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Abstract

This study aims to produce science teaching materials products and related devices such as Learning
Implementation Plans (RPP), Student Activity Sheets (LKS), and Test Sheets that are valid, practical, and
effective to improve critical thinking of elementary school students. This research was carried out using the 4-D
model of Thiagarajan et al., Namely the stage of defining, designing, developing, disseminating and testing in
the fifth grade of Dukuhtunggal State Elementary School, Duduklor State Elementary School, Margoanyar
Lamongan State Elementary School year 2018/2019 teaching with One-Group Pretest-Posttest Design. The data
analysis technique uses quantitative and qualitative descriptive analysis techniques. The results showed: 1) valid,
according to the assessment of the three validators with valid categories, 2) practical, according to the
assessment of the two observers seen from the activity of students increasing at each meeting and the
implementation of RPP, 3) effective, seen from the significant differences between the results of the pretest and
posttest tests were students ‘critical thinking and the students' positive responses. Based on the results of data
analysis, it can be concluded that the development of science-oriented teaching materials scientific approach is
valid, practical, and effective to improve critical thinking of elementary school students.
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Introduction

Science in terms can be interpreted as knowledge that includes a variety of natural knowledge.
This means that science has an objective and rational nature. In line with the opinion of Djojosoediro
(2010: 11) in general, the nature of science has three components, including scientific processes,
scientific results, and scientific attitudes. Scientific processes include principles, concepts, laws, and
theories. In this activity a high thinking process is needed in order to get new knowledge and
experiences that are interesting for students.

According to Rofiah (2013), it shows the importance of thinking learning, namely: (1)
thinking is needed as a way to develop perceptions and attitudes that support the creation of a class
condition that is good for learning activities; (2) the thought process is needed as a way to acquire and
integrate knowledge; (3) the thought process is needed to broaden knowledge; (4) actualize the
meaningfulness of knowledge; (5) needed as a way to develop useful thinking behavior. With science
education students will be guided to think critically, solve problems, and make decisions that can
improve the quality of their lives towards a scientifically learned society.

The development of students' critical thinking skills which is very important should receive
more attention in the learning process. Based on experience in the field and analysis from several
sources, the inappropriate selection of models, methods and approaches has an impact on the low level
of thinking skills of students. Afrizon (2012) states, high-level thinking skills are shown through
several aspects, including the ability to think critically, creatively, and be able to solve a problem.

Critical thinking ability must be taught first because it relates to the analysis and evaluation of
data, in line with the opinion of Hake (2008): "Science teachers are generally more at ease with critical
thinking because it is closely related to analysis and evaluation of data"

Critical thinking ability is the ability of students to make an idea. The ability to think critically
is a competency needed in the lives of students (Fahim, 2012). Fatimawati's research (2014) shows
that the implementation of critical thinking frameworks is able to build solving life problems and
effectively improve the discipline of teachers and students. If the better the orientation of critical
thinking skills, the students will be able to overcome various problems in daily life. Considering that
critical thinking skills need to be taught because it is not a result obtained from generation to
generation, schools should be able to create an interactive learning environment that involves students
actively in learning so that they are accustomed to and trained in critical thinking, one of them by
means of selection appropriate learning model or approach (Fisher, 2002). However, in reality based
on the results of observations and interviews conducted by researchers at the Dukuhtunggal State
Elementary School, at Duduklor State Elementary School, and Margoanyar Lamongan State
Elementary School it is known that the critical thinking skills of class V students have not been fully
trained and taught. This is also evident from the low level of activeness, participation and role of
students in the learning process, especially when using teaching materials. Teaching materials in the
2013 Curriculum still have not implemented a scientific approach perfectly so that the development of
teaching materials is needed to support the material to be taught. If the teacher is able to develop
teaching materials that will be used correctly when learning, the achievement of learning objectives
will be achieved well, but the reality in the field is the lack of understanding of teachers in
implementing learning in accordance with teaching materials that are used to influence student
learning success and student understanding. This is evidenced by the value that is still below the
KKM, most students get a value less than the standard compote specified, especially on electric and
magnetic material.

In improving students' critical thinking and learning capacity, it is necessary to develop 2013
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curriculum teaching materials by adjusting the steps of the scientific approach to learning in honing
high-level thinking skills (Erten, 2013). Because the learning approach provides opportunities for
students and helps students gain an understanding of the scientific method to develop a critical
thinking ability, self-regulation, and understanding of a specific topic is to use a scientific approach
(Machin, 2014). By using this scientific approach, it is expected to grow critical thinking skills to
understand the problems that exist in the environment around students, so that they are more sensitive
to changes in the environment and can determine actions that are in accordance with the norm to
address these environmental changes.

In the scientific approach to Curriculum 2013, one of the criteria is to inspire and encourage
students to think critically, analytically, and precisely as a way of identifying, understanding /
interpreting, solving a problem, and applying material to learning (Kemendikbud, 2013). The
application of learning using a scientific approach allows students to obtain various important values
in the learning process. In the scientific approach includes several activities, among others: observing,
asking (questioning), reasoning (associating), experimenting (communicating), and communicating
(networking), so that in carrying out some of these activities needed the help of teachers as facilitators,
but the teacher in helping / guiding is increasingly minimal due to the higher class of students and the
maturing age of the students' thinking. These student activities can be realized in the learning process
through the use of science-oriented teaching materials in the scientific approach.

Some topics can be taught in science learning, one of which is electrical and magnetic
material. In the 2013 curriculum this material has not implemented the steps of the activities carried
out on the scientific approach so that it is necessary to develop teaching materials to facilitate it all.
Given this material is one of the complex material for students. Understanding of electrical and
magnetic material is not enough just to read the material description, but it is necessary to conduct
investigative or experimental activities so that students' understanding of the material becomes more
profound. Electrical and magnetic material in the fifth grade elementary school according to the 2013
curriculum includes recognizing energy sources, grouping objects including conductors and electrical
insulation, assembling simple series and parallel electrical circuits, changing the shape of electrical
energy into other energy and magnetism.

According to Muakhirin (2014) Three components of science learning in the Elementary
School Science curriculum, namely: 1) Science learning brings intellectual growth and development of
students. 2) Science learning in experimental activities must involve students. 3) Science is what
brings about the formation of scientific attitudes, science skills, mastering the basic patterns of science
knowledge, and stimulating the growth of a critical and rational attitude towards students in
elementary school. Based on these components, the scientific approach oriented teaching materials are
arranged to facilitate learning activities in the material of electric and magnetic energy. Students
guided by scientific approach-oriented teaching materials can think critically from the activity of
observing electricity sources, classifying objects of conductors and insulators, trying to make simple
electrical circuits, trying to make a simple compass and trying to make electromagnetic.

The purpose of this study is to produce scientific approach oriented science materials that are
appropriate (valid, practical and effective) and can improve critical thinking of elementary school
students.

Methods
This type of research uses the Four D Models development method, namely define, design,

develop and disseminate. The aim of this study is the TGT game card with material for growth and
development. With define stages consist of needs analysis, student analysis, task analysis, and concept
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analysis. The design phase consists of determining learning objectives, preparing tests, selecting the
media, and designing the initial learning. The develop phase consists of the development of learning
tools and the validation of the quality of science-oriented science-based teaching materials along with
related learning tools and the results of trial implementation. The trial was carried out using one group
pretest-posttest design with 3 repetitions, namely 18 students at Dukuhtunggal State Elementary
School, 21 students at Duduklor State Elementary School, and 16 students at grade 5 at Primary
School Margoanyar for 5 meetings. The first meeting was used pretest to find out the initial ability of
critical thinking of students before learning activities using science-oriented teaching materials
scientific approach, the second to fourth meetings were used for learning activities using science-
oriented science teaching materials, and the fifth meeting was used posttest to determine students' final
critical thinking after following the learning activities. Research variables in this study are 1. validity
of teaching materials, RPP, critical thinking tests validated by experts, 2. practicality seen from the
results of observations / observations of the implementation of RPP and student activities, 3.
Effectiveness seen from the results of critical thinking improvement tests students.

Results and Discussion

The results of the development of science-oriented teaching materials science approach to
improve critical thinking of elementary school students with supporting devices in classroom learning
activities include: RPP and test results of students' thinking skills. Learning tools are said to be good if
learning devices meet the criteria of feasibility, practicality, and effectiveness (Nieven, 1999. p.127).
The validity of the developed learning device is declared valid or invalid using an instrument in the
form of a validation sheet that will be filled by expert experts in their field, also called validators to
determine the shortcomings of the devices developed and whether they are suitable for use in learning
activities (Yusuf, 2016). The results of the validation of scientific approach oriented science materials
developed in detail will be discussed as follows

Results of Device Validation

Validation of learning devices will be carried out by three Greek validators in their fields. The
results obtained from the validator are used to see the level of feasibility of learning devices that have
been developed before being applied in class. Devices that will be validated include learning
approaches oriented to scientific approaches and related learning devices.

1. Validation of Scientific Oriented Learning Materials

Teaching material that will be developed leads to students' critical thinking skills with a
scientific approach oriented by observing, asking, reasoning, trying, and communicating. Learning
materials oriented to the scientific approach that have been developed are then given to the validator to
be assessed. The results of the teaching material validation obtained from 3 validators are presented in
table 1.

Table 1. Results of Validation of Teaching Materials

No Assessment Aspect A |S i?:el VA Average Category
FEASIBILITY ASPECT OF THE CONTENT
1 Compatibility of material with KD 4 | 4| 4 4 Very Valid
2 Material accuracy 3 313 3 Valid
3 Material Update 3141 4 3,66 Very Valid
4 Encourage curiosity 4 | 3| 4 3,66 Very Valid
SERVICE FEASIBILITY ASPECT
5 Presentation technique 3 3|3 3 Valid
6 Presentation support 3141 4 3,66 Very Valid
7 Presentation of learning 4 1 4] 3 3,66 Very Valid
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No Assessment Aspect Score Average Category
Vl V2 V3
8 Coherence and chaos of thought 31414 3,66 Very Valid
FEASIBILITY ASPECTS OF LANGUAGES ACCORDING TO BSNP
9 Straightforward 4 1413 3,66 Very Valid
10 Communicative 4 4 3 3,66 Very Valid
11 Dialogical and interactive 31414 3,66 Very Valid
12 Conformity with the development of students 3 3 3 3 Valid
13 Conformity with language rules 4 1413 3,66 Very Valid
ASPECTS OF CRITICAL THINKING ASSESSMENT
14 Giving a simple explanation 4 4 | 4 4 Very Valid
15 Building basic skills 4 | 313 3,33 Valid
16 Concluding 31413 3,33 Valid
17 Providing an explanation 4 4 | 4 4 Very Valid
18 Setting strategy and tactics 3 4 | 4 3,66 Very Valid
CHART FEASIBILITY ASPECT
19 The book size is oriented towards the scientific 4| 3] 3 3,33 valid
approach

20 Cover design 4 141 4 4 Very Valid
21 Content design 3 3|3 3 Valid

From the results of the validation, it can be seen that the three validators provide an
assessment that the teaching material in each aspect with an average of 3-4. These results, if
associated with the assessment criteria for learning devices adapted from Ratuman & Laurens (2015,
p.181), show that teaching materials developed in the category of values are valid and can be used in
learning.

2. Validation of Learning Implementation Plans

The RPP that has been developed is then given to the validator to be assessed. The results of
RPP validation obtained from 3 validators are presented in table 2.

Table 2. Results of Validation of Learning Implementation Plans

No Assessment Aspect Score Average Category
Vi | Vo | Vs

1 Identity 4 |1 4| 4 4 Very Valid
2 Aim 4 |1 4| 4 4 Very Valid
3 Scientific approach 4 |1 4| 4 4 Very Valid
4 Means and sources of learning 3 4 3 3,33 Valid
5 Learning Steps 4 | 4| 4 4 Very Valid
6 Cognitive aspects 4 1 4| 3 3,66 Very Valid
7 Linguistics 3 3|3 3 Valid

From the results of the validation it can be seen that the three validators provide an assessment
that the lesson plan is in each aspect with an average of 3-4. These results, if associated with the
assessment criteria for learning devices adapted from Ratuman & Laurens (2015, p.181), show that the
RPP developed in the category of valid values can be used in learning.

3. Validation Test for Student Critical Thinking

The students 'critical thinking test that has been developed is a descriptive question test that is
used to measure students' critical thinking skills after learning activities. Test questions that have been
developed are then given to the validator to be assessed in order to find out the feasibility of the
question. The results of the test validation obtained from 3 validators are presented in table 3.
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Table 3. Results of Test Question Validation

Content Validation Bahasa dan Penulisan Soal
Questéons Measuring | . Does not The zentence
uestion accordin uestions  Clear workin . matches EYD
%umber to ° quiticaI instructionsg contain QOubIe and is easy to Average Category
indicators thinking meaning understand
V1l | V2 v3 V1 V2 V3| V1 |V2\V3l V1 | V2 [V3| V1 | V2 |V3
1 4 4 | 4] 4 4 |4 3 |4|4] 4 | 44| 3| 4 |4| 387 Very Valid
2 4 4 | 4 4 4 | 4 4 3|4 4 4 | 4| 4 4 |3 3,87 Very Valid
3 3 4 |14 3 3 |4 4 41 4| 3 4 | 3| 3 4 |3 3,53 Valid
4 4 4 | 4 4 4 | 4 4 41 4| 4 4 | 4| 4 4 |4 4 Very Valid
5 4 4 | 4 4 4 |4 4 41 4| 4 4 | 4| 4 4 |4 4 Very Valid
6 4 4 | 4 4 4 |3 4 41 3| 4 4 | 4| 4 3 14 3,8 Very Valid
7 4 4 | 4 4 4 |4 4 41 4| 4 4 | 4| 4 4 |4 4 Very Valid
8 3 313 4 4 |4 3 41 3| 4 4 | 4] 3 3 14 3,53 Valid
9 4 4 | 4 3 4 |3 4 41 4| 4 4 | 4| 4 4 |3 3,8 Very Valid
10 4 4 | 4 4 4 |4 4 41 4| 4 4 | 4| 4 4 |4 4 Very Valid
11 4 4 | 4 4 4 |4 3 41 3| 4 3 14| 4 4 |4 3,8 Very Valid
12 4 4 | 4 4 4 |4 4 41 4| 4 4 | 4| 4 4 |4 4 Very Valid
13 4 4 | 4 4 4 |4 4 41 4| 4 4 | 4| 4 4 |4 4 Very Valid

From the results of the validation it can be seen that the three validators gave an assessment
that the test questions were critical in every aspect with an average of 3.53-4. These results, if
associated with the assessment criteria for learning devices adapted from Ratuman & Laurens (2015,
p.181), show that critical thinking tests developed in the category of valid values can be used in
learning.

B. Results of practicality of scientific approach oriented science materials

The results of the practicality of science-based teaching materials with scientific approach are
seen from the results of the implementation of learning activities carried out and student activities
during the learning activities taking place with observation by 2 observers.

1. Results of Implementation of Learning Activities

The results of observations on the implementation of learning activities using science-oriented
science approach teaching materials that have been developed will be analyzed at each meeting
described as follows: The results of observational analysis that has been done on the implementation
of meeting 1 learning activities get a percentage between 83% - 92%, Results Observation analysis
that has been done on the implementation of meeting 2 learning activities gets a percentage between
88% - 100%, and the results of the observational analysis that has been carried out on the
implementation of the 3 meeting 3 learning activities get a percentage between 88% - 100%. In
summary, the results of observing the implementation of lesson plans for 3 weeks can be shown in
Figure.
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60%
40%
20%
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Figure 1. Diagram of the results of observing the implementation of the lesson plan

The observations of the implementation of learning from meetings 1-3 if associated with the
criteria for implementing learning adopted (sugiyono, 2016, p.93) found that the use of teaching
materials oriented to the scientific approach in the category of assessment was carried out both in
learning activities.

2. Results of Student Activity Analysis

The results of the analysis of student activities during learning activities were observed by two
observers in each meeting consisting of 10 aspects with the discussion of the results of the assessment
by the two observers as follows: the percentage between 83% - 100%, meeting 2 gets a percentage
between 88% - 100%, and meeting 3 gets a percentage between 92% - 100%. In summary, the results
of observing student activities for 3 weeks can be displayed in Figure. 4.5.
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Figure 3. Diagram of observation of student activities

The observations of student activities from meetings 1-3 if related to the criteria for
implementing learning adopted (Riduwan, 2011) found that the use of teaching materials oriented to
the scientific approach in the category of active assessment in learning activities. According to Suyono
(2016) regarding learning to find students who support learning related to direct discovery, teachers
only encourage students to have experience and conduct experiments that allow them to think
critically for themselves (Nur, 2008, p. 10).

So it can be concluded that the scientific approach oriented teaching materials developed by
practical researchers are used in the learning process.

C. Effectiveness of Scientific Learning Approach Scientific Approach

The effectiveness of scientific approach oriented science materials can be seen from the results
of students' critical thinking tests. Tests are arranged as many as 13 questions with scoring techniques
in accordance with the rubric that has been prepared previously. Arikunto Opinion (2013, p. 46) tests
are skills, knowledge, abilities and talents possessed by individuals or groups that can be obtained
through a collection of questions or exercises and other tools. this learning outcome test is conducted
before the learning (pretest) and after learning (posttest) with the same problem. Tests conducted
before learning are intended to obtain information on the level of critical thinking of students before
learning using teaching materials, while tests conducted after learning aim to measure the extent to
which mastery of critical thinking is mastered by students after carrying out learning. This is in
accordance with Winarti (2015, p.10) stated that critical thinking is measured from the score obtained
by a series of opinion learning activities in line with what Wuri stated (2014) to find out the difference
in critical thinking of students obtained from the pretest and posttest from the learning done. The
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results of the pretest and pottest results of critical thinking learning in the trials are presented in table
4.

Table 4. Data on students’ critical thinking learning outcomes

Score Completeness . .
No Name Pretest  Posttest KKM Pretest  Posttest N-Gain Information
Repetition 1
1 AA 25 88 70 TT T 0,84 High
2 BB 31 90 70 TT T 0,85 High
3 CcC 33 83 70 TT T 0,74 High
4 DD 25 75 70 TT T 0,67 Medium
5 EE 44 80 70 TT T 0,64 Medium
6 FF 42 85 70 TT T 0,74 High
7 GG 35 79 70 TT T 0,68 Medium
8 HH 48 85 70 TT T 0,71 High
9 1l 73 85 70 T T 0,44 Medium
10 JJ 38 79 70 TT T 0,66 Medium
11 KK 75 92 70 T T 0,68 Medium
12 LL 37 83 70 TT T 0,73 High
13 MM 40 81 70 TT T 0,68 Medium
14 NN 35 83 70 TT T 0,74 High
15 00 31 85 70 TT T 0,78 High
16 PP 25 79 70 TT T 0,72 High
17 QQ 31 77 70 TT T 0,67 Medium
18 RR 33 81 70 TT T 0,72 High
Repetition 2
1 AA 29 85 70 TT T 0,78 High
2 BB 35 77 70 TT T 0,64 Medium
3 cC 37 85 70 TT T 0,76 High
4 DD 71 87 70 T T 0,55 Medium
5 EE 27 79 70 TT T 0,71 High
6 FF 73 90 70 T T 0,62 Medium
7 GG 71 85 70 T T 0,48 Medium
8 HH 35 79 70 TT T 0,68 Medium
9 1l 73 87 70 T T 0,52 Medium
10 JJ 33 81 70 TT T 0,72 High
11 KK 40 83 70 TT T 0,72 High
12 LL 35 79 70 TT T 0,68 Medium
13 MM 75 88 70 T T 0,52 Medium
14 NN 35 83 70 TT T 0,74 High
15 00 31 85 70 TT T 0,78 High
16 PP 25 85 70 TT T 0,80 High
17 QQ 48 90 70 TT T 0,81 High
18 RR 33 79 70 TT T 0,69 Medium
19 SS 25 77 70 TT T 0,69 Medium
20 TT 48 80 70 TT T 0,62 Medium
21 uu 29 85 70 TT T 0,78 High
Repetition 3
1 AA 33 83 70 TT T 0,75 High
2 BB 40 81 70 TT T 0,68 Medium
3 cC 35 83 70 TT T 0,74 High
4 DD 31 85 70 TT T 0,78 High
5 EE 25 79 70 TT T 0,72 High
6 FF 31 88 70 TT T 0,83 High
7 GG 33 83 70 TT T 0,74 High
8 HH 35 75 70 TT T 0,62 Medium
9 1l 44 80 70 TT T 0,64 Medium
10 JJ 46 85 70 TT T 0,72 High
11 KK 35 77 70 TT T 0,64 Medium
12 LL 37 83 70 TT T 0,73 High
13 MM 77 92 70 T T 0,65 Medium
14 NN 35 79 70 TT T 0,68 Medium
15 00 73 88 70 T T 0,56 Medium
16 PP 38 85 70 1T T 0,76 High

Based on the results obtained in table 4 that the value obtained by students between the pretest
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and posttest values increased. Critical thinking improvement can be seen from N-Gain which is in the
medium and high category. The following is explained the recapitulation of students' critical thinking
improvement in Table 5.

Table 5. Recapitulation of improvement in students' critical thinking seen from N-Gain

No N-Gain Category Number of Students Precentage (%0)
Low 0 0%

2 Medium 26 47%

3 High 29 53%

The results obtained by students when looking at table 4.14 shows that students ‘critical
thinking obtained after learning activities uses science-oriented science approaches with medium
approach, namely 26 students with a percentage of 47% and high category ie 29 students with a
percentage of 53% said to improve students' critical thinking . This is in accordance with the results of
research proposed by Rusiyanti's research, E (2016) which states that a scientific approach is very
effective in learning where students can reflect students' critical experiences and thoughts on an object
so that they can improve critical thinking and student achievement.

Conclusion

The results of the data analysis and discussion of the results of the study, then linked to the
formulation of the problem and research objectives, it can be concluded that:

1. The validity of scientific approach oriented learning materials and learning devices
developed has fulfilled the validity criteria based on the results of evaluations from the
validator so that the instructional materials developed are suitable for learning activities.

2. The practicality of scientific approach oriented science teaching material developed seen
from its implementation in learning, has been carried out very well at meeting 1, meeting 2,
and meeting 3, at each learning activity.

3. The effectiveness of scientific approach oriented science teaching materials that are
developed seen from the results of critical thinking learning students experience
improvement and excellent student responses, so that it can be said to be worthy of use in
learning activities

Suggestion

1. Preparation and management of time need to be considered, because the learning used to use
the project takes a long time.

2. If you want to improve critical thinking students use scientific approach oriented teaching
materials that have been tested to improve critical thinking of elementary school students.

3. Teachers should make innovations in learning so learning becomes enjoyable so that they
can touch meaningful learning domains.

4. This research can hopefully be used as a foundation for future researchers to be better
developed to improve the quality of education in Indonesia.
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