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Abstract: This study aims to determine the effect of the project-based learning model on 
students' critical thinking skills on elasticity and Hooke's law. The population in this 
study was all class XI MIPA SMAN 1 Terara. Sampling was carried out using a 
purposive sampling technique, so that class XI MIPA 1 as many as 30 people as the 
experimental class and class XI MIPA 3 as many as 30 people as the control class. The 
type of research used was a quasi-experimental with a nonequivalent control group 
research design. The instrument used was a descriptive test of 5 questions. Post-test 
data were analyzed using a normality test using the chi-square formula and 
homogeneity test using a variance test, then hypothesis testing using a polled 
variance t-test, because the number of students in the experimental and control 
classes was the same and the data was distributed homogeneously. This test was 
conducted to determine whether or not there was an effect of the project-based learning 
model on students' critical thinking skills. Data analysis shows that the values 
𝑡𝑐𝑜𝑢𝑛𝑡  are 5,90 and 𝑡𝑡𝑎𝑏𝑙𝑒 2,00, so that 𝑡𝑐𝑜𝑢𝑛𝑡 > 𝑡𝑡𝑎𝑏𝑙𝑒 it means there is a positive 
influence of the project-based learning model on students' critical thinking skills in the 
material on elasticity and Hooke's law. 
 
Keywords: Critical thinking skills; Project-based learning; Students 

  

Introduction  
 

Education is the container provided to participant 
educate to acquire knowledge, experience and 
opportunities so that the information he receives can 
change life gets better (Rosmiati) et al, 2022). Educational 
objectives in the 21st century are realizing ideals of 
national nation, namely giving birth to generation 
competent, motivated and highly capable young people 
compete with the global world. The current learning 
process is guided by four learning characters, namely 
communication, collaboration, critical thinking and 
problem-solving problems, and creativity and 
innovation (Fadriati et al, 2023). 

The achievement of learning outcomes in Indonesia 
is still classified as low especially in science learning. 
One of them Lessons that are included in science 
learning are eye lesson physics (Arlina et al , 2022). 
Physics is lessons that provide knowledge about natural 
the inseparable universe from mastery concepts, 

formulas, and their application in everyday life 
(Septyaningrum and Nurita, 2023). A participant 
student who studies physics is required to master 
principles and concepts physics because based on 
concepts and principles the participant educate will 
capable develop thinking critical participant useful 
education to complete daily problems (Taufik and Aris, 
2022). 

Critical thinking is one of the 21st century learning 
objectives that must be mastered participant educate . By 
thinking critically, participants students can show 
objective specific, interpret and solve problems in the 
learning process (Suci et al, 2022). According to Rahayu 
and Festiyed (2023), when participant educate centralize 
his mind to find settlement certain from something 
problem then he currently develop critical thinking 
skills . Novalianti et al (2021), participants' thinking 
abilities educate divided into basic thinking and 
advanced thinking. Advanced level thinking high 
(higher order thinking) makes participant educate analyze 
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information whereas high-level thinking skills basic 

(lower order thinking) using skills participant educate. As 
per opinion Syahrul (2021), that individuals who have 
Good critical thinking skills tend to be able to learn more 
effectively, so that participant educate capable process 
information better and improve the learning outcomes 
that have been achieved so far. implemented by 
participants educate .  

Based on initial observations conducted at SMAN 1 
Terara, it was found that those teachers still use 
conventional learning models in the teaching and 
learning process. Learning is still nature teacher center 
(focused on the teacher) where the teacher delivers 
material and gives practice questions to participant 
educate without existence direct application regarding 
the material being taught. Based on the results of teacher 
interviews, learning activities experienced constraint 
Because participant students are less proficient in 
mathematics or calculations, so that participant educate 
experience difficulties in learning physics. This makes 
participant students become unenthusiastic and feel that 
lesson physics is something boring. In addition, critical 
thinking learning has not been implemented in learning 
activities, so that participant students have not received 
experience about application of critical thinking in 
learning. 

Response data results from distribution 
questionnaire against 30 participants studied at SMAN 
1 Terara, namely as many as 13 participants educate like 
learning physics and feel that The atmosphere in 
learning physics is quite pleasant, but there were also 17 
participants students who feel that the physics learning 
atmosphere is not very pleasant because they are 
difficult to understand and memorize the formula in the 
eye lesson physics. Apart from that, there are also quite 
a few who state that that there is difficulty in 
understanding problems in physics that make 
participant students become less able to solve physics 
problems. 

Based on the above problems changes in physics 
learning in schools need to be addressed to make it 
easier and attract the interest of students in learning 
physics. Teachers must apply a variety of learning 
models as well as involving participant students in 
classroom learning. So, the alternative is using a 
participant-centered learning model educate, one of 
them is the expected project-based learning model able to 
improve critical thinking skills participant educated. 
The results of the research that has been conducted by 
Devi et al (2019), show that existence increase in 
independence participant students when implementing 
this project-based learning model. 

Project-based learning leads towards participant-
centered learning educate using real and contextual 

projects. So that it can overcome passive learning 
problems, PjBL put participant educate as subject active 
in designing, working on and reflecting on their own 
projects. This can train critical thinking skills participant 
educate with problem-based learning problem real that 
connects draft physics on elasticity and Hooke's law 
with practice directly. This gives experience concrete 
that deepens understanding draft elasticity and Hooke's 
law through experiment real and improving ability 
participant learn to solve problems problem physics 
systematically. As research has shown conducted by 
Gaffar (2023), this project-based learning model can change 
participant learning independence educate to find 
solution problem so that capable develop critical 
thinking skills. Due to the reasons said, researchers 
interested in conducting research entitled" The Influence 
of the Project Based Learning Model "On Students' Critical 
Thinking Skills on Elasticity and Hooke's Law Material". 
 

Method 
 

The research was a quasi-experimental study with 
a nonequivalent control group design. Two classes were 
selected as samples: one class as the control class and the 
other as the experimental class. Prior to the learning 
process, both classes were given a pre-test to assess 
students' initial critical thinking skills on elasticity and 
Hooke's law. 

The control class was given treatment in the form of 
a conventional learning model (not given the project-
based learning model treatment), while the experimental 
class was given treatment in the form of a project-based 
learning model. At the end of the research activity, 
students in both classes were given a final test to 
determine their critical thinking skills after being given 
the treatment. The design of this study can be seen in 
Table 1. 

 
Table 1. Research design with nonequivalent control 
group 
Class Pre-test Treatment Post-test 

Experiment O1 𝑋1 O2 
Control O3 - O4 

(Sugiyono, 2022) 
Information : 

O1  = Giving a pretest to the experimental class. 
O2  = Posttest administration in the experimental 

class. 
O3  = Giving a pretest to the control class. 
O4  = Posttest administration to the control class. 
𝑋1  = Project based leaning model treatment . 

 
This research was conducted at SMAN 1 Terara, 

NTB. The sample was selected using purposive sampling , 
a sampling technique that considers certain factors such 
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as the same initial abilities of students and the fact that 
grade XI students at SMAN 1 Terara have not yet 
studied elasticity material. This study consisted of two 
classes, namely XI MIPA 1 with 30 students as the 
experimental class and XI MIPA 2 with 30 students as 
the control class. The critical thinking ability test 
instrument consisted of 5 essay-style questions. 
Previously, the test instrument used in the study had to 
meet several requirements, namely validity using the 
product moment correlation equation , reliability using the 
Alpha equation, the level of difficulty and the 
discrimination power of the questions (Saputri et al, 
2023). After the test instrument met the requirements, 
the next stage of this study was to administer a pre-test 
and post-test to students in the experimental and control 
classes to determine the students' initial abilities and 
their final abilities after being given the treatment. The 
pre-test and post-test questions tested were 5 essay-style 
questions. The critical thinking indicators used 
according to Facione in this test consist of four 
indicators: interpretation, analysis, evaluation, and 
inference (Nuraini, 2022). As for the category of critical 
thinking abilities, they are divided into 3 categories, as 
follows on Table 2. 
 
Table 2. Critical thinking category guidelines 
Value Range Category 

0 - 60 Low 
61 - 75 Currently 
76 - 100 Tall 

                         (Nurmayanti, 2018). 
 
Table 3. Categories of n-gain values 
Value Range Category 

N-Gain < 0.30 Low 
0.30 ≤ N-gain ≤ 0.70 Currently 
N-Gain > 0.70 Tall 

   (Kurniawan & Rusly, 2018). 
 

After that, the data was tested for normality and 
homogeneity. The normality test used the chi-square 
formula (Sugiyono, 2022). The data is said to be normal 

if Xcount
2 < Xtable

2 . The homogeneity test used the variance 
test (Muhid, 2021). The data is said to be homogeneous 
if Fcount ≤ Ftable. Furthermore, the hypothesis test used 
in this study was the polled variance t- test with a 
significance level of 5% (Asari, 2023). The test was 
conducted to determine whether or not there was an 
effect of the project-based learning model on students' 
critical thinking skills. The data hypothesis was accepted 
if tcount > ttable. Furthermore, as an additional test, the 
N-Gain test was used to determine the increase in critical 
thinking skills per indicator in the experimental and 
control class groups. As for the N-gain value range 
category, it is shown in Table 3. 

Results and Discussion 
 

This study aims to determine the effect of the 
project-based learning model on students' critical thinking 
skills and learning outcomes in the elasticity and 
Hooke's law material. According to Facione, there are 
four indicators of critical thinking skills, namely 
interpretation, analysis, evaluation, and inference 
(Nuraini, 2022). Class XI MIPA 1, as the experimental 
class, was given the project-based learning model , while 
Class XI MIPA 3, as the control class, was given the 
conventional learning model. 

The data on students' critical thinking skills on 
elasticity and Hooke's law consisted of a pretest and a 
posttest . The pretest was given to the experimental and 
control classes to determine students' initial abilities on 
elasticity and Hooke's law. Meanwhile, the posttest was 
given to determine students' final abilities after the 
project-based learning model was applied to the experimental 
class and the conventional learning model to the control class. 
The pretest and posttest data on students' critical thinking 
skills in the experimental and control classes are 
presented in Figure 1. 
 

 
Figure 1. Average results of the pretest and posttest of students' 

critical thinking skills. 

 
Based on Figure 1 above, it can be seen that the pre-

test scores in the experimental and control classes are 
almost the same. It was obtained that the average pre-test 
score of the experimental class in physics learning on 
elasticity and Hooke's law was 23,50, higher than the 
control class, which was 22,56. Meanwhile, the post-test 
score of the experimental class was higher than the post-
test score of the control class. The average post-test score 
of the experimental class, which was 83,10, was higher 
than the average score of the control class, which was 
70,70. This shows that students' scores were superior 
after being given treatment in the experimental class in 
the form of a project-based learning model. 

Next, data is presented on the value obtained for 
the critical thinking ability category of students in the 
experimental class and control class of SMAN 1 Terara 
on the elasticity and Hooke's law material. 
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Figure 2. Distribution of students' critical thinking skills 

based on value categories. 

 
Based on Figure 2, it can be seen that the critical 

thinking ability category of students in the experimental 
class was higher than that of the control class. In the 
experimental class, 22 students were classified as having 
high critical thinking, 7 students were classified as 
having medium critical thinking, and 1 student was 
classified as having low critical thinking. Meanwhile, in 
the control class, 7 students were classified as having 
high critical thinking, 20 students were classified as 
having medium critical thinking, and 3 students were 
classified as having low critical thinking. This indicates 
that the results of critical thinking that were classified as 
having high critical thinking in the class using the 
project-based learning model were relatively more 
numerous. 

 

 
(a) 

 
(b) 

 
(c) 

Figure 3. Simple project on elasticity and Hooke's law. 

 
Experimental class students were given the task of 

creating a project or product related to the material on 
elasticity and Hooke's law. There were two groups 
making simple bow arrows, two groups making simple 
fishing arrows, and two groups making catapults. 
During the project creation process, students actively 
sought out the working principles of the tools and 
matters related to the material of elasticity and Hooke's 
law. The project created by these students applied the 
concept of Hooke's law, namely the relationship 
between the force applied to an elastic object and the 
resulting change in length (deformation). Hooke's law 
only applies as long as the object remains within the 
elastic limit. The elastic limit is the limit at which an 

object can return to its original shape after the applied 
force is removed. In this project, when the arrow is 
placed on the bowstring and then pulled, it will provide 
a force to bend the bow arm on the bowstring. The bow 
arm will provide a restoring force that is directly 
proportional to the length of the throw or the distance 
the bow is thrown. This is in accordance with the concept 
of Hooke's law, as long as the rubber does not exceed the 
elastic limit. 

Based on this, after the learning process using the 
project-based learning model in the experimental class and 
the conventional learning model in the control class, it 
was found that the results of the data analysis were 
normally distributed and homogeneous. Data testing 
used the chi-square formula to determine the normality of 
the data. For the pre-test, a chi-square value of 9,18 was 
produced for the experimental class and 10,44 for the 
control class with a chi-table value of 11,07, which 
indicates that the data was declared normal because chi-
square < chi-table. For the post-test, a chi-square value of 
7,32 was produced in the experimental class and 9,03 for 
the control class, a chi-table value of 9,03 was produced 
in the control class with a chi-table value of 11,07, which 
indicates that the data was declared normal because chi-
square < chi-table. In addition, data testing also used a 
variance test to determine the homogeneity of the data 
and the resulting value Fcountfor the pre-test was 1,31 
with Ftable 1,86 and the value Fcount for the post-test was 
1,23 with Ftable 1,86, which indicates that the value 
Fcount<Ftable so that the data was declared 
homogeneous. 

After the data was normally distributed and 
homogeneous, the next step was to test the hypothesis 
using a polled variance t-test. The polled variance t-test was 
conducted to determine the effect of the project-based 
learning model on students' critical thinking skills. The 
test results can be seen in Table 4. 

 
Table 4. Hypothesis testing 
Class Amount 

participant 
educate 

Ave- 
rage 

Vari-
ance 

𝑡hitung 𝑡𝑡𝑎𝑏𝑒𝑙 

Experiment 30 83,10 59,13 
5,90 2,00 

Control 30 70,70 73,10 

 
Based on Table 4 it can be seen that the average 

value of the experimental class is 83,10 with a variance 
of of 59,13. The average of the control class is 70,70 with 
variance of 73,10. The t-test results show that 𝑡count >
𝑡table namely 5,90 > 2,00 which means there is influence 
significant from this project based learning model towards 
critical thinking skills participant educate. 

The use of the project-based learning model involves 
several phases. important thing that drives critical 
thinking activities such as, in the first syntax of this 
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model, namely determination question fundamental, in 
this case the participants educate directed to solve 
problem real in everyday life related to the material of 
elasticity and Hooke's law, such as when making arrow 
bow, fish arrows and slingshot. This is training 
participant educate to interpret problems appropriately 
in accordance with the first indicator of critical thinking 
skills. Participants educate train the ability to identify, 
understand and formulate problems independently 
based on situation. For example, when making bow or 
catapult, participants educate interpret about 
importance elasticity and the project. 

Next on the syntax project design, participants 
students are asked to compose plans in the making the 
project. After that, the participants educate make the 
project directly, such as attracting rope arc arrows and 
observing style restorer participant educate analyze 
component physics relevant to the project such as 
determining long elasticity material. This train’s ability 
participant educates in evaluating. 

During the project creation process, participants 
educate actively find out about working principles of 
tools and things others related to the material of 
elasticity and Hooke's law. As in a catapult, when the 
catapult withdrawn will happen strain on the rubber. 
The bigger style the pull exerted by the object will the 
more experience stretching. Next on the simple fish 
arrow and bow, its size style pull will influence how far 
the arrow will be shot. When the rope released, arm arc 
trying to get back into position Originally, this was 
related to the concept style restorer. Based on the process 
of creating the project, participants educate will learn to 
analyze and evaluate His project is related to the 
material of elasticity and Hooke's law. This phase is 
related to critical thinking indicators. analyze and 
evaluate, where participants learn to understand 
concept, analyze and evaluate. 

After the completion of the project, the syntax 
evaluation demonstrated that participants’ experiences 
generated meaningful conclusions and reflective 
activities, which are closely related to the evaluation and 
inference indicators of critical thinking. The Project-
Based Learning (PjBL) model was found to enhance 
specific aspects of critical thinking skills, as it encourages 
learners to engage with authentic, problem-based 
contexts that involve exploratory, collaborative, and 
reflective processes. Furthermore, this model trains 
participants to develop independent thinking in 
alignment with Facione’s critical thinking indicators. 
Through the process of project creation, participants 
were able to construct and refine their knowledge based 
on direct experiences, thereby deepening their 
understanding of elasticity concepts and their practical 
applications. Based on the findings, it was evident that 
the most substantial improvement in critical thinking 

skills occurred in the evaluation indicator, as illustrated 
in Figure 4. 

 

 
Figure 4. Results of the n-gain test of students' critical 
thinking skills in physics on the topic of elasticity and 

Hooke's law. 
 

The N-Gain value is classified as high in the 
evaluation indicator, namely 0,81 in the experimental 
class and 0,70 in the control class, which indicates that 
students experienced a significant increase in their 
evaluation skills after the implementation of the project-
based learning (PjBL) model. This is related to the 
students' experience in direct learning, where students 
are involved in designing their own projects, analyzing 
alternative solutions and concluding the results of their 
own projects. In the simple bow and arrow project, 
simple fish arrows and catapults, students learned from 
their experience about the flexibility of the bowstring, if 
the bowstring is too flexible, the arrow cannot fly far. So 
it is necessary to have a bowstring with a greater 
restoring force and a higher modulus of elasticity so that 
when the arrow placed on the bowstring is pulled, the 
restoring force will try to return the initial position of the 
bowstring which causes the arrow to fly. So, through the 
projects they make, students understand the concept of 
the project they make. This good n-gain category on all 
critical thinking indicators shows the success of 
improving results by using the project-based learning 
model on students' critical thinking skills on the elasticity 
and Hooke's law material at SMAN 1 Terara. 

The N-Gain test shows improvement critical 
thinking skills in the category currently until high in the 
experimental class. These results indicate that this 
project-based learning model is capable increase 
involvement active participant educate, allowing them 
to explore concept, complete problems independently, 
and develop thinking critical. This model is also relevant 
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to problem-based learning. Context, which makes 
learning more meaningful. 

As research by Safriana et al (2023), participants 
class XI students who implement PjBL show significant 
increase. Group experiment get larger N-Gain value 
than group control. Use of projects such as arrows arc 
simple, demanding analysis style elastic and 
measurement change long rubber rope bow, making 
participant students can observe directly influence style 
to distance shoot. Findings similar findings are also 
supported by Kanza et al (2020), who implemented a 
catapult project, simple in elasticity learning. N-Gain 
value of participants educated on the project even 
reached category high, showing effectiveness high in 
helping participant educate understand the material. 

This research is also relevant to the findings of 
Rahmawati & Diani (2022) which stated that the PjBL 
model increase critical thinking skills participant 
educate through a learning- based process problem real 
that requires taking decisions and solutions problem. 
Participants educate find something problem then take 
steps in completion the problem. In addition, a study by 
Walihah et al (2023) confirmed that that project activities 
can stimulate high-level thinking skills tall Because 
participant students must make design, analyze 
experimental data, and draw conclusions conclusion 
scientific. 

The importance of real and contextual projects is 
also supported by the results of the study by Wulandari 
& Utami (2021) which found that that contextual project 
use (e.g., tools simple based elasticity) increases 
involvement participant educate as well as their ability 
to connect draft physics with everyday life. Participants 
educate build their own knowledge through experience. 
PjBL give opportunity to build understanding through a 
collaborative, exploratory, and reflective process. In the 
fish and arrow project bow, participant educate not only 
observe change long rubber, but also connect it with the 
distance shoot arrow. Similarly, the catapult project 
allows participant educate test how far the style elastic 
influence distance glide object. 

Based on these factors, the project-based learning 
(PjBL) model significantly improves students' critical 
thinking skills through exploratory and reflective 
activities conducted during project design and 
evaluation.  Previous research by Kurniawati et al. (2021) 
suggests that the project-based learning model has a 
positive impact on improving students' critical thinking 
skills. This is in line with research by Wulandari et al. 
(2024) which suggests that significant improvements 
indicate that active involvement in the learning process 
through projects can strengthen students' 
understanding of the concepts of elasticity and Hooke's 
law. This is visible from improvement score significant 
pre-test and post-test in the experimental class. 

Involvement active participant educate in planning, 
implementation, to project evaluation provides 
meaningful learning experiences that lead to stronger 
understanding. 

 
Conclusion  

 
Based on the results and discussion, it can be 

concluded that the Project-Based Learning (PjBL) model 
has a positive effect on students' critical thinking skills, 
as evidenced by the N-gain values obtained in the 
experimental class, with interpretation indicators at 0.77, 
analysis at 0.71, evaluation at 0.81, and inference at 0.76. 
These findings indicate that the application of PjBL is 
effective in improving students' critical thinking skills in 
the topic of elasticity and Hooke’s Law, where the N-
gain values are categorized as a good level of 
improvement. The strength of PjBL lies in its ability to 
actively engage students in exploring concepts and 
developing higher-order thinking skills through 
contextual and applicable project activities. 
Furthermore, this study provides practical implications, 
suggesting that future researchers employing PjBL 
should carefully estimate the availability of tools and 
materials that may be difficult to procure during project 
implementation. Overall, this research can serve as a 
reference for similar studies, particularly as an 
alternative solution in contexts where students’ critical 
thinking skills are observed to be relatively low. 
 
Acknowledment 

The author would like to thank the students and teachers of 
SMAN 1 Terara and all parties involved in this research. 
 
Author Contribution 

Helmayani Lestari served as the lead author in this study. Her 
contributions included research planning, data collection, and 
data analysis. Aris Doyan, Jannatin 'Ardhuha, and Ahmad 
Harjono provided valuable guidance and direction throughout 
the research process. 
 
Funding 
This research was conducted without financial support from 
any party. 
 
Conflict of interest 
There is no conflict of interest 
 

Reference  

 
Arlina, U., Suroso, S., & Farid, M. (2022) Project-Based 

Learning Model on Learning Plateau in Cross-
Interest Subjects in the Merdeka Belajar Era. 
Philanthropy: Journal of Psychology 6(2), 189-201. 
https://doi.org/10.26623/philanthropy.v6i2.5365 



AMPLITUDO: Journal of Science & Technology Innovation August 2025, Volume 4, Issue 2, 84-91 
 

90 

Asari, A. (2023). Introduction to statistics. Jakarta: UIN 
Syarif Hidayatullah Jakarta Press. 

Devi, S. K., Ismanto, B., & Kristin, F. (2019). Improving 
Independence and Thematic Learning Outcomes 
Through Project Based Learning. Journal of 
Educational Technology and Innovation Research 
(JARTIKA), 2(1), 55-65. 

Fadriati, F., Litasari, M., & Iman, A. (2023). Islamic 
Religious Education Learning Model with ICT-
Based Project-Based Learning to Improve High 
School Students' Critical Thinking Skills. Islamika, 
5(1), 177-188. 
https://doi.org/10.36088/islamika.v5i1.2542 

Gaffar, R, J., Juaini, M., & Joni, R. (2023). Increasing 
Student Learning Interest Through the 
Implementation of the Project-Based Learning 
(PjBL) Model. Journal of Classroom Action Research, 
5(3), 193-197. 
https://doi.org/10.22487/2540766x.2023.v20.i2.16
546 

Kanza, NRF, Lesmono, A, D, & Widodo, H, M (2020). 
Analysis of student learning activity using the 
Project Based Learning model with a STEM 
approach in physics learning on elasticity material 
in class XI MIPA 5 of SMA Negeri 2 Jember. Journal 
of Physics Learning, 9 (2), 71–77. 
https://doi.org/10.19184/jpf.v9i1.17955 

Kurniawan, A, B, & Rusly Hidayah. (2021). The 
effectiveness of the Android-based Zuper Abase 
game as a medium for learning acids and bases. 
Journal of Research in Mathematics and Science 
Education, 5 (2), 92-97. 
https://doi.org/10.26740/jppms.v5n2.p92-97 

Kurniawati, W., Harjono, A., Gunawan, G., Busyairi, A., 
& Taufik, M. (2021). Development of Project-Based 
Physics Learning Tools to Improve Students' 
Communication Skills. Journal of Physics 
Education and Technology, 7(2), 141-146. 
https://doi.org/10.29303/jpft.v7i2.3096 

Muhid, A. (2021). Statistical analysis (2nd Edition). 
Surabaya: UIN Sunan Ampel Press. 

Novalianti, KE, Susilawati, S., & Jannatin, Ã. (2021). The 
Effect of Brain Gym-Assisted Brain-Based Learning 
Model on Critical Thinking Skills Reviewed from 
Students' Physics Learning Motivation. Jurnal Pijar 
Mipa, 16 (1), 49-56. 
https://doi.org/10.29303/jpm.v16i1.1397 

Nur Awaliah, Martawijaya, M. A., & Subaer, S. (2024). 
Critical thinking ability of students in solving 
ethnophysics questions. Jurnal Nalar Pendidikan, 
12(2), 109–115. 
https://doi.org/10.26858/jnp.v12i2.65845 

Nurmayanti, N. (2018). Developing critical thinking in 
learning . Jakarta: Ilmu Edukasi Publisher. 

Rahayu, C., & Festiyed, F. (2019). Validity of high school 
physics learning tools based on generative learning 
models with an open-ended problem approach to 
stimulate students' critical thinking skills. JPF 
(Journal of Physics Education) Alauddin State Islamic 
University Makassar, 7 (1), 1-6. 
https://doi.org/10.24252/jpf.v7i1.5363journal.uin
-alauddin.ac.id+4 

Rahmawati, R., & Diani, R. (2022). Application of the 
project-based learning model to improve critical 
thinking skills and student learning outcomes in 
science material. Indonesian Journal of Science 
Education, 11(3), 278–288. 
https://doi.org/10.15294/jpii.v11i3.37752 

 Rosmiati, R., Musdar, M., & Nurlina, N. (2022). 
Application of Project Based Learning Model 
Assisted by Phet Simulation to Improve High 
Order Thinking Skills (HOTS) in Physics at Sma 
Negeri 1 Wonomulyo. Phydagogic: Journal of Physics 
and Its Learning, 4 (2), 107-115. 
https://doi.org/10.31605/phy.v4i2.1806 

Safriana, S., Fadilah, N., Ginting, F. W., & Badriah, B. 
(2022). The use of project based learning to improve 
students’ concept understanding on elasticity and 
Hooke’s law. Asian Journal of Science Education, 4(1), 
1–8. https://doi.org/10.24815/ajse.v4i1.23388 

Saputri, H, A, S., Zulhijrah, N, J, L., & Shaleh. (2023). 
Analysis of assessment instruments: Validity, 
reliability, difficulty level, and item discrimination. 
Didactics: Scientific Journal of Elementary School 
Teacher Education, 9 (5), 896–905. 
https://doi.org/10.36989/didaktik.v9i5.2268 

Septyaningrum, K., & Lestari, NA (2023). Validity of 
Integrated Project-Based Inquiry Science Learning 
Tools for Environmental Education to Improve 
Critical Thinking Skills. Journal of Educational 
Sciences and Learning, 2 (1), 1-16. 
https://doi.org/10.58706/jipp.v2n1.p1-16 

Suci, S., Siburian, J., & Yelianti, U. (2022). 
Implementation of the flipped classroom-based 
project-based learning model and its impact on 
critical thinking skills. Edusains: Journal of Science 
and Mathematics Education , 10 (2), 110-119. 
https://doi.org/10.23971/eds.v10i2.3377 

Sugiyono. (2022) . Quantitative, Qualitative, and R&D 
Research Methods (2nd edition ). Bandung: Alfabeta 

Syahrul, R. (2021). Analysis of the Level of Critical Thinking 
Skills of Grade XI MIPA Students of SMAN 4 Padang 
on Environmental Pollution Material (Doctoral 
dissertation, Padang State University).  
https://doi.org/10.24036/jep/vol5-iss1/565 

Taufik, M., & Doyan, A. (2022). Development of Google 
Sites-based physics learning media to improve high 
school students' conceptual mastery and critical 
thinking skills. Scientific Journal of Educational 

https://doi.org/10.19184/jpf.v9i1.17955
https://doi.org/10.26740/jppms.v5n2.p92-97
https://doi.org/10.29303/jpft.v7i2.3096
https://doi.org/10.24252/jpf.v7i1.5363
https://journal3.uin-alauddin.ac.id/index.php/PendidikanFisika/article/view/5363?utm_source=chatgpt.com
https://journal3.uin-alauddin.ac.id/index.php/PendidikanFisika/article/view/5363?utm_source=chatgpt.com
https://doi.org/10.24815/ajse.v4i1.23388
https://doi.org/10.36989/didaktik.v9i5.2268


AMPLITUDO: Journal of Science & Technology Innovation August 2025, Volume 4, Issue 2, 84-91 
 

91 

Professions, 7 (3), 1167-1173. 
https://doi.org/10.29303/jipp.v7i3.743  

Walihah, Z., Gunada, I. W., Sutrio, S., & Ayub, S. (2023). 
Pengaruh Model Project Based Learning terhadap 
Kemampuan Higher Order Thinking Peserta Didik. 
Empiricism Journal, 4(2), 348–355. 
https://doi.org/10.36312/ej.v4i2.1389 

Wulandari, N. O., Sutrio, D., Doyan, A., & Rahayau, S. 
(2024). The influence of Project Based Learning 
Model on Creative Thinking Skills and Physics 
Learning Outcomes. Journal of Science Education 
Research (JPPIPA), 10(12), 10660–10669. 
https://doi.org/10.29303/jppipa.v10i12.9738 

Wulandari, S., & Utami, N. (2021). Implementation of 
project-based learning to improve critical thinking 
skills and understanding of physics concepts. 
Journal of Physics Education Innovation, 10(2), 87–96. 
https://doi.org/10.26740/jipf.v10n2.p87-96  

 

 
 

 

https://doi.org/10.29303/jppipa.v10i12.9738

