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Abstract

This study presents a detailed descriptive analysis of teaching ordinary differential equations
(ODEs) to pre-service mathematics teachers (PSTs) using computer-assisted instruction. The
teaching of Ordinary Differential Equations (ODEs) to Pre-Service Mathematics Teachers
(PSTs) is a critical component of mathematics education, as it helps future educators
understand mathematical modeling and problem-solving techniques. Traditional methods of
teaching ODEs often focus on analytical solutions and theoretical derivations, which can
present challenges in conceptual understanding and real-world applications. This study
explores the integration of Computer-Assisted Instruction (CAl) in teaching ODEs to PSTs
using MATLAB software. A qualitative descriptive research approach was employed,
involving classroom observations, focus group discussions, and reflective journals. The
findings reveal that CAI enhances student engagement, improves conceptual understanding
through visualization, and encourages independent problem-solving. These findings have
important implications for teaching and learning differential equations and other
mathematical concepts, as they suggest that PSTs can effectively use computer-assisted
instruction, such as MATLAB, to compute mathematical problems and plot graphs, which
they can later apply in secondary school teaching after completing their undergraduate degree
programs. The study provides recommendations for incorporating CAl into mathematics
teacher education to enhance learning outcomes and pedagogical preparedness.

Keywords: Ordinary differential equations, MATLAB codes, computer assisted instruction,
Pre-service mathematics teachers


https://doi.org/10.33422/wcfeducation.v2i1.840
http://creativecommons.org/licenses/by/4.0/

Msangi et al. / A Detailed Descriptive Study on the Teaching of ODEs to a Group

1. Introduction
1.1 Introducing the problem

The current curriculum emphasizes a competency-based instructional approach to foster
21st-century skills (Chunga, 2020; Dismas, Nzima & Kimaro, 2023; Nkya, Huang &
Mwakabungu, 2021), with computer-assisted instruction recognized as an effective method to
achieve this goal (Hassan, 2021; Kalsium & Fathurohman, 2023; Patadia & Ramani, 2012).
However, preservice teachers (PSTs) often lack opportunities to develop essential soft skills
in computer-based environments due to limited resources, such as inadequate access to
computer laboratories (Chunga, 2020). While in advanced secondary school, PSTs learned
about Newton’s Law of Cooling both theoretically and practically by using a stopwatch and
boiled water in a physics laboratory (Ministry of Education, Science and Technology, 2023),
but they did not gain experience with software tools like MATLAB to model temperature loss
mathematically. This limitation hinders their soft skills development, which is crucial for
their professional careers post-graduation. A two-day research meeting provided PSTs with
their first exposure to learning mathematics in a MATLAB environment, allowing them to
compute mathematical problems, including solving ordinary differential equations (ODES)
and their applications. Through this experience, PSTs not only enhanced their computational
skills but also developed crucial soft skills by constructing mathematical concepts in a
computer-assisted learning environment.

Apart from MATLAB, considerable research has explored the use of specialist software in
teaching and learning ordinary differential equations (ODES) at the undergraduate level. For
instance, Xavier, Sampaio, Santos, and Cardoso (2020) investigated the effectiveness of ODE
instruction using the SENAI CIMATEC program, where they implemented problem-based
learning methods for mechanical engineering students and found them to be effective.
Building on this, the present study focuses on examining how computer-assisted instruction
using MATLAB can enhance the teaching of ODEs to preservice teachers. Specifically, it
aims to answer the research question: What can students learn through participating in this
study on teaching ODEs while using MATLAB software?

Computer-Assisted Instruction (CAI) provides a modern approach to learning ODEs by
utilizing computational tools that allow for numerical computations, visualization, and real-
world applications. Teaching ODEs with software such as MATLAB enables students to
explore different problem-solving techniques beyond manual solutions. This study aims to
examine the role of CAI in teaching ODEs to a group of PSTs, highlighting its impact on
PSTs learning and the challenges involved in implementing such an approach.

1.2 Teaching and learning ODEs to undergraduate students

Ordinary Differential Equations (ODEs) play a vital role in mathematical modeling,
physics, engineering, and various scientific applications. For Pre-Service Mathematics
Teachers (PSTSs), a strong understanding of ODEs is essential, as they will be responsible for
teaching these concepts to future students. However, the traditional approach of teaching
ODEs often relies on analytical solutions and manual computations, which may not
effectively engage students or help them visualize solution behaviors.

Kurniadi, Zulkardi, and Putri (2022) conducted a systematic learning review of Ordinary
Differential Equations (ODEs) at the undergraduate level, identifying four main learning
methods: active learning, information and communication technology (ICT), mathematical
modeling, and geometric and qualitative solutions. They also found that students commonly
study five key topics in ODEs: first-order ODEs, second-order ODEs, systems of ODEs,
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applications of ODEs to real-world problems, and the Euler method. The study highlights the
diverse teaching approaches used to enhance students' understanding of ODEs and the
fundamental topics they need to master for further mathematical and scientific applications.

In brief, several studies have explored the teaching and learning of ordinary differential
equations (ODEs), focusing on different aspects such as the impact of pedagogical changes
on conceptual understanding (Ju & Kwon, 2007; Mallet & McCue, 2009; Xavier, Sampaio,
Santos & Cardoso, 2020), students’ conceptions of ODE solutions (Rasmussen, 2001;
Raychaudhuri, 2009), and the introduction of geometric approaches to solving ODEs (Habre,
2000, 2003). Regarding pedagogical changes, Rasmussen and Kwon (2007) implemented an
inquiry-oriented method for solving ODEs, while Freudenthal (2003) applied the principles
of realistic mathematics education, emphasizing real-world problem-solving in mathematics
classrooms.

The teaching of Ordinary Differential Equations (ODEs) to Pre-Service Mathematics
Teachers (PSTs) presents significant challenges, particularly in fostering deep conceptual
understanding and practical problem-solving skills. Traditional teaching methods often rely
heavily on theoretical derivations and manual computations, making it difficult for students
to visualize solutions, interpret their meaning, and appreciate real-world applications. As a
result, many PSTs struggle to bridge the gap between abstract mathematical concepts and
their practical applications, limiting their ability to teach ODEs effectively in future
classrooms.

Computer-Assisted Instruction (CAI) has emerged as a potential solution to these
challenges by integrating technology into the teaching and learning process. Computational
tools such as MATLAB, provide dynamic visualizations, interactive simulations, and
numerical techniques that can enhance students' understanding of ODEs. Through CAI, PSTs
can explore mathematical models, simulate differential equations, and analyze graphical
representations, enabling a more interactive and applied learning experience. However,
despite its potential benefits, the implementation of CAl in teaching ODEs remains limited,
often due to inadequate training, lack of resources, and resistance to adopting new
instructional methods.

Furthermore, little research has been conducted on the effectiveness of CAl in improving
PSTs' comprehension of ODEs and their preparedness to teach these concepts. There is a
need to explore how CAI can be effectively integrated into mathematics teacher education,
identifying best practices, challenges, and its impact on students' learning outcomes. Without
a structured approach to incorporating CAl, PSTs may miss valuable opportunities to develop
both computational and pedagogical skills necessary for modern mathematics teaching.

Therefore, this study seeks to address the challenges associated with teaching ODEs to
PSTs by investigating the role of CAl in enhancing their understanding, engagement, and
ability to apply differential equations in mathematical modeling. The findings will provide
insights into how technology can be utilized to improve mathematics teaching and prepare
future educators to effectively integrate computational tools in their classrooms.

2. Informative study in the literature on integrating technology in learning

mathematics
2.1 Integration of educational technology in developing countries

Developing countries worldwide recognize the value of integrating technology into
teaching and learning across primary, secondary, and tertiary education levels (Islam et al.,
2024; Kiwango, 2021; Rodriguez-Segura, 2022). Some key advantages include minimizing
learning losses, especially during pandemics such as COVID-19, delivering personalized
instructional practice problems tailored to each student’s level, improving learning outcomes,
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raising education standards, and shaping stakeholder behavior to enable scalable and cost-
effective quality education delivery (Kiwango, 2021; Rodriguez-Segura, 2022; UNESCO,
2023; World Bank, 2021).

The role of integrating educational technology in mathematics education has been
evidenced in developing countries outside Africa as a best practice for improving teaching
and learning outcomes. For example, Das and Sahay (2022) studied the integration of
technology in mathematics education in developing regions of the United Kingdom. Their
findings indicate that the use of enhanced and integrated technology fosters a learner-centered
approach, increases student engagement, and improves learning achievement. However, the
effective integration of educational technology in these regions depends on the availability
and accessibility of hardware, software, and communication infrastructure.

Similarly, a study conducted in Germany by Saal, Graham, and Ryneveld (2020)
examined the relationship between integrating educational technology in mathematics
education and students' mathematical achievement. Their findings reveal that shared use of
computers and internet connectivity significantly improved individual student performance.

In addition to studies from non-African countries, research has also been conducted in
African developing countries on the role of technology in mathematics education. For
instance, Faustino, Cheema, and Bussey (2024) investigated the integration of educational
technologies in developing African countries, including Tanzania, Kenya, Uganda, Sudan,
and Rwanda. Their study identified multiple advantages of incorporating educational
technologies, such as increased student engagement in learning, higher levels of commitment
and interaction, and improved academic achievement (Kafyulilo et al., 2015; Kiwango,
2021).

However, past studies have also highlighted significant challenges that hinder the
effective implementation of instructional technologies. These challenges include a lack of
knowledge and skills in using technology, an insufficient number of trained teachers,
shortages in infrastructure, and limited government support (Faustino, Cheema, & Bussey,
2024; Kafyulilo et al., 2015; Kiwango, 2021; Njiku et al., 2022). To address these barriers,
researchers recommend measures such as providing training and workshops for teachers to
develop their technological competencies, ensuring adequate resources, and increasing
government support to enhance the integration of educational technology for improved
quality of education.

2.2 Computer technology and mathematics education

The use of technology in mathematics education has been widely studied, with research
indicating that CAI enhances student engagement, improves learning efficiency, and provides
interactive simulations for abstract concepts (Tall, 2013). For differential equations,
visualization plays a critical role in understanding solution behavior, stability, and numerical
approximations (Zill & Wright, 2017). Studies have shown that the use of CAI tools such as
MATLAB for solving ODEs significantly enhances students’ ability to analyze and interpret
mathematical models (Kumar & Sharma, 2020).

Students learning mathematics are encouraged to develop 21st-century skills, including
access to computer technology such as MATLAB software, which serves as a tool for
mathematical computations and visualized learning (Hassan, 2021; Kalsium & Fathurohman,
2023; Majid et al., 2012; Syaharuddin & Mandailina, 2017). Studies have shown that the use
of MATLAB software has a positive impact on students’ mathematics learning and academic
achievement (Hassan, 2021; Majid et al., 2013; Triyadin, Islahudin & Zulkarnain, 2020).

Several studies have examined the effects of computer-assisted instruction (CAIl) in
mathematics education across different levels of learning, with all findings indicating positive
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academic outcomes. For example, Patadia and Ramani (2012) investigated the use of CAl in
teaching mathematics in India and found that it facilitated learning among heterogeneous
student groups, enabling them to achieve their learning goals effectively. Similarly, Demir
and Basol (2014) used a random effects model to study the effect of computer-assisted
mathematics instruction on academic achievement in higher education institutions, reporting
a positive impact on student performance. In another study, Ukaigwe and Goi-Tanen (2022)
explored the use of CAl in secondary schools in Nigeria and found that students who learned
mathematics through CAI performed better than those using traditional teaching methods.

However, a review of the literature reveals that no study has been conducted in Tanzania
on enhancing pre-service teachers’ (PSTs') understanding of mathematics using MATLAB
codes within a computer-assisted instruction framework. This highlights an urgent need to
integrate MATLAB as a teaching tool in university-level mathematics education (Hassan,
2021; Hassan & Musa, 2020; Majid et al., 2013). Transitioning from traditional teaching
methods to a technology-enhanced approach in mathematics instruction can equip PSTs with
essential soft skills, such as solving mathematical problems, inputting and analyzing data,
visualizing data through graphing, and running simulations. Students further develop critical
thinking abilities by interpreting results based on data visualizations and simulations (Hassan,
2021; Jarumi, 2016; Kalsium & Fathurohman, 2023; Majid et al., 2013).

Furthermore, integrating computer-assisted instruction in mathematics learning fosters
student interaction, collaboration, and cognitive growth. It encourages learners to reflect on
their progress as they solve mathematical problems, simulate data, and interpret results from
plotted graphs and simulations. This learning aligns with Vygotsky’s (1978) Zone of
Proximal Development (ZPD), where technology acts as a mediational tool to support student
learning.

This study builds on existing research by providing a detailed account of how CAI is used
to teach ODEs to PSTs and examining student experiences in a real classroom setting. Thus,
in this study, MATLAB-based computer-assisted instruction was integrated into mathematics
classrooms to supplement traditional approaches. Findings indicate a positive impact on
PSTs, including improvement in mathematical problem-solving skills, data visualization,
graphing techniques, and interpretation of simulated results.

2.3 The past studies on the teaching of ordinary differential equations (ODEs) to pre-
service mathematics teachers (PSTs) using computer assisted instruction

Several studies have explored the effectiveness of Computer-Assisted Instruction (CAI) in
teaching Ordinary Differential Equations (ODES) to pre-service mathematics teachers (PSTs).
These studies suggest that technology-enhanced learning environments improve students’
understanding of ODEs through interactive visualizations, simulations, and step-by-step
computational support. For instance, Varquez & Jianhong (2019) investigated the use of
MATLAB-based visualizations in ODE instruction and found that students demonstrated
greater proficiency in interpreting solutions both graphically and analytically. Similarly,
Tatar, Akkaya, & Kagizmanli (2015) examined the role of GeoGebra in strengthening PSTs’
problem-solving skills and noted that dynamic graphing tools helped students grasp solution
behaviors more intuitively.

In addition to improving problem-solving, CAI fosters deeper conceptual engagement by
allowing learners to experiment with different ODE models dynamically. Borwein et al.
(2016) studied whether computational tools enhance PSTs' understanding of the fundamental
existence and uniqueness theorems and found that students using technology-based methods
developed a more robust conceptual grasp compared to those in traditional classrooms.
Moreover, Torner & Garcia (2018) demonstrated that integrating Python-based numerical
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solvers enabled PSTs to develop computational thinking skills by appreciating the efficiency
and accuracy of numerical solutions to differential equations.

Pedagogical studies on CAl-enhanced ODE instruction highlight best practices in
integrating technology into teaching. Rasmussen & Kwon (2007) advocated for an inquiry-
based learning (IBL) approach, where students actively investigate solutions to differential
equations using technological tools rather than passively receiving instruction. Similarly,
Asoodar et al. (2014) found that implementing a flipped classroom model, utilizing CAI
resources for self-paced learning, led to greater engagement and motivation among PSTSs.

Despite these advantages, some challenges have been identified in the implementation of
CAl for teaching ODEs. Zengin (2017) reported that some PSTs struggle with an initial
learning curve associated with mathematical software, which can delay their understanding of
differential equations. Furthermore, Tall & Ramos (2019) highlighted the issue of cognitive
overload, where excessive technological complexity might hinder rather than enhance
learning. These findings suggest the need for careful scaffolding and gradual integration of
CAl into the curriculum to ensure that PSTs gain both mathematical and technological
fluency.

Comparative studies have also assessed the effectiveness of CAIl against traditional
lecture-based methods. Fung & Chang (2020) conducted a quasi-experimental study that
demonstrated significant improvements in problem-solving accuracy and conceptual
understanding for students using CAI compared to those relying on conventional teaching
approaches. Additionally, Almeida & Silva (2021) explored student perceptions and found
that most PSTs preferred CAl-based learning due to its interactive features, immediate
feedback, and ability to provide multiple representations of ODE solutions. Therefore,
research indicates that CAIl has significant potential to enhance the teaching and learning of
ODEs for PSTs. While it offers benefits such as improved conceptual understanding,
engagement, and computational thinking, its effectiveness depends on proper integration and
support to mitigate challenges. Future research may explore strategies for optimizing CAI
implementation, ensuring that PSTs develop both mathematical reasoning and technological
competencies necessary for effective teaching.

2.4 Computer based instruction theory in mathematics as a theoretical framework used
in this study

This theory emphasizes the integration of computer software in the teaching and learning
of mathematics. It plays a crucial role in enhancing 21st-century skills among learners,
including the development of soft skills (Hassan, 2021; Patadia & Ramani, 2012).

By applying this theory in mathematics learning, students benefit from increased
motivation, individualized instruction, interactive learning, diverse learning experiences,
practice opportunities, immediate feedback, self-evaluation, reinforcement, and real-time
assessment (Hassan, 2021; Hassan & Musa, 2020; Patadia & Ramani, 2012).

In this study, pre-service teachers (PSTs) were introduced to differential equations using
MATLAB software installed on computers. This computer-based instructional approach has
the potential to support PSTs in performing various mathematical activities, including
simulations, inquiry-based learning, programming, and mathematical problem-solving.

2.5 Research gap

Despite the growing recognition of the importance of Computer-Assisted Instruction
(CAI) in mathematics education, there remains a significant gap in research on its specific
role in teaching Ordinary Differential Equations (ODEs) to Pre-Service Mathematics
Teachers (PSTs). Traditional methods of teaching ODEs often focus on analytical techniques
and manual computations, which can be abstract and challenging for PSTs to visualize and
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apply in real-world contexts. While CAI offers interactive simulations, numerical solutions,
and dynamic visualizations that can enhance understanding and engagement, its integration in
pre-service mathematics teacher education is still limited and underexplored.

Existing studies primarily focus on the use of CAl in general mathematics education, with
limited research investigating its effectiveness in teaching ODEs specifically to PSTs.
Additionally, while research has highlighted the benefits of using computational tools such as
MATLAB, in solving differential equations, there is little empirical evidence on how these
tools impact the pedagogical preparedness of PSTs. Questions remain regarding how CAI
influences PSTs' conceptual understanding, problem-solving abilities, and their confidence in
teaching ODEs in secondary or post-secondary education settings.

Furthermore, challenges related to the implementation of CAl, such as inadequate training
in computational tools, lack of access to technological resources, and resistance to shifting
from traditional teaching methods, have not been adequately addressed in the existing
literature. There is a need for more comprehensive research on how PSTs can effectively
integrate  CAl into their teaching practice, including the development of structured
instructional strategies and support mechanisms that facilitate the use of technology in
mathematics education.

Thus, this study aims to bridge these research gaps by investigating the role of CAl in
teaching ODEs to PSTs, examining its effectiveness in improving conceptual understanding,
engagement, and instructional readiness. The findings will provide valuable insights into best
practices for incorporating CAl in mathematics teacher preparation programs and contribute
to the development of more effective teaching approaches that integrate technology into
mathematics education.

3 Methods

This study employed a qualitative descriptive research approach to explore the experiences
of PSTs learning ODEs using Computer-Assisted Instruction (CAI). A case study
methodology was used, focusing on a specific group of PSTs within a mathematics education
program. This approach allowed for an in-depth examination of student interactions,
challenges, and overall learning experiences with CAL.

This study used qualitative approach to explore how and why CAI influences the learning
of Ordinary Differential Equations (ODEs) by examining students' experiences, challenges,
and thought processes in depth. The study aimed to understand the cognitive and affective
aspects of learning, such as how students develop conceptual understanding, how they
interact with technology, and what difficulties they face in the learning process. This study
adopted a qualitative research approach to explore the impact of Computer-Assisted
Instruction (CAI) on the teaching and learning of Ordinary Differential Equations (ODESs)
among Pre-Service Mathematics Teachers (PSTSs).

A case study design was used to investigate how PSTs engage with ODEs when
computational tool such as MATLAB, are integrated into instruction. This study employed
case study design, which involves an in-depth analysis of a small group of pre-service
mathematics teachers (PSTs) while using CAIl which is MATLAB to learn ODEs. This
qualitative case study involved 12 second-year preservice teachers (PSTs) studying
mathematics and either physics or information technology. They worked in four groups, each
consisting of three PSTs, using think-pair-share strategies to construct mathematical ideas
and generate MATLAB codes for solving differential equations. The first day of the research
meeting focused on installing MATLAB software and necessary packages on participants'
laptops. After installation, PSTs were trained to use MATLAB for various mathematical
computations and graph plotting. On this day, they learned to generate random numbers,
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perform Monte Carlo simulations, solve systems of linear equations, find determinants and
inverses of matrices, and compute eigenvalues and eigenvectors using MATLAB. Activities
included estimating the value of pi through Monte Carlo simulations, solving linear equation
systems, generating random numbers, and performing matrix-related computations, providing
foundational MATLAB skills necessary for their exploration of differential equations.

The study involved a purposive sample of pre-service mathematics teachers enrolled in an
undergraduate mathematics education program at one of the public universities in Morogoro.
Four groups of PSTs, comprising a total of 12 PSTs, participated in the study. Participants
were selected based on their enrollment in an ODEs course and their willingness to engage
with CAl tools for learning and problem-solving.

The study utilized a combination of instructional materials and computational tools to
facilitate the teaching and learning of ODEs. These included Computer-Assisted Instruction
Tool such as MATLAB, was used for solving and visualizing ODEs. This tool provided
interactive simulations, numerical approximations, and graphical representations of
differential equations to enhance students' conceptual understanding. Notes for Learning
Facilities and Textbooks: Standard mathematics textbooks on ODEs were provided to
supplement learning and ensure consistency between traditional and technology-assisted
instruction. Worksheets and Field Notes: PSTs completed structured worksheets involving
problem-solving using CAI tools, and field notes were collected to document observations
during instructional sessions.

Data collection included classroom observations and focus group discussions to gain a
richer understanding of students’ learning experiences. In doing so, we were able to track
how PSTs develop an intuitive understanding of first-order differential equations through
interactive simulations. By following a small group over time, we were able to capture how
PSTs’ conceptual insights evolve as they engage with CAI tools. Researchers were able to
observe how PSTs interact with CAl tools in real learning environments in an inquiry-based
learning session. Observations focused on elements such as active problem-solving with
MATLAB notebooks and PSTs collaboration in using MATLAB for graphical solutions.
These observations included recording student interactions, engagement levels, and problem-
solving strategies, helping researchers better understand the learning dynamics in CAl-based
instruction.

3.1 Generated codes for the estimation of the value of pi using Monte Carlo Simulation

% Estimate the value of pi

piEstimate = (numPointsInsideCircle / numPoints) * 4;

% Display the result

fprintf('Estimated value of pi using Monte Carlo simulation: %.6f\n’, piEstimate);
% Optional: Plot the points

figure;

hold on;

% Points inside the circle

plot(x(distanceFromOrigin <= 1), y(distanceFromOrigin <= 1), 'b.");
% Points outside the circle

plot(x(distanceFromQOrigin > 1), y(distanceFromOrigin > 1), 'r.");

% Circle boundary

theta = linspace(0, 2*pi, 1000);

plot(cos(theta), sin(theta), 'k-, '‘LineWidth', 2);

axis equal,

title('Monte Carlo Simulation for Estimating Pi');

xlabel('x");
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ylabel('y");

legend('Points Inside Circle', 'Points Outside Circle’, 'Circle Boundary');
hold off;

Estimated value of pi using Monte Carlo simulation: 3.141476

Figure 1: Monte Carlo simulation for estimation of the value of pi
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3.2 Generated codes for solving systems of linear equations
>> eqnl=x+2*y-3*z+4*w==12
eqn2=2*x+2*y-2*z+3*w==10

eqn3=y+z==-1
egnd=x-y+z-2w==-4

eqnl =

4*w + X + 2*y - 3*z2==12
eqn2 =

3*wW + 2*x + 2*y - 2*z2 == 10
eqn3 =

y+z==-1
eqn4=x-y+z-2*w==-4

eqn4d =

X-2*W-y+z==-4
>> [A,B]=equationsToMatrix([eqnl,eqn2,eqn3,eqn4])

A=
[4,1, 2,-3]
[3,2 2 -2]
[0,0, 1, 1]
[2,1,-1, 1]
B=
12
10
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-1
-4
>> x=linsolve(A,B)
X =
1
0
-1
2
3.3 Generation of random numbers

>> 9% Number of rows
numRows = 10;
% Number of columns
numcCols = 2;
% Generate random numbers
randomNumbers = rand(humRows, numcCaols);
% Display the first few rows of the generated matrix
disp('The first few rows of the generated random numbers:");
disp(randomNumbers(1:10, :));
The first few rows of the generated random numbers:
0.8147 0.6312
0.9058 0.3551
0.1270 0.9970
0.9134 0.2242
0.6324 0.6525
0.0975 0.6050
0.2785 0.3872
0.5469 0.1422
0.9575 0.0251
0.9649 0.4211
3.4 Generated codes for computing determinant, inverse of a matrix and eigen values

>>A=[123;312;231]
A=
1 2
3 1
2 3
>> det(A)
ans =
18
inv(A)
ans =
-0.2778 0.3889 0.0556
0.0556 -0.2778 0.3889
0.3889 0.0556 -0.2778
>> B=eig(A)
ans =
6.0000 + 0.0000i
-1.5000 + 0.8660i
-1.5000 - 0.8660i

3
2
1
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3.5 Day 2 research meeting

PSTs were asked to construct mathematical ideas and generate codes in small groups for
computing temperature of the losing body in the surroundings. PSTs were given an ordinary
differential equation problem focusing on its applications. PSTs worked in small groups to
solve the following problem:

“The rate at which a hot body loses heat is directly proportional to the difference between
the temperature of the hot body and that of its surroundings and depends on the nature of the
material and surface area of the body. Suppose 7z is the mass of a hot body and .s is the
specific heat at its initial temperature & higher than its surroundings temperature &, g is the

rate of loss of heat ##is the amount of heat lost by the hot body to its surroundings in a small
interval of time.”
i. Develop the differential equation of the hot body losing heat.
ii. Enter the differential equation in MATLAB.
iii. Solve the differential equation using MATLAB codes.
iv. Plot the graph of /Zgg(&— & versus #using MATLAB. Then, interpret the
results from the drawn graph.
v. Plot the graph of temperature (&— &) versus time #using MATLAB. Interpret
the results from the drawn figure.
vi. Extract the MATLAB codes and figures for grading.

This problem focused on enhancing soft skills on using MATLAB code to compute the
application of ordinary differential equations in Physics, in particular Newton’s law of
cooling. Every group worked on the same problem in an isolated system in a way that there
were no interactions outside the group setting.

3.6 Methods of data collection

The data collection process followed a structured approach to document the learning experiences
of PSTs. The methods used included observations on classroom sessions where PSTs engaged with
CAI tools were observed, and field notes were taken to capture their interactions, challenges, and
problem-solving approaches. Focus group discussions were conducted with PSTs to gain insights into
their perceptions of using CAI, their learning experiences, and the challenges they encountered.
Reflective Journals: PSTs were required to maintain reflective journals where they documented their
progress, difficulties, and insights while solving ODEs using CAl tools.

Collective notes in day 2 meeting were taken as data. There were 4 groups in the meeting each
consisting of 3 undergraduate PSTs who were in Year 2 of their studies. PSTs in small groups were
asked to write their mathematical ideas as a script on a MATLAB and then save their work in a
desktop after creating a folder for saving all workings based on the following activities. Their saved
work on the desktop was printed and collected as data for analysis.

3.7 Data analysis

Qualitative content analysis, as described by Zhang and Wildemuth (2009), was used to
analyze and interpret the textual data collected through field collective notes. The data,
gathered from four groups of undergraduate students, were thematically analyzed following
the systematic steps outlined by Zhang and Wildemuth (2009). These steps included
preparing the data, defining the unit of analysis, developing categories and a coding scheme,
testing the coding scheme on a sample of text, coding all the text, assessing coding
consistency, drawing conclusions from the coded data, and reporting the methods and
findings. Through this analysis, three major themes emerged: model formulation and
conceptual understanding, computational problem-solving using MATLAB, and graphical
interpretation and visualization. These themes provide insight into the students' engagement
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with mathematical modeling and computational problem-solving, highlighting key aspects of
their learning process. Also, we compared findings across multiple data sources (observations
and PSTs work) to ensure validity and reliability.

4 Findings

Analysis of the collected data revealed three main themes regarding the role of CAl in
teaching ODEs. Analysis of the collected data revealed three main themes regarding the role
of CAl in teaching ODEs which are model formulation and conceptual understanding,
computational problem-solving using MATLAB, and graphical interpretation and
visualization.

4.1 Model formulation and conceptual understanding

Each group managed to formulate a differential equation for a cooling body from the
given problem before entering and solving the differential equation in MATLAB. For
example, Group 3 presents the ways that they formulated the differential equation:

9«(9—9)
dt 0 )

Introducing a proportionality constant K, we have:
Negative sign represents heat loss. Therefore, the differential equation of the hot body losing
heat is given by:

£% = —K(6 - 6,) which implies that [~ + k(6 — 6,) = 0
whereby p, is the temperature of the surrounding, g, is the initial temperature of the hot body
before starting to cool after exposing it to the surrounding, ¢ is the time interval recorded
while the body is losing heat in the surrounding, g is the final temperature of the hot body
while losing heat in the surrounding after time (), g is the rate of loss of heat and dé is the
amount of heat lost by the hot body to its surroundings in a small interval of time.

In addition, Group 2 formulated the differential equation differently from other groups by
incorporating mass [(m) of the hot body, specific heat capacity |(c) of the hot body and surface
area [(4) of the body in the process of formulating the differential equation. But all groups
resulted to the same differential equation as K—f + K(8 — 6,) = 0.Group 2 presents:

Let jm be the mass of the hot body, [cbe the specific heat capacity of the body, |4 be the
surface area of the body, |p be the temperature of the hot body, and p,be the temperature of
the surroundings.

The rate of heat loss (g) can be expressed as:

£ = —ka(6-Ba)
3

where [k is a constant that depends on the nature of the material and the surface area of the
body. Given that|g = mcAd Wherelag= -p,,. Then, we can rewrite the equation as:

2 (mc6)=—k. 446 (4)
Dividing both side by mc, we get:
=

(5)

Hence, the differential equation representing the rate of heat loss of the hot body is:

E29=F4 o (6)
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where K:L“£

Negative sién represents heat loss. Therefore, the differential equation of the hot body losing
heat is }‘% = —mir (8 — 6,) which implies that r; + K(8 — 6,) = 0, which is the desired differential

equation for the hot body losing heat.

Each group presented a correct formulated model of the ordinary differential equation for a
hot body losing heat to the surroundings (Kurniadi, Zulkardi & Putri, 2022). PSTs
demonstrated improved understanding in formulating mathematical models related to real-
world problems, such as population growth and mechanical vibrations. The use of CAl tools
helped students visualize solutions, making abstract mathematical concepts more tangible.

4.2 Computational problem-solving using MATLAB

The PSTs also managed to enter and solve the differential equation g+ K(6—6,) =0 In

MATLAB. Each group used the following initials, but the temperature of the surrounding
was the same in all groups (25 degree centigrade) because they recorded the temperature of

their local surrounding while performing this activity.

Table 1: Recorded temperatures from PSTs’ local surrounding

Groups Initials
b, (in b (in degree E (in B, (in degree cenigrade)
sy | Fmain | "
Group 1 25 90 5 40
Group 2 25 90 4 60
Group 3 25 80 3 50
Group 4 25 90 5 40

Source: Own Data

In the process of solving the differential equation in MATLAB, codes were generated.
Each group managed to solve and plot the graph of the differential equation. For example,

Group 3 presents:
syms Q(t) Qo k
eqn = diff(Q,t)==k*(Q-Qo)
Q =dsolve(egn)
Vars = symvar(Q)
C1 = Vars(1);
Q =subs(Q, Qo, 25)
egnl = subs(Q, t, 0)==90
eqn2 = subs(Q, t, 5)==40
sol = solve([eqnl, eqn2])
Q =subs(Q, [k,C1],[sol.k, sol.C1])
eqn(t) = diff(Q(t), t)==-k*(Qo - Q(t))
eqn(t) = diff(Q(t), t) == -k*(Qo - Q(t))
Q = Qo + Cl*exp(k*t)
Q = Cl*exp(k*t) + 25
egnl =C1+25==90
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eqn2 =C1*exp(5*k) + 25 == 40

sol = struct with fields:

Cl: 65

k: 1og(3/13)/5

Q = 65*exp((t*log(3/13))/5) + 25

x = log(Q - 25)

x = log(65*exp((t*log(3/13))/5));

t = (0:30);

>> plot(t,x)

x =log(Q - 25);

x = log(65*exp((t*log(3/13))/5))

t = (0:30);

>> x = log(65*exp((t*log(3/13))/5));

>> plot (t, X);
These generated codes by the participants are correct for solving the formulated differential
equation either by giving numerical data or getting the results from the drawn graphs
(Kurniadi, Zulkardi & Putri, 2022; Rasmussen, 2001; Raychaudhuri, 2009). PSTs engaged in
numerical approximations using MATLAB, allowing them to observe solution behaviors that
could not be easily obtained through traditional analytical methods. Many PSTs expressed
increased confidence in applying numerical methods to solve ODEs.

4.3 Graphical interpretation and visualization

PSTs were also able to draw the graphs using MATLAB codes. Two graphs were drawn.
The first graph was the graph of log (6 — 8s) versus t. The second graph was about the graph
of temperature (6 — 85) versus time t. The plotted graphs (Figure 2 and Figure 3) are correctly
plotted by the participants. After each graph was drawn, PSTs also interpreted the results
from the graph. For example, Group 3 presents the graph of log (6 — 6s) versus t.

Figure 2: The graph of Zog(&— & versus ¢

GRAPH OF log(Q-Qo) AGAINST TIME

log(Q-Qo)

time

Source: Own Data

Each group interpreted the results from the graph correctly in the following ways:

“As the time goes on, the temperature of the body decreases because there is the loss of
heat from the body to the surrounding. Hence, the graph is the straight line going negative
showing decrease of heat.” Group 3.

“The graph is a straight line as cooling follows Newton's Law of Cooling. This indicates
that the cooling rate is proportional to the temperature difference between the object and its
surroundings.” Group 1.
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“The slope of the line is negative, showing that the temperature difference decreases over
time. A steeper slope means the object cools faster.” Group 2

“logio(p — ©,) is inversely proportional to time(t) means that as logio(p — 6,) increases
time (t) decreases and when time(t) increases logio(6 — ©,) decreases. This means
logio(e — 6,) « E Due to this reason the graph provides a negative slope.” Group 4.

Another graph was drawn focussing on temperature (8 — 6s) versus time t. But before
drawing the graph, each group managed to generate MATLAB code that assisted them to plot
the graph. For instance, Group 3 presents the MATLAB code and the graph drawn using
MATLAB.

Z= Q-25;

Z = 65*exp((t*log(3/13))/5);
>> t=(0:20);
Z=65*exp((t*log(3/13))/5)
>>plot(t,Z2)

Figure 3: The graph of temperature (¢— &) versus time ¢

GRAPH OF (Q-Qo) AGAINST TIME

40 B

30

20 b

10 | -

(Q-Qo)

o | -

-10 |- B

-20

Source: Own Data

Each group interpreted the results from the graph correctly in the following ways:

“The graph falls exponentially which is the Newton law of cooling.” Group 3

“As time progresses, the temperature difference approaches zero, indicating that the body's
temperature is getting closer to the ambient temperature. However, it never quite reaches zero
in a finite amount of time, illustrating that the body will asymptotically approach the
surrounding temperature.” Group 2

“The graph of temperature difference against time shows a decreasing exponential curve,
illustrating how the object cools down over time, with the temperature difference diminishing
and gradually approaching the ambient temperature.” Group 1

“From the graph above, it is clear that the difference between the initial temperature and
the surrounding temperature decreases as the time increases. This means that the rate of
cooling decreases with increase in time. This shows that the rate of cooling is rapid when the
difference in temperature between the hot body and the surrounding temperature is high.
Therefore, the graph obeys Newton’s law of cooling.” Group 4
Graphing differential equation solutions using MATLAB provided an intuitive way for PSTs
to analyze solution trends, phase planes, and stability of equilibrium points. This visual
component significantly supported PSTs' understanding of qualitative behaviors in ODE
solutions.
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5 Discussion

The pre-service teachers (PSTs) learned various key concepts during the two-day research
meetings using computer-assisted instruction (CAIl). As part of the learning process, they
formulated differential equations based on Newton’s law of cooling, solved them using
MATLAB, plotted the corresponding graphs, and extracted MATLAB codes for further
analysis. This approach allowed them to explore the mathematical concepts more effectively
while integrating technology into the learning process.

Through group-based learning, PSTs developed a conceptual understanding of Newton’s
law of cooling by examining the relationship between the temperature of a body, the ambient
temperature, and the cooling constant. They also learned differential equation formulation,
specifically how to derive and solve a first-order linear differential equation related to real-
world physical phenomena. Additionally, PSTs strengthened their mathematical problem-
solving skills by applying various techniques to solve differential equations and interpret their
solutions within real-life contexts.

Moreover, the integration of MATLAB in learning enhanced their understanding of
MATLAB programming, as they acquired essential coding skills such as defining variables,
solving equations, plotting results, and customizing graphs. They also gained an appreciation
for graphical representation techniques, as they learned how to visualize temperature changes
over time and interpret the results from plotted graphs. The process further enhanced their
analytical skills, enabling them to examine the cooling process, analyze how different
parameters impact temperature change, and evaluate system behavior over time.

One of the most significant realizations for PSTs was the computational efficiency of
MATLAB, as they observed that using MATLAB to calculate Newton’s law of cooling was
significantly easier and faster than manual calculations. Additionally, they recognized that a
graph conforming to Newton’s law of cooling must exhibit exponential decay, aligning with
the law’s principle that “the rate at which an object cools is proportional to the difference in
temperature between the object and its surroundings.” This understanding also allowed them
to predict cooling time by comprehending that, given the initial temperature, ambient
temperature, and cooling constant (k), one can estimate how long it will take for an object to
reach a specific temperature.

Furthermore, using MATLAB to plot Newton’s law of cooling graphs proved to be more
accurate and time-efficient compared to traditional methods such as manual calculations or
using calculators. PSTs also learned how to extract temperature intervals from Newton’s law
of cooling, analyze how a body loses heat over time, and interpret these results for real-life
applications.

The significance of these learned ideas aligns with findings from previous studies.
O’Sullivan (1990) conducted a critical assessment of Newton’s law of cooling, while Sakore
et al. (2019) studied the relationship between temperature change and cooling time, using
liquid nitrogen to verify their results through plotted cooling curves. Furthermore, these
findings support research by Hassan (2021), Hassan and Musa (2020), and Patadia and
Ramani (2012), who emphasized that computer-assisted software enhances problem-solving,
programming, and simulation skills among learners.

Ultimately, PSTs successfully gained a deeper understanding of ordinary differential
equations through their participation in CAl sessions. They developed key competencies such
as generating MATLAB codes for mathematical computations, plotting cooling curves with
enhanced accuracy and speed, generating and simulating data, and visualizing results for
better interpretation of mathematical relationships. This study highlights the importance of
integrating technology in mathematics education, particularly through MATLAB-based
computer-assisted instruction to improve learning efficiency and problem-solving skills.
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The integration of computer-assisted instruction (CAl) in teaching ordinary differential
equations (ODEs) to pre-service mathematics teachers (PSTs) presents significant benefits in
enhancing conceptual understanding, problem-solving skills, and engagement with
mathematical modeling. Traditional methods of teaching ODEs often rely on analytical
techniques and manual computations, which, while essential, may present challenges in
visualizing solutions, especially for those new to differential equations. CAl, through tools
such as MATLAB, provides dynamic visualization, interactive problem-solving
environments, and automated computations, which help PSTs grasp abstract mathematical
concepts more intuitively.

One of the key advantages of CAl in teaching ODEs is the ability to illustrate real-world
applications through simulations and graphical representations. PSTs can explore
mathematical models that describe real-life phenomena, such as population dynamics, fluid
flow, or mechanical vibrations, using computational tools. This hands-on approach allows
them to see the direct impact of different parameters in an equation, improving their ability to
formulate, analyze, and interpret solutions. By engaging in model formulation and numerical
simulations, PSTs develop a deeper understanding of how differential equations are used in
scientific and engineering contexts, preparing them to teach these concepts effectively in their
future classrooms.

Furthermore, the use of CAI encourages active learning and independent exploration.
Unlike traditional lecture-based instruction, where students passively receive information, a
computer-assisted approach allows PSTs to experiment with different numerical methods,
test various initial conditions, and compare their results. This interactive approach not only
fosters computational thinking but also reinforces analytical skills by enabling students to
verify solutions obtained through different methods. The immediate feedback provided by
computational tools helps correct misconceptions quickly and enhances learning efficiency.

Despite its advantages, the successful implementation of CAl in teaching ODEs requires
careful planning and sufficient training for PSTs. Some students may initially struggle with
programming or using computational tools, which can create a barrier to learning if not
properly addressed. Therefore, integrating structured tutorials, guided exercises, and
collaborative learning opportunities can bridge this gap and ensure that all students develop
both computational and mathematical proficiency. Additionally, educators must balance the
use of CAIl with traditional analytical methods to ensure that students develop a
comprehensive understanding of differential equations. Therefore, the use of computer-
assisted instruction in teaching ODEs to pre-service mathematics teachers enhances their
conceptual understanding, problem-solving abilities, and engagement with real-world
applications. By leveraging computational tools for modeling, visualization, and numerical
solution techniques, PSTs gain valuable experience in applying differential equations to
practical situations. However, for CAl to be effective, it should be complemented with
structured learning strategies and support to ensure that students develop both theoretical and
computational expertise. As technology continues to evolve, integrating CAl in mathematics
education will remain a crucial approach to improving teaching and learning outcomes for
future educators.

6 Conclusion

The study demonstrated that CAIl plays a critical role in teaching ODEs to PSTs by
enhancing conceptual understanding, enabling problem-solving through numerical methods,
and supporting graphical visualization. While challenges such as technical difficulties and
access to computational resources exist, structured training and gradual integration of CAl
can mitigate these issues.
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Due to increased science and technology and the demand for 21st century skills to all
students in secondary, college and university education; PSTs need to learn computational
mathematics using software. Exposing university PSTs on learning ordinary differential
equations under computer assisted instruction while using software is critical: They learn by
doing, enhancing soft skills, problem solving, critical thinking, creating, communication,
collaboration and teamwork. The role of an instructor changed from guiding PSTs to
facilitating their learning through scaffolding (Vygotsky, 1978). Also, PSTs and instructor get
opportunity to reflect their ongoing learning (Vygotsky, 1978).The work performed by PSTs
and described in this article indicate that newton law’s cooling can be performed in the
computer based environment while using the concept of ordinary differential equations, and
the surrounding temperature of the local environment as well as designing time interval it
takes for the hot body to loss heat while exposed in the local environment.

The teaching of ordinary differential equations (ODEs) to pre-service mathematics
teachers (PSTs) using computer-assisted instruction (CAl) has significant implications for
both mathematics education and the professional development of future educators. By
integrating technology, such as MATLAB, into ODE instruction, PSTs gain a deeper
conceptual understanding, improved computational skills, and enhanced problem-solving
abilities. This approach bridges the gap between theory and practical application, allowing
PSTs to visualize differential equation solutions, interpret graphical representations, and
connect mathematical concepts to real-world phenomena.

Moreover, CAI fosters essential 21st-century skills, including critical thinking,
collaboration, and digital literacy, which are valuable in modern teaching and STEM-related
professions. By engaging with CAI, PSTs become better prepared to integrate technology
into secondary mathematics instruction, making learning more interactive and effective for
their future students. As digital tools continue to shape the educational landscape, equipping
PSTs with computational proficiency ensures that they remain adaptable and innovative in
their teaching careers.

Despite its benefits, implementing CAIl in ODE instruction requires adequate resources,
instructor training, and institutional support. Future research should explore the long-term
impact of CAIl on PSTs' teaching practices, compare different technological tools, and
identify strategies for overcoming implementation challenges. Additionally, incorporating
real-world applications and interdisciplinary learning can further enhance the relevance of
ODE instruction. Hence, the teaching ODEs to PSTs using CAl is a promising approach that
improves mathematical understanding, fosters technological proficiency, and prepares future
educators for contemporary teaching environments. By continuing to refine and expand the
use of technology in mathematics education, educators can create more effective learning
experiences that benefit both PSTs and their future students.

The teaching of ordinary differential equations (ODES) to pre-service mathematics
teachers (PSTs) using computer-assisted instruction (CAl), such as MATLAB, has several
important implications for both their learning and future teaching practices. Integrating
technology in mathematics instruction enhances students’ engagement, improves
understanding, and prepares future educators for modern educational challenges. One
significant implication of using CAl in teaching ODEs is enhanced conceptual understanding.
CAIl enables PSTs to visualize and explore ODEs dynamically, helping them better
comprehend solution behaviors and real-world applications. By interacting with graphical
and numerical representations of solutions, students develop a deeper understanding of the
fundamental principles of differential equations.

Another key benefit is improved computational skills. Learning to use software like
MATLAB allows PSTs to solve complex ODE problems efficiently, reducing reliance on
manual calculations and enabling them to focus on interpretation and analysis. This
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computational proficiency is vital for both academic learning and professional careers that
require mathematical modeling and simulation.

Additionally, CAI fosters the development of soft skills such as critical thinking,
teamwork, and digital literacy. Engaging in problem-solving activities through technology
encourages collaboration among students, enhances their ability to think analytically, and
prepares them for technology-driven work environments. These skills are crucial for teaching
careers and other STEM-related fields.

Furthermore, application-oriented learning is another important implication. CAl exposes
PSTs to real-world applications of ODEs in fields such as physics and engineering. By
working with mathematical models in MATLAB, students gain a practical understanding of
how differential equations are used to describe dynamic systems, preparing them to integrate
these concepts into their future classrooms.

Using CAI also plays a vital role in preparing future educators. By mastering
technological tools like MATLAB, PSTs are better equipped to incorporate technology into
their secondary school teaching. This approach makes mathematics instruction more
interactive and engaging, improving students' learning experiences and outcomes.

Moreover, CAI helps bridge the gap between theory and practice. By transitioning from
purely theoretical approaches to practical applications using computational tools, PSTs can
connect mathematical concepts with real computational techniques. This enhances their
ability to translate abstract mathematical ideas into tangible results.

Another crucial implication is encouraging self-learning and research. Exposure to
software tools fosters independent learning, allowing PSTs to explore new mathematical
problems and computational techniques beyond traditional classroom settings. This
independence is essential for continuous professional growth and lifelong learning.

Finally, adapting to modern educational trends is a major benefit of using CAI. As
educational technology continues to advance, integrating computer-assisted learning into
ODE instruction helps PSTs become adaptable educators who can effectively utilize digital
resources in their teaching practices. Hence, the teaching ODEs to PSTs using CAl enhances
their mathematical understanding, computational proficiency, and technological skills while
preparing them for modern teaching environments. By incorporating technology into
mathematics education, PSTs develop both the knowledge and the practical abilities
necessary to succeed as educators and professionals, ultimately benefiting both themselves
and their future students.

Future research on the teaching of ordinary differential equations (ODES) to pre-service
mathematics teachers (PSTs) using computer-assisted instruction (CAIl) should explore
several key areas to enhance instructional effectiveness and student learning outcomes. One
important recommendation is to investigate the long-term impact of CAIl on PSTS'
mathematical proficiency and teaching practices. Future research could examine how PSTs
apply the computational skills and conceptual understanding gained from CAI in their future
classrooms and professional careers. Longitudinal studies could provide insights into how
sustained exposure to technology influences their teaching effectiveness.

Another area for further exploration is the comparative effectiveness of different CAl tools
in teaching ODEs. While MATLAB has been widely used, future studies could compare its
impact with other mathematical software such as Mathematica, GeoGebra, or Python-based
tools. Research could evaluate which software provides the most accessible and engaging
learning experience for PSTs.

Additionally, studies should investigate the role of CAl in fostering problem-solving and
critical thinking skills. Future research could examine how specific instructional strategies
using technology, such as inquiry-based learning or flipped classrooms, influence PSTS'
ability to model and solve differential equations in diverse problem-solving contexts.
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Further research could also explore the integration of CAIl with real-world applications
and interdisciplinary learning. Investigating how ODE instruction using software can be
connected to disciplines such as physics, engineering, or economics would provide valuable
insights into its broader educational impact. Case studies involving real-world modeling
projects could enhance the relevance of ODEs for future teachers.

Moreover, future studies should assess challenges and barriers to implementing CAI in
ODE instruction. Research on factors such as access to resources, teacher preparedness, and
institutional support would help develop strategies for overcoming obstacles to technology
integration in mathematics education. Identifying effective professional development
programs for PSTs would be crucial in ensuring the sustainability of CAl-based instruction.

Lastly, future research could explore the impact of CAIl on PSTs' attitudes toward
mathematics and technology. Understanding how exposure to computational tools shapes
their perceptions of mathematics and their confidence in teaching with technology could
inform curriculum design and teacher training programs.

Overall, future research should aim to refine and expand the use of computer-assisted
instruction in ODE teaching by exploring its long-term effects, comparing different
technologies, integrating real-world applications, identifying challenges, and examining its
role in skill development. These studies would contribute to a more comprehensive and
effective approach to mathematics teacher education.
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