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Abstract

In a world where educational success is paramount, students’ self-concept
significantly influences their motivation and performance, especially in
challenging subjects like physics. Traditional teaching methods often fail to
engage students, resulting in reduced self-confidence and interest in STEM
fields. This study investigated the effects of Vee-diagram and guided-inquiry
strategies on the self-concept of secondary school physics students. Using a
quasi-experimental design, the research involved 413 students selected from
a population of 83 981 Senior Secondary Two (SS2) students through
multistage sampling, with 225 females and 188 males. The Physics
Self-Concept Inventory, validated by experts and showing a reliability
coefficient of 0.81, was used for data collection before and after a six-week
intervention. Data analysis employed Mean Rank, Kruskal-Wallis, and
Mann—Whitney U tests. Results indicated significantly higher mean rank
gain in self-concept in both the Vee-diagram (75.03) and guided-inquiry
groups (65.36) compared to conventional lecture methods (10.66). No
notable gender differences were found in the self-concept ratings within the
Vee-diagram (p = 0.618) and guided-inquiry groups (p = 0.442). Structured
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professional development programs that introduce teachers to these
strategies. workshops, peer-teaching sessions, among others, are

recommended for effective implementation.
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1. Introduction

1.1. Background to the study

In today’s world where educational success is
paramount, understanding the factors that influ-
ence student motivation and performance is cru-
cial for enhancing engagement in challenging sub-
jects such as physics. The understanding of one’s
self-concept is critical determinant of individual’s
motivation and performance, particularly in sci-
ence subjects [1, 2]. The concept of self-concept,
could be defined as an individual’s perception
of one’s capabilities in academic pursuit/career
[3, 4]. It greatly influences individual learners’
academic achievement, motivation, and overall
development [5, 6]. A positive self-concept fosters
behavioural modification like persistence and pro-
activeness in course selection, and ultimately res-
ult to an improved academic outcome. On the
other hand, an individual learner with poor self-
concept, possibly due to high reliance on conven-
tional teaching methods by most teachers would
ultimately lead to poor engagement and achieve-
ment in STEM education.

Researches [1, 4] indicates that instructional
strategies plays a critical role in shaping stu-
dents’ motivation and self-concept. When educat-
ors employ effective teaching strategies, such as
student-centred approaches, they create an envir-
onment that fosters active engagement and crit-
ical thinking. This active participation not only
enhances students’ understanding of the mater-
ial but also boosts their confidence in their abilit-
ies. Consequently, as students experience success
and recognition through tailored teaching meth-
ods, their self-concept is positively reinforced,
leading to improved academic outcomes.

The overdependence on conventional teach-
ing methods by most physics teacher has often
fall short in effectively promoting students’ aca-
demic achievement, resulting in a declining

September 2025

self-confidence and interest among students in
STEM learning [7]. Conventional teaching meth-
ods has long been criticized for lack of effective-
ness in fostering critical thinking, creativity, and
problem-solving skills necessary for addressing
modern scientific challenges [8, 9]. Its predomin-
antly teacher centred characteristics, subject stu-
dents to being passive learners. Often receiving
information without actively contributing to the
process, and consequently hindering their devel-
opment of a positive self-concept [10]. Hence,
exploring the implementation of student-centered
approaches that would enhance their self-concept
is undoubtably essential for improving physics
education [8].

Student-centered learning strategies, which
prioritize active participation and engagement,
have gained prominence as effective alternat-
ives instructional strategies to traditional methods
[10]. These strategies aim to shift the direction of
learning from teacher to the learner, and encour-
age students to take full ownership of their edu-
cation through inclusivity, peer collaboration, and
hands-on activities [11, 12]. While direct instruc-
tion where a structured teaching approach char-
acterized by explicit teaching and clear, sys-
tematic delivery of content has its merits, par-
ticularly in conveying foundational knowledge,
student-centred teaching strategies which encour-
age metacognition and allow students to construct
their own understanding are particularly benefi-
cial in physics education [10].

Physics often involves complex concepts that
require active engagement, critical thinking and
problem-solving abilities for deeper understand-
ing. By allowing students to explore and collab-
orate through student-centered approaches, they
develop problem-solving skills and a sense of
ownership over their learning. This engagement is
vital in a subject where conceptual understanding
can significantly impact students’ self-efficacy
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and motivation. Moreover, research suggests that
student-centered strategies can foster a more
inclusive classroom environment, accommodat-
ing diverse learning styles and needs, which is
essential for effective physics instruction [12].
A few examples of these innovative strategies
include: project based learning, where students
work on a project over an extended period; col-
laborative learning, where students work in small
groups to achieve shared learning goals; flipped
classroom, where students review instructional
content at home and use classroom time for inter-
active activities; Vee-diagram, where students cre-
ate a special diagrams to map out their understand-
ing, identify key concepts, and reflect on their
learning processes; and guided-inquiry, where
learners explore questions and conduct investig-
ations. Among these strategies, Vee-diagrams and
guided-inquiry have shown promise in promot-
ing deeper understanding and enhancing students’
self-concept in science education.

Vee-diagram, is an educational tool rooted
in constructivist approach, wherein meaningful
learning is facilitated by helping students under-
stand the underlying principles and concepts of
problem-solving [13]. Vee-diagrams instruction
encourages students to actively engage with the
material, think critically, and shape their learning
process [14]. This active engagement can lead to
a greater sense of achievement and improved self-
concept in physics education [1]. In Vee-diagram,
students start by identifying the key concepts and
principles related to the topic under discussion,
placing them in the left side of a V-shaped dia-
gram. They will then brainstorm or perform exper-
iment known as ‘event’. The recording, transform-
ation and knowledge claim are written on the
right side of the diagram. The students can then
draw connections between these concepts, their
real life applications, illustrating relationships and
dependencies. As they engage with the material,
they reflect on their learning process and identify
areas of confusion or uncertainty. This visual rep-
resentation enhances comprehension, metacogni-
tion and encourages deeper exploration of the
physics concepts involved.

Another student-centred approach of interest
in this study is guided-inquiry. guided-inquiry as
an innovative instructional strategy emphasizes
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exploration and investigation that allow students
to construct their knowledge through carefully
designed questions and activities. Guided-inquiry
promotes problem-solving abilities, logical think-
ing skills, and a good understanding of scientific
concepts. According to Ejiga and Shie [1], it
fosters active participation of students in the learn-
ing process, develop a sense of competence and
confidence, which cascade into improving their
self-concept and interest in physics learning [8].
In a guided inquiry strategy, the teacher begins
by posing open-ended questions related to the
topic, such as ‘How do forces affect motion?’
Students then work in groups to explore these
questions through teacher-guided hands-on exper-
iments and research, gathering data and making
observations. The teacher facilitates the process
by providing guidance, resources, and prompting
further inquiry as needed.

Furthermore, given the importance of self-
concept in academic achievement and the effic-
acy of student-centred strategies to enhance learn-
ing outcome, Ejiga and Shie [1] recommend an
investigation into the impact of Vee-diagram and
guided-inquiry on students’ self-concept in phys-
ics. In line with, this study addressed this issue by
comparing these approaches to traditional lecture
methods, with aims of providing rich and deep
insights into effective pedagogical practices that
could foster a positive self-concept and improve
student outcomes in physics education.

1.2. Statement of the problem

In Nigeria, the declining trend in student aca-
demic engagement and achievement in physics
in recent time has become worrisome among
researcher, education stakeholders and second-
ary school physics teachers. Scholars has traced
this development to teachers’ inability to use
innovative strategies, individual student circum-
stances, home environment, peer influence, and
personal interests [10, 12]. Traditional teaching
methods which is common methods of teaching
in Nigeria is characterized by a didactic approach
and often fail to captivate students’ interest and
foster a positive self-concept. Similarly, students’
perception of physics as an abstract subject, also
contributed to negative self-image that reinforces
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their disinterest [1]. These have ultimately led to
a huge decline in students’ engagement, dimin-
ished motivation, low self-confidence, and poor
academic performance in STEM subjects [2].
For instance, West African Examinations Council
(WAEQ) statistics between 2019 and 2023 show
fluctuations in physics enrolment and persist-
ent performance gaps, with mean students’ score
dropping from 43.3% in 2019 to 31.67% in
2023 [15].

Several studies revealed that students’ self-
concept have significantly influence their aca-
demic choices and performance [6]. In another
study, students with positive self-concept were
found to engage more actively in learning, than
those with a negative self-concept [3]. By implic-
ation, this call for researchers and stakeholders to
look inwardly and critically identify, adopt and
implement effective strategies that could enhance
students’ self-concept and engagement in physics
learning.

Both strategies under study have shown great
potential in promoting students centred learning
and critical thinking [9, 11]. However, a lacuna
exists in research regarding their specific impact
on self-concept among students offering physics
in secondary schools. The lack of empirical evid-
ence on the effectiveness of these strategies in
enhancing self-concept among secondary school
physics students poses a significant barrier to its
implementation in physics classroom.

Hence, this study provides answers by invest-
igate the impact of Vee-diagram and guided-
inquiry on student’s self-concept in physics learn-
ing as well as provide valuable insights that would
guide educators and stakeholders on effective ped-
agogical practices that would foster a positive self-
concept in physics.

1.3. Literature review

The theoretical framework for this study was
based on constructivist learning theory. The the-
ory states that knowledge is actively construc-
ted by learners rather than passively received [16,
17]. This theory elaborates on the importance
of social interaction and hands-on experiences
in students learning process. Both Vee-diagram
and guided-inquiry instructions are in sync with
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constructivism by leveraging on active engage-
ment, critical thinking, and metacognition.

Studies [18-21] have investigated the effect-
iveness of Vee-diagrams and guided-inquiry
instructional strategies in enhancing students’
understanding of physics concepts. For instance,
Osiboye et al [21] examines the impact of the Vee
diagram on pre-service Physics teachers’ percep-
tion academic achievement. Using a one-group
pretest and posttest quasi-experimental design
with 20 N.C.E. II Physics students, data were
collected through the Physics Achievement Test
and Gravitation Concept Perception Inventory.
Results showed significant improvements in
both academic performance and perception after
instruction with the Vee diagram. The findings
suggest that this instructional strategy enhances
critical thinking and engagement, recommending
its use to improve students’ metacognitive skills
and academic outcomes. These studies provide
valuable insights into how these pedagogical
approaches can foster a more engaging and sup-
portive learning environment. Also, Mutai et al
[13] and Al-Balushi et al [8] conducted different
studies in Uasin Gishu County, Kenya and Omani
respectively, both studies involving secondary
school students with quasi-experimental design
and found that students who used Vee-diagrams
demonstrated significantly improved conceptual
understanding and organize their thoughts and
reflect on their learning processes compared to
those who engaged in lecture-based instruction.
The Vee-diagram’s structure encourages students
to identify relationships and understand complex
physics concepts better.

Guided-inquiry strategies on the other hand
have also garnered substantial empirical support.
Gire et al [22] conducted a meta-analysis study
which examines the effectiveness of Inquiry-
based Science Education (IBSE) in enhancing
students’ problem-solving and critical thinking
skills within STEM education. Analysing evid-
ence from 40 review articles and empirical studies
published between 2016 and 2025, the research
finds that IBSE significantly boosts these cognit-
ive skills across all educational levels, demonstrat-
ing medium to large effect sizes. Additionally,
student motivation and involvement are high-
lighted as crucial for maximizing IBSE’s benefits.
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The findings show that guided-inquiry signific-
antly improves students’ conceptual understand-
ing and motivation in STEM subjects, including
physics. Also, Dunbar and Yadav [9] employs a
qualitative case study design to explore faculty
experiences during a curriculum redesign aimed
at fostering student-centred learning. The sample
consists of faculty members involved in a sum-
mer service learning program, selected through
purposeful sampling to capture diverse perspect-
ives. Data were collected through semi-structured
interviews and focus group discussions, with ana-
lysis involving thematic coding, identifying key
themes related to shifts in teaching practices, col-
laboration, and student engagement. It was found
that guided inquiry can enhance student engage-
ment and increase their self-efficacy. These find-
ings suggest that when ‘students are exposed
to both strategies, they develop logical thinking
skills and a deeper appreciation’ for scientific pro-
cesses. There is need therefore to create a condu-
cive learning environment where students can act-
ively participate in their learning.

Comparatively, Thamarasseri and Shejeena
[11] carried out a study to compare the use of
Vee-diagrams and guided-inquiry on pre-service
mathematics teachers’ attitudes towards geometry
using a quasi-experimental design with 116 parti-
cipants from two colleges in Oromiya, Ethiopia.
The Geometry Attitude Scale was used for data
collection, showing high reliability (Cronbach’s
alpha = 0.90). Analysis revealed that those in the
Vee-diagram and guided-inquiry groups had sig-
nificantly more positive attitudes than the control
group, with no gender differences noted.

Similarly, Ling et al [14] who worked on
effectiveness of guided-inquiry as a problem-
solving strategy in enhancing lower secondary
school students’ conceptual and procedural know-
ledge in mathematics, utilize a quasi-experimental
design with 48 students involving a pre-test and
post-test assessments found that students who
engaged in guided-inquiry approaches showed
greater enthusiasm and interest in physics than
other groups. These empirical findings confirm
the general perception that methods instruc-
tion can significantly impact students’ learning
outcome.

Vee-diagram and guided-inquiry strategies
were effective because they promoting active
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engagement and ownership of learning [8], foster
critical thinking and problem-solving skills, cru-
cial for mastering complex concepts [22], creates
a supportive environment that boosts motivation
[9] and provide iterative feedback which allows
students to address misconceptions [20].

The literature indicates that Vee-diagram and
guided-inquiry strategies are effective pedago-
gical tools that can significantly enhance stu-
dents’ understanding of physics concepts and pos-
itively impact their self-concept. As education
continues to evolve, incorporating these strategies
into physics curricula can lead to improved stu-
dent outcomes and greater interest in STEM
disciplines.

2. Methods
2.1. Purpose of the study

The purpose of this study was to find out the effect
of Vee-diagram and guided-inquiry strategies on
secondary school students’ self-concept toward
physics. Specifically, this study answered the fol-
lowing research questions:

i. Can the use of Vee-diagrams and guided-
inquiry instructions improve learners’ self-
concept in physics?

ii. Is there a gender difference in this effect?

iii. How do these strategies compare with conven-
tional methods in improving students’ physics
self-concept?

2.2. Research design

This study adopted a quasi-experimental, pretest—
posttest, non-equivalent control group design.
The design enabled the researchers to examine
the effects of two instructional strategies—Vee
diagram and guided inquiry—on students’ self-
concept in physics.

2.3. Population and sample

The population consisted of all 83 981 senior
secondary two (SS2) physics students in public
secondary schools within Kano State in Nigeria
with a sample of 413 students (225 females and
188 male) selected from nine schools. The selec-
ted schools were of similar characteristics in
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terms of comparable facilities, similar WAEC per-
formance histories, and availability of qualified
physics teachers. This was achieved through a
multistage sampling technique. Firstly, stratified
sampling was used to categorize the schools into
three groups according to the three senatorial dis-
tricts within the state, after which three educa-
tional zones were randomly selected from each
senatorial district making a total of nine zones.
From each zone, one school each was purpos-
ively selected, making a total of nine schools.
Six intact classes served as Experimental Groups
(three for Vee-diagram and three for guided-
inquiry) with the remaining three serving as
control.

2.4. Instructional interventions

All groups received instruction over six con-
secutive weeks covering six topics. Topics
covered are Newton’s universal law of gravita-
tion, Measurement of G (universal constant of
gravitation), Earth’s satellite, Kepler’s laws of
planetary motion, Escape velocity and Mass and
density of the earth.

In the Vee diagram group, students were
introduced to Vee mapping at the beginning of
each lesson. Teachers used a template to guide stu-
dents in identifying key concepts, linking them to
prior knowledge, outlining experimental proced-
ures, interpreting results, transforming the result
into meaningful idea, knowledge or application
and writing the knowledge claim.

In the guided inquiry group, students engaged
in structured investigations. Lessons followed a
5E model: Engage, Explore, Explain, Elaborate,
and Evaluate. Students formulated hypotheses,
performed experiments in small groups, recor-
ded observations, and reflected on outcomes with
teacher guidance.

The control group was taught using tra-
ditional lecture methods, emphasizing teacher
explanation and note-taking with limited student
interaction and minimal practical activities.

All groups used the same lesson objectives
and materials (such as textbooks and laboratory
equipment) ensuring content consistency while
differing in instructional delivery.
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2.5. Teacher training and support and
measures to reduce students’ anxiety

Before implementation, participating physics
teachers in the experimental groups attended a
two-day workshop on Vee diagram and guided
inquiry strategies. They were trained on les-
son delivery, use of student activity sheets, and
classroom management techniques. Weekly mon-
itoring was conducted during the intervention to
ensure fidelity of implementation and provide
support.

All student participants were assured that
their performance would not affect their school
grades. Teachers used formative assessment and
peer support strategies to create a supportive
classroom environment. Ice-breaker activities and
feedback sessions were also used to reduce per-
formance pressure, especially during hands-on
group work.

2.6. Instrument

Physics Self-Concept Inventory (PSCI) was used
for data collection and was thoroughly validated
by professionals. Utilizing Cronbach’s Alpha, its
reliability was established, resulting in an internal
consistency of 0. 81. PSCI consisted of two parts.
Part A requested for participants demographic
information while part B consisting of 25 items
with Likert scale ‘1-5 (1: “strongly disagree,”
2: “disagree,” 3: “undecided,” 4: “agree,” 5:
“strongly agree”)’ seek information about the par-
ticipants’ self-concept covering dimensions such
as perceived competence, confidence, and interest
in Physics.

2.7 Data collection and analysis

Data collection involved administering the PSCI
as a pre-test, followed by six weeks of instruc-
tion for each group on selected topics, after which
the PSCI was re-administered as a post-test. For
data analysis, Pretest scores established baseline
equivalence, while posttest scores measured the
effect of the instructional strategies. Mean Rank,
Kruskal-Wallis test and Mann Whitney U test
were employed during data analysis. Measures
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Table 1. Descriptive statistics on physics learner self-concept based on method of instruction.

Pretest Posttest Mean
Group N Mean Rank Mean Rank Rank Gain H-value Df p-value
Vee-Diagram 146 123.22 198.25 75.03 45.67 2 0.000
(EG1)
Guided-Inquiry 131 119.39 184.75 65.36
(EG2)
Conventional 136 112.84 123.50 10.66
Lecture (CG)

Table 2. Summary of statistics on physics learner self-concept when taught with Vee-diagram and guided-inquiry

strategies based on gender.

Mean
Strategy Gender N Rank Gain U Test p-value Decision
Vee-diagram Male 90 75.40 2445.52 0.618 Not Significant
Female 56 74.44 (p > 0.05)
Guided- Male 47 63.41 1874.50 0.442 Not Significant
inquiry Female 84 66.45 (p > 0.05)

were taken to control extraneous variables, includ-
ing teacher training, student engagement to reduce
anxiety, and ensuring homogeneity among the
selected schools.

3. Result and discussion
3.1. Answering of research question

Research Question one: Can the use of Vee-
diagrams and guided-inquiry instructions improve
learners’ self-concept in physics?

The mean rank and Kruska Wallis analysis of
the impact of the instructional strategies is sum-
marized in table 1.

The results in table 1 show clear differences
in the mean rank gain of self-concept across
the three groups. Students taught using the Vee-
diagram strategy had the highest posttest mean
rank (198.25) with mean rank gain of 75.03
(60.89%), followed by those taught using guided-
inquiry (184.75) with mean rank gain of 65.35
(54.74%) while students exposed to conventional
lecture method had the lowest posttest mean rank
(123.50) with mean rank gain of 10.66 (9.44%).
This confirms that the use of Vee-diagram and
guided-inquiry strategies can improve learners’
self-concept in physics.
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Research Question Two: Is there a gender dif-
ference in this effect?

The mean rank analysis of the impact of Vee-
diagram instructional strategies based on gender
is summarized in table 2.

The analysis in table 2 shows that male
students taught physics using the Vee-diagram
instructional strategy had a slightly higher mean
rank gain (75.40) in self-concept compared to
their female counterpart (74.44). The difference,
however, is not statistically significant since the
p-value (0.618) is greater than 0.05 level of
significance.

Table 2 also shows that female students
taught physics using guided-inquiry instructional
strategy had a slightly higher mean rank gain
(66.45) in self-concept compared to their male
counterpart (63.41). The difference, however, is
also not statistically significant since the p-value
(0.442) is greater than 0.05 level of significance.

Research Question Three: How do these
strategies compare with conventional methods in
improving students’ physics self-concept?

The summary of Mann—Whitney analysis
comparing Vee-diagram and guided-inquiry
instructional strategies with conventional lecture
method is presented in table 3.
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Table 3. Summary of Mann—Whitney comparison of Vee-diagram and guided-inquiry with conventional lecture

method.

Mean Mean Rank
Comparison Rank Gain Gain Difference U Statistics p-value Decision
Vee-Diagram vs. 75.03 64.37 5432.75 0.000 Significant
Lecture 10.66
Guided-Inquiry 65.36 54.70 6789.30 0.012 Significant
VS. 10.66

Lecture

The result in table 3 show a big mean rank
gain difference (64.37) between students that were
taught physics using Vee-diagram (75.03) and
those taught with conventional lecture method
(10.66). This difference is statistically significant
since the p-value (0.000) is less than 0.05 level
of significance. Table 3 also show a big mean
rank gain difference (54.70) between students
that were taught physics using guided-inquiry
(65.36) and those taught with conventional lec-
ture method (10.66). This difference is also stat-
istically significant since the p-value (0.000) is
less than 0.05 level of significance. These find-
ings confirm the effectiveness of Vee-diagram
and guided-inquiry strategies in improving sec-
ondary school students’ self-concept towards
physics.

3.2. Discussion of major findings

The study demonstrates that both Vee-diagram
and guided-inquiry instructional strategies signi-
ficantly enhance learners’ self-concept in phys-
ics, outperforming traditional lecture methods.
The findings support the notion that student-
centred approaches foster greater engagement and
critical thinking, leading to higher self-concept
ratings. ‘This is in line with indications from
previous research by Al-Balushi et al [8], and
Mutai et al [13] and where Vee-diagrams effect-
ively enhanced students’ understanding and con-
fidence in complex physics concepts. Similarly,
Gire et al’s [22] meta-analysis highlighted that
guided-inquiry approaches improve conceptual
understanding and motivation in STEM fields.
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Our results corroborate this, as students in the
guided-inquiry group also demonstrated enhanced
self-concept compared to traditional teaching.

Some studies have reported mixed results
regarding the impact of inquiry-based methods on
self-concept. For instance, research by Mansour
et al [2] suggested that while guided inquiry
can improve understanding, it may not signific-
antly affect self-esteem in all contexts. This con-
trasts with our findings, where both instructional
strategies led to notable improvements in self-
concept.

Additionally, while some studies [23, 24]
indicate gender differences in the effectiveness
of instructional strategies, our research found no
significant gender impact on self-concept ratings.
This divergence might be attributed to differences
in sample populations, location or the specific
contexts (such as topics taught) in which these
studies were conducted [25].

Other possible reasons for the differences
may be due to effectiveness of teaching strategies
which vary based on how they are implemented
and the time frame for the implementation. In our
study, both Vee-diagram and guided-inquiry were
applied rigorously over a six-week period, which
may have contributed to the positive outcomes
observed.

Differences in educational contexts, such as
cultural attitudes towards physics and gender
roles, might influence the effectiveness of these
strategies [26—28]. However, this work was con-
ducted in Nigeria, as a result, previous findings
may not have the same effect as those that were
conducted in Western contexts.
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4. Conclusion

The study’s findings affirm that Vee-diagram and
guided-inquiry instructions significantly enhance
learners’ self-concept in physics, outperforming
traditional lecture methods. By implication, Vee-
diagram approach fosters higher logical thinking
and engagement, while guided-inquiry encour-
age exploration and competence among stu-
dents. Notably, gender does not significantly influ-
ence self-concept development. An indication that
the strategies are gender friendly. These find-
ings underscore the need to integrate interact-
ive instructional strategies in physics education.
However, for effective implementation, teach-
ers need more than just policy directives, there
is a critical need for structured professional
development programs that introduce teachers to
these strategies. Workshops, peer-teaching ses-
sions, and in-service training should focus on
helping teachers design lessons that incorpor-
ate Vee-diagramming and guided-inquiry cycles
into everyday classroom practice. Furthermore,
teacher education institutions and school author-
ities should provide support systems, including
access to resources, mentoring, and collaborative
planning, that enable teachers to confidently trans-
ition from traditional methods to more interactive
and reflective pedagogies.

Data availability statement

The data that support this study are not publicly
available due to privacy and ethical considera-
tions. However, data can be made available upon
reasonable request. Interested researchers should
contact the corresponding author to discuss the
conditions under which the data may be shared.

Ethical approval

Ethical approval for this study was obtained
from the Research Ethics Committee of School
of Science and Technology Education (SSTE),
Federal University of Technology, Minna, Niger
State, Nigeria. The study was conducted in
accordance with the ethical standards of the insti-
tution and the principles of the Declaration of
Helsinki.

Informed consent

All participants in this study were adequately
informed about the purpose, procedures, potential

September 2025

risks, and benefits of the research. Written
informed consent was obtained from each par-
ticipant prior to their participation in accord-
ance with ethical standards approved by the
Research and Ethics Committee of SSTE, Federal
University of Technology, Minna, Niger State,
Nigeria.

Statement regarding research involving
human participants

This study involved human participants and was
conducted in accordance with the ethical stand-
ards of the Research and Ethics Committee
of SSTE, Federal University of Technology,
Minna, Niger State, Nigeria, and with the 1964
Helsinki Declaration and its later amendments.
Written informed consent was obtained from all
participants prior to their participation in the
study.

Consent to participate

All participants were provided with detailed
information about the study, including its object-
ives, procedures, potential risks, and benefits.
Written informed consent was obtained from each
participant prior to data collection. Participation
was entirely voluntary, and participants were
informed of their right to withdraw from the study
at any time without penalty.

Consent to publish

This study does not contain any personal data
or identifiable information of participants.
Therefore, specific consent to publish was not
required.

Funding declaration

This research did not receive any specific grant
from funding agencies in the public, commercial,
or not-for-profit sectors.

Conflict of interest

The authors declare that they have no competing
interests.

Phys. Educ. 60 (2025) 055031



O A Abdulmalik et al

Availability of data and materials

The datasets generated and/or analyzed during the
current study are available from the corresponding
author [A O ANWO] on reasonable request.

Author contributions

Abdulmalik Olayinka Anwo
0009-0005-2293-4896

Conceptualization (lead), Data curation (lead),
Investigation (lead), Methodology (lead), Project
administration (lead), Resources (lead), Writing
— original draft (equal)

Celina Shitnan Gana

Supervision (equal), Validation (equal),
Visualization (equal), Writing — review &
editing (equal)

Ahmed Ahmed Hassan

Supervision (equal), Validation (equal),
Visualization (equal), Writing — review &
editing (supporting)

Abiodun Stephen Moses
Software (equal), Supervision (equal),
Validation (equal), Visualization (equal)

Ahmed Usman Bashir
Software (equal), Supervision (equal),
Validation (equal)

Muhammad Kudu Muhammad
Resources (supporting), Software (equal),
Supervision (equal)

Received 14 June 2025, in final form 25 July 2025
Accepted for publication 12 August 2025
https://doi.org/10.1088/1361-6552/adfac5

References

[1] Ejiga P J and Shie D P 2022 Effects of senior
secondary school physics students’
self-concept on performance in jos north
l.g.a plateau state, nigeria Int. J. Educ. Eval.
811-19

[2] Mansour N, Cevik M, Yagci A, Alotaibi S B and
Deghaidy H E L 2024 Modeling the factors
influencing secondary students’ performance
in STEM subjects J. Balt. Sci. Educ.

23 518-35

[3] Huang C 2011 Achievement goals and
achievement emotions: a meta-analysis
Educ. Psychol. Rev. 23 359-88

September 2025

10

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Marsh H W and Craven R G 2006 Reciprocal
effects of self-concept and performance over
time: a meta-analysis Educ. Psychol. Rev.
18 698-727

Marsh H W 2023 Extending the reciprocal
effects model of math self-concept and
achievement: long-term implications for
end-of-high-school, age-26 outcomes, and
long-term expectations J. Educ. Psychol.
115 193-211

Trautwein U and Moller J 2016 Self-concept and
achievement: relations and processes
Handbook of Competence and Motivation:
Theory and Application 2nd edn, ed
A ] Elliot and C S Dweck (Guilford Press)
pp 278-97 (available at: https://chools.in/
wp-content/uploads/2021/03/Handbook-of-
Competence-and-Motivation_-Theory-and-
Application.pdf)

Pataky N, Nagy AHand Olajos T 2025
Exploring special non-cognitive factors
related to young students’ academic
performance in STEM subjects Eurasia J.
Math. Sci. Technol. Educ. 21 em2626

Al-Balushi S M, Ambusaidi A K, Al-Hajri F H,
Kazem A M, Al-Balushi K A, Al-Hajri F A
and Al-Sinani M S 2020 Student-centred and
teacher-centred science classrooms as
visualized by science teachers and their
supervisors Teach. Teach. Educ. 89 103014

Dunbar K and Yadav A 2022 Shifting to
student-centered learning: a case study of
faculty experiences during a curriculum
redesign Teach. Teach. Educ. 110 103-17

Bhardwaj V, Zhang S, Tan Y Q and Pandey V
2025 Redefining learning: student-centered
strategies for academic and personal growth
Front. Educ. 10 1518602

Thamarasseri I and Shejeena K A 2022
Effectiveness of scaffolded vee diagram, an
instructional strategy for science students at
secondary level J. Educ. Technol. 48 45-58

Fitriani N ef al 2025 The role of inquiry learning
in enhancing creativity generating ideas
from a self-efficacy perspective Eurasia J.
Math. Sci. Technol. Educ. 21 1-13

Mutai D K, Changeiywo J M and Okere M 1 O
2014 Effects of gowin’s vee heuristic
strategy on secondary school students’
conceptual understanding and metacognition
in the topic of moments in physics, in Uasin
Gishu County, Kenya J. Educ. Pract.

5 193-206 (available at: www.iiste.org/
Journals/index.php/JEP/article/download/
16204/16528)

Ling C Y, Osman S, Daud M F, Nazdah W and
Hussin W 2019 Application of Vee diagram
as a problem-solving strategy in developing
students’ conceptual and procedural

Phys. Educ. 60 (2025) 055031


https://orcid.org/0009-0005-2293-4896
https://orcid.org/0009-0005-2293-4896
https://doi.org/10.1088/1361-6552/adfac5
https://doi.org/10.56201/ijee.v8.no7.2022.pg11.19
https://doi.org/10.56201/ijee.v8.no7.2022.pg11.19
https://doi.org/10.33225/jbse/24.23.518
https://doi.org/10.33225/jbse/24.23.518
https://doi.org/10.1007/s10648-011-9155-x
https://doi.org/10.1007/s10648-011-9155-x
https://doi.org/10.1111/j.1745-6916.2006.00010.x
https://doi.org/10.1111/j.1745-6916.2006.00010.x
https://doi.org/10.1037/edu0000750
https://doi.org/10.1037/edu0000750
https://chools.in/wp-content/uploads/2021/03/Handbook-of-Competence-and-Motivation_-Theory-and-Application.pdf
https://chools.in/wp-content/uploads/2021/03/Handbook-of-Competence-and-Motivation_-Theory-and-Application.pdf
https://chools.in/wp-content/uploads/2021/03/Handbook-of-Competence-and-Motivation_-Theory-and-Application.pdf
https://chools.in/wp-content/uploads/2021/03/Handbook-of-Competence-and-Motivation_-Theory-and-Application.pdf
https://doi.org/10.29333/ejmste/16254
https://doi.org/10.29333/ejmste/16254
https://doi.org/10.1016/j.tate.2019.103014
https://doi.org/10.1016/j.tate.2019.103014
https://doi.org/10.3389/feduc.2025.1518602
https://doi.org/10.3389/feduc.2025.1518602
https://doi.org/10.29333/ejmste/16276
https://doi.org/10.29333/ejmste/16276
https://www.iiste.org/Journals/index.php/JEP/article/download/16204/16528
https://www.iiste.org/Journals/index.php/JEP/article/download/16204/16528
https://www.iiste.org/Journals/index.php/JEP/article/download/16204/16528

Enhancing secondary school students’ self-concept

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

knowledge Int. j. Innov. Technol. Explor:
Eng. 8 2796-800

West African Examinations Council 2019-2023
Chief examiner’s reports for the West
African senior school certificate examination
(WASSCE): Physics West African
Examinations Council

Piaget J 1952 The Origins of Intelligence in
Children (International Universities Press)

Vygotsky L S 1978 Mind in Society: The
Development of Higher Psychological
Processes (Harvard University Press)
(available at: https://csieme.us/documents/
Example-Annotated-Bib.pdf)

Bandura A 1977 Social Learning Theory
(Prentice Hall)

Abonyi O J and Odili A M 2024 Effect of the use
of vee-diagram instructional strategy on
pre-service physics teachers’ achievement
and perception in gravitation in physics,
Kano, Nigeria Int. J. Libr. Sci. Educ. Res.

7 22-34 (available at: https://cambridge
researchpub.com/ijlser/article/view/333)

Hsu C Y, Tsai C C and Tofel-Grehl S 2019
Effects of guided inquiry virtual and physical
laboratories on conceptual understanding,
inquiry performance, scientific inquiry
self-efficacy, and enjoyment Phys. Rev. Phys.
Educ. Res. 15010119

Osiboye M O, Abdulkadir S A, Mohammed S,
Rabiu R A, Umar Y F and Lawal S A 2024
Effect of the use of vee-diagram
instructional strategy on pre-service physics
teachers’ achievement and perception in
gravitation in Physics, Kano, Nigeria Int. J.
Libr. Sci. Educ. Res. 5 113-26 (available at:
https://cambridgeresearchpub.com/ijlser/
article/view/333)

Gire E et al 2025 Inquiry-based science teaching
and its impact on critical thinking and
problem-solving skills: a meta-analysis of
stem education ResearchGate 3 34—49

Charlesworth T E S and Banaji M R 2019
Gender in science, technology, engineering,
and mathematics: issues, causes, solutions J.
Neurosci. 39 7228-43

Tutal O and Yazar T 2023 Active learning
improves academic achievement and
learning retention in K-12 settings: a
meta-analysis J. Educ. Technol. 8 1-22

Michie M G 2011. Working across cultures in
indigenous science education PhD
Dissertation University of Waikato
Hamilton, New Zealand (available at: http://
hdl.handle.net/10289/5131)

September 2025

[26] Finkelstein N 2024 Educational transformation
at a critical time: the essential roles and
promise of physicists Indico

[27] Gholam A 2023 inquiry-based learning: student
teachers’ challenges and perceptions J. Ing.
Action Educ. 10 112-33 (available at: https://
files.eric.ed.gov/fulltext/EJ1241559.pdf)

[28] Loes C N 2023 The Effect of Collaborative
Learning on Academic Motivation (Mount
Mercy University) (available at: https:/files.
eric.ed.gov/fulltext/EJ1340445.pdf)

Mr. Abdulmalik Olayinka Anwo
is a postgraduate student in the
Department of Science Education at
the Federal University of Technology,
Minna, Niger State, Nigeria, where
he is pursuing a PhD in Science
Education. With over a decade of
teaching experience in secondary
schools in Kwara State, Nigeria, he
i has developed a strong foundation

in educational practice. Mr. Anwo
obtained his Nigeria Certificate in Education (NCE) from
Kwara State College of Education, Ilorin, Kwara State, in
2004. He then furthered his studies and earned a Bachelor
of Science Education in Physics in 2011, followed by a
Master’s Degree in Science Education with a specialization
in Physics in 2016, both from the University of Ilorin, Kwara
State, Nigeria.

Professor Celina Shitnan Gana

is a distinguished academic in the
field of science education, with a
strong background in physics and
applied geophysics. She holds a
Bachelor of Science degree in Physics
Education (with Mathematics) from
the Federal University of Technology,
Minna, (in the year, 2000) where

she also earned a Master’s degree

in Applied Geophysics (in the year,
2003). She later obtained her Doctor of Philosophy (PhD)

in Science Education (in the year, 2013) from the University
of Nigeria, Nsukka. Her academic career has been marked
by a consistent commitment to excellence in teaching,
research, and service. Professor Gana has served as a Senior
Lecturer and postgraduate coordinator in the Department of
Science Education at the Federal University of Technology,
Minna. Her research interests span instructional strategies in
physics education, technology-enhanced learning, teacher
professional development, and curriculum innovation.

She has published extensively in reputable national and
international journals, and has contributed scholarly papers to
academic conferences within and outside Nigeria.

11 Phys. Educ. 60 (2025) 055031


https://doi.org/10.35940/ijitee.J9591.0881019
https://doi.org/10.35940/ijitee.J9591.0881019
https://csieme.us/documents/Example-Annotated-Bib.pdf
https://csieme.us/documents/Example-Annotated-Bib.pdf
https://cambridgeresearchpub.com/ijlser/article/view/333
https://cambridgeresearchpub.com/ijlser/article/view/333
https://doi.org/10.1103/PhysRevPhysEducRes.15.010119
https://doi.org/10.1103/PhysRevPhysEducRes.15.010119
https://cambridgeresearchpub.com/ijlser/article/view/333
https://cambridgeresearchpub.com/ijlser/article/view/333
https://doi.org/10.21203/rs.3.rs-6365963/v1
https://doi.org/10.21203/rs.3.rs-6365963/v1
https://doi.org/10.1523/JNEUROSCI.0475-18.2019
https://doi.org/10.1523/JNEUROSCI.0475-18.2019
https://availableat:http://hdl.handle.net/10289/5131
https://availableat:http://hdl.handle.net/10289/5131
https://files.eric.ed.gov/fulltext/EJ1241559.pdf
https://files.eric.ed.gov/fulltext/EJ1241559.pdf
https://files.eric.ed.gov/fulltext/EJ1340445.pdf
https://files.eric.ed.gov/fulltext/EJ1340445.pdf

O A Abdulmalik et al

Dr Ahmed Ahmed Hassan is a
Nigerian academic originally from
Bida, Niger State. He completed his
primary and secondary education in
Sokoto, Sokoto State, before pursuing
post-secondary education in Minna
and Zaria. Dr Hassan has extensive
experience in education, having
worked as a Mathematics Teacher

in Niger State. He also served as

a Mathematics Lecturer and Head

of the Department at the Federal College of Education,
Kontagora, Niger State. He earned his Bachelor of Education
(B.Ed.) in Mathematics Education in 1988, as well as a
Master of Education (M.Ed.) in Mathematics Education,
both from Ahmadu Bello University (ABU), Zaria. In 2014,
he completed his PhD in Mathematics Education at the same
institution. Currently, Dr Hassan is an Associate Professor

in Science Education Department at the Federal University
of Technology, Minna. Dr Hassan has published numerous
books and journal articles both nationally and internationally.
His research interests include teaching pedagogies and

the application of artificial intelligence in mathematics
education.

Dr Abiodun Stephen Moses

is an Associate Professor in the
Department of Physics at the

Federal University of Technology,
Minna, Niger State, Nigeria. He
completed his undergraduate studies
in Physics/Electronics at the Federal
University of Technology, Minna,

in 2006. He subsequently earned a
Master of Technology (M.Tech.) from
the Federal University of Technology,
Akure, Ondo State, Nigeria, in 2011, and completed his

PhD at the Federal University of Technology, Minna, in
2017. His main research interests are in the field of Radio
Wave Propagation, Communication Physics and Applied
Atmospheric Physics.

Dr Ahmad Usman Bashir is a
Senior Lecturer and Head of the
Department of Science Education at
the Federal University of Technology,
Minna, Nigeria. Born in 1967, he
attended primary school in Keffi,
Nassarawa State, and completed his
secondary education at Government
Science College Kagara in 1985. Dr
Usman holds a Higher Diploma in

September 2025

Mathematics Education from Ahmadu Bello University
(ABU), Zaria, as well as a B.Tech. in Mathematics
Education/Computer Science from the Federal University

of Technology, Minna, Nigeria. He furthered his education
with an M.Tech. in Mathematics Education and a PhD in
Mathematics Education, both from the same institution. He
began his career as a classroom teacher in Kano, at Dawakin
Tofa, and later taught in the Federal Capital Territory, Abuja.
From 1990 to 2006, he served as a Curriculum Development
Officer at the Educational Resource Centre (ERC) in

Abuja. Subsequently, he joined the Federal University of
Technology, Minna, as an Assistant Registrar, progressing
to Principal Assistant Registrar before transitioning to an
academic role. Dr Usman’s research expertise encompasses
innovative teaching strategies in Science Education,
Mathematics Education pedagogies, ethnomathematics, and
the use of mother tongue as a medium of instruction.

Dr (C.itp) Muhammad Kudu
Muhammad holds a B.Tech. in
Mathematics/Computer Science,

an M.Tech. in Computer Science, and
a PhD in Computer Science, focusing
on ‘Privacy Preservation using
Blockchain Technology in Mobile
Learning System Environments,” all
obtained from the Federal University
of Technology, Minna, Niger State,
Nigeria. He is a registered member
of the Nigeria Computer Science (NSC), the Computer
Professional Registration of Nigeria (CPN), and the

Digital Bridge Institute (DBI). Dr Kudu has held several
administrative roles, including Departmental Secretary,
SIWES Coordinator, and Secretary of the Curriculum
Review Committee. Currently, he serves as the Assistant
Examination Officer (AEO) for the School of Information
and Communication Technology (SICT) and as a Member
Representative of SICT on the University Examination
Misconduct Committee. Additionally, he is a 400 Level
Adviser and a Representative Member of SICT on the
University Scrutiny and Business Senate Committee, having
also chaired a Sub-Committee within that Senate Committee
from 2015 to 2016. Dr Kudu possesses extensive experience
in training, teaching, research, and community service. He
has supervised over twenty undergraduate students and is
currently supervising twelve PhD and Master’s students,
both within and outside the department. He has authored
more than fifteen publications in international journals and
conferences.

Phys. Educ. 60 (2025) 055031



	Enhancing secondary school students' self-concept through Vee-diagram and guided-inquiry strategies
	1. Introduction
	1.1. Background to the study
	1.2. Statement of the problem
	1.3. Literature review

	2. Methods
	2.1. Purpose of the study
	2.2. Research design
	2.3. Population and sample
	2.4. Instructional interventions
	2.5. Teacher training and support and measures to reduce students' anxiety
	2.6. Instrument
	2.7. Data collection and analysis

	3. Result and discussion
	3.1. Answering of research question
	3.2. Discussion of major findings

	4. Conclusion
	References




