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Abstract—This study aimed to develop a learning trajectory
(LT) for teaching sets using Realistic Mathematics Education
(RME) approach and to investigate its influence on student
ability. The LT was developed through a design research which
consisted of a cyclic process of preparing for the experiment,
conducting the experiment, and retrospective analysis. The
subject of the study was students at grade V11 in Padang. Data
were collected through direct observation, interview, and check
list, videotaping, and analyzing the work of the students. The
LT was evaluated through one-to-one and small group
evaluation before it be tried out in a test. The whole strategy
(emergent modeling) showed the construction and contribution
of the students in discovering the concept of sets from the
informal to the formal level. It could help the students to
reinvent sets concept. Finally, we discovered that the students
increased their mathematics creative thinking ability.
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. INTRODUCTION

The topic about set is given at the basic level because it
is an important topic for all branches of mathematic, as the
basis of more complex mathematics concepts and as the
basis of mathematics reasoning [1]. This is similar to that of
namely logic and sets of form the foundation of
mathematics[2]. Mathematics learning, especially set
learning should be able to develop the ability of creative
thinking. However, based on interviews with mathematics
teachers of MTsN 5 Padang, MTsN 4 Padang and SMP 41
Padang, students are still difficult to understand the set,
there are still students who have not been able to understand
the set and not the set, draw Venn diagram, difficulty in
completing the routine problem, questions that demand
students' creative thinking skills such as contextual matters,
problem-solving problems related to the set, questions of
reasoning, and communication matters. The difficulty is
because students are less able to define and clarify
information that is on the problem and less able to determine
solutions and conclusions. In addition, students are also less
able to provide new ideas and provide an alternative answer
to the questions given. It shows the students' critical and
creative thinking ability is still in low level. It ultimately
affects the low student mathematics score[3]. This is in line
with the proposed by Lee Peng Yee and Lee Ngan Hoe

Copyright © 2018, the Authors. Published by Atlantis Press.

(2009) that students are still difficult in learning the topic of
set.

One of the factors that determine the success of students
in the process of learning mathematics is the design of
learning prepared by the teacher. The teacher has designed
the lesson by putting it into the Lesson Plan (RPP) in
accordance with the 2013 curriculum, which includes
teacher activities and student activities. Seen in the RPP,
there has been no prediction or prediction of student
responses during the lesson. The lesson plans made by
teachers are usually less consideration of the responses
given by the students so that the later learning series may
not be matched by the different learning trajectory of each
student[4]. By knowing the responses of students, the
teachers could actually choose the right way to achieve the
successful learning process.

Based on observations during the learning process,
teachers rarely carry out learning in accordance with the
RPP that has been made. Teachers more often carry out the
learning by following the sequence of material contained in
textbooks. Teachers explain learning materials, give
examples of problems and provide practice to students.
Learning is ultimately beyond the RPP that has been
designed and re-centered on the teacher. Teachers have been
trying to involve students actively through group learning.
Students have a willingness to discuss, but have not created
an optimal interaction in solving problems related to finding
and understanding the concepts that exist in mathematics.
Learning rarely begins with problems related to the
knowledge that students already have. Learning that begins
with problems related to the knowledge they already have
will allow students to rediscover the concepts of
mathematics that are being studied, will make students more
active and more likely to develop their mathematics thinking
skills. Those are in line that mathematics learning in schools
is still dominated by teachers and the results of mathematics
learning in schools have not shown satisfactory results[20].
Another problem seen is that students do not have a
handbook in learning. Students only accept what is given by
the teacher, record and guided by the note. Such a condition
is also a factor in the weakness of students’ mathematics
thinking ability.

The students’ learning process and their level of
thinking should give the teacher a working framework in
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oder to develop such knowledge about students’ thinking
and learning. An instructional design which is based on
students learning trajectory is known by Hypothetical
Learning Trajectory (HLT). HLT is a kind of process that
consists of learning goal, learning activity and hypothesis of
learning process to predict how students think and
comprehend during the context of learning activity [5].
Some researchers showed that hypothetical learning
trajectory (HLT) can improve students’ comprehension [6]
[7] [8]. The other researches showed that HLT did not only
improve students’ comprehension but also improved
students’ mathematics thinking ability, just as the research
done by Graveimeijer [9] that proves that HLT by using
RME helps the teachers in developing a good local
instructional theory for a topic lesson and also help students
in developing their thinking ability such as analysis and the
other mathematics thinking ability.

One of the approaches that can be used in designing
HLT is through realistic mathematics education (RME).
RME is one of approaches in mathematics learning process
that contains constructive, interactive and reflective
components. In RME, mathematics is seen as human
activities [10][11][21][22]. Mathematics is not transferred to
the students as a product, but the students should construct it
by themselves through contextual problem solving that is
interactive, whether it is formal or informal, so that the
students can find it by themselves, without a teacher.

There are several steps taken in designing RME-based
HLT among others undertaking preliminary research
covering needs analysis, literature review, determining
learning objectives, determining learners' learning activities,
learning process hypotheses. Next design and design
prototype HLT, conduct formative evaluation, retrospective
analysis. The final step is to conduct a summative
evaluation. This paper is limited to the development of
learning trajectory and sees the improvement of students'
creative thinking ability.

Il. EASE OF USE

An instructional design in terms of HLT consists of
three components; learning goal, task of learning activity
and hypothesis of how the students learn and think (Simon,
1995). Setting the learning activities are based on RME.
Those activities give a chance for the students to reinvent
mathematics through teacher’s guide (Graveimejer,
1994)[11]. The activity RME-based concerns on RME
characteristics, they are: 1) the use of contexts, 2) the use of
models, 3) the use of students own production and
contructions, 4) the interactive character of teaching
process, and 5) the interviewments of various learning
strands. (Gravemeijer, 1994).

In designing and developing HLT RME-based in this
research, review of previous researches is needed. The
researches related to the development of instructional design
in form of HLT RME-based have done previously by many
researchers, sucha s a research done by Web[12]. In this
research, Webb designed HLT RME-based to introduce the
concept of logarithm. Web used contextual problem in form
of height of poni and the growth of E.Coli bacteria. This
contextual problem gives a possibility for the students to do
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informal mathematicsematism process, that later will
improve into formal mathematicsematism process by giving
problem in mathematics. These informal and formal
mathematicsematism processes help the stduents in
comprheending the concept of logarithm. The use of RME
in Cobb’ research proves that learning RME-based builds
students-centered learning.

The other research is conducted by Hidayat and lksan
[13]. This research was aimed to see the effect of RME
toward the comprehension of studnets’ linier program
concept. It was a kind of quasi experimental nonequivalent,
pretest and posttest control group design. This research had
control class and experiment class. The result of this
research shows that the use of RME by using contextual
problems help the students to have a better comprehension
oflinier program concept.

The research related to designing HLT is also
conducted by Prahmana and Kusumah [14]. This research
developed HLT in the research of mathematics education by
using research based learning. In developing HLT, the
researcher used Graveimeijer ‘s and Cobb’s model. HLT
consists of three components; (1) the purpose of
mathematics teaching for students, (2) learning activities,
device or media used in the learning process, and (3) a
conjecture of understanding the process of learning how to
learn and strategies students that arise and thrive when
learning activities are done in Class (Graveimejer, 2004).
The aim of this research is to improve research ability and
academic writing for pre-service teacher of mathematics.
The other research that related to HLT and RME is
conducted by Ozkaya and Karaca [15] about The Effect of
Realistic  Mathematics ~ Education on  Students’
Achievements and Attitude In Fifth Grades Mathematics
Courses, the research done by Silseth[16] about The
Multivoicedness of game Playing: Exploring the Unfolding
of a students’learning trajectory in a gaming context at
school, and the research conducted by Rees [17] about
Developing specialist expertise:an unanticipated learning
trajectory.

Based on those researches above, the research in this
paper focuses on the development of instructional design in
terms of learning process RME-based in sets materials for
students at grade VII of junior high school. In planning the
process of the research, it was also used the model proposed
by Graveimeijer and Cobb. HLT also consists of three
components proposed by Graveimeijer. By designing the
learning process RME-based, it can build students-centered
learning, develop students’ ability in problem solving, and
help the students to use the concept they have in inventing
new concept. Thus, the instructional design RME-based will
revise and develop students’ ability.

I1l. METHODS

This research is a development research using Plomp
model [18] and Gravemeijer & Cobb [19]. To develop the
learning path, we followed Gravemeijer and Cobb. The
Gravemeijer and Cobb model consists of three phases:
preparing for the experiment phase, conducting the
experiment and analysis retrospective. The Plomp model
consists of three phases: the preliminary research phase, the
prototyping stage and the assessment phase. This paper
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focused on preliminary research consisting of needs
analysis, curriculum analysis and literature review. Based on
preliminary research results, the learning path line of the
RME-based subject set and for its operations is designed for
student books and teachers' books.

In the prototyping stage phase, the prototype has been
made through an evaluation of formative form which
consists of self evaluation conducted by the researcher
himself, validation by expert, focus group discussion, one to
one, small group, and field test. In the assessment phase, a
creative thinking skill test was conducted to grade 5 students
of MTsN 5 Padang to see effectiveness. The research data is
collected through validation sheet, teacher and student
response questionnaire, learning trajectory learning sheet,
consciousness sheet and creative thinking ability test.

IVV. RESULT AND DISCUSSION

A. The Result of Prototyping Phase
1) The Design of Hypothetical Learning Trajectory (HLT)
Hypothetical learning trajectory (HLT) consists of three
parts; one of them is the purpose of HLT that consists of
three components, they are learning goal for meaningful
learning, a collection of task for achieving the goal, and
hypothesis of how students learn and think (Simon, 1995).
The learning goal is the students’ target after they
accomplish mathematics concept that has been decided, and
then students’ activity is designed including the prediction
of students’ answer, from the simple up to the more
complex ones. This activity is expected to help the students
in developing their mathematics ability horizontally into
vertical mathematics. The following is the rationale of HLT
designed:

Operation of
Relation of Sets

Presenting Sets Sets

Inventing Sets and Vemn's

Concept i Diagram '

The Design of HLT

Fig. 1. The design of HLT

Based on the design of HLT above, there are four HLT
that are designed, they are inventing sets concept, the
activity is to collect the data of students at grade VII of
junior high school in order to classify object based on such
characteristics. The second activity is classifying the
students based on their own characteristics. It is aimed to
build a problem that can stimulate the students to invent the
different among sets and non-sets, blank sets and universal
sets, because these problems give a chance for the students
to classify the good and bad students. From the first and
second activity, the students get the description in grouping
the object, stating the reason in grouping the object and
stating the group member and non member. After that, the
students are asked to solve the problem in which how to add
the groups into the general activity of sets concept. At this
stage, the students have been familiar to group the object
and state it into mathematics.

Second, presenting set, the first activity is collect the
data of stationary that usually used by the students in order
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to stimulate the students to present set by writing the
members of sets creator. The second activity, the students
are given contextual problem in deciding the animal group
based on their characteristics. Those animal groups can be
seen as a set that has animals as the members with their own
characteristics. For the third activity, the students are given
problems related to students’ numbers group that they have
commonly learned. Grouping numbers can be seen as a set.
All the activities above lead the students to present the set in
their real life. Through this activity, the students in the
group interact to create a pattern in presenting set based on
the first presentation up to the last one.

Third, sets relation, the activity is related to contextual
problems about representation of the class to follow the best
student’s competition. The students are asked to make the
possible formation of students who can represent the class.
The formation can also be seen as a set. The second activity
is given a challenge for the students to choose a decision.
The decision taken is based on their knowledge of set. The
problem is designed to help the students invent the concept
of the same set and equivalent set. Based on the first and
second activity, the student are expected to understand sets
relation, they are partial set, equal set, disjoint sets and
power of set and equivalent set. The teacher facilitates the
students during the class discussion to take a decision and
strengthen the conclusion by giving such explanation of set
relation.

Fourth, set operation, the activity is giving problem
related to fruits. The problem stimulates the students to
invent the concept of two sets operations by comparing the
members of set that are operated. The second activity is
inventing the characteristics of set operation through
problems related to extracurricular activity. The problem
stimulates the students to invent the principle of inclusion
exclusion of two sets operation by comparing the members
of each of the groups operated and also the other
characteristics that links to each of the set operation.

2) The design of teacher’s book and students’ book

The teacher’s book designed in this RME learning has
some components. It includes HLT rationale, student’s
activity, time allocation, about mathematics, homework
media, plans of students’ evaluation, lesson plan and the
conclusion. In other side, the students’ book has some
components; learning goal, students’ activity, contextual
problem and comprehension test.

B. Formative Evaluation

Formative evaluation is done to assess the quality of
product design results developed. To assess the quality of
HLT design results, teacher books, and student books using
formative evaluation developed by Tessmer consisting of
expert validation, one to one, small group or simple
evaluation or micro evaluation), and field test (field
test)[16]. At self evaluation stage used self evaluation sheet.
Self evaluation is done on HLT, Master's Book Design and
Student's Book Design. Errors in HLT include selection of
contextual problems, on typing errors, unclear sentences and
punctuation errors. Mistakes on Master's Book Design
include errors in presentation, color and image feasibility to
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support contextual issues. Error in the other Student Books
Literature design, color selection, display and typing.

1. Results of Design Learning Validation

After the self-evaluation, the next HLT, teacher book and
student book validated by 5 validators are 2 lecturers of
mathematics, 2 lecturers of education technology and 1
lecturer of Indonesian language. Based on the validation
results validation values for HLT are 0.90, teacher books
0.87, and student books 0.91. This indicates that the product
developed is valid.

2. Results of Practical Learning Design.

After all the products developed are categorized as valid,
then one-to-one evaluation is done with three students of
grade VII MTsN 5 Padang with low, medium and high
ability. The meetings are held individually with 2 hours
lesson informally, and then informal interviews are
conducted. Furthermore, informal interviews are conducted
to ask students to respond to the learning flow in the book.
Based on the results of interviews with students at the one-
to-one evaluation stage, in general students with high
ability, moderate and low can understand the contextual
problems presented in contextual problems that serve as
starting point in finding each concept.

After a revision of individual evaluation results, a small
group evaluation (small group) is also called first cycle
conducting experiment on the development of Gravemeijer
& Cobb model. This small group evaluation was conducted
on 6 high school students of grade 5, medium and low grade
VIl MTsN 5 Padang. Overall the RME-based topic-based
learning design can already be used. However, there are
some things that need to be revised, including improvements
in the contextual sentences given to the activity.
Large group trials (field tests) are also called second cycle
conducting experiments. This learning begins with class
discussions, the students sit in groups of 4 students, and start
to discuss with peers (pairs). Discussion of this class in
addition to aims to build and develop student interactivity in
accordance with the characteristics of the four RME, as well
as a basic knowledge of students about the concept of the
Set. The findings of the concept of the set in this study were
conducted through the provision of activities to determine
student data in the class. Various solutions provided by
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understanding that the concept of the set as a set of clearly
defined objects. To find a concept rather than a set, it is
given the problem of determining a group member of a set.
Each student has a different answer. This is the beginning of
students' understanding of non-sets. The teacher asks the
students to compare with the answer to the previous
problem, asking the question why the answers among the
students vary, in contrast to the previously created set where
all students give the same answer. Students respond because
according to their judgment, beautiful and handsome
students vary. This will make students understand that a
collection of objects is called a set if clearly defined. To
present Venn sets and diagrams, an activity is given to
present the set by referring members, presenting the set
through the properties of its members and presenting the set
with the forming notation.

Fig. 3. Student’s Answer

From the student's answer above is seen that there are
students who first register the requested member. Based on
the question and the teacher's direction the students have
started to make using notation. The teacher then agrees with
the students how to present the set using the complete set-up
notation. To understand Venn diagrams, problems are drawn
from the activities students perform in presenting the set.
Students are asked to restate some sets that have the same
members into a diagram

Fig. 2. Student’s Answer

Students present in sequence form, this becomes the
beginning for students in understanding the set as a
collection of objects. The teacher asks whether students
from other classes go into the data students create, whether
students can register members according to the given
problem. With that question the student understands that the
name written is the name of a classmate, according to what
is requested. This is the beginning of the students

Fig. 4. Student’s Answer
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From the student's answer it appears that the students
start to develop their thinking ability in making a diagram,
initially the students make diagrams that are not yet
compatible with the Venn diagram, but they understand the
intended purpose. After the teacher gives directions how to
make a better diagram, students can already improve to the
better. Teachers with students make agreement on how to
make the right Venn diagram and what elements of the
Venn diagram.

To determine the Principles and the properties of the set
operation are given problems about student's passion for
sports. Based on the survey results students are asked to
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TABLE II. RESULTS PRACTICALITY BY TEACHERS
No Rated aspect Mean Value of Category
Practicality
1 Attractiveness 0,84 Very practical
2 Process Usage 0.88 Very practical
3 Ease of Use 0.88 Very practical
4 Time efficiency 0.85 Very practical
Value of Practicality 0.86 Very practical

answer some questions.

Fig. 5. Student’ Answer

From the answers given by the students it appears that
the students have used Venn diagrams to determine the
answers to the questions asked. But not all students are
using this Venn diagram. There are still students who decide
by using ordinary operations. The teacher reminds students
who have not used Venn diagrams about the previous
lesson. Teachers with students make agreement on the
nature of set operations. The followings are the results:

TABLE I. RESULTS PRACTICALITY BY STUDENTS
No Rated aspect Mean Value of Category
Practicality
1 Attractiveness 0,83 Very practical
2 Process Usage 0.86 Very practical
3 Ease of Use 0.83 Very practical
4 Time efficiency 0.83 Very practical
Value of Practicality 0.84 Very practical

Practical value of learning design topic of the set
obtained from student questionnaire is 0.84 with practical
categories based on practicality criteria. From the result of
questionnaire analysis filled by the students, the design of
learning set topic is easy to use, interesting, well understood,
can motivate students to learn mathematics and find the
concept well. Thus it can be concluded that students
consider the subject-based subject RME learning design is
practically used on topic Set class VII SMP / MTs.

Practical value of learning design topic of the set
obtained from the teacher questionnaire is 0.86 with a very
practical category based on the criteria of practicality. Thus
it can be concluded that the teacher considers the design of
learning topic based set RME is practically used on topic set
class IX SMP / MTs.

3. Results of Learning Design Effectiveness.

The effectiveness of RME-based subject learning design
is seen from the results of students' mathematics creative
ability test. This ability of mathematics creative thinking can
be seen from the fluency / eloquence of creating new ideas,
Originality, flexibility, Elaboration. The processes that
occur in finding the concept of the set of each student vary.
With the learning method applied, students can discuss and
exchange opinions. The variation in the answers and
opinions expressed by students indicates that students'
mathematics creative thinking is increasing when compared
to previous learning.

TABLE Il THE RESULT OF THE TEST OF CREATIVE THINKING
ABILITY
No Indicator of Creative ~ Percentage Note
Thinking Ability
1 Flexibility 80,5 very successful
2 Originality 76,5 successful
3 Flexibility 78.3 very successful
4 Elaborative 80.5 very successful
78.95 Very successful

The successful achievement of students® mathematics
creative thinking ability is 78,95% with very successful
criteria and the average result of students' creative thinking
ability test is 78,4 with successful criteria. Thus, it is
concluded that the design of subject matter learning based
on RME class VII SMP / MTsN, this effective impact on
students’ mathematics creative thinking ability. After the
learning process ends, researchers, teachers, and observers
discuss the extent to which the implementation of learning
trajectory. The whole learning trajectory topic of this RME-
based set is already used for set learning.

V. CONCLUSION

The instructional design in form of RME in set materials
for students at grade VII of junior high school is based on
the result of preliminary research that produces HLT,
teacher’s book and students’ book. HLT consists of learning
goal, activity, and hypothesis of how students learn. For
operational of learning, HLT is created in form of teacher’s
book and students’ book. This paper is limited on
preliminary research, the development of HLT design,
teacher’s book and students’ book. The evaluation that has
been conducted is also still limited on self-evaluation. The
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next research is suggested to conduct the test for validity [22] de Lange J, Mathematics, Insight, and Meaning (Utrecht: OW &
and practicality of teacher’s book and students’ book. The 0C), 1987.

evaluation stage of the instructional design can be done to

see students’ comprehension or students’ level of thinking.
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