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Abstract

This study aims to develop a validity of learning tools for the curved side space material for grade IX
students of SMP in Ambon City in the 2021/2022 academic year using a realistic mathematics approach.
The learning device development model used is to modify the 4-D model, which is limited only to the
development stage, namely the learning device trial. The data in this study were analyzed quantitatively.
The results showed that the learning device that used a realistic mathematical approach in problem-solving
the build a curved side spaces problem met the valid criteria at the end of the test.
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1. Introduction

Today's mathematics learning is still more
focused on "material™ goals, which in short can be
said to be goals that emphasize mathematical
abilities and skills and problem-solving. In this
situation, students passively accept mathematical
knowledge as finished goods transferred by the
teacher (Hadi, 2015).

Facts found in the field, there are still
obstacles and errors encountered by students in the
curved side space building material. The results of
research by Nuraida (2017) and Arifin et al. (2017)
show that students experience obstacles in
organizing data, sorting, using symbols,
mathematical manipulation, procedural
understanding, and concluding. Furthermore,
Rosyida et al. (2016) stated that the errors made by
students in solving curved side space problems
often occur during the process of understanding
questions, developing strategies, implementing
strategies, or re-examining their results work.
According to Deviani et al. (2017), the factors that
cause students' difficulties in the curved side space
are: poor physical health, impaired sensory
function, lack of interest, low motivation, not
mastering basic knowledge, low frequency of
learning mathematics.

This was proven when the researcher met a
mathematics teacher who taught in several junior
high schools in Ambon City. They said that the
material for Constructing Curved Side Space
(BRSL) is one of the materials most students in
grade IX of junior high school still find
challenging. Especially material related to
understanding concepts and formulas for area and
volume, as well as calculating the surface area and
volume of BRSL around the student's environment,
S0 one approach to learning mathematics that links
students' real-life experiences with learning
mathematics is learning that uses a Realistic
Mathematics Approach (PMR) which is known as
Realistic Mathematics Education (RME).

According to Suwarsono (2017), learning
with PMR is an approach to learning mathematics
that uses contextual problems as the first step in the
learning process. Students are asked to organize
and identify the mathematical aspects contained in
the problem. Students are also given complete
freedom to describe, simplify, interpret and solve
contextual problems in their way, either
individually or in groups, based on experience or
prior knowledge they already have.

Given that the primary object of
mathematics is a mental object or an object of
thought, the effort to reactivate previous

knowledge and thinking patterns that students have
learned about mathematics is not easy. Therefore,
it is expected that the involvement of individual
students is active in learning.

The realistic approach is a mathematics
learning approach introduced by Freudenthal
(1973), which was eventually called realistic
mathematics education (RME). This pragmatic
approach has influenced mathematics learning in
several countries. For example, the Mathematics in
Context (MIC) project in America adopted what is
known as RME in the Netherlands (Yuwono, 2014)

Learning mathematics with a realistic
approach emphasizes how students reinvent
(reinvention) concepts, properties, or procedures in
mathematics  through contextual problems.
Students are directed to study independently or in
groups to solve these contextual problems.
Students are free to express and communicate their
ideas to each other. The teacher acts as a facilitator
and, when needed, can help students on a limited
basis. Then the teacher facilitates class discussion
so that students can compare the ideas and guide
them to agree on which opinions are correct,
efficient, and easy for them to understand.

In this study, learning mathematics with a
realistic approach is a learning process that begins
with giving a real problem (contextual). Students
organize problems and try to identify the
mathematical aspects of the problem. Then, with
the teacher's guidance, students are given the ample
opportunity to interpret and solve contextual
problems in their way, rediscover and construct
their own concepts/natures/procedures, then
applied in everyday life problems.

Thus, RME is a process of building students'
understanding of mathematical material by using
contextual problems (contextual problems) as a
starting point in learning mathematics; individual
students are allowed to describe, interpret, and
solve contextual problems based on their prior
experience/knowledge. Then, with or without the
help of the teacher, students are expected to be able
to use the contextual problem as a source for the
emergence of mathematical understandings or
concepts. After achieving concept formation,
students can apply these concepts again to
contextual problems, thereby strengthening their
understanding of the concept.

Hadi's (2015) realistic approach has three
principles in designing mathematics learning:
guided reinvention  through  progressive
mathematization, didactical phenomenology, and
self-developed models. These three principles are
briefly described below.
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a. Guided reinvention through progressive
mathematization
Guided rediscovery through progressive
mathematization. Through the contextual
problems presented, students should be
allowed to experience the same process of
constructing and reinventing mathematical
ideas and concepts

b. Didactical phenomenology
An  educational ~ phenomenon.  This
phenomenon can be seen when students try to
focus on contextual problem situations given
by the teacher and actively answer various
guestions posed with their thoughts.

c. Self-developed models
Self-developed models to bridge the gap
between informal knowledge and formal
mathematics students. Students build their
models when solving contextual problems, so
the following sequence of learning is
expected:

“contextual problem” =  “model of the
contextual problem” => “model
towards formal” => “formal knowledge”

At first, students will build a model of the
contextual situation. Then individually or in
groups, students develop mathematical models to
be completed, thus obtaining formal mathematical
knowledge.

The  three  principles above are
operationalized into five characteristics of
mathematics learning with a realistic approach.
The five characteristics are: using contextual
problems, using models, wusing student
contributions, interactions, and linkages. The five
characteristics are briefly described as follows.

a. Using contextual problems (the use of
context)
Learning begins by using contextual problems
(real world), not starting from the formal
system. Contextual problems raised as the
initial learning topic must be simple problems
that are 'recognized' by students.

b.  Using models (the use of models, bridging by
vertical instruments)
The term model relates to situational models
and mathematical models that students
develop as a bridge between one level of
understanding using vertical instruments such
as models, schemes, diagrams, and symbols.

c. Using student contributions  (student
contributions)
A significant contribution to the teaching and
learning process is expected to come from

students. Therefore, all students' thoughts
(construction and production) are considered.

d. Interactivity
Optimizing the teaching and learning process
through the interaction of students with
students, teachers, and students with
infrastructure is  essential in realistic
mathematics learning so that students
themselves can carry out the construction
process.

e. Integrated with other topics (intertwining)
Mathematical structures and concepts are
interrelated. Therefore, the interrelationships
and integration between topics (lessons) must
be explored to support a more meaningful
learning process.

Wijaya (Yuliana, 2017) also said that, like
RME, Indonesian  Realistic  Mathematics
Education (PMRI) has the exact characteristics of
mathematics learning as RME, namely (1) use of
context, (2) use of models for progressive
mathematization, (3) utilization of results student
construction, (4) interactivity, and (5) linkage.

One of the goals in learning mathematics is
for students to be able to solve problems. The
problems raised are not only limited to routine
difficulties but can be non-routine problems.
Therefore, the problem is a challenge for students
to solve. Non-routine problems become
problematic because they cannot be solved using
general mathematical concepts and principles.

Polya (Mataheru, 2019) divides problem-
solving into four steps: (1) Understanding the
problem. In this step, students must be able to show
the essential parts of the problem, namely what is
known, what is asked, and the conditions contained
in the situation. Therefore, the teacher's question to
students, namely, what is known? What was asked?
what are the requirements? (2) Devising a plan. At
this stage, it is necessary to think about the idea of
the plan. Good statements are based on previous
experience or information. Therefore, the question
posed is, is this problem related to something? If it
does not work, it is okay to change the shape of the
problem or modify it by asking, "Can you state this
problem? (3) Carry out the plan. In carrying out the
plan that has been designed, the teacher should ask
students to check each step by asking whether they
are sure that the measure is correct?. Moreover, (4)
Look back. When a solution is found, it is
necessary to re-examine the results that have been
obtained. Hence, the question asked, i.e., can you
check the results? Can you match the argument? To
provide both challenge and satisfaction in solving
the problem, one can ask the question, i.e., could
you get the result differently?
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The accuracy of reading the questions is
exceptionally influential on the mathematical
problem solving of Junior High School students
Lutvaidah & Hidayat (2019). Through problem-
solving, it is expected to train students to
understand issues, plan, apply concepts and rules,
and strategies to solve mathematical problems and
the complexity of the matters in life.

Based on the description of the problem, the
formulation of the situation in this study, namely
how to develop a valid Realistic Mathematics
Approach in the Curved Side Space material for
grade IX students of SMP in Ambon City?

2. Method

Research and development is a research
method used to produce specific products and test
their effectiveness of these products (Sugiyono,
2013). This research is development research with
a 4-D model designed by Thiagarajan, Semmel,
and Semmel (2019), which includes: the definition
stage, the design stage, the development stage, and
the dissemination stage. However, this research
only reached the development stage. Therefore, the
procedure for developing learning tools can briefly
be explained.

a. The definition stage aims to determine and
define everything needed in learning by
analyzing the objectives and limitations of the
subject matter. This stage consists of five
activity steps, namely: (1) preliminary final
analysis, (2) student analysis, (3) material
analysis, (4) task analysis, and (5)
specification of learning objectives.

b. The Design Phase aims to produce a realistic
mathematics learning device design. The
result at this stage is called draft-1. Activities
at this stage consist of (1) Selection of Media,
(2) Selection of Format, and (3) Initial Design,
which includes: Learning Implementation
Plan (RPP), Teaching Materials, and Student
Worksheets (LKPD).

c. Development Phase aims to produce a final
draft of valid learning tools. Activities at this
stage, namely (1) Validation/Expert
Assessment, (2) Readability Test of Learning
Devices, and (3) Testing of Learning Devices.

The research instrument consisted of (1)
Validation sheets: RPP, BA (teaching materials),
LKPD, and learning outcomes tests; (2)
Readability test sheets for learning devices for
students and teachers; (3) Teacher activity
observation sheet; (4) Teacher and student

questionnaires, and (5) Student learning outcomes
test instruments.

The data analysis technique was carried out
on some of the data follows. The general
assessment of the validator on learning tools uses
the formula (Mataheru et al., 2017):

¥ = Jtotal rating of all validators

number of validators
1,00 < ¥ < 1,50 : not good
1,50 < ¥ < 2,50 : partly good
2,50 < x <3,50: good
3,50 < X¥ < 4,00: very good

The data from the readability test for partner
teachers and grade VII; students were analyzed
against input in the form of suggestions and
corrections from the students and teachers.

Experimental data: Observational data on
teacher and student activities were analyzed using
the formula (modification from Sudjana,
(Mataheru et al., 2017):

y
the number of observations of teacher activities carried out

total number of observation points

X 100%

80% <y <100% = Very High
70% <y < 80% = Hign
60% <y <70% = Average
50%<y<60% = Low

40% <y <50% = VerylLow
The implemented aspect is rated 1.
Aspects not implemented are rated 0.

Teacher and student response data were

analyzed using the formula:
number of questions answered
Rg = - x 100%
total number of questions

Student learning outcomes test data were
analyzed using the formula:

total score obtained

Mastery = X
total score

Then, these results were qualified according
to the Minimum Completeness Criteria (KKM).
The results passed KKM if reach > 65.
Furthermore, to determine classical completeness,
the formula used is:

Classical Completeness
_ the number of students who reach the KKM

total number of students

X 100%

Based on the data analysis technique above,
it can be said that the learning device with a
realistic mathematical approach to the curved-
surface three-dimensional shapes for 9" grade
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students of Junior High School in Ambon City was
suitable (valid) if it met the following criteria.

a. The validator gave a minimum rating of good.

b. Teacher activity in learning was said to be
implemented if the percentage of teacher
activity was more than or equal to 70%.

c. Student activity in learning was said to be
effective if the percentage of student activity
was more than or equal to 70%.

d. The teacher's response was said to be positive
if the average percentage obtained was more
than 70% in the category of Strongly Agree
(SS) and Agree (S)

e.  Student responses were said to be positive if
the average percentage obtained was more
than 70% in Strongly Agree (SS) and Agree
(S).

f.  65% of students got test results reaching
KKM.

3. Result and Discussion
3.1 Result

Based on the stages of device development,
the following results were obtained.

a. Defining Stage

This stage consists of: (1) Preliminary
Final  Analysis:  Researchers  obtained
information from junior high schools in
Ambon city, generally already using the 2013
Curriculum. In addition, the mathematics
teacher said that the material for building
space was considered difficult for grade IX
students, (2) Student Analysis: characteristics
Grade IX students of State Junior High
Schools in Ambon city for the 2020/2021
academic year, among others, have various
academic abilities, namely high, medium, and
low skills, (3) Material Analysis: includes
cylinder surface area, cylinder volume, cone
surface area, and volume cone; Task Analysis:
the task formulation obtained is to find the
formula for the surface area of a cylinder,
calculate the surface area of a cylinder, find
the formula for the volume of a cylinder,
calculate the volume of a cylinder, find the
procedure for the surface area of a cone,
calculate the surface area of a cone, find a
formula for the volume of a cone, and
calculate the volume of a cone; and (4) Results
Specification Learning Objectives: writing in
their own words the meaning of the tube,
writing in the terms the importance of cones,
finding the formula for the surface area of a
tube and a cone through experimentation,
finding the procedure for the volume of a

cylinder and a cone through investigation,
solving problems related to surface area of
cylinders and cones, and solve problems
related to the importance of cylinders and
cones

Design Stage

This stage consists of (1) Format
selection: adjusted to the steps and
characteristics of a realistic mathematical
approach. The RPP includes core competence
(K1), basic competence (KD), indicators,
subjects, learning  methods, learning
resources, and learning activities. Learning
activities consist of introductions, core, and
closing; (2) Preliminary Design: an initial
draft consisting of RPP, BA, and LKPD is
produced for 4 meetings.

The initial design systematic is shown in
Table 1 below.

Table 1. Preliminary Design Systematics

RPP BA LKS Meeting

RPP 01 BA 01 LKPD 01 First

RPP 02 BA 02 LKPD 02 Second
RPP 03 BA 03 LKPD 03 Third
RPP 04 BA 04 LKPD 04 Fourth

The Development Stage is as follows.

1) The general evaluation of the validators
on learning tools. The three validators
gave an average rating of 3. It means that
the assessment was in a good category. In
addition, the wvalidator said that the
learning tool could be used with a few
revisions. Thus, the revision was carried
out following the validator's suggestions
and comments.

2) Results of RPP Validation and Revision:
the three validators gave an average
rating of 3.4. It means that the assessment
was in a good category. In addition, the
validator said that this RPP tool could be
used with a few revisions. Thus,
revisions were made according to the
suggestions and comments of the
validator.

3) In the BA Validation and Revision
results, the three validators gave an
average rating of 3.6. It means that the
assessment was in a good category. In
addition, the validator said that this BA
device could be used with minor
revisions. Thus, revisions were made
according to the suggestions and
comments of the validator.

4) In the LKPD Validation and Revision
results, the three validators gave an
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5)

6)
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average rating of 3.7. It means that the
assessment was in a good category. In
addition, the validator said that this BA
device could be wused with minor
revisions. Thus, revisions were made
according to the suggestions and
comments of the validator.
The results of the Readability Test and
Revised Readability Test. Students said
they could understand the sentences in
the BA and LKPD, and the partner
teacher said he could understand the
meaning of the sentences in the RPP, BA,
and LKPD. Based on the readability test
results, the researchers decided not to
revise the learning tools in draft Il
because the learning tools in draft Il,
which had been revised based on the
validator's input, were legible and could
be understood by both students and
partner teachers. Thus, the draft 1l
learning tool could be used in a trial of
learning tools.
Learning Tool Trial Results: The trial
was carried out by each Junior High
School and carried out in 4 meetings
following the lesson plans. In this
activity, the teacher was the partner
teacher. Students were arranged in
groups by each junior high school in the
learning process. In addition, the number
of students in each group was adjusted
for the total number of students who had
heterogeneous academic abilities. The
data obtained from the trial was in the
form of data analysis to revise the
learning tool draft Il to draft IV (final
draft) based on the results:

a) Observations of teacher activities.
The observations result of partner
teachers when using realistic
mathematics approach learning tools
in the four meetings, namely 77.1% at
the first meeting, 83.3% at the second
meeting, and 100% at the third and
fourth meetings, respectively. Thus, it
can be concluded that teachers could
carry out learning according to a
realistic mathematical approach.

b) The results of the teacher's response to
the learning device. 42.2% of the
teacher's responses were strongly
agreed (SS), and 57.8% were in agree
(S). Meanwhile, the responses with
categories of undecided (RR),
disagree (TS), and strongly disagree
(STS) by 0%. Thus, the teacher gave

a positive response of 100%, which
was obtained from the sum of the SS
and S categories.

c) Students' responses to learning tools.
The average student response in the
category of strongly agree (SS) was
35.4%; agree (S) 63.8; undecided
(RR) 0.8; and disagree (TS) and
strongly disagree (STS) were 0%,
respectively. Thus, it can be said that
students gave a positive response of
99.2%, which was obtained from the
sum of the categories strongly agree
and agree.

d) Student Learning Outcomes. 87% of
students reached the KKM (> 65).

Based on the test results, the criteria are met,

so that the results of the development of a valid
Realistic Mathematics Approach on the three-
dimensional shapes with curved surfaces material
for grade IX students of SMP in Ambon City.

3.2 Discussion

The results based on a realistic mathematical

approach can be used as an alternative in learning
the three-dimensional shapes with curved surfaces
material, which departs from the 4D model with the
stages of defining, designing, and developing. The
discussion of the results of the study is described as
follows.

d.

Defining Stage

At this definition stage, a preliminary
analysis is carried out, and student analysis,
concept analysis, task analysis, and learning
objectives are carried out. Based on the final
preliminary study results, the three-
dimensional shapes with curved surfaces
material is one of the most challenging
materials for most students in class IX SMP in
Ambon city.

The low quality of mathematics learning
indicates this in schools. One of the low-
quality education is the learning approach
used in the learning process. According to
Dalyana (Mataheru, 2011), one of the causes
of the low quality of learning is the learning
process that is still carried out conventionally
and too abstractly. This contradicts the
cognitive development of junior high school
students. As a result, many students are not
happy and have difficulty learning
mathematics.

A realistic mathematics approach is a
learning approach that wuses contextual
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problems; as the first step in learning
mathematics by the principles and
characteristics of a realistic mathematics
approach. Through a realistic mathematical
approach, it is hoped that: (1) Learning
activities are no longer centered on the teacher
but centered on students, even centered on
contextual problem-solving, (2) Will be more
familiar with mathematics in the student's
environment so that it is not easy to forget the
mathematical concepts/principles he learns,
and (3) It will make it easier for students to
apply mathematical concepts or principles in
solving problems and solving problems of
everyday life.

Based on the results of the material
analysis, it can be seen that the curved side
space structure consists of several sub-
materials. The researcher feels the need to
research this material. Then a task analysis is
carried out to make it easier to identify student
skills. Furthermore, the specification of
learning objectives is carried out by outlining
the students' specific tasks.

Design Stage

At this stage, the selection of learning
media, learning formats, and the design of
learning devices are carried out. The selection
of media needed in learning, namely RPP,
BA, and LKPD. Furthermore, the selection of
a format that is adapted to the syntax of a
realistic mathematical approach is carried out.
Finally, under the selection of media and
learning formats, the initial design for the
learning devices was carried out in four (4)
meetings

Development Stage

Learning tools made in the form of a draft
I were assessed by an expert assessment
(validator). Based on the results of the general
assessment of the three validators, they gave
an average rating of 3. Therefore, this
assessment was in a good category.
Furthermore, it shows that the first criteria had
been met, but some things still need to be
revised. Thus, the researcher made a revision
based on the validator's input and suggestions
to obtain the second draft.

The second draft was then judged for
reading by partner students and teachers.
Students said they could understand the
sentences contained in the BA and LKPD. The
partner teacher said the same thing. They said
they could understand the meaning of the
sentences in the RPP, BA, and LKPD. Thus,

draft II's RPP, BA, and LKPD were not
revised, so draft Il directly became draft IlI.

Furthermore, draft 11l was tested on 10
junior high schools in Ambon city. Before
learning began, students were divided into
study groups consisting of 3-4 people. The
placement of students in each group with
heterogeneous abilities was high, medium,
and low abilities. The placement of students in
this group is intended so that they can share
their knowledge and experiences. Nur's
opinion (Mataheru, 2011) is that a realistic
mathematics approach is a learning strategy
that allows students to work in small groups
with different abilities to help each other learn
as a team.

At the first meeting, the teacher had not
carried out the learning steps thoroughly. For
example, the teacher did not conclude the
discussion results, did not repeat the concepts
that had just been taught, and the use of time
had not been as expected. It was indicated by
observations of teacher activities in learning
by 77.1%. In addition, it also appears that in
each study group, several students had not
been actively discussing. It can happen
because this realistic mathematical approach
is considered new to the teacher. At the end of
the lesson, the researcher, the teacher, and the
observer discussed several things that were
considered to be shortcomings at the first
meeting. They were expected to be applied to
the second meeting.

At the second meeting, the teacher
carried out learning according to the planned
learning steps. Likewise, students in study
groups ask each other, their friends, and their
teachers about things they do not understand.
It follows the opinion of Sanjaya (Mataheru,
2011). In the learning process, the teacher
does not only act as a model or role model for
students and as a learning manager.

Yusmanita, et al. (2018) also stated that
the learning process is designed to create an
atmosphere that allows students to carry out
mathematics learning activities. Activities in
groups can also allow students to conduct
discussions so that student interaction can be
established and the sharing of opinions occurs.

Thus, the effectiveness of the learning
process lies on the shoulders of the teacher,
and the success of implementing a learning
strategy will depend on the teacher in using
learning methods, techniques, and tactics. It is
indicated by observations of teacher activities
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in learning starting to increase, equal to
83.3%.

At the third and fourth meetings, the
learning process was getting maximized
compared to the learning process at the first
and second meetings. For example, each
learning step could be passed, the use of time
was appropriate, and students looked active in
groups. In addition, if there were group friends
who did not understand the material, they
were invited to discuss it. It is indicated by
observations of teacher activities in learning
by 100%.

Teachers and students were asked to fill
out a questionnaire to find out the response of
teachers and students to the learning tools
used. From the questionnaire results, it was
found that partner teachers gave a positive
response, namely with a category of strongly
agree (SS) of 42.2% and agree (S) of 57.8%.
Likewise, student responses responded
positively to the learning tools, namely with
the category of strongly agree (SS) of 35.4%;
and agree (S) of 63.8. Therefore, based on the
responses of teachers and students, it can be
said that the response criteria had been met, so
the learning tools did not need to be revised.

The learning outcome test consisted of 8
guestions  with  Curved-surface  three-
dimensional shapes material. It was followed
by students from 7 junior high schools in
Ambon city, with 125 students. Based on the
test results, 90 students had reached the KKM,
and 35 had not reached the KKM. Thus, it can
be concluded that the student's test results
have reached the predetermined criteria,
which is 72%.

Based on the discussion above, it is
known that all the criteria for valid learning
devices have been met. The set of realistic
mathematical approaches for Curved-surface
three-dimensional shapes in the 9th grade
class of a junior high school in Ambon city,
which the researcher developed, is valid.
However, this study has a weakness. Namely,
no observations were made on student
activities in groups. It certainly affects the
results of the analysis of student activities on
the implementation of the learning device
trials.

4, Conclusion

Based on the results and discussion, it can be
seen that the key is the development of learning

tools using a realistic mathematical approach to the
curved side space construction material for class 1X
students of SMP in Ambon city, after being
validated, tested for legibility, and tried is good
(valid). The fulfillment of the following criteria
indicates this: (1) The general assessment of the
validator is good (score 3); (2) The implementation
of learning in class at the first meeting (77.1%), the
second meeting (83.3%), the third meeting (100%),
and the fourth meeting (100%); (3) Positive teacher
response (100%); (4) Positive student responses
(92.2%) and (5) 72% of students achieved classical
completeness.

Learning tools on curved side space with a
realistic mathematical approach were also tested in
other schools to obtain better learning tools. In
addition, learning tools with a mathematical system
were also developed for other mathematics
materials because, based on student responses, it
was found that students were interested in
following further learning with a realistic
mathematics approach.
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