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This research aims to design student worksheets based on problem-based
learning in composition and inverse functions to facilitate conceptual
understanding is valid. This research uses a PPE model by Richey and Klein;
there are three parts: planning, production, and evaluation. The planning
stage is a product planning process that will be developed for a specific
purpose. The production stage is the process of making a product according
to a previously made design. The evaluation stage is the process of testing
and assessing the product that has been developed. The data obtained from
the expert validator is then processed using a Likert scale and calculated using
Aiken's formula to conclude the validity of the product developed. The
Student Worksheets based on Problem Based Learning to aid students'
understanding of mathematical ideas on composition functions and inverse
functions were valid, have a 0.84 average validity value, and were classified as
high. The PBL model familiarizes students with understanding concepts
through problem-solving processes. On the other hand, learning
mathematics using PBL effectively improves students' understanding and
abilities because students apply mathematical concepts in everyday life.
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INTRODUCTION

Conceptual understanding is part of learning mathematics that students must master

because it has a role in determining learning success. Students who understand the concept

well will easily recall, apply the ideas learned, and handle existing problems (Hadi & Kasum,

2015). According to Novitasari (2016), conceptual understanding is a process of absorbing

meaning from a material being studied. Conceptual understanding is the ability of students

to understand mathematical concepts so that they can restate mathematical concepts, classify

objects based on certain properties, provide examples and non-examples of a concept,

present concepts in mathematical representations, use procedures, and apply the concept to
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problem-solving (Mawaddah & Maryanti, 2016). According to Pratiwi (2016), conceptual
understanding is not just memorizing but is the ability of students to find and explain,
translate, interpret, and conclude a mathematical concept based on the formation of their
knowledge. It can be concluded that conceptual understanding is the ability of students to
absorb ideas, explain, translate, and conclude a material based on the formation of their
knowledge. Conceptual understanding plays a role in developing other mathematical skills,
including critical thinking skills, creative thinking, problem-solving, reasoning, connection,
communication, and representation. Therefore, students must have a conceptual
understanding (Utami & Sukoriyanto, 2021).

According to the Regulation of the Director-General of Education at the Ministry of
National Education No 506/C/Kep/PP/2004 it is explained that indicators of students’
conceptual understanding can: 1) restate a concept, 2) classify objects according to certain
properties according to with the concept, 3) give examples and not examples of a concept,
4) presenting concepts in various forms of mathematical representation, 5) develop the
necessary or sufficient conditions of a concept, 6) using and utilizing and selecting
procedures or certain operations, and 7) apply concepts or algorithms in problem-solving
(Astuti et al., 2018). However, some research (Kholilah, 2019) states students still have
difficulty in conceptual understanding. Even according to some research (Kamin et al, 2021),
students who still have difficulty understanding the material of composition and inverse
functions are classified as high. Students have difficulties in solving the problem of function
composition and inverse functions including difficulties in understanding concepts,
difficulties in skills, and difficulties in solving problems (Susanti & Lestari, 2019). Based on
research from Kholilah (2019) related to conceptual understanding, most students still get
scores below the KKM with an average of 54. It shows that the student has difficulty in
conceptual understanding of composition and inverse functions and needs to improve.

Conceptual understanding is not easily achieved by itself without the efforts and
facilities specifically designed for learning (Fitriani et al., 2016). One of the efforts that can
be done is by designing teaching materials in the form of a worksheet that can facilitate
conceptual understanding, that is a worksheet that used problem-based learning. Some
research (Yulianti & Gunawan, 2019; Suhendar & Ekayanti, 2018; Halim, Suriana, & Mursal,
2017; Ejin, 2016; Rahmadari & Acesta, 2017; Fariana, 2017) show that Problem Based
Learning can improve conceptual understanding. Problem Based Learning (PBL) is a

learning model that utilizes real problems as material for students to solve these problems to
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gain knowledge and learn to make decisions (Amin, 2017). Problems must be adapted to
challenge students’ interests to solve them, connect them with previous experiences and
learning, and require collaboration and various strategies to solve them (Maryati, 2018). As a
learning model, PBL also has advantages over other learning models. Among them are, that
problem-solving in PBL is good enough for students to understand the content of the
material, helps students to understand problems in the real world, can increase learning
activities in class, assists students in developing knowledge, and building exciting learning
and discussion environment for students (Wulandari & Surjono, 2013). The advantages
possessed by PBL will also help students to be able to improve their conceptual
understanding,

Student worksheets are teaching materials routinely used in schools (Mukti et al., 2018),
but according to Sarah et al. (2019), teaching materials in worksheet contained in schools still
have shortcomings, like the worksheet used is not problem-based and does not suit the needs
of students (Fitriani et al., 2016) and the worksheet used is not problem-based and does not
suit the needs of students and most of the worksheets contain explanations of concepts
equipped with examples and practice questions related to the concept (Fannie & Rohi, 2014).
It makes students feel they don't need to understand mathematical concepts to work on
issues correctly, and they only need to memorize the steps that the teacher has taught. In
addition, the worksheets used have not helped students construct their knowledge because
of alack of meaningfulness in the learning process for students (Fannie & Rohi, 2014).

Several studies (Fitriani et al., 2016; Wijayanti et al., 2019; Afridiani et al., 2020; Basri
et al., 2020; Apriani et al, 2021) show that developing PBL worksheets can improve
conceptual understanding. One of the reasons is the students’ worksheets, students’
understanding of concepts can be increased through students’ worksheets in the learning
process (Wijayanti et al, 2019). Students’ worksheet that contains guidelines for
implementing learning activities, learning materials, and practice questions to make students
active in learning activities both in class and outside the classroom can improve the quality
of learning outcomes. Through the use of students’ worksheets, students are given the
responsibility to solve problems; this is expected to increase the role of students in the
learning process to develop their knowledge (Wahyuni & Efuansyah, 2019). In addition,
Mukti et al. (2018) revealed that the students’ worksheet was felt to attract students’ attention
in the learning process, equipped with exciting, and up-to-date pictures of the studied

material. Thus, to facilitate conceptual understanding, students” worksheet must be designed
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with a suitable learning model, considering that the students’ worksheet used in schools has
not been equipped with a series of activities that can help students build their knowledge,
one of which is using the PBL. model. The stages in the PBL. model, namely 1) problem
orientation to students, 2) organizing students to learn; 3) support the group to conduct
investigations, 4) design and deliver the results of the work, and 5) analyzing and evaluating
the process and results of problem-solving (Warsono & Hariyanto, 2012). Several studies
(Fitriani et al., 2016; Wijayanti et al., 2019; Afridiani et al., 2020; Basri et al., 2020; Apriani et
al., 2021) show that developing PBL worksheets can improve concept understanding, but
there is no development of worksheets using PBL on composition and inverse functions.
Because of that and the urgency of students' understanding of these materials, it is necessary
to develop worksheets based on PBL in composition and inverse functions. Thus, this study
aims to design students’ worksheets based on PBL in composition and inverse functions to

facilitate conceptual understanding that is valid.

RESEARCH METHOD

The research is classified as research and development (R&D). This research is to
design students’ worksheets based on PBL in composition and inverse functions to facilitate
conceptual understanding that is valid for grade XI senior high school. In this study, there
was no limited trial, so the subject was only an expert validator. The subjects of this study
were 2 expert validators. The validators in this study were two expert validators with the
research instrument used in a product assessment sheet. The expert validator is two
mathematics education lecturers from UIN Sunan Kalijaga Yogyakarta and it is being done
in June 2021.

This study uses the PPE development model developed by Richey and Klein with three
stages of development, namely planning, production, and evaluation. At the planning stage,
there are six steps carried out by researchers, namely 1) analysis of student characteristics, 2)
material analysis, 3) curriculum analysis, 4) preparing the structure of the students’
worksheet, 5) planning learning content, and 6) compiling research instruments.
Furthermore, at the production stage, there are two steps taken by the researcher, namely the
development of materials and practice questions as well as developing the students’
worksheet design. In the last stage of evaluation (evaluation), an assessment is carried out by
experts on the validity of the students” worksheet that the researcher developed. The data

obtained from the expert validator is then processed using a Likert scale and calculated using

76 JRPM (Jurnal Review Pembelajaran Matematika)



Mia Priyanto, Dian Permatasari

Aiken's formula to conclude the validity of the product developed. Qualitative data obtained
from the assessment of experts is in Likert scale converted into quantitative with the

following provisions in Table 1.

Table 1. Category of Scoring Assessment Sheet

Category Research Score
Very Good 4
Good 3
Less 2
Very Poor 1

Data from the validator's assessment is calculated using the formula Aiken's, where

each aspect is calculated content validity index with calculation as follows (Retnawati, 2010).

oD
v_n(c—l)

s =r—lo

lo = lowest validity rating score

¢ = highest validity rating score

r = number given by rater

To interpret the value of V that has been obtained from the calculations above, the
benchmarks are in Table 2. A student worksheet is said to be valid if the average validity

score interval is at a high criterion

Table 2. Validity Criteria

Category Research Score
Very Good 4
Good 3
Less 2
Very Poor 1
RESULT AND DISCUSSION

Developing the students’ worksheet begins at the first stage, namely planning or
planning. At this stage, it is further divided into several stages. The first is an analysis of the
characteristics of students through a literature review, where the results show that students
in the SMA/MA class X are in the formal operational stage. Students begin to think about
concrete experiences and think abstractly, ideally, and logically. Therefore, students can think
abstractly when faced with a problem. In addition to having abstraction skills, students can
also develop deductive hypotheses about solving a problem and systematically draw

conclusions. Furthermore, a study was conducted on the learning resources commonly used
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by students, namely the 2013 curriculum mathematics textbooks for class X, to analyze the
material for composition functions and inverse functions. From here, four main materials
will be presented in the students’ worksheet, namely functions, algebraic operations of
functions, composition functions, and inverse functions. The third stage in planning is
curriculum analysis by analyzing the 2013 Revised Edition Curriculum. The parts analyzed
are Core Competencies and Basic Competencies. From the basic competence on
compositional and inverse functions, twelve Competency Achievement Indicators were
developed. Four points are related to compositional function material, four are related to
inverse functions, and four are related to function material.

The next stage is to develop the structure of the students’ worksheets. The students’
worksheet structure is an overall picture of the components contained in the students’
worksheet. The components of the students’ worksheet developed are divided into the initial,
core, and final sections. The initial section includes the title page, introduction, table of
contents, concept map, instructions for using students’ worksheets, a description of the PBL
model, Core Competencies, Basic Competencies, and Competency Achievement Indicators,
and lesson plan. The core section contains material packaged in the PBL. model and practice
questions. The end includes a bibliography.

The learning content will be planned by finding and collecting appropriate references
to develop students’ worksheets. The references used in this study are 1) BUPENA
Mathematics for SMA/MA Class X Compulsory Group, 2) Mathematics for Class X, and 3)
Mathematics 2: for SMA/MA Class XI Social Science Programs. The materials and questions
that have been collected are then adapted and modified to be included in the students’
worksheets. The material for composition and inverse functions in the students’ worksheet
that will be developed is divided into four sub-students’] worksheets, namely students’
worksheet 1 contains material on functions, students’ worksheet 2 contains material on
algebraic operations of functions, students’ worksheet 3 contains material on composition
functions, and students’ worksheet 4 contains material on inverse functions. Finally, the
research instrument is compiled in the planning or planning process. The assessment
instrument is a product assessment sheet adapted and modified from previous research by
Khasanah (2016) and Bastri (2019). The assessment aspects contained in the product
assessment sheet are aspects of the feasibility of content, language, presentation, and
graphics. This assessment sheet is a checklist using a Likert scale and is equipped with

comments and suggestions for the validator.
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The second stage in the development of this student’s worksheet is production.
Researchers will develop students’ worksheets for students and students' worksheets for
teachers at this production stage. The difference between the two students’ worksheets lies
in the lesson plans, answer keys, and teacher activity instructions contained in the teacher
handbook students’ worksheet. At the same time, there is no difference between the two in
terms of material and practice. The steps for this production activity are developing
materials, practicing questions, and creating product designs.

In the first step, the material and practice questions presented in the students’
worksheet are arranged based on the Problem Based Learning (PBL) learning model stages.
The material is shown in real problems that students must solve. The material presented in
each sub-student worksheet is further elaborated into several sub-materials by the Basic
Competencies, and Competency Achievement Indicators made previously. The problems in
each sub-student worksheet are related to the real world. Problems like this are chosen to be
more relevant to the situation of students so that it is easier to understand, the closer to the
real world, the better for students' understanding. For example, in students’ worksheet 1,
students at the beginning of learning will be faced with problems related to test scores
obtained by several students, then they are asked to classify which ones are functions and
which are not. In students’ worksheet 2, one of the problems presented relates to the use of
PDAM water for daily activities, where students are asked to calculate how much they have
to pay in a particular month. Likewise, students’ worksheet 3 and students’ worksheet 4 also
contain problems related to the real world.

Furthermore, product design development is carried out in the second step using
Microsoft Word 2013 and pictures and illustrations from several references with free licenses.
The students’ worksheet components designed include the students’ worksheet cover,
introduction, table of contents, concept map, instructions for using students’ worksheet,
description of the Problem Based Learning (PBL) model, Core Competencies (KI), Basic
Competencies (KD), and Competency Achievement Indicators., materials, practice
questions, and bibliography. One of the designs of the students’ worksheet components is

presented in Figure 1.
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Figure 1. Design of students’ worksheet Components

The third stage of developing this student’s worksheet is the evaluation stage. Two
expert validators validate the product development results at this stage. Furthermore,
criticism and suggestions are obtained from the validator, which will improve the developed
students’” worksheets. Some of the complaints and directions given by the validator include
the following: 1) the students’ worksheet cover illustration does not yet describe the content
or material in the students’ worksheet; 2) some writing errors occurred; 3) lack of
consistency in using symbols; 4) has not included the source of the image used in the
students’” worksheet, and 5) using too many typefaces.

The validity of this student’s worksheet can be seen from the results of the assessment
or product validation by expert validators. The results of the expert validator assessment

can be seen in Table 3.

Table 3. Product Assessment Results

Aspect Average of

No assessment Indicator Score the Aspect Category
1 Content Scope of materials 0,89
eligibility Material accuracy 0,92 .
component  Component of problem-based learning 0,92 089 High
Facilitate concept understanding 0,85
2 linguistic Communicative 0,67
component  Straightforward 0,75
Coherence and coherence of thoughts 1,00 0,75 Medium
Compatibility with Indonesian rules 0,67
Use of terms, symbols, and symbols 0,67
3 Components  Presentation techniques 0,92
of serving Presentation support 0.96 0,94 High
material ’
4 Graphic Worksheet size 0,83
component Worksheet 's design and skin 0,78 0,80 Medium
Worksheet contents design 0,79
Total 0,85 High
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Based on Table 1, an assessment of the validity of the students’ worksheet with Problem
Based Learning (PBL) was obtained on the material of composition and inverse functions.
The highest average value is in the presentation aspect, which is 0.91, and the lowest average
value is in the linguistic element, which is 0.75. Overall, the validity value of students’
worksheet with Problem Based Learning (PBL) on the material of composition and inverse
functions is included in the high category with an overall average value of 0.85, so it can be
concluded that the product developed is students’ worksheet with Problem Based Learning
(PBL) on the material composition and inverse functions meet the valid criteria.

Based on Table 1, shows that this worksheet fulfills the Problem Based Learning

Component. The detail of the item and the score is shown in Table 4.

Table 4. The Item and Score from the Expert for Problem-Based Learning Component

No. Item Evaluation Score  Category

1. The problems and practice questions have allowed give 1,00 High
students the opportunity to understand the concepts
they have acquired

2. There are activities in the worksheet that can orient 1,00 High
students to problems

3. There are activities in the worksheet that can organize 1,00 High
students to learn

4, There are activities in the worksheet that can facilitate 0,83 High
the investigation of groups of students

5. There are activities in the worksheet that can facilitate 0,83 High
students to present their work

0. There are activities in the worksheet that can be used to 0,83 High

evaluate the results of problem-solving

According to Table 2, all of the components are in the high category. It means all of the
components of Problem Based Learning are fulfilled. The students’ worksheet with
Problem Based Learning approach starts with presenting the problem situation. Examples

of problems used in students’ worksheets are shown in Figure 2.
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Nina membantu Ibunya untuk mencuci pakaian kotor menggunakan mesin cuci
di rumahnya. Mesin cuci tersebut merupakan mesin cuci dengan dua tabung,
dimana untuk mencuci baju harus melalui dua tahap seperti 1lustrasi di atas.
Berdasarkan ilustrasi tersebut, bagaimana tahapan/ proses mencuci baju
dengan mesin cuci dua tabung? Agar tidak memakan banyak waktu, bisakah
proses mencucl hanya melalui satu tahap saja? Adakah mesin yang dapat
melakukan hal tersebut? Jika ya, buatlah 1lustras: yang menggambarkannya!

Translate:

Nina helps her mother to wash dirty clothes using the washing machine at home. The
washing machine is a washing machine with two tubes, where to wash clothes you have to
go through two stages as illustrated above. Based on the illustration, what are the
steps/process of washing clothes with a two-tube washing machine? In order not to take
a lot of time, can the washing process only go through one stage? Is there a machine that

can do that? If so, make an illustration that illustrates it!

Figure 2. Examples of Problems in students’ worksheets

After presenting the problem, it is continued by organizing students into study groups.
Groups of students are then asked to design and carry out their investigations, searching for
possible solutions. The teacher and the students themselves monitor student progress while
the questions are open. Finally, the group demonstrates their learning and engages in
reflection and debriefing (Arend & Kilcher, 2010). PBL in mathematics learning is expected
to facilitate students to learn actively to construct their knowledge related to mathematics
(Masitoh & Fitriyani, 2018).

On the other hand, based on Table 1, according to the expert, the worksheet can
facilitate conceptual understanding ability with 0,85, which is in the high category. The detail

of the item and the score is shown in Table 5.
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Table 5. The Item and Score from the Expert for Aspect Facilitate Concept Understanding

No Item Evaluation Score  Category

1. The problems and practice questions allowed give students 0,83 High
the opportunity to understand the concepts they have
acquired

2. Some questions classify objects according to certain 0,83 High
properties

3. There is a concept discovery step through giving examples 0,83 High
and not examples of concepts

4. Some questions classify that present concept in vatious 0,83 High
mathematical representations

5. Some questions classify that present the development of 0,83 High
necessary or sufficient conditions for a concept

6. Some questions classify that present the use and utilization 0,83 High
and selection of certain procedures or operations

7. Some questions classify that present the use and utilization 1,00 High

and selection of certain procedures or operations

In the students’ worksheet developed, there are aspects of conceptual understanding ability

that classify objects according to specific properties and present concepts in various forms

of mathematical representation, for example, in problem 1 material functions, wherein this

problem three students are presented with the values obtained, then given the task of

describing the problem in arrow diagrams, then classify which ones are relations and which

ones are functions. It is shown in Figure 3.

Untuk lebih memahami konsep fungsi, selesaikonloh permasalohan-
permasalahan berfkut!

Andi Tuti, dan Nida merupzkan teman satu kelas yang telah selesai
melaksanakan Penilaian Tengah Semester (PTS) beberapa hari vang lahu,
dengan rincian nilai sebagai berikut:

Andi memperoleh nilal matematdea §, IPS 9, IPA 8.5, dan Bahasa
Indonesia 7.

Tuti memperoleh nilai matematika 7.5, IPS 8, [PA 9 sedanglkan untuk nilai
Bahasa Indonesianya masth kosong karena Tuti sedang saldt sast ujian
berlangsung.

Nida memperoleh nilai matematika 9, IPS 8, IPA 6, dan Bahasa Indonesia
7.5. Karena nilai IPA Nida masih di bawah KKM, maka ia wajib mengiluti
perbaikan, dan mendapat nilai 7, sehingga nilai IPA Nida ada dua, sebelum
perbailzan dan sesudah perbaikan.

. Tuliskan himpunan beserta anggotanya dalam diagram panah berdasarkan

nilai yang diperoleh Andi! Aturan apaksh yang menghubungken
himpunan tersebut? Apakah hubungan tersebut termasuk relasi atau
funpzi? Berikan penjelasanmu!

Andi, Tuti, and Nida are classmates who have
finished carried out the Mid-Semester Assessment
(PTS) a few days ago, with details of the scores as
follows:

e Andi scored 8 in mathematics, 9 in social
studies, 8.5 in science, and language Indonesian
7.

e ‘Tuti got a math score of 7.5, social of 8, and
science of 9 while her Indonesian score was
still blank because Tuti was sick during the
exam.

e Nida scored 9 in mathematics, 8 in social
studies, 6 in science, and 7.5 in Indonesian.
Because Nida's IPA score is still below the
KKM, he is obliged to take part in the repair
and gets a score of 7, so Nida's IPA score is
two, before the repair and after the repair.

a.  Write down the set and its members in an arrow
diagram based on the value obtained by Andil
What is the rule that connects the sets? Is this
relationship a relation or a function? Give your
explanation!

Figure 3. The application of indicators classifies objects according to specific properties and
presents concepts in various forms of mathematical representation

Indicators provide examples of concepts, one of which is found in problem 2 in the

function material and shown in Figure 4. In this indicator, students are asked to give
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examples of the application of functions in everyday life.

------------------- o2 |
Give an example of the application of the function

Buatlah contoh penerapan fungsi dalam kehidupan sehari-hari. in everyday life

lawab: Jawab:

Figure 4. Application of indicators provides examples and not examples

Indicators develop necessary or sufficient conditions, use and select specific procedures or
operations, and apply concepts to problem-solving, one of which is in problem 5 in the
function material. Problems related to functions in real life are presented, in the form of the
costs required to take a taxi, then students are asked to determine the difference in costs

between two passengers. The problem is shown in Figure 5.

An online taxi company applies

------------------- an initial fare of TDR 5,000.00

Sebuah perusahaan taksi online and the fare per km is IDR
menerapkan tarif awal Rp 5.000 dan . :
e e i 000, St N 4,009.00. Qne day Dinda hlre'd
Dinda menyewa taksi tersebut untuk a taxi to visit her grandmother's
- berkenjung ke rumah neneknya yang house which is 25 km away. On

5 s " .
- jarakmya 25km. Dihari yang sama the same day, Ridho also rented
Ridho juga menyewa taksi tersebut untuk pergi ke rumah sakit yang jaraknya . .

T a taxi to go to the hospital

n which is 17km away
LKPD Fungsi Komposisi dan Fungsi Invers

Figure 5. The application of indicators develops the necessary or sufficient conditions of a concept,
uses and utilizes and selects specific procedures or operations, and applies the concept
to problem-solving

Indicators restate a concept found in the function material conclusion column, where
students are asked to conclude the problems they have worked on. The application of

indication restates a concept as shown in Figure 6.

T -

Berdasarkan permasalahan-permasalahan di atas. dapar disimpulican

1. Relasi dari himpunan A ke himpunan B merupakan

Based on the problems above, it can
be concluded

1. The relation from set A to set B is
2. The function from set A to set B is
3. The domain of a function is

4. Modomain suam fungsi adalah 4. The codomain of a function is

5. Range of a function is

2 Fungsi dari himpunan A ke himpunan B merpalkan

3. Deomain suatu fungsi adalah

5. Range suam fungsi adalah

— A

Figure 6. Application of indicators restates a concept
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Several studies (Tristanti, 2017; Fariana, 2017; Nurzazili et al., 2018; Basri, 2019)
developed students’ work with Problem Based Learning (PBL). According to Basri (2019),
problem-based worksheets can improve understanding of concepts. The research results
reinforce this by Afridiani et al., (2020). It shows that understanding students' concepts has
changed significantly with applying the PBL. model in the learning process. Furthermore,
Napiah et al. (2019) revealed that Problem Based Learning (PBL) is one solution to improve
students' understanding of concepts because the PBL model stages focus on understanding
mathematical concepts. The PBL model familiarizes students with understanding concepts
through problem-solving processes (Suhendar & Ekayanti, 2018). On the other hand,
Padmavathy & Mareesh (2013) also stated that learning mathematics using PBL effectively
improves students' understanding and abilities because students apply mathematical

concepts in everyday life.

CONCLUSION AND SUGGESTION

The development of students’ worksheets (Student Worksheet) PBL facilitates the
ability to understand concepts in the composition material and to understand the PPE
development model. Based on the results of the expert validator's assessment, this
development research has succeeded in developing the students’ worksheet of
compositional and inverse functions based on Problem Based Learning (PBL) to facilitate
the ability to understand concepts belonging to the valid criteria with an average value of
product validity of 0.84 which is included in the high category.

The suggestions for further product development include the development of this
student’s worksheet, which is expected to add other material because this student’s worksheet
only contains material on composition functions and inverse functions. It is hoped that there

will be further development related to variables, approaches, and mathematical ability.
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