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Abstract

This study investigated the effect of Artificial Intelligence (Al) on Chemistry and Physics students’
achievement and conceptual change in heat change in SSS2 in Rivers State. A quasi-experimental
research design (a non- randomized pretest-posttest control). Purposive sampling technique was
used to select 160 participants from sixteen senior secondary schools two (SSS2) Chemistry and
Physics students in Rivers West Education zone in Rivers State. Mean, standard deviation,
percentage, column chart and pie chart were used to answer the five research questions and
independent sample t-test was used to test for the five hypotheses generated at 0.05 level of
significance. Chemistry Achievement Test (CAT) and Physics Achievement Test (PAT) together
with Conceptual Understanding Test (CUT) were used to determine students’ achievement and
conceptual change. A structured interview was conducted with the students taught using Al base
instruction to examine their experiences and perceptions towards Al-based instruction in heat
change. Using test-retest method and Kuder-Richardson’s formula-21 yielded a reliability
coefficient of 0.78. The results indicated that the Physics students achieved higher in the pretest
and posttest with a mean score of 14.40 and 46.35, respectively, against that of the chemistry
students taught heat change using Al-based instruction with 12.45 and a posttest score of 44.63
but there was no significant difference in their academic achievement as well as the conceptual
change. However, there was a significant difference in the academic achievement and conceptual
change between students who received Al-based instruction and those who received traditional
instruction as the calculated P-value was less than the alpha value of 0.05. Furthermore, the
experiences and perception of the Chemistry and Physics students were generally positive towards
the use of Al in the teaching and learning of heat change. The findings of the study provided
valuable insights into the potential benefits of integrating Al into Science education, particularly
chemistry and physics. The integration of Al in Science education has the potential to transform
traditional teaching methods, providing personalized and engaging learning experiences that
promote achievement, conceptual change, and positive perceptions of the subjects. It was
recommended that further research be conducted to explore the long-term effects of Al-based
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instruction on students’ achievement and conceptual change in heat change. Therefore, chemistry
and physics educators should seize the advantage of Al to enhance students learning outcomes as
Al has proven to have these potentials.

Keywords: Artificial Intelligence, Chemistry, Physics, Achievement, Conceptual Change, Heat
Change.

Background of the Study

The integration of Artificial Intelligence (Al) in education has attracted increasing interest
and has shown promising potential in enhancing students' achievement and conceptual
understanding (Zheng et al, 2021). This drift of utilizing new technologies for communication has
yielded an assortment of technologies that encourage interaction with a user named “virtual
information assistants”, which utilizes computer programs to produce human intelligence, thus,
making the users believe they are interacting with a real person. This concept is what is known as
“Artificial Intelligence (AI)” (Yang et al, 2021). Artificial Intelligence is said to be a computer
system that can carry out activities connected with human intelligence, i.e. it can think, read and
understand language, provide solutions to problems with foreknowledge into its surroundings
(Nilsson, 2009). Thus, Al holds a strong possibility in breaking as well as reducing barriers to
education access and at the same time, promote the realization of educational goals by optimization
of innovative methods and ICT to enhance students’ achievement, conceptual change and overall
learning outcomes in the teaching and learning process (Moreno, 2009).

The academic achievement of the science students, which is the outcome of schoolwork,
is a major concern for science educators. Considering that Chemistry and Physics are the keystone
to the scientific and technological development of any country (Osiah et al, 2021). Research
reports have pointed at the low achievement of chemistry and physics students because of poor
instructional strategy and ways to improve it (Eze and Bot, 2014; Etukudo, 2002). Due to this
importance, placed on scientific literacy, there is the need to integrate Al into the teaching and
learning of the sciences, particularly chemistry and physics in other to improve their academic
achievement, and in precise terms, topics which students have difficulty in understanding. Among
such topics is “HEAT CHANGE”.

The concept of heat change is one of the most popular yet challenging topics in Chemistry
and Physics (Mulop et al, 2012). The major difficulty experienced by the chemistry and physics
students is that the concept of heat is part of their everyday experiences, hence, leading to
misrepresentation when the concepts are introduced to them (Ayyildiz and Tarhan, 2012). Many
research works have been carried out in this topic, showing that chemistry and physics students
have many misconceptions with heat. Amongst these misconceptions, is that many of the science
students cannot explain, state, or clearly identify the differences between Heat and Temperature,
leading them to use one in place of the other (Baser, 2006; Baser and Geban, 2007; Olgun, 2008;
Tanahoung et al, 2009; Zacharia et al, 2008; Schonborn et al, 2014). Some of the chemistry and
physics students make the following statements which show their level of misconception about
heat; - Heat cannot be energy, -Heat and Temperature have the same meaning, -contact with the
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body tells its temperature, - the highest temperature is the boiling point. (Yeo and Zadnik, 2001).
Furthermore, some think of heat as a physical object and as such, can be enclosed (Wiser and
Amin, 2001). This goes to show that the students see heat as an entity; meanwhile heat is the
transfer of energy because of temperature difference between two bodies. From a scientific point
of view, heat is a process and not an entity as the students conceive it to be (Chi, 2008). To
overcome this misconception, chemistry and physics students should be taught with innovative
methods (Artificial Intelligence) which would bring about modifications in their belief system.
This change thus produced what is termed as conceptual change.

Conceptual change refers to the process through which students revise or restructure their
existing understanding or mental models of a particular concept or topic. It involves the
transformation of students' pre-existing misconceptions, naive theories, or incomplete
understandings into more accurate and scientifically accepted conceptions. When students
encounter new information or experiences that challenge their existing beliefs or ideas, they may
undergo a process of conceptual change. This process involves recognizing the inconsistencies or
gaps in their current understanding and actively engaging in cognitive restructuring to
accommodate new information (Chi, 2008 & Orji et al, 2019). Conceptual change is not simply
about memorizing new facts or information. It goes beyond surface-level learning and involves a
deeper transformation of students' mental frameworks. It requires students to critically evaluate
their prior knowledge, identify misconceptions, and actively construct new understandings based
on evidence and logical reasoning. The process of conceptual change can be complex and
challenging. Students may initially resist or have difficulty letting go of their existing beliefs,
especially if they have held them for a long time. They may also encounter cognitive conflicts or
inconsistencies when new information contradicts their prior knowledge (Ceylan, 2008 &
Emmanuel et al, 2013). To facilitate conceptual change, instructional strategies should aim to
create a supportive learning environment that encourages active engagement, reflection, and
metacognition. Teachers can use various techniques such as engaging students in hands-on
activities, providing opportunities for discussion and debate, using concept maps or graphic
organizers, and promoting self-reflection. It is important to note that conceptual change is not a
linear process. It can vary from student to student and may occur gradually over time or through
sudden shifts in understanding. It is also influenced by factors such as prior knowledge, motivation,
and the quality of instructional support (Wiser and Amin, 2001). In summary, conceptual change
is a fundamental aspect of learning, particularly in chemistry and physics. It involves the
transformation of students' existing mental models or misconceptions into more accurate and
scientifically accepted conceptions. By promoting conceptual change, educators can help students
develop a deeper and more meaningful understanding of the concepts and principles they are
studying.

Statement of the Study

This study aims to investigate the effect of Al on Chemistry and Physics students'
achievement and conceptual change in heat change in SSS2 in Rivers State. The contributions of
chemistry and physics in nation building cannot be overemphasized. Therefore, the reviewed
literature in chemistry and physics have shown that the various instructional methods that have
been used in teaching chemistry and physics have not improved students’ academic achievement
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and misconceptions over the years to any significant extent. This suggests that the possibility of
students to enlist in chemistry and physics related courses in tertiary institutions is entirely remote.
So, we may not have the needed doctors, pharmacists, microbiologists, engineers, radiologists,
chemistry, and physics educators, etcetera, and this underscores doom for such a nation as
development would be hampered and stunted and solving societal problems may not be sustained.
Thus, this study sought to address the issues of poor achievement and misconceptions as they have
been shown to be products of teaching methods (Zudonu, 2013). Several questions remain
unanswered but posing one among the lots is whether chemistry and physics teachers utilize
research findings on innovative instructional methods in classroom delivery?

Purpose of the Study
The purpose of the study includes.

1. To determine the effect of Al on the academic achievement of SSS2 Chemistry and Physics
students in heat change in Rivers State?

2. To investigate the effect of Al on the conceptual change of SSS2 Chemistry and Physics
students in heat change in Rivers State?

3. To ascertain significant differences in academic achievement between students who
receive Al-based instruction and those who receive traditional instruction in heat change?

4. To determine significant differences in conceptual change between students who receive
Al-based instruction and those who receive traditional instruction in heat change?

5. To examine the experiences and perceptions of SSS2 Chemistry and Physics students
towards Al-based instruction in heat change?

Research Questions

1. What is the effect of Al on the academic achievement of SSS2 Chemistry and Physics
students in heat change in Rivers State?

2. What is the effect of Al on the conceptual change of SSS2 Chemistry and Physics students
in heat change in Rivers State?

3. What are the significant differences in academic achievement between students who
receive Al-based instruction and those who receive traditional instruction in heat change?

4. What are the significant differences in conceptual change between students who receive
Al-based instruction and those who receive traditional instruction in heat change?

5. What are the experiences and perceptions of SSS2 Chemistry and Physics students towards
Al-based instruction in heat change?

Hypotheses

1. There is a significant difference in the academic achievement of SSS2 Chemistry and
Physics students taught heat change using Al-based instruction in Rivers State.

2. There is a significant difference in the conceptual change of SSS2 Chemistry and Physics
students taught heat change using Al-based instruction in Rivers State.

3. There is a significant difference in academic achievement between students who received
Al-based instruction and those who receive traditional instruction in heat change.
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4. There is a significant difference in conceptual change between students who received Al-
based instruction and those who receive traditional instruction in heat change.

5. There is a significant difference in experiences and perceptions of SSS2 Chemistry and
Physics students towards Al-based instruction in heat change.

Theoretical Framework (Cognitive Conflict)

Since in the 90’s, cognitive conflict which has its root in the constructivist learning theory
have been largely used in science education (Lee et al, 2003; Kim et al, 2002; Stem, 2002).
Cognitive conflict is seen as a state in which a students’ mental cognition is troubled by external
information which do not conform to their present knowledge, hence the need to adjust to accept
and accommodate the scientific knowledge by rejecting the alternative conception (Foster, 2011).
Cognitive conflict models follow the process of ascertaining the present knowledge of the student,
presenting external information to cause conceptual change in the form of texts, concept maps,
graphs, interviews and in the present study of Artificial Intelligence (Al) and afterwards,
evaluation of the present knowledge and the previous knowledge to determine the degree of
conceptual change in the student. Furthermore, the cognitive conflict model developed by Lee and
Kwon (2001) also had three stages, which is the preliminary stage (the stage before cognitive
conflict), cognitive conflict stage and the resolution stage (where the student accept or reject the
new knowledge so presented) (Lee et al, 2003). Relating this to the present study, when chemistry
and physics students with misconceptions on heat are presented with learning materials using Al,
this will cause or stir a cognitive conflict leading to a conceptual change on the chemistry and
physics students.

Artificial Intelligence (Al) in Education

Education which is as old as man has been flexible and ready to incorporate new
advancement in technology. Though, before the emergence of ICT and its kits in the educational
sector, teaching and learning have sustained itself by the traditional face-to-face method (Chen et
al, 2020). In this present age, referred to as “digital age” Artificial Intelligence (AI) has become
the tool needed to achieve the goals of education in various ways, providing education with
approaches to problem solving, decision making, reasoning and intelligence (foresight) (Seo et al,
2021). The introduction of Al into the educational sector has impacted substantially in the sector
in many ways among which are,

Worldwide Accessibility to Education and Individualized Learning

Acrtificial Intelligence individualized learning for students according to their strength and
weakness, keeping track of the progress by accessing their knowledge and adjusts automatically
to the needs and necessities of the student. Artificial Intelligence has made education universally
accessible notwithstanding your location (Urban or Rural), ethnic, tribe, race, language, or gender.
Al can simply be said to be “all-encompassing and unbiased education for all”. Al enables one to
attend classes from anywhere and everywhere in the world. It allows for collaborative learning
even from different localities, making teachers that utilize enormous amount of time on other
administrative activities to save and have adequate time for their students (Holmes et al, 2021).
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Effective Teaching and Learning

Artificial Intelligence has entered the four walls of the classroom and has drastically
affected and changed the traditional teaching and learning process. Just by sitting in the classroom,
students can access, retrieve unlimited information, content, learning materials and utilize same
without confusion as Al provides guidance and support to the students. There are many Al based
applications now utilized in the teaching and learning process that help the teachers become more
effective in the classroom. For instance, Al provides the teacher with appropriate teaching aid,
automatic assessment (which reduces workload), detection of plagiarism work and gives feedback
about the overall progress of the students. With Al, a student can be engaged in learning/academic
activities without the physical presence of the teacher, which is not to say that Al is replacing or
taking over the role of the teacher in the classroom (Sadiku et al, 2021).

Effective Assessment and Evaluation

Assessment and education go together, without education there will be no assessment and
without assessment there will be no education. Assessment which is the action carried out to
determine and examine the nature, value, or quality of education, is an important factor as it gives
wide information about the student and system if done properly, timely and without mistake. Most
of the problems and challenges encountered in education are poor assessment and evaluation. But
with the presence of Al in the educational sector, assessment and evaluation is different, as Al
assessment system can be utilized to access students’ level of knowledge, understanding, skills,
perspective, and confidence level. If adequate information needed like curriculum, subjects and
activities of learning and steps taken by the learner is supplied, results can be published at a go
using Al assessment systems. Al has also been utilized in the grading of test scores (multiple-
choice questions), checking of student’s assignment, generating of homework, and even used in
admission processes (Luckin, 2017; Kengam, 2020).

Effective Help for Physically Challenged Learners

Tambekar (2019) reported that about 15% of the population of the world is challenged
physically with no access to education. But with the arrival of Al, all physically challenged learners
can have access to education ranging from the visual impaired, hearing impaired to locomotor
disability. Learners with locomotor disability can access the classroom from their geographical
location without the need to move, learning at their own pace. Al help the hearing impaired to read
and write using sign language as texts are converted into sign language for easy understanding. Al
also read texts in different languages to the hearing of the visually impaired and can describe
pictures to their understanding and appreciation. With Al no human whether disabled or not will
remain uneducated (Tambekar, 2019; Kengam, 2020).

Summarily, Artificial Intelligence entering the educational sector has revolutionized the
teaching and learning process, granting access to universal quality education to all, reducing the
workload of the teacher while galvanizing the students to access unlimited knowledge from the
comfort of their homes and classes and at the same time assessing and evaluating their academic
performance with ease while keeping track of their progress. Therefore, chemistry and physics
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educators should seize the advantage of Al to enhance the academic achievement and concept
change of chemistry and physics students as Al has proven to have these potentials.

Methodology

The research design adopted in this study is quasi-experimental (a non-randomized pretest-
posttest control). Purposive sampling technique was used to select 160 participants from sixteen
senior secondary schools two (SSS2) Chemistry and Physics students in Rivers West Education
zone in Rivers State. The population consisted of 80 Chemistry students (37 males and 43 females)
and 80 Physics students (44 males and 36 females) drawn from senior secondary schools in the
state. Treatment and Control groups where used. The treatment group (those taught heat change
using Al) consisted of 39 females and 41 males, which are made up of 22 female and 18 male
Chemistry students and 17 female and 23 male Physics students. While the control group (those
taught heat change using the traditional method) consists of 40 females and 40 males, which are
made up of 21 female and 19 male Chemistry students and 19 female ad 21 male Physics students.
The instrument used for data collection consisted of two parts. Part A was titled “Physics
Achievement Test” (PAT) for Physics students and “Chemistry Achievement Test” (CAT) for
Chemistry students. Part A which contains twenty (20) multiple-choice questions (having 3
distracters and one correct option) was used to measure academic achievement using pretest and
posttest. Each correct answer was scored 3 marks, giving a maximum mark of 60 and minimum
mark of 0. Part B was titled “Conceptual Understanding Test” (CUT), which made use of pretest
and posttest to measure student’s conceptual change. Part B holds fifteen (15) conceptual questions
and the answers provided by the students were score under three scales, Full Understanding (FU),
Partial Understanding (PU) and No Understanding (NU). The students that got the right concept
behind the question was scored 2 marks showing Full Understanding (FU), the students that
answered the questions partly or halfway was scored 1 mark indicating Partial Understanding (PU)
and the students that failed the questions were scored 0 mark showing No Understanding (NU) of
the concept. Furthermore, structured Interview was conducted with the students taught using Al to
examine their experience and perception towards Al-based instruction. And afterwards, the
qualitative data was converted into quantitative data by assigning values to the qualitative data to
test the hypotheses generated. Those that expressed doubt, fear, uncertainty in their responses were
assigned a value of one (1) while those that expressed interest, fascination, attractiveness, and
glamour of the use of Al were assigned a value of two (2). To ensure validity, the research
instruments were face validated by two experts in the fields of Chemistry education and Physics
education respectively. Using test-retest method and Kuder-Richardson’s formula-21 yielded a
reliability coefficient of 0.78, therefore on the bases of high reliability index the research
instrument was deemed suitable to carry out the study.

Results

The results of the study were analyzed using mean, standard deviation, percentage, column chart
and pie chart. Meanwhile, inferential statistics such as independent t-test was used to determine
difference between variables involved in this study. Decision making was based on; reject the
hypothesis if the calculated p-value is greater than the alpha value, 0.05, otherwise do not reject.
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Research Question 1: What is the effect of Al on the academic achievement of SSS2 Chemistry
and Physics students in heat change in Rivers State?

Tablel: Showing Mean Achievement Scores of SSS2 Chemistry and Physics Students

taught Heat Change Using Al-Base Instruction.

Chemistry Group (N =40) | Physics Group (N = 40)
(%) SD (x) SD
Pre-test 12.45 6.28 14.40 5.78
Post-test 44.63 7.07 46.35 7.03
Mean gain score | 32.18 31.95

It can be seen from the above table, that the achievement of the Physics students seems to be
greater both in pretest and posttest scores. However, the mean gain score of the Chemistry students
was higher than that of the Physics students. To know if this observed difference was significant,
hypothesis one was tested.

Research Question 2: What is the effect of Al on the conceptual change of SSS2 Chemistry and
Physics students in heat change in Rivers State?

Table 2: Showing the Conceptual Change of Chemistry and Physics Students taught Heat
Change Using Al-Based Instruction.

SIN ltems Variables | Pre-Conceptual Change Post Conceptual
Change
NU PU FU NU PU FU

1. In which phases of | Chemistry | 14 26 11 29
matter are molecules 35.0% | 65.0% 27.5% | 72.5%
capable of changing | physics 20 20 10 30
their positions?  Give 50.0% | 50.0% 25.0% | 75.0%
reason for your answer.

2. When two bodies of | Chemistry | 17 21 2 10 30
different  temperature 42.5% | 52.5% | 5.0% 25.0% | 75.0%
are in contact, what is | Physics 20 16 4 9 31
the overall direction of
heat transfer? And if 50.0% | 40.0% | 10.0% 22.5% | 77.5%
they come to
equilibrium, what does
it mean?

3. What are the different | Chemistry | 20 17 3 9 31
methods of heat 50.0% | 42.5% | 7.5% 22.5% | 77.5%
transfer? Physics 17 21 2 6 34

42.5% | 52.5% | 5.0% 15.0% | 85.0%

4. Chemistry | 17 22 1 10 30

42.5% | 55.0% | 2.5% 25.0% | 75.0%
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Explain the | Physics 16 24 15 25

transformation of states 40.0% | 60.0% 37.5% | 62.5%
by heat transfer.

5. Explain the concept of | Chemistry | 16 23 1 13 27
expansion produced by 40.0% | 52.5% | 2.5% 32.5% | 67.5%

heat. Physics 18 21 1 9 31
45.0% | 52.5% | 2.5% 22.5% | 77.5%

6. Can sound  waves | Chemistry | 19 18 3 8 32
produce heat? Explain. 47.5% | 45.0% | 7.5% 20.0% | 80.0%

Physics 20 18 2 6 34
50.0% | 45.0% | 5.0% 15.0% | 85.0%

7. What is the difference | Chemistry | 24 14 2 8 32
between  heat and 60.0% | 35.0% | 5.0% 20.0% | 80.0%

temperature? Physics 14 23 3 12 28
35.0% | 57.5% | 7.5% 30.0% | 70.0%

8. What is the relationship | Chemistry | 18 20 2 10 30
between  temperature 45.0% | 50.0% | 5.0% 25.0% | 75.0%

and Kkinetic energy? Physics 18 20 2 5 35
45.0% | 50.0% | 5.0% 12.5% | 87.5%

9. The unit of rate of heat | Chemistry | 19 20 1 10 30
transfer is __ ? 47.5% | 50.0% | 2.5% 25.0% | 75.0%

Explain why. Physics 21 16 3 8 32
52.5% | 40.0% | 7.5% 20.0% | 80.0%

10. | What is a black body? | Chemistry | 18 20 2 13 27
45.0% | 50.0% | 5.0% 32.5% | 67.5%

Physics 18 20 2 10 30
45.0% | 50.0% | 5.0% 25.0% | 75.0%

11.| What is the difference | Chemistry | 15 22 3 3 37
between diffusion and 37.5% | 55.0% | 7.5% 7.5% | 92.5%

radiation heat transfer? | physics 15 23 2 15 25
37.5% | 57.5% | 5.0% 37.5% | 62.5%

12.| What is the difference | Chemistry | 18 22 9 31
between forced 45.0% | 55.0% 22.5% | 77.5%

convection and natural | Physics | 19 21 7 33
convection? 47.5% | 52.5% 17.5% | 82.5%

13.| How is heat transfer | Chemistry | 20 18 2 6 34
related to temperature? 50.0% | 45.0% | 5.0% 15.0% | 85.0%

Physics 17 21 2 9 31
42.5% | 52.5% | 5.0% 22.5% | 77.5%

14. | When heat transfers | Chemistry | 17 22 1 9 31
into a system, is the 42.5% | 55.0% | 2.5% 22.5% | 77.5%

Physics 19 19 2 8 32
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energy stored as heat? 47.5% | 47.5% | 5.0% 20.0% | 80.0%
Explain.

15. | What three (3) factors | Chemistry | 14 25 1 9 31
affect the heat transfer 35.0% | 62.5% | 2.5% 22.5% | 77.5%
that is necessary to | Physics 18 21 1 11 29
change an object’s 45.0% | 52.5% | 2.5% 27.5% | 72.5%
temperature?

Furthermore, figures 1 and 2 below show a column chart of Chemistry and Physics students’
responses to the conceptual questions before treatment was applied. While figures 3 and 4 show a
pie chart of the overall percentage conceptual change of Chemistry and Physics students before
treatment was applied.

| |
FU

Figure 1: showing chemistry students’ responses Figure 2: showing physics students’
responses to conceptual questions. to conceptual questions.

4.00%

‘ 44.30%

51.70%

Figure 3: showing chemistry students’ overall percentage Figure 4: showing physics student’s overall
percentage responses to conceptual questions. responses to
conceptual questions.
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Also, figures 5 and 6 show column chart of Chemistry and Physics students’ responses to the
conceptual questions after treatment was applied. While figures 7 and 8 show a pie chart of the
overall percentage conceptual change of Chemistry and Physics students after treatment was
applied.

N[)

mPU

| I I
1L L )] e

Figure 5: showing chemistry students’ responses Figure 6: showing physics students’
responsesto conceptual questions. to conceptual questions.

Figure 7: showing chemistry students’ overall percentage Figure 8: showing physics student’s overall
percentage responses to conceptual questions. responses to conceptual
guestions.

It is clear from the above information that there exist major conceptual changes between the SSS2
Chemistry and Physics students taught using Al, even though the Chemistry students’ conceptual
change seems to be above that of the Physics student by a margin of 0.3%. To ascertain if this
margin is statistically significant or not, hypothesis 2 was tested.

Research Question 3: Are there any significant differences in academic achievement between
students who receive Al-based instruction and those who receive traditional instruction in heat
change?
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Table 3: Showing Mean Achievement Scores of Treatment and Control Groups taught
Heat Change Using Al-Base Instruction and Those Taught Without.

Treatment Group (N = 80) | Control Group (N = 80)
(%) SD (%) SD
Pre-test 13.33 6.11 13.52 6.40
Post-test 45.49 7.12 36.11 5.90
Mean gain score | 32.16 22.59

Information in table 3 revealed that before Al-based instruction was utilized on the treatment
group, the control group achieved better in the pretest with a mean score of 13.52 as against 13.33
of the treatment group. But after Al-based instruction was utilized the treatment group had a mean
achievement score of 45.49 with a mean gain score of 32.16 as against that of the control group
with a post mean achievement score of 36.11 and a mean gain score of 22.59. To determine
whether the observed difference is significant or not, hypothesis 3 was tested.

Research Question 4: Are there any significant differences in conceptual change between
students who receive Al-based instruction and those who receive traditional instruction in heat
change?

Table 4: Showing the Conceptual Change of Treatment and Control Groups taught Heat
Change Using Al-Based Instruction and Those Taught Without.

S/N ltems Variables Pre-Conceptual Post Conceptual
Change Change
NU PU FU NU PU FU

1. In which phases of | Treatment | 34 46 21 59
matter are molecules 42.5% | 57.5% 26.3% | 73.7%
capable of changing | Control 39 41 21 33 26
their positions? Give 48.7% | 51.3% 26.3% | 41.2% | 32.5%
reason for your answer.

2. When two bodies of | Treatment | 37 37 6 19 61
different temperature 46.2% | 46.2% | 7.6% 23.7% | 76.3%
are in contact, what is | Control 30 46 4 21 30 30
the overall direction of
heat transfer? And if 27.5% | 57.3% | 5.0% | 25.0% | 37.5% | 37.5%
they come to
equilibrium, what does
it mean?

3. What are the different | Treatment | 37 38 5 15 65
methods  of  heat 46.2% | 47.5% | 6.3% 18.7% | 81.3%
transfer? Control 30 47 3 22 36 22

37.5% | 58.7% | 3.8% | 27.5% | 45.0% | 27.5%

4, Treatment | 33 46 1 25 55

41.2% | 57.5% | 1.3% 31.3% | 68.7%
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Explain the | Control 34 41 5 22 23 35

transformation of 42.5% | 51.3% | 6.2% | 27.5% | 28.8% | 45.7%
states by heat transfer.

5. Explain the concept of | Treatment | 34 44 2 22 55
expansion produced by 42.5% | 55.0% | 2.5% 27.5% | 72.5%

heat. Control 31 47 2 21 29 30
38.8% | 58.7% | 2.5% | 26.3% | 36.2% | 37.5%

6. Can sound waves | Treatment | 39 36 5 14 66
produce heat? Explain. 48.7% | 45.0% | 6.3% 17.5% | 82.5%

Control 36 40 4 23 28 29
45.0% | 50.0% | 5.0% | 28.8% | 35.0% | 36.2%

7. What is the difference | Treatment | 38 37 5 20 60
between heat and 47.5% | 46.2% | 6.3% 25.0% | 75.0%

temperature? Control 37 41 2 19 30 31
46.2% | 51.3% | 2.5% | 23.7% | 37.5% | 38.8%

8. What is the | Treatment | 36 40 4 18 62
relationship  between 45.0% | 50.0% | 5.0% 22.5% | 77.5%

temperature and kinetic | Control 35 45 2 21 27 32
energy? 43.7% | 56.3% 26.3% | 33.7% | 40.0%

9. The unit of rate of heat | Treatment | 40 34 6 15 65
transfer is _ ? 50.0% | 43.5% | 7.5% 18.7% | 81.3%

Explain why. Control 40 40 18 29 33
50.0% | 50.0% 22.5% | 23.7% | 41.3%

10. | What is a black body? | Treatment | 36 39 5 23 57
45.0% | 48.7% | 6.3% 28.7% | 71.3%

Control 38 38 4 20 28 32
47.5% | 47.5% | 5.0% | 25.0% | 35.0% | 40.0%

11. | What is the difference | Treatment | 30 45 5 18 62
between diffusion and 37.5% | 56.2% | 6.3% 22.5% | 77.5%

radiation heat | Control |39 35 6 24 27 29
transfer? 48.8% | 43.7% | 7.5% | 30.0% | 33.7% | 36.3%

12. | What is the difference | Treatment | 37 43 16 64
between forced 46.2% | 53.8% 20.0% | 80.0%

convection and | Control 40 34 6 22 25 33
natural convection? 50.0% | 42.5% | 7.5% | 27.5% | 31.2% | 41.3%

13. | How is heat transfer | Treatment | 35 41 4 15 65
related to 43.7% | 51.3% | 5.0% 18.7% | 81.3%

temperature? Control 29 48 3 19 29 32
36.2% | 60.0% | 3.8% | 23.7% | 36.3% | 40.0%

14. | When heat transfers | Treatment | 36 42 2 17 63
into a system, is the 45.0% | 52.5% | 2.5% 21.3% | 78.7%

Control 27 46 7 20 25 35
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energy stored as heat? 33.8% | 57.5% | 8.7% | 25.0% | 31.2% | 43.8%
Explain.

15. | What three (3) factors | Treatment | 32 45 3 20 60
affect the heat transfer 40.0% | 56.2% | 3.8% 25.0% | 75.0%
that is necessary to | Control 36 41 3 23 27 30
change an object’s 45.0% | 52.5% | 3.8% | 28.8% | 33.7% | 37.5%
temperature?

The information contained in table 4 is further analyzed using column chart and pie chart. Figures
9 and 10 below show treatment and control students’ responses to the conceptual questions before
Al-based instruction was used. And figures 11 and 12 show the level of conceptual understanding
of the students before Al-based instruction was used.

U - |- Rt

Figure 9: showing treatment students’ responses Figure 10: showing control students’
responses to conceptual questions. to conceptual questions.

44.50% 43.40%

51.10% 52.50%

Figure 11: showing treatment students’ overall percentage Figure 12: showing control student’s overall
percentage responses to conceptual questions. responses to conceptual questions.

In the same vein, figures 13 and 14 show the responses of treatment and control groups after the
utilization of Al-based instruction, while figures 15 and 16 revealed the level of conceptual
understanding of both groups after the application of Al-based instruction to the treatment group.
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Figure 13: showing treatment students’ responses Figure 14: showing control students’
responses to conceptual questions. to conceptual questions.

0.00%

76.80%

Figure 15: showing treatment students’ overall percentage Figure 16: showing control student’s overall
percentage responses to conceptual questions. responses to conceptual questions.

From the pie chart above, its information indicates that the treatment group had more Full
Understanding with a percentage of 76.8%, 23.2% Partial Understanding and 0% No
Understanding as against the control group with Full Understanding of 39.0%, 34.7% Partial
Understanding and 26.3% No Understanding. Hypothesis 4 was tested to determine if this
difference was significant.

Research Question 5: What are the experiences and perceptions of SSS2 Chemistry and Physics
students towards Al-based instruction in heat change?

In answering this research question, a structured interview was conducted with the students and
the table below summarizes the responses of the students.
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Table 5: Showing Responses of Chemistry and Physics Students Prospection Towards Al-
Based Instruction in Heat Change.

S/N | Interview Questions Variables Positive | Negative
1. | What are your thoughts on using Al to | Chemistry 24 16
teach subjects like heat? 60.0% 40.0%
Physics 31 9
77.5% 22.5%
2. | How do you think Al could enhance | Chemistry 30 10
your leering experience in studying 75.0% 25.0%
heat? Physics 26 14
65.0% 35.0%
3. | Do you have any concerns about | Chemistry 23 17
relying on Al for learning heat 57.3% 42.5%
concepts? Physics 28 12
70.0% 30.0%
4. | How do you think Al could benefit | Chemistry 25 15
teachers in teaching topics like heat? 62.5% 37.5%
Physics 30 10
75.0% 25.0%
5. In what ways do you think Al could | Chemistry 27 13
improve or change the future of 67.5% 32.5%
education? Physics 29 11
72.5% 27.5%

Figures 17 and 18 below go further to show Bar chart of the responses of Chemistry and Physics
students’ perception towards the use of Al-based instruction.

M| Positive W Positive

Negative Negative

Figure 17: showing chemistry students’ responses Figure 18: showing physics students’ responses
to interview questions. to interview questions.

While figures 19 and 20 show the percentage responses of Chemistry and Physics students’
perception towards the use of Al-based instruction. From the information displayed, 72.0% of the
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Physics students showed a positive perception as against 64.5% of the Chemistry. To see if this
difference in perception was significant, hypothesis 5 was tested.

28.00%

72.00%
W Positive m Positive

Negative

Negative

Figure 19: showing chemistry students’ percentage responses Figure 20: showing physics students’
percentage responses to interview questions. to interview questions.

Hypothesis 1: There is a significant difference in the academic achievement of SSS2 Chemistry
and Physics students taught heat change using Al-based instruction in Rivers State.

Table 6: Showing Independent Sample t-test of Significant between the Mean Achievement
Scores of Chemistry and Physics Students Taught Heat Change Using Al-Based

Instruction.
Variable (%) SD N Df P-Value | t-Crit. | Result
Chemistry 4463 | 7.07 |40 |78 .2835 1.9908 | Rejected
Physics 46.35 | 7.03 |40

Hypothesis 2: There is a significant difference in the conceptual change of SSS2 Chemistry and
Physics students taught heat change using Al-based instruction in Rivers State.

Table 7: Showing Independent Sample t-test of Significant between the Conceptual Change
of Chemistry and Physics Students Taught Heat Change Using Al-Based Instruction.

Variable (x) SD N df P-Value | t-Crit. | Result
Chemistry 2420 [ 2.74 |40 |78 .1088 1.9921 | Rejected
Physics 25.13 | 2.27 |40

Hypothesis 3: There is a significant difference in academic achievement between students who
receive Al-based instruction and those who receive traditional instruction in heat change.
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Table 8: Showing Independent Sample t-test of Significant between the Mean Achievement
Scores of Treatment and Control Groups Taught Heat Change Using Al-Based Instruction
and Those Taught Without.

Variable (x) SD N df P-Value | t-Crit. | Result
Treatment 4549 | 711 |80 | 158 .0000 1.9756 | Accepted
Control 36.11 | 5.89 |80

Hypothesis 4: There is a significant difference in conceptual change between students who receive
Al-based instruction and those who receive traditional instruction in heat change.

Table 9: Showing Independent Sample t-test of Significant between the Conceptual Change
of Treatment and Control Groups Taught Heat Change Using Al-Based Instruction and

Those Taught Without.
Variable (%) SD N df P-Value | t-Crit. | Result
Treatment 2466 | 256 |80 | 158 .0000 1.9751 | Accepted
Control 16.55 | 2.49 |80

Hypothesis 5: There is a significant difference in experiences and perceptions of SSS2 Chemistry
and Physics students towards Al-based instruction in heat change.

Table 7: Showing Independent Sample t-test of Significant between the Perception of
Chemistry and Physics Students Taught Heat Change Using Al-Based Instruction.

Variable (%) SD N df P-Value | t-Crit. | Result
Chemistry 820 220 |80 |78 4152 1.9908 | Rejected
Physics 8.60 |211 |80

Discussion

This study aimed at investigating the effect of Al on Chemistry and Physics students’
achievement and conceptual change in heat change in SSS2 in Rivers State. Findings in table 1
showed that the Physics students achieved higher in the pretest and posttest with a mean score of
14.40 and 46.35 respectively, against that of the Chemistry students taught heat change using Al-
based instruction with a pretest score of 12.45, and a posttest score of 44.63. Meanwhile, the
Chemistry students showed better achievement than the Physics students as can be seen from the
mean gain score (32.18) of the Chemistry students against 31.95 mean gain score of the Physics
students. But the hypothesis test in table 6 revealed that this observed difference was not significant
as the P-value (.2835) was greater than the alpha value (0.05), thus the hypothesis was rejected.
Meaning that there is no significant difference in the academic achievement of SSS2 Chemistry
and Physics students taught heat change in Rivers State. This goes to tell that both groups achieved
equally well because of utilization of Al-based instruction. This finding agrees with Crisha et al,
(2023); Rizkyana et al, (2024); and Fitrianto et al, (2023). Who in their respective findings agreed
that Al-based instruction improves academic achievement notwithstanding the groups involved.
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This is because Al-based instruction captives and engages the students making them to want to
learn more, leading to improved academic achievement.

Furthermore, research question 2 was answered with data displaced in table 2 and figure 1,
2,3,4,5,6,7and 8. Figures 1 and 2 showed the responses of Chemistry and Physics students
towards the conceptual questions under heat change before Al-based instruction was utilized.
While figures 4 and 5 showed their percentage responses, where 4.0% of the Chemistry students
had Full Understanding (FU), 51.7% had Partial Understanding (PU) and 44.3% had No
Understanding (NU). Comparing it against the Physics students with 4.3% Full Understanding,
50.7% Partial Understanding and 45.0% No Understanding of the concepts of heat change.
Nevertheless, when Al-based instruction was utilized there was a tremendous change in conception
as figures 5 and 6 showed their responses to conceptual questions while figures 7 and 8 showed
their percentage responses and it can be seen from it, that both Chemistry and Physics students’
moved away from the level of No Understanding to either Partial Understanding or Full
Understanding, with Full Understanding having the greater percentage. The Chemistry students
had 77.0% Full Understanding and 23.0% Partial Understanding as against 76.7% Full
Understanding and 23.3% Partial Understanding of the Physics students. Meaning 0.3% of the
Physics students had more Full Understanding than the Chemistry students. However, this
observed difference yielded no significant difference as data analysis in table 7 disclosed P-value
of .1088 which is greater than the alpha value of 0.05, hence the hypothesis was rejected, and the
alternative hypothesis upheld. Therefore, there is no significant difference in the conceptual
change of SSS2 Chemistry and Physics students taught heat change using Al-based instruction in
Rivers State. The finding agrees with that of Mahliigawati et al, (2023) that integration of Al in
the learning of Heat change improved conceptual understanding of the chemistry and physics
students as well as their motivation level. Yan (2014) was also in the affirmative that the use of Al
can deliver students instant feedback once a misconception has been identified, such feedback can
prominently impact learning and teaching process and hence, yield conceptual change in students.

Also, table 3 revealed that in the pretest, the Control group had a higher achievement mean
score of 13.52 and SD of 6.40 in contrast to achievement mean score of 13.33 and SD of 6.11 by
the Treatment group. But in the posttest, the Treatment group had an achievement mean score of
45.49, SD of 7.12 and a mean gain score of 32.16 while the Control group had an achievement
mean score of 36.11, SD of 5.90 and mean gain score of 22.59. This difference in academic
achievement was subjected to t-test data analysis and result displayed in table 8 revealed a P-value
of .0000 which is less than the alpha value of 0.05, thus the hypothesis was accepted that there is
a statistically significant difference in academic achievement of SSS2 Chemistry and Physics
students’ taught heat change using Al-based instruction in Rivers State. This difference so
observed is really because of the different treatment given to both groups. Artificial Intelligence
has been proven to improve academic achievement of science students (Chemistry and Physics).
This finding is in consonance with those of Huang et al., (2023) and Crisha et al., (2023). In their
studies, they found that the present generation learners are taking advantages of Al to improve
their academic achievement. The use of Al-based learning enhances learning outcomes by
simplifying learning and engaging learners. Trisoni et al. (2023) in his study reported that over
67.9% of the students agreed that Al improved their academic achievement in heat change.
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Sunghwan (2022) also found that Al-based instruction affected positively the academic
performance of chemistry and physics students in mathematics.

Similarly, data presented in table 4 showed the pre and post conceptual change of chemistry
and physics students in Treatment group and Control group. Figures 9 and 10 showed column chart
of the responses of the both groups to the conceptual questions before Al-based instruction was
used. Figures 11 and 12 showed percentage responses of both groups; where 4.4% of the Treatment
group had Full Understanding, 51.1% had Partial Understanding and 44.5% had No
Understanding. On the other hand, the Control group had 4.1% having Full Understanding, 52.5%
Partial Understanding and 43.4% No Understanding. After treatment (use of Al-base instruction)
was given to the Treatment group, 76.8% out of 100% of the students had Full Understanding
while the remaining (23.2%) had Partial Understanding. But this was not so for the Control group,
as 26.3% still had No Understanding of the concept of Heat Change, while 34.7% had Partial
Understanding and 39.0% had Full Understanding as can be seen from figures 15 and 16. Going
forward, hypothesis test was carried out to determine if truly there exist a significant difference in
the conceptual change of students in both groups (Treatment and Control). Remarkably, data
analysis in table 9 showed a statistically significant difference in the conceptual change of both
groups. The data analysis returned a P-value of .0000 which is less than the alpha value of 0.05,
hence the hypothesis was upheld. Meaning there is a statistically significant difference in the
conceptual change of SSS2 Chemistry and Physics students taught heat change using Al-based
instruction and those taught without. This finding agrees with that of Hakan et al, (2016), as he
reported that when traditional teaching method was employed in teaching heat change, that 16.6
% of the students were found to fully understand the concepts of heat change, while 42.4% gave
false or no answers. The remaining 41% either partially understood or misunderstood them. On
the other hand, Mahliigawati et al, (2023) maintained that Al is a powerful tool to produce
conceptual change in heat change amongst chemistry and physics students. Meanwhile, Rizkyana
et al, (2024) asserted that the significant improvement in conceptual change underscores the
effectiveness of Al in mastering academic content of heat change.

Research question 5 which explored the perception of the Treatment group was answered
using bar chart and pie chart. Figures 17 and 18 show the responses (Positive or Negative) of the
Chemistry and Physics students towards the use of Al-based instruction in the teaching and
learning of heat change. Figures 19 and 20 revealed that the Physics students showed a more
position perceptive than their Chemistry counterparts. 72.0% expressed positive experience and
perceptive while 28.0% showed negative perceptive. While the Chemistry students, 64.5% of the
students showed positive perception as against 35.5% that showed negative perceptive. This
indicates that 7.5% more of the Physics Students believe that Al-based instruction helped them
learn the concept of heat change well. To know if this difference was significant or not, hypothesis
5 was tested and the data analysis in table 10 unexpectedly gave a P-value of .4152 which is greater
than the alpha value of 0.05. Therefore, the hypothesis was rejected, and the alternative hypothesis
sustained. On that ground, there is no statistically significant difference in experience and
perception of SSS2 Chemistry and Physics students taught heat change using Al-based instruction.
This finding agrees with that of Crisha et al., (2023) who found generally positive perception of
Al involvement among science students. Furthermore, he reported that science students admitted
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Al's potential standing and benefits in their education and imminent professions. Meanwhile,
Trisoni et al. (2023) in his study reported that 54.3% of the students showed negative perception
as they agreed that Al would reduce interest and natural ability of students reading and studying
in their respective field of study as well as the fear of Al taking over the place of the teacher in the
classroom.

Conclusion and Recommendation

Conclusively, this study investigated the effect of Artificial Intelligence (Al) on Chemistry
and Physics students' achievement and conceptual change in heat change in SSS2 in Rivers State.
The findings of the study provided valuable insights into the potential benefits of integrating Al in
chemistry and physics education curriculum. The results indicated that students who received Al-
based instruction demonstrated significantly higher academic achievement in heat change
compared to those who received traditional instruction. The use of Al technologies, such as
interactive simulations and virtual experiments, likely provided students with a more interactive
and engaging learning experience. This, in turn, contributed to their improved academic
achievement in understanding the concepts and principles of heat change.

Furthermore, the study found that Al-based instruction significantly facilitated conceptual
change among students. The Al technologies allowed students to visualize and manipulate
variables, helping them develop a deeper understanding of the underlying principles of heat
change. The interactive nature of Al-based instruction likely encouraged active learning and
critical thinking, leading to conceptual change and improved conceptual understanding.
Additionally, the study revealed that students who received Al-based instruction had positive
experiences and perceptions towards Al-based instruction in heat change. The interactive and
immersive nature of Al technologies likely enhanced students’ motivation, engagement, and
enjoyment in learning. The personalized and adaptive nature of Al-based instruction likely catered
to individual students' needs and pace of learning, resulting in a more positive learning experience.

Conclusively, the findings of this study highlight the substantial positive impact of Al on
Chemistry and Physics students' learning outcomes in heat change. The integration of Al in
Science education in general has the potential to transform traditional teaching methods, providing
personalized and engaging learning experiences that promote achievement, conceptual change,
and positive perceptions towards the subject.

Recommendations

1. Artificial Intelligence (Al) should be integrated into the senior secondary school
curriculum and be used as an innovative teaching method in teaching chemistry education
and physics education and science education in general.

2. Government should ensure that Al technologies are effectively integrated into the
curriculum, with appropriate training and provision of the necessary tools or gadgets meant
for the success of smooth operation and usage of Al for the teachers. This is so because
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adequate access to technology and resources is also crucial to ensure equitable learning
opportunities for all students.

3. In the same vein, conferences, workshops, symposia etcetera be organized and chemistry
and physics teachers and science teachers in general be sponsored fully as this will help
teachers not to be antiquated.

4. Further research be conducted to explore the long-term effects of Al-based instruction on
students' achievement and conceptual change in heat change.

5. Also, investigating the impact of Al on other topics in chemistry and physics education and
exploring the effects of Al in different educational contexts would provide a more
comprehensive understanding of the potentials of Al in enhancing students' learning
outcomes.

6. The findings of this research be made available for the Ministry of education, national
library, tertiary institutions libraries in the country, where students would have access to
them.
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