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Abstract The purpose of this study was to produce Student Worksheet (Lembar Kerja Peserta Didik / LKPD) and
PISA-based test instruments that were valid, practical, effective and able to improve students mathematical
representation abilities. This type of research was the Tessmer model development research. The trials in this study
were conducted in class X-Science 3 and X-Science 4 of SMA Negeri 1 Dolok Batu Nanggar. From the results of
trial I and trial II obtained: (1) LKPD and PISA-based test instruments on the developed RME model were valid and
practical, but have not met effective criteria namely: a) classical student completeness of more than 85%;
b) achievement of learning objectives of more than 75% for each item; c) students who gave a positive response of
more than 80%; and d) achievement of learning time was the same as regular learning time; and (2) there was an
increase in the average mathematical representation ability of students in the first trial was 0.4 with moderate and in
the second trial was 0.6 in the medium category.
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1. Introduction
Mathematics is a universal science that underlies the
development of modern technology [1]. Mathematics
which has an important role in everyday life. Mathematics
as a symbolic language implies that mathematics is
universal and can be understood by everyone anytime and
anywhere [2]. In order to create and mature modern
technology in the future, strong basic mathematical
skills are needed. The demand of students’ ability in
mathematics is not just the ability to count, but the ability
to reason logically and critically in problem-solving.
[3] Five basic abilities according to NCTM that become
standard mathematical abilities include: problem-solving,
reasoning and proof, communication, connections, and
representations. The ability of mathematical representation
is the ability to translate mathematical problems or ideas
by drawing, expressing, or modeling mathematically in
an effort to find a solution to the problem at hand.
Representation is central to the study of mathematics
Students can develop and deepen their understanding of
mathematical concepts and relationships as they create,
compare and use various representations [3]. The ability

of representation is very necessary for a person to be able
to solve a problem or a new situation for him by linking
the knowledge he has to the problem at hand.
A problem solving is a process of how knowledge is
organized and represented symbolically in the long-term
memory in order to be activated efficiently when problem
solving occurs [4]. Successful problem solving is not
possible without appropriate representation. Appropriate
problem representation is the basis for understanding
the problem and making a plan to solve the problem.
Therefore the ability of mathematical representation
is an inseparable part of problem-solving which is very
instrumental in learning mathematics.
Characteristics of students in Indonesia in learning
mathematics are generally skilled in solving routine problems,
namely problems that can be solved directly using
concepts or procedures that are already known or abilities
that have been learned. However, students in Indonesia are
weak in solving non-routine problems that are problems
that are not commonly encountered by students and
contain many cases for students to organize and consider.
This can be seen from the results of the PISA (Program
for International Student Assessment) survey which states
that the mathematical abilities of Indonesian students
are relatively low. According to the OECD survey,
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Indonesia's achievements in PISA studies are far from
satisfying. In 2003, Indonesia ranked 36 out of 41
countries. In 2012 it was ranked 63 out of 64 countries.
The average Indonesian mathematics score was 375,
whereas the average OECD score was 494 [5].
The low PISA test results of students in Indonesia
because students are very rarely working on PISA-type
questions in classroom learning. This also happened because
of the unavailability of the PISA model in Indonesia. [6]
Therefore, it is necessary to develop or create questions
about the PISA model so that Indonesian students become
accustomed to solving non-routine problems (contextual
problems). [7] One way to help teachers implement PISA
question-based learning, with the goal of getting students
used is to provide a PISA question bank. Providing
assistance/ scaffolding in learning mathematics needs to
be given to students, one of them is by providing student
worksheets [8]. Scaffolding functions to guide students in
the learning process and encourage students to become
independent learners while collaborating with their group
members. Scaffolding is giving the student a more active
role in their learning as opposed to teacher directed
learning (giving students answers without letting them
work it out for themselves) [9].
The ability of mathematical representation is useful
for students in an effort to provide understanding
and illustration in communicating the solution to a
given problem. Representation is very instrumental
in helping to increase students' understanding of
mathematical concepts stated that representation can be
used to understand mathematics. Mathematics requires
representations because of the abstract nature of
mathematics such that people have access to mathematical
ideas only through the representation of those ideas [10].
One suitable learning model to help students improve their
mathematical representation ability is the RME (Realistic
Mathematics Education) approach. In the RME approach
students are faced with contextual problems related to
daily life, so students are interested in solving them. For
this reason, learning needs to provide a structure to solve
the problems given.
In SMA Negeri 1 DolokBatuNanggar, students in class
learning are only used to solving routine problems. In
addition, in learning in the classroom, teachers still teach
using conventional methods and do not use LKPD in
teaching and learning. LKPD is a scaffolding that serves

to guide students in the learning process and encourage
students to become independent learners while collaborating
with their group members [11]. To assist students in
increasing their representational abilities, teachers should
provide problems that are able to challenge contextual
students. One of them is by using PISA-based questions in
learning. PISA develops mathematical problems that can
measure students' ability to use knowledge and understanding
of mathematical concepts to solve problems encountered
in daily life. The questions given in PISA are presented
mostly in the context of real-world situations so that the
benefits of mathematics can be felt to solve the problems
of daily life [12].
Based on these problems, it is necessary to develop
LKPD and PISA-based test instruments in learning to
improve students' mathematical representation abilities.
Therefore, this study aims to produce LKPD and
PISA-based test instruments on the RME model to
improve students 'mathematical representation capabilities
that are valid, practical, effective and can improve
students' mathematical representation abilities.

2. Method
This research model was a research development using
the Tessmer development model. The place and time of
the study were in SMA Negeri 1 Dolok Batu Nanggar,
Simalungun, in Academic Year 2019/2020. The subjects
of the study were students of class X-Science 3 (36
students) and class X-Science 4 (36 students), totaling 72
students. The stages of developing The Student Worksheet
(LKPD) and test instruments in this study could be seen in
Figure 1.
To see the validity of Student Worksheet (LKPD)
and the developed test instrument, it required an
instrument of validation by experts and validation from
the results of the instrument test developed using the
product-moment correlation formula [14] and measuring
its reliability with the alpha formula [15]. To see the
practicality of Student Worksheet questionnaire and
measured in away.
To see the effectiveness of The Student Worksheet
(LKPD) and the developed test instruments, the
instruments are needed. In this study, the instruments used
were test instruments and student response questionnaires.

Figure 1. Formative evaluation design flow [13]
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The effectiveness of learning tools developed in terms:
1) completeness of student learning outcomes classically
at least 85%; 2) achievement of learning objectives of at
least 75%; 3) positive student response of at least 80%;
and 4) the achievement of learning time did not exceed
the normal learning time [16]. Improvement of students'
mathematical representation ability was determined using
the N-Gain formula from Hake [17] below. With the gain
index criteria as in Table 1:
Table 1. Criteria for Normalized Gain Score
Gain Score

Interpretation

g > 0,7

High

0,3 < g ≤ 0,7

Medium

g ≤ 0,3

Low

3. Results and Discussion
3.1. Results
Description of Development Phase of Learning Materials
The development phase of Student Worksheet (LKPD)
and PISA-based test instruments with the Tessmer
development model could be described as follows:
1. Perform the Preliminary Stage
The preliminary phase was the stage of determining the
place of research subjects and make preparations. The
initial stage of this model was to identify learning
objectives. Based on the 2013 Curriculum (Kurikulum
2013), mathematics learning aimed to make students
have mathematical skills. Mathematical skills were part
of the life skills that students must have, especially
in the development of reasoning, communication, and
problem-solving that were encountered in the daily lives
of students.
2. Conducting the Formative Evaluation Stage
• Self-Evaluation
At this stage, a preliminary analysis was conducted:
student analysis (analysis of students' knowledge and
characteristics), curriculum analysis (analysis of learning
objectives, assessment instruments, learning models,
learning strategies and analysis of devices or materials to
be developed.
• Student Analysis
At this stage, students' knowledge and characteristics
were analyzed. Knowledge analysis was carried out
to determine the extent of students' mathematical
representation abilities. Based on the results of the initial
tests of students' mathematical representation abilities, the
results obtained that students were not able to associate
real problems with mathematical concepts. Then students
find it difficult to describe the situation in the problem in
the form of a picture that can help him solve the problem.
Students also sometimes misunderstand the purpose of the
problem. The mathematical representation of students was
also incorrect because it lacked the basic concepts of
mathematics.
• Curriculum Analysis
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In this study, the preparation of teaching strategies as a
reference in learning activities was compiled in the
form of a Lesson Plan (RPP). At each meeting, the lesson
plan was designed by prioritizing the learning objectives,
namely improving students' mathematical representation
ability. Therefore the problems that were used in the
RME approach were problems related to the real
situation and presented in every Student Worksheet
(LKPD). The compiled lesson plan consisted of 3
(three) sets of 3 (three) meetings with the duration of
each meeting is 2 x 45 minutes. Lesson Plan (Rencana
Pelaksanaan Pembelajaran / RPP) prepared according
to the principles and characteristics of the preparation
of The Lesson Plan in the 2013 Curriculum.
• Analysis of Materials to be Developed
Learning materials to be developed were problematic
learning materials. Learning materials were considered to
be a problem because they did not yet exist but did not
meet learning needs. Learning materials that developed in
this study were Student Worksheet (Lembar Kerja Peserta
Didik / LKPD) in Shape and Space content PISA test
instruments that aim to improve students' mathematical
representation abilities.
3. Development of Student Worksheet (LKPD)
In this study the PISA-Student Worksheet (LKPD)
model was developed that can be used as scaffolding in
the learning process with the RME model, there was
guidance to students in solving the given problems. The
developed Student Worksheet (LKPD) consisted of 3 sets
for 3 meetings.
4. Development of Test Instruments
The test instrument developed in this study was
a matter of pre-test and post-test given to students.
Pre-test questions consisted of 4 questions, while
post-test questions consisted of 6 questions. The test
instrument was developed based on indicators of
students' mathematical representation ability and was
representative of the learning objectives carried out in the
classroom and adapted from PISA questions on shape and
space content.
a. Expert Review
In the evaluation stage, the learning tools and research
instruments were validated by experts in their fields and
practitioners. The experts in this matter referred to
mathematics education lecturers and practitioners in
UNIMED also mathematics teachers. In general, expert
validation included content validation which contains
observation items related: (1) format, (2) language, and (3)
content. The results of expert validation were validation
scores, corrections, criticisms, and suggestions that were
used as a basis for revising and refining the learning tools
developed.
Theaverage total results of the Student Worksheet
(Lembar Kerja Peserta Didik / LKPD) validation by the
expert team was 4.38 (Valid Categories) while the results
of the content validation of the test instruments were
included in the valid category, the assessment of language
and writing questions with categories could be understood,
as well as the evaluation of recommendations by small
revisions. The results of the revised device developed at
this stage were prototype I.
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Figure 2. Front view of Student Worksheet

Figure 3. Examples of Problems in LKPD
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Figure 4. Visual Display of Developed Test Instrument

b. One to One Test
In the one-to-one stage, knowing whether the test
instrument that has been prepared, could be understood by
students, did not cause ambiguity / multiple meanings and
could understand the purpose of the problem correctly.
One to one test carried out design trials that have been
developed for students/teachers who become participants.
Researchers chose students from grade XI - Science 1
with the category of high, medium and low ability
students. From the analysis of the test results provided it
could be concluded that the developed test instruments
were included in the valid and reliable categories. For the
reliability of the questions obtained the reliability value
was r11 = 0.9801 with a very high category. The results of
improvements from this test were carried out, revised and
produced prototype II test instruments.
c. Small-Group Test
The results of the improvement of prototype II were
tested again in the small group class. This test consisted of
2 students in each group from high, medium and low
categories so that the number of students who join the
small group was 6 students. Given the revised test

instrument on prototype II, there were some questions that
were not understood by students or whether there were
questions that have multiple meanings, etc. The results of
the implementation of this trial were then used for revision
before testing in the field trial phase (field test). The
results of the analysis of the students' answer process
showed that the test instrument was included in the valid
category with the reliability of the questions obtained by
the reliability value of r11 = 0.7801 with the high category.
The trial results showed several improvements to the
instrument. After a revision of the questions based on
students' suggestions /comments on the small group test,
the results of the analysis of these items were obtained
which was then called prototype III.
d. Field Test
Researchers conducted field trials to determine the
validity of the instruments developed, the practicality
of the instruments developed, the effectiveness of the
instruments developed as well as how to improve students'
mathematical representation abilities. In this study,
researchers conducted learning activities in 2 different
classes, namely X-IPA 3 (Trial I) and X-IPA 4 (Trial II).
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3.1.1. Test Analysis Results I
1. The validity of the Instrument Test in Trial I
The test instrument was in a valid category.
Table 2. The Validity of Test Item I

2.

𝒓𝒓𝒙𝒙𝒙𝒙

0,6339

𝒕𝒕𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉

3.

Interpretation

4,7797

𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕

2,0420

Valid

0,6983

5,6888

2,0420

Valid

4.

0,6605

5,1291

2,0420

Valid

5.

0,7481

6,5727

2,0420

Valid

6.

0,6012

4,3868

2,0420

Valid

Questions
1.

0,6141

4,5370

2,0420

Valid

Based on the first trial, it was found that all items about
the mathematical representation ability of students were
declared valid with a reliability value of r11 = 0.7337 with
a high category.
2. The practicality of the instruments developed by Trial I
From the results of the practicality questionnaire analysis
on the first try, it was known that many students stated
that the tools developed were Student Worksheet (Lembar

Kerja Peserta Didik / LKPD) and PISA test-based test
instruments on the Shape and Space content to be able to
improve students' mathematical representation ability by
65.5% (the category was quite practical).
3. Effectiveness of Instruments in Trial I
a. Classical Completeness of Trial I
Based on the effectiveness criteria, classical completeness,
from Figure 5, it can be seen that the students that have
completed were 15 students or 41.66%. Based on the
effectiveness criteria, classical completeness, meaning that
the results of the classical completeness test of students in
the trial I have not met the effective criteria.
b. Positive Student Response ≥80%
Based on the questionnaire given, the average
percentage of total positive responses of students in the
first trial of 80.56% can be concluded that the students'
responses to the components and learning activities were
positive.
c. Achievement of Learning Objectives above 75%
From the picture above it can be seen that the
achievement of learning objectives in the trial, I have not
been achieved for all items.

Figure 5. Classical Completeness Test I

Figure 6. Achievement of Learning Objectives
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Figure 7. Classical Completeness Test II

Figure 8. Achievement of Learning Objectives

d. Learning Time
The results of achieving learning time in Trial I were
three meetings or 6 x 45 minutes. There was no difference
between learning time using Student Worksheet (LKPD)
and PISA-based test instruments on the RME model and
achieving normal learning time. Thus the achievement of
learning time in the trial I have been achieved.
3.1.2. Analysis Results of Trial II
1. The Validity of Test Instruments in Trial II. The test
instrument was in a valid category.
Table 3. Validity of Test Item II
Questions
1.
2.
3.
4.
5.
6.

𝒓𝒓𝒙𝒙𝒙𝒙

0,6141
0,6339
0,6983
0,6605
0,7481
0,6012

𝒕𝒕𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉𝒉

4,5370
4,7797
5,6888
5,1291
6,5727
4,3868

𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕
2,0420
2,0420
2,0420
2,0420
2,0420
2,0420

Interpretation
Valid
Valid
Valid
Valid
Valid
Valid

Based on the second trial it was found that all items
about the mathematical representation ability of students
were declared valid with a reliability value of r11 =
0.7338 with a high category.
2. The practicality of the instrument developed in Trial II
From the results of the practicality questionnaire
analysis in trial II, it was known that many students stated
that the materials developed was Student Worksheet
(Lembar Kerja Peserta Didik / LKPD) and PISA test-based
test instruments on the Shape and Space content to be able
to improve students' mathematical representation ability
by 79.16% (practical category).
3. Effectiveness of Instruments in Trial II
a. Classical Completeness of Trial II
Based on effectiveness criteria, classical completeness,
from Figure 7, it can be seen that students have completed
were 21 students or 58.3%. Based on the effectiveness
criteria, classical completeness, meaning that the results of
the classical completeness test of students in the trial I
have not met the effective criteria.
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b. Positive Student Response
Based on the questionnaire given, the average percentage
of total positive responses of students in Trial II was
92.67%, it can be concluded that students' responses to the
components and learning activities were positive.
c. Achievement of Learning Objectives
In Figure 8, it can be seen that the achievement of
learning objectives in question number 4 was 75.44%,
problem number 5 was 76.85% and problem number 6
was 75.92%. As for questions number 1,2 and 3 the
learning objectives have not yet been reached. Thus the
achievement of learning objectives in trial II has not been
achieved for all items.
d. Learning Time
The results of achieving learning time in Trial II were
three meetings or 6 x 45 minutes. There was no difference
between learning time using Student Worksheet (Lembar
Kerja Peserta Didik / LKPD) and PISA-based test
instruments on the RME model and achieving normal
learning time. Thus the achievement of learning time in
Trial II has been achieved.
4. Improvement of Students' Mathematical Representation
Ability
After learning by using the RME model, giving Student
Worksheet (Lembar Kerja Peserta Didik / LKPD) as
scaffolding, from the results of the pre-test and post-test
mathematical representation ability there was an increase
in students' mathematical representation ability. In Trial I,
the average N-gain score was 0.4 (medium criteria),
whereas, in Trial II, the average N-gain score was 0.6
(medium category).

3.2. Discussion
Based on the results of the post-test analysis of trial I
and trial II it was found that student learning outcomes
met the classical completeness criteria. This was seen
from the results of tests of students' mathematical
problem-solving abilities where less than 85% of students
get a score of ≥ 70 with a complete category.
The used of Student Worksheet (Lembar Kerja Peserta
Didik / LKPD) in learning RME was able to guide
students to build their own knowledge. The use of the
PISA-based Student Worksheet (Lembar Kerja Peserta
Didik / LKPD) on the RME model provides instructions
that guide students towards the right completion so that
student learning outcomes improve. This was consistent
with research conducted [18] which states that the use of
worksheets was able to facilitate students in learning and
improve student learning outcomes. In addition, with the
title "Effectiveness Worksheet with Problem Solving
Approach" concludes that learning using worksheets
through problem-solving approaches was able to facilitate
the increase in students' potential in learning [19].
In the RME model students are challenged to solve a
problem that had never been encountered before.
Therefore students were trained to be able to associate the
knowledge they already have with new problems
encountered. Although RME was a learning model that
directs students to learn actively and independently, RME
was not a learning model without guidance at all.
As expressed by Hmelo, Duncan & Chin stated that
problem-based learning was not a learning approach with

minimal guidance, but rather provides scaffolding and
guidance to facilitate learning by students.
The availability of LKPD in learning with the RME
model as scaffolding in this study helps students solve
the problems given and was effective for classes with
large numbers of students. This was consistent with
what was expressed by [20] that the use of worksheets in
the RME model with class characteristics with a large
number of students and low-level thinking skills is very
effective.
The use of PISA problems in contexts that are close
to student life increases student motivation in solving
given problems. This was in line with what was
expressed by Charmila, Zulkardi, and Darmawijoyo [21]
who stated that learning to use context makes students
find meaningful relationships between abstract ideas and
practical applications in real-world contexts. In addition,
the use of local contexts can help students understand
mathematical phenomena from the perspective of their
own life experiences. This makes mathematics much more
interesting and useful for all students.
The criteria for mathematical problems in PISA were
arranged to see a person's ability to formulate, apply, and
interpret mathematics in a variety of contexts that were
very suitable for measuring the ability of problem-solving.
Therefore, the use of PISA-based problems in problem-based
learning was considered as something appropriate to
improve student’sproblem-solving abilities and students'
mathematical representations.
Positive responses were given by students to the use
of Student Worksheet (Lembar Kerja Peserta Didik
/LKPD) and PISA-based test instruments in learning
because students felt helped by the existence of Student
Worksheet (Lembar Kerja Peserta Didik / LKPD) in
learning. In addition, the problems presented were
problems with contexts that are close to student life.
So students were interested and feel challenged in
completing it. This was supported by previous research by
Naimah [22] which states that students' responses to the
use of Student Worksheet (Lembar Kerja Peserta Didik
/LKPD) in RME are on average good. Students considered
that the use of Student Worksheet (Lembar Kerja Peserta
Didik / LKPD) in problem-based learning was new and
interesting.

4. Conclusion
Based on the results of the analysis and discussion in
this study, the following conclusions were presented:
a) PISA-based Student Worksheet (Lembar Kerja
Peserta Didik / LKPD) on shape and space content
in he developed RME model had met the criteria of
validity and practicality, but had not yet met the
effectiveness in terms: a) Classical student completeness
had reached 55.8% in the second trial and had not
met the achievement criteria classical completeness; b)
Achievement of learning objectives ≥ 75% seen from the
answers of students in the post-test questions number 4.5
and 6; c) students gave positive responses to Student
Worksheet (Lembar Kerja Peserta Didik / LKPD) and the
test instruments used; and d) The learning time using the
PISA-based Student Worksheet (Lembar Kerja Peserta
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Didik / LKPD) on the RME model was the same as the
normal learning time.
b) Students' mathematical representation ability was
improved after learning by using the Student Worksheet
(Lembar Kerja Peserta Didik / LKPD) and PISA-based
test instruments on the RME model seen from the results
of the pre-test – post-test in trial I with an N-Gain score of
0.4 (medium category) and the trial II the average pre-test
– post-test result based on N-Gain calculations got a score
of 0.6 in the medium category.
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