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Abstract: This study aims to development the design of hypothetical learning trajectory (HLT) in solid geometry leaming for elementary school students
grade 2 in Indonesia. The research method used in design research with 3 phase, namely preliminary design, teaching experiment phase, and
retrospective analysis phase. In this study, steps are discussed are preliminary design. The main activities carried out include needs investigations,
curriculum analysis, literature studies, and designing initial prototypes. Further, have generated HLT using an ethnomatematics. ethnomatematics is
mathematics in culture. HLT is used as a guideline in the implementation of learning as well as a follow-up to all possible problems faced by students in

the learning process. HLT patterns found can be used as material for consideration to design appropriate learni
students so that they can increase student success in learning.In this study, HLT is a follow-up of needs analysis

designs with the learning path of
ased on the results of identification

carried out by the researcher. The article about needs analysis were published in The 2nd International Conference On Child-Friendly Education (ICCE)

2018.

Index Terms: Ethnomathematics, Geometry Learning, Elementary Schools Students, Preliminary Design.

1. INTRODUCTION

Mathematics is a science with the object of study each topic in
sequential and interrelated [1]. Mathematical materials are
structured gradually from basic to easier material the next one
is more complex and difficult. Higher the level, the higher the
difficulty level. Therefore, to learn math must be gradual.
Furthermore, a teacher should teach mathematics in stages
according to the stages [2]. Learning activities in class are the
part of the task that requires skill separate for the teacher to
run it. In the learning process, the teacher is required to can
plan a learning can help students learn with well [3]. Helping
students means helping their learning difficulties, revealing
learning difficulties can manifest as a deficiency in one or
more academic fields, both in specific subjects such as
reading, writing, mathematics, and spelling; or in a variety of
skills that are more general in nature such as listening,
speaking, and thinking. " In an effort to accommodate this
situation Simon introduced a Hypothetical Learning Trajectory
(HLT) or learning trajectop rovided by the teacher based on
thoughts on choosing a learning design specifically@iso the
best learning results are very possible to achieve [4]. This can
be seen in thinking and planning that occurs in teaching,
including spontaneous responses made in responding to
students' thinking.

1'The hipotesis for the teacher being flexible in changing the
direction of learning and adapting the planned aspects of
activities in response to student responses throughout learning
Based on this, the author is interested to use HLT in making a
learning design [5]. HLT can be [@ed as a guideline for
implementing learning at class as well as an action
anticipatory for possible problems faced by students in
following the process learning. Then after compiling the HLT
on selected mathematics material, teachers and prospective
teachers are expected to also know how diverse abilities
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students are formed when HLT implementation is
implemented [6]. Therefore, through this study, the response
profile is expected and a vafity of students' abilities in HLT-
based mathematics learning can be identified and analyzed by
teacher candidates to then map the prospective teacher's
ability profile as an important ability profile for a teacher to
have. An ideal learning process cannot be separated from the
planning and design process of learning. Learning Plans
Learning or lesson plans are one of the concrete forms of
learning planning and design processes.[7] However, in reality
a Leaming Implementation Plan only contains things that are
formalities in the form of learning administration, namely a
brief description of opening activities, core activities and
activities cover [8]. Information other than the three stages of
learning is merely summary of material to be delivered. Very
rarely do teachers prepare hypotheses problem solving
strategies that students use so the process learning tends to
be less creative. There is an alternative hypothesis problem
solving strategies used by students will help the teacher in
determine strategies for handling possible difficulties faced by
students. Learning difficulties Geometry has been expressed
by many researchers before. According to [9] there were
several errors made by students in solving geometry problems
such as 1) concepts error (82.8%), 2), defective algorithm
(78.1%), misused data (71.4%), calculation error (73.3%),
technical error (76.2%). Meanwhile according to [10] there are
several factors that cause low septic geometry value 1) Skills
of students who are weak in sketching both flat and geometry,
2) Giving students knowledge about geometry of flat fields and
space is very weak, especially at the secondary school level,
3) Lecturers who teaching geometry is still only using media to
just sketch or draw and there are still few lecturers who use
software-based media that facilitate subject abstraction for
students. 4) Students are still weak in solving problems related
to geometry that come from everyday life. Ethnomathematics
is mathematics that arises and develops in society and in
accordance with local culture, is the center of the leaming
process and teaching methods [11]. It can also be said that
ethnomatematics can be considered that studelg' knowledge
gained from learning outside the classroom. Culture-based
learning must pay attention to four things, namely the
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substance and competence of the field of scienceffield of
study, meaningfulness and learning processes, assessment of
learning outcomes, and the role of culture [12]. Culture-based
learning emphasizes the achievement of integrated
understanding rather than just deep understanding. The
process of creating meaning through a culture-based leaming
process has several components, namely meaningful tasks,
interaction, explanation and application of contextual science,
and the use of a variety of learning resources [13].

2 RESEARCH METHODOLOGY

The type of research that we used was design research [14].
Design research consists of three phases, namely developing
a preliminary design, conducting pilot and teachip
experiments, and carrying out a retrospective analysis [15]. In
this study, we designed Hypothetical Learning Trajectory
(HLT) as a design and research instrument. During the
preliminary design, HLT guided the design of instructional
materials that had to be developed or adapted. During pilot
and teaching experiments, the HLT functioned as a guideline
for the teacher and researcher what to focus on in teaching,
interviewing, and observing. During the retrospective analysis,
HLT functioned as guideline in determining what the
researcher should focus on in the analysis [16].

RESULTS AND DISCUSSION

the stage design preliminary, design of learning activities
and development of alleged learning trajectories for students
feed important parts to be observed and studied. [17,18]
Before designing learning activities, first analyzed learning
pathways and student learning trajectories for flat wake topics
for grade 2 students. Next guess student learning frajectory,
learning activities and the context used in thematics
learning will be a learning trajectory. Based on syllabus and
purpose learning, researchers drafted initial HLT geometry of
flat plane. HLT contains three main components of learning
trajectory, namely: 1) learning objectives what you want to
achieve, 2) activites that are support goals, and 3)
expectations mathematically as a result of activity. Activity
which was created later based on level of thinking and
material concepts with media assistance and appropriate
context with student character. This initial HLT draft refers to
the content of geometry material according to the Curriculum
2013 which was given material emphasis accordingly by
identifying the needs analysis researchers did before.

TABLE 1
ASPECT AND MATERIALAT GRADE 2
Aspect Material
¥ Location/ position and
distance of aplace
¥  Line width plane and solid
characteristics
Geometry and Measurement v L
time)
¥ symbol number
¥ Value place
¥  Compare and sort numbers
¥ Additon and reduction of
SEATEEE enumeration numbers to 999
¥ Multiplication and division up
to 100
v Simple split

ISSN 2277-8616

The scope of mathematics learning in Elementary Schools is
then developed into Basic Competency and Competency
Standards [19]. Basic competencies developed aim to improve
life skills, especially in building reasoning, communication, and
problem solving. [20, 21] The development of mathematical
competencies in Elementary Schools also emphasizes skills or
skills using technology tools to perform technical calculations
and presentation in the form of images and graphics, which
are important to support other skills that are skillful across
non-cognitive disciplines and the development of values,
norms and ethics [22, 23]. HLT compilers must also pay
attention to the thinking stage and cognitive development of
students. In aspects stage of thinking, [24, 25] describes the
level of conceptual learning trajectory, namely: 1) Condition
Level, students be in a context that situation Specific; 2)
Reference Level, model and strategy refers to that situation
explained in the problem; 3) Basic Level, the focus of
mathematics on mastery strategies that refer to context; and
4) Formal Level, work with procedures conventional and
notation. After going through these four levels, students must
be able applying concepts that obtained for new problems
inside different context [26,27]. Some topics mathematics
requires later vertical mathematical (through process)
abstraction, cooking, or generalization) later describe these
stages to be the six levels of the stage of thinking passed by a
grade 2 student in understanding a material. This stage starts
from think informally starting from searches made by students
themselves get to the formal stage where students can use
the concept for solve the problem. At this stage students no
longer depend on context which has been given, but can
abstracting yourself the solution to a problem by using the
right concept. The level of thinking stage is [28, 29] :

Level 1: Informal thinking, build meaning a concept by
digging students' abilities through context informal

Level 2: basic meaning, students develop strategies
informal and initial meaning that he understood from previous
activities.

Level 3: Procedures, students determine strategies
for complete a simple count operation.

Level 4: expand strategy to other problems by
manipulating and comparison.

Level 5: ldentification of different problems types,
Identify various types problem in diverse contexts.

The lesson learning used ethnomathematics with
scientific approach used in the 2013 curriculum, the stages of
learning carried out by students refer to the five activities as
follows:

1. Observing
Students are asked to observe several objects in the
Prambanan temple complex, such as Shiva Temple, Goose
Temple, Apit Temple, Lumbung Temple etc. Through the
process of observing objects directly, students are able to find
new information which will then be proposed in making
questions about the material to be studied, namely introducing
the shape of the curved side of the tube and looking for its
surface area. The stages of observing objects directly are
included in the active stages for students because they use
observations of real objects directly.
Example:

2755

1JSTR@2020
www.ijstr.org




INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 01, JANUARY 2020

Leamers observe the Shiva Temple which is located in the
middle of the main courtyard of Prambanan Temple. Observe
the shapes of the stupas around the Shiva Temple.

2. Questioning

After making observations, students have information about
the material being studied. Then students are asked to make
questions that have not been understood regarding the
material. In this case it can be done in group discussions to
formulate questions or individually. Furthermore, the teacher
and students conclude questions that are relevant to the
learning objectives to be achieved. Students make questions
by referring to 5w + 1h regarding geometric shapes on each
temple observed in the Prambanan temple complex whether it
has the same shape or not, etc.

Example:

- Students write questions, for example each stupa
has the same shape?

- Students write questions, for example each end of
the stupa has the same shape?

Fig 1. Stupa in Temple

3. Experimenting

The results of the questioning activities are the basis for
carrying out data collection or information activities. To do this
activity, the teacher needs to provide a reference to students
knowledge about methods of data collection such as
observation, interviews, and documentation. Learners gather
information / try to find out whether geometric shapes that
resemble the temple results observed above. In this step the
students are given media that resembles building a curved
side space (tube) to try to find out about the surface area of
the building.

Example:

- From the results of the questions that you convey,
what form resembles the stupa is to build a curved side
chamber (tube). Then the students try to find the surface area
of the tube by cutting the tube media so that they form tube
nets.

Tabung

Fig 2. Tube

4. Associating

Associating or analyzing data is basically an activity to follow
up on data that has been obtained. Students gather
information and try to find the surface area of the tube.

ISSN 2277-8616

Learners can fi he surface area of cube using previous
information about the area of circle and the area of rectangle.
At this stage the peseta students associate or analyze
observations including the iconic stage, where they can re-
imagine the results of observations in the visual picture.

5. Communicating
Presenting research results is one way to communicate
research results. Presenting the results of the research is
done in front of the class then the other students give
feedback. In the discussion, students can also exchange
questions with other students then find solutions to the
problems found. At that time, students can crosscheck the
information they have obtained from the previous process.
Learners can find and prove errors in a mathematical problem
(evaluation), both derived from the questions they make and
questions obtained from other students. The last stage is
applying Mathematics, where students are required to apply
the Mathematical concepts they have found. At this stage
students make conclusions from a Mathematical problem,
which can then be used to solve other problems (decisions)
accompanied by the teacher. Students have entered into the
symbolic stage, where they can express the shadow obtained
from the second stage into the symbolic form of language.
Example:
Students are given a problem, then asked to solve it,
namely looking for the surface area. Then the
students presented the results of the discussion
regarding the discovery of the tube surface area and
the results of the discussion looking for the tube
surface area. g
From the five steps above, students are expected to be able to
find a concept about recognizing the shape of a curved side
(tube) and looking for its surface area and its relation to the
culture of Prambanan Temple.Ethnomatematics describes all
things that shape the cultural identity of a group, namely
language, code, values, jargon, beliefs, food and clothing,
habits, and physical traits. While Mathematics includes a
broad view of arithmetic, classifying, sorting, concluding, and
modeling [30,31]. Ethnomatematics serves to show the
relationship between culture and Mathematics [32, 33]. Thus,
ethnomatematics is an educational development approach
that is used to construct how Mathematics is adapted from a
culture and subsequenily used in Mathematics leaming
activities.

4 CONCLUSION

Based on the description of the example of the application of
hypothetical learning trajectory, it can concluded several
things as follows: HLT provides qtderstanding to the teacher
about how important it is to attention to students' initial
knowledge and also differences students' ability to develop
learning designs. In other, HLT can be used as a teacher's
instructions divide the stages of learning, namely by making
several sub-goals learning to achieve the main learning goals.

Futher q're, HLT is useful as an implementation guide
learning while providing various alternative strategies or
scaffolding to help students overcome difficulties in
understanding concepts learned.
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