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A combination of two well-known learning models, project-
based learning (PBL) and competition-based learning (CBL)
maoximises  the  advantages while avoiding the
disadvantages of competition in Mathematics instruction.
Thus, this study aims to improve the teaching and learning
quality and enhance the learning outcomes of
Mathematics instruction. To that end, the research
hypotheses investigate the influence of the CBL-PBL
approach on students’ learning based on their
engagement and educators’ perspectives of the
approach. A questionnaire was employed and distributed
to 36 students and 2 lecturers who were using and
implementing the CBL-PBL approach to achieve the
research objectives. Non-parametric statistics tests were
used to analyse the results. A significant relationship was
found between the CBL-PBL approach and students’
learning outcome based on their learning engagement,
collaboration, authentic learning, disciplinary  subject
learning, and interactiveness. The results suggest that the
CBL-PBL approach can maximise the students’ learning
outcomes by bridging academic theories and real-world
practices through competition. Thus, the CBL-PBL approach
is recommended for educational use with proper planning.
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1. Introduction

As an emergency response to contain the Covid-19 pandemic, the governments of many
countries have issued closures of national borders. Many sectors and people were affected
irespective of nationality, income, or gender. Education was no exception. The education systems
of many countries were forced to make a sudden fransition — from conventional face-to-face
learning to online learning, which was highly dependent on broadband access and computers.

The Covid-19 pandemic also has an inevitable impact on higher education. Although higher
education institutions quickly replaced face-to-face lectures with online learning, their students
were still affected, particularly in accessing the internet and computers. In addition, the shutdown
of international borders in response to the lockdown affected international students, particularly
with regards to their safety and legal status.

The closures of universities and conversion to digital learning raise the question about the value
offered by university education. According to Schleicher (2020), for universities to remain relevant,
they need to reinvent their learning environment. Utilising digitalization and building an
environment that suits student-teacher and student-student relationships can maximise the quality
of online education.

The COVID-19 pandemic had an impact on three constructs of student learning: learning
behavioural (students' frequency of participating in class discussions, meeting with instructors, and
studying with peers outside the classroom); cognitive (students' sense of belonging and self-
efficacy); and emotional (students' attitudes toward science, perceived value of the course, and
stress) (Mseleku, 2020; Wester et al., 2021). To overcome these issues, scholars have developed a
variety of learning techniques and learning models. Project-based learning (PBL) and competitions
are two well-known models among others. Issa et al. (2014) proposed a new learning model that
combines PBL and competitions. This model incorporates the advantages of competitions and PBL
while avoiding the disadvantages of competitions by administering a set of constraints to prevent
the model from being violated. This model has been used and proven by Saibin et al. (2021) as a
successful learning technique based on students' perceptions.

Panwar et al. (2020) incorporated project-based learning within a competitive framework. The
objective of the project was to create an online pedagogy for the Robotics and Embedded
Systems subject using the Problem-Based Learning (PBL) approach. This objective was successfully
accomplished, and as a result, the students demonstrated improved performance in the subject.
Based on the feedback provided by the students, they gained the ability to function effectively
within a cooperative and collaborative environment, so enhancing their aptitude for cooperation
and subsequently enhancing their infra-personal and inter-personal proficiencies.

Based on past literature, the CBL-PBL approach may help promote students’ motivation and
produce more meaning in learning (Saad & Zainudin, 2022). In addition, this approach makes long-
lasting connections with real-world applications. It supports the lecturers in delivering the subject
contents more effectively. Therefore, our framework focuses on educational goals. The proposed
intervention aims to improve the teaching and learning process and enhance learning outcomes.
The present study has been undertaken to achieve the following objectives:
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o)) To study lecturers’ perceptions about the implementation of the CBL-PBL approach in
Mathematics instruction.

b) To investigate the determinants of CBL-PBL on students’ Mathematics instruction
To guide the research, the following research questions were constructed:

1. What are lecturers’ perceptions of the CBL- PBL approach in Mathematics instruction?2
2. What are the determinants of CBL-PBL on students’ Mathematics learning?

This study is essential for mathematics educators and learners who are having difficulties with ODL
learning. It is expected that educators, faculty, and students are likely to benefit from its
implementation, analysis, and conclusions. This study serves as a practical guide for future
Mathematics learning to learners and the faculty, by presenting the determinants in promoting
Mathematics instruction within the ODL environment. Nevertheless, this exposure allows the faculty
to determine whether this approach improves the quality of mathematics-based education or
whether changes should be made to address the difficulties associated with learning the subject.
In any case, the findings of this study can help to enhance the methodology of teaching
Mathematics in schools.

2. Literature Review

2.1 Project-Based Learning (PBL)

Project-based learning (PBL) has grown in popularity and has been investigated in a variety
of situations at different educational levels, from elementary education to higher education. The
purpose of problem-based learning is to engage students in the investigation of real-world issues
whose solutions have the potential to be implemented and used in the real world (Hussein, 2021).
Chen and Yang (2019) demonstrated that PBL has a few advantages, compared to traditional
teaching methods. PBL provides students with three unique experiences: (1) a sense of freedom to
express opinions, ask questions, and engage in discussion with colleagues; (2) the feeling of being
able to influence the course of the learning process; and (3) the feeling of doing something that
can be applied in the real world (along with conftributing to the tfeam's work).

Furthermore, according to common opinion, PBL stems from John Dewey's educational philosophy
of "learning by doing" (Alam, 2021). Educators meticulously arrange activities that mimic real-world
conditions so that students may engage in extended open learning and inquiry to facilitate
meaningful learning. Facilitators, educators provide students with the required guidance and
assistance. When students engage in a project, they use real-world resources and abilities to solve
a series of inferconnected challenges within a predetermined fime range (Ummah et al., 2019; Viro
et al., 2020). This style of inquiry-based learning emphasises ideas and principles from a variety of
fields and encourages students to produce and promote their work results. With this definition, it is
evident that PBL encourages students to use inquiry-based learning in real-world contexts and
motivates the creation of final products based on student knowledge. In addition, Chen, and Yang
(2019) reported that PBL learning increases student engagement in defining tasks/problems,
exchanging ideas, making queries, obtaining and analysing data, and sharing outcomes with
peers. While collaborating to address the driving issue, students get a deeper understanding of the
pertinent concepfs.

197 | Page



Voice of Academia Vol. 20, Issue (1) 2024

Besides, PBL improves mathematics communication skills, critical-thinking abilities, learning
outcomes, process skills, problem-solving, creative thinking, and concept knowledge, according
to previous studies on its usage as a learning paradigm (Ratnasari et al., 2018). According to Helle
et al. (2006), autonomy improves students' capacity to generate new information by allowing them
to use their prior knowledge and experience, which accelerate the generation of new knowledge.
The final need is authenticity, which requires that the endeavour to be practical and not
academic. Therefore, PBL should contain real-world issues where the emphasis is on realistic
problems and where solutions may be applied. Meanwhile, Aimulla (2020) recognised that the PBL
technique has a substantial relationship with collaborative learning, disciplinary subject learning,
iteratfive learning, and authentic learning, which in turn lead to student engagement. In addition,
PBL also increases student involvement by facilitating the sharing and discussion of knowledge and
information.

Collaborative learning is between the teachers-students and students-students interaction. In
teachers-students interaction, teachers do not provide knowledge; they negofiate it in
cooperation with students (Almulla, 2020). Students-student interaction develops essential skills for
teamwork and communication. Disciplinary subject learning refers to the process of embedding
academic content within context of a project in a certain subject area. According to Almulla
(2000), this approach has been proven to improve students' performance in terms of IT skills,
integration of technology into science and cooperative skills. Iterative learning involves students
going through multiple rounds of planning, implementation, feedback, reflection to enhance the
quality of their work. In the PBL approach, the teachers not only assess the students' perception of
content but their ability to use the feedback for reflection (Grossman et al., 2019). Authentic
learning involves students to generate new ideas, develop one another’s thinking, and assess their
own and their peers' thoughts (Moje, 2015). Students become active participants in their learning
journey, developing skills and knowledge that they can carry forward into their personal and
professional lives. Student engagement in learning believe that students are competent simulators
(Lampert et al., 2013) that participate actively in the learning process and offers the best learning
opportunities compared to the direct learning method (Bilbao et al., 2018).

2.2 Competition-based Learning (CBL)

The competition-based learning (CBL) contributes significantly to the learning processes.
In this regard, feams should be established such that its members may embrace the potential of
team-based learning's mutual effort. Specifically, competitions in games may be used to sustain
students' desire to study over an extended length of time. Students might be engaged in the
learning process to improve the efficiency of learning. Students play active roles in the learning
process. Active learning now comes into view. Competition-based learning is supported by active
learning. To achieve success in contests, students take proactive steps to acquire knowledge
before their peers (Culha, 2021).

According to Sung (2022), competition may help students improve their learning performance via
interaction throughout the learning process. A competitive learning strategy entails that students
attain learning goals via competition and its outcomes. Competitions amongst student groups
both encourage and assist them in achieving the competition's objectives. In addition,
participation in the competition encourages students to engage in group discussions and seek
solutions from the literature, therefore enhancing their problem-solving and critical thinking skills.
Past research has shown that competition makes students feel more energised and optimistic while
addressing difficult tasks in real-world settings (Burguillo, 2010). Admiraal et al. (2011) discovered
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that students were influenced by the scoring and reward system of a game and subsequently
competed with their classmates throughout the gaming process. The more pupils participated in
the competition, the more information they gained.

More competition-based systems have arisen recently, usually coupled with motivation and active
learning (Chen, 2018; Diep & Hieu, 2021). Frequently, competitions bring out the best in individuals
and motivate students to do better in the classroom. They promote enhanced motivation (Vasilica
et al., 2022), self-esteem (Hong et al., 2018), and academic performance (Radzi et al., 2020). When
cooperation is used, students assume more responsibility in competitions than in conventional
learning (Pang et al., 2019). However, the implementation of competitive-based learning should
be undertaken with care (Chen, 2018). For instance, lecturers need to ensure that curriculum-
based teaching and learning objectives are met.

23 Online and Distance Learning

The conventional face-to-face learning has been replaced by online (distance) learning,
resulting in diverse effects on the academic performance, physical and mental health of students.
Higher education plays a vital role in technological innovation and societal growth, which are
crucial to study and enhance online learning in the 21st century. The learning environment may be
one of the most important determinants of academic achievement in online education.
Academic performance reduction is more plainly associated with studying at home or in a dorm.
Several coping mechanisms, which are crucial for higher education and the promotion of a
civilised and sustainable society, are proposed to enhance online learning in the post-pandemic
period (Li & Che, 2022).

In addition, educational challenges in the present crisis include the need to rapidly transition to
digital learning and instruction, to aid with students and instructors who study or instruct from home,
and to ensure that students gain practical skills (Daniel, 2020). Access disparities to digital and other
resources fend to exacerbate these difficulties. Therefore, instructors have been required to quickly
locate or learn how fo create remote, digital tools and resources (Hughes et al., 2020). Finding an
appropriate and attractive interactive setting or incorporating feaching tactics into the course is
a more advanced approach than a regular class or lecture.

Intrinsically, the system should include an appropriate learning model to enhance the learning
result. Through interactive, adaptable, diverse, and stimulating activities, the ODL learning
approach encourages students to discover and investigate things independently (Mamun et al.,
2020). According to Hugus (n.d), features of effective online course design include a deliberate
design of course components, authentic learning, engagement, and collaboration. An engaging
online course is authentic and relevant when it connects student experiences to real-world
application.

3. Methodology

This empirical investigation aims to analyse the effectiveness of employing the CBL-PBL
learning model in studying mathematics, from the perspectives of lecturers and students. To
achieve the aim, the researchers adapted a proposed model by Almulla (2020). The model
highlights five major features that lead to student learning: learning engagement, collaborative
learning, disciplinary subject learning, interactive learning, and authentic learning. This study has
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proposed 11 hypotheses to gauge students’ perceptions of how CBL-PBL can affect students in
Mathematics instruction.

The intervention is tfermed as Calculus Project Online Presentation Competition (CAPOPCOM),
which was employed in August 2020. To assess the intervention, five significant elements of the CBL-
PBL that promote students’ Mathematics learning are highlighted: collaborative learning (COL),
disciplinary subject learning (DL), interactive learning (IR), engagement in learning (EG) and
authentic learning (AL).

H
Collaboration (COL) | ™~ Authentic tearmng
' ~ (AL)
ry H,_
H, Hig
s ™~ v
CBL-PBL ;’_ — —Hg——— ¥ Engagement (EG)
~ P 'y
~ -
W,
H, \,\>‘/\ His
2 Hy N\
v // N
,//// .
Disciplinary (DL) ¢ Hg »] Interactive (IR)

Figure 1: Research model and hypotheses by Almulla (2020)

Many learning environments include collaboration features that permit students to work together
to learn and grow. Interaction between learners and between educators is critical fo ensure
meaningful learning. Collaboration encourages pupils to learn, engage as a group, and reinforce
knowledge of the subject matter (Ling-Ling et al., 2021). The collaboration features comprise
feedback, discussion, sharing and revision processes. These activities are crucial in establishing
learners' knowledge repositories (materials, fechnologies, and contents), especially in the ODL
environment (Sharma & Saini, 2022; Wihlborg et al., 2018). Utilising these features, the researchers
opine that the projects can be conducted in students’ own space and then shared during the
virtual time. Therefore, the current research hypotheses include:

H1: There is a significant relationship between CBL-PBL and COL.
H3: There is a significant relationship between COL and EG.
H4: There is a significant relationship between COL and IR.

The theory of PBL is learning by doing, whereby learners are exposed to real-world challenges via
a project (Hawamdeh & Adamu, 2021). To address a real-world issue, an individual cannot merely
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rely on one area of skills but needs to apply different skill sets such as critical thinking, creativity,
teamwork, communication, and technology skills. PBL via CBL is a learning model that can cultivate
learners’ lifelong development, as highlighted in Alt and Raichel (2022) and Aufa et al. (2021).
Hence, the following hypotheses are formulated:

H2: There is a significant relationship between CBL-PBL and DL.
H8: There is a significant relationship between DL and EG.
H9: There is a significant relationship between DL and IR.

CBL-PBL substitutes assistive learning, faculty mentoring, discussion, and on-site experience for
traditional classrooms. It supports in-depth learning for individual students within an ODL
environment (Almulla, 2020). Hence, students’ knowledge grows as more sharing/discussions are
made. The questions in the competition are project-based and designed to inspire critical thinking.
Students attempt to think about the various parts of the project rather than simply following what
is faught in lectures. Students investigate the how, where, and why aspects of the challenges
presented. It encourages learners to think creatively for real-world problem-solving. Accordingly,
the hypotheses are put forward as follows:

H5: There is a significant relationship between CBL-PBL and AL.
H10: There is a significant relationship between AL and EG.

CBL-PBL is a strategy that bridges academic theories and real-world practice. Hence, it requires
students to present their project problems, processes, methods, and results; defend their solutions
when faced with peer review and constructive criticism. Accordingly, this empowers students'
engagement. The engagement experience is directly related to the learning objectives (Almulla,
2020). Credit is given not only for completing hours of instruction but also for learning. Students, for
example, reflect on what they learnt from the engaging experience and how it relates to the
subject of the course. The CBL-PBL strategy also helps to instil civic development and responsibility
in students (Ensmann et al., 2021), through discussion and sharing sessions. Hence, the hypothesis is
formulated as:

Hé: There is a significant relationship between CBL-PBL and EG.

CBL-PBL provides a platform for learners to interact by encouraging students to offer constructive
comments to one another. The activities can be broadcast on a video-based social learning
platform to engage students in weekly reflections. Students can use a basic video recording to
communicate their problems and answers, ask course members questions, and discuss the next
steps while they work on their assignments. Using CBL-PBL in remote learning allows teachers to
create meaningful content. It also allows students to collaborate and connect with one another
even when they are not in the same space. Hence, the hypothesis is formulated as:

H11: There is a significant relationship between IR and EG.

Table 1 presents a description of the construct items.
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Table 1
Description of study constructs and items

Construct ltem  Description Source
Collaboration Coll CAPOPCOM supported me as a student in (Grossman et al.,
collaborating with other students. 2019; Ung et al.,
Col2 CAPOPCOM supported me in deciding and 2022)
making choices on the project.
Col3  The CBL-PBL learning approach also emphasises
21st-century skills such as collaboration &
intferaction skills.
CBL-PBL CBL- CAPOPCOM enabled me to share resources with  (Grossman et al.,
PBL1 other students. 2019)
CBL- CAPOPCOM enabled me to share experiences
PBL2  in handling the project with other students.
CBL-  Ifind it easier to understand MAT183 (Calculus)
PBL3  with the CAPOPCOM learning approach.
CBL-  Ilike to learn MAT183 (Calculus) via CAPOPCOM.
PBL4
CBL-  1think CAPOPCOM was an extremely effective
PBL5  way tolearn MAT183 (Calculus).
Authentic ALl CAPOPCOM provided a meaningful and (Grossman et al.,
Learning (AL) valuable learning environment for understanding  2019; Moje, 2015)
MAT183 (Calculus).
AL2 CAPOPCOM compelled me to generate new
ideas, share those ideas, develop one another’s
thinking, and assess my and other students’
academic thoughts.
AL3 In CAPOPCOM, lintegrated and applied
knowledge from different lesson units fo address
the project questions.
Disciplinary (DL)  DLI1 | integrated technology (e.g., ICT tools) and (Grossman et al.,
applied MAT183 knowledge to my study area. 2019)
DL2 CAPOPCOM provided me with a platform to
apply MAT183 (Calculus) knowledge to solve
“real-world” issues in the project.
DL3 CAPOPCOM developed various abilities,
including crifical thinking, collaboration and
problem-solving.
Engagement EGI CAPOPCOM has increased my motivation to (Al-Rahmi et al.,
learn about new subjects or topics. 2019; Grossman et
EG2 | have participated actively in idea sharing and al., 2019)
discussion.
EG3 CAPOPCOM has increased my desire to seek out
new knowledge on my own that is relevant fo my
studies.
EG4 CAPOPCOM has increased my resourcefulness in

finding helpful information to solve mathematics
problem:s.
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Interactive (IR) IR1 In CAPOPCOM, my friends and | actively (Grossman et al.,
engaged in giving, receiving, and using peer 2019)
feedback to share information on the project.

IR2 In CAPOPCOM, the process of sharing, feedback
and discussion is a continuous cycle throughout
the semester.

IR3 Discussing and sharing in CAPOPCOM is crucial in
generating ideas and reflection.

Sampling Setting and Analysis

The CBL-PBL approach has been implemented in Calculus Project Online Presentation
Competition (CAPOPCOM) since August 2020 in the Calculus course. Calculus is a course for
undergraduate students in Applied Sciences at the Faculty of Applied Sciences in UiTM Sabah
Branch. Therefore, the population of this study is all students who registered for the Calculus course
in the current semester. They were taken as participants for CAPOPCOM. There were 36 students
and two lecturers involved in CAPOPCOM for the March 2021 — August 2021 semester. The Calculus
course syllabus is divided into three parts with five topics:

1. The first part infroduces Functions and discusses Limits and Continuity.

2. The second part starts with Differentiation and techniques to solve Differentiation. This part
is extended to include the application of Differentiation in four areas: related rates, sketching
graphs, maximisation and minimisation problems, and the Mean Value Theorem.

3. The last part is devoted to Integration, the reverse differentiation process. Same as the
second part, where it infroduces Integration and techniques o solve Integration. Then, this part is
extended to include the application of integration, where it focuses on the area under the graph
and the volume of solid revolution.

This course is fully online, and the assessment is divided into quizzes 10%, assignment 10%, project
10%, tests 20%, and the final assessment 50%. The rules and regulations of the competition are
explained in Saibin et al. (2021). The CBL-PBL approach has been implemented in project
assessment and focused only on the second part of the syllabus which is Application of
Differentiation. This is mainly because it is a compulsory topic in the course syllabus. The following is
the administration of the CBL-PBL intervention:

1. Participants were Diploma in Science students who took the Calculus course in their
fourth semester

2. Project requirements and specifications are defined by the course syllabus, in which
participants were required to solve a real-world problem related to the topics they learned in the
Calculus course

3. The participants strictly adhered to the competition rules set by the organiser

4, The winners received cash prizes and e-certificates as rewards
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5. The competition judges were made up of lecturers

After the competition had ended, a survey form was distributed to the participants. The survey
comprised closed-ended questions, with five-point Likert-type items (1-strongly disagree, 2-
disagree, 3-not sure, 4-agree, 5-strongly agree) was administered to the participating lecturers and
students at the end of the semester. The survey items themselves were adapted from various
sources, and these sources are detailed in Table 1. The survey aims to gauge lecturers’ and
students’ perceptions of the intervention. Cronbach’s Alpha coefficients were used to ensure the
construct items' reliability. The collected data were analysed using the SPSS 27.0 software and
relative frequency relative means, standard deviations and non-parametric correlations were
tfabulated.

4. Resulis
A total of two lecturers and 36 students participated in the survey. All the students were
doing a Diploma in Applied Science. The respondents comprised 28 female students (78%) and 8

male students (22%).

Table 2
Descriptive statistics of student respondents

Demographics Value Percentage
Gender Female 78%
Male 22%

RQ1: How do lecturers perceive CBL-PBL?

In addressing RQ1, Table 3 presents lecturers’ perspectives of the intervention. There were
two lecturers involved in the tfeaching and learning of Calculus. The table shows that both lecturers
were optimistic about the implementation of the CBL-PBL approach in Mathematics instruction.

Table 3
Lecturers’ perceptions towards CAPOPCOM

Statement Mean
| feel that CAPOPCOM was mostly successful in improving students' 5
engagement.
| find the implementation of CAPOPCOM very challenging but 5
accomplishable.
| feel that CAPOPCOM successfully improved students' understanding of 5
Calculus.
| feel that CAPOPCOM has succeeded in improving students' interest in - 4.5
Calculus.
| think that CAPOPCOM wass an extremely effective way to teach Calculus. 4.5
And overdall, | immensely liked implementing CAPOPCOM in teaching 5
Calculus.
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Open-ended questions were asked to gauge in-depth perceptions of the lecturers towards the
infervention. When asked, "What do you like the most about CAPOPCOM?" Both lecturers
highlighted the significance of using videos in presenting the project’s outcomes. One lecturer
stated that CAPOPOCOM had engaged the students in utilising technological tools to deliver the
solutions more creatively. While the other lecturer said, “"CAPOPCOM has improved teamwork
among peers.” RQ2: What are the significant influences of CBL-PBL on students’ learning
engagement?

The overall means and the standard deviations are presented in Table 4. The findings showed that
the mean values for all the dimensions were high, indicating a positive response to the constructs
that were measured in this research. Reliability tests were executed. The results revealed that the
Cronbach’s Alpha coefficients for construct items were relatively high: Collaboration (0.885), CBL-
PBL (0.787), Authentic Learning (0.952), Disciplinary Learning (0.952), Engagement (0.888) and
Interactive (0.779). The Cronbach’s a values which were higher than 0.70 indicate high internal
consistency reliability for the scales.

Table 4
The descriptive statistics of the constructs

Question Mean Standard Deviation  Minimum  Maximum

COLI 4.14 0.351 4 5
COL2 4.19 0.401 4 5
COL3 4.25 0.439 4 5
CBL-PBLT  4.08 0.280 4 5
CBL-PBL2 4.03 0.167 4 5
CBL-PBL3  4.06 0.232 4 5
CBL-PBL4 4.08 0.280 4 5
CBL-PBLS 4.08 0.280 4 5
ALl 4.14 0.351 4 5
AL2 4.11 0.398 3 5
AL3 4.08 0.368 3 5
DL1 4.14 0.351 4 5
DL2 4.11 0.398 3 5
DL3 4.08 0.368 3 5
EGI 4.11 0.319 4 5
EG2 4.08 0.280 4 5
EG3 4.14 0.351 4 5
IRT 4.19 0.401 4 5
IR2 4.14 0.351 4 5
IR3 4.25 0.439 4 5

Table 5 indicates that there was a significant, positive, and moderately strong correlation on H1
(Kendall |Tb|= 0.434, p=.006; Spearman r(df) =0.454, p=.005), H2 (Kendall |Tb|= 0.423, p=.009;
Spearman r(df) = 0.432, p=.009) and H5. (Kendall |1b|= 0.439, p=.00%; Spearman r(df) = 0.445,
p=.007). It is shown in the table that there was a significant, positive and strong correlation on H4
(Kendall |tb|= 0.569, p=.000; Spearman r(df) = 0.598, p=.000), Hé, (Kendall |Tb|= 0.517, p=.001;
Spearman r(df) = 0.532, p=.001) H7 (Kendall |Tb|= 0.529, p=.001; Spearman r(df) = 0.559, p=.000)
and H11 (Kendall |tb| = 0.559, p=.000; Spearman r(df) = 0.579, p=.000). There was a negative
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correlation on H3 (Kendall |1b|=0.112, p=.486; Spearman r(df) =0.114, p=.558), H8 (Kendall |Tb | =
0.259, p=.110; Spearman r(df) = 0.2688, p=.114), H? (Kendall | b |=0.270, p=.089; Spearman r(df) =
0.297, p=.079) and H10 (Kendall |1b|= 0.260, p=.113; Spearman r(df) = 0.266, p=.116) hypothesis,
hence not supported.

Table 5
Kendall and Spearman coefficients for hypotheses

Hypothesis  Description Kendall's Spearman’srho  Result
tau_b Sig.
Sig. (2-tailed)  (2-tqiled)

Hi CBL-PBL—-COL .434** A454** Supported
.006 .005

Hz CBL-PBL—DL 423 A432%* Supported
.009 .009

H3 COL—AL 112 114 Noft supported
486 .558

Ha COL—EG 569** .598** Supported
.000 .000

Hs CBL-PBL—AL 439%* 445** Supported
.009 .007

He CBL-PBL—EG S17%* .532%* Supported
.001 .001

H7 CBL-PBL—IR .529%* .559** Supported
.001 .000

Hs DL—-EG 259 268 Noft supported
.110 114

Ho DL—IR .270 297 Noft supported
.089 .079

Hio AL—-EG .260 266 Not supported
113 116

Hi IR—-EG .559** 579** Supported
.000 .000

5. Discussion

The study's results present strong evidence to support the claim that the intervention of
Competition-Based Learning (CBL) and Project-Based Learning (PBL) has a beneficial impact on
several facets of students' educational journey. The analysis provides evidence that this
intervention has a considerable positive impact on various aspects of students' educational
experience, including collaboration, disciplinary learning, authentic learning, engagement, and
intferactiveness.

The research findings support the hypothesis proposed by other researchers, confirming that CBL-
PBL interventions significantly enhance learning effectiveness. The agreement between CBL-PBL
techniques and established theories and findings highlights the potential of these approaches in
fostering a learning environment that promotes multidimensional growth.
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A significant finding pertains to the favourable association between interactive learning and
studentinvolvement. The utilization of CBL-PBL techniques inherently fosters active involvement and
increased levels of engagement among students. By engaging in practical exercises and fostering
group cooperation, students are encouraged to actively participate in the educational journey,
enhancing the learning experience's overall immersive nature.

The study elucidates a good correlation between collaboration and engagement while
simultaneously emphasizing that cooperation does not substantially influence authentic learning.
As supported by prior studies (Chen et al., 2018), this result could be ascribed to difficulties
associated with the infrastructure. Additionally, comprehensive studies are necessary to
comprehensively understand the intricacies related to this component. These investigations will
provide insights into potential obstacles and provide strategies to enhance the genuine learning
experience.

The study reveals no significant impact of disciplinary subject learning on engagement and
interactive learning. This observation is consistent with previous research, such as the study by Issa
et al. (2014), which argues that the various elements of CBL may unintentionally shift students'
attention away from the actual learning process. There is a suggestion that the competitiveness
among students for achieving success in projects may overshadow the primary learning objectives.
The significance of careful preparation and diligent supervision by educators during the execution
of CBL-PBL initiatives is emphasized in the works of Gutiérrez-Braojos et al. (2019) and Zhongming et
al. (2020).

In summary, the study offers a comprehensive viewpoint on the effects of Competition-Based
Learning and Project-Based Learning on the moftivation and academic achievement of
undergraduate students in mathematics. The results highlight the beneficial impact of various
instructional methods on fostering cooperation, enhancing student engagement, and facilitating
interactive learning. Nevertheless, going deeper into the complex relationship between real
learning, disciplinary subject learning, and the approaches employed to fully understand their
interplay is crucial. This research contributes to the current literature and highlights the importance
of careful planning and support when incorporating CBL-PBL tactics into educational settings.

é. Conclusion

This study examined lecturers’ perspectives and the impact of implementing the CBL-PBL
learning model on improving university education standards in Mathematics. The lecturers
expressed their positive responses to the intervention. CBL-PBL had been identified as the main
driver in influencing students’ learning engagement, collaboration, authentic learning, disciplinary
subject learning and interactiveness. The deployment of the CBL-PBL learning model must be
planned meticulously as the negative impact may side-track the students’ learning goals. A proper
guideline should be in place to ensure that the right motivation is nurtured in employing the same
intfervention.

Although the current study provided useful insights on CBL-PBL integratfion for undergraduate
Mathematics instruction, some limitations should be addressed. The respondents’ sample of the
intervention experiment was limited to students from Diploma in Applied Sciences. Thus, the
sampling of the study could be extended if a more comprehensive selection of students was
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included, by recruiting participants from other Mathematics courses and other undergraduate
programs. This can help to raise the external validity of the study.

Second, the study did not employ any control group as a basis of comparison to the experimental
group. This was decided because there was enough evidence in the literature that the intervention

employed is associated with the same outcomes. However, for strong internal validity, it is
recommended to include a control group in future.
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