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Introduction

ABSTRACT

This research was conducted based on problems at MAS Taruna Al
Quran Yogyakarta, that the mathematics learning still relied on a
publisher generated sources which only focused on students’
understanding, but not yet targeted their middle-low critical thinking
skills. It then aims to develop a problem-based learning worksheet
on matrix material, which can improve students' critical thinking
skills, especially on interpretation and inference indicators. The
research used ADDIE development model which has five stages,
including analysis, design, development, implementation, and
evaluation. Finally, it successfully developed the worksheet rich of
learning activities stimulating the students’ critical thinking through
the syntax of problem-based learning. The media expert assessment
scored 46/50 (very good) and the content expert assessment scored
100/105 (very good). The worksheet also considered practical for
use, as shown by the average results of participant questionnaire
response scored 84.4 (very good) in the small-scale test and scored
90.5 (very good) in the large-scale test. The developed worksheet
also created a significant influence in improving the students’ critical
thinking skills by an increase of 25.3%.

This is an open access article under the CC-BY-SA license.

According to Yadav (2017), mathematics is the scientific study of quantities, including the
relationships between operations and measurements which are characterized by numbers and
symbols. Herdiansyah (2018) also suggests that mathematics subjects are considered difficult for
most students to understand compared to other subjects. Students often experience difficulty in
applying mathematics contextually. Therefore, to overcome the difficulties experienced by
students, skills are needed. According to Agus and Purnama (2022), critical thinking skills are one
of the important skills that students have in the mathematics learning process.

Firdaus and Wilujeng (2018) explain that critical thinking skills are the ability to analyze and
evaluate students in relating information and material obtained during the learning process. Glaser
(in Kurniawati & Ekayanti, 2020) also elaborates that critical thinking skills are applied in
examination methods and logical reasoning. The indicator of critical thinking, according to Pertiwi
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(2018) is that students can interpretation, analysis, evaluation and inference from contextual
problems. It is important for students to have critical thinking skills so that students can make
decisions or take action on the problems they encounter.

The development of interesting, creative and innovative teaching materials can create a
learning atmosphere that is fun, encouraging and causes students to think critically used to
encourage students' active role in the learning (Zuriah et al., 2016). According to Amalia Yunia
Rahmawati (2020), worksheet is a instrument to help and facilitate the formation of effective
interactions between students and teachers, and can improve students' activities and learning
outcomes during the learning process. According to Rosliana (2019), the learning process using
worksheet will provide opportunities for students to construct conceptual understanding and
students can play an active role in the learning process so that they can familiarize students with
critical thinking skills. To reach the objective, the use of worksheet also requires a learning model.

According to Agustina et al. (2018), problem-based learning (PBL) is a learning model that
supports the active role of students and can improve critical thinking skills because learning with
this model students are responsible and independent in finding solutions to problems given and
can provide conclusions from solutions to these problems in their own language. According to
Yulianti et al. (2022), the increase in critical thinking skills is due to the use of PBL worksheet during
the learning process the material provided encourages the active role of students so as to reduce
teacher dominance in the learning implementation process. According to Pansa (2016), the reasons
why the learning process in schools uses the PBL is because: (1) it can prepare students to apply
their learning to real world situations, (2) it makes students become knowledge producers, not just
consumers of knowledge, (3) supports students to improve communication, reasoning, and critical
thinking skills.

Based on the results of an interview with one of the mathematics teachers in class XI IPA MAS
Taruna Al Quran, namely Ms. Aulia Fonda, S.Pd., M.Pd. on Thursday, October 05, 2023 and results
pretest of matrix multiplication material to students on Tuesday, October 24 2023, proves that
students' critical thinking skills are still moderate. Percentage value of critical thinking skills
indicators from the results pretest of matrix multiplication material is presented in Figure 1.

Indicators of Critical Thinking

100.0%
86.5%
80.0% 77.4%
0%
63.5%
60.0% 52.9%
40.0%
20.0%
0,
0.0% Interpretation Analysis Evaluation Inference

Figure 1. Pretest results on critical thinking indicators

Based on Figure 1, it shows that the average achievement of students’ critical thinking skills
indicators in matrix multiplication material is 70.1% in the medium category. However, the average
value of students' critical thinking skills in matrix multiplication material is 70, meaning that this
value is still below the minimum completeness criteria determined by the school, namely 75. This
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is because the interpretation indicator obtained a percentage value of 52.9% with low category, and
the inference indicator obtained a percentage value of 63.5% in the medium category, so this study
will focus on improving interpretation and inference indicators.

This is also caused by the mathematics learning process using a direct learning model which
tends to be one-way so that the active role of students in the learning implementation process is
very minimal and the teaching materials used during the learning process are using worksheet from
publishers. The worksheet presents a summary of material and questions that only focus on the
students' understanding stage and does not yet have model steps PBL and critical thinking
indicators. Students have not yet had the initiative to do practice questions so the teacher must give
orders first, and students at the school cannot access the internet to look for other learning
resources because students are not allowed to bring cellphone, laptops, and the like. Thus, the
worksheet that will be developed can support students in getting new learning resources and
different learning experiences by working on existing worksheet at the school, as well as making it
easier for students to hone critical thinking skills.

Method

This research uses research methods Research and Development (R&D). In this research,
researchers used the ADDIE development model developed by Dick and Carry and has 5 levels
namely analysis, design, development, implementation, and evaluation. According to Widyastuti
and Susiana (2019), the reason why the ADDIE model is still very relevant to use is because the
ADDIE model has a structured framework and there is evaluation and revision at each stage, as well
as a way to solve learning problems related to learning resources and student characteristics. This
research intends to develop a product in the form of PBL-based worksheet on matrix material so
that after using this worksheet it is hoped that it can improve students’ critical thinking skills.

The subjects in this research were media expert validators, material expert validators, and
class XI IPA MAS Taruna Al Quran students. The instruments used in this research are non-test
instruments and test instruments. The non-test instruments are in the form of validation sheets and
student response questionnaires, while the test instruments are in the form of questions pretest
and posttest. In this research, there are two types of data, namely qualitative data obtained from
interviews, suggestions from validators and students, and quantitative data obtained from the
results of questionnaire assessments by validators and students and student test results.

Data analysis was carried out to obtain information that the worksheet being developed was
said to be valid and practical. The assessment rules for worksheet products are developed using the
Likert scale in Table 1 (Effendi et al., 2021).

Table 1. Validity and practicality assessment guidelines

Responses Score
Strongly agree 5
Agree 4
Simply Agree 3
Don't agree 2
Strongly Disagree 1

From calculating the score of each statement, the average is found using the formula:
n
- -1 X
< = Zk—l k (1)
n
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with:

X : average worksheet assessment score by validators

Xk: : score of the 2nd indicator statement k, Where k=1, 2, 3, ..., n
n : number of assessment items.

According to Habsyi et al. (2022), the criteria for the validity and practicality of the worksheet
can be seen in Table 2.

Table 2. Criteria for validity and practicality of worksheet

Score Range Category
X > X, + 1.80 SB; Very Good
X; + 0.60 SB; < X < X; + 1.80 SB; Good
X; — 0.60 SB; < X < X; + 0.60 SB; Less Enough
X; — 1.80 SB; < X < X; — 0.60 SB; Not Enough
X < X; — 1.80 SB; Poor

Information:
X: average score
X;: ideal average score

- 1
X; = > X (ideal maximum score + ideal minimum score)

SB;: ideal standard deviation

1
SB; = Z X (ideal msximum score — ideal minimum score)

Ideal maximum score = number of criteria items X highest score
Ideal minimum score = number of criteria items X lowest score

The worksheet developed is said to be valid and practical if it obtains a minimum average in
the good category. The percentage value of critical thinking indicators can be calculated in the
following way:

Obtained Score
Percentage Value (NP) = Maximem Score 100% @

According to Setyowati (in Karim & Normaya, 2015) the categories of critical thinking
indicators can be seen in Table 3.

Table 3. Criteria of critical thinking indicator

Percentage Value Category
81,25 < NP <100 Very High
71,5 < NP <81,25 High
62,5 < NP <715 Currently
43,75 < NP <£62,5 Low

0 < NP <4375 Very Low

Results and discussion
The results of the development research that has been carried out at MAS Taruna Al Quran are
printed teaching materials in the form of PBL-based worksheet.
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Analysis

The analysis stage is carried out to obtain information related to initial conditions and initial
product development planning. At the analysis stage, researchers carried out a needs analysis at
MAS Taruna Al Quran, especially in the implementation of matrix material learning. At this analysis
stage, interviews were carried out with the mathematics subject teacher, namely Mrs. Aulia Fonda,
S.Pd., M.Pd. and giving pretest to students. The results of this analysis serve as guidelines for
preparing PBL-based worksheet.

Curriculum and material analysis

The curriculum used at MAS Taruna Al Quran is the 2013 curriculum. At this analysis stage it
focuses on the analysis of core competencies and basic competencies which will be used to
formulate indicators of competency achievement as a basis for determining learning objectives for
matrix material which is guided by the 2013 curriculum. will later be developed by researchers.
The core competencies and basic competencies used are presented in Table 4.

Table 4. Core competencies and basic competencies
Core Competence Basic Competence
Knowledge domain
Understand, apply, analyze factual, 3.3 Explain matrices, matrix similarities related
conceptual and procedural knowledge to problems in everyday life and perform
based on curiosity about science, matrix  operations including addition,
technology, arts, culture and humanities subtraction, scalar multiplication, and

w1thh1ns(1ight l(ilto _h_lll_mar_nty, naltlondahty, multiplication of two matrices, as well as
statehood and civilization, related to matrix transpose.

phenomena and events, as Well_as applyi_n_g 3.4 Analyze the properties of the determinant and
procedural knowledge in the field specific inverse of a matrix of order 2 x 2 and 3 x 3.
studies according to their talents and

interests in solving problems.

Skills domain
Processing, reasoning, presenting in the 4.3 Solve problems in everyday life related to
concrete and abstract domains are related matrices and their operations.

to the development of what they learn at 4 4 Solving problems in everyday life related

school independently, and are able to use to the determinant and inverse of order 2
methods in accordance with scientific % 2 and 3 % 3

principles.

After analyzing the curriculum and materials, the researchers also conducted interviews with
the mathematics teacher in class Based on the results of interviews with mathematics teachers, the
matrix material includes the concept of matrices, matrix operations, and the properties of
determinants and inverses of matrices. At MAS Taruna Al Quran itself, the time allocation used in
the mathematics learning process per week is 4 X 35 minutes or two meetings. Based on the time
allocation, the matrix material is taught in 4 meetings (8 X 35 menit) at MAS Taruna Al Quran. The
worksheet developed will present problems in everyday life related to matrix material so that
student can solve these problems using problem-based learning syntax.

Analysis of situations and conditions

Researchers conducted an analysis of situations and conditions related to learning models and
teaching materials used by teachers during the learning process. The learning model used by the
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teacher is a direct learning model with a lecture method which tends to be one way, listening to
explanations from the teacher so that student involvement in the learning process is very minimal
and the teaching materials used during the matrix learning process use worksheet from the
publisher. The worksheet presents a summary of material and questions that only focus on the
students' understanding stage and does not yet have model steps Problem Based Learning and have
not been able to improve students’ critical thinking skills. Students at the school also cannot access
the internet to look for other learning resources because students are not allowed to bring them
cellphone, laptops, and the like. So that in the learning process, teaching materials are needed that
are able to motivate students to be more actively involved, so the researchers developed a work-
based worksheet Problem Based Learning which has steps in the learning process starting from
problem orientation, organizing students, guiding investigations, developing and presenting
problems, and analyzing and evaluating. The developed worksheet also contains indicators of
critical thinking including interpretation, analysis, evaluation and inference.

Analysis of student characteristics

Researchers conduct an analysis of students who will be research subjects to obtain information
related to critical thinking skills which contain indicators of student interpretation, analysis,
evaluation and inference in the matrix material. Researchers analyzed students' critical thinking
skills, especially in matrix multiplication material which still left problems according to the results
pretest on Tuesday, October 24 2023, namely the interpretation indicator is still in the low category
because students are not used to writing down what they know and what is asked about the
problems presented. Researchers also need to pay attention to the inference indicators because
even though the inference indicators are included in the medium category, only 1 out of 26 students
have achieved the inference indicators.

Based on the analysis of these students, the researcher developed a student-based worksheet
Problem Based Learning to improve students' critical thinking skills.

Design
Several things that must be done in the product planning stage of worksheet development are as
follows.

Material assessment

Based on the analysis stage, the material used to develop the WORKSHEET is matrix material for
the odd semester of class XI SMA/MA equivalent. Then determine indicators of competency
achievement and learning objectives from the matrix material in accordance with core
competencies and basic competencies based on the 2013 curriculum. Matrix learning in this
worksheet uses a learning model PBL and in accordance with critical thinking indicators.

Early product design

Printed teaching materials in the form of PBL-based worksheet uses A4 paper size (21 cm x 29.5
cm), using Roca One writing type with size 12. Preparing the worksheet begins with making a
design cover foreword, foreword, table of contents, list of syntax Problem Based Learning and
critical thinking indicators, concept maps, and worksheet contents pages. This worksheet consists
of four activities, namely Worksheet I discussing matrix concepts, Worksheet II discussing addition
and subtraction of two matrices, Worksheet 1l discussing matrix multiplication, and Worksheet IV
discussing determinants and inverses of matrices.
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Making research instruments

The research instrument used was a questionnaire prepared to evaluate the worksheet that had
been created. Making the instrument begins with preparing a grid according to the aspects that
have been determined for each questionnaire. This research instrument consists of a media expert
validation sheet, material expert validation sheet, student response questionnaire, and test
instruments. The four research instruments must be validated by expert validators from
Mathematics Education lecturers at Ahmad Dahlan University, namely Mr. Fariz Setyawan, S.Pd.,
M.Pd. first before using it to assess the worksheet product that has been developed. The validation
sheet that has been created according to the grid is given to media expert validators and material
expert validators to test the feasibility and quality of the worksheet that has been created before
being tested by students. Then, student response questionnaires were given to students after the
worksheet was made suitable for testing in small and large classes. Meanwhile, the test instrument
consists of: pretest and posttest used to determine the level of students' critical thinking skills.

Development

This stage is a process where everything that is needed or that supports the worksheet
development process must be prepared.

Preparation or creation of worksheet

The author prepares or makes the worksheet according to the design results, makes pictures, types
and colors the worksheet which is developed with the help of Canva. The results of preparing or
making worksheet are as follows.

1. Cover front, contains the title of the worksheet, an image illustrating the matrix material, and
the name of the compiler (See Figure 2).

LEMBAR KERJA PESERTA DIDIK (LKPD)

MATEMATIKA XI
Matriks

/ ZAHRO KHOIMUNISA

Figure 2. Cover design
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2. The foreword contains expressions of gratitude and thanks, a general description of the
contents of the worksheet, and the author's hopes in compiling the worksheet.

3. Table of contents contains information on the content page that the reader will go to.

4. Syntax hints Problem Based Learning and critical thinking indicators, containing symbols or
illustrations in each syntax Problem Based Learning and indicators of critical thinking.

5. Concept map, contains a general description of the material to be studied in the worksheet.

6. The content page (See Figure 3) of the worksheet contains basic competencies, indicators of
competency achievement, learning objectives, instructions for working on the worksheet,
student identity, and pearls of wisdom about the virtues of studying, taken from the Al-Quran
and hadith as material to motivate students to study. The contents page of this worksheet also
contains questions and steps for solving them according to the syntax Problem Based Learning
which begins with student orientation, organizing students, guiding investigations, developing
and presenting problems, analyzing and evaluating, and the steps for solving them also
according to critical thinking indicators including interpreting, analyzing, evaluating and
inferring.

Lembar Kerja Peserta Didik 3
e 2 Perkalian Matriks

=

Figure 3. Worksheet content page design

Product validation

Product validation in the form of PBL-based worksheet carried out after making the worksheet by
the writer who is guided by the supervisor. Product validation is carried out to test the suitability
of the media and materials in the worksheet that has been created.

Media expert validation

Media expert validation was carried out by 2 experts, namely Mr. Fariz Setyawan, S.Pd., M.Pd. as a
lecturer in the Mathematics Education study program at Ahmad Dahlan University and Mrs. Aulia
Fonda, S.Pd., M.Pd. as a mathematics subject teacher at MAS Taruna Al Quran by filling in validation
sheets for each aspect of the media expert validation assessment, namely appearance, letters and
images, language, and physical criteria. The assessment data by media expert validators is
presented in Table 5.

Based on Table 5, the details of the average assessment from media expert validators for each
aspect of the assessment are obtained, namely in the appearance aspect, the average is 5 in the very
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good category, in the letter and image aspect, the average is 28 in the very good category, in the

aspect language obtained an average of 8.5 in the very good category, and in the physical criteria

aspect obtained an average of 4.5 in the very good category, so that the total number and total

average obtained from the assessment of material expert validators were consecutive. are 92 and

46 in the very good category.

Table 5. Media expert validation results

No ASASZ’;ZI:;M Vlalldatcz)r Average Category
1 Appearance 5 5 5 Very Good
2  Letters and 27 29 28 Very Good
3 Language 9 8 8.5 Very Good
4  Physical Criteria 4 5 4.5 Very Good

Final score 46 Very Good

The worksheet media that was developed received this category also through several
suggestions from media expert validators to be improved so that the worksheet developed was

better and suitable for use can be seen in Table 6.

Table 6. Media expert validation suggestions and improvements

Product suggestions and improvements

Changed all font types on the worksheet from Roca One font to Calibri type.

Kata Pengantar

Seala g bagi AN yarg telah emberiban karunia Nya sehingia peeousuman
LEPD matemasiha Khususega materl matriks wnauk MAS Taruna Al Quran
Yogyakarta kelas X1 sermester gasal dapat disadesaihan LIPD Ini dibuat wntuk
memersdhl hebatuhan pesérta didih sehagal salah satu bahan ajar yang
membanty peserta ddik uniul meningdathan perahaman dan keteramplan
Derpiklr Kriths verhadap honaep konsep matert matrike

Materl pada LHSD Inl disusun dan disessalhan dengan kueikulum 2003
mengzunahan bahasa 3 ang homunibari, sehingia mudah dipahan ceh peserta
didi dan  langkah langhah  pembelajaran  disevsalkan  dengan  model
pembelaaran Froblem Based Leamning Masalah masaiah yang dsajikan pada
LESD ind juga disesuaihan dengan aplikasi materi dalam kebidupan sebart hari
sehingta secara thiak langsung pasa peserta didik  diharaphan dapat
meningkathan  pomahauman  dan  heteramgdan  berpdie kit datam
menyelesathan masalah lersctest

Pada kesermgatan Inl peris meny amnpaikan terins kasih hepads semua pihak
yang turut membantu dalam penywhesalan LIKPD ind dan kepada pengguna LKPD
atas hesodlaan memberikan krith dan saran dalam penyemgermaan LD
Penulis berharap semoga LKPD inl dapsl berkoniribusl  dalam  spaya
IMEnINGRATRAN Beteramgilan berpiie krls poserta didi hetas X1 MAS Taruna Al
Quran

Yogyaharta,

e,

Zahro Krwirunisa

.‘ h gf ‘:.L'+ . _i;- 1

—

Kata Pengantar

before revision

after revision
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Product suggestions and improvements

Adding the university logo to the page cover.

/

LEMBAR KERJA PESERTA DIDIK (LKPD) /;

v

MATEMATIKA XI ¢
Matriks ‘

ZAHRO KHOIRUNISA

/7

before revision

MD

LEMBAR KERJA PESERTA DIDIK (LKPD)

MATEMATIKA XI
Matriks

o

ZAHRO KHOIRUNISA

after revision

Changed the design of the table of contents to make it less formal.

Darftar Isi

Hataman Sampul
Nata Pengantar

Datiar ist

Surcada Probiem Based Learning
Indikatoe Berpihie Kritis —
Peta Konsep

Lembar Kerjs Peserta Dtk 1
Lembas Kerja Pesceea Didik 2
Lembas Kerja Peserta Disik 3.
Lembar Horjs Peserta Dk 4

scLLLLLELEL

1)
s
‘I"l .
s
3 7

n} ,-”;

DAFTAR
1|

HALAMAN SAMPUL

KATA PENGANTAR

DAFTAR IS)

DAFTAR TABEL

DAFTAR GAMBAR

SINTAKS PROBLEM BASED LEARNING
INDIXATOR BERPIKIR KRITIS
PETUNJUK

PETA KONSEP

LEMBAR KERJA PESERTA DIDIK 1
LEMBAR KERJA PESERTA DIDIK 2
LEMBAR KERJA PESERTA DIDIK 3
LEMBAR KERJA PESERTA DIDIK 4
DAFTAR PUSTAKA

BIOGRAFI PENYUSUN

u g e

before revision

after revision
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Product suggestions and improvements

Added study instructions using worksheet.

Before the revision it did not include study
instructions.

PETUNJUK
BELAJAR

, e

1.Berdoalah sebelum mengerakan Lembar Kerja
Peserta Didik {LXPD).

2.Bacalah  dan  pahami  permasalaban  sena
langhah-angkah dalam menyelesalian Lembae
Kerja Peserta Didik (LKPD).

3.4silah vtih-vtik pada Lembar Kerja Peserta Didi
{LXPD) dengan bilangan atau kata serta kaimat
yang tepat dan sesual dengan pertah pada
setiap langkah-langkah penyclessanayd.

4. Tanyakan kepads guru ketika belum memahami
perintah pada Lembar Kerja Peserta Didik (LKPD).

5.Kerjakan sesuai dengan urutan langkah-liegkah
pada Lembar Kerja Peserta Didik (LXPD) dengan

G tedini, )

after revision

The position of the image in the worksheet activity is placed next to the question text and

adds the source of the image.

-

QUOTES

it el Jins 4380 plall s 255 00
Artlngya

“Barangsiapa yang pergl untuk menuntet nve, maka

S el termasuk golongan sabiliah (orang yang

manegakkan agama Alah) hingga I patang kemiball " 1/
4 (HR Tirmide)
v

K Shoe § pabirik yang terketak ¢l Kota Yogyakarta,
Solo, dan Bandung K Shoe memprodubsl 2 feris sepatu yalty sepats sneakers dan
sepatu Boots. serta kualitas sepatu dagat ditsedaban menjaudl 2 jenls yaltu standard dan
peomiam. Bulan kemarin, pabrik di YoRyakaria SApat memprodulst sopaty sneakors
schargak 00 pasing dengan kualtas standard dan 750 pasang desgan Rualias
presium, serta sepati bocts sebanyak D00 pasang dergan huaitas sandasd dan 300
POSATE BONEAN KUATITAS Premium Pabrik i Solo Apat IaMprodelsl sapatu seakers
sohargak 300 pasing demgan hualitas sandard dan 250 pasang dengan Raalias
peeemium, serta sepat boots scbanyak 600 pasang dengan kualias standard das 100
pasang dengan husalitas premium, Tenzuban beesuk matriksnya dan tentuhan 106] dw
s spatu dengan masing masing kualitasnya dael perusahaan tersebos serta
tentukan selisih produial sepatu @ Yogyaharta dan & Solo dengan masing masing
Rualitasnya!

-
B o A i b s alad LB £ 5
Ay
TINrANEUIDs FNg PEND UL Mmeruniul B, maka ca telah

termank polongan Wbilleh {crang yang managskkan agma
ALah) Nnggs (2 pulang bembal * (MR Timidsi)

n Oriantaul Miunslsh @
Gambar | Sdte parvEaNAIn SEDITY K-Shoe mempunysi 2 Sbib 1aag Terietst

@ K013 Vogyakarta $an & S0, K-3Noe memprodnl 2 o woaty
Vol wepoty sredten dan st Boot, 1es kusltss 1epatu dapet
i Gheduban menjedl 1 jons yons standed Gan premenn Sun

Rernacin, DIt B TOEYMRaTa et memprodAsl Se0aTY STeaten
SN wboryat 1000 pusang dengan husitas standard dan 750 paang
W Gomgan Luaktas premam. serte sepatu Beots sebasyek K00 piiang
Gongan busitas stardard dar 300 Datang SENgan budllas freriam
Pabrit & 5ok dapat mamprodkll sepsts Inesten wbsnysk 300

Gambbar 2
Ppinang dengen hushiin Vianderd din 250 paang dengan busitn
e, e egaty BOBLS 3eDarysh GO0 Datang dengan busitas
Mandard dan 100 paseng cengan Raaltsn premiem. Fersukan
bertut matrkurys dan tertehan totel dus et DIty Sengan
G AN SNV S 001 DErasaNI Tt et 16718 Teriuban
i produisl wepans & Yogyaharts dan &k S0l0 dengan masing

Sumber Camva rang kussuryal
D Pervresscn

Megmpenahan o
Fesarts Dide

1ADS 520 yirg Shetatus DAZ Sermitalathin languah A?

Produbul Ptk b Yogyakans Produis pate s & Solo
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before revision

after revision
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Product suggestions and improvements

Font size and equation must be consistent.
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Added points and places to answer commands at each step of completing the worksheet.
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Material expert validation

Material expert validation was carried out by 2 experts, namely Mrs. Dian Ariesta Y., M.Pd. as a
lecturer in the Mathematics Education study program at Ahmad Dahlan University and Mrs. Aulia
Fonda, S.Pd., M.Pd. as a mathematics subject teacher at MAS Taruna Al Quran by filling out
validation sheets for each aspect of the material expert validation assessment, namely
appropriateness of content, indicators of critical thinking, language, appropriateness of
presentation, and syntax Problem Based Learning. The assessment data by media expert validators
is presented in Table 7.

Table 7. Material Expert Validation Results
Validator

No  Assessment aspects 1 ) Average Category
1 Content Qualification 21 25 23 Very Good
2 Critical Thinking 16 16 16 Good
3  Language 20 21 20.5 Good
4  Feasibility of 16 20 18 Very Good
5 PBL Syntax 20 25 22.5 Very Good

Final score 100

Based on Table 6, the details of the average assessment from material expert validators for
each aspect of the assessment are that in the aspect of content suitability, the average was 23 in the
very good category, in the critical thinking indicator aspect, the average was 16 in the good
category, in the aspect linguistics got an average of 20.5 in the good category, in the aspect of
appropriateness of presentation it got an average of 18 in the very good category, and in the aspect
of syntax Problem Based Learning obtained an average of 22.5 in the very good category, so that
the total number and total average obtained from the material expert validator assessment were
respectively 200 and 100 in the very good category. The worksheet material developed received
this category also through several suggestions from material expert validators to be improved so
that the worksheet developed was better and suitable for use can be seen in Table 8.

Implementation

At this stage, the results of the worksheet that have been developed and validated by the validator
will be carried out in the implementation or trial phase. At this stage, two stages of testing will be
carried out as follows.

Small-scale trials

This small-scale trial was carried out by 5 students of class XI IPA MAS Taruna Al Quran. This small-
scale trial was carried out on April 30 2024 by means of students investigating, studying, studying,
using the worksheet, and assessing the worksheet that had been created (See Figure 4). Then
students fill out a student response questionnaire to obtain information about the shortcomings of
the worksheet that has been created. The results of the student response questionnaire assessment
show that the worksheet developed is included in the very good category.
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Table 8. Media expert validation suggestions and improvements

Suggestions and improvements

The numbers in the table of contents are ambiguous in syntax Problem Based Learning, so the
researcher changed the symbols in the syntax Problem Based Learning.
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Adding the concept of matrix order to the Worksheet L.
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Suggestions and improvements

Clarify command sentences in the syntax of developing and presenting Worksheet Il and

Worksheet III problems.
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Provide a space in the sentence "2 kg of oranges" problem 2 Worksheet III.
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Suggestions and improvements
Provide parentheses in the matrix determinant formula.

‘v Memdinaing e
, e v Merrburiing
‘2 Pengeiishan ¢ c Pemeatasn - 44
Urauk hesalhan pe LARAN JIMAS. e i Urtuk slaban datan, Intceman) berkut
A Determiman 4 Oeterman
Misathan A adalah matriks persegl beroedo 2 x 2, determinan dinyatakan dengan det Minalian P adalah matriks pecvng Derordd 7 & 2, determinan doyatsban engan det 3taw | |, dan Set (P)
| L san den CA) ataw (AL didefinistan sebagal Jumiah semua has hall elementer My )P Sctefrisian 1eDagai farniad serrias Nl bak elemertat Dertands dan P {ueind antacs pertaten
bertanda darl A (selislh ardara perhalian clemen clomen pada dlagonal utama dengan ST Tt DaTe DI dl VIATY Gergan [HVIEan eleTes ehe e pads Aagoenal et order Date
mwmmmwm:mmu matriks 9y
- dioart & dart s berihun Berdanarian Seleis Gutan Maks dadat Sart ol Setermmindn dar matriks berbue
Pt + o —
aii- ap P Pz
A =14l =
detA = |A] [““ "n] detP = |P| = [p
L et 2 P22
Al = an x ax —ap * an [P| = (p11 x pn) = (M2 % pa)
MM*Q\M‘QIIMML‘[’"\(‘ uanmm.mwm-nmm.lm Jaa matrika P sdalah matehs perseg, dan s Uts Sapst mercan mitrits O sehinggs I « OF = ( maka P
AB = BA = Limaka A dapat dibalth & A 20t Hhate B O BAMTWASS Erers S0 P
Derdasarhan definisi diatas maka dapat dhoari nilad invers dan masrihs berikur: Berdonarkan Setren datan Mata dapat San nal reen derl matni berdus
4™ = 1 [an 021] p— 1 [pn _Plz]
1 = —
(Al [ ~an  an &
[Pl [=p2r P
Mralkan Wiaiban
» harga »:harga
R — vihags
Sistem Hnear y di Salah Satem peramass Fnear yang terberha dan permataiahon datan adalat
Xy~ 15000 =
el 000 ek 0y = 15,000
..... X+ ...y=22000
% Mengembanghandan, .o
45 | Menyajihan Masalan ¥ Mengembanghandan .
- Maryaphan Masaleh | ¢
A, Ubaioh, Sheapen: porestnrass R Jorg poda langhuh b 1 Unahiah 57 e Vg TeDestus Do Linghuh C b dalam bentuk mans PX « O, #
dalam beatub matriks AX = 1A merupakan matrihs hoefision, B merupakan malnks e w:’::nm’\::n"‘nhm ""‘w.:' RIS > "
honatanta, dan X merupakan masriks variatel ’ .
O O] [«] _ [15.000 15.000
o o) lyl 22000 [ ] [ ] [22 000]
g W Mar )}
>
\ o 8o / \ /
¥ na'e n ‘23
4= b * * & +
————

before revision after revision
Added explanation regarding cofactors to Worksheet IV.

Pu P12 Pi3
P=\pn pn pn
1 P32 P33

s
|Pl= |pn Pe_7

231 P32

P| = (pupnpw + pzpnpn + pispaps)
~ (Pi2pnpn + pupasps: + puapzpn)

L )
resz
203 manris 7 adeleh matrin penveg, dan jhe Wts dapet mencan matria (O sebinggs PO« OF « L
ks P dodat AN dan Q dinamusban rmver dar Q.
BerOIEas JI i Batas mans MO TN Pl ey J40 MIATRY Deribat

Before the revision there was no L
explanation about cofactors. [o— g

S4(P) adalah matriks trampave dert matriks kelaktor P

sans

Minor den Kotakice

ey

Fha P adaah manrhs Ruadvat maks menor dar wame elemen P, dan matrls P yang drvatalan
Sengan *. adalah hargs Setermrinan [ansk determinan| darl matris semuls wtelsh Shlungcas Sarm
bt dalam Aokom hef pada matriks P dan koliner dan suste slemen B, en matnks # gang
Soyatakan Cergan 4. adalih hayl periaien WENGr SENgan Wty angka yang MATSUTYE Ity
aturan yetu w. dirnana | adaieh birn dan | adelat holom

P P2
P=|pn prn ps|— My=
31 P2

My = papss — pasps2 k= 1" 1M,

after revision

110 d | 10.12928/bamme.v4i2.11298



e-ISSN 2776-1029 p-ISSN 2776-1002

Suggestions and improvements

Added bibliography.
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Figure 4. Students joined the small-scale trial

Large-scale trials

This trial is intended to obtain information from students regarding whether the worksheet being
developed fulfills practical or feasibility aspects that can be used in the learning process. Then
students fill out a student response questionnaire to obtain information about the shortcomings of
the worksheet that has been created (See Figure 5). The results of the assessment of student

response questionnaires in large-scale trials show that the worksheet developed is included in the
very good category.

Lt

Figure 5. Students joined the large-scale trial
Evaluation

The evaluation stage in the ADDIE model is carried out at each stage starting from the analysis stage,
design stage, development stage and implementation stage. The evaluation stage is carried out in
order to produce worksheet that is better and suitable for use in the learning process. At the
analysis stage, information related to the learning model and teaching materials used during the
learning process as well as students’ critical thinking skills need to be evaluated to get the right
solution. Students' critical thinking skills can be identified from the results pretest which have been
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carried out before using the developed worksheet. Therefore, the solution provided by researchers
is to develop teaching materials in the form of PBL-based worksheet on matrix material to improve
students' critical thinking skills.

At the design stage, evaluation is carried out by consulting with the supervisor regarding the
initial format design and content of the worksheet being developed. After consulting with the
supervisor, the researcher then created the overall worksheet. At this stage, evaluation is also
carried out during validation of assessment instruments such as media expert and material expert
validation sheets as well as student response questionnaires. The assessment instrument is suitable
for use with several improvements based on suggestions and comments from expert validators.

At the development stage, evaluation is carried out with initial worksheet validation tests by
material expert validators and media expert validators. The results of the assessment by material
expert validators and media expert validators show that the worksheet is based on Problem Based
Learning on matrix material to improve students’ critical thinking skills which was developed in
the very good category for use with several improvements based on suggestions given by the
validators.

At the implementation stage, evaluation is carried out by assessing the worksheet by
participants. The results of the assessment by students show that the worksheet is based on
Problem Based Learning on matrix material to improve students' critical thinking skills which is
developed in the very good category for use. Thus, worksheet is based Problem Based Learning The
matrix material to improve students' critical thinking skills that has been developed is valid and
suitable for use as supporting teaching material for the matrix material in the mathematics learning
process.

This evaluation stage is also carried out posttest to students which was carried out on May 7
2024 and aims to determine students' critical thinking skills after using the worksheet developed
in the learning process based on Problem Based Learning.

PBL-based worksheet which has been developed is also effectively applied in the learning
process because it can help improve students' critical thinking skills. This effectiveness can be seen
from the achievement of critical thinking indicators after using PBL-based worksheet which
increased from before using PBL-based worksheet which is described in Figure 8.

The indicators of critical
thinking

120.0%
97.8% 99.7% o
100.0% 86500 2% 90.1%
80.0% 77.4%
o 63.5%
40.0%
20.0%
0.0%
Interpretation Analysis Evaluation Inference

W Pretest M Postest

Figure 6. Results of increasing critical thinking indicators
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Based on Figure 6, it can be seen that the achievement of critical thinking indicators is in the
results pretest shows that interpretation indicators are in the low category with a percentage of
52.9%, analysis indicators are in the high category with a percentage of 77.4%, evaluation
indicators are in the high category with a percentage of 86.5%, and inference indicators are in the
medium category with a percentage of 63.5%.

Meanwhile, the achievement of critical thinking indicators after using PBL-based worksheet
based on the results posttest shows that interpretation indicators are included in the high category
with a percentage of 97.8%, analysis indicators are included in the high category with a percentage
of 99.7%, evaluation indicators are included in the high category with a percentage of 94.2%, and
inference indicators are included in the high category with a percentage of 90.1%.

Conclusion

Based on the explanation it can be concluded that:

1. Development of PBL-based worksheet on matrix material to improve students' critical thinking
skills using the ADDIE development model is valid for use as shown by the average results of
media expert assessments, namely 46 in the very good category and the average results of
material expert assessments, namely 100 in the very good category.

2. PBL-based worksheet on matrix material that was developed was practically used, as shown by
the average results of participant questionnaire response assessments in the small-scale test,
namely 84.4 in the very good category and the average results of participant response
questionnaire assessments in the large-scale test, namely 90.5 in the very good category.

3. The developed PBL-based worksheet on matrix material has a significant influence in
improving critical thinking skills with an increase of 25.3%. This is shown from the test results
paired sample t-test which obtains the value of sig (2-tailed) equal to 0.000 < 0.05 or it can be
concluded that the average test results of students' critical thinking skills after using PBL-based
worksheet higher than the critical thinking skills test results before using PBL-based worksheet.
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