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The objectives of this research were to study the efficacy of the mathematics
instructional model (BRIGHT model) based on realistic mathematics
education (RME) and model-eliciting activities (MEAs) approaches to
enhance mathematical thinking (MT) for upper primary school students as
follows: i) to compare the mathematics achievement of students before and
after studying with the BRIGHT model, ii) to compare the MT of students
before and after studying with the BRIGHT model, and iii) to evaluate the
students' and mathematic teachers' satisfaction on learning activities by using
the BRIGHT model. The results of this research were as follows: i) the
mathematics achievement and MT of students after studying were
significantly higher than before studying with the BRIGHT model; ii) the
student satisfaction with learning activities using the BRIGHT model was
satisfied all aspects of the assessment. The mean scores from highest to
lowest were as follows: benefits that student received, learning atmosphere,
and learning activities, respectively; and iii) the satisfaction teachers and
educational superiors were very satisfied with the learning management

process and applying the BRIGHT model. Therefore, learning through the
BRIGHT mathematical modeling has shown all aspects of students' and
mathematic teachers' expected development.
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1. INTRODUCTION

Mathematical thinking (MT) is closely related to the ability to solve problems in everyday life.
Therefore, MT is an important skill that is a goal for learning in everyday life and serves as a guideline for
effective mathematics learning [1]. Understanding the nature of mathematics and the level of MT
development of students is a crucial factor in planning the mathematics learning process. The nature of
mathematics is abstract, factual, and symbolic which is difficult for students to understand. Therefore,
teachers played a critical role in students' learning achievement by adjusting mathematics instruction to the
developmental level of students' MT [2]. The sub-dimensions of MT consisted of advanced thinking
processes, reasoning skills, competence in MT abilities, and adeptness in solving problems [3]. Previous
studies have shown that the application of realistic mathematics education (RME) corresponds to effective
learning practices [4]-[6]. RME involves connecting mathematical concepts with real-life situations and
relating to student’s experiences to encourage students to practice logical thinking and imagination [7], [8].
Learning with RME is conducted through a series of activities with the aim of allowing students to build
understanding of the content through discussion with classmates, sharing opinions, suggestions, and teachers
are responsible for guiding students during the presentation of ideas [9]. Furthermore, by learning
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mathematics related to the real world according to the student's ideas, it was discovered that they also

contemplated mathematical problem-solving as a means to incorporate mathematics into their daily lives

[10]. In addition, model-eliciting activities (MEAS) concept is a problem-solving concept in which students

create solutions based on more than one hypothesis to summarize the created problem-solving model and

emphasize group problem-solving in order to encourage students to come up with solutions to different real-
life problems [11]. It was found that the cognitive process of problem-solving is involved in the resolution of
mathematical problems. Several studies have shown that students who are able to solve problems having new

experiences that can be used as a basis for solving more complex problems [12]-[14].

It indicated that mathematical problem-solving skills are important for the learning development of
students. It is in accordance with the principles of the mathematics BRIGHT model based on the RME
concept with MEASs to enhance MT for upper primary school students, it exhibited that mathematics learning
is organized by allowing students to learn from concrete to abstract things. Using problems from situations
that correspond to reality context in the real world and experiences according to the interests of the students
through a learning process that emphasizes on having students take action and create a problem-solving
process on their own. Using a cooperative learning process and presenting a problem-solving process that
logically connects mathematical knowledge including leading the process to solve problems that have been
created and can be used to solve problems in other situations in everyday life and reflect on what has been
learned [15]. From the preliminary study mentioned above, the researcher realized the importance of
conducting a research study with upper primary students. Therefore, in this research, the researcher aims:

i). To study and compare the mathematics achievement and MT of students before studying and after
studying with the BRIGHT model based on the RME and MEAs to enhance MT for upper primary
students.

ii). To satisfaction of students and mathematics teachers with the mathematical educational model.

It is hypothesized that the mathematics achievement and MT of students after studying with the BRIGHT
model are higher than before studying. In addition, students and teachers are at a high level of satisfaction
with the BRIGHT model.

2. THE COMPREHENSIVE THEORETICAL BASIS
2.1. Mathematical thinking (MT)

MT is a mathematical process that includes mathematical understanding, mathematical
communication, mathematical connections, mathematical reasoning, and mathematical solving problems in
order to understand mathematics correctly [16]. Important elements of MT include: i) mathematical
problem-solving, which is planning the implementation of problem-solving using various strategies or
methods to solve problems and adapting them appropriately, and ii) mathematical reasoning, which is using a
variety of tests that reason according to mathematical principles. The development of MT must take into an
important factor necessary for structuring mathematics learning as follows: i) the possibility of MT; ii) MT
can be developed by answering questions and practice through reflection; iii) MT can be stimulated by
interesting situations, problems, or conflicts; iv) MT can be supported by an atmosphere of inquiry,
challenge, and reflection; and v) learning MT helps students better understand the reality of the world [17].
MT can be measured by the following indicators: i) identify problems, develop and try strategies; various that
can be used to solve problems; ii) extend success results; iii) compare similar cases; and iv) identify reasons
for success in solving problems [1].

2.2. Realistic mathematics education (RME)

RME has a view that mathematics is connected to real life, close to the learner's experiences and
relevant to the social context, so that mathematics is a valuable subject for learning instead of mathematics
being just a subject. But mathematics is a human activity. Learning mathematics should give students the
opportunity to invent mathematics through practice [18]. From the study, it was found that the principles of
RME consisted of 5 principles: i) the principle of reality and phenomenology, ii) the principle of activity,
iii) the principle of integration and connection, iv) the principle of interaction and reflection, and v) the
principle of hierarchy. Therefore, organizing learning activities according to the RME concept consists of
i) using contextual problems in which the selection of context depends on the experiences of the learners,
ii) creating simulation models, iii) activities that allow learners to discuss, express their opinions and find
solutions through group processes, iv) interaction between teachers in pointing out problems for students to
learn to solve problems, and v) connecting knowledge [18], [19]. This is a process that encourages students to
think actively, to create your own knowledge, and to learn that is directly related to the school environment
and learners. Authentic education is a learning approach that begins with contextual problems to guide
learners to understand mathematical concepts and learn mathematics relevant to everyday life.
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2.3. Model-eliciting activities (MEAS)

The MEAs is a concept that is consistent with real-life mathematics education problems, which is
developed to encourage students to create mathematical models to solve complex problems and has methods
to understand the thinking process of students. It was found that the principles according to the MEAs
concept consisted of 6 principles: i) modeling principles, ii) reality principles, iii) self-evaluation principles,
iv) idea explanation principles, v) exchange and adaptation principles, and vi) effective model principles.
There are researchers who have introduced the concept of MEAs has been used in research. For example,
Pertamawati and Retnowati [20] studied the concept of MEAs to enable students to create, test, and edit
mathematical models during the learning process. The results show that the implementation of MEAs
concepts can prepare students to solve real-life problems by applying the mathematical concepts that are
studied in schools. Moreover, MEAs are considered a tool for developing and creating mathematical
understanding for students. Qurohman et al. [21] studied the influence of MEAs concepts on the
development of mathematical problem-solving abilities. It was found that learners who learned according to
the MEAs concept had higher problem-solving abilities than those who learned in general.

3. METHOD
3.1. Population and sample

The population of the present research was the primary 4-6 students grades from 6 schools under the
Kanchanaburi Educational Service Area Office, Area 1, due to the students' basic national educational tests in
mathematics subjects were below the assessment criteria. To determine the sample size, the researcher used
the sample size determination with the G*Power 3.1.9.7 program [22], [23], created from the formula of
Cohen [24]. From the previous studies, it was found that the mean effect size was equal to 0.929, the
acceptable error value to be equal to .05 and the power of the statistical test to be equal to 0.95, it showed that
the sample size was 15 people [25]-[27]. The samples used in the trial of the BRIGHT model were 36
primary 5 grades students under Kanchanaburi Primary Educational Service Area Office 1, obtained from
multi-stage sampling in 3 steps: i) school level sampling from 6 schools, 1 school was randomly selected;
ii) class level sampling, divided into the primary 4 grades, the primary 5 grades and the primary 6 grades,
randomly assigned to the primary 5 grades; and iii) classroom level randomization, totaling 3 classrooms, and
then randomly assigned for 1 classroom of primary 5 grades. There are a total of 36 students. Therefore, the
sample size of 36 people is sufficient for the research. In addition, the samples used in the publication of
BRIGHT model consisted of 36 mathematics teachers who teach at the upper primary level and 5 educational
supervisors under Kanchanaburi Primary Educational Service Area Office 1, obtained through volunteer
methods.

3.2. Data collection and data analysis

This research utilized a single-group design with pre-test and post-test measurements to investigate
the efficacy of the BRIGHT model in enhancing mathematical understanding of quadrilaterals among
primary 5 students for 25 hours. The research instruments were i) the mathematics achievement test is a
standardized assessment consisting of 25 multiple-choice questions. The test design was based on the concept
of Wilson [28] framework which classified intellectual behavior in mathematics learning into four distinct
levels including computational thinking, understanding, application, and analysis. The accuracy value
(reliability) is 0.801, ii) the MT test consists of a two-item essay test. The given situation represents a
mathematical problem that corresponds with the learner's everyday circumstances. The content of the
problem was intended to include the elements of MT, which encompass four indicative behaviors including
problem analysis and knowledge evaluation, knowledge design/planning and linking, problem-solving
implementation, and reasonableness evaluation [15]. The accuracy value (reliability) is 0.924, and iii) the
questionnaire on perspectives and satisfaction with learning activities. The instrument used in this study was
a questionnaire including a 5-point Likert scale, which was divided into three distinct domains: i) learning
activities, ii) learning atmosphere, and iii) advantages received by students. The 10C index value is within
ranges from 0.80 to 1.00.

The dissemination and exchanging knowledge of the results of the trial using the teaching model can
be by organizing academic conferences via an online platform. This approach allows participants to actively
participate by expressing their ideas and insights through a questionnaire. The questionnaire uses a 5-point
Likert scale, that was divided into two distinct sections. The 10C index value for the instructional method
and its implementation were within ranges from 0.80 to 1.00.
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4. RESULTS AND DISCUSSION
4.1. Student mathematical achievement

To compare the mathematical achievement of students before and after studying with the BRIGHT
model based on RME and MEAs as shown in Table 1. The mean score after studying (M=17.472, SD=2.602)
was significantly higher than before studying (M=7.611, SD=2.246). Due to the principles of the teaching
model emphasize the utilization of realistic problems and the establishment of linkages between mathematics
and other sciences within the context of students' experiences. In addition, it emphasizes the learning process
in which students practice creating problem-solving processes on their own and the learning process creates
mutual interaction between the learners. This is consistent with the concepts of RME and MEAs that learning
mathematics is part of real life and helps encourage learners to create their own problem-solving processes
[18]-[21]. It is also consistent with Siregar et al. [29] found that the academic achievement of the students
who learned mathematics according to the RME concept increased significantly when compared to those
students who studied normally, and Wulandari et al. [30] also found that organizing learning according to the
MEAs concept was very effective in developing the ability to students' mathematical problem-solving and
reflective thinking compared to conventional learning.

Table 1. Comparative the mean score (M) and standard deviation (SD) of students' mathematics achievement
before studying and after studying with the BRIGHT model

Achievement n Full Marks M SD t Sig.
Before 36 25 7.611 2.246 *20.907 001.
After 36 25 17.472 2.602

Statistically significance differences between before and after studying with the BRIGHT model are indicated by *p<0.05.

4.2. Mathematical thinking of students

The results of the MT test before and after the use of the BRIGHT model revealed that the average
score for MT after studying with the instructional approach (M=20.944, SD=3.854) was higher than the
average score prior to studying (M=6.167, SD=1.521), as presented in Table 2. When considering each
element, it was found that the average MT score after studying was significantly higher than before studying
in all dimensions of the assessments as follows: i) there was a significant increase in the ability to analyze
issues and evaluate knowledge after learning (M=7.583, SD=1.228), compared to the mean score before
studying (M=5.556, SD=1.081), ii) the process of designing/planning and the ability to connect knowledge
exhibited a higher mean score (M=5.861, SD=1.417) after studying compared to the mean score before
studying (M=3.06, SD=5.861), iii) the results indicate that there was a significant increase in
problem-solving ability after learning (M=4.361, SD=1.641) compared to before studying (M=0.306,
SD=0.525), and iv) the evaluation of reasonableness showed a significant improvement after studying
(M=3.139, SD=1.291) compared to before studying (M=0.000, SD=0.000).

Students' MT was higher after studying with the BRIGHT model because the rationale for the
adoption of the researcher's teaching model is in alignment with the theoretical framework of RME and
MEAs which emphasizes the integration of mathematics education with real-life contexts by solving
problems systematically and logically [18]-[21] and according to the important elements of MT that include
using strategies to solve problems based on mathematical reasoning and being able to guide solutions to other
similar situations [1], [16], [17]. This approach entails structuring mathematics instruction around problem
situations, context or activity pertaining to the practical aspects of human existence, involving the resolution
of challenges and the consolidation of knowledge, context, or activity related to living life in the real world of
humans through the process of solving problems to summarizing knowledge, concepts, strategies, or ideas in
which learners can express the structure of their thinking process creatively and solve real problems are in
accordance with the principles of the theory of self-knowledge creation (constructivism) and cooperative
learning that is learners independently acquire knowledge and comprehension through experiential learning,
thereby generating meaningful insights for themselves. This corresponds to the findings of Anggraini and
Fauzan [31], that students' proficiency in solving mathematical problems is greater when learning is guided
by the RME approach compared to traditional instructional methods. Consequently, RME promotes the
enhancement of students' problem-solving skills in mathematics. Uskun et al. [32] also found that learners
who were subjected to learning based on the RME concept showed enhanced comprehension of problem
situations and increases students' academic achievement on national tests. According to the study performed
by Kharisudin and Cahyati [33], learners possess an increased ability to effectively address problem-solving
tasks utilizing the mathematical modeling procedure based on the concept of MEAs, as compared to
conventional learning models. Furthermore, they have an excellent understanding of fundamental
mathematical concepts whereas engaged in the resolution of mathematical problems. Hartati et al. [34]
discovered that the concept of MEAs has a significant impact on students' proficiency in mathematical
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problem-solving and their development of MT skills. The implementation of the MEAs concept proves to be
highly effective in enhancing students' problem-solving abilities and reflective thinking skills in mathematics.

Table 2. Comparative the M and SD of students' MT before studying and after studying with the BRIGHT model

. L Full marks Before After .
Mathematical thinking n M sD M sD t Sig.

Part 1: analyze problems and evaluate knowledge 36 8 5556 1.081 7583 1.228 8544 001.
Part 2: design/planning and connecting knowledge 36 8 0.306 0525 5.861 1417 23.098" 001.
Part 3: troubleshooting procedures 36 8 0.306 0525 4361 1.641 16.106" 001.
Part 4: evaluate reasonableness 36 8 0.000 0.000 3.139 1291 14.592° 001.

Total 36 32 6.167 1521 20.944 3.854 24.139* 00l.

Statistically significance differences between before and after studying with the BRIGHT model are indicated by * p<0.05.

4.3. Students’ satisfaction on learning activities using BRIGHT model

The results of evaluating students' satisfaction on learning activities after studying with the BRIGHT
model. It was found that, overall, the students were satisfied toward learning activities (M=4.227,
SD=0.4222). Upon consideration of each element, the results demonstrated satisfied level across all evaluated
dimensions. The mean scores from highest to lowest were as follows: i) benefits that student received
(M=4.265, SD=0.473), ii) learning atmosphere (M=4.206, SD=0.474), and iii) learning activities (M=4.178,
SD=0.478), respectively, as shown in Table 3. Evaluation of students' satisfaction with the learning activities
after studying with the BRIGHT model found that the level of student satisfaction with the learning activities
was at a high level in all aspects. Due to the learning management system aligns with the principles of active
learning that emphasizes allowing students to participate in collaborative problem-solving activities and
implement the knowledge gained from the solutions they generate [35]. In addition, the knowledge from
solving problems created can be used to solve problems in other situations that are consistent with real life,
including creating a learning atmosphere of the teachers that affects students' learning of mathematics, which
is consistent with Da [36] studied the development of a context-based MT learning model to increase
advanced thinking ability. It was found that mathematics learning activities in the classroom support the
development of advanced thinking ability and help students learn mathematics in a real-life context, which is
consistent with Laine et al. [37], the designing a teaching model based on the RME approach and its
application in teaching calculus. It has been found that students are more enthusiastic and motivated to learn
and this has a positive effect on the development of academic achievement. It also found that the impact of
teachers' actions plays an important role in creating an emotional atmosphere in elementary school
mathematics learning. A positive emotional atmosphere can be created when teachers encourage students to
discuss mathematics with their classmates [38].

Table 3. Comparative the M and SD of evaluating students' satisfaction on learning activities after studying
with the BRIGHT model

List of evaluations Evaluation findings
M SD Interpret results

Side 1: Learning activities 4178 0478 Satisfied
1) Connect mathematical knowledge to daily life 4,028  0.696 Satisfied
2) Stimulate interest in learning mathematics 4306  0.668 Satisfied
3) Promote self-directed search for knowledge 4083 0.841 Satisfied
4) Promote the exchange of knowledge between friends and teachers 4222  0.797 Satisfied
5) Promote mathematical thinking processes 4250 0.649 Satisfied
Side 2: Learning atmosphere 4206 0474 Satisfied
1) It’s independent in expressing your opinions 4139  0.798 Satisfied
2) It’s interesting to learn 4306  0.668 Satisfied
3) There is a challenge to solve mathematical problems 4222  0.722 Satisfied
4) There is a facilitation of working with others 4222 0.681 Satisfied
5) It promotes enthusiasm for learning 4139  0.683 Satisfied
Side 3: Benefits that students received 4265 0473 Satisfied
1) Students get to practice the activities on their own 4333 0.632 Satisfied
2) Students participate in group activities 4306  0.710 Satisfied
3) Students learn mathematics that is connected to daily life 4306  0.668 Satisfied
4) Students solve problems through mathematical thinking processes 4139  0.683 Satisfied
5) Students demonstrate mathematical reasoning through the problem solving process 4111  0.785 Satisfied
6) Students work through group processes 4278  0.779 Satisfied
7) Students practice mathematical thinking processes in both individual and group activities 4444  0.735 Satisfied
8) Students have the ability to think mathematically 4167  0.697 Satisfied
9) Students can apply knowledge in their daily lives 4306  0.668 Satisfied

Total 4227 0422 Satisfied
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4.4. Teachers and educational supervisors satisfaction on learning activities using BRIGHT model

The results of evaluating teachers' and educational supervisors' satisfaction with learning activities
using BRIGHT model, were very satisfactory (M=4.813, SD=0.288), consistent with the satisfaction of the
educational supervisors. Overall, it was very satisfactory (M=5.000, SD=0.000) as shown in Table 4. The
current mathematics teaching focuses on academic achievement rather than the learning process that occurs
for students. Therefore, the meeting participants paid attention to MT, which is considered a learning process
that should be promoted to learners from the upper primary level and is a learning arrangement that
emphasizes learners being expressions, creating a problem-solving process, and presenting the
problem-solving process created by yourself, consistent with the Szabo et al. [39] and the development of
skills in the 12th century [40], [41], which mentions the promotion of learning management through a
teaching process that emphasizes having students participate and interact with learning activities through a
variety of active learning activities, there is measurement and evaluation in the classroom for the
development of learning and competencies of students for all assessment learning [42].

Table 4. Comparative the M and SD of evaluating teacher and educational supervisors’ satisfaction on

learning activities after studying with the BRIGHT model
Evaluation findings

List of evaluations Mathematics teachers Educational supervisors
M SD Interpret results M SD Interpret results
1. Learning management process 4.830 0.281 Very satisfied 5.000  0.000 Very satisfied
1) It is a sequence of continuous steps 4.889 0.319 Very satisfied 5.000  0.000 Very satisfied
2) It can be used to organize teaching and 4.833 0.378 Very satisfied 5.000  0.000 Very satisfied

learning activities to achieve the objectives

3) It is consistent with principles and objectives 4.889 0.319 Very satisfied 5.000  0.000 Very satisfied
4) It promotes mathematical thinking processes 4.861 0.351 Very satisfied 5.000  0.000 Very satisfied
5) It describes the nature of activities that can be 4.806 0.401 Very satisfied 5.000  0.000 Very satisfied
used as guidelines for actual classroom practice

6) It specifies learner roles as guidelines for 4.806 0.401 Very satisfied 5.000  0.000 Very satisfied
organizing learning activities

7) It specifies the instructor's role as a guideline 4.861 0.351 Very satisfied 5.000  0.000 Very satisfied
for organizing learning activities

8) Summarizing the goals in each step in 4.833 0.378 Very satisfied 5.000  0.000 Very satisfied
organizing learning helps to understand the

concept of the teaching model

9) Guidelines for measurement and evaluation 4.889 0.319 Very satisfied 5.000  0.000 Very satisfied
are consistent with principles and objective
10) Each step of learning management is 4.750 0.439 Very satisfied 5.000  0.000 Very satisfied

supported by principles, concepts, and theories
11) Learning management process is clear

11.1) Stage of basic idea 4.833 0.378 Very satisfied 5.000 0.000 Very satisfied
11.2) Stage of connecting reality 4778 0.485 Very satisfied 5.000  0.000 Very satisfied
11.3) Stage of creating ideas through group 4.861 0.351 Very satisfied 5.000  0.000 Very satisfied
processes

11.4) Stage of revealing thoughts 4.806 0.401 Very satisfied 5.000  0.000 Very satisfied
11.5) Stage of Cognitive thinking 4.861 0.351 Very satisfied 5.000  0.000 Very satisfied

12) The teaching model diagram clearly conveys 4.722 0.454 Very satisfied 5.000  0.000 Very satisfied
the meaning of the process
2. Applying the BRIGHT model 4.778 0.422 Very satisfied 5.000  0.000 Very satisfied
1) Students learn mathematics that is connected 4.750 0.439 Very satisfied 5.000  0.000 Very satisfied
to daily life
2) Students are stimulated to be interested in 4.861 0.351 Very satisfied 5.000  0.000 Very satisfied
learning mathematics
3) Students get to practice the activities on their 4.806 0.401 Very satisfied 5.000  0.000 Very satisfied
own
4) Students exchange knowledge with friends 4.806 0.401 Very satisfied 5.000  0.000 Very satisfied
and teachers
5) Students solve problems through mathematical 4.750 0.439 Very satisfied 5.000  0.000 Very satisfied
thinking processes
6) Students are challenged to solve mathematical 4.667 0.478 Very satisfied 5.000  0.000 Very satisfied
problems
7) Students demonstrate mathematical reasoning 4.806 0.401 Very satisfied 5.000  0.000 Very satisfied
through the problem-solving process
8) Students participate in joint activities through 4.778 0.316 Very satisfied 5.000  0.000 Very satisfied
group processes

Total 4.813 0.288 Very satisfied 5.000  0.000 Very satisfied
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Developing MT with the BRIGHT model teaching format is consistent with the goals of Thailand's
national strategy to develop human resources in mathematics and the Ministry of Education's policy to raise
the quality of education that emphasizes learning from the real practice emphasizes the development of
necessary skills and competencies [43]. MT is considered a skill that should be developed for learners from
the primary school level in order to apply it in real life and raise the quality of education in Thailand [44],
[45]. The BRIGHT model process is consistent with Program for International Student Assessment (PISA)
mathematical assessment framework that focuses on interpreting a mathematical result back into the
real-world context, evaluating the reasonableness of a mathematical solution in the context of a real world
problem, and understanding how the real world impacts the outcomes and calculations of a mathematical
procedure or model in order to make contextual judgments about how the results should be adjusted or
applied which will provide a basis for learners who can connect mathematics to mathematical procedures
mathematics and real life [46].

5. CONCLUSION

The efficacy of the BRIGHT model based on RME and MEAs approaches to enhance MT for upper
primary students, it is a teaching model that promotes and develops MT processes by using challenging
problem situations that are consistent with students’ real lives to stimulate problem-based learning and use
grouping processes allowing students to think, analyze, and solve problems together. However, mathematics
teachers at the upper primary school should use the results of this study as a database to consider in applying
the teaching model according to the appropriateness of the content and giving importance to the development
of critical mathematics thinking in the process of solving mathematical problems and checking for
reasonableness.
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