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Abstract

This study aimed to develop and evaluate the effectiveness of an online tutoring program
(OTP) based on the Structure of the Observed Learning Outcome (SOLO) model and the
Community of Inquiry (Col) model for learning basic algebraic concepts step by step. The
application of the OTP involved 13 mathematics teachers and 289 Grade 7 students during
classroom lessons. A mixed-method approach was applied, with a quasi-experimental
method used to collect quantitative data. The students” feedback was collected through
an interview survey. All the mathematics teachers were also interviewed after the imple-
mentation. The quantitative findings of the paired samples t-test showed p-values of 0.00,
indicating that there was a statistically significant difference between the mean scores of
algebraic expressions and linear equations after using the OTP. The results of the qualitative
study showed that both student feedback and teacher provided expressive insights that
extend and refine the OTP in the context of algebra teaching and learning. This study
confirmed that an OTP in school settings could positively affect the teaching and learning
of algebra.

Keywords: online tutoring program; algebraic expression; linear equation; feedback;
technology tool; mixed-method; SOLO model; Col model

1. Introduction

Algebra forms the core topic of the secondary school mathematics curriculum. It
consists of generalized arithmetic shifts from the domain of numbers to the domain of
unknowns, which uses letters as representation (Ting et al., 2018). It is considered a
foundation topic for all mathematics and science subjects that allows further access to
technical professions.

Despite the fact that algebra comprises a substantial part of the mathematics curricu-
lum in secondary school, many students encounter considerable problems in learning
algebra (Arnawa et al., 2021; Kolovou & Van Den Heuvel-Panhuizen, 2010; Kurniawan
et al., 2021; Stoelinga & Lynn, 2013). Students who begin the study of algebra face learn-
ing challenges concerning the general foundational set of understandings necessary to
negotiate this topic (Rakes et al., 2010).

Drijvers et al. (2014) assert that online educational resources are designed to facilitate
the efficient and effective acquisition of conceptual knowledge. Technology-integrated
curricula, including computer-based instructional programs for traditional classroom set-
tings, online learning platforms, and digital tutoring systems, have been shown to exert
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a significant positive influence on students” comprehension of foundational concepts.
Hence, algebra software programs are widely available, and many of them are even free
(Bouhineau et al., 2002; Desmos Studio, 2025; Hohenwarter, 2002; Kwelle & Charles-Ogan,
2024; Schneider, 2000; Mathspace, 2025; Soft Warehouse, 1995; Solfitri et al., 2024; Pho-
tomath Inc., 2023; Waterloo Maple, 2000). However, some of these programs are tailored for
specific algebra topics, especially advanced concepts at the university level. They typically
emphasize procedural skills and symbol manipulation rather than helping students to
master fundamental concepts. Struggling students may need the step-by-step guidance to
effectively grasp these abstract ideas. In other words, a more personalized, human-style
diagnostic approach may help them strengthen their understanding of algebraic concepts.

Therefore, this study developed a more user-friendly online technology tool to facilitate
students’ connection between algebraic conceptual mastery based on the hierarchical
manner tasks. It was also effective to diagnose the students’ strengths and weaknesses,
along with their responses to solving the hierarchical levels of tasks. In addition, immediate
and informative feedback was provided for students’ correct or incorrect responses.

Aims of the Study

This study aimed to develop an online tutoring program (OTP) that enables Form
One students to learn basic algebraic concepts through a step-by-step approach and to
investigate the effects of the OTP on students’ performance in algebra. In addition, this
study examined students’ and teachers’ views of the implementation and effectiveness of
the OTP. Specifically, this study was conducted to achieve the following objectives:

I.  To develop an online tutoring program (OTP) that enables Form One students to learn
basic algebraic concepts through a step-by-step approach.

II.  To study the effect of the OTP on enhancing the Form One students’ learning of basic
algebraic concepts.

II. To study the students’ learning engagement experiences with the online tutoring
program (OTP).

IV. To study the teachers’ experiences with the application of the online tutoring program
(OTP).

2. Literature Review
2.1. Challenges in Learning Algebra

The most challenging aspect of developing the algebraic abilities of students at the
earlier stages of middle school is to master some important concepts of algebraic notation,
variables, functions, and properties of numbers (Farah et al., 2021). These four basic
concepts have been classified as major algebraic ideas and need to be understood and
developed to build a solid foundation of algebraic problem-solving ability in the classroom
(H. L. Li & Zulnaidi, 2024). This concern is evident from Stoelinga and Lynn’s study
(Stoelinga & Lynn, 2013), which indicated that many eighth- and ninth-grade students
required to take the basic algebra course are underprepared because of weak foundations
in these basic concepts. This failure might cause students to fall further behind when taking
the advanced mathematics course (Agoestanto et al., 2019).

Malaysian middle school students are also faced with a similar problem. The Trends
in International Mathematics and Science Study (TIMSS), conducted by the International
Association for the Evaluation of Educational Achievement (IEA), highlights a significant
difference in the performance between Malaysian and Singaporean students, especially in
the topic of algebra (Adnan et al., 2021). Singh et al. (2021) noted that algebra as a topic
is considered complex and abstract among students at Malaysian secondary schools. The
students have to deal with abstract concepts and formulas, memorization, and symbol
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manipulation, which make this topic challenging to learn. The primary reason is that the
majority of students, especially Form One students who start to learn algebra topic, lack a
solid understanding of fundamental algebraic concepts, leading to various misconceptions
in the basic concepts of algebra such as the concept of an unknown, variable, equation,
fraction, and negativity. In the Malaysian primary school mathematics curriculum, the
syllabus includes a small section at the end of the arithmetic operations chapters that
encourages pupils to explore the “unknown” world. These activities are inherently alge-
braic, as they prompt students to think about number properties and arithmetic operations.
However, there is no clear evidence of how much emphasis is placed on discussing this
section in classrooms. It remains uncertain whether teachers fully recognize its importance
and necessity (Subramaniam et al., 2023). Farah et al. (2021) revealed that many Malaysian
students remain uninterested in and worried about learning algebra concepts, which are
perceived as overly abstract and too difficult to study.

2.2. The Role of Technological Tools

According to Drijvers et al. (2014), online resources are expected to contribute to
concept mastery efficiently and effectively. Technology-based curricula included computer-
based curricula for use in onsite classes, online courses, and tutoring curricula had signifi-
cant effects on students’” understanding of basic concepts (Mat Dangi & Mohamed Saat,
2021; Rakes et al., 2010). Barkatsas et al. (2016) and Kalonde (2017) revealed that there were
significant effects of technology integration in mathematics teaching and learning in both
rural and urban areas. With the use of technological tools, the students can easily imagine,
understand, and master basic mathematics concepts to connect them with more abstract
mathematics concepts.

2.3. Effectiveness of Technological Tools in Teaching and Learning of Algebra

Online mathematics learning has evolved from computer-assisted practice and forma-
tive assessment to adaptive tutoring, intelligent tutoring systems, dynamic mathematical
environments, and Al-supported learning. Platforms such as Cognitive Tutor, ASSISTments,
MathSpring, ALEKS, Khan Academy/Khanmigo, and IXL provide different forms of indi-
vidualized practice, feedback, adaptive learning, mathematical visualization, and tutoring.
Cognitive Tutor pioneered the integration of cognitive modeling and intelligent tutoring in
school mathematics (Koedinger et al., 1997; Roschelle et al., 2021; Khan Academy, 2025).

Literature reviews have also shown that various types of technological tools or web-
based interactive graphing calculators and activity platforms such as Computer Algebra Sys-
tems (CAS) (Schneider, 2000), GeoGebra (Hohenwarter, 2002), Aplusix-Editor (Bouhineau
et al., 2002), Maple (Waterloo Maple, 2000), DERIVE (Soft Warehouse, 1995), MATLAB
R2024a (Kwelle & Charles-Ogan, 2024), Wizer.me (Solfitri et al., 2024), Photomath Inc.
(2023), Desmos Studio version 7.37.0 (2025), Mathspace (2025), Graspable Math (Goldstone
etal., 2017), and ALEKS (Roschelle et al., 2021) have been developed to enhance students’
algebra learning. All these computer system programs or interactive platforms are built as
a powerful tool to solve mathematics numerical and word problems, especially algebra.
They are widely available, and some of them are even free software programs. Although
these platforms provide valuable opportunities for algebra practice, tutoring, visualization,
and adaptive learning, they differ considerably in their underlying pedagogical approaches
and in the extent to which they explicitly structure learning according to a hierarchical
progression of cognitive complexity. Furthermore, some of these programs are specifically
designed for specific algebra content or advanced algebra topics, particularly at the univer-
sity level, and generally focus more on the students’ procedural and symbol manipulation
skills instead of mastery of basic concept features. Weak students might require step-by-step
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guidance to master the abstract concept effectively. They need a more human-style method
for diagnostics purposes to strengthen their mastery of the algebraic concept. Considering
this situation, researchers found an option for a more sophisticated and useful computer
program that allows students to have better guidance with a step-by-step method.

In order to embrace technology in mathematics teaching and learning effectively,
according to Nisbet (2020), teachers are required to implement engaging tools and dynamic
technology. This would help students with diverse learning needs to concretize mathemat-
ical concepts. One possible method for helping the students is through online tutoring.
Typically, tutoring is carried out in face-to-face settings in which the tutor and tutee meet
at a specified time and location. However, recent rapid improvements in information and
communication technologies, and the increase in access to the internet have made it possible
for tutoring to be conducted via the internet (Kersaint et al., 2011). Lessons in the context of
after-school programs that involve tutoring, additional practice, or technology integration
can significantly benefit students in learning algebra (Cunico et al., 2022). Meanwhile, in a
study by Roschelle et al. (2016), an online mathematics homework intervention positively
impacted seventh-grade students’ mathematics achievement at the end of a school year.
Students with low, rather than high, prior achievement benefited more. In addition, the
intervention provided students with personalized feedback and tips that immediately
proved that educational technology increases mathematics learning.

3. Theoretical Framework

The basis of this theoretical framework is developed based on two intertwined edu-
cational models, namely the Structure of the Observed Learning Outcome (SOLO) model
(Biggs & Collis, 1982) and the Community of Inquiry (Col) model (Garrison et al., 2000).
The SOLO model is a hierarchical taxonomy for assessing students’ cognitive development.
It classifies the learning outcomes into four progressive levels, namely unistructural, multi-
structural, relational, and extended abstract. This model guides the design of instructional
tasks that correspond with diverse depths of understanding in the algebraic concept learn-
ing process. On the other hand, the Col model centers on the vital elements for generating
a meaningful and engaging online learning experience. It consists of three interrelated
elements, namely cognitive presence (the process of constructing meaning through sus-
tained reflection and discourse), teaching presence (the design, facilitation, and direction
of learning), and social presence (the ability of participants to identify with the group,
communicate openly, and build relationships). Simultaneously, these models formed a
vigorous theoretical basis that supports the development of a cognitively engaging and
socially interactive online teaching and learning environment for algebra as a topic.

The framework is enacted through the four key components that correspond with the
principles of both the SOLO and Col models. First, content delivery of algebraic expressions
and linear equations is structured to acquire basic knowledge, allowing the students to
build cognitive complexity progressively. This content is presented through clear instruc-
tional guidance, corresponding to the teaching presence element of Col. Second, a series
of four-level SOLO-based tasks is developed, focusing on each SOLO level. These tasks
vary from identifying simple mathematical elements (unistructural) to constructing and
applying generalized concepts (extended abstract), supporting cognitive presence through
increasingly complex problem-solving. Third, immediate feedback is embedded within
the system to inform the students whether their responses are right or wrong, along with
explanations and worked solutions. This corresponds with teaching presence, enhancing
learning through timely guidance and encouraging reflection (cognitive presence). Ulti-
mately, the reporting of the results enables students to monitor their performance based on
SOLO levels, fostering self-awareness and metacognitive regulation. When integrated with
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opportunities for interaction and reflection, this component can also enhance social pres-
ence by encouraging discussion and collaborative learning. In general, all the components
work symbiotically to encourage deep learning in an online environment that is cognitively
structured, instructionally supported, and socially engaging.

The OTP was designed to address a different instructional need. Most existing sys-
tems emphasize procedural fluency, problem completion, adaptive practice, or symbolic
manipulation. In contrast, the OTP focuses specifically on conceptual development through
a hierarchical progression based on the SOLO taxonomy.

The distinctive contribution of the OTP is the integration of the SOLO model and
Community of Inquiry (Col) framework within a single learning environment. Unlike
platforms that primarily adapt difficulty levels, the OTP systematically structures tasks
across unistructural, multistructural, relational, and extended abstract levels, enabling
students to move gradually from recognition of patterns to generalized algebraic reasoning.
In addition, the feedback provided not only indicates correctness but also provides guidance
linked to students’ errors. The performance reporting feature further allows teachers to
diagnose students’ strengths and weaknesses according to specific SOLO levels.

The conceptual framework (Figure 1) is the integration of the SOLO and Col model.
The SOLO model offers a cognitive taxonomy that guides the development of learning
tasks at ascending levels of complexity. Meanwhile, the Col model ensures that the online
teaching and learning environment is pedagogically sound and socially engaging. In this
framework, both models are integrated into the design of the online tutoring program,
which emphasizes the teaching and learning of algebraic expressions and linear equations.
The program incorporates structured content delivery, four-level SOLO-based tasks, imme-
diate feedback mechanisms, and performance reporting. The combination of the cognitive
depth offered by SOLO with the interactive, reflective environment of Col model, the
outcome of this program, aimed to generate a rich online learning experience that supports
meaningful and sustained learning.

SOLO Model Col Model
Development of the program tasks to Cognitive presence — develop
lead the mastery of algebraic concept algebraic concept through reflection
in hierarchical manner, namely: and problem solving
Unistructural Teaching presence — design structures
Multistructural lesson and immediate feedback.
Relational Social presence — build supportive
Extended abstract learning environment

l l

Online Tutoring Program

1. Structured content delivery
(algebraic expression and linear
equation)

2. Four-level of SOLO-based tasks
(algebraic expression and linear
equation)

3. Immediate feedback

4. Performance reporting for
student reflection

|

1. Conceptual understanding

2. Instructional support and learning guidance

3. Learner engagement

Figure 1. Conceptual framework.
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4. Methodology

This study used an explanatory sequential mixed-methods design. A quasi-
experimental pretest and posttest design was used in the quantitative phase of this study.
In the qualitative phase, an interview survey was conducted to examine the students’ views
about the implementation of the OTP. Additionally, this study employed a semi-structured
interview to explore the teachers’ views about the application of the OTP.

In this study, a quasi-experiment with a one-group pretest—posttest design was con-
ducted. It involved a single group that completed the pretest and posttest design for the
dependent variables. The reasons for utilizing this experimental design were: (i) When
exploring new interventions, a single-group design can serve as an initial step to gauge
potential effectiveness. The primary purpose was to evaluate the feasibility, usability, and
preliminary educational value of a newly developed online tutoring program (OTP) before
undertaking a larger-scale controlled trial. Such designs are commonly used in educational
technology research during the early stages of intervention development to determine
whether an innovation is implementable in authentic classroom settings and warrants fur-
ther investigation (Best & Kahn, 2016). (ii) This approach could provide preliminary data
that may inform more rigorous future studies and reduce the influence of external factors
such as cross-group interaction effects (Best & Kahn, 2016). (iii) This study was conducted
in eight schools located in rural districts where access to educational resources and qualified
mathematics support was limited. School administrators and teachers preferred that all par-
ticipating students receive access to the intervention because many students were already
experiencing significant learning difficulties in mathematics. Under these circumstances,
withholding access to a potentially beneficial learning support tool by assigning students
to a non-intervention group was considered educationally undesirable.

4.1. Participant

Eight secondary schools located in three districts in Kedah, Malaysia, were selected
for the implementation of the OTP. The selection of schools was based on the availability of
computers, sufficient internet connection, and the permission to carrying out data correction
by the school principals. Cluster sampling was used to select desired classes to be involved
in this study. Based on the discussion with the mathematics teachers, fourteen Form One
(Grade 7) classes with an average of 20-25 students in each class were chosen. All the Form
One students were aged 12-13 years old and studied in public secondary schools. Thirteen
mathematics teachers for the classes applied the OTP to 289 students during their teaching
and learning of the algebraic expression and linear equation topic.

4.2. Development of Online Tutoring Program and Pre- and Posttest

The content of the online tutoring program (OTP) was constructed based on the
Malaysia Form One Mathematics Secondary School Standard Curriculum (Kurikulum
Standard Sekolah Menengah-KSSM). Two main topics in algebra were selected, namely
algebraic expressions and linear equations. Four related learning standards were covered
in the tutoring program, namely:

i.  Using letters to represent quantities with unknown values.

ii. Deriving algebraic expressions based on arithmetic expressions that represent a situa-
tion.

iii. Forming linear equations in two variables based on a statement or a situation, and
vice versa.

iv.  Solving problems involving simultaneous linear equations in two variables.
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The OTP consisted of 11 scenario-based tasks to assist the development of the students’
algebraic ability in algebraic expressions and linear equations. All items in the tasks were
in an open-ended format.

The development of the OTP tasks was based on the SOLO (Structure of the Observed
Learning Outcome) model. The four levels (unistructural, multistructural, relational, and
extended abstract) of the SOLO model embody both main features: an increase in the
application of the information (in the form of data, diagram, figure, text, etc.) given in
the task and an increase in the complexity of the answer structure expected. According
to this model, when students answer a task, the response structures could basically be
categorized into five main levels (pre-structural, unistructural, multistructural, relational,
and extended abstract). In addition, the pre-structural level indicates no response given by
the students; the features of the other four levels could be applied to construct questions in
a hierarchical manner.

Each component of algebraic expression was assessed in the form of an, an + b, and
n + b. It was assessed through three cognitive complexities:

i.  Investigating patterns;
ii. Solving near and far cases;
iii. Forming algebraic expressions.

In this context, the term ‘near cases’ indicated the items that could be solved by step-
by-step or counting. It was the next term of the pattern shown. On the other hand, ‘far
case’ represented the item that forced the students to generalize the pattern because it went
beyond reasonable practical limits of a step-by-step solution. Each component of linear
equation is assessed in the form of y=an,y=an+b,y=n+Db, and y = an + bm. It is
assessed through the three cognitive complexities:

i.  Investigating pattern;

ii. Solving the near cases;

iii. Solving the far cases, forming the algebraic expression and linear equation, and
applying linear equation to solve the problem.

Three secondary school teachers and three mathematics education lecturers reviewed
the newly developed scenario tasks to determine the content evidence validity. The revi-
sion was done based on the comments given to ensure the items were relevant and they
represented the content domain as stated in the syllabus. In addition, the first version of
the scenario tasks was piloted, and the psychometric properties were determined using
Rasch analysis (Lian & Idris, 2006).

The OTP was hosted online at http://www.bmg-project.com/ (accessed on 1 June
2019). Before using the OTP, the students were required to register their demographic
details on the landing page. After that, they were required to log in by using their identity
card number and password.

There were two components for each topic. For example, for the topic of algebraic
expression, the students had to finish the first component (number pattern) before proceed-
ing to the second component (pictorial pattern). The questions appeared from the simplest
to the hardest to lead the students from the arithmetic concept to the algebraic concept,
which is more abstract. The students were required to read the information shown carefully
before typing and submitting their answers (see Appendix A).

Feedback is given after the answer is typed and submitted. Positive and immediate
feedback is shown if the answers are correct. The immediate feedback comprises two main
pieces of information: correctness and reinforcement. First, the students will be informed
that their answers are correct. Second, the feedback reinforces what they do correctly (see
Appendix B).
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If the students answer wrongly, detailed and immediate feedback will be shown.
The feedback comprises three main pieces of information. First, the feedback will inform
them that their answers are incorrect. Then, information will be given about what they
should improve and develop. Finally, the proper solution will be shown to the student (see
Appendix C).

In addition, the students could view their performance by clicking the result feature.
Thus, they are able to view their overall performance as well as their performance in each
component for both topics.

The mathematics teachers are also able to easily detect their students’ strengths and
weaknesses through the results shown in the results feature. The teachers can identify the
students’ algebraic ability based on the item levels that they could answer, whether the
itemis a, b, ¢, d, and e (refer to Table 1).

Table 1. Indicators of students” algebraic ability in algebraic expression.

Item Level  Indicators of Students” Algebraic Ability

a understand the pattern given
b extend the next term
c&d identify the recursive relationship between the variables

identify the linear relationship between the variables by forming an
algebraic expression

Meanwhile, the content of the questions in the pretest and posttest was identical for
both topics, namely algebraic expressions and linear equations. The tests were developed
by researchers who are experts in Mathematics Education. There were 12 questions (6 tasks)
for the algebraic expression topic and 10 questions (5 tasks) for the linear equation topic.
The students were required to identify like terms and form algebraic expressions and linear
equations based on the scenario shown. Each task contained two related questions. Based
on recommendations from experienced secondary school mathematics teachers and the
standard school marking scheme, the first question in each task was allocated 2 marks
and the second question was allocated 3 marks. Consequently, each task carried a total of
5 marks.

The maximum score for the algebraic expression test was therefore 30 marks
(6 tasks x 5 marks), while the maximum score for the linear equation test was 25 marks
(5 tasks x 5 marks). Students’ raw scores were subsequently converted into percentages
to facilitate comparison and interpretation of performance across the pretest and posttest
administrations.

The content coverage of the questions was aligned with the Form One mathematics
curriculum. The test’s content validity was determined by the six school mathematic
teachers. The validation procedure was determined by calculating the CVI (Content
Validity Index). Based on the calculation, the I-CVI value is 1 and the S-CVI/Ave is 0.94.
The result of the analysis shows that the instrument of this study has an excellent content
validity because the I-CVI value meet Lynn (1986) criteria, in which the minimum value
for I-CVI is 0.78 for 6 to 10 experts. Besides that, the S-CVI/Ave value also meets the
satisfactory level, in which, according to Polit and Beck (2006), the acceptable value for S-
CVI1/Ave must be more than 0.90. From the results, it can be concluded that all questions for
each topic of this study were built with a good degree of content-based evidence of validity.
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4.3. Data Collection

The study procedures involved three stages. First, before the implementation of the
OTP, a pretest was administered to the students involved. The test consisted of 11 scenario
tasks, namely 6 algebraic expression tasks and 5 linear equation tasks. Next, the students
were exposed to the OTP for the first topic, namely algebraic expression. Before the
implementation, all the teachers involved were required to:

i.  View the scope and content of the tutoring program.

ii. Ensure alignment between the learning outcome and the teaching and learn-
ing activity.

iii. Plan the lesson carefully and creatively so that the teaching and learning process is
fun and beneficial for students. Teachers had prepared lesson plans for both topics
involved with the implementation of the tutoring program.

During implementation, lessons generally followed a common structure. Teachers first
introduced the algebraic concept and learning objectives through a classroom explanation.
Students then accessed the OTP in the computer laboratory and completed the assigned
activities independently while receiving immediate automated feedback from the system.
Teachers acted primarily as facilitators by monitoring student progress and clarifying
questions when necessary. Across schools, approximately 20-30% of lesson time was
devoted to teacher-led instruction and 70-80% to student interaction with the OTP.

Although some variation in teaching style and classroom management practices was
unavoidable due to the natural school setting, the core intervention remained consistent
because all students engaged with the same online platform, tasks, instructional sequence,
and feedback system.

All the mathematics teachers involved had conducted their lessons in the school
computer lab as the students needed to access the online tutoring program App along with
the lesson. After they have finished the teaching and learning of the algebraic expression
topic for 4 weeks, Posttest 1 was conducted. The test consisted of six tasks. Besides that,
the researchers also conducted individual interviews with all the teachers and collected
written feedback from the students. Before the individual interviews were conducted, the
researcher requested permission from the school principals and teachers for the interview
session. The permission letter was distributed to the teachers to request permission in
taking part in this interview session.

Next, this study proceeded to the second topic (linear equation) using the OTP, and
after 4 weeks, Posttest 2 was conducted, which consisted of five tasks. Thus, the duration
of the implementation of the OTP for both topics took around two months.

All the mathematics teachers involved were individually interviewed after the appli-
cation of the OTP for the first topic. They were requested to give feedback for the following
three aspects:

i.  The effectiveness of the OTP in teaching;
ii.  The effectiveness of the OTP in learning;
iii. Suggestions for improvements to the OTP.

The students’ written feedback was also considered in the process of monitoring the
implementation of the OTP. They were required to write their feedback independently
on the paper provided regarding the four main aspects of the OTP, based on the three
dimensions of the Community of Inquiry (Col) model:

i.  The conceptual relationship between arithmetic and algebraic expression (cognitive
dimension);
ii. The four level tasks shown (teaching dimension);
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iii. The information and explanation provided if the students answered incorrectly (social
dimension);
iv. The display of pictures, tables, and animations (teaching dimension).

4.4. Ethic Consideration

Before data collection, ethical approval was obtained from the Policy Research and
Evaluation Sector Committee, the Educational Planning and Research Division, Ministry
of Education Malaysia in 2019, reference No.: KPM.600-3/2/3-eras (3260); the Kedah
State Education Department, reference No.: JPK.SPS.UPP 600-1 1/2 Jld. 8 (52); and the
Director of the District Education Office. Participation was voluntary, and informed consent
was obtained from all participants (namely 13 participating mathematics teachers and
289 students) and the parents or legal guardians of student participants. Approval was
also obtained from the principals of the participating schools before the study commenced.
Participants were assured that their responses would be kept confidential and anonymous
and that they could withdraw from the study at any time without penalty. All data were
used solely for research purposes and stored securely to protect participants’ privacy.

4.5. Data Analysis

The quantitative data from both the pretest and posttest were systematically analyzed
using the Statistical Package for the Social Sciences (SPSS) Statistics version 29 To determine
whether there were significant differences in students” performance before and after the
intervention, a paired-samples t-test was conducted. Meanwhile, students’ learning engage-
ment experiences were examined using interview survey data. The data were analyzed
and categorized according to the three dimensions of the Community of Inquiry (Col)
framework: cognitive presence, social presence, and teaching presence.

For the teachers’ interview data, the data were transcribed, and then, a thematic
analysis was conducted to analyze the interview transcripts. In the thematic analysis, the
researcher analyzed the data closely to identify common themes based on the Community
of Inquiry (Col) model and a set of priori codes obtained from the literature, which applied
the Col model to investigate social presence, cognitive presence, and teaching presence
through the interview method (Waddington & Porter, 2021). There were four main steps
in conducting the thematic analysis. First, transcribe and carefully read the transcripts to
identify the predefined themes. Second, create the initial codes based on the Col model.
Third, group all codes into the sub-themes and themes according to the Col model. Finally,
re-examine the coded-data and themes to ensure accuracy and reflection of the model.

Indicatively, some teachers have stated that the OTP offered tasks in a logical sequential
order, from simple to complex, thus enabling them to convey the algebraic concepts better
and minimizing their teaching load in the process. The answers were originally coded as
being a clear explanation of content and structured tasks that facilitate teaching. These
codes were further subdivided as sub-themes: clear explanation of content, which was
further subdivided into the broad theme teaching presence.

The validation of the qualitative data was rated by two researchers. The interrater
reliability was computed using the data collected in order to examine the raters’ agreement,
namely the percentage of agreement, which can be calculated as the number of agreement
scores divided by the total number of scores. Cohen’s kappa (k) was used to determine the
level of agreement between the two raters. The analysis yielded a kappa value of k = 1.00,
indicating perfect agreement (100%) between the raters. This result demonstrates that the
two researchers consistently assigned the same ratings to all qualitative data.
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5. Findings

A Kolmogorov-Smirnov test was conducted to assess the normality of the pretest and
posttest data. The results indicated that the data for the pretest were normally distributed,
D (289) = 0.061, p = 0.071. Similarly, the data for the posttest did not significantly deviate
from normality, D (289) = 0.063, p = 0.059. Given that all p-values were greater than 0.05,
the data met the assumption of normal distribution required for conducting parametric
tests. These results support the appropriateness of using paired t-tests.

Based on the result of the paired samples t-test shown in Table 2, the mean value for
the pretest of algebraic expressions was 7.92. The mean value for the posttest of algebraic
expressions was 29.25 (increased 21.33). The mean score for algebraic expressions increased
from 7.92% to 29.25%, representing an improvement of 21.33 percentage points.

Table 2. Paired samples t-test for algebraic expression scores (pretest vs. posttest).

Measure N M SD t df p
Pretest Algebraic Expression 289 7.92 9.29
Posttest Algebraic Expression =~ 289 2925  21.01 1835 288 0.00

The standard deviation for the pretest of algebraic expressions was 9.29 and for
posttest of algebraic expressions was 21.01. The p-value was 0.00. Because of this, it can be
concluded that there was a statistically significant difference between the mean scores of
algebraic expressions. Participants demonstrated significantly higher posttest scores for
the algebraic expressions topic following participation in the OTP.

Meanwhile, based on Table 3, the mean value for the pretest of linear equations was
2.16. The mean value for the posttest of linear equations was 21.38 (increased 19.22).
Linear equation scores increased from 2.16% to 21.38%, representing an improvement of
19.22 percentage points.

Table 3. Paired samples t-test for linear equation scores (pretest vs. posttest).

Measure N M SD t df p
Pretest Linear Equation 289 2.16 4.04
Posttest Linear Equation 289 21.38 21.41 —15.32 288 0.00

The standard deviation for the pretest of linear equations was 4.04, and for the posttest
of linear equations was 21.41. The number of participants in each condition (N) was 289.
The p-value was 0.00. Because of this, it can be concluded that there was a statistically sig-
nificant difference between the mean scores of linear equations. Participants demonstrated
significantly higher posttest scores for the linear equation topic following participation in
the OTP.

The extremely low pretest means suggest a possible floor effect, indicating that many
students possessed limited prior knowledge of the algebra concepts before participating in
the online tutoring program. The comparatively large posttest standard deviations reflect
differing levels of improvement among students following the intervention.

Although statistically significant improvements were observed, the absolute posttest
scores remained relatively low. This finding should be interpreted in the context of the
student population involved in this study. The participating schools were located in
three rural districts where mathematics achievement levels were generally low. Based on
centralized assessment results, approximately 65-70% of the participating students scored
grade D (weak) and grade E (failed) in mathematics before entering secondary school.
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Consequently, many students began this study with extremely limited algebraic knowl-
edge, as reflected in the very low pretest means (7.92% for algebraic expressions and 2.16%
for linear equations). These results indicated that students were operating near the floor of
the assessment scale before the intervention. The increase in the posttest scores showed
that students acquired foundational algebraic knowledge that had previously been absent.

5.1. Written Feedback from Students

The students” written feedback was also considered in the process of monitoring the
implementation of the OTP. They had been asked to give feedback independently about the
four main aspects of the OTP aligned to the three dimensions of the Col model after they
learnt the first topic (algebraic expression). All the feedback was analyzed and grouped
into three categories based on each aspect (refer to Table 4).

Table 4. Written feedback analyzed based on three categories.

No Aspect Dimension Three Categories
1 The conceptual relatior}ship betV\{een arithmetic Cognitive Well understoc?d /understood,
and algebraic expressions lack of understanding, not understood
2 The four-level tasks are shown Teaching Very clear, lack of clarity, unclear
3 The information and e.xplanation provided if Social Very suff.ic.ient / s.ufficie'n't, lack of
answered incorrectly sufficiency, insufficient
4 The display of pictures, tables, and animations Teaching Very clear/clear, lack of clarity, unclear
The results of the category of students’ written feedback are shown in Table 5. Based on
Table 5 for aspect 1, 237 out of 289 students responded that they have a good understanding
of the conceptual relationship between arithmetic and algebraic expression. In total, 275 out
of 289 students responded that they were clear about aspect 2, namely the content of the
four-level tasks shown. For aspect 3, 263 out of 289 students responded that the information
and explanation provided were sufficient if they answered incorrectly for the task. For
aspect 4, 273 out of 289 students found that the display of picture, tables, and animations
was clear.
Table 5. Students’ feedback for the four aspects.
Aspect 1
The conceptual relationship between arithmetic and algebraic expressions
Categories Wellllnlfine(:::sg%()d/ un dI;isCtl; r?cfiing Not understood Total
Number of students 237 38 14 289
Aspect 2
The four-level tasks shown
Categories Very clear/clear Lack of clarity Unclear
Number of students 275 10 4 289
Aspect 3
The information and explanation provided if answered incorrectly
Categories Very sufficient/sufficient ~ Lack of sufficiency Insufficient
Number of students 263 20 6 289
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Table 5. Cont.

Aspect 4
The display of pictures, tables, and animations
Categories Very clear/clear Lack of clarity Unclear
Number of students 273 11 5 289

5.2. Aspect 1: The Conceptual Relationship Between Arithmetic and Algebraic Expression
(Cognitive Dimension)

The majority of the students (82%) in the three districts found that they better under-
stood the conceptual relationship between arithmetic and algebraic expression through the
online tutoring program. Examples of their feedback were:

a. I have a clearer understanding through the online tutoring program.
b. I have a better understanding because the relationship was shown interestingly.
c.  Ican understand easily through the online tutoring program.

A few students commented they lacked understanding or did not understand the
conceptual relationship between arithmetic and algebraic expressions because they did
not understand the meaning of the terminologies asked, namely ‘arithmetic” and ‘algebra’.
Examples of their feedback were:

a.  lonly understand what I had learnt.
b.  Ilack the information about these (arithmetic and algebra).

5.3. Aspect 2: The Four-Level Tasks Shown (Teaching Dimension)

The majority of the students (95%) in the three districts found that the tasks shown in
the online tutoring program were clear, and they could easily respond as they appeared in
a hierarchical manner. Examples of their feedback were:

a.  The task can be read and responded easily.
b.  The sequence of tasks leads me to answer easily.
c.  The sentences in the tasks are easier to be understood.
d.  The task is easier to be understood as it is shown in bilingual.
A minority of the students commented that some of the tasks were very difficult to
respond to.

5.4. Aspect 3: The Information and Explanation Provided if Answered Incorrectly
(Social Dimension)

The majority of the students (91%) in the three districts commented that the expla-
nation provided in the online tutoring program was clear and sufficient if they answered
incorrectly. Examples of their feedback were:

The explanation is very clear and easy to understand especially for the wrong answers.
The explanation is clear and sufficient.

I understand the errors I made.

I get a better idea for the solution.

® R0 =8

The solutions shown are easy to be understood.

A minority of students commented that the sounds that appeared when they answered
correctly or incorrectly were slightly noisy.

5.5. Aspect 4: The Display of Pictures, Tables, and Animations (Teaching Dimension)

The majority of the students (94%) in the three districts commented that the display of
pictures, tables, and animations were clear and attractive. Examples of their feedback were:
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It can lead me to get the correct solution.

The display is easier to be read and understood.

Very attractive and motivate me to answer the next questions.
Very attractive and creative.

Very clear.

S R0 SR

5.6. Feedback from Teachers

All the teachers involved had been individually interviewed after the application of

the OTP for the first topic. They were requested to give feedback about the implementation

of the OTP. All the feedback from the teachers is presented in Tables 6-8.

Table 6. Teachers’ feedback about the effectiveness of the OTP in teaching.

Themes

Sub-Themes

Description Teacher

Teaching

Clear explanation

of content

The tasks appeared to flow from basic to
advanced; thus:

(a) Easier for teachers to guide the students
in understanding the concept.

(b) Saved the teachers’ time and reduced
their workloads as all the related tasks
and solutions were provided completely.

The diagrams and tables provided were useful
to help the teacher explain the concept.

Kam, Jamal, Zaina,
Norol, Nora

Social

Attract the students’

attention

The animation, graphic, and sounds were very
attractive and interesting, attracting the
students” attention during the lesson.

It motivated the students to learn and even
compete with friends for the correct response.
The content had been represented interestingly,
step by step, from basic to difficult. The
students could easily understand the
systematic manner of explanation.

Shu, Hil, Fari, Norol,
Suria, Sya

Cognitive

Development of 21-century
learning environment

It helped to develop students’ self-motivation.
The students could learn independently. It
developed student-centered learning.

Table 7. Teachers’ feedback about the effectiveness of the OTP in learning.

Themes

Sub-Themes

Description

Social

Excited and enjoy learning  The students were enjoying learning with their

Hands-on through a computer was more
interactive and interesting.
The animation and diagram were interesting.

peers in the classroom.
Immediate feedback was very useful to guide the
students to respond correctly for the next tasks.

Kam, Fari, Zaina,
Nordi, Norol, Mar

Cognitive

Easily understand the
hierarchical manner

of tasks

The systematic step-by-step solution enables the
students to understand the concept easily.

The good quality of tasks led the students to
learn the topic level by level.

Shu, Hil Suria
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Table 7. Cont.

Themes  Sub-Themes Description Teacher
Students could learn the topic at home. They
could repeat until they mastered it as the
program allowed them to try an unlimited
number of times. The immediate feedback and
Teaching  Learn independently sound provided (once the response sent) were Nora, Suria, Sya
very useful to motivate them to get the
correct answer.
Students could learn through their hand-held
phones anywhere and anytime.
. Development (?f. It motivated the students to learn and even
Social competitive spirit . . Sya
) . compete with friends for the correct response.
in learning
Table 8. Teachers’ feedback regarding suggestions about improvements to the OTP.
Themes Sub-Themes Description Teacher
Comics and animations could be added to increase
Increase the number of the effectiveness.
Teaching animation and An audio explanation of the solution could Kam, Mar, Sya
audio features be added.
The appearance was supported by some music.
All other important topics could be added to the
Teaching ~ More topics can be added  program to develop students’ learning. The students Shu, Hil, Norol
learnt the concept easily through the program.
. Details about the content of the topic could be
. The content of the topic as . )
Teaching : . added as an introduction to the program to enable Jamal
an introduction .
recall in the students.
Can be accessed online Students always faced internet connection problems.
Teaching It would be more user-friendly if the OTP could be Fari, Nordi

or offline

used either offline or online.

Table 6 shows the response of teachers concerning the effectiveness of the OTP in
teaching. The feedback is combined into teaching, social, and cognitive themes. According
to the teachers, the tasks were introduced in a clear and systematic way, starting with
the simplest ones and proceeding to the more complex ones, which made it easier to
explain the concepts of algebra and lessened the workload. The explanation of ideas
was also supported by visual materials, including diagrams and tables. Moreover, the
graphics, sounds, and animations captured the interest of the students and made them
more interested in the lessons. It was also observed by teachers that the program was useful
in promoting student-centered learning and independent learning among the students.

Table 7 shows the perception of teachers on the effectiveness of the OTP in aiding
the learning process of the students. The teachers noted that students were enthusiastic
and liked learning using the program since they found the activities interesting and highly
visual. The feedback that was given immediately assisted the students in detecting their
errors and correcting them. Teachers also mentioned that the hierarchical structure of tasks
helped students to grasp the algebraic concepts with relative ease since the lessons were
offered in stages. Moreover, the program promoted self-directed learning where students
could redo the tasks any time and refer to the learning material.
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The recommendations of teachers on how to improve the OTP are indicated in Table 8.
It was suggested by teachers to incorporate more animations and comics, as well as audio
explanations, to ensure the program is interesting and efficient. Others even proposed
that background music should be incorporated to make the delivery better. Moreover, the
teachers suggested developing the program by including more mathematics subjects to
enable the students to receive a focused learning approach. The other recommendation
was to offer a concise introduction to the topic content so that the students would recall the
previously acquired knowledge. Another issue that was brought up by teachers was the
need to have online and offline access to overcome internet connection challenges.

The feedback from both teachers and students indicates that the implementation of the
online tutoring program (OTP) provided several pedagogical benefits while also revealing
areas that require improvement. Overall, the responses from both groups consistently
highlight the effectiveness of the program in supporting conceptual understanding, en-
gagement, and independent learning. On the side of the students, most of them indicated
positive learning experiences on the four aspects considered. The majority of students
reported that the OTP made them realize the conceptual connection between arithmetic
and algebraic expressions better. The hierarchical structure of the four-level tasks also
allowed them to answer questions with less difficulty since the four levels of tasks were
presented in a progressive manner starting with simple tasks and going to the complex
questions. Moreover, the students liked the fact that there were instant explanations in case
they gave wrong answers, and it could make them see the mistakes they made and know
how to overcome them. Their interest and desire to learn were also enhanced by the use of
pictures, tables, and animation. On the same note, the feedback of teachers facilitated these
findings. The teachers also cited that the systematic organization of the tasks enabled them
to more easily lead the students in learning the concepts of algebra and made their jobs
less demanding since the tasks and solutions were already systematized in the program.
Another finding made by them was that the multimedia contents, graphics, and animation
captured the attention of the students and helped to make the learning experience more
engaging and student-focused.

6. Discussion

The increase in access to the internet made it possible for tutoring to be conducted
online. An OTP is considered a possible method for helping students learn mathematics
(Offenholley, 2014). Using an OTP as a source of teaching and learning can support the
new era of standards in teaching mathematics and provide learning support to students.

This study confirmed that an OTP in the Malaysian school setting could positively
affect the teaching and learning of algebra. The development of an OTP based on the
integration of the SOLO and Col models proved that it could become a powerful assessment
framework that teachers can adapt when developing tasks for almost any mathematics
topic. In addition, it also helped the students focus their attention on a specific concept at
each stage of cognitive development. As a result, the teachers are not only able to promote
a valuable tool to diagnose learners” weaknesses in mathematics learning but also provide
the students with a more powerful tool to develop their mastery of mathematic concepts
more systematically (Lim & Wun, 2020; Simpson et al., 2010; Vrachnos & Jimoyiannis, 2017).

Moreover, the results of this study yielded four findings, namely teachers’ feedback
about the effectiveness of the OTP in teaching, teachers’ feedback about the efficacy of
the OTP in learning, teachers’ feedback and suggestions about the improvement of the
OTP, and students’ input in four aspects (conceptual relationship between arithmetic and
algebraic expression; the task shown; the explanation provided if answers are incorrect;
and the display of pictures, tables, and animations). All the findings from both parties were
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analyzed based on the three main dimensions of Col, namely cognitive presence, social
presence, and teaching presence.

For the cognitive presence dimension, using the OTP in teaching algebra provided
a clear explanation of the content, attracted the attention of the students, and played a
major role in the development of the 21st-century learning environment. This impact
was clear in the teachers’ feedback after using the platform. It was noticed that the OTP
made it easier for the teachers to guide the students in understanding the concept, saved
the teachers’ time, and reduced their workloads as all related tasks and solutions were
provided (Karakose et al., 2023).

Algebra has long been identified as an area of difficulty in the teaching and learning of
mathematics. However, the finding revealed that 82% of the students had better understood
the conceptual relationship between the arithmetic and algebraic expressions after using
the OTP, as the samples stated that “I have a better understanding because the relationship was
shown interestingly”, “I can understand easily through the online tutoring program.” It seems that
using the OTP was able to improve the majority of the students’ attention during the lesson
by providing interesting content. Thus, the students could easily understand and develop
their self-motivation and student-centered learning. This finding is similar to the findings
obtained by Hassan and Sulaiman (2018), and Fakhar and Hussain (2020), who found that
GeoGebra helped students visualize abstract concepts such as variables and equations. It
developed a stronger conceptual understanding and made fewer calculation errors. One
the other hand, Reynolds and Joseph (2021) revealed that the Urban High School students
in U.S. who applied Mathspace in learning algebra showed a significant improvement
in their algebra learning but showed performance decline during the non-use phase. In
addition, the OTP motivated the students to learn and even compete with their friends for
the correct responses. This practice would overcome the negative attitude towards algebra
(Julius et al., 2018; Prendergast & Treacy, 2018).

According to Nyet et al. (2016), the concepts of algebra are the most difficult aspect in
developing algebraic abilities. The OTP focused on algebra concepts by building a solid
foundation of problem-solving in the classroom. This could be seen by the diagrams and
tables provided, which were useful in helping the teacher to explain the concept of algebra
in the classroom. This could simplify students’ connection to conceptual understanding.
Besides that, the visual tools for algebra allowed the students to adopt a visual language
and helped them to work with complex algebraic concepts easily (Alsaeed & Arabia, 2017).

Meanwhile for the teaching presence dimension, 95% and 94.5% of the students
commented that the tasks shown in the OTP were easy to understand and led them to
getting the correct responses effectively, as commented in the following samples: “The
sequence of tasks leads me to answer easily” and “The task is easier to be understood as it is
shown in bilingual.” It was found to be very attractive and creative. In other words, the
explanation provided in the OTP in the learning of algebra showed that the use of the
OTP was exciting and enjoyable due to the interesting design of the teaching and learning
platform. In addition, it has been proven to be interactive and enjoyable (Han et al., 2021).
It helped students to understand easily by providing step by step solutions which allowed
them to learn the topic level by level, as the following samples stated: “Very attractive and
motivated me to answer the next questions” and “Very attractive and creative.” The use of the
OTP overcomes the limitation of time and location as students could use it at any time and
with any device. This made the learning of algebra independent. The OTP had shown its
capability to motivate the students to learn and even competed with friends for the correct
response. The implementation of the OTP in the teaching and learning of algebra was
conducted in modern-day classrooms. The usage of technology in teaching and learning
algebra helped change how students learn new concepts and how mathematics teachers
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assess students’ performance in a 21st-century classroom (Kalonde, 2017; Koji et al., 2016;
Q. Lietal., 2013).

Additionally, teachers discovered that the OTP is an extremely user-friendly teaching
tool which enable students to learn on their own. Students can receive guidance as many
times as needed until they thoroughly understand the topic. Consequently, the OTP can be
conveniently used on a smartphone or computer, at any place or time. This tool clearly saves
teachers’ time and reduces their workload by offering comprehensive tasks and solutions.

For the social presence dimension, one of the main advantages of the OTP is providing
immediate feedback, which is very useful in guiding students to respond correctly to the
next tasks. It will also motivate them to get the correct answer. Giving immediate feedback
helped the students become aware of the correct answers and use them to improve their
weaknesses. In contrast, they were still mindful of the topic (Giirkan, 2018). In this study,
91% of the students showed a positive attitude towards the feedback provided in the OTP.
Fyfe and Rittle-Johnson (2016) revealed that the feedback may reduce students’ cognitive
overload by giving them control over ‘when’ and ‘how’ they process the feedback and
use it.

In the meantime, the teachers noted that the animations, graphics, and sounds included
in the OTP were highly appealing and engaging which capturing the students’ attention
during the lesson. This also encouraged the students to learn and even compete with their
peers to give the correct answers.

7. Conclusions

Based on the responses from the teachers and students, the OTP received a posi-
tive reaction. This was consistent with the Col model by emphasizing the three main
dimensions—social presence, cognitive presence and teaching presence—for describing the
teaching and learning in online asynchronous discussion.

The teacher was always required to provide a focused, concentrated, and reflective
teaching presence to create and sustain the discovery-based relationship of inquiry between
the teacher and student. Teaching presence was defined as “the design, facilitation and
direction of cognitive and social processes for the purpose of realizing personally meaning-
ful and educationally worthwhile learning outcomes” (Stenbom et al., 2012). In the OTP,
a task-based environment was demonstrated on a cheerful, engaging platform and the
student received immediate feedback. The requirement of teaching presence, as shown
in this study, leads the interaction, engages the student when appropriate, and provides
clear and direct instruction. Cognitive presence allowed the intellectual and knowledge
commitment of both teacher and student to be expressed. This process occurred in an
environment shaped by social and teaching presence with interaction, reflection, analysis,
and resolution. In this study, the cognitive presence was demonstrated by the teacher and
assisted by the student. The last element of a Col framework is social presence, which
allows the students to interact in order to project their individuality and relate it to a
meaningful discussion. In short, the research results provided strong evidence that social
presence should be inculcated in an online learning environment (Han et al., 2021; Stenbom
et al., 2012).

Nevertheless, feedback from students and teachers also indicates that the online tu-
toring program (OTP) could be further enhanced to better support learning. Students
emphasized the need for clearer explanations of key mathematical terminology, more man-
ageable task difficulty, and less distracting audio cues. Teachers suggested incorporating
richer multimedia elements, including animations, comics, and audio support, as well as
providing concise introductory content to help students connect new concepts with prior
knowledge. In addition, expanding the program to other mathematics topics and enabling
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offline access were identified as important improvements. Future development of the OTP
should consider these recommendations to increase student engagement, accessibility, and
overall learning effectiveness.

In short, based on the quantitative and qualitative results, the OTP has been proven
to be beneficial for mathematics classrooms as it elicits a significantly positive response
across the three dimensions. It is particularly suitable for students who require a more
human-centered diagnostic approach to strengthen their mastery of algebraic concepts.
These important features, however, are often lacking in existing algebra learning tools
which primarily focus on developing students’” procedural and symbolic manipulation
skills rather than reinforcing fundamental conceptual understanding.

The integration of the SOLO and Community of Inquiry (Col) models within the
online tutoring program (OTP) effectively supported holistic algebra learning by combining
structured cognitive development with meaningful online engagement. Feedback from
both students and teachers highlighted the program’s clarity, interactivity, and ability
to promote independent learning. Through strong teaching presence, active cognitive
engagement, and supportive social interaction, the OTP fostered deeper understanding,
learner autonomy, and sustained motivation. These findings indicate that the SOLO-Col
framework is a robust approach for designing digital mathematics instruction that enhances
academic achievement while developing 21st-century learning competencies.

Additionally, the SOLO-Col framework offers a valuable model for understanding
learning in online asynchronous discussions through the dimensions of cognitive, social,
and teaching presence. The findings suggest that its principles can be applied across various
subjects and learning contexts. To maximize its effectiveness, curriculum developers,
educators, and instructional designers should enhance the OTP through greater use of
technology and interactive teaching strategies that strengthen social connectedness in
virtual environments. Teacher training, attention to feedback from both students and
educators, and policy-level support such as curriculum alignment and broader adoption
can further strengthen OTP implementation and expand its educational impact.

8. Limitations and Future Research

In conclusion, the findings indicated that all three presences are strongly evident in
the use of the OTP for learning algebra. However, there are some limitations that need to
be addressed. These results cannot be generalized to all mathematics topics. The increase
in scores was observed after students participated in the OTP; however, due to the absence
of a control group, causal conclusions cannot be drawn. Therefore, it is recommended to
conduct an experiment that involves a comparison of two groups on similar studies on
other topics. Moreover, this study was restricted by the reliance on self-reported feedback
from students and teachers, which might introduce the issue of response bias or reflect
social desirability. In addition, the absence of long-term follow-up data might limit the
ability to evaluate the sustained impact of the OTP on the students’ learning outcomes.
Thus, further research should address these gaps to strengthen the evidence base. Given
the current implementation of the OTP, this research could provide valuable insights into
the field of education. Researchers with similar interests can use this study as a reference to
understand the dimensions of Community of Inquiry (Col) presence in online classes and
as a basis for more in-depth studies of their own.
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Figure A1l. Example of a task in an algebraic expression.

Appendix B

Figure A2. Feedback presented if answered correctly.
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Appendix C

Incorrect

Anda perlu membuat generalisasi bagi pola yang ditunjuk. iaitu
mengenal pasti hubungan linear antara nombor rajah dan bilangan
segiempat sama.

You need to generalise the pattern shown. namely the linear
ber and th

nd ber of squares.
7
n
9
2

Figure A3. Feedback presented if the question posed is answered incorrectly.
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