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Abstract: This research is a true experimental design using a 2x2 factorial 
design. The aim of the research is to: find out whether or not there is an 
influence of the application of the discovery learning learning model and 
interest in learning on physics learning outcomes for class XI MIPA, and 
diagram the interaction of the learning model and learning interest on 
physics learning outcomes. The independent variable in this research is the 
learning model, the moderator variable is interest in learning and the 
dependent variable is physics learning outcomes. The sample in this study 
was taken randomly using a simple random sampling technique which 
resulted in 60 people from class XI MIPA 2 and XI MIPA 3. Data from the 
research results were obtained by giving students interest in learning 
questionnaires before being taught using the learning model, and the 
learning outcomes tests were carried out after the students were taught 
using the learning model in the research. The data analysis technique used 
is analysis of variance (ANOVA). Based on the results of the inferential 
analysis, it was obtained: Fcount (9.60) > Ftable (1.30), it can be concluded 
that there is a significant difference between students who were taught the 
discovery learning learning model and students who were taught using the 
Inquiry Based learning model, Fcount (0. 10) < F table (1.30), it can be 
concluded that there is no interaction between the learning model and 
learning interest on physics learning outcomes. 
 
Keywords: Discovery Learning; Inquiry Based Learning Model; Learning 
Model; Interest in Learning Physics, Learning Outcomes 

  

Introduction  
 

Education is a process of human interaction 
between teachers and students to achieve educational 
goals (Xiao et al., 2023); (Ratnasari & Haryanto, 2019). 
Education involves knowledge and skills that require a 
person to master and understand various scientific 
disciplines in order to be able to keep up with 
increasingly sophisticated developments (Darling-
Hammond et al., 2024); (Haleem et al., 2022); (Javaid et 
al., 2023). In the educational context, student learning 
outcomes are a very important indicator for measuring 
the effectiveness of the education system. Good learning 
outcomes reflect understanding, increased skills and 

achievement of educational goals. Therefore, improving 
student learning outcomes is the main goal of education. 
These educational objectives are implemented in several 
subjects, one of which is Physics. Physics is a branch of 
Natural Science (IPA) which is closely related to 
behavior, the structure of objects and is one of the 
lessons which is very closely related to human activities 
in everyday life.  

Physics as knowledge that studies natural events 
and phenomena makes it an interesting subject to 
discuss. Therefore, physics learning should focus more 
on the process of direct activities, discovery (Diani et al., 
2020). Related to this, the physics learning process at 
school is expected to provide scientific experience to 
students, providing opportunities to work together to 
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solve problems so that they can achieve better results 
(Sengul, 2024); (Montenegro-Rueda et al., 2023). The 
learning process is an activity undertaken by students in 
an effort to achieve educational goals with activities that 
have educational value (Murphy et al., 2023). 
Educational values color the interactions that occur 
between teachers and students and interactions between 
students. Every teacher hopes that their students will 
have a high interest in learning and can achieve 
maximum learning results, but the opposite often 
happens.  

One of the causes of low student learning outcomes 
is that students have low interest in learning and 
students are not involved much in the learning process 
which builds a concept that starts from observing 
through direct interaction with experimental tools or 
materials and fellow students (Tong et al., 2022); (Tullis 
& Goldstone, 2020). Students are rarely given the 
opportunity to discuss and think logically to analyze 
problems in learning (Ahmar et al., 2018); (Ananda et al., 
2023). An effective learning process is the key to 
achieving optimal learning outcomes. In this context, 
learning models and learning interests are two factors 
that may influence student learning outcomes (Han et 
al., 2021); (Lo et al., 2022). One appropriate learning 
model is the discovery learning model which places 
greater emphasis on the active role of students in 
exploring and discovering knowledge through 
observation and experimentation which can make it 
easier for students to understand and think logically 
before making decisions to review and evaluate 
carefully before giving a statement or answer.  

This study aimed to determine the effectiveness of 
FERA learning model (Focus, Explore, Reflect and 
Apply) with SAVIR approach in improving students’ 
science process skills and critical thinking skills in 
physics learning. The method used in this research was 
Quasi-Experiment with non-equivalent control group 
design. The subject of this research was students in one 
of the senior high schools in Lampung District. 
MANOVA test (Multivariate of Variance) in SPSS 20 was 
used as a hypothesis test. The analysis result showed 
that there were differences in science process skills and 
critical thinking skills between the experimental class 
and the control class. The effectiveness of FERA learning 
model with SAVIR approach in improving students’ 
science process skills and critical thinking skills in 
physics learning was tested by Effect Size test. The 
results showed that FERA learning model with SAVIR 
approach was more effective in improving students’ 
science process skills and critical thinking skills than 
using discovery learning model. "Improving Students’ 
Science Process Skills and Critical Thinking Skills in 

Physics Learning through FERA Learning Model (Getie, 
2020). 

Interest in learning is a feeling of preference and 
interest in something or activity without being told. 
Interest in learning refers to the level of interest, 
motivation and enthusiasm for learning, students who 
have a high interest in learning tend to be more 
enthusiastic, show more good interactions, participate 
actively and are more likely to achieve maximum 
learning results. Meanwhile, learning outcomes are 
changes in behavior, for example from not knowing to 
knowing (Erikson & Erikson, 2019); (Murtonen et al., 
2017). Changes in students' learning processes are due to 
experience or practice carried out deliberately and 
consciously, not by chance. The level of achievement of 
learning outcomes by students is called learning 
outcomes (Kumpas-Lenk et al., 2018); (Tenenbaum et al., 
2020). 

Based on the results of observations, it was found 
that in the learning process the teacher carried out 
learning by expressing problems, formulating problems, 
formulating hypotheses, collecting data, testing and 
formulating conclusions. These learning steps are closer 
to the Inquiry Based Learning model or what is called 
the conventional learning model in this research. 
Furthermore, based on the statements of several 
students at SMAN 1 Sendana, it can be concluded that in 
the learning process, especially for physics subjects, 
several conclusions have been drawn, namely: students 
tend to think that learning physics is complicated, 
learning physics always discusses formulas, and 
students are less interested in physics lessons, which 
causes curiosity about physics lessons to decrease. 

This was made clear by the results of an interview 
with one of the physics teachers at SMAN 1 Sendana 
who said that in the learning process at school, students 
tend to pay less attention to directions, cannot focus, and 
continue to want to play during the learning process. 
However, there are indeed some students who show 
high interest in learning every time the lesson takes 
place. This can be seen from the interaction between 
several students during the learning process which is 
followed by quite high learning outcomes scores in each 
assignment and daily tests, some students who have 
high interest in learning are in the sufficient range and 
the rest are in the poor range. 

Seeing the problems that occur, it is necessary to 
make efforts to improve student learning by paying 
attention to the habits of students in the learning process 
who at their age have a higher curiosity, like to explore 
everything around them, and like to search or 
investigate. So, to meet the needs of students at this age, 
researchers want to see the influence of the discovery 
learning learning model and students' interest in 
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learnings on learning outcomes in physics learning. This 
learning model hopes that students can more easily 
understand physics learning with discovery learning 
methods that involve students directly in finding every 
meaning in learning and at the same time can foster 
students' interest in learning to continue learning. 

Based on this, the researcher wants to conduct a 
study entitled "The Influence of the Discovery Learning 
Learning Model and Interest in Learning on the Physics 
Learning Outcomes of Class XI MIPA Students at SMAN 
1 Sendana, Majene Regency". 

 

Method 
  
Types of research 

The type of research used was true experimental 

design using a 2 x 2 factorial design. The research carried 
out involved two classes, namely one class as an 
experimental class and another as a control class. The 
experimental class was given treatment, namely 
applying the discovery learning model, while the control 
class was still taught using the conventional learning 
model (Inquiry based Learning). 

 
Research design 

The research design used in this research is factorial 
design research (Zhao et al., 2020). In this design, there 
are two class groups that are research subjects, one 
group is given treatment using the discovery learning 
learning model (experimental class) and one class group 
is the control class using the Inquiry Based Learning 
model. Based on this research design, the research 
design used is a 2×2 factorial, depicted as in Table 1. 
 
Table 1. 2x2 Factorial Design 

Interest in 
Learning (B) 

Discovery 
Learning 

Learning Model 
(A1) 

Inquiry Based 
Learning Model 

(A2) 

High (B1)     𝑌[𝐴1𝐵1]  𝑌[𝐴2𝐵1] 
Low (B2)  𝑌[𝐴1𝐵2]  𝑌[𝐴2𝐵2] 
∑ 𝑌[𝐴1𝐵1] +  𝑌[𝐴1𝐵2]   𝑌[𝐴2𝐵1] +  𝑌[𝐴2𝐵2] 

  
Population and sample 

The population in this study were all students in 
class XI MIPA SMA Negeri 1 Sendana which consisted 
of 4 classes with a total of 120 students. The sample in 
this study was determined using a simple random 
sampling technique (lot system). In this simple random 
sampling technique, students are actually randomly 
selected, but considering that this could disrupt the 
learning process at the school, a class random sampling 
is only carried out. Class randomization is carried out by 
drawing lots for the classes that will be used as research 
samples. From the class summary, it was obtained that 

XI MIPA 2 and class This means that there are 15 
students who are in the high physics learning interest 
group and 15 students are in the low physics learning 
interest group. Likewise with the control class. 
Instrument 

There are two research instruments used in this 
research, namely a questionnaire about interest in 
learning physics and a test of student learning outcomes. 
Determining interest in studying physics in this research 
took the form of a self-assessment-based questionnaire 
according to indicators of interest in learning. The 
student learning outcomes test used in this research is 
multiple choices test in the cognitive domain 
classification, where the cognitive domain is intellectual 
ability which includes: knowledge, understanding, 
application, analysis, synthesis and evaluation. 
 
Research procedure 

 
Preparation phase 

Before carrying out physics learning through the 
discovery learning model and learning interest in 
physics learning outcomes as intended in this research, 
several preparations are first carried out, such as 

conducting observations at the research location and 
determining the class that will be used as the research 
object. Then analyze the curriculum to see competency 
standards and basic competencies so that the subject 
matter that will be taught is visible. Then create learning 
tools based on basic competencies that are adapted to the 
material being taught. The learning tools prepared are 
physics teaching modules in accordance with materials 
and books applicable at school. The next preparation is 
to prepare research instruments in the form of a physics 
learning interest questionnaire and a test instrument for 
students' physics learning outcomes. 

 
Implementation Stage 

Before the physics teaching module is applied in 
learning, an expert validity test is first carried out. 
Likewise, for instruments, before they are used, expert 
validation tests, empirical validity tests, reliability tests, 
difficulty level tests and different power tests are carried 
out on the instruments used. Empirical tests were 
carried out on classes that were not included in the 
research sample, namely 50 students in classes XII MIPA 
1 and XII MIPA 2. Then, validity and reliability, 
difficulty and differentiation tests are carried out based 
on the data that has been obtained. This research was 
carried out by providing an interest in learning physics 
questionnaire sheet that had been prepared and 
validated before being given treatment to the two classes 
that had been selected as research samples. Providing 
this questionnaire sheet is used as a prerequisite in 
determining the sample size for each class which will be 
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divided into two groups, namely students with high 
interest in learning physics and students with low 
interest in learning physics. 

The sample obtained in the research was 50% of the 
total group. Because each class consists of high interest 
in studying physics and low interest in studying physics, 
a sample of each high and low group is obtained, namely 
50% × 30 = 15 students, so that two groups obtain 4 × 15 
= 60 students. After being given a questionnaire sheet 
regarding students' interest in studying physics directly, 
the learning process was then carried out by applying 
the discovery learning model in class XI MIPA 2, while 
the Inquiry Based learning model was carried out in 
class XI MIPA 3. Learning is carried out face to face for 
4×40 minutes for physics subjects in 1 meeting. The 
learning material used was optical instrument material 
for 4 meetings. 

 
Final Stage 

In principle, this stage is carried out during the 
research, the activities carried out are treatment 
according to the model applied and giving questions in 
the form of multiple choices questions that have been 

validated and tried out and then given to students who 
are samples in the research after being given treatment. 
This test aims to see student learning outcomes. Next, 
carry out an analysis of the data obtained, then draw 
conclusions based on the results of data analysis by 
comparing the research results of the experimental class 
and the control class. Lastly, make a research report. 
 
Data analysis technique 

The data analysis technique in this research is 
divided into two parts, namely data analysis related to 
the instruments that will be used in the research and 
analysis of data obtained during the research 
(hypothesis testing). 

 
Result and Discussion 
 

The collected data is examined to answer the 
hypothesis by carrying out prerequisite tests. The 
prerequisite tests in this research consist of a normality 
test and a homogeneity test. Normality test results in 
Table 2 and Table 3. 

 
 
Table 2. Normality Test of Physics Learning Results for Experiment Class and Control Class 

Class Sample Size L count L table Information 

Experiment 30 0.12 0.16 Normal 
Control 30 0.13 0.16 Normal 

The normality test was carried out using the 
Liliefors test. The testing criteria are based on the largest 
calculated Liliefors value with a significance level of α = 
0.05%. Based on Table 2 for α = 0.05 with a sample size 
of 30 students in the experimental class, the calculated L 
= 0.122 and L table = 0.161, which means the data is 
normally distributed. In the control class with a sample 
size of 30 students, L count = 0.13 and L table = 0.16, 

which means the data is normally distributed. Thus, it 
can be concluded that the learning outcomes of 
experimental class and control class students at SMAN 1 
Sendana who use the discovery learning learning model 
in the experimental class and the Inquiry Based learning 
learning model in the control class are normally 
distributed. 

 
Table 3. Homogeneity Test of Learning Results 

Class Sample Size Varians 𝑓 count 𝑓 table Information 

Experiment 30 10.70 
1.27 1.50 Homogen 

Control 30 13.60 

The test criteria are if 𝐹ℎ𝑖𝑡𝑢𝑛𝑔 ≤ 𝐹𝑡𝑎𝑏𝑒𝑙, then the data 

is homogeneous. From the calculation results, it is 
obtained that F_count <F_tabel or 1.27 < 1.50 from 
F_tabel for a significance level of 5%. Thus, it can be 
concluded that the student learning outcome score data 
for classes taught using the discovery learning model 
and the Inquiry Based Learning model is homogeneous. 

After fulfilling the prerequisite tests, the hypothesis was 
tested using two-way ANOVA. Hypothesis testing 
using two-way ANOVA can be carried out to test the 
differences in the influence and interaction of the 
independent and moderator variables on the dependent 
variable. Explanation of hypothesis test results in Table 
4. 
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Table 4. Two Way ANOVA Test Results 
   Learning Model (A)  

Interest Statistics Discovery Learning (A1) Inquiry based learning (A2)  
High (B1) n 15 15 30 
 ∑Y 195 157 352 
 ∑Y^2 2563 1677 4240 
 ∑y^2 28 34 62 
 Y (Average) 13 10.50 23.50 
Low (B2) n 15 15 30 
 ∑Y 131 95 226 
 ∑Y^2 1213 621 1834 
 ∑y^2 69 20 89 
 Y (Average) 8.70 6.30 15 
∑K nt 30 30 60 
 ∑Yt 326 252 578 
 ∑Yt^2 3776 2298 6074 
 ∑yt^2 97 54 151 
 Yt (Average) 21.70 16.80 38.50 

Overall, there are differences in the learning 
outcomes of students who are taught using the 

discovery learning model and those taught using the 
Inquiry Based learning model. 

 

Table 5. Summary of Anava Test Results 
Sources of Variance JK db RJK F hitung F table 0.05 Decision Criteria 

In Group (D) 242 26 9.30 - - - 
Between Groups (A) 90 1 90 9.60 1.30 Rejected 
Between Rows (B) 264 1 264 28.30 1.30 Rejected 
Interaction (AB) 1 1 1 0.10 1.30 Accepted 
Total 597 29  - - - 

 

 

Based on Table 5, it shows Fcount = 9.60 and Ftable = 
1.30 (Fcount=Ftable) so H0 is rejected. This means that there 
is a difference between the learning outcomes of 
students who are taught using the discovery learning 
model and those who are taught using the Inquiry 

Based learning model. Based on the inferential analysis 
that has been processed, it can be seen that statistically, 
the discovery learning model provides different 
learning outcomes compared to the Inquiry Based 
learning model. The difference is also clearly visible 
through the average score of learning outcomes in the 
class taught using the discovery learning model, which 
gets a higher score compared to the control class taught 

using the Inquiry Based learning model. There is no 
interaction between the learning model and learning 
interest on students' physics learning outcomes. 
Interaction effects with sources of variance of the 
project-based learning model and physics learning 

motivation results 𝐹𝑐𝑜𝑢𝑛𝑡 = 0.10 dan  𝐹𝑡𝑎𝑏𝑙𝑒 = 1.30 
(𝐹𝑐𝑜𝑢𝑛𝑡 ≤ 𝐹𝑡𝑎𝑏𝑙𝑒). 𝐻0 accepted. This means that there is no 
interaction between the learning model and interest in 
learning physics on students' physics learning 
outcomes. The interaction pattern can be seen in Figure 
1. 

 

Figure 1. Interaction Patterns of Learning Models and Learning Interests on Students' Physics Learning Outcomes 
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In the second hypothesis, H_0 is accepted, which 
means there is no significant interaction between the 
learning model and learning interest on students'  
 
physics learning outcomes. The absence of interaction 
between the application of learning models and interest 
in learning is caused by many factors that influence the 
learning process. (Praweswari & Nur’aeni, 2021); (Y. 
Sari & Hidayatulloh, 2019) research states that there are 
several factors that influence learning outcomes, 
namely internal factors (within oneself) and external 

factors (outside oneself) of the subject, among which 
internal factors are students' interest in learning. All 
internal and external factors in learning are interrelated 
and influence one another, so that the learning process 
is not only influenced by the learning model and 
interest in learning but there are many influencing 
factors (L. D. K. Sari et al., 2023). Judging from the high 
interest in learning physics, there are differences in the 
physics learning outcomes of students who are taught 
using the discovery learning model and those taught 
using the Inquiry Based learning model.

 

Table 6. t test for categories of high interest in studying physics 
Group 𝑥̅ n 𝑠2 𝑠2/n 𝑡ℎ𝑖𝑡𝑢𝑛𝑔 𝑡𝑡𝑎𝑏𝑒𝑙 Criteria 

Experiment 13 15 2 0.13 4.71 1.69 Rejected 
Control 10.50 15 2.40 0.16    

Based on Table 6, it shows Fcount= 4.71 dan Ftable = 
1.69 (Fcount > Ftable).  𝐻0 ditolak. This means that based 
on learning interest in the high category, there are 
differences in the physics learning outcomes of students 
who are taught using the discovery learning model and 
those taught using the Inquiry Based Learning model. 
This states that the influence of interest in learning on 
the physics learning outcomes of students in this 
research has a significant effect. This means that the 

higher the student's interest in learning, the higher the 
student's physics learning outcomes, and vice versa 
(Pramita & Tasa Ratna Putri, 2023); (Bitzenbauer & 
Hennig, 2023). Judging from the low interest in learning 
physics, there are differences in the physics learning 
outcomes of students who are taught using the 
discovery learning model and those taught using the 
Inquiry Based learning model (Arafah, 2020); (Wartono 
et al., 2017).  

 
Table 7. t test for categories of high interest in studying physics 

Group  𝑥̅ n  𝑠2 𝑠2/n  𝑡𝑐𝑜𝑢𝑛𝑡   𝑡𝑡𝑎𝑏𝑙𝑒 criteria 

Experiment 8,7 15 4.92 0.32 3.42 1.69 Rejected 
Control 6,3 15 3.17 0.21    

Based on Table 7, it shows Fcount = 3.42 and Ftable 
= 1.69 (Fcount>Ftable). (H0) rejected. This means that based 
on low learning interest, there is a difference in the 
physics learning outcomes of students who are taught 
using the discovery learning model and those taught 
using the Inquiry Based learning model. According to 
the researcher's observations, the difference in learning 
interest between the experimental class and the control 
class in optical instrument material was caused by the 
learning interest of students in the class when taking 
part in the lesson (Sofna et al., 2023). In the experimental 
class, namely the class taught using the discovery 
learning model, students seemed more interested in 
learning (Nurkhojin et al., 2022).  

This is in line with the findings of Ihdi., (Shaqila & 
Zetriuslita, 2023); (Hidayatul et al., 2020). which stated 
that the discovery learning learning model allows 
students to better understand the learning material, 
students who are taught using the discovery learning 
learning model are more enthusiastic and gain a good 
understanding when compared to students who are 
taught with conventional learning models (Casinillo, 
2023). Apart from that, students' progress needs to be 

observed so that problems can be detected early (Khan 
et al., 2021). Therefore, it is important to have 
discussions between students and teachers to find out 
what the participants want for the learning process to 
run well. The discovery learning model has helped 
students improve their physics learning outcomes 
(Kasmiana et al., 2020); (Paramitha et al., 2023).  

The 6 syntaxes in the discovery learning model 
according to experts include providing stimulus, 
problem formulation, data collection, data processing, 
proof and giving conclusions, which means a learning 
model that focuses more on proof. Based on the results 
of the research and discussions that have been carried 
out, it can be seen that the discovery learning model 
provides an improvement in the physics learning 
outcomes of students who have high or low interest in 
learning compared to the Inquiry Based learning model 
(Akhir et al., 2023); . This means that students' physics 
learning outcomes can be said to have improved based 
on the material that has been delivered with the right 
learning model (Marpanaji et al., 2018); (Ingkavara et al., 
2022); (Smiderle et al., 2020). 
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Conclusion 
 

Based on the research, it can be concluded that 
firstly, there are differences in physics learning 
outcomes between students who are taught using the 
discovery learning model and students who are taught 
using the inquiry based learning model. Second, there is 
no interaction effect between the discovery learning 
learning model and students' learning interest on 
physics learning outcomes. Third, for students who have 
a high interest in learning, there are differences in the 
physics learning outcomes of students who are taught 
using the discovery learning model and students who 
are taught using the inquiry based learning model. Then 
fourthly, for students who have low interest in learning, 
there are differences in physics learning outcomes for 
students who are taught using the discovery learning 
model and the inquiry based learning model.  
 
 
Acknowledgments  
The researcher would like to thank the supervisor who guided 
him in preparing the article, the PHYSICS teacher who allowed 
him to carry out research in the class he taught, as well as the 
class XI students of SMAN 1 Sendana. who have participated 
in collecting research data. 
 
Author Contributions 

Research ideas, research methods, and analyzing data; J.R.; 
guiding review writing and editing, supervising and 
validating instruments used in research; M.S.A.; P.P. 
 
Funding 
This research received no external funding. 

 
Conflicts of Interest  
The authors declare no conflict of interest. 

 
References  

 
Ahmar, A. S., Rahman, A., & Mulbar, U. (2018). The 

Analysis of Students’ Logical Thinking Ability and 
Adversity Quotient, and it is Reviewed from 
Cognitive Style. Journal of Physics: Conference Series, 
1028, 012167. https://doi.org/10.1088/1742-
6596/1028/1/012167 

Akhir, M., Siburian, J., & Effendi, M. H. (2023). A Study 
Comparison the Application of Discovery Learning 
and Problem Based Learning Models on the Critical 
Thinking Ability. Integrated Science Education 
Journal, 4(2), 84–89. 
https://doi.org/10.37251/isej.v4i2.390 

Ananda, L. R., Rahmawati, Y., & Khairi, F. (2023). 
Critical thinking skills of Chemistry students by 
integrating design thinking with STEAM-PjBL. 

Journal of Technology and Science Education, 13(1), 
352. https://doi.org/10.3926/jotse.1938 

Arafah, K. (2020). The Effect of Guided Discovery 
Method and Learning Interest on Students’ 
Understanding of Physics Concepts. Jurnal 

Pendidikan Fisika, 8(2), 147–154. 
https://doi.org/10.26618/jpf.v8i2.3259 

Bitzenbauer, P., & Hennig, F. (2023). Flipped classroom 
in physics teacher education: (How) can students’ 
expectations be met? Frontiers in Education, 8, 
1194963. 
https://doi.org/10.3389/feduc.2023.1194963 

Casinillo, L. F. (2023). Quantile Regression Analysis for 
Students’ Difficulty Level in Learning Statistics 
Online. JPI (Jurnal Pendidikan Indonesia), 12(4), 607–
614. 
https://doi.org/10.23887/jpiundiksha.v12i4.66752 

Darling-Hammond, L., Schachner, A. C. W., 
Wojcikiewicz, S. K., & Flook, L. (2024). Educating 
teachers to enact the science of learning and 
development. Applied Developmental Science, 28(1), 
1–21. 
https://doi.org/10.1080/10888691.2022.2130506 

Diani, R., Latifah, S., Jamaluddin, W., Pramesti, A., 
Susilowati, N. E., & Diansah, I. (2020). Improving 
Students’ Science Process Skills and Critical 
Thinking Skills in Physics Learning through FERA 
Learning Model with SAVIR Approach. Journal of 
Physics: Conference Series, 1467(1), 012045. 
https://doi.org/10.1088/1742-
6596/1467/1/012045 

Erikson, M. G., & Erikson, M. (2019). Learning outcomes 
and critical thinking – good intentions in conflict. 
Studies in Higher Education, 44(12), 2293–2303. 
https://doi.org/10.1080/03075079.2018.1486813 

Getie, A. S. (2020). Factors affecting the attitudes of 
students towards learning English as a foreign 
language. Cogent Education, 7(1), 1738184. 
https://doi.org/10.1080/2331186X.2020.1738184 

Haleem, A., Javaid, M., Qadri, M. A., & Suman, R. (2022). 
Understanding the role of digital technologies in 
education: A review. Sustainable Operations and 

Computers, 3, 275–285. 
https://doi.org/10.1016/j.susoc.2022.05.004 

Han, J., Kelley, T., & Knowles, J. G. (2021). Factors 
Influencing Student STEM Learning: Self-Efficacy 
and Outcome Expectancy, 21st Century Skills, and 
Career Awareness. Journal for STEM Education 
Research, 4(2), 117–137. 
https://doi.org/10.1007/s41979-021-00053-3 

Hidayatul, A., Nasution, N., & Nugroho, P. H. (2020). 
The Impact of Discovery Learning Models on The 
Critical Thinking Ability of Students at Middle-
School. International Journal for Educational and 



Jurnal Penelitian Pendidikan IPA (JPPIPA) September 2024, Volume 10, Issue 9, 7151-7159  

 

7158 

Vocational Studies, 2(4). 
https://doi.org/10.29103/ijevs.v2i4.2275 

Ingkavara, T., Panjaburee, P., Srisawasdi, N., & 
Sajjapanroj, S. (2022). The use of a personalized 
learning approach to implementing self-regulated 
online learning. Computers and Education: Artificial 
Intelligence, 3, 100086. 
https://doi.org/10.1016/j.caeai.2022.100086 

Javaid, M., Haleem, A., Singh, R. P., Khan, S., & Khan, I. 
H. (2023). Unlocking the opportunities through 
ChatGPT Tool towards ameliorating the education 
system. BenchCouncil Transactions on Benchmarks, 

Standards and Evaluations, 3(2), 100115. 
https://doi.org/10.1016/j.tbench.2023.100115 

Kasmiana, Yusrizal, & Syukri, M. (2020). The application 
of guided discovery learning model to improve 
students concepts understanding. Journal of Physics: 
Conference Series, 1460(1), 012122. 
https://doi.org/10.1088/1742-
6596/1460/1/012122 

Khan, I., Ahmad, A. R., Jabeur, N., & Mahdi, M. N. 
(2021). An artificial intelligence approach to 
monitor student performance and devise 
preventive measures. Smart Learning Environments, 
8(1), 17. https://doi.org/10.1186/s40561-021-
00161-y 

Kumpas-Lenk, K., Eisenschmidt, E., & Veispak, A. 
(2018). Does the design of learning outcomes matter 
from students’ perspective? Studies in Educational 
Evaluation, 59, 179–186. 
https://doi.org/10.1016/j.stueduc.2018.07.008 

Lo, K. W. K., Ngai, G., Chan, S. C. F., & Kwan, K. (2022). 
How Students’ Motivation and Learning 
Experience Affect Their Service-Learning 
Outcomes: A Structural Equation Modeling 
Analysis. Frontiers in Psychology, 13, 825902. 
https://doi.org/10.3389/fpsyg.2022.825902 

Marpanaji, E., Mahali, M. I., & Putra, R. A. S. (2018). 
Survey on How to Select and Develop Learning 
Media Conducted by Teacher Professional 
Education Participants. Journal of Physics: Conference 
Series, 1140, 012014. https://doi.org/10.1088/1742-
6596/1140/1/012014 

Montenegro-Rueda, M., Fernández-Cerero, J., 
Fernández-Batanero, J. M., & López-Meneses, E. 
(2023). Impact of the Implementation of ChatGPT in 
Education: A Systematic Review. Computers, 12(8), 
153. https://doi.org/10.3390/computers12080153 

Murphy, D. H., Little, J. L., & Bjork, E. L. (2023). The 
Value of Using Tests in Education as Tools for 
Learning—Not Just for Assessment. Educational 
Psychology Review, 35(3), 89. 
https://doi.org/10.1007/s10648-023-09808-3 

Murtonen, M., Gruber, H., & Lehtinen, E. (2017). The 
return of behaviourist epistemology: A review of 
learning outcomes studies. Educational Research 
Review, 22, 114–128. 
https://doi.org/10.1016/j.edurev.2017.08.001 

Nurkhojin, M., Odja, A. H., Buhungo, T. J., Mursalin, M., 
Uloli, R., & Payu, C. S. (2022). The Effectiveness of 
the Discovery Learning Model Assisted by Video 
Games to Improve Student Learning Outcomes on 
the Concept of Momentum and Impulse in High 
School. Physics Education Research Journal, 4(1), 57–
62. https://doi.org/10.21580/perj.2022.4.2.12781 

Paramitha, A. P., Istiqomah, N., & Mastura, S. (2023). 
The influence of problem-based learning and 
discovery learning models on learning outcomes. 
Jurnal Penelitian Ilmu Pendidikan, 16(1). 
https://doi.org/10.21831/jpipfip.v16i1.52423 

Pramita, C. & Tasa Ratna Putri. (2023). Effect of Learning 
Interest on Students’ Concept Understanding 
Ability Against Subject Pressure. International 

Journal of Education and Teaching Zone, 2(2), 243–253. 
https://doi.org/10.57092/ijetz.v2i2.59 

Praweswari, D., & Nur’aeni, N. (2021). Self-Control and 
Self-Regulated Learning on Students. Proceedings 
Series on Social Sciences & Humanities, 2, 69–74. 
https://doi.org/10.30595/pssh.v2i.105 

Ratnasari, D., & Haryanto, H. (2019). Analysis of 
Utilization of Gadgets as Effective Learning Media 
in Innovation Education to improve Student 
Learning Achievement. KnE Social Sciences. 
https://doi.org/10.18502/kss.v3i17.4671 

Sari, L. D. K., Ambarsari, I. F., Putra, E. D., & Hasanah, 
N. (2023). THE INFLUENCE OF EXTERNAL 
FACTORS, SCHOOL SCOPE ON STUDENT’S 
LEARNING OUTCOMES IN MATHEMATICS 
CLASS X, DEPARTMENT OF SCIENCE AT SMAN 
1 PANJI. Journal on Research and Review of 
Educational Innovation, 1(2), 91–101. 
https://doi.org/10.47668/jrrei.v1i2.773 

Sari, Y., & Hidayatulloh, A. (2019). Antecedents of the 
Utilization of Social Media and its Impact on Micro 
and Small Enterprises Performances. Jurnal 

Pendidikan Ekonomi Dan Bisnis (JPEB), 7(2), 120–128. 
https://doi.org/10.21009/JPEB.007.2.3 

Sengul, O. (2024). Learning to Become a Physics Teacher: 
A Case Study of Experienced Teachers. Education 
Sciences, 14(2), 195. 
https://doi.org/10.3390/educsci14020195 

Shaqila, N. & Zetriuslita. (2023). Teaching Materials 
Using the Discovery Learning Learning Model to 
Facilitate the Mathematical Communication Skills 
of Junior High School Students. JPI (Jurnal 
Pendidikan Indonesia), 12(4), 762–769. 
https://doi.org/10.23887/jpiundiksha.v12i4.67132 



Jurnal Penelitian Pendidikan IPA (JPPIPA) September 2024, Volume 10, Issue 9, 7151-7159  

 

7159 

Smiderle, R., Rigo, S. J., Marques, L. B., Peçanha De 
Miranda Coelho, J. A., & Jaques, P. A. (2020). The 
impact of gamification on students’ learning, 
engagement and behavior based on their 
personality traits. Smart Learning Environments, 7(1), 
3. https://doi.org/10.1186/s40561-019-0098-x 

Sofna, A., Sakinah, Y., Misbah, M., & Pentang, J. T. 
(2023). Analysis of Student Learning Interest In 
Physics In Subject Force Material. International 
Journal of Education and Teaching Zone, 2(1), 25–39. 
https://doi.org/10.57092/ijetz.v2i1.58 

Tenenbaum, H. R., Winstone, N. E., Leman, P. J., & 
Avery, R. E. (2020). How effective is peer interaction 
in facilitating learning? A meta-analysis. Journal of 
Educational Psychology, 112(7), 1303–1319. 
https://doi.org/10.1037/edu0000436 

Tong, D. H., Uyen, B. P., & Ngan, L. K. (2022). The 
effectiveness of blended learning on students’ 
academic achievement, self-study skills and 
learning attitudes: A quasi-experiment study in 
teaching the conventions for coordinates in the 
plane. Heliyon, 8(12), e12657. 
https://doi.org/10.1016/j.heliyon.2022.e12657 

Tullis, J. G., & Goldstone, R. L. (2020). Why does peer 
instruction benefit student learning? Cognitive 
Research: Principles and Implications, 5(1), 15. 
https://doi.org/10.1186/s41235-020-00218-5 

Wartono, W., Hudha, M. N., & Batlolona, J. R. (2017). 
How Are The Physics Critical Thinking Skills of The 
Students Taught by Using Inquiry-Discovery 
Through Empirical and Theorethical Overview? 
EURASIA Journal of Mathematics, Science and 
Technology Education, 14(2). 

https://doi.org/10.12973/ejmste/80632 
Xiao, M., Tian, Z., & Xu, W. (2023). Impact of teacher-

student interaction on students’ classroom well-
being under online education environment. 
Education and Information Technologies, 28(11), 
14669–14691. https://doi.org/10.1007/s10639-023-
11681-0 

Zhao, T., Yang, G., Xi, J., Shen, Y., & Song, K. (2020). 

Factorial Experiment Study on the Mechanical 
Properties of Sandstone–Concrete Specimens 
Under Different Freeze–Thaw Conditions. Frontiers 
in Physics, 8, 322. 
https://doi.org/10.3389/fphy.2020.00322 

 
 
 
  
 


