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ABSTRACT

This study investigated the Impact of Learning Styles and Responsiveness to Guided-Discovery
Instruction on Redox Reactions among Secondary School Students in Chemistry in Taraba State. Two
objectives, two research Questions and two Hypotheses guided the study. The population for the study
was 2,713 chemistry students and the sample size was 191 students. The study adopted Quasi
Experimental design. The instrument used for the study was Learning Styles Inventory (LSI) and Redox
Reactions Achievement Test (RRAT). Pilot test was conducted and a reliability index of 0.91 for LSI and
0.86 for RRAT was obtained which is highly reliable for the study. Frequency, Percentage, Mean and
Standard deviation were used to answer research questions 1 — 2, while Chi-square and Analysis of
Variance (ANOVA) was used to test the null Hypotheses 1 — 2 at 0.05 level of significance. Based on the
data collected and analyzed, the following findings were made: The findings revealed that the
predominant learning styles among these students are visual and logical, followed by kinesthetic,
reflective, read-and-write, and auditory styles. The study also found that male and female students exhibit
distinct learning style preferences, with males favoring visual and logical approaches, while females
prefer kinesthetic and reflective learning. This highlights the need for diverse teaching strategies that cater
to different learning styles and preferences. In terms of performance, the study showed that students with
different learning styles can perform well on the same test, with slight variations across different learning
styles. It is hereby recommended that Teachers should recognize and address gender differences in
learning styles and performance, and adapt their teaching strategies accordingly. Teachers should provide
opportunities for students to engage in hands-on activities, self-reflection, and structured and analytical
problem-solving.
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INTRODUCTION

Recently, nations worldwide, particularly developing countries such as Nigeria, are making significant
efforts to advance in science and technology, as the global trend emphasizes scientific progress and the
essential role of science in daily life. As stated by Ogunleye (2016), science is an evolving human
endeavor aimed at comprehending the mechanisms of the universe. This knowledge enhances human
understanding of the natural world. Without scientific methods, humanity's ability to investigate other
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planets in the cosmos would have been limited. Science includes fundamental fields like Physics,
Biology, Mathematics, and Chemistry.

Chemistry is a discipline that systematically examines the composition, structure, properties, interactions,
and transformations of both organic and inorganic substances, as well as various basic forms of matter.
The significance of teaching chemistry lies in its essential role in understanding the natural world. The
universe operates according to chemical principles, and human health relies on the proper functioning of
chemical processes within the body. Regarded as the foundational science, chemistry links various
physical sciences with biological and practical disciplines. Its applications span food production,
healthcare, manufacturing, environmental management, and additional fields. Studying chemistry enables
learners to understand the scientific process and develop abilities such as critical analysis, logical
deduction, problem-solving, and effective communication. Introducing chemistry at an early age can
foster greater enthusiasm for STEM fields among students.

In Nigeria, secondary school students are introduced to chemistry as part of their curriculum for the first
time. Although Chemistry holds significant societal value, there have been consistent reports of students
underperforming in this subject in senior secondary certificate examinations such as NECO and
WASSCE over the years. The annual success rate of students obtaining a credit pass in SSCE Chemistry
has not met expectations, limiting their chances of gaining admission to higher education institutions.
Consequently, implementing effective learning strategies is essential to enhance students' academic
performance in chemistry, regardless of their initial ability levels.

The importance of enhancing students' performance in chemistry, regardless of gender, must be
emphasized. This is hindered by inadequate standard teaching resources and the use of instructional
strategies that do not align with students' individual learning preferences. Learning styles refer to various
approaches individuals use to acquire, comprehend, articulate, and retain new knowledge, highlighting the
diversity in how people process information.Fleming et al. (2015). The VARK model, created by
Fleming, identifies four primary learning styles: visual, auditory, read/write, and kinaesthetic. Visual
learners favor visual aids like diagrams, charts, and videos to grasp information. Auditory learners, on the
other hand, benefit most from listening and oral communication, such as explanations and discussions.
Students who favor reading and writing tend to prefer textual content and often participate in activities
such as reading and note-taking. Kinesthetic or tactile learners, on the other hand, learn best through
direct physical engagement and favor tasks that involve movement and handling of objects. Two types of
learning approaches, reflective and logical, were incorporated into the research, as noted by (Husmann et
al. 2019). Reflective students tend to enhance their comprehension through activities such as critical
analysis, self-reflection, and self-assessment. Conversely, logical learners improve their understanding by
engaging in reasoning, analytical processes, and structured problem-solving approaches.

In secondary school chemistry teaching, recognizing students' learning preferences is crucial for
developing effective instructional methods. Educators can customize their instructional methods to
accommodate the various learning preferences of students, thereby enhancing understanding,
participation, and success in complex topics such as redox reactions. This research examined six primary
learning styles: visual, auditory, read/write, kinaesthetic, reflective, and logical.

A redox reaction involves a chemical process where the oxidation state of a molecule, atom, or ion is
altered through the transfer of electrons, either gaining or losing them. Although Redox reactions are
important, students frequently encounter difficulties in grasping their fundamental concepts. Common
misconceptions include distinguishing between oxidizing and reducing agents, determining oxidation
states of atoms, molecules, or ions, and accurately applying stoichiometric calculations (Adu-Coast,
2019). Misunderstandings about Redox reactions may obstruct students' comprehension of fundamental
concepts, potentially impacting their academic success.

Research by Jack (2013) indicates that students tend to be less willing to respond to questions during the
SSCE when they do not have a clear understanding of the concepts involved. This situation could result in
students' lower performance in these subjects and negatively impact their overall results in chemistry at
SSCE. To enhance learning outcomes and student performance, it is essential to familiarize students with
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more efficient and suitable learning techniques, utilizing instructional methods such as Guided Discovery
Instruction.
Guided discovery teaching is an educational approach where the main content is not explicitly presented
by the instructor but is instead explored by students, with the teacher acting as a facilitator and students
engaging actively in the learning journey. Afolabi (2019) highlighted that Social Studies content, due to
its focus on value clarification and fostering creative and critical thinking, requires the implementation of
innovative teaching methods such as inquiry-based learning, discussions, problem-solving exercises, role-
playing, computer-assisted instruction, and other engaging classroom activities that promote relaxed
learning environments.
The importance of the guided discovery teaching method in Social Studies is supported by scholars such
as Famuyibo et al. (2015), who emphasize that students build knowledge through their experiences. This
approach aligns with pedagogical strategies that emphasize active participation and experiential learning.
In this context, the teacher acts as a facilitator, encouraging students to take responsibility for their
learning and develop their own understanding of concepts independently.
Statement of the Problem
The persistent underachievement of students in chemistry during SSCE examinations has become a
significant issue for educators, government officials, teachers, stakeholders, and the students themselves.
Teachers in chemistry have employed diverse instructional techniques, including discussions, inquiries,
and problem-solving activities, among others. Despite these efforts, student performance remains below
expectations. Over the years, a significant number of chemistry candidates have failed to attain credit-
level passes in the SSCE examinations. Contributing factors encompass the challenging complexity of
chemical concepts, insufficient standard teaching tools, and the employment of unsuitable instructional
strategies by teachers that do not align with students' learning preferences. The consequences of poor
performance in chemistry include a limited pool of qualified individuals pursuing chemistry and related
careers at higher education levels. It is essential for chemistry educators to understand their students'
learning preferences. When educators recognize their students' learning preferences and utilize this
understanding effectively in teaching complex chemical topics through guided discovery methods, it can
lead to improved performance in SSCE examinations. Such instructional approaches promote deeper
understanding, increased engagement, and higher achievement levels. The researcher plans to examine
how different learning styles and responsiveness to guided discovery teaching methods influence students'
understanding of redox reactions in secondary schools within the Jalingo educational zone, Taraba State,
Nigeria.
Purpose of the Study
1. Determine the predominant learning styles of secondary school students in chemistry.
2. Examine how senior secondary school students with various learning styles respond to instruction
on Redox reactions when taught through a guided discovery approach in chemistry.
Research Questions
The following research questions were raised to guide the study:
i. What are the predominant learning styles of secondary school students in chemistry in Jalingo
educational zone?
ii. What are the mean scores of secondary school students in chemistry with different learning styles
when taught Redox using guided discovery instructional strategy?
Hypotheses
The following hypotheses were formulated and tested at 0.05level of significance:
HO.: There are no notable variations in the distribution of learning styles among SS 1l students
studying Chemistry within Jalingo Educational Zone.
HO,: There is no notable variation in the average scores of secondary school students in
chemistry across different learning styles when instruction on Redox is delivered through guided
discovery methods.
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RESEARCH METHODS

The study utilized a quasi-experimental approach, incorporating pre-test and post-test assessments. The
experimental groups were pre-tested and categories according to their learning styles, thereafter exposed
to treatment for 4 weeks and at the end of which a post-test was administered to determine the students’
academic achievement in redox reaction. The study was conducted in Jalingo Educational Zone of Taraba
State, Nigeria. The targeted population for this study consisted of 2,713 SS Il students enrolled in
chemistry across 52 secondary schools within two Local Government Areas in Jalingo educational zone.
Specifically, Jalingo L.G.A had 2,067 students, while Ardo-Kola L.G.A had 646 students, as reported by
the Taraba State Post Primary Schools Management Board (TSPPSMB). The study employed two
sampling methods: stratified sampling and multi-stage sampling to select the participants.

The sampling method employed was stratified random sampling to choose students who completed the
Learning Styles Inventory. The population considered was drawn from two Local Government Areas. The
resulting sample consisted of 191 SSII Chemistry students, including 102 males and 89 females. The
study employed a multi-stage sampling method for the quasi-experimental component. Initially, from the
two or three schools involved in administering the Learning Styles Inventory, one school was chosen
randomly by drawing lots. This process resulted in a total of three schools across two Local Government
Areas. During the second phase, a school was chosen at random from two Local Government Areas
through a drawing method to take part in the study.

The instrument that was used for collecting data is the Learning Styles Inventory (LSI) and Redox
Reactions Achievement Test (RRAT). LSI and RRAT have a reliability coefficient of 0.91 and 0.86 after
pilot testing. The Learning Styles Inventory, initially created by Kolb in 1984, originally contained 54
items. For this research, the inventory was modified by expanding the number of Learning Styles and
increasing the total items to sixty. Additionally, the scale was adapted to a Likert-type format to facilitate
assessment. The Redox Reactions Achievement Test (RRAT) comprises 40 multiple-choice questions
adapted from past WASSCE and SSCE examinations. Each question offers four options, with only one
correct answer. This was administered to the experimental groups as pre-test and post-test. The research
instrument was reviewed and approved by three experts affiliated with Taraba State University. Two of
these experts are from the Science Education Department, while the third is from the Department of
Educational Foundations at the same university. Who reviewed its content and provided feedback that
was incorporated to enhance its accuracy and validity. The Cronbach’s alpha coefficient reliability of LSI
was found to be 0.91and a reliability index of RRAT was 0.86 obtained using Kuder- Richardson (KR-
20) formula. The instruments were administered to the subjects accordingly before and after the
treatment. One intact class was used for four weeks, taught redox reactions using the guided discovery
instructional strategy. The data collected was analyzed using, frequency distributions, percentages, mean
scores, and standard deviations to address the research questions. Hypotheses were tested using Chi-
square and ANOVA analyses at a significance level of 0.05.
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RESULTS

Research Question One: What are the predominant learning styles of secondary school students in
chemistry in Jalingo educational zone?

Table 1

Analysis of the Predominant learning styles of Secondary School chemistry students in Jalingo
Educational Zone.

Learning Styles Frequency %

Kinesthetic 32 16.8
Auditory 28 14.7
Visual 35 18.3
Read and write 30 15.7
Reflective 31 16.2
Logic 35 18.3

The examination of learning preferences among secondary school chemistry students in Jalingo
Educational Zone, as shown in Table 1, highlights notable patterns in their preferred learning methods.
Out of the six styles evaluated, visual and logical approaches are the most prevalent, each representing
18.3% of the student population. Within this group, the predominant styles suggest that many students
prefer approaches that utilize visual cues and logical thinking to facilitate their learning.

According to prevalent educational approaches, kinesthetic learning—favored by approximately 16.8% of
students—serves a significant function. This indicates that about one in six learners gain advantages from
active, hands-on educational methods, which may include physical activity or the practical application of
knowledge.

Following closely is the reflective learning approach, chosen by 16.2% of students as their favored
learning style. These learners typically focus on introspection, examining their experiences thoroughly,
and often excel in settings that provide opportunities for self-evaluation and careful reflection.

The read-and-write learning approach is adopted by 15.7% of students. Although less common than other
learning styles, it constitutes a meaningful segment of the student body, highlighting the importance of
written resources like textbooks, notes, and assignments for these learners.

Auditory learning is the least common learning style among students, with just 14.7% favoring it. Those
who prefer auditory methods tend to excel in settings that focus on listening and verbal interaction, like
lectures and group discussions.

The main learning preferences among secondary school chemistry students in Jalingo are visual and
logical approaches. A notable number of students also favor hands-on activities and reflective methods.
Although read-and-write and auditory styles are less prevalent, they remain relevant preferences within
the student group.

Recognizing the variety in student learning styles can guide educators in developing effective teaching
methods. Incorporating visual tools, practical exercises, analytical problem-solving, and self-assessment
opportunities can improve the overall learning experience for most students. Understanding these
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preferences is essential for designing an engaging and inclusive educational setting that addresses the
diverse needs of learners.

Research Question Two: What are the mean scores of secondary school students in chemistry with
different learning styles when taught Redox using guided discovery instructional strategy?

Table 3. Mean and standard deviation scores of secondary school students with different learning
styles in the Redox achievement test

Learning Styles N mean Std. Dev
Kinesthetic 32 30.7031 6.99292
Auditory 28 .29.6071 5.24644
Visual 35 29.8429 5.23811
Read and write 30 29.9333 4.39775
Reflective 31 30.4194 5.00349
Logical 35 30.3571 4.07209

The data presented in Table 2 offer an overview of how secondary school students performed on the
redox achievement test, considering their individual learning styles. The average scores and standard
deviations for each learning style illustrate the performance differences among students with diverse
preferences.

Students who learn best through physical activities, known as kinesthetic learners, had an average score
of 30.70. The relatively high standard deviation of 6.99 indicates a wide range of performance levels
among these students, with some excelling significantly while others scored lower. Conversely, auditory
learners, who prefer listening and verbal communication, recorded an average score of 29.61. Their
standard deviation of 5.25 suggests their scores were more uniform, reflecting less variability in their
performance.

Individuals who learn best through visual aids such as images, diagrams, and charts achieved an average
score of 29.84, which is marginally higher than that of auditory and kinesthetic learners. The standard
deviation of 5.24 suggests a moderate range of performance among visual learners, indicating some
variation in individual results. Learners who prefer reading and writing as their primary methods scored
the highest, with an average of 29.93. Their results were highly consistent, as reflected by the standard
deviation of 4.40, the lowest among all learning styles, implying that most read and write learners
obtained similar scores on the assessment.

Students identified as reflective learners, who favor in-depth analysis and contemplation of the subject
matter, recorded an average score of 30.42. This figure slightly exceeded the average scores of visual and
read-write learners. Their standard deviation of 5.00 suggests that their results were relatively stable, with
some moderate variability. Logical learners, characterized by an organized and analytical approach to
learning, achieved an average score of 30.36, which is very similar to that of reflective learners. The
standard deviation for logical learners was 4.07, the second-lowest among the groups, indicating a fairly
consistent performance pattern.

The evaluation of average scores indicates that different learning styles exhibited comparable results on
the redox assessment. Minor variations in the mean scores imply that no particular learning style had a
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clear advantage in test outcomes. Notably, learners who preferred reading and writing demonstrated the
most consistent performance, as reflected by their lowest standard deviation, suggesting uniformity across
this group. Conversely, kinesthetic learners displayed the highest variability, which may indicate that their
test results were more influenced by individual differences in their approach to the material.

Overall, although there are minor differences in performance related to learning styles, all groups
demonstrated similar results on the redox achievement assessment. This indicates that students with
various learning preferences are capable of performing equally well on the same test, with no definitive
proof that any particular learning style has a consistent advantage over others.

Hypothesis One:

In the Jalingo Education Zone, secondary school chemistry students do not exhibit a clear dominant
learning style.

Table 3. Chi-square test predominant learning styles of Secondary School chemistry students in
Jalingo.

Item total
Chi-Square 1.220?
Df 5
Asymp. Sig 943

The data in Table 3 displays the results of a Chi-Square goodness-of-fit test, which assesses whether the
distribution of students among various learning styles significantly deviates from an expected distribution
assuming no style is predominant. The observed counts for each learning style are as follows: 32 students
for kinesthetic, 28 for auditory, 30 for read and write, 31 for reflective, 35 for visual, and 35 for logical.
These figures illustrate how students are distributed across the six learning styles.

In the absence of a clear dominant learning style, students are expected to be evenly distributed among the
six styles. Given a total of 191 students, each style would typically have an expected count of
approximately 31.8 students.

To test the hypothesis, the observed frequencies of the learning styles are compared to the expected
frequencies. The Chi-Square statistic (X2) for the test was calculated to be 1.220, and the degrees of
freedom (df) for the test were 5. The resulting p-value was 0.943. Since the p-value (0.943) is much
greater than the significance level of 0.05, we fail to reject the null hypothesis.

That is, based on the Chi-Square test, there is no significant difference between the observed and expected
frequencies of the different learning styles among secondary school chemistry students in Jalingo. This
result suggests that no learning style is significantly more predominant than the others in this sample, and
the distribution of learning styles appears to be balanced. Therefore, we conclude that there is no
significant predominant learning style among secondary school chemistry students in Jalingo
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Hypothesis Two

There is no significant difference in the mean scores of secondary school students with different learning
styles in the Redox achievement test

Table 4: Summary of ANOVA of mean scores of secondary school students with different learning
styles in the Redox achievement test

Sum of Squares df Mean Square F Sig.
Between Groups 26.499 5 5.300 193 965
Within Groups 5067.695 185  27.393
Total 5094.194 190

Table 4 is the analysis of variance (ANOVA) suggesting that learning style does not have a significant
impact on student achievement. The p-value in the analysis was 0.965, which is much higher than the
conventional significance level of 0.05. This indicates that there is no statistically significant difference in
the mean Redox test scores between students with different learning styles. The F-statistic value of 0.193
also suggests that the variance between groups is very small when compared to the variance within the
groups. This reinforces the conclusion that learning style does not affect the student’s performance on the
Redox achievement test. As a result, we fail to reject the null hypothesis, meaning that the data supports
the idea that learning style does not significantly influence students' scores on the test.

DISCUSSION OF FINDINGS

The study's findings on learning styles among secondary school chemistry students in Jalingo Educational
Zone offer valuable insights into how students prefer to learn. The dominance of visual and logical
learning styles suggests that students in this cohort benefit significantly from visual aids and structured,
analytical approaches to problem-solving.

This is consistent with existing literature that highlights the importance of visual and logical reasoning in
STEM subjects like chemistry. The prominence of kinesthetic learning indicates that hands-on activities
and practical applications are also crucial for a substantial portion of students. This supports the idea that
interactive learning experiences can enhance student engagement and understanding in chemistry.
Furthermore, the relatively high percentage of reflective learners underscores the importance of providing
opportunities for self-assessment and thoughtful contemplation in the learning process.

The diversity of learning styles among students highlights the need for teachers to adopt a balanced
approach that incorporates various teaching strategies to cater to different learning preferences. While
read-and-write and auditory learning styles are less common, they still represent significant preferences
within the group. By recognizing and catering to these diverse learning styles, educators can create an
engaging and effective learning environment that meets the varied needs of all students. The implications
of these findings are clear: teachers should incorporate a range of teaching methods, including visual aids,
hands-on activities, logical problem-solving tasks, and opportunities for self-reflection, to engage students
with different learning preferences. By doing so, they can increase student engagement and motivation,
leading to a more effective learning environment. Ultimately, understanding individual learning styles can
help teachers tailor their approaches to meet the needs of specific students, potentially enhancing their
learning experience and outcomes.
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CONCLUSION

This study concludes that learning style plays a significant role in students' performance in chemistry, and
that teachers should incorporate diverse teaching strategies that cater to different learning styles and
preferences. The study also highlights the importance of recognizing and addressing gender differences in
learning styles and performance.

RECOMMENDATIONS
Based on the findings of the study, the following recommendations are made:

i.  Teachers should incorporate diverse teaching strategies that cater to different learning styles and
preferences, including visual, logical, kinesthetic, reflective, read-and-write, and auditory
approaches.

ii.  Teachers should recognize and address gender differences in learning styles and performance,
and adapt their teaching strategies accordingly.
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