Development of an Ethnomathematics-Based e-Module
to Improve Students’ Metacognitive Ability
in 3D Geometry Topic

https://doi.org/10.3991/ijim.v16i03.24949

Sutarto', Ahmad Muzaki', Intan Dwi Hastuti?®®, Sukron Fujiaturrahman?,
Zainuddin Untu?
Faculty of Sciences Technology and Applications, Universitas Pendidikan Mandalika,

Mataram, Indonesia

2Faculty of Teacher Training and Education, Universitas Muhammadiyah Mataram, Mataram,

Indonesia
3Faculty of Teacher Training and Education, Universitas Mulawarman, Samarinda, Indonesia
intandwihastuti88@gmail.com

Abstract—Since the Covid 19 Pandemic by the end of 2020, the learning
process has shifted from school to online home-based- learning. Several technol-
ogies are applied for enabling students’ participation. Technology-based learning
needs to be designed to be attractive and integrated with local culture. The present
study developed a valid, practical, and effective Sasak ethnomathematics-based
e-Module. The e-Module was mainly designed to improve students’ metacog-
nitive abilities. The study used development research using a 4D development
model consisting of four categories: defining, designing, developing, and dis-
seminating. The research was conducted in one of the elementary schools in West
Lombok. Ten students of grade five and 30 students of grade six were selected
for large-scale trials. The validity test showed that the ethnomathematics-based-
e-Module was highly feasible to be used as a learning resource with an average
score of 3.65. The questionnaire’s analysis of students’ responses showed that the
e-Module fell into the practical category with a practicality percentage of 89%.
The results of data analysis using independent sample T-Test showed that the
T-test value was 0.00 < 0.05, thus the results of the study revealed a significant
difference. Overall, the ethnomathematics-based- e-Module was valid, practical,
and effective for improving students’ metacognitive abilities on spatial material.
The students can access the e-Module via smartphones or laptops, allowing them
to remotely without time restrictions.

Keywords—e-Module, ethnomathematics, problem-solving, building space

1 Introduction

Since Covid 19 Pandemic hit the world by the end of 2020, the learning process has
shifted from school to online home-based- learning. Several technologies are applied
for enabling students’ participation. Technology-based learning needs to be attractive
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to maintain students’ enthusiasm and focus on independent learning. Technology-based
learning facilitates the use of electronic modules (e-Module). The e-Module is one
of the teaching materials that present separate learning materials arranged systemat-
ically in electronic format to achieve particular learning objectives. It is designed in
animation and audio to make it more exciting and interactive [1]. The e-Module is
an efficient, effective, and interactive alternative learning source that can be accessed
anytime and anywhere via a smartphone or laptop with several supporting devices [2].

Observations and interviews conducted at three elementary schools in West
Lombok, Indonesia, showed that mathematics classes were insufficient innovation
and did not involve using technology. Learning was conducted teacher-centered, with
most students’ activities focused on textbooks and was not linked to local wisdom. In
addition, students’ success was fully emphasized on the cognitive aspect. The question-
naire spread in three elementary schools showed that 60% of students had difficulty
understanding mathematics textbooks.

Mathematics learning needs to be linked with the local culture [3], [4]. This can
be done through ethnomathematics. Elements of Sasak culture can be used for excit-
ing and fun mathematics learning at the primary level [5]. Ethnomathematics of
the Sasak tribe is extracted from traditional houses, special foods, and handicrafts.
Ethnomathematics-based teaching materials in geometry topics need to be designed to
provide opportunities for elementary school students to build knowledge and develop
their potential according to the region’s characteristics. Students can achieve learning
goals by referring to the cultural values of their area to build good character among the
society.

Mathematical concepts associated with culture and everyday experiences will
improve students’ ability to make meaningful connections and deepen their under-
standing of mathematics [6]. Applying ethnomathematics in mathematics will
motivate students, create more meaningful learning, and enable students to realize that
mathematics is helpful in real life [4], [6]. Another finding showed that using a local
culture-based model combined with a scientific approach can foster higher-order think-
ing skills [7].

The scientific approach is nature-oriented learning [8]. Activities in the scientific
method include: 1) observing, 2) trying, 3) reasoning, 4) asking questions, and 5) com-
municating [8], [9]. In implementing the 2013 curriculum in Indonesia, the scientific
approach is one of the most recommended approaches as it can develop students’ meta-
cognitive competence, especially towards science and technology [10].

Metacognition ability is part of the 21st-century skills that need to be trained by
students and is the key to the success of 21-century education [11], [12]. Metacognition
is a higher-order thinking ability that involves understanding, analyzing, and devel-
oping cognitive processes [13], [14]. There are three metacognitive ability indicators,
including planning, evaluation, and monitoring [15].

No previous research has developed an ethnomathematics-based e-Module that
specifically addresses the culture of the Sasak tribe on geometry topic and analyzes
the effectiveness of an ethnomathematical-based e-Module in terms of metacogni-
tive abilities. Patri & Heswari developed an e-Module integrated with Jambi culture
to improve logical thinking skills [7]. Serevina, Sunaryo, Raihanati, Astra, & Sari
set an e-Module based on Problem Based learning on heat and temperature materials
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to improve science skills [16]. Kurniasari, rakh-mawati, & Fakhri have developed
an e-Module characterized by the ethnomathematics of Lampung culture in two-
dimensional figure material [17]. It is necessary to create an ethnomathematics-based
e-Module, especially for the Sasak tribe- for primary students and to determine its
effectiveness through indicators of metacognitive ability.

2 Literature review

2.1  Electronic module (e-Module)

The e-Module is independent systematically arranged electronic learning materials
that enable students to achieve specific learning objectives [2]. The use of e-Modules
is following the principles of 21st-century learning of technology use for learning. An
e-Module is more practical than the printed version since it is accessible by smartphone
and functional [2]; thus, it can be accessed anytime and anywhere via smartphones or
laptops with the supporting software. Mobile devices such as a smartphone are suit-
able for children’s lifestyles because there is no need to sit or school to use the device.
They only need students to activate smartphones [18]. Children nowadays use this tech-
nology earlier [19]. The e-Module is presented in an electronic format that includes
animation, audio, and navigation, allowing interaction between users and the program.

Several studies have revealed that digital media can help children understand abstract
concepts early [20]. The involvement of digital media in the school environment can
develop logical thinking and strengthen students’ problem-solving skills [21].

2.2 Digital mathematics activities and children

Research on the use of digital technology in mathematics learning is not new [22].
Digital technology becomes part of mathematics learning to increase engagement and
understanding in the learning process; mobile technology can make mathematics more
meaningful [23] because it allows children to learn and practice skills interestingly and
interactively [24]. Digital activities effectively promote mathematics, natural sciences,
and languages, where specific goals can be selectively defined and developed in con-
texts related to specific learning activities and targets [25]. Studies have shown the
benefits of using digital at the elementary school level as follow:

a. Digital activities can provide various educational services to children. Several
studies have suggested that well-designed educational activities can motivate and
encourage learning more than traditional teaching methods [26].

b. By using digital activities, students can learn cognitive abilities through repetition
[27].

c. In primary education, students often engage in collaboration while playing digital
activities [28].

The use of technologies could effectively support the learning process, particularly
in mathematics [29]. Integrating mobile devices into the primary school curriculum
increases elementary school students’ interest [30]. The use of technology provides a
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positive role in improving students’ early math skills. The use of mobile technology in
mathematics education can encourage meaningful student engagement [29].

2.3  Ethnomathematics through mobile devices

Ethnomathematics represents local cultural objects in mathematical concepts. The
concept of local culture in mathematics learning can improve students’ knowledge and
reasoning [31]. Ethnomathematics-based understanding affects problem-solving abil-
ities by connecting real-world situations and cultural values that grow in society [3].
To facilitates a meaningful understanding of mathematics, it is necessary to integrate
culture in learning mathematics. Integration of mathematics and local culture is an
effective means to grow character and noble values in society. The elements of Sasak
culture integrated with 3D Shape materials include traditional Sasak’s houses, special
foods, and traditional handicrafts.

The e-Module must have the following characteristics: a) Easy to use so that chil-
dren can easily use it, b) Provide pictures related to the traditional culture of the Sasak
Tribe, ¢) Combine animation and sound.

2.4  Metacognitive ability

Metacognitive abilities can encourage higher-order thinking skills [32]-[34]. Meta-
cognitive skills help students in solving problems. Metacognitive abilities develop
continuously with age development. Early engagement with metacognitive activities
can lead to good metacognitive skills [10]. Metacognitive knowledge is one of the
essential goals in the curriculum of Indonesia. Anderson & Krathwohl explained three
indicators of metacognitive ability, i.e., planning, evaluation, and monitoring [15].
Planning consists of setting goals, linking with prior knowledge, and choosing the
appropriate strategy. The assessment consists of realizing one’s level of understanding
and how to select the proper method. Monitoring checks one’s progress and determines
the right approach when the initial strategy does not work.

3 Method

3.1 Research setting

This research was conducted from March 2021-May 2021 in one of the elementary
schools in West Lombok, grade VI primary school in 2020/2021. The total number of
subjects in this study was 30 students.

3.2 Research design

This study used the 4D model. This model consists of 4 stages, they are 1) defining,
2) designing, 3) developing, and 4) disseminating. The defining stage in this research
consists of five activities: preliminary analysis, student analysis, concept analysis, task
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analysis, and formulation of learning objectives. In the initial analysis activity, the
researcher analyzed the curriculum related to the Competencies and Basic Competencies
of the material to be developed. Student analysis activities aim to determine students’
characteristics, level of student cognitive development, and student motivation. Student
analysis was carried out by observation during the learning process in the classroom
and interviews with teachers and students. Concept analysis activities were carried out
to find the content of the material in the module to be developed through activities of
detailing, identifying, and systematically compiling the material, the concepts of rele-
vant building blocks volume taught based on the initial analysis. Task analysis aims to
identify tasks or practice questions, and the primary skills students do during learning
which the researcher then analyzes into a more specific sub-skills framework.

Furthermore, at the designing stage, the researcher prepared the e-Module design into
steps; 1) test preparation, 2) media selection, and 3) format selection. Test preparation
is an initial stage to measure the level of students’ initial metacognitive skills. Media is
selected to ensure that it fits the material to be taught and the characteristics of students.
In the present research, the media is ethnomathematics based- e-Module. After the three
stages were carried out, a draft or design of the ethnomathematics-based- e-Module
was created following the content framework of the curriculum and material analysis.

At the development stage, the activities carried out were expert validation and
test development. Expert validation aims to validate or assess the feasibility of the
developed e-Module to a team of experts in their field. The instrument used to validate
is a feasibility assessment questionnaire that includes content, presentation, grammar,
and design components. After obtaining an assessment from the validator, suggestions
for improvements to the e-Module were obtained and became the critical basis for
revision. The evaluation aimed to make the e-Module developed to meet the concept,
tested, and valuable. The four aspects in validation included content validation, pre-
sentation validation, language validation, and validation of the design components of
e-Module. The validators stated that the e-Module was valid can be tested on research
subjects.

In the test development stage, the researcher tested the draft on the actual subject.
The e-Modules were tested in small classes before trying in large classes. The test
results were used to improve the product to gain effective outcomes. The effectiveness
of the module was evidenced by the independent sample T-Test used to analyze the
research data. While the trial was conducted in a small class, the researchers observed,
obtaining responses from questionnaires and interview comments. The instrument used
in the small-scale practice was non-test instruments of observation sheets, validation
sheets, and student questionnaires. After receiving input from a small-scale trial and
revision, the e-Module was tested on a large-scale group to achieve the developed
module’s objectives and effectiveness. At this stage, the achievement of goals was
measured to obtain thee-Modules’ effect on students’ metacognitive abilities. The
instrument used was a problem-solving test instrument.

The dissemination stage was the socialization stage of learning media and e-Module
links. They were distributed through Whatsapp Group. The dissemination stage aims
to disseminate the e-Module. The developed e-Module was prepared using a scientific
approach, including observing, asking, trying, and reasoning activities.
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3.3 Data analysis technique

A quasi-experimental design with a pretest and post-test control group design was
the research design used for data analysis. It was used to find the results of the pre-
test and post-test of the e-Module use for developing students’ metacognitive abilities.
The data collection techniques included expert validation tests, documentation studies,
observations, and student learning outcomes. A questionnaire instrument was used for
expert validation to gain a valid e-Module based on the expert overview. Comment as
used to collect data related to the activities during learning activities with e-Modules.
A problem-solving test was used to obtain data about the e-Module on students’
metacognitive abilities. The effect of using the e-Module on metacognitive knowledge
was measured by analyzing the students’ scores. The instrument used to assess meta-
cognitive ability was pretest and post-test questions consisting of one descriptive ques-
tion. The effect of using the e-Module on metacognitive knowledge was gained through
a paired sample T-Test with SPSS 17.00 for windows. For paired sample T-test, the data
used must be normally distributed to analyze the data obtained. This value then deter-
mines the decisions taken in the study. Table 1 shows indicators used in determining the
level of metacognitive [15].

Table 1. Indicators and description of metacognitive ability

No Indicator Description

1 Plan Setting goals (P1)
Enabling relevant resources (P2)
Choosing the right strategy (P3)

2 Evaluation Determine the level of understanding of a person (E1)
How to choose the right strategy (E2)

3 Monitoring Checking one’s progress (M1)
Choose the appropriate improvement strategies when
the chosen strategy does not work. (M2)

4 Result and discussion

4.1 Defining stage

At the defining stage, the researchers analyzed the applied curriculum, i.e., the 2013
curriculum. The analysis found the Core Competencies and Basic Competencies to be
developed to determine the volume of geometric shapes (prisms, cylinders, pyramids,
cones, spheres, and a combination of several forms) and solve problems related to the
importance of the figures. From observations at the initial analysis stage, the research-
ers found that students’ problem-solving abilities were lacking. Students were only
involved in routine questions with assessment emphasizing cognitive aspects.
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4.2  Designing stage

The researcher drafted e-Module through several stages at the design stage, i.c.,
1) test preparation, 2) media selection, and 3) format selection. The preparation of the
test was in the form of 5 problem-solving questions. The e-Module was selected as a
media based on ethnomathematics by taking elements of Sasak culture, which includes
traditional houses, special foods, and handicrafts. The draft or product design- the
e-Module of ethnomathematics—was produced after the three stages were carried out.
In the format selection activity, the researcher designed the material’s content integrated
with Sasak culture and combined a scientific approach. The purpose of incorporating
elements of Sasak culture in the material is to motivate students to continue learning
mathematics, create more meaningful learning, and enable students to know the direct
benefits of learning mathematics in real life.

4.3  Developing stage

The development phase consists of two activities, i.e., validation and testing of
the e-Module. At this stage, a revised draft of the module was developed based on
input from experts and data obtained through small-scale trials. Activities at this stage
included expert validation and some limited tests. Expert validation was carried out by
two mathematics education lecturers and two sixth-grade teachers (see Table 2). The
practicality and effectiveness of the e-Module were also determined from the results of
the testing activities. Responses from students (users) of the e-Module on the question-
naire and interviews show that the e-Module was user-friendly and the media meets the
effective criteria based on the metacognitive ability test.

e-Module validity.

Table 2. e-Module validity

No Validator Score Validation Criteria Information
1 X-1 3.53 Very Valid Enlarge the image size in
practice questions
2 X-2 3.57 Very Valid No revision
3 X3 3.67 Very Valid No revision
4 X-4 3.75 Very Valid No revision
Average 3.63 Very Valid

Table 2 shows that the average value of e-Modul validation was 3.63 (high validity)
criteria indicating that the e-Module was feasible to use without significant revisions.

e-Module practicality. Based on the results of interviews and questionnaires, the
e-Module was practical (89,67%). Table 3 shows the indicators and responses to the
e-Module usage questionnaire.
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Table 3. Indicators of the e-Module usage questionnaire

Percentage of Student Responses in Each
No Indicators Category (%)
Is)tiz(;;g'z Disagree | Agree SK;:ege]y
Content Aspect

1. The material presented is following the learning 76.67 16.67 3.33 3.33

objectives
2. The learning steps in the e-Module are easy to 70.00 20.00 6.67 3.33

follow
3. The activities in the module are fun because they 73.33 16.67 3.33 6.67

relate to the life around students.

Language Aspect

4. The e-Module can be read clearly 73.33 20.00 333 3.33
5. The material presented is in easy-to-understand 60.00 26.67 10.00 3.33
6. The language used is communicative 56.67 3333 6.67 3.33
7. Instructions for use, learning objectives, and 60.00 30.00 3.33 6.67

learning activities in the e-Module are pretty clear

Benefit Aspect

8. Easy-to-use 66.67 23.33 6.67 333
9. It triggers me to study harder 56.67 33.33 6.67 3.33
10. | The availability of pictures in the module makes it 60.00 23.33 10.00 6.67

easier for me to do practical activities

Table 2 shows that the students positively responded to e-Module based on ethno-

mathematics for each indicator. They could easily follow each activity on the module
and understand the material. The competency test at the end of the module was able

to measure students’ mathematical problem-solving abilities. The designed activities

were always related to the culture closely associated with the students’ daily lives and

equipped with pictures of objects they often encounter. Below are excerpts from the
interviews of researchers, students, and teachers.

Researcher interviews with students

iJIM —

Do you understand the material easily after doing the learning activities

associated with Sasak culture?

Yes, it is easier for me to understand. I often find examples and pictures

shown on e-Modules.

What is your first impression when the teacher linked the learning activities

with Sasak culture?

It’s fun because, honestly, I've never studied mathematics associated with
traditional Sasak houses, food, and handicrafts before. It is different from the

textbooks that we 've learned so far.

What is your first impression when working on/using the e-Module?

1 felt more motivated to follow the activities; the pictures are good. The design
is also good. 1t is also easier for me to understand this material after working

on the E-Modul.

Vol. 16, No. 03, 2022
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Interviews with researchers and teachers
R:  Inyouropinion, can this e-Module help students understand spatial structure?

T1:  Yes, because the integration of the E-Modul with Sasak culture makes learning
more meaningful for children, it turns out that mathematics is close to their
daily lives.

Interviews with both learners and teachers show that e-Module could motivate
students to learn mathematics based on ethnomathematics.

e-Module effectiveness. From the results of data analysis (interviews and student
work), the percentage graphic of indicators metacognitive ability in Figure 1 as follows.

100 83.33

73.33 76.67 44 73.33

I II I60

Plan Evaluation Monitoring

80
6
4
2

(==}

(=)

® Experiment Class ~ ® Control Class

Fig. 1. Percentage of indicators of metacognitive ability

The effectiveness of the e-Module was tested by using an independent sample T-Test.
The experimental class was applied with an ethnomathematics-based- e-Module, while
an ordinary printed module was used for the control class. The normality test of the
data was checked before further analysis. The number of samples in this study was
60 students. As shown in Table 4 and Table 5, the pretest results from both the experi-
mental class and control class indicated the similarity or not significant difference.

Table 4. The results of pretest data analysis

Group N Mean Std. Deviation Std. Error Mean
Experiment Class 30 1.5667 77385 14129
Control Class 30 1.5333 .68145 .12441

Based on Table 4, the average value of the experimental class students was 1.5667
with a standard deviation of 0.77835, while the average value of the control class
students was 1.5333 with a standard deviation of 0.68145. Table 5 shows that the data
obtained from the pretest value between the two groups was [t(30) = 0.367, p>0.05],
meaning that it was not significantly different. The results of data analysis using
independent sample T-Test showed that students in the experimental and control classes
had similar abilities before treatment.
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Table 5. The comparison of pretest score using independent sample T-Test

Levene’s
Test for .
Equality of t-test for Equality of Means
Variances
95%
. Confdence
F Sig. ¢ Df Slg. ‘Mean St.d. Error | {,terval of the
(2-tailed) | Difference | Difference Difference
Lower | Upper
Pre-test | Equal .828 | 367 |.177| 58 .860 .03333 18826 | .34350 | .41017
variances
assumed
Equal 1771 57.087 .860 .03333 18826 | .34363 |.41030
variances
not assumed

Table 6. The results of post-test data analysis

Group N Mean Std. Deviation Std. Error Mean
Experiment Class 30 4.3667 1.37674 25136
Control Class 30 2.7667 1.07265 19584

Based on Table 6, the average value of the experimental class students is 4.367 with
a standard deviation of 1.37674, while the average value of the control class students
is 2.7667 with a standard deviation of 1.07265. Table 7 shows that the data obtained
that the post-test value between the two groups was 0.00 (p = <0.05), meaning that it is
significantly different. The results of data analysis using the independent sample T-Test
showed that students in the experimental and control classes had different abilities after
treatment. From the results of data analysis, there was a significant effect after treat-

ment using e-Module.

Table 7. The comparison of the post-test score using independent sample T-Test

Levene’s
Test for .
Equality of t-test for Equality of Means
Variances
95% Confidence
F | si Df Sig. Mean EStd' Interval of the
gt (2-tailed) | Difference | .o O" Difference
Difference
Lower | Upper
Post- | Equal 3.4371.069 | 5.021 58 .000 1.60000 31864 | .96217 |2.23783
test | variances
assumed
Equal 5.021 | 54.728 .000 1.60000 31864 96136 | 2.23864
variances
not assumed
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Ethnomathematics-based- e-Module development was able to improve students’
metacognitive ability. The teachers and students gave positive responses on the use of
e-Module. The utilization of technology can enhance collaborative and exciting learn-
ing [2]. The use of digital books makes learning more interesting; it is also easy to use
and can be carried everywhere because it is accessible through smartphones. e-Module
can also be accessed via a smartphone or laptop that makes it more flexible. With the
e-Module, students can access subject matter from anywhere and anytime, and students
who do not have math textbooks can learn through e-modules [3], [4], [35].

Learning activities in this e-Module allow students to generate reasoning, find their
answers and collect and observe information as new learning experiences. Activities in
the scientific approach include: 1) observing, 2) experimenting, 3) reasoning, 4) asking
questions, and 5) communicating. The ethnomathematics-based e-Module uses a scien-
tific approach that consists of 4 stages of 1) observing, 2) asking, 3) reasoning, 4) trying.
In the early stages, students are given examples, illustrations, cases, or problems of
building space associated with Sasak culture. Students can ask the teacher about the
practical issues or things that are not understood about the sub-material to be studied
at the questioning stage. At the reasoning, stage students try to understand the concept/
material by working on the questions given. Students also process the information col-
lected to make conclusions related to the concept/material being studied at this reason-
ing stage. Students begin to design strategies, develop strategies, and implement the
chosen techniques to solve problems and use numeracy, algebraic, and geometric skills
at the trying stage. At this stage, students also process the information that has been
collected to make conclusions related to the concept/material being studied. The orien-
tation of this scientific approach is to encourage students’ curiosity about natural phe-
nomena, and students are actively involved in constructing concepts and knowledge [8].

4.4  Disseminating stage

The socialization stage of the learning media is carried out in schools through the
school website and the E-Modul link distributed via Whatsapp Group.

5 Conclusion

Education and training are the best investments in society’s future [36]. They play a
vital role in boosting growth, innovation, and job creation. The government’s education
and training systems need to give people the forward-looking knowledge, skills, and
competencies they need to innovate and prosper. They also have an essential role in cre-
ating an identity, building on shared values and cultures. Children think mathematically
long before they start school and mathematical thinking is a strong predictor for later
academic success in school—indeed, it is a better predictor than early reading and early
attention skills [37], [38]. Mathematics is fundamental to a child’s development & com-
munication in later life. Basic numeracy skills assist kids in terms of achievement &
just being competent adults. A broader acknowledgment of this would lead to more par-
ity with literacy. However, developing a solid foundation in early math skills is vital for
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later educational success and economic, health, and employment outcomes. Children
who enter school with solid mathematics skills have a greater likelihood of success in
mathematics in kindergarten and in later grades [39], [40].

The result of the present study is a valid, practical, and effective e-Module product.
Based on the validity test, the ethnomathematics based on e-Module n is highly feasible
to use in learning resources with an average score of 3.65 (valid). Students’ question-
naire response shows that the e-Module was practical with a percentage of the prac-
ticality of 89%. The effectiveness of the e-Module was seen from the paired sample
T-test used to compare the results of the pretest and post-test with the outcome of 0.00
(p = <0.05), indicating that there was a significant difference. In sum, there was a sub-
stantial effect of the ethnomathematics-based- e-Module use on students’ metacogni-
tive skills in solving spatial problems.
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