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Abstract

Especially when it comes to challenging physics subjects, the use of different representations has the potential to
improve students' comprehension and meet the demands of a varied student body. This study investigates how
different representations affect students' attitudes toward physics and their capacity for critical thought. Forty
public senior secondary school Il physics students (11th grade equivalent) make up the sample, which was drawn
from two intact classes of two public senior secondary schools that were randomly chosen from public senior
secondary schools in Education District V, Lagos State, South-West Nigeria, using a quasi-experimental pre-test
and post-test design.The students were 15 years old on average. The Questionnaire on Students Attitude towards
Physics (QOSATP) and the Physics Critical Thinking Test (PCTT) were the two tools used in the study. The
instruments' reliability coefficients, as determined by the test-retest technique of analysis, were 0.82 and 0.73,
respectively. The research issues were addressed using descriptive statistics (mean and standard deviation),
whereas the null hypotheses were tested using inferential statistics (ANCOVA) at the.05 level of significance.
The findings demonstrated a statistically significant difference between students taught physics with multiple
representation [MR] and those taught using the lecture method in terms of their critical thinking skills [F (1,37) =
k97.66; p<.05] and those taught physics with multiple representation [MR] and those taught using the lecture
method in terms of their attitude scores [F (1,37) = 7.00, p >.05]. Multiple representations improved students'
critical thinking skills and attitude toward physics, according to the study's limitations. Among other things, it was
suggested that physics instructors use this method when instructing physics in senior high schools.
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Introduction

Although the physics curriculum in Nigeria has changed over time, it still faces major obstacles. The curriculum
has historically been criticized for being overly theoretical and unrelated to practical uses. Although it's necessary
to comprehend the theoretical underpinnings of physics, the dearth of real-world, practical learning opportunities
makes it challenging for students to relate theory to application. Due to this disconnect, there is a gap between
students' knowledge of and interest in the topic (Bawan et al. , 2024). In Nigeria's upper secondary schools, physics
is vital for fostering scientific literacy, critical thinking, problem-solving abilities, and an understanding of the
fundamental principles of natural phenomena. Nonetheless, many students struggle greatly with learning physics.
The topic covers intricate, abstract ideas that are frequently counterintuitive and challenging to comprehend.
Furthermore, learning physics requires a solid understanding of mathematics. For some students, a lack of
mathematical understanding might hinder their ability to learn physics. Traditional teaching methods may not
effectively engage all students, resulting in boredom and disengagement. Consequently, low physics performance
is a frequent problem in educational systems across the world. A student's interest in physics is greatly impacted
by the resources at hand and the teachers' qualifications. To increase student participation and comprehension in
physics, it suggested integrating the subject matter with their real-world experiences and using resources more
effectively (Adolphus, 2019; Marshal & Conana, 2022).
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Physics is regarded as the most difficult subject in science education, with fewer students choosing it over other
science disciplines. Students' unfavorable perceptions of physics, which frequently originate from a lack of interest
in the subject (Pongsophon,2024), are exacerbated by this attitude. In order to master physics ideas, one must
possess not only a strong foundation in mathematics but also the capacity for critical thinking, problem-solving,
and application of theoretical knowledge to real-world situations. In the past, physics instruction has mostly relied
on written instructions and oral explanations, making it primarily text-based. Undoubtedly, physics is essential to
comprehending the cosmos, and it uncovers links between seemingly unrelated phenomena while also offering
potent instruments for creativity (Carlos & Calle, 2020). The role of physics is complex and may be studied
through its applications in fields like medical physics, economic development, and finance (Mishkat & Intikhab,
2023). Despite its relevance, students frequently see physics as challenging due to its cumulative and abstract
character, the necessity for strong mathematical abilities, and the difficulty of relating ideas to real-world
circumstances. Their overall difficulty in learning the material is caused by these variables (Dumcho & Tshomo,
2023). In order to address this issue, creative teaching methods, such as numerous representations, are necessary
for enhancing students' comprehension and participation.

Physics has an unusually significant role in defining what is now known as a modern society, thus it is practically
necessary for science students to have a basic grasp of the subject. The study of matter and energy and their
interactions in the domains of mechanics, acoustics, optics, heat, electricity, magnetism, radiation, atomic
structure, and nuclear events is the knowledge that physics provides. Physics serves as the foundation of
engineering, medicine, and scientific and technological progress because it is a branch of natural science (Achor
etal., 2024).

In the fields of communication, transportation, information, and healthcare, physics has several applications. The
creation of devices for monitoring, measuring, regulating, and producing electricity, as well as the development
of machinery and tools utilized in healthcare, military, industrial, and agricultural businesses, are all based on
physics principles and knowledge. Physics instruction has centered on helping students acquire critical thinking
skills, which will ultimately help them comprehend physics ideas that will lead to better academic performance
(Achor etal. , 2024).

The ability of multiple representation learning to combine complementary modalities improves comprehension
and performance in applications such as imagetext matching and speech recognition, which lends credence to the
idea that multimodal methods can increase interaction and comprehension (Guo, 2019).

By prompting pupils to analyze and integrate data from various sources, these approaches may enhance their
critical thinking skills. Furthermore, by making physics more accessible and enjoyable for a wider range of
students, they can improve participation. Additionally, creative methods may assist in shifting students' attitudes
about physics, encouraging favorable outlooks on the subject. Integrating multimodal representations into the
instruction and learning of physics concepts can result in a more inclusive and successful learning environment
that encourages critical thinking and positive attitudes towards the study of the subject. Numerous studies have
demonstrated that using different representations can enhance students' retention of scientific information, critical
thinking abilities, and problem-solving skills. By integrating visual, auditory, and tactile/kinesthetic learning
experiences, multiple methods may help demystify complex physics concepts, making them more accessible and
relevant to students. Additionally, using several representations supports the instructional goal of fostering
students' critical thinking abilities. As it allows students to logically and cohesively analyze, assess, and synthesize
information, critical thinking is a crucial skill in physics (Gong et al. , 2024). By encouraging students to use
higher-order thinking, teaching physics through numerous representations improves their capacity for critical
thinking, problem-solving, and decision-making.

Within the framework of 21st-century education, it is increasingly understood that instructional approaches must
promote creativity, teamwork, communication, and critical thinking. The conventional lecture-based method of
instruction physics is gradually being replaced by more interactive, student-centered methods. The use of virtual
labs, multimedia resources, and other technological integrations into the classroom can give students the chance
to learn about physics topics in a more interactive and engaging way. Moreover, the approach bridges the gap
between theory and practice, offers students possibilities to interact with information through various media, and
accommodates a wide range of learning styles. (Mayer, 2014)

Multiple representations teaching methods improve access to science subjects, especially physics, by interweaving
gestures, diagrams, and bodily movements, which aid students in grasping abstract ideas such as position and
displacement vectors through embodied activities (Marshall & Conana, 2022). Multiple representations

2 | Cite this article as:
Ogunyemi, T. G., Akintoye, H. O., & Owolabi, T. (2025). Multiple representations as tools for enhancing students’ critical
thinking and attitudes towards physics. FNAS Journal of Mathematics and Science Education, 6(4), 1-15



Multiple Representations as Tools for Enhancing Students’ Critical Thinking and Attitudes Towards Physics

incorporate several forms of media into the teaching and learning process, including visual, auditory, and textual
components.

In the context of high school physics, several representations are thought to have a beneficial impact on students'
opinions of the topic and to improve their critical thinking skills (Dewati et al. , 2019b; Pradhan et al. , 2016).
Using a range of media—such as audio recordings, interactive simulations, and visual aids—is part of this strategy
for delivering information. Students are able to engage with the material in a variety of ways by using multiple
modes of representation, which caters to their individual learning styles and enhances their comprehension of the
subject. Teachers must embrace various methods of presenting physics concepts to students in order to foster a
deeper understanding through abstraction, extension, and relational connections between different representations
(Opfermann et al. ,2017). By using multiple representations, learning physics can help students overcome their
learning challenges and improve their ability to represent problems through symbolic manipulation, tables,
diagrams, images, and graphs (Laras et al. , 2015). Multiple representations are helpful in the learning process
since they enable learners to visualize different concepts and link them to several equations that are accurate for
solving problems (Dewati et al. , 2019a, 2019b). Multiple representations will help students enhance their abilities
in the creation of complex scientific ideas and knowledge (Dewati et al. ,2019a).

Attitude toward Physics in this study is defined as the student's emotions, opinions, and values regarding the
subject, as expressed through their like or dislike, as well as their favorable or unfavorable reactions to Physics
ideas. Having a positive outlook fosters a positive sense of self, enhances one's health, opens doors, and helps one
make friends. People with a positive attitude are more likely to be successful in achieving their goals and seem
content by choice, regardless of their circumstances. In contrast, people with a negative attitude tend to lament
that nothing good ever happens in their lives, view everything as bad, and things get worse (Burke et al. , 2022).
One of the most significant variables in science students' learning of physics is attitude (lbrahim et al. , 2019).
Attitude is a learning scale that determines the best way to summon students to class. Attitude is a person's feeling,
attitude, or behavior toward something. It may be viewed as a supporting tool that notifies teachers, legislators,
and scholars about the requirements for sparking interest in learning a specific topic, such as physics (Kanyesigye
etal., 2022; Ishrat et al. , 2020). Attitude is an internal state that affects students' choices or decisions to act in a
certain way under certain circumstances. It is a predisposition to act in a particular way, according to attitude.

Students' interest, drive, and perceived relevance of the subject are crucial factors in promoting long-term
engagement with the subject and real-world experiences. These factors often define students' attitudes toward
learning physics ideas. By offering a wide range of stimuli that may appeal to different learning styles, physics
can be made more interesting through the use of multiple representations. According to research, employing
interactive components (such animations and simulations) promotes active learning, which in turn may enhance
students' attitudes toward learning physics. In their study, Sahin and Yasar (2016) discovered that multimedia
resources, such as simulations and animations, increased students' interest in learning physics by making the
concepts more relatable and enjoyable. Students were able to appreciate the real-world uses of physics ideas thanks
to their capacity to engage with dynamic depictions of physical events, which in turn resulted in a more favorable
outlook. Ogunleye and Baba (2011) also discovered that pupils who used computer simulations were more
interested in physics and were less likely to find the subject challenging. This result implies that complex subjects
may be demystified by multimodal representations, making them more approachable and interesting for students.

Students' capacity for critical thinking about physics ideas is another essential learning attribute that science
students should acquire or have after being exposed to some of the 21st-century teaching and learning approaches.
The importance of critical thinking skills for learning and comprehending complex ideas, as well as for coping
with the demanding and constantly changing external world, has been emphasized in several studies. Critical
thinking, according to Ahove (2020), is the active and skilled conceptualization, application, analysis, synthesis,
and/or evaluation of data obtained from or produced by observation, experience, reflection, reasoning, or
communication as a foundation for faith or action. Critical thinking is the capacity for fact analysis and judgment
formation. It's a kind of emotional intelligence. Someone with critical thinking abilities is able to maintain clarity
and rationality in challenging circumstances. It gives them the ability to make decisions and solve problems more
successfully. The capacity to think logically and methodically in order to comprehend the links between facts can
also be used to define it. It aids in making informed decisions about what to believe. In other words, it's "thinking
about thinking," which means identifying, analyzing, and correcting flaws in our thought processes.
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In any profession one chooses to pursue, critical thinking is always considered necessary for a positive outcome
since it involves analyzing problems to make sound decisions. Because it allows students to think deeply, which
results in academic success, critical thinking ability has an impact on their learning process (Akpur, 2020;
Pozhham et al. , 2019). Every aspect of life places a high value on critical thinking because of its problem-solving
capabilities, which lead to positive developments.

In order to confidently use classroom problem-solving techniques in real-world scenarios, physics students must
be able to comprehend a variety of physics principles, laws, and theories. In order to support students in
accomplishing these objectives, project-based learning, collaborative learning, and the guided discovery approach
must be incorporated into the teaching method. According to Ahove (2020), critical thinking is a talent that all
Africans and teachers need in order to participate effectively in the creative and dynamic industrial world. In the
Physics classroom, several teaching methods have been employed for instructional or research reasons in order to
help students overcome these difficulties. Still, kids' grasp of complex physics concepts, their approach to learning
physics, and their critical thinking skills in tackling tough physics problems were still disheartening. This
necessitates the use of twenty-first century instructional approaches like multimodal representation (Pascasie et
al., 2022; Merta et al. , 2022).

Problem-solving, where students must use conceptual understanding to evaluate and address complicated
challenges, is frequently a part of critical thinking in physics. By presenting various perspectives on the same
physical idea, multiple representations can aid students in gaining a deeper understanding of the topic, which in
turn improves their capacity for problem-solving. Students who employed interactive visualizations, such as
simulations of physical systems, did better in problem-solving activities, as demonstrated by Kaufman et al.
(2020). Students' ability to think critically and solve problems was enhanced by the visual feedback they received
from these representations, which enabled them to evaluate their theories and improve their grasp of the subject
matter. Palanisamy,2020; Rau,2017; Grossman, & Layne,2018). Chang & Tseng (2013) also discovered that
pupils who interacted with dynamic simulations in physics were more adept at applying their theoretical
knowledge to real-world situations. Students were able to experiment and see the results through the multimodal
representations, which fostered critical analysis and reflective thought.

Despite the significant roles of attitude and critical thinking skills in improving physics learning outcomes,
students continue to perform poorly in the course year after year (WAEC chief examiners' reports, 2015, 2017,
2020, and 2023). The difficulty of the topic is a major issue, and there are numerous other contributing causes for
these subpar results. Physics is a difficult and abstract field that requires advanced mathematical reasoning, spatial
understanding, and critical thinking. These cognitive needs are difficult for many students, especially when they
are faced with subjects like energy conservation, forces, and wave phenomena (Khalili, 2016).

Theoretical Review

Vygotsky's Constructivist Learning Theory and Bandura's Social Learning Theory serve as the foundation for this
work. According to Constructivist theory, students actively create their knowledge via social interaction and
environmental interaction. This theory is supported by several representations that offer a variety of methods for
comprehending complicated ideas. Students actively engage with various modalities (such as hands-on
experiments and simulations) to build their understanding in ways that are consistent with their prior knowledge
and experiences (Chen et al. , 2020). Multiple representations promote higher-order cognitive processes like
analysis, synthesis, and assessment, all of which are necessary for critical thinking. By emphasizing student
agency and relevance, constructivist methods have a beneficial impact on attitudes toward physics and encourage
intrinsic drive to learn.

The role of observational learning, imitation, and modeling in the learning process is highlighted by Social
Learning Theory. In physics classes, several representations, such videos or simulations, serve as models for
students to observe and learn from. By watching demonstrations of physical phenomena or professionals solving
problems, students replicate their thoughts and problem-solving methods. Students' critical thinking is improved
by seeing different approaches and perspectives (Abrami et al. , 2015). Interactive simulations let you experiment
and reflect, which helps you improve your critical thinking abilities. According to Bandura, pupils are more prone
to acquire positive attitudes if they see examples of successful models. Multiple resources demonstrating
successful problem-solving experiences make physics accessible and achievable, which promotes a positive
attitude. These ideas offer a framework for understanding how various representations might be used to maximize
learning in physics, where both conceptual and spatial reasoning are essential. Students' comprehension of
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complex topics is improved, their attitudes toward the subject are enhanced, and their capacity for critical thinking
is developed through the use of several methods.

In instructional materials, an excellent multiple representation can be shown. Because they facilitate students'
development of competencies, teaching materials are crucial to the implementation of learning in schools (Li,
2020; Philippe et al., 2020). This could be accomplished by physics teachers prioritizing the use of both textbooks
and workbooks to teach students physics concepts. This way, students can have time to practice and learn physics
concepts from their workbooks, which contain multiple representations that can foster a positive attitude and
enhance critical thinking abilities. One type of instructional resource used in learning exercises is a workbook.
Workbooks encourage students to actively expand their knowledge, which helps them think more critically about
the content they already know. In order to process their knowledge, pupils must be able to think critically,
logically, and methodically. Students must be able to generate and master several representations (presentations)
or multi-representational abilities in order to solve problems that are based on the content found in educational
materials (Fauziah & Raisal, 2022; Munfaridah et al., 2021). With the aid of a workbook, kids can learn on their
own. He actively learns without the greatest amount of guidance from an instructor. Teaching materials workbooks
minimize learning-oriented instructor centers, according to prior research; students are more active in their
learning and more focused on discovering topics (Liana et al.,2023). In addition, a workbook can help students
reach their learning objective of developing their intellectual capacity (Suryawati & Osman 2017; Nickerson et al
2014; Wankat & Oreovicz, 2015). The framework for teaching physics, critical thinking, and various
representation is depicted in Figure 1 below.

I::} | Literature Review: [dentification of student abilities based on curriculum and

Research and — . . . . .
Information Planning I:::} Preliminary study: explore information through interviews and observation of
L J teachers and students
Determination of competence achisvement; framework of critical thinkine and
: 52| problem zolving skills
Flanning F g
- I:::} Preparation of lesson plans; essay test question; questionnaire
Prel DE"-EIDP;I;%HI of E;""|_Dm'elupment of a physics worlbook using the Multimodal Approach hodel
Product J =:5"‘ Validation of essay test and workbooks by 2 expert lecturers
Filling out a workbool: quality questionnaire by 3 escpart lectures and 10
Frelimenary Field == E{w;med teachars ) ) P
Testing
~ d E::" Testing the main ideas of 15 discourses in the physics workbook by 10 students
Main Product Revision I::..‘:-"- Suggestions and input from lecturers and physics teachers as well as the results of
the main idea understanding test are nsed to improve the workbook

o 3 Seeing the effectiveness of workbooks using multimodal representation with
Main Field Testing | workbooks commmonly used in schools (The design pattern used was a randomized

control group pretest-posttest design)

Revision workbooks commonly used in schools

Operational Product | : Seeing the effectiveness of workbooks using multimodal representation with

Fig 1: Research Framework Metta L, Sinaga. P,&Emmilianur (2017) Physics Workbook using Multiple
Representation

Statement of Problem

Although physics has many potential advantages, such as advances in science and technology, the academic world
has become increasingly worried about the methods used by instructors to teach the subject. Inadequate training
for teachers in the use of proper instructional methods has been shown by research to lead to poor student
performance in physics and a lack of critical thinking necessary for applying knowledge in problem-solving
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situations (Browne & Keeley, 2010; Brookfield, 2012; Achor, 2020). Over the years, students' performance in
physics has not been promising in external exams. For both the WASSCE and NECO exams, the trend is the same
as in secondary schools in all Nigerian states (Achor, 2024). Furthermore, traditional teaching methods, which are
often teacher-centered and based on rote memorization, do not adequately engage students or foster active
learning. Due to their inability to accommodate the varied learning styles of students, these approaches tend to
foster a disengaged approach to the subject (Gong et al. , 2024). The current teaching methods also restrict pupils'
ability to acquire crucial skills like problem-solving, critical thinking, and analytical reasoning, all of which are
necessary for excelling in physics. Prior research has demonstrated how to enhance students' critical thinking
skills and attitudes when learning Physics topics. (Bawan et al. , 2024; Gong et al. , 2024).

This study aims to fill the gaps in students’ negative attitudes and poor critical thinking skills in learning physics
concepts by examining the impact of multimodal representations on the attitudes and critical thinking skills of
senior secondary school students in physics. The study was guided by two research questions:

1. Will the critical thinking skills of physics students differ noticeably?

Which group of students was taught physics topics through the lecture method and which group was taught using
multiple representations [MR]?

2. Is there a noticeable difference in the attitudes of physics students who are instructed using the lecture method
versus those who are taught using multiple representations (MR)?

Research Hypotheses

1. There will be no statistically significant difference in the critical thinking skills of students who learn Physics
concepts through the use of multiple representations [MR] versus those who are taught using the lecture method?

2. There will be no statistically significant difference between in the attitudes of physics students who are taught
using the lecture method and those who are taught using several representations (MR)?

Material and Methods

Design

The design of the investigation was quasi-experimental. the pre-test, post-test, and control groups' quasi-
experimental design. While the control group used the conventional lecture method, the experimental group used
a multimodal approach. Pre-test and post-test treatments were administered to both the experimental and control
groups. The many representations strategy is the independent variable, and the attitude toward physics and the
physics critical thinking assessments are the dependent factors.

Sample

Forty senior secondary school (SS two) physics students from Education District V in Lagos State made up the
study sample. The experimental group (Multiple Representations, or MR) consisted of 19 students, while the
control group consisted of 21 students. All physics students in Lagos State's Senior Secondary School (SS 2) made
up the study's population.

Instrumentation

The Physics Critical Thinking Test (PCTT) and the Questionnaire on Students Attitude Toward Physics
(QOSATP) are the two instruments used in this study. West African Examinations Council (WAEC) previous
questions from 2018-2024 were used to create the Physics Critical Thinking Test (PCTT), which is based on the
first term SS 11 scheme of work's ideas of force and vector equilibrium. Twenty essay questions taken from WAEC
past exam exams from 2018 to 2024 made up the instrument. statistics of the respondents, whereas part 2 of 20
questions that addressed topics such as the abstract nature of physics, critical thinking skills, student attitudes
toward physics, and teaching strategies, among other things. Strongly Agreed (SA=4), Agreed (A=3), Disagreed
(D=2), and Strongly Disagreed (SD=1) were the four rating scales used to arrange the question components.It was
anticipated that the past questions would have been validated prior to use because the Physics Critical Thinking
Test (PCTT) was taken from West African Examinations Council (WAEC) past questions (2018-2024).
Nevertheless, the instrument was reviewed and adjusted by experts in the field of physics education. The
Questionnaire on Students Attitude Toward Physics (QOSATP) was subjected to the opinions of physics majors
and professionals in test measurement and evaluation to guarantee its face validity and substance. After the
instruments were pilot tested and the data was subjected to test-retest analysis using K-21 with SPSS, the PCTT
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and QOSATP were shown to have reliability coefficients of 0.82 and 0.73, respectively, using Cronbach alpha
with SPSS. These numbers demonstrate the dependability of the two instruments because they fall within the
recommended range of 0.70 to 0.80

Ethical Procedure
In order to conduct the study, the researcher obtained oral agreement from the students via their physics and class
professors, as well as approval from the Lagos State Ministry of Education, the principals of the schools,
department heads, and subject teachers. To make sure that everyone who participated in the research study did so
voluntarily, measures were taken before the instruments were administered.

Treatment Procedure
To ascertain the students' prior understanding of the subjects of equilibrium of forces and vectors, a pre-test was
given to both the experimental and control groups. This took a week, after which the two groups received their
lessons. Multiple Representations (MR) was the treatment used for the experimental group. The chosen school
received the treatment for two weeks. During the same two weeks, the selected school also used the conventional
lecture approach as a control. The instructional guide created for teaching equilibrium of forces and vectors was
used to conduct the treatment. The experimental group used the MR technique to learn about the equilibrium of
forces and vectors from the trained research assistants. The experimental group's students were required to
complete every task outlined in the teachers' instructional manual.

Conversely, the experimental group's lesson plans were used to teach the control group utilizing the conventional
lecture method. The instructor used the chalk-and-talk method to convey the concepts, reviewed the earlier
courses, introduced the new subject, and clarified the important terms. Students were not permitted to study in
groups or be exposed to various teaching modalities, as was the case during experiments with the experimental
group, and there was no opportunity for student participation in the learning process because the instructor
concentrated more on providing notes when using the traditional lecture method. During the same two weeks, the
students in these groups received concurrent instruction.

Following instruction, the two groups were given the post-tests. After class, the researchers were able to evaluate
the students' attitudes and critical thinking skills thanks to this examination.

Analysis

Quantitative data analysis was applied to the QOSATP and PCTT data gathered. The pre-test and post-test data
collected from the control and quasi-experimental groups were analyzed using inferential statistics. IBM-SPSS
version 23 was used to perform Analysis of Covariance (ANCOVA) on the obtained data, and the mean and
standard deviation were used to descriptively assess the study topics. Percentages were used to illustrate the
statistical analysis of the data collected for this study regarding the respondents' distribution by gender and
teaching techniques. The study topics were addressed using descriptive statistics (mean and standard deviation),
and the null hypotheses were examined using analysis of covariance (ANCOVA). The mean scores were
represented graphically, and parametric assumptions were tested. Since there was no random assignment to the
experimental and control groups, ANCOVA was the proper statistic to apply for testing the null hypotheses. To
ensure that the data met the requirements for ANCOVA testing, tests for normality and homogeneity of variance
were performed prior to the data sets being entered into the ANCOVA equation. Achievement and attitude
statistics were not statistically significant. The data passed the normalcy test of assumption because it suggests
that the sample from which the population was taken is not abnormal. the results of Levene's Test of Equality of
Error Variances, which determines if the dependent variables' variances are the same for each group. With a Sig.
Value of 0.306 and a Levene statistic of 1.078 for critical thinking, there is no discernible difference in variances
between the groups. With a Sig. Value of 0.236 and a Levene statistic of 1.452 for attitude, both of which are
higher than 0.05, it appears that the groups' variances are equal. As a result, both tests demonstrate that attitude
and critical thinking satisfy the assumption of equal variances.

Results

Descriptive statistics of mean and standard deviation were applied to the study topics. Analysis of covariance was
performed on the data gathered in order to evaluate the hypotheses (ANCOVA).
Research Question 1: Will physics students who are taught using multiple representations (MR) and those who
are taught using the lecture approach differ significantly in their capacity for critical thought?
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Table 1: Mean and Standard Deviation demonstrating Physics students' post-test critical thinking skills Physics
ideas were taught to students using both the lecture technique and multiple representation [MR].

GROUP Mean Std. Deviation N
Multiple Representations [MR] 69.21 11.45 19
Lecture Method 36.38 19.87 21
Total 51.98 23.21 40

According to Table 1's data, students who were taught physics using multiple representations (MR) scored higher
on the post-test (69.21) than those who were taught through lectures (mean score of 36.38). This suggests that the
MR teaching approach may have had a greater favorable impact on students' critical thinking skills than the
conventional lecture format. Additionally, the MR group's standard deviation (11.45) indicates that the scores
were comparatively grouped around the mean, indicating that the kids performed consistently. The lecture
technique group's standard deviation (19.87), on the other hand, shows more variation in students' performance
and less consistency in their critical thinking results. The first hypothesis was examined using ANCOVA to see

if the observed difference in mean scores was statistically significant after controlling for other variables, even if
the descriptive statistics indicated that MR was more effective.

3.45
3.4
3.35
3.3
3.25
3.2
3.15
3.1
3.05

Multiple
representations ~Lecture method

Figure 1: Bar chart representation of attitude scores of students in multimodal representation [MMR] and lecture
method physic classroom
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Hypothesis 1
The critical thinking skills of students taught physics ideas through the multiple representations [MR] technique
and those taught through the lecture method do not differ statistically significantly.
Table 2: ANCOVA demonstrating how multiple representation [MR] affects senior secondary school pupils'
capacity for physics critical thought

Source Type Il Sum ofDf Mean Square  F Sig. Partial Eta
Squares Squared

Corrected Model 16514.8752 2 8257.438 68.014 .000 .786

Intercept 14998.418 1 14998.418 123.537  .000 770

PRETEST 5764.011 1 5764.011 47.476 .000 562

GROUP 11857.265 1 11857.265 97.665 .000 725

Error 4492.100 37 121.408

Total 129063.000 40

Corrected Total 21006.975 39

a. R Squared = .786 (Adjusted R Squared = .775)

According to table 2 above, the ANCOVA test evaluating the impact of MR on physics students' critical thinking
skills revealed a significant difference between the two groups before treatment [F (1,37) =.47.47; p <.05] for the
pre-test. Additionally, the table demonstrates that students who were taught physics using the lecture technique
and those who were taught physics using multiple representations [MR] had significantly different critical thinking
ability ratings [F (1,37) = 97.66; p<.05]. The method's partial eta squared indicates that the difference in the two
groups' scores for critical thinking ability was influenced by the teaching strategy by 72.5%.

Research Question 2: Will the attitudes of physics students who are taught using multiple representations (MR)
and those who are taught using the lecture approach differ significantly?
Table 3 : Displays the mean and standard deviation of the post-test attitude scores of physics students who were
taught the subject through lectures and multiple representations [MR].

Group Mean Std. Deviation N
Multiple

Representations[MR] 3.43 25 19
Lecture Method 3.19 37 21
Total 3.31 .34 40

Students who were taught physics using multiple representations (MR) had a higher post-test attitude mean score
(3.43) than those who were taught through lectures, with a mean score of 3.19, according to Table 2's data. This
suggests that compared to the conventional lecture style, the MR approach might have promoted a more positive
attitude toward physics. The MR group's standard deviation (.25) indicates that there was little variation in the
pupils' attitude scores. The lecture technique group, on the other hand, showed greater variability in their attitude
scores, as seen by their higher standard deviation (.37). As can be seen below, ANCOVA was used to test
hypothesis two to determine whether the difference was significant.
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Figure 2: Bar chart representation of attitude scores of students in multiple representations [MR] and lecture
method physic classroom

Hypothesis 2
Students' attitudes about physics ideas taught using multiple representations [MR] and those taught through
lectures will not differ statistically significantly.

Table 4: ANCOVA demonstrating how senior secondary school pupils' attitudes toward physics are impacted by
multiple representations [MMR]

Source Type Il Sum ofDf Mean Square  F Sig. Partial Eta
Squares Squared

Corrected Model  .813% 2 406 4.212 .022 .185

Intercept .354 1 .354 3.672 .063 .090

Pretest_Attitude  .280 1 .280 2.903 .097 .073

GROUP .676 1 .676 7.002 012 159

Error 3.570 37 .096

Total 441.304 40

Corrected Total 4.383 39

a. R Squared = .185 (Adjusted R Squared = .141)

As can be seen in table 2 above, the pre-test's F value [F (1,37) = 2.90; p >.05] indicates that there was no
discernible change in the attitudes of the two groups before the treatment. On the other hand, the table
demonstrates that the attitude scores of students who were taught physics using the lecture technique and those
who were taught physics using multiple representations [MR] differed significantly [F (1,37) = 7.00; p<.05]. The
approach taken to teach the topic had a 15.9% impact on the difference in the attitude scores of the two groups,
according to the partial eta squared linked with the method.
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Discussion

Table 2 and Figure 2 above demonstrated that students who were taught physics by multiple representation (MR)
had a higher post-test mean score (69.21) than those who were taught through lecture, with the latter group
achieving a mean score of 36.38. This suggests that the MR teaching approach may have had a greater favorable
impact on students' critical thinking skills than the conventional lecture format. Additionally, the MR group's
standard deviation (11.45) indicates that the scores were comparatively grouped around the mean, indicating that
the kids performed consistently. The lecture technique group's standard deviation (19.87), on the other hand,
shows more variation in students' performance and less consistency in their critical thinking results. The first
hypothesis was examined using ANCOVA to see if the observed difference in mean scores was statistically
significant after controlling for other variables, even if the descriptive statistics indicated that MR was more
effective. In light of these findings, existing research indicates that students' comprehension and retention are
enhanced by diverse representations (Mayer, 2009). For example, Ainsworth (2006) emphasizes how students can
better comprehend and resolve physics problems when text and graphics are combined. According to the analysis
of table 1 above, there was a statistically significant difference between the critical thinking skills of students who
were taught physics concepts through MR and those who were taught through lectures. A study by O'Halloran et
al. (2017) indicated that students' critical thinking abilities in science were enhanced by various representations
learning experiences, which supports this finding. Students' representation skills are improved when multi-
representation is used in physics instruction. This enables them to formulate information, generate new
representations, and solve problems, which makes classrooms more engaging and helps students make
connections between previously learned material and new information (Winda et al, 2019). These resources can
help make difficult concepts more understandable and less frightening by graphically depicting them. According
to Zheng & Warschauer (2015), students who utilized multimedia learning resources in physics expressed more
assurance in their comprehension of the material. These resources helped students close the gap between academic
knowledge and real-world application by giving them interactive, visual representations of phenomena. Students'
mental grasp of physics ideas can be greatly enhanced by using multiple representations, which is an effective
learning method (Treagust et al, 2018). Students’ mental grasp of physics ideas can be greatly enhanced by using
multiple representations, which is an effective learning method (Treagust et al, 2018). Students will become more
proficient in developing complex knowledge and scientific concepts with the use of multiple representations
(Dewati et al., 2019a). Multiple representations can take many different forms, such as mathematical, verbal or
linguistic, visual, pictorial, or diagrammatic. It indicates that students possess different representational abilities
when they can use a variety of symbols to describe physics concepts (Hung & Wu, 2018). Students who are able
to convert spoken problems into diagrams are more adept at solving difficulties than those who are not (De Cock,
2012; Kohl et al., 2007). According to Al-Jarf (2024), multimodal learning enables students to communicate their
ideas through a variety of media, such as spoken presentations, visual aids, and writing. Through a variety of
activities including digital storytelling and group projects, this method stimulates several sensory systems while
encouraging creativity and improving communication abilities. Because a subject given using various
representations can promote deep knowledge so that students can acquire a complete understanding of the
associated concepts, multiple representations have proven crucial in helping science students develop a better
understanding. According to Masrifah et al. (2020), the use of multiple representations allows students to perceive
and apply difficult concepts in a way that facilitates effective instruction. Given that many representations
emphasize conceptual comprehension and qualitative reasoning in learning, it is clear that they are highly
beneficial for usage in conceptual learning, such as in physics. An successful learning process could result from
a many representations approach to teaching and learning.

In physics classes, a variety of semiotic modes facilitate student involvement by allowing students to express their
thoughts, relate new ideas to what they already know, and participate more fully with the material, all of which
improve the learning process (Danielsson & Uddling, 2022). Students build concepts in these classrooms based
on their imaginations of the world around them, then incorporate these concepts into the learning process to help
them make physics applicable to their everyday lives. According to Orulebaja et al. (2020), the many
representations learning technique is one of the primary steps students need to take in order to improve their
problem-solving skills in physics. representations, they are able to outperform kids who are taught problem-
solving techniques in a typical manner, Jatmiko et al. (2024) also confirmed that students improve their problem-
solving skills when they use a variety of representations. More precisely, pupils can outperform those who acquire
problem-solving techniques the old-fashioned way when they learn to solve issues using many representations.

Additionally, the results shown in Table 2 showed that the attitude scores of students taught physics using the
lecture technique and those taught physics using multiple representations [MR] differed statistically significantly
[F (1,37) =.09; p<.05]. Mayer's (2007) research, which found that students who used multimedia resources to
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study had greater motivation and interest in the subject than those who used traditional text-based approaches,
corroborated this finding. Students that used multimedia tools to learn expressed greater motivation and interest
in the subject, according to Brutman et al. (2024). More favorable attitudes about physics can result from the use
of various representations, which can make learning more interesting and pleasurable (Mayer, 2009). In a similar
vein, Igbal et al. (2023) found that a learner's attitudes regarding school were a crucial element in predicting their
academic success. Therefore, the study's conclusion is that while a negative attitude leads to negative outcomes,
a positive attitude produces favorable outcomes. Students' attitudes about physics are one of the most significant
aspects that can be linked to their learning of the subject (Diyana et al., 2024). It is not a given that the lecture
style, which is frequently employed in physics instruction, may be the cause of students' attitudes and the ensuing
subpar performance in the subject. The way that pupils are taught has a big impact on what they learn (Abdu-
Ihamid, 2013). Therefore, since unfavorable attitudes about a lesson or a subject matter make learning more
difficult, it becomes essential to improve pupils' negative attitudes toward physics.

Implications of this study

Although some scientific professors and students believe that physics is inherently hard to teach or comprehend,
this does not negate the subject’s significance as a foundational discipline. Physics is a senior secondary school
subject that aims to give science students the positive attitude, values, abilities, and foundational knowledge
needed for any human society to grow scientifically and technologically.

This subject offers students the chance to grow holistically by giving them the academic knowledge and critical
life skills they need to succeed in a world that is becoming more complex. Students are better equipped to face
obstacles, make wise judgments, and make significant contributions to society when they are encouraged to think
critically, solve problems, and have a positive attitude toward physics.

Students will be able to learn how to translate spoken instructions into visual, formular, mathematical, and
symbolic representations through this type of study that uses multimodal representations. This will encourage
more positive interactions between students and the learning materials, a sort of shift from teacher-centered to
student-centered interactions, and active student learning of the desired. In order to accomplish the objectives of
physics education, the study will be able to determine how MR affects students' attitudes toward learning the
subject and their capacity for critical thought in it. Appropriate recommendations will be made to other
researchers, physics education stakeholders, and pertinent governmental organizations.

Conclusion

According to the study, MR instruction outperforms traditional lecture instruction in terms of student learning.
The critical thinking ability scores of students who were taught physics using the lecture technique and those who
were taught physics using multiple representations [MR] differed statistically significantly [F (1,37) = 97.66;
p<.05]. Additionally, the study revealed a statistically significant difference in the attitude scores of students who
were taught physics using the lecture technique versus those who were taught physics using multiple
representations [MR] [F (1,37) =.09; p<.05].

It was determined and suggested that promoting the use of multimodal representations in physics instruction will
improve students' critical thinking abilities, attitude toward physics, and active engagement in the subject.

Recommendations

In order to improve students' performance, engagement, understanding, and attitude toward physics, it was
determined that the use of various representations should be promoted in physics instruction. However, this study
was restricted to specified concepts in physics and did not take into account other 21st century methods or their
interacting effect between them and numerous representations.
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