructions,
and the concepts arising from them, including terms,
polynomials, equations, and algebraic structures
(Morrison, 2018). According to Brian (2010), algebra is
the branch of mathematics that is concerned with
structure, relation, and quantity. It is also one of the

183


https://www.ajstme.com.ng/
mailto:charismarvel75@gmail.com

AJSTME, Volume. 11, Issue 1.

183-189, May, 2025. https://www.ajstme.com.ng

ISSN: 2251-0141 (Print), 2971-6233 (Online)

branches that many secondary school students find
difficult to learn (Martin, 2010). Studying mathematics
in general, as well as algebraic concepts, variables,
processes, and equations, has many advantages.

Algebra is a fundamental aspect of the
mathematics curriculum, which involves substitution,
factorization, problem solving, and drawing of graphs.
It forms a large component of the mathematics
curriculum for high school and for further study in
mathematics-related courses. It is often the first course
in which students are exposed to abstract reasoning and
problem solving (Vogel 2018). Studies have revealed
that the abstract nature of algebra increases its difficulty
(Carraher and Schliemann 2017; Howe 2015). Algebra
involves both concrete and procedural levels and
abstract reasoning. It is an aspect of mathematics
dealing with  symbolizing and generalizing
relationships and mathematical structures, and
operating within those structures (Kieran, 2015: 391).
Radford (2012) pointed out that algebra is one of the
most frightening branches of mathematics. The learning
of algebra is seen as difficult, and it has been suggested
that a progressive introduction to algebra in the early
grades may facilitate students’ understanding of the
concept (Carraher and Schliemann, 2017). This has
contributed tremendously to the poor performance of
students in Senior School Certificate Examinations
(SSCE).

Students’ cognitive performance shows the
success or otherwise of an academic/educational
endeavour. Students’ cognitive performance tends to
show the efficacy or otherwise of schools and tends to
determine the future of students. Aremu (2001), was of
the view that cognitive performance is a fundamental
criterion by which all teaching-learning activities are
measured, using some standards of excellence and the
acquisition of particular grades in examinations to
measure student’s ability, mastery of the content, and
skills in applying the knowledge acquired to a particular
situation. According to Ernest-Ehibudu & Opurum
(2013), the measure for assessing students’ level of
cognitive performance is through achievement
tests/examinations and observations.

Cognitive performance of students can be low
or high and has been recognized as a natural
phenomenon in the school. Some students fail to do
well because of not being interested in the content
presented, or the instructional resources are not
available. The weakness students exhibit in some
school subjects confirms that something is wrong in the
way such subjects are taught. According to Habor—

Peters in Anaduaka (1990), some of the factors
responsible for poor cognitive performance of students
emanate from sources which are psychological and
environmental.

Evidence of poor performance of pupils and
students in mathematics at all levels of our system of
education is quite glaring, even though the
indispensability of the subject is universally
acknowledged. This poor performance is a result of the
challenges and problems confronting effective teaching
and learning in our country (NECO Chief Examiner,
2022; WAEC Chief Examiner, 2022). Some of these
problems include the inability of the pupils at the
primary school level to promptly respond in carrying
out their assignments and homeworks in mathematics.
Some do not even attempt at all, rather they completely
avoid doing it. This has been the complaint of many
classroom teachers at the primary school level. So many
other pupils confess that their parents or others more
knowledgeable in mathematics had assisted them in
doing their homework. This attitude frustrates the
whole essence for which the homework was given.
Similarly, at the secondary school level, reports have
shown that Nigerian candidates’ results in sciences and
mathematics in the West African School Certificate
Examination, since 2016, have remained very
discouraging. Both the West African Examination
Council (WAEC) and National Examination Council
(NECO) Chief Examiners (2022) reports lamented
loudly over the poor performance of students in
mathematics in May/June and November/December
senior school certificate examinations (SSCE).

Many factors have been blamed for students’
poor performance in Mathematics. For example,
Amazigo (2016) attributed this poor status of secondary
school students' cognitive performance in mathematics
to the activities of unqualified teachers who do not use
the necessary instructional techniques in teaching. The
report further revealed that the major areas where the
students have shown a high level of weakness, among
other very important areas, include solving problems
involving algebraic expressions and equations. It was
observed that in most cases, when such problems are set
in examinations, students do not even attempt it at all;
they tend to deliberately avoid them completely.

Researchers have found some teaching
methods and approaches to be effective in the teaching
of algebra and, by extension, Mathematics. Fischer
(2007) and Ugama (2011) revealed that the
development and transfer of knowledge, skill, and drill,
considering theories of learning, will make way for
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proper improvisation where necessary and adequately
improve instruction. Igbokwe (2007) asserted that the
concept development is an effective instructional
strategy for teaching graph inequalities. Chinwoke
(2008) had it that the use of an advanced organizer is an
effective instructional approach for teaching undefined
fractions.

This researcher have noted from previous
studies that the methods stated above are very effective
for teaching algebraic equations and expressions in
secondary schools, yet secondary school students'
cognitive performance in simultaneous equations is still
very low. This implies that there is a need for further
research work to be carried out on how to improve
students' cognitive performance in simultaneous
equations and other equations that have to do with
algebra. This implies that there is a teaching approach
for algebra that may improve students’ cognitive
performance in simultaneous equations.

Problem solving is a method of teaching used
to accomplish instructional goals of learning basic facts,
concepts, and procedures, as well as goals for problem
solving within a problem context. According to
Permida (2004), this method encourages pupils or
students to probe into a problem. In teaching
Mathematics, problem solving strategy is characterized
by interactions between students and teachers,
Mathematical dialogue and consensus between
students, teachers providing just enough information to
establish background of the problems, and students
clarifying, interpreting and attempting to construct one
or more solution process, teachers accepting right or
wrong answers in a non-evaluative way, teachers
guiding, coaching, asking insightful questions and
sharing in the process of solving problems, teachers
knowing when it is appropriate to intervene, and when
to step back and let the student make their way
(Ogwuche and Kurumeh, 2010).

In strategizing plans in problem solving,
teachers are implored to put students in groups, which
will enable them to define the problem, establish the
criteria for evaluating solutions, and take action. The
problem-solving strategy and Glaser’s teaching method
were considered in this study because they will give the
researcher insight into the extent to which each of the
teaching techniques contributes to the performance and
attitude of students in geometry. Based on this, the
researcher is prompted to research to examine the
effects of Glaser’s teaching method with and without
problem-solving strategy on students’ cognitive
performance in Algebra.

Robert Glaser's teaching model, or the lecture
teaching method, was developed in 1962. It explains the
relationship between teaching and learning. It provides
a simple and adequate conceptualization of the teaching
process. This model, according to Farooq (2014)
belongs to the category of psychological models of
teaching. Glaser’s teaching method is the basic teaching
method because it presents a very basic analysis of the
process of teaching in terms of the elements of teaching,
and it applies to all levels of education, i.e., elementary,
secondary, higher, and so on. The Glaser’s teaching
method explains the whole teaching-learning process
by dividing it into four basic components of
Instructional objectives, entering behaviour,
Instructional procedures, and Cognitive performance
assessment. The Glaser’s teaching method is developed
on the assumption that every lesson assumes some
knowledge on the part of the learner and that through
instructional procedure, the teacher guides the learner
from entry behaviour to terminal behaviour.

Research Questions
The researcher posed the following research questions
to guide the study:

1. What are the mean cognitive performance
scores of students exposed to Glaser’s teaching
method with and without problem-solving
strategy in the pre-test and post-test?

2. What are the mean cognitive performance
scores of male and female students exposed to
Glaser’s teaching method with and without
problem-solving strategy in the pre-test and
post-test?

Hypotheses
The following hypotheses guided the study.

1. There is no significant difference between the
mean cognitive performance scores of students
exposed to Glaser’s teaching method with and
without problem-solving strategy in the pre-test
and post-test.

2. There is no significant difference between the
mean cognitive performance scores of male and
female students exposed to Glaser’s teaching
method with and without problem-solving
strategy in the pre-test and post-test.

Method

The researcher adopted intact groups, pre-test,
treatments only, post-test quasi-experimental (non-
randomization) research design. The study involves two
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treatment groups only (Problem-solving strategy and
Glaser’s teaching method). There is no randomization,
hence, the students were used as they are in their
respective classes. The area of this study is Imo State of
Nigeria. . The population of the study comprised all the
68,894 senior secondary school Mathematics students
in the 2017/2018 academic session from the 274
Secondary Schools in the Imo State public school
system. The sample size for the study is 136 students in
senior secondary school two (SS2). The sampling
technique was a multi-stage cluster, purposive, and
simple random sampling techniques. The instrument for
data collection was an Algebra Achievement Test
(AAT). The instrument, AAT, was subjected to both
face and content validation. The internal consistency
coefficients of 0.80 was obtained for AAT using Kuder-
Richardson formula twenty, K-Rz. The research
guestions were answered using mean and standard
deviation, while the hypotheses were tested at a 0.05
alpha level of significance using the Analysis of Co-
Variance (ANCOVA).

Results

Table 1
The Sample Size (n), Mean (X), and Standard
Deviation (Std) of Students Exposed to G-PSS and
Glaser’s Teaching Method
Group Pre-test Post-test
n X S X S
G-PSS 64 1598 286 26.14 3.00
GTM 72 1124 199 1535 2.87

Table 2
Summary ANCOVA F-Ratio

Presented in Table 1 are the group sizes, means,
and standard deviations of students taught with Glaser’s
teaching method with problem-solving strategy (G-
PSS) and Glaser’s teaching method without problem-
solving strategy (GTM) in the pre-test and post-test.
From the table, the mean scores of the students in G-
PSS and GTM in the pre-test are 15.98 and 11.24,
respectively. Similarly, their respective standard
deviations are 2.86 and 1.99. In the pre-test, the students
in the G-PSS group performed better than the students
in the GTM group. However, ANCOVA took care of
this initial difference. Also, the mean scores of the
students exposed to the G-PSS and GTM in the post-
test are 26.14 and 15.35, respectively. The mean score
of the students in the G-PSS groups is higher than the
mean score of the students in the GTM group, which
shows that the students exposed to Glaser’s teaching
method with problem-solving strategy (G-PSS)
performed better than the students exposed to Glaser’s
teaching method. Their respective standard deviations
are 3.00 and 2.87. The standard deviations for the two
groups at both pre-test and post-test are small (because
when the standard deviations are added to the
corresponding means, it does not approximate the
highest score), indicating that the scores of the
individual students are clustered around the mean. This
suggests that fewer scores are either far higher or far
lower than the mean score.

Tests of Between-Subjects Effects

Dependent Variable: PostTest

Source Type Il Sum of Squares df Mean Square F Sig. Partial Eta Squared
Corrected Model 4320.4500 4 1080.112 182.147 .000 .848
Intercept 543.610 1 543.610 91.673 .000 412
PreTest 370.168 1 370.168 62.424 .000 323
Treatment 984.183 1 084.183 165.970 .000 559
Gender 1830 1 1.830 .309 .580 .002
Treatment * Gender 1.389 1 1.389 234 629 .002
Error 776.815 131 5.930

Total 61842.000 136

Corrected Total

5097.265 135
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Presented in Table 2 is the ANCOVA F-ratio for the test
of the hypothesis one. From the table, the calculated F-
value is 165.970 and the p-value is 0.000 (reading along
the treatment row in the table). On the other hand, the
tabulated F-ratio (F1,131,0.05) is 3.840. Since the
calculated F-ratio is greater than the critical F-ratio and
the p-value is less than the alpha level of 0.05 the null
hypothesis one is rejected. Hence, the mean cognitive
performance scores of students exposed to G-PSS and
Glaser’s teaching method in the pre-test and post-test
differ significantly. This shows that the mean cognitive
performance score of students exposed to G-PSS is
significantly greater than the mean cognitive
performance score of those exposed to GTM.

Table 3

The Sample Size (n), Mean (X), and Standard
Deviation (Std) of Male and Female Students
Exposed to G-PSS and Glaser’s teaching method

Group n X S n X S
G-PSS 29 26.28 3.60 35 26.03 2.43
GTM 32 1516 291 40 1550 2.86

Table 4

From Table 3, the mean scores of the male
students in G-PSS and GTM in the post-test are 26.28
and 15.16, respectively. Similarly, their respective
standard deviations are 3.60 and 2.91. The mean score
the male students in the G-PSS group is higher than the
mean score of male students in the GTM group. Also,
the mean scores of the female students exposed to the
G-PSS and GTM at post-test are 26.03 and 15.50,
respectively. Their respective standard deviations are
2.43 and 2.86. The mean scores of the female students
in the G-PSS group is higher than the mean score of the
female students in the GTM group, which shows that
the female students in the G-PSS group performed
better than the female students in the Glaser’s teaching
method, GTM group. Also, the mean score of females
in the GTM group is higher than that of male students
in the same group. Conversely, the mean score of male
students in the G-PSS group is higher than that of
female students in the same group. The test of
hypothesis will prove if these differences in the mean
scores of male and female students in the two groups
are significant or not.

Mean Square (MS), Calculated F-ratio (FCal), p-value, Critical F-ratio (FCrit)

Sources MS FCal

p-value

FCrit Decision

Gender

1.830 0.309 0.580

3.840 Ho is accepted

Table 4 displays the calculated and critical F-ratios
along with the p-value for testing null hypothesis two,
with values extracted from the gender row in Table 2.
The mean square (MS) is 1.830, the calculated F-ratio
(F_Cal) is 0.309, the p-value is 0.580, and the critical F-
ratio is 3.840. In this case, the calculated F-ratio is less
than the critical F-ratio, and the p-value is less than
0.05. As a result, null hypothesis two is not rejected.
The researcher concludes that the mean cognitive
performance scores of male and female students, who
were exposed to G-PSS and Glaser's teaching method
in the pre-test and post-test, do not exhibit a significant
difference. This suggests that male and female students
performed equally in Algebra, and the observed
difference in their mean scores is not statistically
significant.

Discussion

The study's findings reveal significant differences in the
mean cognitive performance scores of students exposed
to G-PSS and Glaser's teaching method in the pre-test
and post-test. Specifically, the mean cognitive
performance score of students in the G-PSS group is
significantly higher than that of the GTM group. This
indicates a notable improvement in the mean cognitive
performance scores of students in the G-PSS group after
undergoing the treatment. The effectiveness of G-PSS
in enhancing cognitive performance is attributed to its
emphasis on problem-solving, which contributes to
improved learning. This aligns with previous research,
such as Galadinma's (2016) findings that G-PSS
positively influenced secondary school students'
achievement in Mathematics.

Additionally, the study finds that the mean cognitive
performance scores of male and female students
exposed to G-PSS and Glaser's teaching method do not
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differ significantly. Gender does not exert a significant
influence on the cognitive performance of students, as
measured by their mean cognitive performance scores
in the Algebra achievement test (AAT). The treatment
group, exposed to the G-PSS approach, shows no
significant difference in gender mean scores in the
AAT. Consequently, the results suggest that male and
female students performed equally in Algebra. This
contradicts earlier findings suggesting that male
students outperformed their female counterparts in
Algebra. For instance, it diverges from the findings of
Ogan (2012), Ayuda (2017), Uwineza et al. (2018), and
Chebet (2016), which indicated a significant gender gap
favoring male students in Algebra. However, these
results align with Ajai and Imoko's (2015) and Robert's
(2017) findings, which observed that gender was not a
significant factor in students' performance in Algebrain
secondary schools.

Recommendations

Based on the findings of the study the researcher made
the following recommendations.

1. Glaser’s teaching method with problem-
solving strategy (G-PSS) should be integrated
into the secondary school curriculum of
Algebra as among the effective teaching
methods for teaching Mathematics and Algebra

in particular.
2. Mathematics teachers should always adopt G-
PSS when teaching students Algebra,

irrespective of their gender. This will enable the
students to cater for themselves in their
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