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ABSTRACT

Indonesia is ranked 56th out of 65 participating countries in the Program for International
Student Assessment (PISA) based on data 2015. According to PISA results, the average science
score of Indonesian students is 403, where this number is categorized as low. This is because
students are still in the process of understanding and have not yet fully recognized the location
of their mistakes. Students can diagnose the location of their mistakes through self-diagnosis
activities. Self-diagnosis activities require the active role of students during the learning process.
One approach that can increase the active role of students is STEM (Science Technology
Engineering Mathematics). However, research at this time is still rarely found self-diagnosis
activities that are applied to the STEM approach. Therefore, this research has the aim to find out
the increase in mastery of physical concepts and self-diagnosis of students on the STEM learning
approach to the theory of poscal law class Xl High School.This study uses a One-Group pretest-
posttest design with a sample of 30 ini 11™ grade highschool from one schools in Bandung. .
Based on the findings, there is an increase in mastery of concepts [<g> = 0.51] from pre-test to
post-test. In self-diagnosis activities identified that there are differences in scores [z = 1.75; p =
0.9599] student assessment results of researchers and self-scoring results. Deeper self-diagnosis
triggers a series of implicit steps that encourage them to rearrange their cognition by correcting
the mistakes they make when solving problems. So that learning activities using the STEM
approach that involves self-diagnosis activities can improve students' mastery of concepts.
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INTRODUCTION

Physics is a subject that consists of various concepts that can be felt in everyday life. Based on the standard content
of Physics learning in schools at the high school level, Physics learning aims to develop reasoning ability in students'
analytical thinking using Physics concepts and principles to explain events in daily life and solve problems both
qualitatively and quantitatively [1]. So thatlearning objectives can be realized, it requires a good understanding of concepts
and correct from students. According to the 2015 PISA results report, the average science score of Indonesian students is
403, where Indonesia ranks 56th out of 65 participating countries or in other words Indonesia ranks ninth in the bottom of
all PISA participating countries [2]. The low education in Indonesia is the impact of the low mastery of students' concepts
during the learning process.

Failure of students to master a concept can be because students are still in the process of understanding and
students have not fully recognized the location of their mistakes. One of the activities that can be about the whole location
of students' mistakes is the activity (self-diagnosis). Self-diagnosis is an activity where students diagnose the solution of a
problem that has been solved independently. In this activity students determine the location of the errors of their own
solutions. activities allow educators to know the extent of student mastery of a concept. Elementary activities contribute
to learning activities by triggering a series of steps that encourage students to regulate their cognition and correct mistakes
in an effort to master the concepts learned.

Self-diagnosis activities have stages that can help students to find solutions to existing problems. The stages of
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self-diagnosis among them are recognizing, acknowledging, understanding, and correcting existing problems that finally
the students do self-scoring (giving value to their own solutions) so that students can master the concepts learned. Safadi
[3] in his research found that self-diagnosis activities were effective in increasing students' mastery of concepts and
learning achievement. Self-diagnosis activities require students to be directly involved and actively solve existing
problems with systematic steps. This activity is more effective when compared to discussion activities on questions or
assignments led by the teacher.

One learning approach that is suitable to be applied is the STEM (Science Technology Engineering Engineering
Mathematics) approach. Student learning with the STEM approach is not only learning theory, but students are also
involved in practice so that students experience the learning process directly [4]. The STEM learning approach can
stimulate students to play an active role and have high curiosity. So, if students find irregularities or discrepancies between
facts and theories they will do the stage of self-diagnosis. Therefore, this study aims to determine the increase in mastery
of the concepts of physics and self-diagnosis of students using the STEM approach in high school class XI Pascal law
material.

MATERIAL AND METHODS
Methods

The research to be conducted is quantitative research using several research instruments to measure the results
obtained. The research method used was a quasi-experimental method with a one-group pretest-posttest design. The
research design can be presented schematically as follows:

Table 1. One-group pretest-posttest design

Pretest Treatment Posttest

01 X 02

In the design of this study students did a pretest before being given treatment and posttest after being given
treatment. The treatment reported in this study was learning with the STEM Approach and self-diagnosis activities. in
self-diagnosis activities, students conduct in-depth diagnoses and analyze their own pre-test answers. Analysis of students'
problem solutions is done by matching their answers with the completion rubric in the self-diagnosis activity sheet. The
design of this study is in accordance with the objectives of the study, which is to find out the improvement of students'
mastery of concept after giving STEM approach that involves self-diagnosis activities. The sample of this study was 30
students of class XI one of the schools in Bandung.

Procedures

The procedure of this research starts from the pre-test, treatment, self-diagnosis, and post-test. Pretest activities
are carried out to identify students' initial concept mastery. After the pre-test is conducted students will conduct self-
diagnosis activities where students will diagnose their solutions to the problems that have been given. In self-diagnosis
activities students will be redistributed their own pre-test answer sheets and self-diagnosis worksheets, then students will
match their answers with the assessment rubric in the self-diagnosis work twins to score their own answers . This activity
encourages students to diagnose their own mistakes which subsequently raises the self-explain and self-repair stages to
themselves so students learn from mistakes. Furthermore, students will be given treatment in the form of STEM based
learning. This STEM-based learning treatment takes place in 4 meetings and is carried out in small groups of 5-6 people in
each group. Furthermore, students conduct posttest activities to identify students' mastery of concepts after giving
treatment.

Instrument

The instruments used in this study were concept mastery tests and self-diagnosis worksheets. The concept
mastery test in the form of a description of questions relating to the material of Pascal law is 5 questions. Post-test questions
are isomorphic question, the concept questions, indicators question and the same way to solve them. Whereas the self-
diagnosis worksheet contains steps for solving the questions. At the top of the self-diagnosis, the researcher notes the steps
that the students must take when the self-diagnosis activity take. This can be seen in the following image:
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IKEGIAT AN SELF DL4GNOSIS

Gunakan mibnk berlut untik mernlai solusi Anda. Untulk setiap butir soal, pertama
bacalahjawabanyang tepat sesuai dengan mubnk, kemudian bandingkanlah dengan
jawaban Anda. Jika Andamembuat kesalahan, ikuti petunjukini: 1) Mengidentifikas
bagian yang salah dan jawaban Anda (Anda dapat melingkannya pada bagian
nomor). 2) Tuliskan prinsip / hukwm fisika yang benar dan hams Anda terapkan. 3)
Jelaskan prnsip / hukum apa yvang Anda gunakan untuk menyelesaikan masalah
sehingga berbeda dengan prinsip / hulaum fisika vangtepat 4) menulis saran kepada
teman urtulk membarntimya menghindan kesalahan yang sama dikemudian han. Jika
Anda tidak melalukankeszalahan tulis "Saya idakmembuat kesalahan™. Lalu, skor
zolusi Anda berdasarkan mbrk penilaian benkut.

Catatan : Eegiatan ini sangat berpengaruh pada milai ujian benkutnya, jadi Anda
haris mengikuti mstruksi ini sepenubirtya dengan mambenkan penjelasan secarannei.
Selainitu, skor yang Anda berkan unhik jawaban Anda akan dibandingkan dengan
skor guna. Jika skor Anda berbedajauh dengan skor gum, ini akan berdampak negatif
pada nilai ujian benkutnya.

Rubrik Seal
No. Langkah solusi dan jawaban yang benar Ketentuan skor
1. Untuk menjawabsoalini, peserta didik haris menguraikan | 1 point untuk
besaran-besaran yang telah diketahu dalam seal dan | menguraikan
menyamakan satuannya. besara-besaran
m=20kg vang diketalin
Ap=0,045 ntt dalam soal
A.=0,09nd*
g=10m/s
Kemudian pesert didik menuliskan formula persamaan |2 point untuk
Hulkwm Pazcal vag tepat menulizkan
F =E formulasi
Fy, F Dersamaan

Figure 1. Self-diagnosis worksheet

Data Analysis

To find out the improvement in students' mastery of concepts, a gain score calculation is
normalized from the first and final tests. Normalized gain scores <g> can be expressed in the following equation:

(M posttest score — M pretest score)

(Ideal score — M pretest score)
Interpretations of normalized gain values are shown in the table:

<g>=

Table 2. Interpretations of normalized gain values

<g> Klasifikasi
<g>2>0,7 Tinggi
0,7><g>20,3 Medium
<g><0,3 Rendah

To find out the difference in students 'scores from the researchers' assessment results and self-scoring results, a Mann-
Whitney U statistical test was performed. This statistical test can be obtained through the equation:

(nyny)
V-

/nln2 (n;4n, + 1)
12

The results of the Zhiwung calculation are then compared with Zple. If Znit> Ziavel then Hy is rejected, and if Znit <Ziapel then
Hp is accepted.
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RESULTS AND DISCUSSION

The improvement of students' mastery of concepts after the implementation of STEM learning which involves
self-diagnosis activities can be determined through N-Gain data processing. The recapitulation results of students' pretest,
posttest and N-Gain scores are presented in Table 4.2.

Table 3. Recapitulation of Student N-Gain Results in Mastery of Pascal Law Concepts

Tes (Xmin) (Xmax) (Xrata-rata) (Xideal) <g> Interpretasi
Pretest 20,00 64,44 43,11 100
0,51 Medium
Posttest 40,00 88,89 72,00 100

Based on the results of the acquisition of N-Gain it can be stated that STEM-based learning by involving self-
diagnosis activities in it can improve students' mastery of concepts in Pascal Law material with the acquisition of N-Gain
by 0.51 with moderate interpretation.

This shows that STEM-based learning is effectively used to improve students' mastery of concepts. These results are
relevant to the results of the study material, where the direct involvement of students in each learning activity helps
students understand the material being studied. Where in this STEM based learning students not only involve mind-on
activity but also involve hand-on activity. This activity causes students to play an active role in the learning process, so
that various abilities that students have is evolve by trained and developing students such as creativity, communication,
critical thinking, and student collaboration to facilitate students in understanding each material being studied.

Increased mastery of students' concepts can be observed based on the increase in value acquisition from pre-test
to post-test both the results of self-scoring and the results of the assessment of researchers.

Graph 1. Increased student grades from pre-test to post-test

Peningkatan Nilai Siswa

72 07
80 66,59
60 43,1136 89
40 ’ H Nilai Hasil Penilaian
Peneliti
20
0

Pre Test Post Test

Based on the graph of increasing student scores above, revealed that student scores significantly increased from
pre-test to post-test both on the value of the results of researchers and self-scoring results. For the score of the assessment
results of researchers increased from pre-test (mean = 43.11) to post-test (average = 72.07). Meanwhile, based on the results
of self-scoring, it increased from pre-test (mean = 36.89) to post-test (mean = 66.59). This increase in student scores informs
that students' mastery of concepts has increased after treatment was given.

In self-diagnosis activities, students involve self-explain or explain themselves to the steps of the solution to the
existing problem. In self-explain, students explain the part of the process of improving themselves with students
recognizing, acknowledging, and solving the given problem. In this self-diagnosis activity can be seen from the student
pre-test answer sheet.
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LEMBAR JAWABAN PESERTA DIDIK
FLUIDA STATIS ( HUKUM PASCAL)
Nama : Maya nym
Kelas : X( MIPFAC
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Figure 2. Examples of student answer sheets from self-diagnosis activities

One example of the student answer sheet above shows one of the students who has performed a stage of self-
diagnosis activity. In the example case above the student named Maya on the pre-test answer sheet encircles number 1
because the answer is incorrect. The answer is not right because the wrong number entered to solve the problem. Maya's
action encircles number 1, indicating that Maya successfully detected a mistake she had made. Then in writing Maya
explained the reason for the answer was not quite right, showing that Maya admitted the mistake she had made.
Furthermore, Maya wrote the answer should be to complete the answer that is not right, this indicates that Maya corrected
the answer that was not right. Maya also wrote a suggestion that her friends do not make similar mistakes in the future.

No. Langkah solusi dan jawaban yang benar

Ketentuan skor

1. Untuk menjawab soal ini, peserta didik hams | 1 point  untuk
menguraikan besaran-besaran vang telah diketahui | menguraikan
dalam soal, dan menvamakan satuannya. besara-besaran
m=20kg vang diketahui
A= 0045 m? dalam soal
A-= 0,09 m?
g=10m's?
Kemudian pesert didik menuliskan formula | 2 point  untuk
persamaan Hubkum Pascal yag tepat menuliskan
P, =F formulasi
E_B persamaan  Hukum
A, - Aa pascal wvang benar
F_J. _mg dan rinci
A, Aa

Mengganti persamaan hukum pascal dengan
angka-angka besaran yang sudah diketahui dalam

soal, kemudian menvelesaiakan soal secara
matematis sehingga diperoleh jawaban pasti.
F; 20.10
0.045 ~ 0.09
F, =100N

2

2 point  untuk
menvyelesaikan soal

secara mmatematis

Figure 3. Evaluation rubric Number 1 in the self-diagnosis worksheet

The maximum score on question number 1 is 5 points, on number 1 Maya gives 3 points on the answer. This is
because in the rubric guide students answer questions that describe the quantities that have been known to the problem
will be given 1 point, and students who write the Pascal law equation formula correctly get 2 points, Maya did it. Maya
lost 2 points due to incorrect identification of the amount contained in the problem resulting in an incorrect answer. So the
score obtained by Maya for question number 1 is only 3 points.

One of the cases above can show that students can find, admit, and correct the mistakes they have made when answering
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the questions given. From this the students can analyze, diagnose, and score their own answers. Then make a series of
improvements to the next test so that similar errors are not repeated.

However, based on the findings of the majority of students not following the instructions for self-diagnosis
activities, students tend not to explicitly explain their answer sheets. The percentage of feasibility aspects of self-diagnosis
observed from the student answer sheet can be seen on the graph

Graph 1. Percentage of workability aspects of self-diagnosis
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Based on the graph above, the effectiveness of each aspect of self-diagnosis is different. This shows that all
students involved did not carry out the self-diagnosis activity instructions completely or did not explicitly admit their
mistakes. However, researchers suspect students implicitly explain the location of their mistakes to themselves which
further involves self-improvement without expressing it in writing. One example of cases of students who do not explicitly
carry out self-diagnosis activities is in Figure 4.8.

Figure 4. Student answer sheets the results of self-diagnosis activities

One student made a mistake at number 3, but he did not explicitly explain the location of the error in the answer.
The student only gave a score of 3 for question number 3 and gave a reason that he did not understand the problem. This
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can occur due to several factors including:

1. Students who do not read the instructions for self-diagnosis activities carefully that cause students to not
understand the activities to be carried out.

2. Student enthusiasm in learning is minimal resulting in a lack of student focus when studying.

3. Thereis a factor of differences in intelligence and character between one student and other students even though
they are in the same class.

4. Psychological conditions of students and environmental conditions that can affect the results.

Self-diagnosis activities undertaken by students play an important role in the learning process, because students have
detected enough of their mistakes to correct mistakes they make in the pre-test, without having to explicitly explain it.
Students who detect their own mistakes trigger a series of implicit steps that encourage students to regulate themselves.
Student performance in self-diagnosis activities also relates to their performance when solving isomorphic problems on
post-test exams. The greater the error detection they make, the greater the chance of increasing their grades in the post-
test.

The value of the results of self-scoring by students on the pre-test is more (average = 36.89; Sdev = 11.16) lower than
the value given by the researcher (average = 43.11; Sdev = 11.91) . However, based on the Mann-Whitney U statistical test
(Z =1.75; p = 0.9599), it informs that there are differences in student scores from the researchers' assessment results and
self-scoring results. Student scores of self-scoring results tend to be smaller than the scores of researchers' assessment
results, this is not in accordance with the literature. Where Safadi (2019) in his journal revealed based on the results of his
research students tend to overestimate their grades when doing self-scoring. But based on the findings in this study stated
the opposite. This can occur due to several factors, such as students who do not understand self-diagnosis activities,
students who are less thorough, minimal student motivation, learning environment factors surrounding students and
other factors.

CONCLUSION

Based on the findings and discussion of the answers to the formulation of general problems, information is
obtained that STEM-based learning that involves self-diagnosis activities in it can improve students' mastery of concepts
in pascal legal material. The following are conclusions from the findings of this study:

1. STEM-based learning that involves self-diagnosis activities in it can improve students' mastery of concepts in
pascal legal material with the result <g> of 0.51 being in the moderate interpretation.

2. Most students implicitly explain to themselves the mistakes in their solutions, this encourages students to make
various improvements in themselves that affect the increase in students' mastery of the concept of pascal legal
material.

3. There is a difference in student scores (Z = 1.75; p = 0.9599) from the researchers' assessment results and self-
scoring results. With the results of self-scoring tend to be smaller than the results of the assessment of researchers.
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