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Abstract — Solid state is a compulsory subject in Physics Education study program. Therefore, the level
of complexity—depth—of the material taught is moderate. However, students are facing some obstacles
in understanding crystal structure material that is related to microscopic structures. This research aims
to apply diamond software media to crystal structure material, from which students' scientific attitude
can be discovered. The method used in this study is qualitative description. The research subjects totaled
23 students. The data collection technique was carried out by measuring students' scientific attitudes
after using the Diamond software. The results showed that the Diamond software could be used in Solid
State Physics course. In contrast, the scientific perspective showed good results, which is indicated by
the scientific attitude questionnaire score reaching more than 80% within the high category. Meanwhile,
student responses indicate that the acceptance rate of Diamond software as a learning medium in Solid
State Physics course is 86.25%, or falls into the high category.
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INTRODUCTION solids (Yani et al.,, 2021). One of the
Solid State Physics is one of the materials in Solid State is crystal structure.
compulsory subjects for the Bachelor of The crystal structure is the unique
Physics Education study program. Students arrangement of atoms in a crystal. In solid
can take this course in the 7th semester or crystals, molecules are arranged in regular
even sooner if the previous prerequisite three-dimensional patterns and extend from
course, that is, the Nuclear Atom Physics various directions.
course, has been completed. Students' level Scientific attitudes are a part of the
of understanding in taking this course has a scientific process. Therefore, scientific
different depth of material compared to the attitudes will reveal behavior in teaching and
Physics study program. In  Physics learning (Negoro & Ningtyas, 2019).
Education study program, the depth level Scientific attitudes have several visual
includes understanding the theoretical basis, aspects, namely  curiosity,  honesty,
considering that the scope for research in the thoroughness, not accepting the truth
field of solids has not been facilitated. without evidence, accepting new ideas, and
Solid State physics is a branch of respecting the opinions of others (Carolina et
physics that studies solids (Damanik, 2020), al., 2019). Through a scientific attitude, it is
which involves atomic-scale phenomena hoped that students can behave like
(Irzaman et al., 2015). The material taught in scientists (Khery et al., 2020). This is
this course is limited to crystal structure, X- because scientific attitudes influence
Ray Diffraction, crystal bonds, crystal learning  achievement and learning
vibrations, crystal thermal systems, free- outcomes.
electron gases, energy bands, semiconductor In the implementation of learning,
crystals, conductivity, and magnetism of crystal structure materials taught are sourced
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from lecturers or teaching materials have not
used supporting applications as demo
materials in education. Therefore, it causes
the comprehension of microscopic images to
be difficult for students. An application that
can be used as media for crystal structure
learning is Diamond software. Diamond
software is an application that can visualize
molecular and crystal structures (Agus,
2021). Students' understanding on the use of
the application for crystal structure materials
can be determined using a scientific attitude
guestionnaire. Meanwhile, student response
questionnaire was only used as a material to
support the decision on the app’s acceptance
rate as a learning medium.

RESEARCH METHODS
This research was
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Figure 1. Research flowchart

The research method used was qualitative
descriptive method. The research subjects
are students who are currently or have taken
the Solid-State Physics course. The number
of students involved in this study was 23
(twenty-three) people.
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Data collection are conducted by
providing crystal structure material, in
which students understand data collection
through the website
http://www.crystallography.net/ (according
to Figure 2). The data obtained is then
analyzed using the Diamond application
(figure 3).
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Figure 2. Website display
http://www.crystallography.net/
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Figure 3. Diamond software display

Table 1. Scientific attitude instruments

No. Scientific attitude Item number
1. Curiosity 7
2. Critical Thinking 5
3. Respect for data 9
4.  Perseverance 5
5. Open-mindedness 7
6.  Cooperation 7

Students' understanding of the process
of using the Diamond application was
measured using a scientific attitude
questionnaire. The instrument outline
follows table 1. The instrument was arranged
with a choice of statements using a Likert
scale, namely True (B), Mostly True (SBB),
Partly True (SKB), and Not True (TB).
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The feasibility analysis results for
scientific attitudes validate the criteria for
content,  presentation and language
component feasibility assessment. The
instrument validity analysis technique uses
Aiken analysis, while the reliability uses PA
(Percentage Agreement).

RESULTS AND DISCUSSION

The crystal structure is the initial
material taught before the following material
in Solid State Physics course. In this
material, students are expected to understand
the basic concepts of crystal structure,
identify problems about crystal system, and
perform calculations related to crystal
systems. The implementation of the learning
begins by providing materials and directions
on how to use the Diamond software,
whereby before using the software, students
will learn about retrieving data on
Crystallography Open Database
(Rahmawati et al., 2019).

Figure 4. Solid State Physics lec

Students'  scientific  attitude s
measured according to 6 (six) aspects of the
assessment, namely curiosity, critical
thinking, respect for data, perseverance,
open-mindedness, and the ability to work
together. For the six elements of scientific

ture
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The learning activities are shown in
Figure 4. Learning begins by dividing small
groups with one laptop for each group. In
practice, the teacher will provide an
explanation on the examples of the elements
to be observed and how to determine the
direction and plane of the crystal and the
type of crystal structure of the component. In
this study, the elements used as examples are
Cu and Ni, which have an FCC (Face-
Centered Cubic) crystal structure (Parikin et
al., 2021; Rosyidan et al., 2022). Next, in
practice, students will be asked to examine
the results of the data output on the Diamond
software and to be able to explain what was
obtained. Based on Figure 4, it can be seen
that the teacher assisted each group. The
final stage in this study is the measurement
of the scientific attitude possessed by
students and student responses as supporting
data. The instruments given were in the form
of student scientific attitude questionnaire
and student response questionnaire.
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| .
activity using Diamond software

attitude 23 after

students,
participating in solid-state physics practicum
activities, showed positive results with an
average value of 85.83% within the category
of high scientific attitude. The complete
calculation results of each aspect of the

measured,
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student's scientific attitude are presented in
Figure 5. Figure 5 shows the percentage of
students’ scientific  attitudes, namely
curiosity by 85%, critical thinking by 80%,
respect for data by 87%, persistence by 88%,
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open minded-ness by 80%, and student
cooperation by 95%. Hence, it can be
concluded that students' scientific attitude is
within the high category.
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Figure 5. The results of the calculation of each aspect of the student's scientific attitude
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Figure 6. Student response results

The curiosity variable shows that
during practicum activities using the
Diamond software, many students ask
questions about the direction and plane of
the crystal and calculate the lattice
parameters. This is the first step to form a
critical thinking process (Rositawati, 2019).
The critical thinking process is developed
when students explore data using a
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crystallographic database and do the
matching independently in their respective
groups. When other students do not
understand how to use data and the process
of microstructure analysis, other students in
the group will try to assist. This is shown by
the percentage of cooperation and open
thinking processes. Students' enthusiasm
during data analysis and for the objects
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observed were relatively high. When there is
anew idea, the student does not easily accept
the idea before proving the truth. Hence, the
decision-making process will follow the
facts (Shofiyah & Wulandari, 2018). From
the observations, it was also found that the
process of respecting each other's opinions
showed a positive effect, that is, the students
don’t feel that they are the most correct when
there was a similarity for data perception.
Hence from this, the teaching and learning
process will be more meaningful (Ulfa,
2018; Dewi & Darsinah, 2021). Another
supporting observation process is the student
response after using the Diamond software
showing an average value of 86.25%. They
are completely presented in Figure 6.

Figure 6 shows that the percentages of
student responses after using the Diamond
software in physics are 85% for usefulness,
87% for ease of use, 88% for ease of
learning, and 85% for student satisfaction.
Hence, it can be concluded that the level of
student acceptance is within the high
category.

CONCLUSION

The results of the study show that the
use of Diamond software in Solid State
Physics course could give a positive
response, making it easier for students to
understand the crystal structure that had
been taught without wusing media.
Furthermore, the scientific  attitude
instrument results show that students have a
scientific attitude through the formation of
small groups in practicum activities using
the Diamond software.

ACKNOWLEDGMENT

The researcher would like to thank
LP3M IKIP Muhammadiyah Maumere for
the research funds provided through the
regular research scheme.

REFERENCES

Agus, J. (2021). Kajian Struktur Kristal Dan
Komposisi Atom Bahan Paduan
Oksida NdFeO3. SAINFIS: Jurnal
Sains Fisika, 1(1), 7-13.

Carolina, H. S., Dewi, A. F., Sari, T. M., &
Setiawan, T. A. (2019).
Pengembangan Instrumen Penilaian
Praktikum  Lapangan  (Outdoor
Practicum) Biologi. Bioma: Jurnal
Biologi dan Pembelajaran Biologi,
4(2), 133-141.

Damanik, A. (2020). Pengantar Fisika Zat
Padat. Sanata Dharma University
Press.

Dewi, L., & Darsinah, D. (2021).
Implementasi Pembelajaran  IPA
Berbasis  Konstruktivisme dalam
Menumbuhkan Sikap IImiah Peserta
Didik. E-Jurnal Pendidikan Dan
Sains Lentera Arfak, 1(1), 41-46.

Irzaman, 1., Epriyanti, R. S., Iskandar, J.,
Kurniawan, A., & Aminullah, A.
(2015,  October).  Menentukan
Perbandingan Jari-Jari lonik Atom
Kecil Dengan Atom Besar (r/R) Dan
Sudut Apit (£Y) Pada Struktur
Kristal Tetrahedron Dengan Teori
Menelaus. In Prosiding Seminar
Nasional Fisika (E-JOURNAL) (Vol.
4, pp. SNF2015-VII).

Khery, Y., Indah, D. R., Aini, M., & Nufida,
B. A. (2020). Urgensi
Pengembangan Pembelajaran Kimia
Berbasis Kearifan Lokal dan
Kepariwisataan untuk
Menumbuhkan Literasi Sains Siswa.
Jurnal Kependidikan: Jurnal Hasil
Penelitian Dan Kajian Kepustakaan
Di Bidang Pendidikan, Pengajaran
Dan Pembelajaran, 6(3), 460-474.

Negoro, R. A., & Ningtyas, R. I. (2019).
Menentukan Nilai Koefisien Gesek
Statis Melalui Alat Peraga Gaya
Sentripetal untuk Menumbuhkan
Sikap llmiah Siswa. Risalah Fisika,
3(2), 27-31.

Parikin, P., Dani, M., Dimyati, A.
Purnamasari, N. D., Sugeng, B.,



)

<LJ;FB Volume 8 No. 1 June 2022

Jurnal Pendidikan Fisika dan Teknologi (JPFT)

Panitra, M., ... & Huang, A. (2021).
Effect of Arc Plasma Sintering on the
Structural and  Microstructural
Properties of Fe-Cr-Ni Austenitic
Stainless Steels. Makara Journal of
Technology, 25(2), 3.

Rahmawati, S. Y., Jumaeri, J., & Prasetya,
A. T. (2019). Pengaruh Penggunaan
Zeolit Alam sebagai Pengikat
Impuritas pada Pembuatan Garam.
Indonesian Journal of Chemical
Science, 8(3), 141-146.

Rositawati, D. N. (2019). Kajian berpikir
kritis pada metode inkuiri. In
Prosiding SNFA (Seminar Nasional
Fisika Dan Aplikasinya) (Vol. 3, pp.

74-84).
Rosyidan, C., Maulani, M., Samura, L., &
Ridaliani, O. (2022). Proses

Pelapisan Nikel Diatas Al Dengan
Metode Elektroplating. Jurnal Teori
dan Aplikasi Fisika, 10(1), 121-128.

Shofiyah, N., & Wulandari, F. E. (2018).
Model problem based learning (PBL)
dalam melatih scientific reasoning
siswa. Jurnal Penelitian Pendidikan
IPA, 3(1), 33-38.

Ulfa, S. W. (2018). Mentradisikan Sikap
[Imiah dalam Pembelajaran Biologi.
Jurnal Biolokus: Jurnal Penelitian
Pendidikan Biologi dan Biologi,
1(2), 1-7.

Yani, M., Mastuang, M., & Misbah, M.
(2021). Development of Solid
Elasticity Modules with Guided
Inquiry Model to Train Critical
Thinking Skills. Kasuari: Physics
Education Journal (KPEJ), 4(1), 44-
56.

81



