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Abstract — The study explores the implementation of
a novel pedagogical approach, hybrid ethnoscience-
project based learning (E-PjBL) integrated with
virtual assistive technology (VAT), to cultivate CT
skills among students in a basic physics course. The E-
PjBL framework integrates relevant cultural contexts
and real-world projects into the physics curriculum.
The presence of VAT provides a visual learning
experience regarding ethnoscience contexts while also
serving as a means to explain physics concepts at a
high level of abstraction. The findings of our
experiments reveal that students exposed to this hybrid
approach show significant improvement in their CT
skills, such as analysis, inference, evaluation, and
decision-making. This research contributes to the
growing knowledge of effective pedagogies that
support the development of CT skills in the context of
physics.
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1. Introduction

Acquisition of critical thinking (CT) skills in
learners is crucial in order to create a pool of talented
learners in continuous education programs [1]. In
modern higher education systems, critical thinking is
recognized as a competency that supports students'
professional abilities in the future [2]. For this
reason, the curriculum in developed countries
considers CT as a core attribute of graduates in
higher education systems [3]. Consequently, every
learning effort should be oriented towards improving
students' CT performance [4]. However, this is not an
easy task, given that CT training remains a challenge
[5], primarily because the training mechanisms lack
adequate intervention in the learning model [6]. As a
result, students' CT performance falls short of
expectations.

Several  previous studies have  found
unsatisfactory results regarding students' CT
performance. For example, an essay study conducted
with 38 students in Sweden revealed their poor
analytical skills [7]. Learning experiences that do not
emphasize CT with effective pedagogy have an
effect on the low achievement of CT among learners
in China [8]. Similarly concerning results have been
observed in developing countries, where learners' CT
skills are underdeveloped in the process of learning
[9]. Moreover, in physics education, students often
encounter abstract physics concepts, which further
hinder their learning and the development of their CT
skills [10]. It is recommended that serious and
planned efforts be made to address the issues related
to the students' low CT skills [9].

Currently, the emphasis on CT skills for
sustainable education development is directed
towards project-based learning (PjBL) processes
[11], with an emphasis on context-based problems
rooted in the cultural entities in which students grow
and develop [12].
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Knowledge of local wisdom values (ethnoscience)
provides an advantage in contextualizing authentic
problems that support meaningful learning [1].
Indeed, PjBL is more engaging than traditional
teaching methods [13] and can enhance students'
learning involvement [14]. Previous studies have
shown that PjBL alone is not effective in developing
critical thinking skills [15]. The solution is to
combine PjBL with a learning system utilizing
adequate digital technology [16]. However, to our
best knowledge, this has not been realized, especially
the hybridization of PjBL with advanced assistive
technology while preserving the characteristics of the
learning process, particularly in reaching abstract
physics subjects. Ultimately, to this day, the issues
related to students' critical thinking performance
remain a priority problem that needs to be resolved.

2. Hybrid E-PjBL Integrated with VAT

Improving the CT skills achievement of
prospective science teachers is attempted through the
intervention of innovative pedagogical model
infrastructure. Its supportive capacity involves three
aspects.  First, emphasizing a  well-rounded
educational approach that fosters the development of
holistic cognitive patterns through the incorporation
of indigenous knowledge or local wisdom [17].
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This can be characterized by ethnoscientific
learning [18]. Second, modernizing the learning
process that allows students to manipulate their
cognitive skills through exploration [19]. The PjBL is
a potential approach that helps learners develop and
manipulate their cognitive skills [20]. Third, creating
a digital model infrastructure in learning by
developing assistive virtual technology. This is to
create a motivating digital learning environment [21],
[22] that has the potential to train students' thinking
skills [23].

PjBL is characterized by the concept of
ethnoscience, becoming an innovative model in
learning, namely Ethno-PjBL (E-PjBL). The
combination of E-PjBL is integrated with assistive
virtual technology as a digital pedagogical
infrastructure prepared to fulfill the functions of E-
PjBL in hybrid learning. The presence of assistive
virtual technology can provide a visual learning
experience of ethnoscience contexts while also
serving as a means to explain scientific concepts at a
high level of abstraction [23], [24]. Hybrid E-PjBL
integrated  with  assistive  virtual technology
developed as an innovative pedagogical model
infrastructure can be a solution to enhance the CT
skills of students in physics courses. The intervention
of learning with hybrid E-PjBL integrated with
assistive virtual technology is presented in Figure 1.
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Figure 1. Hybrid E-PjBL integrated with virtual assistive technology

Previous empirical studies have shown that
ethnoscience, PjBL (Project-based Learning), and
virtual assistive technology have been investigated in
separate domains.
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However, their combination has not been
examined as an innovative pedagogical infrastructure
used to train students' critical thinking.
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Ethnoscience, in its evolving terminology,
involves the integration of the values of local cultural
wisdom with scientific principles [18]. Ethnoscience
represents a knowledge framework that embraces
interpretations of the natural world, possesses
practical utility, and finds application in predictive
aspects within the realm of education [25]. Prior
research has indicated that integrating ethnoscience
into learning has a positive effect on enhancing
learners' levels of scientific literacy [26], and
influences their logical and CT skills in learning [17],
[27].

Practical teaching with an ethnoscience context
can promote thinking skills when combined with a
core model of learning that leads to the process of
exploration [17]. Through exploration, students'
cognitive skills can develop as potential parameters
for the development of critical thinking [19], [28],
[29]. One potential learning approach that helps
students develop and manipulate their cognitive skills
is PjBL [20]. PjBL has a positive effect towards the
motivation, collaborative performance, and the
development of real-life competencies of the students
[30], [31], [32]. The investigative process in PjBL
that utilizes technology can enhance students'
creative thinking processes [33], improve academic
achievement [34], increase student engagement in
learning [35], and make learning more engaging [36].

The relevance of embracing novel approaches to
science education is on the rise due to the growing
influence of technology, leading to virtual systems
[37]. Its utilization is a current trend in modern
learning [38]. The utilization of virtual technology in
learning physics has an impact on the mastery of
concepts and preferences for better theories, as well
as an improvement in thinking skills [39], [40].
Virtual technology can visualize abstract physics
concepts, expanding students' thinking scope and
leading to enhanced analytical and critical abilities
[23]. Students have also shown a high acceptance of
its application [41], and it has been proven to have a
positive impact on knowledge acquisition, skills, and
attitudes [42]. Its advantages are evident as virtual
technology helps address learning issues related to
accessibility [43]. Virtual technology allows for the
creation of environments that empower students to
customize scientific experimental variables to suit
their requirements [44].

3. Experimental
The experimental method (one group pre-posttest
design) was used to examine the effectiveness of

hybrid E-PjBL integrated with virtual assistive
technology in enhancing students' CT skills.
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The experiments were conducted in a
fundamental physics course involving 23 students
who were studying in the physics education
department at Mataram University - Indonesia.

Pretest and posttest measurements of students' CT
skills were taken before and after the intervention of
the learning process using hybrid E-PjBL integrated
with virtual assistive technology. The CT skill
indicators measured are analysis (ANA), inference
(INF), evaluation (EVA), and decision making (DM).

The data collection instrument for the pre- and
post-tests consisted of eight essay items. They have
been tested for their psychometric properties and can
be used in this study. The lowest score for each CT
indicator is -1 and the highest is +3. The data on
critical thinking based on the aspect (indicator)
parameters were analyzed descriptively using
statistical analysis of variance (ANOVA). The
average scores of students' CT in the pre- and post-
tests for each indicator were grouped into various
criteria, ranging from very critical to not critical [45].

The effectiveness of hybrid E-PjBL integrated
with virtual assistive technology was measured in
three aspects. First, there was an increase in the n-
gain score from pre-test to post-test, following
Hake's rule [46]. Second, the post-test scores met the
minimum criteria for being critical. Finally, there
was a variance in the scores of CT skills between the
pre-test and post-tests. To support the data analysis
process, an adequate analysis tool, JASP-0.17.2 was
used.

4. Results and Discussion

Table 1 displays the outcomes of a descriptive
examination of students' CT skills between pre- and
posttests before and after the intervention of the
learning process with hybrid E-PjBL integrated with
assistive virtual technology. Raincloud plots of
students' CT performance in the pre- and post-tests
are presented in Figure 2.

Table 1. Descriptive analysis results of students' CT skills
per indicator

(I:g?(;;, Group | N [ Mean | SD | SE | Ceriteria
ANA |Post-test| 23 | 2.783 | 0.295 |0.061 | Very critical
Pre-test | 23 | 0.000 | 0.564 |0.118| Less critical
INF |Post-test| 23 | 2.717 | 0.422 |0.088 | Very critical
Pre-test | 23 | 0.283 | 0.496 |0.103 | Less critical
EVA |Post-test| 23 | 2.652 | 0.351 |0.073| Very critical
Pre-test | 23 | 0.152 | 0.532 | 0.111 | Less critical
DM |Post-test| 23 | 2.761 | 0.333 |0.069 | Very critical
Pre-test | 23 | 0.152 | 0.463 |0.097 | Less critical
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Figure 2. Raincloud plots of students’ CT results on: (a)
pre-test, and (b) post-test

For all indicators of CT skills, the pretest results
were categorized as less critical. However, in the
posttest, the CT skill results of the students improved
to the level of very critical for all CT indicators. The
calculation of n-gain for each CT indicator indicates
that they fall under the high criteria, with scores of
0.92 for analysis, 0.90 for inference, 0.87 for
evaluation, and 0.91 for decision-making. The
distribution of CT scores is presented in raincloud
plots (Figure 3). Based on the data distribution, it is
evident that the mean scores for each CT indicator in
the pre-test fell within the range of scores categorized
as very critical, whereas in the posttest, they were
very critical. Furthermore, Table 2 displays the
results of the ANOVA comparing CT indicators
across different groups (pre- and posttest).

Table 2. The ANOVA results between CT indicators and
groups (pre- and post-test)

Cases SS df | MS F p 1’
cT 0352 | 3 | 0.117 | 0.628 | 0,598 [0.001
CT 0798 | 3 | 0.266 | 1.423 |0.239 [0.002
Groups
Residuals | 24.663 |132| 0.187 | - A -
Groups | 306.55 | 1 | 306.55 |1395.88|< .001|0.896
Residuals | 9.663 | 44 | 0.220 - - -
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The findings presented in Table 2 indicate that
there is no significant difference in CT skills among
the groups (CT indicator vs. Groups) (F = 1.423, p =
0.239, n? = 0.002). However, a significant difference
was found in the average of CT skill scores between
the pre-test and post-test (F = 1395.880, p < .001, n?
= 0.896). This finding confirms the descriptive
analysis results that students’ CT skills for all
indicators have improved from less critical to very
critical. This means that the integrated hybrid E-PjBL
with assistive virtual technology has been proven
effective in enhancing students' CT skills in the
fundamental physics course.

The enhancement of CT skills among students in
the fundamental physics course is due to the hybrid
E-PjBL factor supported by the presence of assistive
virtual technology. The values taught effectively in
PJBL have a positive impact on students' problem-
solving skills [47], [48] and thinking competency in
the context of the studied material [11], [49].
Students' thinking competency is sharpened through
contextual and meaningful learning experiences, such
as in ethnoscience learning [50].

Enhancing the meaningfulness of learning
through hybrid E-PjBL, the presence of assistive
virtual technology actually supports the success of
learning in training CT skills among students. The
results of this study align with prior research that
emphasize learning approaches involving exploration
processes using assistive virtual technology, which
can sharpen students' CT skills in physics courses
[23]. Students' reasoning skills develop when they
utilize assistive virtual technology to visualize
abstract physics materials [51]. The combination of
learning in the context of ethnosciences and
emphasizing exploratory processes (such as PjBL)
provides opportunities for the cultivation of learners'
CT skills [1]. Finally, the findings of this study
provide confidence that the integrated assistive
virtual technology in hybrid E-PjBL has been able to
enhance students' CT skills in fundamental physics
courses.

5. Conclusion

A study has implemented the integrated hybrid E-
PjBL with virtual assistive technology to enhance
students' CT skills in fundamental physics courses.
Through experiments, the study's results indicate that
the integrated hybrid E-PjBL with virtual assistive
technology has been effective in improving students'
CT skills. The students' CT performance increased
from "less critical" to "very critical" after
implementing the learning approach, as evidenced by
acquiring high scores on the n-gain criteria.
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The results of CT also showed a significant
difference from the pretest and posttest, indicating
that the integrated hybrid E-PjBL with virtual
assistive technology is effective in enhancing
students' CT skills. Based on the current study's
findings, it is appropriate to widely utilize this
learning design, particularly in teaching physics
concepts more effectively.

Acknowledgements

This study is a domestic collaborative research project
fully funded by the government of the Republic of
Indonesia through the Ministry of Education, Culture,
Research, and  Technology (contract  number:
134/E5/PG.02.00.PL/2023, sub-contract number:
3189/UN18.L1/PP/2023). The researchers would like to
express their utmost gratitude to all parties involved in
this research.

References:

[1]. Prayogi, S., Ahzan, S., Indriaturrahmi, 1., &
Rokhmat, J. (2022). Opportunities to Stimulate the
Critical Thinking Performance of Preservice Science
Teachers Through the Ethno-Inquiry Model in an E
Learning  Platform. International ~ Journal  of
Learning, Teaching and Educational
Research, 21(9), 134-153.

Erikson, M. G., & Erikson, M. (2019). Learning
outcomes and critical thinking — good intentions in
conflict. Studies in Higher Education, 44(12).
https://doi.org/10.1080/03075079.2018.1486813
Verawati, N. N. S. P., Prayogi, S., Gummah, S.,
Muliadi, A., & Yusup, M. Y. (2019). The Effect of
Conflict-Cognitive Strategy in Inquiry Learning
towards Pre-Service Teachers’ Critical Thinking
Ability. Jurnal Pendidikan IPA Indonesia, 8(4).

Doi: 10.15294/jpii.v8i4.21002

Bezanilla, M. J., Fernandez-Nogueira, D., Poblete,
M., &  Galindo-Dominguez, H. (2019).
Methodologies for teaching-learning critical thinking
in higher education: The teacher’s view. Thinking
Skills and Creativity, 33, 100584.

Doi: 10.1016/j.tsc.2019.100584

Lee, N. Y., Wang, Z., & Lim, B. (2021). The
development of critical thinking: What university
students have to say. Teaching in Higher Education.
Doi: 10.1080/13562517.2021.1973412

Gilmanshina, S., Smirnov, S., lbatova, A, &
Berechikidze, 1. (2021). The assessment of critical
thinking skills of gifted children before and after
taking a critical thinking development course.
Thinking Skills and Creativity, 39, 100780.

Doi: 10.1016/j.tsc.2020.100780

Trostek, J. R. (2020). Between the modelling and the
engineering of learning: Preservice teachers’
performance in course essays. Journal of Further and
Higher Education, 44(6).

Doi: 10.1080/0309877X.2019.1600665

[2].

B3]

[4].

[5].

[6].

[71.

2010

[8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

Ma, L., & Luo, H. (2021). Chinese pre-service
teachers’ cognitions about cultivating critical
thinking in teaching English as a foreign language.
Asia Pacific Journal of Education, 41(3), 543-557.
Doi: 10.1080/02188791.2020.1793733

Fitriani, H., Asy’ari, M., Zubaidah, S., & Mahanal, S.
(2019). Exploring the Prospective Teachers’ Critical
Thinking and Critical Analysis Skills. Jurnal
Pendidikan IPA Indonesia, 8(3).

Doi: 10.15294/jpii.v8i3.19434

El Kharki, K., Berrada, K., & Burgos, D. (2021).
Design and Implementation of a Virtual Laboratory
for Physics Subjects in Moroccan Universities.
Sustainability, 13(7).

Doi: 10.3390/su13073711

Tsybulsky, D., & Muchnik-Rozanov, Y. (2023). The
contribution of a project-based learning course,
designed as a pedagogy of practice, to the
development of preservice teachers’ professional
identity. Teaching and Teacher Education, 124,
104020. Doi: 10.1016/j.tate.2023.104020

Zidny, R., Solfarina, S., Aisyah, R. S. S., & Eilks, I.
(2021). Exploring Indigenous Science to ldentify
Contents and Contexts for Science Learning in Order
to Promote Education for Sustainable Development.
Education Sciences, 11(3), 114.

Doi: 10.3390/educsci11030114

Maros, M., Korenkova, M., Fila, M., Levicky, M., &
Schoberova, M. (2021). Project-based learning and
its effectiveness: Evidence from Slovakia. Interactive
Learning Environments, 31, 1-9.

Doi: 10.1080/10494820.2021.1954036

Made, A. M., Ambiyar, A., Riyanda, A. R., Sagala,
M. K., & Adi, N. H. (2022). Implementasi Model
Project Based Learning (PjBL) dalam Upaya
Meningkatkan Hasil Belajar Mahasiswa Teknik
Mesin. Edukatif: Jurnal IImu Pendidikan, 4(4), 5162-
5169.

Sumarni, W., & Kadarwati, S. (2020). Ethno-Stem
Project-Based Learning: Its Impact to Critical and
Creative Thinking Skills. Jurnal Pendidikan IPA
Indonesia, 9(1).

Doi: 10.15294/jpii.v9i1.21754

Hujjatusnaini, N., Corebima, A. D., Prawiro, S. R., &
Gofur, A. (2022). The Effect of Blended Project-
based Learning Integrated with 21st-Century Skills
on Pre-Service Biology Teachers’ Higher-order
Thinking Skills. Jurnal Pendidikan IPA Indonesia,
11(1). Doi: 10.15294/jpii.v11i1.27148

Verawati, N. N. S. P., Harjono, A., Wahyudi, W., &
Gummah, S. (2022). Inquiry-Creative Learning
Integrated with Ethnoscience: Efforts to Encourage
Prospective Science Teachers’ Critical Thinking in
Indonesia. International Journal of Learning,
Teaching and Educational Research, 21(9).
Sudarmin, S., Zahro, L., Pujiastuti, S. E., Asyhar, R.,
Zaenuri, Z., & Rosita, A. (2019). The Development
of PBL-Based Worksheets Integrated with Green
Chemistry and  Ethnoscience to  Improve
Studentsa€™ Thinking Skills. Jurnal Pendidikan
IPA Indonesia, 8(4). Doi: 10.15294/jpii.v8i4.17546

TEM Journal —Volume 12 / Number 4 / 2023.



TEM Journal. Volume 12, Issue 4, pages 2006-2012, ISSN 2217-8309, DOI: 10.18421/TEM124-11, November 2023.

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

TEM

Wahyudi, W., Verawati, N. N. S. P., Ayub, S., &
Prayogi, S. (2019). The Effect of Scientific Creativity
in Inquiry Learning to Promote Critical Thinking
Ability of Prospective Teachers. International
Journal of Emerging Technologies in Learning
(IJET), 14(14). Doi: 10.3991/ijet.v14i14.9532
Almazroui, K. M. (2022). Project-Based Learning for
21st-Century Skills: An Overview and Case Study of
Moral Education in the UAE. The Social Studies,
144(23), 1-12.

Doi: 10.1080/00377996.2022.2134281

Papadakis, S. (2021). Advances in Mobile Learning
Educational Research (A.M.L.E.R.): Mobile learning
as an educational reform. Advances in Mobile
Learning Educational Research, 1(1), 1-4.

Doi: 10.25082/AMLER.2021.01.001

Poultsakis, S., Papadakis, S., Kalogiannakis, M., &
Psycharis, S. (2021). The management of digital
learning objects of natural sciences and digital
experiment simulation tools by teachers. Advances in
Mobile Learning Educational Research, 1(2), 58-71.
Doi: 10.25082/AMLER.2021.02.002

Bilad, M. R., Anwar, K., & Hayati, S. (2022).
Nurturing Prospective STEM Teachers’ Critical
Thinking Skill through Virtual Simulation-Assisted
Remote Inquiry in Fourier Transform Courses.
International Journal of Essential Competencies in
Education, 1(1).

Doi: 10.36312/ijece.v1il1.728

El Kharki, K., Bensamka, F., & Berrada, K. (2020).
Enhancing Practical Work in Physics Using Virtual
Javascript Simulation and LMS Platform. In D.
Burgos (Ed.), Radical Solutions and eLearning,
131-146. Springer Singapore.

Doi: 10.1007/978-981-15-4952-6 9

Wang, Y.-H. (2013). The Multicultural Science
Literacy of Science Teachers in Taiwan.
International Journal of Asian Social Science, 3(9).
Dewi, C. C. A., Erna, M., Martini, Haris, I., &
Kundera, I. N. (2021). The Effect of Contextual
Collaborative Learning Based Ethnoscience to
Increase Student’s Scientific Literacy Ability:
Journal of Turkish Science Education, 18(3), 525-
541.

Risdianto, E., Dinissjah, M. J., Nirwana, Dr., &
Kristiawan, M. (2020). The Effect of Ethno Science-
Based Direct Instruction Learning Model in Physics
Learning on Students’ Critical Thinking Skill.
Universal Journal of Educational Research, 8(2),
611-615. Doi: 10.13189/ujer.2020.080233

Wahyudi, Verawati, N. N. S. P.,, Ayub, S., &
Prayogi, S. (2019). Effectiveness of Inquiry-
Creative-Process Learning Model to Promote Critical
Thinking Ability of Prospective Physics Teachers.
Journal of Physics: Conference Series, 1417,
012071. Doi: 10.1088/1742-6596/1417/1/012071
Wahyudi, P Verawati, N. N. S., Ayub, S., & Prayogi,
S. (2018). Development of Inquiry-Creative-Process
Learning Model to Promote Critical Thinking Ability
of Physics Prospective Teachers. Journal of Physics:
Conference Series, 1108, 012005.

Doi: 10.1088/1742-6596/1108/1/012005

Journal = Volume 12 / Number 4/ 2023.

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

Ngereja, B., Hussein, B., & Andersen, B. (2020).
Does Project-Based Learning (PBL) Promote Student
Learning? A Performance Evaluation. Education
Sciences, 10(11).

Doi: 10.3390/educsci10110330

Molina-Torres, M.-P. (2022). Project-Based Learning
for Teacher Training in Primary Education.
Education Sciences, 12(10).

Doi: 10.3390/educsci12100647

Hussein, B. (2021). Addressing Collaboration
Challenges in Project-Based Learning: The Student’s
Perspective. Education Sciences, 11(8).

Doi: 10.3390/educsci11080434

Ortega-Sanchez, D., & Jiménez-Eguizabal, A.
(2019). Project-Based Learning through Information
and Communications Technology and the Curricular
Inclusion of Social Problems Relevant to the Initial
Training of Infant School Teachers. Sustainability,
11(22). Doi: 10.3390/su11226370

Alamri, M. M. (2021). Using Blended Project-Based
Learning for Students’ Behavioral Intention to Use
and Academic Achievement in Higher Education.
Education Sciences, 11(5).

Doi: 10.3390/educsci11050207

Umar, M., & Ko, I. (2022). E-Learning: Direct Effect
of Student Learning Effectiveness and Engagement
through Project-Based Learning, Team Cohesion,
and Flipped Learning during the COVID-19
Pandemic. Sustainability, 14(3).

Doi: 10.3390/s5u14031724

Granado-Alcon, M. del C., Gomez-Baya, D.,
Herrera-Gutiérrez, E., Vélez-Toral, M., Alonso-
Martin, P., & Martinez-Frutos, M. T. (2020). Project-
Based Learning and the Acquisition of Competencies
and Knowledge Transfer in Higher Education.
Sustainability, 12(23).

Doi: 10.3390/su122310062

Stoyanov, S., Glushkova, T., Tabakova-Komsalova,
V., Stoyanova-Doycheva, A., Ivanova, V. &
Doukovska, L. (2022). Integration of STEM Centers
in a Virtual Education Space. Mathematics, 10(5).
Doi: 10.3390/math10050744

Yu, J., & Jee, Y. (2021). Analysis of Online Classes
in Physical Education during the COVID-19
Pandemic. Education Sciences, 11(1).

Doi: 10.3390/educsci11010003

El Kharki, K., Berrada, K., & Burgos, D. (2021).
Design and Implementation of a Virtual Laboratory
for Physics Subjects in Moroccan Universities.
Sustainability, 13(7).

Doi: 10.3390/su13073711

Islahudin, 1., Haifaturrahmah, H., Nizaar, M., &
Soeharto, S. (2022). Utilizing Flat Coil-Based
Vibration Sensor on A Bamboo Drum as Disaster
Preparedness Media For Students. JIPF (Jurnal llmu
Pendidikan Fisika), 7(3), 316-326.

Hassan, H., Martinez-Rubio, J.-M., Perles, A,
Capella, J.-V., Dominguez, C., & Albaladejo, J.
(2013). Smartphone-Based Industrial Informatics
Projects and Laboratories. IEEE Transactions on
Industrial Informatics, 9(1), 557-566.

Doi: 10.1109/T11.2012.2185806

2011



TEM Journal. Volume 12, Issue 4, pages 2006-2012, ISSN 2217-8309, DOI: 10.18421/TEM124-11, November 2023.

[42].

[43].

[44].

[45].

[46].

2012

Diwakar, S., Kumar, D., Radhamani, R., Nizar, N.,
Nair, B., Sasidharakurup, H., & Achuthan, K. (2015).
Role of ICT-enabled virtual laboratories in
biotechnology education: Case studies on blended
and remote learning. 2015 International Conference
on Interactive Collaborative Learning (ICL), 915-
921. Doi: 10.1109/1CL.2015.7318149

El Kharki, K., Bensamka, F., & Berrada, K. (2020).
Enhancing Practical Work in Physics Using Virtual
Javascript Simulation and LMS Platform. In D.
Burgos (Ed.), Radical Solutions and eLearning, 131-
146). Springer Singapore.

Doi: 10.1007/978-981-15-4952-6_9

de la Torre, L., Guinaldo, M., Heradio, R.,, &
Dormido, S. (2015). The Ball and Beam System: A
Case Study of Virtual and Remote Lab Enhancement
With Moodle. IEEE Transactions on Industrial
Informatics, 11(4), 934-945.

Doi: 10.1109/T11.2015.2443721

Bilad, M. R., Doyan, A., & Susilawati, S. (2022).
Analyzing STEM Students” Critical Thinking
Performance: Literacy Study on the Polymer Film
Fabrication Process Irradiated with Gamma Rays.
International Journal of Essential Competencies in
Education, 1(2).

Doi: 10.36312/ijece.v1i2.782

Hake, R., R. (1999). Analyzing change/gain scores.
Indiana University: Woodland Hills, CA, USA.

[47].

[48].

[49].

[50].

[51].

Alrajeh, T. S. (2021). Project-based Learning to
Enhance Pre-service Teachers’ Teaching Skills in
Science Education. Universal Journal of Educational
Research, 9(2), 271-279.

Doi: 10.13189/ujer.2021.090202

Kokotsaki, D., Menzies, V., & Wiggins, A. (2016).
Project-based learning: A review of the literature.
Improving Schools, 19(3), 267-277.

Doi: 10.1177/1365480216659733

Tsybulsky, D., & Muchnik-Rozanov, Y. (2021).
Project-based learning in science-teacher pedagogical
practicum: The role of emotional experiences in
building  preservice  teachers’  competencies.
Disciplinary and Interdisciplinary Science Education
Research, 3(1), 9. Doi: 10.1186/s43031-021-00037-8
Zidny, R., & Eilks, I. (2022). Learning about
Pesticide Use Adapted from Ethnoscience as a
Contribution to Green and Sustainable Chemistry
Education. Education Sciences, 12(4).

Doi: 10.3390/educsci12040227

Verawati, N. N. S. P., Ernita, N., & Prayogi, S.
(2022). Enhancing the Reasoning Performance of
STEM Students in Modern Physics Courses Using
Virtual ~Simulation in the LMS Platform.
International Journal of Emerging Technologies in
Learning (1JET), 17(13).

Doi: 10.3991/ijet.v17i13.31459

TEM Journal —Volume 12 / Number 4 / 2023.



