Jurnal Imiah Pendidikan dan Pembelajaran

Volume 8, Issue 1, 2024, pp. 27-33
P-ISSN: 1858-4543 E-ISSN: 2615-6091

Open Access: https://doi.org/10.23887 /jipp.v8i1.67851

Improving Students’

Problem-Based
Laboratories

Critical Thinking SKkills Using the
Learning Model Assisted by Virtual

Yulia Ramdinawati Syam?!*, Surti KurniasihZ, Rita Retnowati3 ®

1Department of Science Education, School of Postgraduate, Pakuan University, Bogor, Indonesia
23 Islamic Senior High School 4 Bogor, Indonesia.

ARTICLE INFO

ABSTRAK

Article history:

Received January 27, 2024
Accepted March 10, 2024
Available online March 25, 2024

Kata Kunci :

Keterampilan Berpikir Kritis,
Problem Based Learning,
Laboratorium Virtual.

Keterampilan berpikir kritis siswa saat ini cenderung masih berada pada
kategori rendah. Hal ini menyebabkan perlunya inovasi dalam metode
dan model pembelajaran yang dapat meningkatkan keterampilan
berpikir siswa. Penelitian ini bertujuan untuk mengetahui peningkatan
keterampilan berpikir kritis siswa melalui model pembelajaran problem-
based learning (PBL) berbantuan laboratorium virtual pada proses
pembelajaran Biologi. Penelitian ini menggunakan metode pre-
eksperimen dengan desain one group pretest postest design. Subjek

penelitian terdiri dari 30 siswa kelas XI Sekolah Menengah Atas. Metode
pengumpulan data berupa observasi, tes essay keterampilan berpikir
kritis dan kuesioner respon siswa. Instrumen pengumpulan data
menggunakan kuesioner dan soal tes. Uji validitas empiris instrumen
menggunaan korelasi pearson product moment pada SPSS dan Alpha
Cronbach untuk uji reliabilitasnya. Analisis data mengguna kan Uji N-
Gain untuk masing -masing indikator keterampilan berpikir kritis. Hasil uji
N-Gain menunjukkan bahwa penerapan model pembelajaran PBL
berbantuan laboratorium virtual signifikan meningkatkan rata-rata
keterampilan berpikir kritis dengan kategori tinggi. Dengan demikian,
maka disimpulkan bahwa terjadi peningkatan keterampilan berpikir kritis
siswa melalui proses pembelajaran dengan model pembelajaran PBL
berbantu laboratorium virtual
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ABSTRACT

Students' critical thinking skills currently are in the low category. It causes the need for innovation in
learning methods and models that can improve students' thinking skills. This research aims to
determine the improvement of students' critical thinking skills through the problem-based learning
(PBL) learning model assisted by a virtual laboratory in the Biology learning process. This research
uses a pre-experimental method with a one-group pretest post-test design. The research subjects
consisted of 30 eleventh-grade high school students. Data collection methods include observation,
critical thinking skills essay tests, and student response questionnaires. Data collection instruments
use questionnaires and test questions. Test the empirical validity of the instrument using Pearson
product-moment correlation in SPSS and Cronbach's Alpha to test its reliability. Data analysis uses
the N-Gain Test for each indicator of critical thinking skills. The N-Gain test results show that applying
the PBL learning model assisted by a virtual laboratory significantly increases the average critical
thinking skills in the high category. Thus, there has been an increase in students' critical thinking skills
through the learning process using the PBL learning model assisted by a virtual laboratory.

1. INTRODUCTION

The current era of globalization has brought significant changes in the world of education. The
increasingly rapid flow of information and technological developments force us to produce individuals
ready to face future challenges. Therefore, the skills needed in the 21st century are the main focus of
education. 21st-century skills are better known as 4C, including critical thinking, collaboration,
communication, and creativity. Through these skills, students are believed to be able to compete globally
(Hardianti et al., 2020; Partono et al., 2021 ). One of the most important skills among 21st-century skills is
critical thinking skills (Fitriani et al., 2020; Larsson, 2017). Critical thinking skills are not only considered
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an absolute necessity in facing the challenges of the times but also as a foundation for overcoming various
complex problems and the ability to survive change (Reaves, 2019; Halim, 2022). Critical thinking skills
are thinking skills that have the aim of proving something, interpreting something, and solving problems
(Facione, 2015; Manurung et al., 2023). In an era of abundant information, students not only need to
master information but also understand how to apply it wisely. Critical thinking skills are one of the most
highly valued competencies. Critical thinking is also considered reasonable, and reflective thinking focuses
on deciding what to believe or do (Ennis, 2011; Rudianti et al,, 2021). The use of critical thinking in
biology learning is carried out to face and solve life problems by the characteristics of natural science,
which always prioritizes critical thinking to understand every learning that is very close to real objects
(Mukti & Istiyono, 2018; Agnafia, 2019). Thus, critical thinking is an essential ability that can be used to
indicate learning success in achieving competency standards. However, in reality, based on the results of
the literature review that has been conducted, it was found that the condition of students' critical thinking
skills is still in the low category (Ennis, 2011; Cahyani et al.,2021; Hayati & Setiawan, 2022). One of the
factors causing low critical thinking skills in students is the less-than-optimal selection of learning
methods and models by teachers (Liska Liska et al., 2021; Nuraida, 2019). Innovative learning methods
and models can encourage students' 21st-century skills (Yulianti et al., 2022; Sari & Susiloningsih, 2015).
Knowing the importance of the learning methods and models teachers use, innovation is needed
in learning methods and models to improve students' thinking skills. One learning model that can help
develop critical thinking is problem-based learning or PBL. Problem-based learning has long been
effective in training students' critical thinking skills (Magbullah et al.,, 2018; Mareti & Hadiyanti, 2021).
The PBL learning model confronts students with real problems relevant to the subject matter. Students
are invited to investigate, analyze, and find solutions to the problem. This process encourages students to
think critically, develop strong arguments, make wise decisions, and increase knowledge and
understanding (Ali, 2019; Musaad & Suparman, 2023). PBL encourages problem-solving, first encountered
in the learning process to develop students' skills in the relevant content knowledge. f(Arsika et al.,, 2019;
Barret, 2017). Problem-based learning models have improved students' critical thinking skills (Putri et al.,
2021; Setyorini Arum, 2021; Lestari et al.,, 2019). This model has also been proven to develop students'
problem-solving abilities (Simanjuntak & Sudibjo, 2019; Aji & Hudha, 2017). Students' academic or
learning achievement can be improved using problem-based learning models (Fitriani et al., 2020;
Rahmat, 2018). Selain itu, penggunaan model pembelajaran ini juga dapat meningkatkan keterampilan
proses sains (Usman et al., 2021; Hardiyanti et al,, 2017; Nasir et al., 2023). As a form of intensifying
problem-based learning, it is necessary to adopt a more modern approach, namely virtual laboratories.
Virtual laboratories allow students to run experiments with interactive simulations through computer
devices that can be done anywhere and anytime (Faour et al., 2018; Harjono et al., 2017; Paxinou et al.,
2020; Stahre Wastberg et al., 2019). With the help of virtual laboratories, students can face situations
closer to the real world, observe the results of experiments, and apply their understanding in practical
contexts. Integrating PBL with virtual laboratories produces a powerful combination in training critical
thinking skills. Students are faced with real problems and can try various solutions virtually. They can test
their ideas, understand the impact of each decision, and develop their critical thinking through deeper
exploration. This study aims to determine the increase in students' critical thinking skills after
implementing the problem-based learning model with practical activities in a virtual laboratory.

2. METHOD

This study uses a pre-experimental method with a one-group pretest-posttest design. This means
this study will conduct a pretest first, followed by a post-test after treatment. The subjects in this study
were 30, involving eleventh-grade students of the MIPA program at Madrasah Aliyah in Bogor Regency.
Participants were selected by purposive sampling with consideration of certain criteria. This study was
conducted in stages including: a) conducting observations at Madrasah Bogor Regency, Indonesia; b) a
pretest was given to investigate the level of students' critical thinking skills; c) implementing the learning
process with PBL syntax and virtual laboratory activities; and d) a post-test was conducted to re-assess
students' critical thinking skills after the learning process. Some of the data collected in this study were
learning process data, students' critical thinking skills data, and student response data. The learning
process data was collected using the observation method and documentation in the form of photos and
videos of activities. This study also requires student response data taken using a questionnaire. In
addition, this study also collects data related to students' critical thinking skills. The instrument used to
collect data on students’ critical thinking skills was an essay test. The essay test used to measure KBK was
tested for validity twice, namely the validation test with expert judgment by expert lecturers and the
empirical validation test on students, which was analyzed using Pearson Product moment and Alpha
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Cronbach on SPSS. The critical thinking essay test refers to 5 indicators: providing simple explanations,
determining the basis for decision-making, drawing conclusions, building basic skills, making further
clarifications, and developing strategies and tactics (Ennis, 2011; Prihatin, 2022). The outline of the
Critical Thinking Skills Instrument can be presented in Table 1.

Table 1. Critical Thinking Skills Instrument

Critical Thinking Indicators Sub Indicators Question
Number
1 Providing simple explanations Asking and answering questions 1,2
(elementary clarification) about an explanation and challenges
2 Building basic skills (basic support) Observing and considering the 3,4
results of observations
3 Concluding (inference) Making inductions and considering 56
the results of inductions
4 Providing further explanations (advanced Defining terms 7,8
clarification)
5 Developing  strategies and tactics Deciding on a course of action 9,10

(Strategy and Tactic)

Before being used, the instrument for measuring students' critical thinking skills will go through
validity and normality tests. The validity test is carried out to determine whether the measuring
instrument created is valid or effective for use. The validity test of the critical thinking skills instrument
was carried out two times, namely by expert judgment by two expert lecturers and an empirical validation
test on 30 twelfth-grade students. The results of the expert validation showed that out of 15 questions
developed, most were valid, and two questions had revisions. Meanwhile, the results of the empirical
validation were analyzed using the Pearson product-moment correlation assisted by the SPSS program.
The question item is considered valid if the calculated r value exceeds the r table. The results of the
validity test of the questions with the SPSS Pearson product-moment method showed ten valid questions
and five invalid questions. A reliability test was carried out to determine whether the instrument was
reliable. The reliability test in this study was carried out using the SPSS Alpha Cronbach method. The
reliability test results of the critical thinking skills question instrument showed a reliability coefficient
0.627. It indicates high reliability, meaning that the instrument is suitable for use. The results of the
validity and reliability test of this question instrument will be the basis for using the question items as a
measurement tool for the achievement of students' critical thinking skills. After data collection is carried
out, the data analysis of the critical thinking skills instrument is carried out by calculating the N-Gain value
for each indicator.

3. RESULT AND DISCUSSION

Result

The valid and reliable question instruments were then used as pretest and post-test questions in
the learning process using a problem-based learning model assisted by a virtual laboratory. In this case,
fellow Biology teachers carried out observations. The results showed that all syntax in PBL had been
carried out in stages. The learning process of the problem-based learning model assisted by a virtual
laboratory can be presented in Figure 1. The results of improving students' critical thinking skills during
the pretest before learning and the post-test were carried out after implementation. An analysis of the
increase in the average score of critical thinking skills was carried out before using the virtual laboratory
of the problem-based circulatory system. After using it, the N-Gain Test was carried out on each indicator
of critical thinking skills. The results of the overall N-Gain average analysis by students obtained an
average N-Gain value of critical thinking skills of 0.80. This value is included in the high category. The N-
Gain value for each indicator of students’ critical thinking skills can be presented in Table 2.

Table 2. Results of N-Gain Analysis for each indicator

No Indicator Aspects Pretest  Postest N-Gain  Criteria
1 Prm.n.dlng simple explanations (elementary 3750 90.83 0.85 High
clarification)
2 Building basic skills (basic support) 35.83 91.67 0.87 High
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No Indicator Aspects Pretest  Postest N-Gain  Criteria
3 Concluding (inference) 15.00 86.67 0.84 High
4 PrO\.n.dmg further explanations (advanced 1958 81.67 0.77 High

clarification)
5 Eie;\'ziecl)opmg strategies and tactics (strategy and 12.92 7202 0.69 Medium

Figure 1. PBL model learning assisted by virtual laboratory

Based on the student response questionnaire results, 92.9% of students felt that problem-based
learning assisted by virtual laboratories was more interesting than regular learning. In addition, almost
82.1% of students felt motivated to implement learning with this model.

Discussion

Based on the analysis of the research results that have been conducted, it was found that
students' critical thinking skills in the indicator of building basic skills or basic support have the highest N-
Gain value, namely 0.87. Basic skills, namely observation, owned by students are part of basic science
skills. Previous research revealed that basic science skills are part of observing and interpreting
observation results (Kraus, 2023; Malik, 2015). Skills that are trained when students observe blood type
test results and translate their observations through a virtual laboratory. This activity is carried out on
both patients and four donors to decide the right blood type for transfusion, in addition to this skill being
trained in circulation and blood pressure practicums. Because of the repetitive activities, this basic skill
gets the highest score. Another indicator, namely strategy and tactics, has the lowest N-Gain value, 0.69.
This indicator requires analytical skills, where they must connect questions, statements, and theoretical
concepts to express opinions or information (Facione, 2015; Baderan, 2018). This indicator requires
higher thinking speed to solve problems or make decisions and logic to solve problems (Sujanem &
Suwindra, 2023; Febliza & Fauziah, 2020). This may be why the strategy and tactics indicators have the
lowest N-Gain among the other indicators. These skills are trained in problem-based learning syntax,
guiding investigations, and developing and presenting results, but this has yet to provide an increase in N-
Gain, like other indicators that are quite high. Therefore, students need more trigger questions and
assessments to develop these abilities. Previous research also revealed that trigger questions often given
to students can improve students' critical thinking skills (Arum, 2021; Oktavianto, 2023).

Overall, the average N-Gain on the critical thinking skills indicator scored 0.80. It shows an
increase in the high category. It means that applying the problem-based learning model with the help of a
virtual laboratory can improve students’ critical thinking skills. It aligns with previous research stating
that problem-based learning can improve students' critical thinking skills (Agnesa & Rahmadana, 2022;
Hasanah et al., 2021; Kristiyanto, 2020; Ngatiyem, 2021; Seibert, 2021; Selviani, 2019; Setyorini Arum,
2021). Critical thinking skills are one of the skills students must possess in the 21st century. Therefore,
training critical thinking skills is an important thing that a teacher must do in the classroom to prepare
their students to face the challenges of the 21st century. Selecting a problem-based learning model
assisted by a virtual laboratory can help support students' critical thinking skills. It is in line with research
that states that the environment can also support students' 4C skills, including critical thinking skills
(Weng et al,, 2022; Amalia et al., 2021). Implementing the virtual laboratory-assisted PBL learning model
significantly increases students' average critical thinking skills. This study has implications for
implementing the virtual laboratory-assisted PBL model, which can directly impact improving students’
critical thinking skills so that this virtual laboratory-assisted PBL learning model can be used as a
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reference for further research. The limitation of this study is that the scope of the study only focuses on
one school, namely Madrasah Aliyah, using 30 eleventh-grade students of the MIPA program as a sample.

4. CONCLUSION

Based on the research results, it can be concluded that the problem-based learning model assisted
by virtual laboratories has increased critical thinking skills. This is also supported by a survey conducted
on students after the learning process. Therefore, the problem-based learning model assisted by virtual
laboratories can be used as an alternative model in biology learning in the 21st century.

5. REFERENCES

Agnafia, D. N. (2019). Analisis Kemampuan Berpikir Kritis Siswa Dalam Pembelajaran Biologi. Florea :
Jurnal Biologi Dan Pembelajarannya, 6(1), 1-154.
https://doi.org/http://doi.org/10.25273 /florea.v6i1.4369.

Agnesa, O. S, & Rahmadana, A. (2022). Model Problem-Based Learning sebagai Upaya Peningkatan
Keterampilan Berpikir Kritis pada Pembelajaran Biologi. JOTE : Journal On Teacher Education,
3(3), 65-81. https://doi.org/https://doi.org/10.31004/jote.v3i3.4384.

Aji, S. D.,, & Hudha, M. N. (2017). Pengembangan Modul Pembelajaran Fisika Berbasis Problem Based
Learning untuk Meningkatkan Kemampuan Pemecahan Masalah Fisika. Science Education Journal,
1(1), 36-51. https://doi.org/10.21070/sej.v1i1.830.

Ali, S. S. (2019). Problem Based Learning: A Student-Centered Approach. English Language Teaching,
12(5), 73. https://doi.org/10.5539/elt.v12n5p73.

Amalia, A, Rini, C. P.,, & Amaliyah, A. (2021). Analisis Kemampuan Berpikir Kritis Siswa Kelas V Dalam
Pembelajaran IPA di SDN Karang Tengah 11 Kota Tangerang. Sibatik Journal, 1(1), 33-44.
https://doi.org/https://doi.org/10.54443 /sibatik.v1il.4.

Arsika, I. M. B, Sudiarawan, K. A,, Dharmawan, N. K. S., Samsithawrati, P. A, Widhyaastuti, I. G. A. A. D, &
Mahartayasa, M. (2019). Buku Pedoman Problem Based Learning. Jurnal Ilmiah Didaktika, 14(2),

164-173. Retrieved from
https://simdos.unud.ac.id/uploads/file_pendidikan_1_dir/216db5913fbd67dc830415cadc18659
a.pdf.

Baderan, J. K. (2018). Pengembangan Soal High Order Thinking (HOT) Melalui Pembelajaran Berbasis
Masalah Untuk Melatih Keterampilan Berpikir Kritis Peserta Didik Kelas VI SD. PEDAGOGIKA
Jurnal Ilmu Pendidikan, 9(Nomor 2), 152-178.
https://doi.org/https://doi.org/10.37411/pedagogika.v9i2.63.

Cahyani, H. D., Hadiyanti, A. H. D., & Saptoro, A. (2021). Peningkatan Sikap Kedisiplinan dan Kemampuan
Berpikir Kritis Siswa dengan Penerapan Model Pembelajaran Problem Based Learning. Edukatif:
Jurnal IImu Pendidikan, 3(3), 919-927. Retrieved from
https://edukatif.org/index.php/edukatif/article /view/472.

Cynthia Hardiyanti, P., & Wardani dan Sri Nurhayati, S. (2017). Keefektifan Model Problem Based Learning
Untuk Meningkatkan Keterampilan Proses Sains Siswa. Jurnal Inovasi Pendidikan Kimia, 11(1),
1862-1671. https://doi.org/https://doi.org/10.15294 /jipk.v11i1.9714.

Ennis, R. H. (2011). The Nature of Critical Thinking : An Outline of Critical Thinking Dispositions. Retrieved
from https://education.illinois.edu/docs/default-source/faculty-documents/robert-
ennis/thenatureofcriticalthinking 51711_000.pdf.

Facione, P. A. (2015). Berpikir kritis: Apa itu dan mengapa itu penting. In Penilaian wawasan. Retrieved
from
https://www.researchgate.net/publication/251303244_Critical_Thinking What_It_Is_and_Why_It

Counts.

Faour, M. A,, & Ayoubi, Z. (2018). The Effect of Using Virtual Laboratory on Grade 10 Students’ Conceptual
Understanding and their Attitudes towards Physics. Journal of Education in Science, Environment
and Health, 4(1), 54-68. https://doi.org/10.21891 /jeseh.387482.

Febliza, A, & Fauziah, N. (2020). Keterampilan Berpikir Kritis Calon Guru Kimia sebagai Kesiapan
Menghadapi Revolusi Industri 4.0. JNSI: Journal of Natural Science and Integration, 3(2), 114-127.
https://doi.org/http://dx.doi.org/10.24014/jnsi.v3i2.8791.

Fitriani, A.,, Zubaidah, S., Susilo, H,, & Muhdhar, M. H. L. Al. (2020). The Correlation between Critical
Thinking Skills and Academic Achievement in Biology through Problem Based Learning-Predict
Observe Explain (PBLPOE). International Journal of Learning, 6(3), 170-176.
https://doi.org/10.18178/1JLT.6.3.170-176.

Yulia Ramdinawati Syam / Improving Students' Critical Thinking Skills Using the Problem-Based
Learning Model Assisted by Virtual Laboratories



Jurnal Imiah Pendidikan dan Pembelajaran, Volume 8, Issue 1, 2024, pp. 27-33 32

Hardianti, H., Copriady, J., & Haryati, S. (2020). Model Pembelajaran PBL Dipadu Strategi NHT Untuk
Memotivasi dan Meningkatkan Hasil Belajar Peserta Didik. International Journal of Biology
Education, 3(3), 89-110. Retrieved from https://doi.org/10.26858/cer.v3i2.13315.

Harjono, A., Sahidu, H., & Herayanti, L. (2017). Virtual Laboratory Of Electricity Concept To Improve
Prospective Physics Teachers’ Creativity. jurnal Pendidikan Fisika Indonesia, 13(2), 102-111.
https://doi.org/10.15294/jpfi.v13i2.10152.

Hasanah, Z., Tenri Pada*, A. U,, Safrida, S., Artika, W., & Mudatsir, M. (2021). Implementasi Model Problem
Based Learning Dipadu LKPD Berbasis STEM untuk Meningkatkan Keterampilan Berpikir Kritis
pada Materi Pencemaran Lingkungan. Jurnal Pendidikan Sains Indonesia, 9(1), 65-75.
https://doi.org/10.24815/jpsi.v9i1.18134.

Hayati, N., & Setiawan, D. (2022). Dampak Rendahnya Kemampuan Berbahasa dan Bernalar terhadap
Kemampuan Berpikir Kritis Siswa Sekolah Dasar. jJurnal Basicedu, 6(5), 8517-8528.
https://doi.org/10.31004 /basicedu.v6i5.3650.

Komalasari, K. (2013). Pembelajaran kontekstual, konsep dan aplikasi. Bandung: PT.Refika Aditama.

Kraus, S. F. (2023). The Method of Observation in Science Education : Characteristic Dimensions from an
Educational Perspective. In Science & Education. https://doi.org/10.1007/s11191-023-00422-x.

Kristiyanto, D. (2020). Peningkatan Kemampuan Berpikir Kritis dan Hasil Belajar Matematika dengan
Model Project Based Learning (PJBL). Mimbar IImu, 25(1), 1.
https://doi.org/10.23887/mi.v25i1.24468.

Larsson, K. (2017). Understanding and teaching critical thinking—A new approach. International Journal
of Educational Research, 84(December 2016), 32-42. https://doi.org/10.1016/j.ijer.2017.05.004.

Lestari, K. S., Dantes, N., & Sariyasa. (2019). Pengaruh Model Pembelajaran Berbasis Masalah Terhadap
Hasil Belajar Matematika Ditinjau Dari Kemampuan Berpikir Kritis Siswa Kelas IV Sekolah Dasar
Di Gugus | Kecamatan Buleleng. PENDASI: Jurnal Pendidikan Dasar Indonesia, 2(1), 1-12.
https://doi.org/10.23887 /jpdi.v2i1.2686.

Liska Liska, Ahyo Ruhyanto, R. A. E. Y. (2021). Penerapan Model Pembelajaran Problem Solving untuk
Meningkatkan Kemampuan Berpikir Kritis Siswa. J-KIP (Jurnal Keguruan Dan Ilmu Pendidikan),
2(3),161-170. https://doi.org/http://dx.doi.org/10.25157 /j-kip.v2i3.6156.

Malik, A. (2015). Model Pembelajaran Problem Based Instruction untuk Meningkatkan Penguasaan
Konsep dan Keterampilan Proses Sains Mahasiswa. JPPPF : Jurnal Penelitian & Pengembangan
Pendidikan Fisika, 1(1), 9-16. https://doi.org/doi.org/10.21009/1.01102.

Manurung, A. S., Fahrurrozi, F., Utomo, E., & Gumelar, G. (2023). Implementasi Berpikir Kritis dalam Upaya
Mengembangkan Kemampuan Berpikir Kreatif Mahasiswa. Jurnal Papeda: Jurnal Publikasi
Pendidikan Dasar, 5(2), 120-132. https://doi.org/10.36232 /jurnalpendidikandasar.v5i2.3965.

Magbullah, S., Sumiati, T., & Muqodas, 1. (2018). Penerapan Model Problem Based Learning (Pbl) Untuk
Meningkatkan Kemampuan Berpikir Kritis Siswa Pada Pembelajaran IPA Di Sekolah Dasar.
Metodik Didaktik, 13(2), 106-112. https://doi.org/10.17509/md.v13i2.9500.

Mareti, ]. W., & Hadiyanti, A. H. D. (2021). Model Problem Based Learning Untuk Meningkatkan
Kemampuan Berpikir Kritis dan Hasil Belajar IPA Siswa. Jurnal Elementaria Edukasia, 4(1), 31-41.
https://doi.org/10.31949/jee.v4i1.3047.

Nasir, M., Fahruddin, F., Haljannah, M., & Nehru, N. (2023). Implementasi Model Pembelajaran Problem
Based Learning untuk Meningkatkan Keterampilan Proses Sains Siswa SMAN 5 Kota Bima. JIIP -
Jurnal Ilmiah llmu Pendidikan, 6(1), 289-296. https://doi.org/10.54371 /jiip.v6i1.1370.

Ngatiyem. (2021). Penerapan Pembelajaran Problem Based Learning Untuk Meningkatkan Kemampuan
Berpikir Kritis Siswa. ACTION : Jurnal Inovasi Penelitian Tindakan Kelas Dan Sekolah, 1(2), 149-
157. https://doi.org/10.51878/action.v1i2.637.

Nuraida, D. (2019). Peran Guru Dalam Mengembangkan Keterampilan Berpikir Kritis Siswa Dalam Proses
Pembelajaran. Jurnal Teladan: Jurnal llmu Pendidikan Dan Pembelajaran, 4(1), 51-60. Retrieved
from http://journal.unirow.ac.id/index.php/teladan/article/view/47.

Oktavianto, R. (2023). Penugasan Kreasi Siniar dalam Pembelajaran Ekonomi: Mengasah Kemampuan
Berpikir  Kritis Siswa. Ideguru: Jurnal Karya Ilmiah  Guru, 8(2), 137-145.
https://doi.org/https://doi.org/10.51169/ideguru.v8i2.474.

Paxinou, E., Georgiou, M., Kakkos, V., Kalles, D., & Galani, L. (2020). Achieving educational goals in
microscopy education by adopting virtual reality labs on top of face-to-face tutorials. Research in
Science and Technological Education, 00(00), 1-20.
https://doi.org/10.1080,/02635143.2020.1790513.

Prihatin, W. A. (2022). Penerapan Problem Based Learning dengan Gallery Walk dalam Peningkatan
Keterampilan Berpikir Kritis Siswa. Jurnal Guru Dikmen Dan Diksus, 5(1), 31-44. Retrieved from
https://www.academia.edu/download /89015809 /104.pdf.

JIPP P-ISSN: 1858-4543 E-ISSN: 2615-6091



Jurnal Imiah Pendidikan dan Pembelajaran, Volume 8, Issue 1, 2024, pp. 27-33 33

Putri, L. A, Permanasari, A., Winarno, N., & Ahmad, N. J. (2021). Enhancing Student Scientific Literacy
using Virtual Lab Activity with Inquiry-Based Learning. Journal of Science Learning, 4(2), 173-
184. https://doi.org/10.17509/jsl.v4i2.27561.

Rahmat, E. (2018). Penerapan Model Pembelajaran Problem Based Learning (PBL) untuk Meningkatkan
Prestasi Belajar Siswa. Jurnal Penelitian Pendidikan, 18(2), 144-159.
https://doi.org/10.17509/jpp.v18i2.12955.

Reaves, J. (2019). 21St-Century Skills and the Fourth Industrial Revolution: a Critical Future Role for
Online Education. International Journal on Innovations in Online Education, 3(1).
https://doi.org/10.1615/intjinnovonlineedu.2019029705.

Rudianti, R., Aripin, A., & Muhtadi, D. (2021). Proses Berpikir Kritis Matematis Siswa Ditinjau Dari Tipe
Kepribadian Ekstrovert dan Introvert. Mosharafa: Jurnal Pendidikan Matematika, 10(3), 437-448.
https://doi.org/10.31980/mosharafa.v10i3.1038.

Sari, W. M., & Susiloningsih, D. E. (2015). Penerapan Model Assure dengan Metode Problem Solving untuk
Meningkatkan Keterampilan Berfikir Kritis. Jurnal Inovasi Pendidikan Kimia, 9(1), 1468-1477.
https://doi.org/https://doi.org/10.15294 /jipk.v9i1.4814.

Satria Mukti, T., & Istiyono, E. (2018). Instrumen Penilaian Kemampuan Berpikir Kritis Peserta Didik SMA
Negeri Mata Pelajaran Biologi Kelas X. BIOEDUKASI: Jurnal Pendidikan Biologi, 11(2), 107-112.
https://doi.org/https://doi.org/10.20961/bioedukasi-uns.v11i2.21624.

Seibert, S. A. (2021). Problem-based learning: A strategy to foster generation Z’s critical thinking and
perseverance. Teaching and Learning in Nursing, 16(1), 85-88.
https://doi.org/10.1016/j.teln.2020.09.002.

Selviani, I. (2019). Pengembangan Modul Biologi Problem Based Learning Untuk Meningkatkan
Kemampuan Berpikir Kritis Peserta Didik SMA. IJIS Edu : Indonesian Journal of Integrated Science
Education, 1(2), 147-154. https://doi.org/10.29300/ijisedu.v1i2.2032.

Setyorini Arum, et al. (2021). Problem-Based Learning with Science, Technologi, Engineering,and
Mathematics (STEM) Approach to Improve Critical Thinking Skills and Conceptual Understanding
of Junior High School Students. Journal of Science Education and Practice, 5(2020), 3-28.
https://doi.org/https://doi.org/10.33751/jsep.v5i2.5699.

Simanjuntak, M. F., & Sudibjo, N. (2019). Meningkatkan Keterampilan Berpikir Kritis Dan Kemampuan
Memecahkan Masalah Siswa Melalui Pembelajaran Berbasis Masalah [Improving Students’
Critical Thinking Skills and Problem Solving Abilities Through Problem-Based Learning]. JOHME:
Journal of Holistic Mathematics Education, 2(2), 108. https://doi.org/10.19166/johme.v2i2.1331.

Stahre Wastberg, B., Eriksson, T., Karlsson, G., Sunnerstam, M., Axelsson, M., & Billger, M. (2019). Design
considerations for virtual laboratories: A comparative study of two virtual laboratories for
learning about gas solubility and colour appearance. Education and Information Technologies,
24(3),2059-2080. https://doi.org/10.1007/s10639-018-09857-0.

Sujanem, R., & Putu Suwindra, I. N. (2023). Problem-Based Interactive Physics E-Module in Physics
Learning Through Blended Pbl To Enhance Students’ Critical Thinking Skills. Jurnal Pendidikan
IPA Indonesia, 12(1), 135-145. https://doi.org/10.15294 /jpii.v12i1.39971.

Usman, M., Suyanta, & Huda, K. (2021). Virtual lab as distance learning media to enhance student’s science
process skill during the COVID-19 pandemic. Journal of Physics: Conference Series, 1882(1),
012126. https://doi.org/10.1088/1742-6596/1882/1/012126.

Weng, X, Cui, Z, Ng, 0. et al. (2022). Characterizing Students’ 4C Skills Development During Problem-
based Digital Making. Springer, ] Sci Educ(June), 372-385.
https://doi.org/https://doi.org/10.1007 /s10956-022-09961-4.

Yulianti, Y., Lestari, H., & Rahmawati, 1. (2022). Penerapan Model Pembelajaran Radec Terhadap
Peningkatan Kemampuan Berpikir Kritis Siswa. Jurnal Cakrawa Pendas, 8(1), 47-56.
https://doi.org/http://dx.doi.org/10.31949/jcp.v8i1.3350.

Yulia Ramdinawati Syam / Improving Students' Critical Thinking Skills Using the Problem-Based
Learning Model Assisted by Virtual Laboratories



