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Abstract

The current study aimed to explore the effect of Brain-
Based Learning on students' intrinsic motivation (IM) to learn
and perform in mathematics. Owing to the educational
implications of Neuroscience, the researchers planned the
mixed-methods experimental study with a convergent
parallel research design. The parficipants were eighth-
graders enrolled in a boy's public secondary school in the
disfrict Kasur of Pakistan in the academic year 2021-2022.
Students were taught mathematics using the fraditional
lecture method in the baseline phase (A) and withdrawal
phase (A). In contrast, in the freatment phase (B), they
were taught mathematics with activities based on the BBL
approaches and principles. The mathematics motivation
scale and observation (field notes) were used to collect
qguantitative and qualitative data simultaneously. Data
were analysed using one-way repeated measure ANOVA
and thematic analysis. The researchers revealed that
BBL significantly affects students' IM to learn and perform
in mathematics. After qualitative analysis, it was found
that visual story-telling, role-playing, i-Think maps, back-
to-board, and Kick Me Poison Box are the most effective
BBL-based activities which keep them engaged, provide
emotional support and contribute fo students' IM fo learn
and perform in mathematics. The teachers were suggested
tfo develop BBL-based activities to feach mathematics and
fo influence students' psychology in the schools.
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Introduction

Neurosoience with ifs relevance and functions has
emerged as a powerful field of research with immense
potential to revolutionise various disciplines (Amjad et
al., 2022a; Palser et al., 2022). School psychology is one
such field that benefits significantly from infegrating
neuroscience (Baker et al., 2021; Benson et al., 2019). As our
understanding of the brain and ifs cognitive processes
expands, educators and school psychologists have begun
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to recognise neuroscience's profound implications
on enhancing student learning, well-being, and
overall educational outcomes (Tortella et al., 2021).
This research paper aimed to explore the impact of
neuroscience (Brain-Based Learning) in the field of
school psychology, examining how the application
of BBL principles can inform and improve educational
practices. By integrating neuroscience findings into
insfruction, infervention, and assessment, school
psychologists can enhance their ability fo address the
diverse needs of students and create more effective
learning environments.

The objective of maximising sfudents' cognitive,
social, and emotional growth is at the heart of
educational psychology (Immordino-Yang et al., 2019).
Brain-Based Learning (BBL) provides valuable insights
info the underlying neural mechanisms that govern
these processes (Jailani, 2021). By understanding
the brain's sfructure, functioning, and flexibility,
school psychologists can infroduce interventions
and educational strategies that align with the
biological foundations of learning and development
(Wilcox et al, 2021). The BBL approach can greatly
benefit intervention strategies to support students'
learning and well-being (Baratali & Zardeini, 2023).
By identifying the neural processes associated with
specific learning difficulties or behavioural challenges,
school psychologists can provide interventions to
target these underlying neural mechanisms (Sanetti
& Collier-Meek, 2019). The BBL offers valuable insights
info how children's brains acquire, process, and
retain information (Li & Lan, 2022). Understanding
brain functions associated with attention, memory,
motivation, and emotional regulation can guide
educators in designing insfructional strategies that
capitalise on these processes (Drigas & Karyotaki, 2019).

From elementary school fthrough  university,
mathematics is now an integral course for students
(Oljayevna & Shavkatovna, 2020). In the Pakistani
school system, it is considered a compulsory subject
(Amjad et al, 2022b). Most students think that
mathematics is complicated for students since it
requires them to learn formulas (Das, 2019), carefully
follow examples (Udjaja et al.,, 2018), and work with
sometimes less inferesting subject matter (Appelgate
& Jurgenson, 2022). Although memorising extensive
mathematical notations is a common perception of
mathematical ability (Pascual, 2022), Nematillayevna
(2021) argues that what maftters is learning how to
apply those notations effectively when faced with a
challenge.

Mathematics significantly impacts our personal and
professional lives, and its essential for individual and
national economic development (Maass et al., 2019).
Its multidisciplinary nature aids a country's scientific
and technological progress (Bano et al, 2018).
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Mathematics supports engineering, physics, sociology,
chemistry, and arts (Weeden et al., 2020). It profoundly
impacts scientific and technological advancements,
from research fo products and business methods
(Engelbrecht et al., 2020). Given its broad influence,
mathematics is vital in modern curricula (Alayont,
2022). Tokac et al. (2019) recommend providing students
with resources through mathematics education to
succeed in today's advanced nations.

According fo Khan et al. (2020), Pakistani students
show less performance in mathematics as compared
to other school-level subjects. Overall, it was also
found that students' arithmetic ability to perform in
mathematics was not good, which led to decreasing
motivation to learn and perform in mathematics. It
was also found that students between the ages of four
and eight perform poorly globally in mathematics.
According to Stojanovi¢ et al. (2021), teachers' ability to
teach, the calibre of the pupils, and their motivation all
play a significant role in how well students achieve in
mathematics. Additionally, it is clear from the literature
that students struggle academically in mathematics
classes because they lack motivation.

Influence of BBL on Learning and Motivation

The BBL is based on the principles of Neuroscience,
which was first used in American schools in the 1990s
(Ferreira & Rodriguez, 2022). From the ftiniest cellular
level to the greatest cerebral circuits, neuroscience
explores how the brain works to learn and remember
things (Glaser et al.,, 2019). Teachers must understand
how to teach using what scientists have discovered
about the brain to learn in a way compatible with
their brain. Applying the ideas and methods found
through research on the brain is necessary for
feaching in a way that is in harmony with the brain
(Ferreira & Rodriguez, 2022). Understanding how the
brain functions, what influences the brain, and the
educational consequences of these insights have
changed over time (Tan & Amiel, 2022). One of the BBL's
founders, Caine and Caine (1991), stated the following
approaches based on 12 BBL principles.

Relaxed Alertness: Triana and Zubainur (2019) suggest
that a peaceful and attentive atmosphere should be
provided when students are given a difficult task. For
successful problem-solving, students must be relaxed
and engaged. Saleh and Mazlan (2019) argue that
a challenging learning atmosphere with minimal
physical risk is essential to ensure students learning.

Orchestrated immersion: It is related to immerse
students physically, mentally, and emotionally in a
topic to support learning (Saleh & Mazlan, 2019). Triana
and Zubainur (2019) argue that students can use their
methods to solve problems, helping them remember
the principles. Critical thinking and acquiring new
information are essential for learning.
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Active processing of experience: To foster learning,
Triona and Zubainur (2019) suggest creating
environments like small discussion groups that
motivate students to engage with the material. Saleh
and Mazlan (2019) added that it enables students to
internalise information, value it, make connections,
and form relevant opinions or decisions.

Motivation for Mathematics Learning

Several factors and types of motivation affect
mathematics learning motivation (Hung et al,
2019). Wilkie and Sullivan (2018) suggest technigues
fo influence infernal and exfternal motivation. IM
happens when a person is motivated to succeed
by themselves. Extrinsic motivation (EM) is external
and easier to cultivate for mathematics study than
IM. External sources like instructors' motivation and
peers' approval of a positive learning environment
can strengthen EM. IM is more difficult to develop. El-
Adl and Alkharusi (2020) argue that IM leads to self-
satfisfaction as students strive for learning success.
IM happens when students find personal value
in something and recognise ifs potential benefits.
Weidinger et al. (2017) found that IM rises at the start of
school but decreases in the early years. Some students
experience a more significant drop than others, while
some show no decrease. Learners' IM is based on
meeting their needs for competence, instruction, and
tfeaching activities (Ryan & Deci, 2016). Good grades
should moftivate students to learn, while poor grades
can reduce their sense of intellectual ability and IM.
Corpus and Wormington (2014) found that lower
scores in elementary school correlated with lower IM.

BBL and Students' Intrinsic Motivation

Neuroscience-based feaching approach (BBL) have
educational applications and have been used fo
study student motivation (Al-Balushi & Al-Balushi, 2018),
academic performance (Amjad et al, 2022b), and
problem-solving skills (Pohan et al., 2020). Mekarina and
Ningsih (2017) found that BBL is an effective teaching
approach for mathematics and can enhance
students' motivation and performance. BBL helps
students use the right part of the brain to learn and
perform in mathematics. This enables them to make
the most of their brains to understand mathematics
concepts. Yu and Singh (2018) studied the relationship
between teachers' feaching strategies and students'
mathematics learning motivation. SEM  analysis
reveadled a positive relationship between teachers'
teaching strategies, self-efficacy, and motivation.

BBL and sftudents' IM to learn and perform in
mathematics are interconnected concepts with great
promise for fransforming the educational landscape.
BBL emphasises aligning feaching sfrategies with
the brain's natural learning processes (AlAkayleh &
Al-Zoubi, 2023), while IM refers to students' internal
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drive and interest in learning (Bai et al.,, 2021). When
BBL principles are applied effectively in mathematics
instruction, they can intensely impact students' IM
(Solihatin & Syahrial, 2019). Here are some key points
to explore the relationship between BBL and IM in
mathematics:

Engaging Learning Experiences: BBL promotes active
and experiential learning, meaningfully allowing
students to explore and engage with mathematical
concepts. Students' curiosity is piqued by incorporating
hands-on activities, real-world problem-solving, and
interactive experiences, fostering a more profound
interest and IM to delve into the subject (EI-Adl & Saad,
2019).

Personalised Learning: BBL recognises the uniqueness
of each student's brain and learning style. By failoring
instruction fo individual needs and preferences,
students feel more autfonomy and ownership over
their learning journey. This sense of confrol and
personalisation can ignite IM as students' experience
and as a sense of accomplishment in mastering
mathematical challenges (Baratali & Zardeini, 2023).

Positive Emotional Climate: BBL has shown that
emotions play a crucial role in learning and memory.
A brain-based approach to mathematics instruction
creates apositive and supportive learning environment
where students feel safe to take risks, make mistakes,
and embrace challenges. When students experience
positive emotions in the classroom, it enhances their
IM to learn and perform in mathematics (Baratali &
Zardeini, 2023).

Meaningful Relevance: BBL advocates connecting
new  knowledge and existing experiences.
By demonstrating the practical relevance of
mathematics in everyday life, careers, and various
fields of study, students can see the significance of
learning mathematics, increasing their IM to learn and
perform in the subject (Apeh & lyiegbuniwe, 2021).

Mastery and Growth Mindset: BBL supports the idea
of a mastery and growth mindset. Students are
encouraged fo see effort and perseverance as the
path to improvement rather than fixating on grades
or performance. This mindset fosters IM as students
become more focused on the joy of learning and
the satisfaction of personal development rather than
external rewards (Hofer, 2022).

Challenging but Manageable Tasks: BBL advocates
for presenting challenges that are neither easy nor
difficult. By providing sfudents with appropriately
challenging mathematical tasks, they experience
a state of flow where they are fully engaged
and immersed in the learning process. This flow
state enhances students' IM and fosfers a love for
mathematics (Apeh & lyiegbuniwe, 2021).
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Research Objective

Many researchers in Pakistan have employed different
tfeaching straftegies to increase students' motivation
to learn mathematics (Farooq et al.,, 2020; Talpur et
al, 2021). Why pupils fail to acquire higher grades
at all levels, particularly at the elementary level, is
still a concern (Mushtaqg, 2021). The authors, in the
present mixed-methods' study investigated how the
BBL affects eighth graders' IM to learn and perform
in mathematics. The researchers developed a null
hypothesis based on the study aim that BBL had no
significant effect on elementary-level pupils' IM to
learn and perform in mathematics. The researchers
also developed a research question fo explore which
tfeaching activities could enhance students' IM fo learn
and perform in mathematics at the elementary level.

Methods

The authors infended fo study the influence of BBL-
based intervention onstudents'IM fo learn and perform
in mathematics on a deeper level. Therefore, an in-
depth study of the phenomenon was designed using
mixed-methods research. The pragmatic research
philosophy guided fthe present study. The problem
under investigation was explored using quantitative
and qualitative approaches.

Research Design

The research design of the sfudy was convergent
parallel. In  this design, researchers collected
qguantitative and qualitative data simultaneously
and independently. The results from both data sets
were then compared and confrasted to identify any
convergence or differences. The researchers used an
experimental-based quantitative investigation during
the different phases of the study. It was an 18-week
experimental study that had three different stages.
The experimental phase was carried out fo investigate
the change in applied behaviour analysis (A-B-A) in
students' IM fo learn and perform in mathematics.
It was carried out in three stages of equal length (6
weeks). In the first stage A (baseline phase), students
were ftaught eighth-grade mathematics using the
fraditional lecture method. In the second stage
B (treatment phase), the students were taught
mathematics using activities based on BBL principles.
In the third stage of study A (withdrawal phase), the
researchers withdrew the intervention, and students
were again faught mathematics using the traditional
lecture method.

Study Content

In  the present mixed-methods invesfigation,
elementary-level students were faught nine unifs
overall. In the baseline phase, they were taught unifs
(1-3) named "Operation on Sets," "Real Numlbers," and
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"Number System." During the treatment phase, they
were tfaught units (4-6) named "Financial Arithmetic,"
"Polynomials," and  "Factorization, Simultaneous
Equations! In the withdrawal phase, they were
taught the three units (7-9) named "Fundamentals
of Geometry," "Practical Geometry," and "Areas of
Volumes.". It is evident that public school teachers
typically teach mathematics with traditional lecture
method using whiteboard practice only. Based on the
nature of lower IM among Pakistani students to learn
and perform in mathematics, the researchers in the
current study deployed BBL-based teaching in the
tfreatment phase.

Participants

The participants of the current mixed-methods study
were elementary-level students. These students were
considered based on the argument that elementary-
level students show less motivation fo learn and
perform in mathematics. The researchers selected
a school using convenience sampling and selected
all the eighth-grade students enrolled in a public
secondary school in the Kasur district. The ftotal
number of students in eighth grade was 39, who were
faught in a single class section as per the standardised
student-teacher ratio (40/1). Single class section was
selected as study sample and single-subject research
wass designed to measure the influence of BBL-based
feaching on students' IM fo learn and perform in
mathematics.

Data Collection Tools

The researchers used fwo data collection fools
simultaneously to collect data in the present study.
The authors developed an observation guide to take
field notes on students' IM in the class. The observation
guide was designed using the different aspects
related to the students' IM. To collect quantitative data,
Mathematics Motivation Scale (MMS) developed by
Zakariya and Massimiliano (2021) was used during all
study phases. It was developed on a five-point Likert
scale with options ranging from strongly disagree (1)
to strongly agree (). It had different items to measure
students' IM fo learn and perform in mathematics.
The IM of the study respondents was measured
using quantitative items like "If | can, | want to get
better grades in this class than most of the other
students." The reliability of the MMS was ensured using
Cronbach's Alpha, and it ranged from .73 to .86, which
was satisfactory to use, according to Hair et al. (2021).

Procedure
The researchers deployed mixed-methods
approaches in the current single-subject A-B-A

experimental study. It was carried out in three phases.
In the first stage A (baseline), the researchers taught
the first three units of eighth-grade mathematics with
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the traditional lecture method and measured their
IM to learn and perform in mathematics three times
using the MMS at the regular interval of two weeks.
Meanwhile, the researchers also took field notes
according to the observation guide. In the freatment
phase (B), the researchers taught units 4-6 with the help
of activities based on the BBL principles. To get the BBL
intervention's effect, all the activities were designed
by following the BBL approaches; a) relaxed alertness,
b) orchestrated immersion, and c) active processing
and 12 principles of BBL. The researchers devised
brainstorming activities to improve class engagement
and students' social and emotional involvement. They
were given various mathematical problems to solve
and discuss with their classmates. Students were
assigned different roles to play in role-playing activities
to improve their understanding of various concepts
related to financial mathematics, polynomials, and
factorisation, simultaneous equations. In one of the
exercises, students were given the roles of judge,
lawyer, and petitioner for the division of inherited
property according to Islamic laws after the death of
a father who left behind three sons, a daughter, and
a widow. In the following units, students were given
different mayps, sketches, tree maps, and flowcharts
to think, relate, and identify the correct solutions
for teaching ideas linked to factorisation and other
functions of algebraic expressions. The researchers
devised activities based on the students' visual
imagery to teach distinct views from the unit covering
tfopics concerning simultaneous linear equations. Short
videos, simulations, and images about simultaneous
linear equations were shown fto them. During the
intervention phase (B), the researchers measured
students' IM to learn and perform in mathematics at
the regular interval of two weeks. The authors also
took field notes after observing their engagement and
participation in the activities based on BBL principles.
In the withdrawal phase A, the researchers withdrew
the BBL-based infervention. Studenfs were again
taught with the lecture method. The authors took field
notes for qualitative data, while quantitative data was
measured using MMS at regular intervals of two weeks.

Figure 1
Phase-Wise Study Progression
‘ N
* 6-weeks
A: Baseline phase « Students were taught units 1-3 of mathematics
using traditional lecture method
\_ J
4 N
* 6-weeks
B: Treatment phase « Students were taught units 4-6 of mathematics
using activities based on BBL principles
\_ J
P
* 6-weeks N
J— « After removing intervention, students were
A: Withdrawal phase taught units 7-9 of mathematics using
traditional lecture method )

-

115

In Figure 1, the researchers presented the phase-
wise study progression. During each stage, three
measurements for IM tfo learn and perform in
mathematics were taken using MMS and filed notes.

BBL's founders, Caine and Caine (1991), presented
12 BBL principles. The authors developed tfeaching
activities for freatment phase (B) in this investigation
based on the 12 principles. The detail of the activities is
presented in Table 1.

Ethical Considerations

In this experimental invesfigation, the researchers
meticulously adhered fo esfablished research ethics
for the adolescent respondents. Informed consent
was obtained from all participating respondents and
their parents, signifying their voluntary agreement
fo participate in the study. After recruitment info
the investigation, fthe parficipants underwent a
comprehensive briefing, acquainting fthem with
the research procedures, study duration, and the
prescribed code of ethics. All participants were assured
of anonymity fo profect their personal information,
as neither their names nor locations were disclosed,
mitigating any risk of confidentiality breaches. The
experiment fook place in natural settings, devoid of
any inferventions or activifies that could potentially
cause harm fo the participants. The activities
conducted during the study were thoughtfully aligned
with the prevailing school culture and education
calendar, ensuring seamless integration into the
participants' daily routines. Each activity was precisely
organised to fit within a fime frame of 45 minutes.
Considering linguistic diversity, a bilingual version of
the research instrument, comprising both English and
Urdu, was employed for quantitative data collection.
This thorough modification made it easier for the
participants to understand each item and provide
meaningful and precise responses.

Data Analysis

In this paper, the authors deployed MMS to collect
quantitative data and field notes to collect students'
qualitative responses during an 18-week study. The
quantitative data was analysed using the SPSS (Version
26) software, and qualitative data were analysed using
the NVivo (Version 12 pro) software. The researchers
deployed one-way repeated measure ANOVA tfo find
the influence of BBL-based instruction on students' IM
to learn and perform in mathematics. The qualitative
data was analysed using the thematic data analysis
technique by following the six-stage guidelines of
Braun and Clarke (2006). The interpretation of the
analysis is presented below.

Results

After the data analysis, quantitative and qualitative
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Table 1
List of Activities and Features Based on BBL Principles

September 2023, Volume 16, Issue 1, 111-122

Treatment/Activity Features

BBL Principles

Visual Story-telling Visual imagery

Picture metaphor

Role Play Emotion in learning
Kinesthetic

Auditory

Kinesthetic
Brainstorming
Verball

Back to Board

Kick Me Poison Box Making connection
Develop meaning
Thinking through analo-

gies

i-THINK Map Brainstorming
Visual imagery
Demonstration of stu-

dents' understanding

The brain understands and remembers best when facts
and skills are embedded in natural spatial memory.
Learning always involves conscious and unconscious
processes.

Appropriate environment, music, and aroma excite rain
activity.

Each brain is unique.

A positive climate stimulates brain function.

Learning is enhanced by challenges and inhibited by
threats.

Learning engages whole physiology.

Each brain is unique.

The search for meaning is innate.

The search for meaning comes through the brain pat-
terning process.

Learning always involves conscious and unconscious
processes.

Learning engages whole physiology.

Complex and active experiences involving movement
stfimulate brain development.

Each brain is unique.

The search for meaning is innate.

Learning always involves conscious and unconscious
processes.

Learning always takes place in two memory approach-
es, retaining facts, skills, and procedures or making sense
of experience.

The brain can quickly grasp and remember facts and
skills embedded in its memory space.

Each brain is unique.

The brain is unique and a parallel processor.

Learning always takes place in two memory approach-
es, retaining facts, skills, and procedures or making sense
of experience.

data results are presented and inferpreted below.
The researchers collected data nine times during the
current mixed-methods longitudinal experimental
study. The mean scores for students' IM fo learn and
perform in mathematics are presented below.

Figure 2
Effect of BBL on Students' IM to Learn and Perform in

Mathematics
ag W94
“4,55,,4.4,/..4“‘.
4,15
13 408 g
4
326 3247328
| I I
2 I
1
0
A: Withdrawal Phase

A: Baseline Phase

B: Treatment Phase

In Figure 2, the researchers presented the results of
qguantitative data to explore the effect of BBL on
students' IM to learn and perform mathematics during
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the study phases. In the baseline phase (A), when
students were taught with the fraditional lecture
method, their scores (M, = 3.26, M, = 3.24, M, = 3.29)
were lesser than the scores during the freatment
phase (B) (M, = 456, M, = 474, M, = 494) when they
were taught mathematics using the activities bases
on BBL principles. In the withdrawal phase (A),
when the researchers withdrew from the BBL-based
intervention, the scores (M, = 415, M, = 408, M, = 3.97)
showed a decline from the treatment phase (B). It
was found that the increase in mean scores in the
tfreatment phase (B) and the decrease in the mean
score during the withdrawal phase (A) were owed to
the BBL-based infervention.

A one-way repeated measure ANOVA was utilised
tfo test the null hypothesis. The mean scores of
distinct phases within the study were examined at
a significance level of .001. This analysis assumes
homogeneity of variance among the differences
observed among study phases. The results of the
assumption of sphericity are displayed in Table 2.
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Table 2 displays the results of Mauchly's test, indicating
a significant violation of the assumption of sphericity
(Mauchly's W = .000 < .001). In such cases, the adjusted
sphericity procedure is warranted. Given that the
value of adjusted sphericity exceeds .75, Huynh-Feldt's
correction was employed fo interpret the outcomes
of the BBL on students' IM fo learn and perform in
mathematics below.

The assumption of sphericity was assessed and found
to be 132.71, higher than the value of .756. Consequently,
Huynh-Feldt's correction was applied to analyse the
differences in mean values for students' IM across nine
measurements within three phases. The impact of BBL
on eighth-graders' IM during the infervention phase
was examined, and post-Huynh-Feldt's correction, the
sphericity-adjusted F-statistic was found to be F(2.95)
= 11, with a p-value of 0.000 (p < .001). The effect
size, represented by partial eta squared (np2), was
calculated to be .75, signifying a statistically significant
impact of the BBL activities on students' IM to learn
mathematics, meeting the criteria set by Latoszek
(2020) for statistical significance. Consequently,
it can be inferred that the BBL-based activities,
including visual imagery, role play, i-Think map, and
brainstorming, had a significant effect on students' IM
to learn and perform in mathematics throughout the
tfreatment phase (B), specifically in learning financial
arithmetic, polynomials, and factorisation related
tfopics.

Table 2
Mauchly's Test of Sphericity

In this part of the results, the researchers presented
the analysis for the qualitative data. The researchers
took field notes daily during all the study phases by
following the olbservation guidelines. After applying
thematic data analysis, the authors found the
following themes.

Class Engagement and Interaction

The researchers found that when the sfudents
were taught using the fraditional lecture method,
students showed poor class management in the
baseline phase. They were less interactive and most
of the time passive in class. It was also found that
few of the students never asked a question to the
teacher or peers. While in the treatment phase, they
were more engaged. Perhaps, it was the effect of
activities designed based on BBL principles. In this
phase, students showed enthusiasm and interest, and
quantitative results showed that they got the highest
IM fo learn and perform in mathematics during this
phase. In the withdrawal phase, the researchers
observed that students' class engagement and
interaction decreased from the baseline phase.
Although it remained better than the baseline phase,
it significantly reduced from the freatment phase.
When the authors matched the data friangulation
results, it was concluded that both types of data
support each other and validate the influence of BBL-
based teaching on students' IM to learn and perform

Epsilon
Within Subjects Effect Mauchly's W Approx. Chi-Square  df  Sig.
Greenhouse-Geisser Huynh-Feldt Lower-bound
Intrinsic motivation .000 288.775 35 .000 .340 369 125
Table 3
Mean and Standard Deviation Values and Tests of Within-Subjects Effects
Variable M SD N df Sphericity Effect Fratio  Sig. Partial Eta Squared
assumed
Week 2 3.26 607 39 2.95 132.71 IM m  .000 .75
Week 4 3.24 669 39
Week 6 3.29 648 39
Week 8 456 348 39
Week 10 474 275 39
Week 12 494 125 39
Week 14 415 420 39
Week 16 4.08 427 39
Week 18 3.91 624 39

17



I

iejee™

in mathematics. It showed that activities such as
visual story-telling, role-playing, i-Think maps, back-to-
board, and Kick Me Poison Box effectively increased
students' IM during the treatment phase.

Emotional Support

The authors found that the emotional support of
students was lowest during the baseline phase, and it
enhanced dramatically during the treatment phase.
In the withdrawal phase, it was although betfter than
the baseline phase but significantly decreased from
the treatment phase. This fluctuation of emotional
support in class was owed fo implementing BBL-based
feaching. The feacher taught them such activifies,
which were designed for the BBL principles, and
these principles focus on emotional atfachment. It
was found that when they were part of the groups'
activities, they showed an empathetic attitude toward
each other. After triangulating the data for validation,
it was investigated that activities such as role-playing,
visual story-telling, i-Think maps, and back-tfo-board
are effective activities for students' emotional support
and confributed to increasing students' IM during the
freatment phase.

Discussion

The present mixed-methods study aimed to examine
the impact of BBL on students' IM to learn and perform
in mathematics. During the research, participants
were exposed fo traditional lecture-based instruction
in the baseline and withdrawal phases, while the
freatment phase entailed BBL-based activities and
principles. The study's results revealed a significant
enhancement in students' IM when exposed to the
BBL approach, attributing this improvement to the
intervention during the freatment phase. Concerns
over enhancing students' motivation in mathematics
have long occupied educators and stakeholders
(Faroog et al., 2020; Mushtaq, 2021; Talpur et al.,, 2021),
revealing the positive impact of the BBL feaching
approach on students' IM in mathematics, particularly
significant. Wilkie and Sullivan (2018) posited that IM
plays a pivotal role in overall motivation, strengthening
efforts toward achieving academic goals, especially
in mathematics.

The literature strongly indicates that students'
inadequate motivation contributes to a high rate of
mathematics failure (Heyder et al., 2020).In this context,
the current study offers a promising explanation by
proposing BBL-based activities to enhance students'
IM and, consequently, their likelihood of academic
success. Froiland and Worrell (2016) support this claim,
highlighting that infrinsically motivated students
outclass in various educational events, displaying
sharp passion, challenge-seeking tfendencies, greater
partficipation, and enhanced performance. The
thematic analysis also supports the argument that
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when students were taught mathematics with BBL-
based activities, they felt more passion and energy to
solve mathematical problems.

An essential consideration is the students' classroom
engagement, with  motivation being crifical.
Motivated students actively confribute to class
work, enthusiastically engaging in tasks and fulfilling
deadlines (Musu-Gillette et al, 2015). Embracing
BBL-based activities in mathematics instruction
can encourage students' motivation by addressing
their needs in ferms of competency, teaching,
and pedagogical experiences, thereby fostering
academic achievement and the atftainment of
favourable grades. Qualitative analysis showed
that when BBL-based interventions were applied in
the class, it enhanced their class engagement and
participation. It further supported the quantitative
findings, significantly increasing students' IM during
freatment.

Ryan and Deci (2016) reinforce the relationship
between motivation and academic achievement,
asserting that successful educational outcomes are
a powerful motivator for students. Conversely, lower
scores may undermine students' confidence in their
intellectual abilities and lead to demotivation. In this
context, BBL emerges as a valuable approach fo
nurtfuring moftivation, enabling students to achieve
higher scores and find fulfilment in their academic
pursuits. Thus, it can be argued that BBL is an effective
approach with the potential o enhance students' IM
and engage them in class participation. Their passion,
energy, and interest in solving mathematical problems
increased when they were tfaught with the help of
BBL-based activities.

The research findings, determined through one-way
repeated measure ANOVA, conclusively demonstrate
that BBL-based activities significantly influence
sfudents' IM to learn and perform in mathematics.
These results validate the findings of Mekarina and
Ningsih (2017), who support the efficacy of BBL as
a feaching sfrategy, enhancing both motivation
and mathematical proficiency among students.
Furthermore, the estimated marginal mean score
highlights a positive relationship between the BBL-
based teaching approach and students' IM to learn
and perform in mathematics, supporting the study
findings of Yu and Singh (2018) in their investigation
of the interplay between tfeachers' strategies and
sfudents' motivation for mathematics learning.
Additionally, Effendi and Marlina (2021) emphasise
the potential of the BBL model to elevate students'
motivation in mathematical communication, aligning
with the present study's outcomes.

Thus, this research digs info the field of educational
exploration, revealing the remarkable potential of BBL
to ignite students' IM in the pursuit of mathematical
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learning and performance. The findings emphasise
the significance of incorporating the BBL approach
in mathematics education to unlock students' full
potential and pave the way for academic excellence.
As educators and stakeholders embark on the path
ahead, may these insights serve as a guiding light to
invigorate the hearts and minds of future learners,
fostering a generation of motivated individuals poised
for success in their mathematical endeavours. Hence,
it can be argued that the implications of neuroscience
in school can effectively affect students' psychology.

Conclusion

The authors performed the convergent parallel study
using experimental condifions. Students overcame
the fear and concerns about enhancing stfudents'
IM fo learn and perform in mathematics which has
challenged teachers over the decades. Academia
also believes that students' IM is one of the crucial
aspects for students' success in school psychology. The
current study was designed to investigate the effect of
BBL on students' IM to learn and perform mathematics
at the elementary level. During the intervention phase
of the study, the researchers developed mathematics
learning activities based on the approaches and
principles of BBL. The visual analysis presented a
comparison in all stages of the study, which revealed
that the increase in IM during the freatment phase (B)
was due to the intervention provided to students for
mathematics learning. The decline in IM during the
withdrawal phase (A) further supported the study's
findings that the results started decreasing when the
intervention was withdrawn. The qualitative data also
supporfted the quantitative data findings when data
friangulation was performed. Thus, the current study
concluded that BBL significantly affects students' IM fo
learn and perform in mathematics.

Limitations, Study Implication, and Future Research

The present investigation had certain limitations. Being
a mixed-methods study, the researchers employed an
experimental setting on a single subject (A-B-A) with
a relatively smaller sample size and confined to a
specific region encompassing one school and class.
While the A-B-A design effectively addresses potential
threats like history and matfuration by equalising the
duration of all study phases, concerns arise regarding
the generalizability of the results to a broader context.
Moreover, the repetitive use of the same measurement
tfool (MMS) for data collection at two-week intervals
might intfroduce potential biases in communicating
results. Additionally, the study's budget constraints
necessitfated the creafion of BBL-based activities
using cost-effective, non-elaborate materials to foster
a conducive environment for students' engagement
with mathematical concepts. These limitations could
potentially restrict the scope and applicability of the
current studly.
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Despite these limitations, the study's findings have
practical implications for students and teachers at
the elementary school level. Adopting a classroom
environment that emphasises BBL may foster a sense
of comfort and ease for teachers and students,
potentially alleviating the stress associated with
achieving higher academic scores. The investigation
demonstrated a significant increase in students' IM
to comprehend and apply mathematical concepts,
highlighting the potential of BBL as a valuable
approach for enhancing students' class participation,
engagement, and retention.

While the current study provides valuable insights, it
also suggests further exploration. Future researchers
may consideremploying only aqualitative approachto
thoroughly assess the impact of BBL-based activities on
students' IM in learning and performing mathematics.
They can deploy semi-structured inferviews or
focused group discussions to explore teachers' and
students' dispositions and applications of BBL-based
interventions. The current findings could be replicated
by designing experimental studies utilising alternative
designs beyond the A-B-A. Such endeavours would
confribute to a more comprehensive understanding
of BBL strategies' potential benefits and effectiveness
in mathematics education.
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