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Abstract
This study investigated the effect of inquiry oriented instructional approach on academic performance of undergraduate
students in partial differential equations in Kebbi state, Nigeria. The study focused on 300! undergraduate students of
mathematics department and education mathematics unit in AFUSTA and FUBK respectively. The research adopts quasi
experimental design. The population of this study consist of 216 students while 53 (27 AFUSTA, 26 FUBK) students were
purposively selected as the sample. The instrument used for data collection was a partial differential equation performance
test. Validity of the instrument was ascertained by two experts.Data was analyzed using mean and standard deviation to
answer research question while Ancova was used to test hypotheses at p< 0.05 using SPSS. The findings showed that
students taught using Inquiry oriented instructional approach (IOIA) performed better than those taught using
conventional approach. The study concludes that inquiry -oriented instructional approach enhances undergraduate
students academic performance in Partial differential equations.
Keyword: Inquiry Oriented Instructional Approach, Partial Differential Equations, Academic Performance.
Introduction
Mathematics is a field of science that is concerned with studying numbers and how to use them to carry out calculations,
computations, and problem solving, among other things. Mathematics is the study of topics such as quantity (numbers),
structure, space and change. (Santos-Trigo, 2024). Globally mastery of mathematics is recognized as a basic component
for academic excellence and a gateway to professional Careers in science, engineering and technology related fields which
are indispensable in today’s innovative driven world. Mathematics occupies a very important position in Nigerian
educational context, this recognition is reflected in the national requirement that candidates must achieve a secondary
school mathematics credit pass at the graduating level to gain admission into tertiary institutions (Falebita et al., 2026).At
the undergraduate level, mathematics is expected to assist students in cultivating conceptual understanding, critical thinking
,problem solving skills that will enable them to apply the mathematical knowledge in diverse context. Among the numerous
aspects of mathematics in the undergraduate studies in tertiary institutions, Partial Differential Equations (PDE) occupies
a central position because it has real-life application in many fields. The concept of differential equations is mostly used in
solving applied problems in various disciplines ranging from Physics through Medicine and Economics. Differential
equations have remarkable ability to predict the world around us. The concept of DEs is used to model and understand real
life problems(Habre, 2020). Numerous Studies have shown that students at the undergraduate level persistently
experiences difficulties in learning partial differential equation and finds it difficult to interpret mathematical models, relate
symbolic representations to physical phenomena and solutions especially when faced with unfamiliar problems. These
challenges in most cases are attributed to the teaching approach used by the teachers (Rezvanifard et al., 2023). In most of
the cases, mathematics teachers’ instructional approach is traditional focusing on the use of rules and algorithms in
finding solutions to problems which lead to lack of conceptual understanding. Students have also associated difficulties in
differential equations with the use of series of algorithms and procedures to find their solutions and to solve corresponding
problems rather than establishing conceptual understanding (Habre, 2020). Traditional instruction in differential equations
has been used by instructors using a lecture format to present analytic methods for equation. In mathematics classrooms
that uses a traditional approach, effective participation means that students listen to and watch the teacher demonstrate
procedures, and then practice what was demonstrated by completing textbook exercises. This instructional approach
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presents challenges to students developing deep conceptual understanding of course topics and leaves students at a
disadvantage when needing to apply course content in subsequent courses (Lozada et al., 2021). This prevalent
phenomenon of traditional approach to instruction is linked with some general existing ‘myths and practices in the teaching
of the mathematics at the undergraduate level. In the last two decades, there has been a growth in educational research on
undergraduate mathematics education. Research began by investigating student’s learning and understanding of specific
mathematical concepts. The results obtained offered convincing evidence of the limitations of traditional teaching practices
evident from the gap between what a teacher tells students and what is learned was noted by several researchers. The

inquiry- oriented instructional approach has emerged as an active learning strategy capable of addressing the limitations of
the traditional teaching approach. The inquiry oriented instructional approach is an instructional model which allows
students to explain, predict, experiment, and make decisions with opportunities to investigate their own questions about
science-based topics and problems. This approach allows students to engage with data, analyse and interpret the data in
other to construct models or develop scientific explanations through a set of integrated activities that include experiments,
integrating scientific knowledge and reasoning (Johnson et al ,2020). Inquiry oriented instructional approach facilitates a
deep understanding rather than rote learning or cramming by positioning students as active participants in the learning
process and thus promotes a deeper understanding of complex mathematical concepts such as partial differential equations.
Previous research has reported beneficial effects of inquiry oriented instructional approach in mathematics and partial
differential equations. Habre (2020) for example described inquiry oriented instructional approach as a step by step process
in which learners develop understanding through effective engagement with mathematical ideas. Similarly, Khasanweh
et al (2023) reported an improvement in mathematics achievement of undergraduate students taught partial differential
equation using inquiry oriented instructional approach compared with those taught using traditional approach. Although
many researchers have investigated inquiry-oriented instructional approaches in mathematics education, majority of
them focuses on secondary schools and other aspects of mathematics like algebra, geometry etc. with limited attention
given to Partial Differential Equations at the undergraduate level. There appears to be little empirical evidence on the
effectiveness of inquiry oriented instructional approach in improving the academic performance in partial differential
equations among undergraduate students in Kebbi State universities. Exploring this topic  is important because
institutional evidence from the universities involved (FUBK and AFUSTA) shows that students still experience difficulty
in understanding the course resulting in high failure and poor grades in examinations. Accordingly, this study investigated
the effect of inquiry oriented instructional approach on academic performance of undergraduate students in partial
differential equations in Kebbi state Nigeria. Specifically, the current study aimed at achieving the following objective.

Research Objective
1. To investigate the effect of inquiry oriented instructional approach on the academic performance in Partial Differential
Equation among undergraduate students in Kebbi State.

Research Question

1. Isthere any significant difference in the academic performance of undergraduate students in Kebbi State taught Partial
Differential Equation using inquiry oriented instructional approach and those taught using traditional approach?

Null Hypothesis

Hoi: There is no significant differences in the performance of students taught partial differential equation using inquiry

oriented instructional approach of teaching and those taught using traditional approach.

Theoretical Framework

The theory behind the study is based on constructivist-learning theory. Constructivism is a cognitive philosophy of

learning that describes how individuals can acquire knowledge and learn. The constructivist-learning theorem is based on

the view that, students are active thinkers and so, they construct their own understanding from interactions with phenomena,

the environment and other individuals. The theory suggests that from their experiences, people build knowledge and

meaning and individuals are not passive recipients of knowledge. The theory asserts that through experience, learners

actively generate meaning by connecting new information to their existing cognitive structures(Amirova, 2025).
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Research Methodology
This study adopts a quasi-experimental design involving a pre-test and a post-test. The researcher used intact classes of
3001 students in the two schools. The participants were grouped into two groups; experimental group and control group.
Both groups were pretested to determine their current performance before the intervention. The researcher then adopted
inquiry oriented instructional approach to teach the experimental group while traditional method was used for the control
group. After the intervention a post test was administered to the both groups. The population of the study consisted of 216
students. Purposive Sampling technique was used to select all 3001 students of mathematics and education mathematics in
the two Universities which gives a total of 53 students as the sample .Twenty seven (27) students constituted the
experimental group while twenty six  (26) constituted the control group. The instrument used for data collection was a
Partial Differential Equation Performance Test. The test was adapted from the work of (Mohammed, 2019).
Data Collection and Analysis
Prior to the commencement of the intervention, a pretest was given to the two groups to measure their prior knowledge in

Partial differential Equation. After the intervention, a post test was given to the students. Data was analyzed using statistical
package for social science (SPSS). Mean and standard deviation was used to describe students academic performance while
Ancova was used to determine whether there is a statistically significant difference in the academic performance of
students in the experimental and control group.

Presentation of Results

Research Question

Is there any significant difference in the performance of students taught partial differential equation using inquiry oriented
instructional approach and those taught using conventional approach?

Table 1: Mean Performance and Standard Deviation Scores of Students in Inquiry Oriented Instructional
Approach and Conventional Approach Groups.

Group N Pr;z(—test D Po)s(t-test D Mean Difference
Inquiry 27 2215  6.73 38.52 7.35 16.37
Oriented

Instruction

Conventional 26 20.27 6.28 32.08 6.86 11.56
approach

The descriptive statistics results show the pre-test and post-test mean performance scores and standard deviation of students
in both inquiry oriented instructional approach and conventional approach. The mean Pre-test scores of the inquiry
oriented instructional approach and conventional approach are 22.15 and 20.27 respectively, with a standard deviation of
6.73 and 6.28 respectively. While the mean Post-test scores of the inquiry oriented instructional and conventional approach
are 38.52 and 32.08 respectively, with a standard deviation of 7.35 and 6.86 respectively. The result reveals the mean
difference of pre-test and post-test scores of the inquiry oriented instructional and conventional approach are 16.37 and
11.56 respectively. This suggests that students in inquiry oriented instructional approach performed better.

Test of Hypothesis

There is no significant differences in the performance of students taught partial differential equation using inquiry oriented
instructional approach of teaching and those taught using conventional approach.

Table 2 : Analysis of Covariance of Students’ Scores in The Experimental and Control Group Due to Teaching
Approaches.

Type III Sum of

Source Squares Df Mean Square F Sig.
Corrected Model 1930.6942 2 965.347 41.493 .000
Intercept 1388.233 1 1388.233 59.670 .000
PRETEST 1392.582 1 1392.582 59.857 .000
GROUP 334.780 1 334.780 14.390 .000
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Error 1139.998 49 23.265
Total 68320.000 52
Corrected Total 3070.692 51

Table 2 shows that the value of the significance of F (14.39) on performance is 0.00 compared to 0.05 alpha level already
set. Since the probability value associated with F is lower than the set alpha of 0.05, The null hypothesis of no significant
difference in the mean performance scores of students taught partial differential equation using inquiry oriented
instructional approach is therefore rejected. Therefore , there is a significant difference in the mean performance scores of
undergraduate students taught partial differential equation using inquiry oriented instructional approach and those taught
using conventional approach.

Discussion of Findings

The findings of this study revealed that undergraduate students taught Partial Differential Equations using the inquiry-
oriented instructional approach achieved significantly higher academic performance than those taught using the
conventional lecture method. Although the two groups had comparable pre-test scores, students in the experimental group
demonstrated greater improvement after the instructional intervention. Furthermore, the ANCOVA results showed that the
difference in post-test performance remained statistically significant after controlling for pre-test scores, indicating that the
observed improvement was attributable to the instructional approach rather than pre-existing differences among the
participants. The superior performance of students exposed to inquiry-oriented instruction may be attributed to the learner-
centred nature of the approach. Unlike the conventional lecture method, inquiry-oriented instruction actively engages
students in exploring mathematical problems, formulating conjectures, discussing alternative solution strategies, and
constructing mathematical understanding through guided investigation. Such active participation promotes conceptual
understanding, mathematical reasoning, and meaningful learning, which are particularly important for complex topics such
as Partial Differential Equations. These findings support constructivist perspectives on learning, which argue that students
develop deeper understanding when they actively construct knowledge rather than passively receive information from the
teacher.

The findings are consistent with previous empirical studies that have reported positive effects of inquiry-based instructional
approaches on students’ mathematics achievement. For example, Khasawneh et al. (2023) reported that undergraduate
students taught through inquiry-based learning significantly outperformed those taught using traditional lecture methods
in College Algebra. Similarly, Habre (2020) also observed that inquiry-oriented teaching improved students’ engagement
and conceptual understanding in differential equations, enabling learners to connect mathematical ideas with real-world
applications. The findings also align with broader mathematics education research, which suggests that instructional
strategies emphasizing active learning, collaborative problem-solving, and student inquiry contribute positively to
academic achievement. Research in mathematics education demonstrated that students engaged in inquiry-based learning
activities developed better problem-solving skills and retained mathematical concepts more effectively compared to
traditional instruction (Beswick, 2021). Students who participate actively in constructing mathematical ideas tend to
develop stronger conceptual understanding and greater confidence in solving unfamiliar problems than students whose
learning is limited to memorising procedures demonstrated by the instructor. Consequently, inquiry-oriented instructional
approaches provide a more effective learning environment for promoting higher-order thinking and improving academic
performance in advanced undergraduate mathematics courses.

Overall, the findings demonstrate that adopting an inquiry-oriented instructional approach can substantially improve
undergraduate students’ performance in Partial Differential Equations.

Conclusion

This study investigated the effect of inquiry oriented instructional approach on the academic performance of undergraduate
students in partial differential equation in kebbi State, Nigeria. The findings of this study demonstrated that inquiry oriented
instructional significantly affect the academic performance of undergraduate students because student in the inquiry group
achieved higher academic performance than their counterparts in the conventional lecture group.The study therefore added
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to the body of empirical evidence that inquiry oriented instructional approach is an effective pedagogical approach for
teaching partial differential equations.
Recommendations
1. Inquiry Oriented Instructional approach (I01A) should be adopted by university lecturers in teaching partial differential
equation and similar advanced mathematics courses.
2. Institutions should provide adequate teaching and learning resources to support inquiry oriented teaching approach.
3. Workshop should be organized to train lecturers on how to effectively teach or implement inquiry oriented approach
in their partial differential equation classroom.
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