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 A high failure rate in physics subjects is caused by students' inability to understand the 
material. The physics learning process certainly requires an appropriate learning 
approach. The learning analytics approach is one of the innovations in learning. It 
allows students to analyze problems. Therefore, this research aimed to determine the 
learning analytics approach's effect on improving students' multiple representation 

skills. This research is experimental. The validation of the lesson plan obtained 
excellent results based on two material experts and four practitioners. Furthermore, the 
empirical test was carried out on 504 students. The research design was the pretest-
posttest control group design. The control and experimental groups were determined 
using cluster random sampling. The findings of this research include (1) the normality 
test results that are higher than 0.05, which means that the research data was normally 
distributed. (2) The homogeneity test results were higher than 0.05, which indicated 
that the data was homogeneous. (3) The paired sample T-test obtained a value lower 
than 0.05, which means that there was an influence of the multiple representation 

approach. (4) The N-gain value in the experimental class was higher than the control 
class. Lastly, (5) only 47.2% of students used graphical and mathematical 
representation skills. Based on these findings, the effect of the learning analytics 
approach on students' multiple representation skills was fairly good with moderate 
criteria. For further research, learning products or models can be developed to improve 
multiple representation skills focused on a combination of graphics and mathematics. 
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INTRODUCTION  

Education has an important role in 

improving human resources. Education gives 

humans optimal potential (Hermino & 

Arifin, 2020). Education obtained with the 

right learning models and methods will 

positively impact students. The choice of 

learning model must be adjusted to the 

characteristics of students (Darihastining et 

al., 2021). Physics is one of the materials 

studied in high school. Learning physics has 

its level of difficulty (Fidan & Tuncel, 2019). 

The main sources of difficulty in learning 

physics include the nature of the subject, 

teaching factors, and assessment. Physics 

subjects are considered difficult due to the 

many equations and problems students must 

solve. Teaching factors in learning physics 

greatly affect learning outcomes. This 

teaching includes lesson plans, media, and 

ways of delivering materials. Assessment is 

also a difficulty in learning physics because 

students have to work on questions at a high 

level of thinking. Physics subjects require 

students to understand mathematical 

visualization (Sarabi & Gafoor, 2018). The 

high failure rate in physics is due to students' 

inability to understand the material's content 

and the basic principles.  

 One of the physics materials is direct-

current circuits. This material requires an 

abstract understanding and has a high level of 

difficulty (Susdarwati et al., 2021; Yuliati et 

al., 2018), especially in Kirchhoff's Law 

https://ejournal.radenintan.ac.id/index.php/al-biruni/index
http://dx.doi.org/10.24042/jipfalbiruni.v13i1.14514
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material with a difficulty percentage reaching 

71.42% (Sari et al., 2019). Direct current is 

abstract because students cannot directly see 

the flow of electrons or electricity in a circuit. 

Therefore, there is a need for innovation in 

learning. 

Learning at school requires an appropriate 

learning approach. In recent years, the 

evolution of educational research has focused 

on Learning Analytics (LA) (Ranjeeth et al., 

2020). This approach allows analyzing, 

informing, and improving learning activities 

(Lawson et al., 2016). An effective LA 

design can implement integrated analytics 

with pedagogy and technology (Buckingham 

Shum & Deakin Crick, 2016). In addition, 

LA assists students in collecting, analyzing, 

managing, and presenting data (Adejo & 

Connolly, 2017). This learning approach 

allows students to analyze data obtained from 

the practical results of direct-current circuits. 

However, the LA concept is rarely used in 

teaching practice. There are 26% categorized 

as 'theory users' and only 11% as 'developing 

theory' (Viberg et al., 2018). LA, as a new 

form of learning approach, has the potential 

to support current educational practices. 

With the innovation of different learning 

approaches, it is hoped that students can be 

motivated to learn, especially in direct-

current circuits. 

The learning process with LA shows 

students' skills to make decisions and actions 

based on that information. The LA stage was 

adopted from Elias (2011). They consist of 

seven stages: select, capture, aggregate & 

report, predict, use, refine, and share. 

However, this learning approach can also be 

adopted for senior high school students, as an 

effort to acquaint them with analytical 

processes. The seven stages are shown in 

Table 1. 

Table 1. Synthesis of Stages and Indicators in Learning Analytics 
 

Stage Indicator 

Select  Determine the type of practicum that each group will carry out. 

 Define practical goals. 

Capture  Searching for literature from various media, books, or related articles. 

Aggregate 
and report 

 Combine the two and report progress to the teacher. 

Predict  Put forward a hypothesis before doing a practicum. 

Use  Using literature in conducting practicum. 

Refine  Consultation to get practical results with small errors. 

 The practicum stage must be repeated if there is an error. 

Share  Presenting practical results in front of the class. 

  

 

Students must improve their thinking 

skills. Representation skills are the 

interpretation of students' thoughts on a 

problem. In learning physics, not only one 

representation is needed. It might include 

images, graphics, and mathematics (Nuha et 

al., 2021). The combination of several 

representations is called multiple 

representation. Multiple representation can 

be defined as a way to represent the same 

concept in different formats (Masrifah et al., 

2020). Through multiple representations, the 

same concept can be explained by different 

types of representation modes (Mainali, 

2021). Multiple representations, such as 

physics, are needed in conceptual learning 

(Altmeyer et al., 2020). Students must be 

trained to develop multiple representation 

skills (Prahani et al., 2017) because multiple 

representations emphasize understanding 

concepts and qualitative reasoning in 

learning. Multiple representations can be 

used to encourage students to build in-depth 

understanding (Lahore et al., 2020). Another 

reason to use representations in learning 

physics is because of the structure of physics 

itself (Airey et al., 2017). The structure of 

physics includes mathematical calculations 

and conceptual understanding of problems in 

everyday life. The structure causes 
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difficulties in learning physics. Difficulties in 

learning physics are caused by various things 

simultaneously in learning (Liliarti & 

Kuswanto, 2018). In physics, the students are 

expected to master problems and solve them 

with correct analysis. Therefore, they need to 

develop representational skills. In physics 

learning, more than one representation 

format or multiple representations are needed 

to convey information and knowledge 

construction. 

Therefore, innovation in physics learning 

is needed. LA approach is one solution so 

that students are more active in learning. It 

can improve learning outcomes for learning 

management systems at a university in Hong 

Kong (Foung & Chen, 2019). In addition, 

students who use the learning analytics 

approach in their learning can improve 

cognitive abilities and learning achievement 

(Sun et al., 2022). However, the learning 

analytics approach has not been implemented 

in high schools. The stages in learning 

analytics are oriented toward the activeness 

and the student's way of thinking. In addition, 

with the learning analytics approach, 

students are expected to be able to improve 

their analytical skills so that multiple 

representation skills can be increased. Thus, 

this study aimed to determine the effect of the 

learning analytics approach on increasing 

students' multiple representation skills. 

 

METHODS 
 

Research Design 

This research is quantitative with 

experimental research design. The research 

instrument consists of lesson plan and 

multiple representation test. Six validators 

validated the lesson plan before being used in 

the experiment. Furthermore, students' skills 

were tested in six different schools. The 

research flowchart is presented in Figure 1. 

 
Figure 1. Research Flowchart 

This research involved two classes: the 

control class (scientific learning approach) 

and the experimental class (learning analytics 

approach). The control and experimental 

classes were determined by cluster random 

sampling through drawing lots (Little et al., 

2020). The research design is presented in 

Table 2. 

Table 2. Pretest-Posttest Control Group Design 

Class Pretest Treatment Posttest 

Control O1 X1 O2 

Experimental O1 X2 O2 

O1 is a pretest, O2 is a posttest, X1 is the 

scientific learning approach treatment, and 

X2 is the learning analytics approach 

treatment. 

Participants 

There were six validators to assess the 

lesson plans: two material expert validators 

and four practitioner validators. Before 

experimenting, an empirical test of the 

instrument was carried out in four schools, as 

displayed in Table 3. 

Table 3. The Empirical Test Respondents 

Respondent's 

school 

Number 

of Classes 

Number of 

Students 
Total 

SHS A 4 36 144 
SHS B 2 36 72 

SHS C 2 36 72 

SHS D 6 36 216 

  Total 504 
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To see the effect of the approach on 

multiple representational skills, the research 

was carried out in two classes with almost the 

same pretest scores. The samples were the 

twelfth-grade science class students in one of 

the senior high schools in the Special Region 

of Yogyakarta. The number of respondents is 

displayed in Table 4. 

Table 4. Number of Respondents 

Class Respondent 

Control 33 

Experimental 34 

 

Data Collection 

This research gathered quantitative data 

based on the validation and the students' 

pretest and posttest results. The lesson plan 

was validated by six validators using Aikens 

V formula as follows (Aiken, 1985): 

 

 1
0







cn

lr
V  (1) 

Notes: 

V : Aiken’s V validation index 
r : Scores by the validators 

0l : Lowest validation score  
n : Number of validators 
c : Highest validation score 

Index Aiken’s V is valid based on the 

criteria in Table 5 (Sholihah et al., 2020). 
 

Table 5. Aiken's V Validity Criteria 

Aiken V Index Criteria 

0.0 < V    0.2 Poor  

0.2 < V    0.4 Low 

0.4 < V    0.6 Moderate 

0.6 < V    0.8 High 

0.8 < V   1.0 Excellent  
 

multiple representation skills were 

analyzed using the normalized gain test to see 

the increase after learning. The results of the 

normalized gain test can be interpreted 

according to Table 6.  

Table 6. The Criteria of Normalized Gain 

 Average Score 

Interval 
Criteria 

<g>   0.7 High 

0.3     <g>    0.7 Medium 

<g>    0.3 Low 

The multiple representation pretest and 

posttest results were analyzed using 

statistical descriptive analysis and paired 

sample t-test. However, before the paired 

sample t-test, a prerequisite test for normality 

was conducted.  

RESULTS AND DISCUSSION 
 

Lesson Plan Validation 

The lesson plan was structured so that the 

learning ran as planned. The lesson plans 

were prepared in stages on a learning 

analytics approach and cooperative learning 

models. Before being used for learning, the 

lesson plans were validated by two expert 

lecturers and four practitioners (physics 

teachers). The validation results are shown in 

Table 7. 

Table 7. The Results of the Lesson Plans Validation  

Indicator 
Indeks 

Aiken’s V 
Criteria 

Identity Completeness 1.00 Excellent  

Time efficiency 0.94 Excellent  

Conformity of 

indicators with core 

competencies and 

basic competencies 

1.00 

Excellent 

Indicator compatibility 

with multiple 

representations 

1.00 
Excellent 

Conformity of the 

formulation of 

objectives 

1.00 
Excellent 

Material 1.00 Excellent 

Selection of learning 

models 
0,89 

Excellent 

Appropriateness of 

learning activities 
1.00 

Excellent 

language clarity 0.94 Excellent 

Language spoken: 

"Indonesian." 
1.00 

Excellent 

The validation was analyzed with Aiken's 

V equation, resulting in an Aiken's V index 

score. The criteria for the validation results 

are in Table 3. Based on the validation results 

in Table 5, each lesson plan indicator 

obtained excellent results. Therefore, the 

lesson plans could be used in learning. 
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Data analysis 

The study of direct electric current was 

carried out with two different approaches. 

The control class used the scientific learning 

approach, and the experimental class used the 

learning analytics approach. The learning 

model in both classes was cooperative. This 

model was chosen because it was the easiest 

to apply and suitable for learning the physics 

of direct electric current material. The control 

class used the scientific learning approach 

because this approach is often used in the 

learning process, while the analytic learning 

approach has not been used in physics 

learning in high schools. 

 The instruments were pretest and 

posttest. The instruments had been validated 

previously and an empirical test was carried 

out to see the feasibility of the questions. 

Table 8 presents the indicators for each item 

and sub-matter of direct electric current.

Table 8. Indicators for Each Item 

Sub Material  Multiple Representation Indicator Item Number 

Measuring electric 

current and voltage 

Students can use image and mathematical representation skills. 1,2 

Ohm's law Students can use image and mathematical representation skills. 3,4 

Electrical resistance Students can use image and mathematical representation skills. 5,6 

Kirchhoff's law Students can use image and mathematical representation skills. 7,8 

Energy and Power Students can use image and mathematical representation skills. 9,10 

The representations developed were 

images and mathematics because not all 

material can be presented in graphic form. 

The pretest was carried out before the 

treatment, and the posttest was carried out 

after the treatment. The prerequisite tests 

were the normality and homogeneity tests. 

The normality test results are presented in 

Table 9. 

 

Table 9. The Normality Test Results 

 
Group 

Shapiro-Wilk 

 Statistic  df Sig. 

Pretest Control Class .952 30 .191 

 Experimental Class .960 32 .275 

Posttest Control Class .953 30 .205 

 Experimental Class .939 32 .070 

Based on Table 9, all the significance 

values obtained results are more than 0.05. It 

means that the data obtained are normally 

distributed. The second assumption test was 

the homogeneity test, presented in Table 10. 

 

Table 10. The Homogeneity Test Results 

 Levene Statistic df1 df2 Sig. 

Pretest .146 1 60 .704 

Posttest 1.227 1 60 .272 

Based on Table 10, the significance value 

is more than 0.05. Therefore, the research 

data is homogeneous. All assumption tests 

were met and continued with paired sample 

t-test analysis. 
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Table 11. Paired Samples t-Test Results 

  Paired Differences    

 
 

Mean 
Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence Interval 

of the Difference t df 
Sig. (2-

tailed) 
 Lower Upper 

Pair 

1 

Pretest-

posttest 
-25.2 12.30 1.56 -28.33 -22.078 -16.13 61 .000 

Based on Table 11, the sig. (2-tailed) 

value is 0.000, lower than 0.05. Therefore, 

there is an influence of the learning approach 

on increasing the multiple representation 

skills. To see the higher effect of the two 

approaches, a normalized gain test was 

performed. 

Table 12. Normalized Gain Test Results 

Test Preset Posttest N-gain Criteria 

Control Class 45.08 65.92 0.38 Moderate 

Experimental Class 45.78 75.08 0.54 Moderate 

Table 12 shows that the control and 

experimental classes are in the moderate 

criteria because the questions' difficulty level 

is higher and requires deeper analysis. In 

addition, the medium range of the N-gain 

criterion is longer than low and high. 

However, the results in the experimental 

class were higher than the control class. 

The difference values between the control 

class (0.38) and the experimental class (0.54) 

indicate that the learning analytics approach 

is better for direct-current circuit material. 

The N-gain value for each indicator is 

presented in Table 13. 

Table 13. N-gain for Each Sub-material 

Sub material 

N-gain 

Control Criteria Experimental 
Criteria 

Measuring electric current and voltage 0.53 Medium 0.77 High 

Ohm's law -0.01 Low 0.34 Moderate 
Electrical resistance 0.65 Medium 0.90 High 

Kirchhoff's law 0.17 Low 0.12 Low 

Energy and Power 0.60 Medium 0.56 Moderate 

Based on Table 13, the control class’s 

level of multiple-representational skills is 

moderate and low. At the same time, the 

experimental class’s level of multiple 

representation skills is high for measuring 

current and electric resistance materials, 

moderate for Ohm's law and Kirchhoff's law 

materials, and low for the energy and power 

materials. In general, the experimental class 

had better results than the control class. 

However, in Kirchhoff's law material and 

energy and power, the control class obtained 

better results because the emphasis was on 

mathematical calculations.  

The difference in the N-gain value was not 

too significant in addition to increasing the 

ability of multiple representations for each 

class. The student's ability level for each sub-

material can be calculated. 

The multiple representational skill in each 

sub-material of the direct current circuit is 

presented in Table 14. 
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Table 14. Multiple Representation Achievement 

Results 

Sub-material Student Achievement 

Measuring electric 

current and voltage 

87.5% 

Ohm's law 47.2% 

Electrical resistance 87.1% 

Kirchhoff's law 55.6% 

Energy and Power 75.8% 

Based on Table 14, the lowest 

achievement is in the Ohm's law sub-

material, namely 47.2%. In this sub-material, 

the students were expected to represent 

graphically and mathematically. They could 

use the skills to multi-image and 

mathematical representation quite well. As 

for graphical and mathematical 

representations, students lack mastery.  

Based on these data and discussions, the 

analytics approach improved students' skills 

to identify the material as a whole so that they 

can improve learning outcomes in theory and 

practice (Viberg et al., 2018). The Learning 

Analytics (LA) approach allows students to 

explore more about a material. For example, 

during learning at school, students can use 

data obtained from practical results as a 

reference for thinking more critically about 

why something happens and the skills to 

represent problems from various views. This 

finding aligns with LA's main concern, which 

is using data to enhance learning (Clow, 

2013). The LA approach also allows learning 

with quite a lot of material but can be carried 

out effectively because the students can find 

literature sources from anywhere. Therefore, 

the LA approach can optimize learning 

(Dawson et al., 2019). The LA approach can 

be used for analytical learning, such as data 

processing, quantitative practicum, etc. The 

LA approach is not suitable when used for 

rote and theoretical material without any data 

in it. Therefore, teachers must pay attention 

to the appropriate approach to maximize 

student learning outcomes. 

In the future, developing a learning model 

that can improve students' multiple 

representational skills focused on graphics 

and mathematics is necessary. Thus, the 

students can improve their multiple 

representation skills. On the other hand, the 

students can also improve their analytical 

skills because they determine their practicum 

titles and objectives according to the 

material. The limitations of this research 

were that the researchers were not the 

teachers at the school. As a consequence, 

they did not know the characteristics of each 

student. 

  

CONCLUSION AND SUGGESTION 

The learning analytics approach for 

learning direct-current circuits begins with a 

compilation of learning stages, followed by 

developing a lesson plan. The lesson plan 

validation produces very high results for each 

indicator, indicating that the lesson plan is 

suitable for learning. With the acquisition of 

the moderate N-gain score, the learning 

analytics approach positively affects 

students' multiple representation skills. 

However, students cannot develop all 

representational skills. The combination of 

image and mathematical representations 

yielded good results, whereas the 

combination of graphic and mathematical 

representations did not. As a result, for future 

research, a product or learning model can be 

created to improve the multiple 

representation skills by combining graphs 

and mathematics. 

The research is limited to physics 

subjects and direct-current circuit material. 

Thus, it does not cover using learning 

analytics approaches for all physics material. 

It is possible to re-evaluate the learning 

analytics approach using different materials. 

However, it is recommended to use a learning 

analytics approach for material that requires 

deeper analysis. 

 

ACKNOWLEDGMENTS 

The authors would like to thank the 

Ministry of Education, Culture, Research, 

and Technology of the Republic of 

Indonesia, which has funded this research 

with grant number 

T/15.1.46/UN34.21/PT.01.03/2022. 



30    Jurnal ilmiah pendidikan fisika Al-Biruni, 13 (1) (2024) 23-32 

 

AUTHOR CONTRIBUTIONS  

AA compiled research instruments, 

conducted research, and processed data. HR 

was a supervisor who always provided input 

and suggestions regarding this research. HR 

controlled and checked research progress. 

 

REFERENCES 

Adejo, O., & Connolly, T. (2017). Learning 

Analytics in Higher Education 

Development : A Roadmap. Journal of 

Education and Practice, 8(15), 156–

163. 

Aiken, L. R. (1985). Three Coefficients For 

Analyzing The Reliability And Validity 

Of Ratings. Educational and 

Psychological Measurement, 45, 131–

141. 

https://journals.sagepub.com/doi/abs/10

.1177/0013164485451012 

Airey, J., Linder, C., Treagust, D. F., ..., Duit, 

R., & Fischer, H. E. (2017). Multiple 

representations in physics education. In 

… Education. 

https://link.springer.com/content/pdf/10

.1007/978-3-319-58914-5.pdf 

Altmeyer, K., Kapp, S., Thees, M., Malone, 

S., Kuhn, J., & Brünken, R. (2020). The 

use of augmented reality to foster 

conceptual knowledge acquisition in 

STEM laboratory courses—Theoretical 

background and empirical results. 

British Journal of Educational 

Technology, 51(3), 611–628. 

https://doi.org/10.1111/bjet.12900 

Buckingham Shum, S., & Deakin Crick, R. 

(2016). Learning Analytics for 21st 

Century Competencies. Journal of 

Learning Analytics, 3(2), 6–21. 

https://doi.org/10.18608/jla.2016.32.2 

Clow, D. (2013). An overview of learning 

analytics. Teaching in Higher 

Education, 18(6), 683–695. 

https://doi.org/10.1080/13562517.2013.

827653 

Darihastining, S., Utomo, E. S., & Chalimah. 

(2021). The effectiveness of 

communication and online language 

disruption during the era of pandemic 

covid-19 in senior high school students 

in implementation of learning cycle 7e. 

Journal of Physics: Conference Series, 

1722(1). https://doi.org/10.1088/1742-

6596/1722/1/012024 

Dawson, S., Joksimovic, S., Poquet, O., & 

Siemens, G. (2019). Increasing the 

impact of learning analytics. ACM 

International Conference Proceeding 

Series, March, 446–455. 

https://doi.org/10.1145/3303772.33037

84 

Elias, T. (2011). Learning Analytics : 

Definitions , Processes and Potential. 

1–23. 

Fidan, M., & Tuncel, M. (2019). Integrating 

augmented reality into problem based 

learning: The effects on learning 

achievement and attitude in physics 

education. In Computers and Education 

(Vol. 142). Elsevier Ltd. 

https://doi.org/10.1016/j.compedu.2019

.103635 

Foung, D., & Chen, J. (2019). A Learning 

Analytics Approach to the Evaluation of 

an Online Learning Package in a Hong 

Kong University. Electronic Journal of 

E-Learning, 17(1), 11–24. 

Hermino, A., & Arifin, I. (2020). Contextual 

character education for students in the 

senior high school. European Journal of 

Educational Research, 9(3), 1009–

1023. https://doi.org/10.12973/EU-

JER.9.3.1009 

Lahope, K. S., Tulandi, D. A., & Mongan, S. 

W. (2020). Studi Kompetensi 

Multirepresentasi Mahasiswa pada 

Topik Interferensi dan Difraksi. Jurnal 

Pendidikan Fisika, 1(3), 90–94. 

Lawson, C., Beer, C., Rossi, D., Moore, T., 

& Fleming, J. (2016). Identification of 

‘at risk’ students using learning 

analytics: the ethical dilemmas of 

intervention strategies in a higher 

education institution. Educational 

Technology Research and 

Development, 64(5), 957–968. 

https://doi.org/10.1007/s11423-016-

9459-0 



Jurnal ilmiah pendidikan fisika Al-Biruni, 13 (1) (2024) 23-32 31 
 

 

Liliarti, N., & Kuswanto, H. (2018). 

Improving the competence of 

diagrammatic and argumentative 

representation in physics through 

android-based mobile learning 

application. International Journal of 

Instruction, 11(3), 106–122. 

https://doi.org/10.12973/iji.2018.1138a 

Little, T. D., Chang, R., Gorrall, B. K., 

Waggenspack, L., Fukuda, E., Allen, P. 

J., & Noam, G. G. (2020). The 

retrospective pretest–posttest design 

redux: On its validity as an alternative to 

traditional pretest–posttest 

measurement. International Journal of 

Behavioral Development, 44(2), 175–

183. 

https://doi.org/10.1177/0165025419877

973 

Mainali, B. (2021). Representation in 

teaching and learning mathematics. 

International Journal of Education in 

Mathematics, Science and Technology, 

9(1), 1–21. 

https://doi.org/10.46328/ijemst.1111 

Masrifah, M., Setiawan, A., Sinaga, P., & 

Setiawan, W. (2020). An Investigation 

of Physics Teachers’ Multiple 

Representation Ability on Newton’s 

Law Concept. Jurnal Penelitian & 

Pengembangan Pendidikan Fisika, 

6(1), 105–112. 

https://doi.org/10.21009/1.06112 

Nuha, A. A., Kuswanto, H., Apriani, E., & 

Hapsari, W. P. (2021). Learning Physics 

with Worksheet Assisted Augmented 

Reality: The Impacts on Student’s 

Verbal Representation. Proceedings of 

the 6th International Seminar on 

Science Education (ISSE 2020), 

541(Isse 2020), 461–469. 

https://doi.org/10.2991/assehr.k.210326

.066 

Prahani, B. K., W.W, S., & Yuanita, L. 

(2017). Pengembangan Perangkat 

Pembelajaran Fisika Model Inkuiri 

Terbimbing Untuk Melatihkan 

Kemampuan Multi Representasi Siswa 

Sma. JPPS (Jurnal Penelitian 

Pendidikan Sains), 4(2), 503. 

https://doi.org/10.26740/jpps.v4n2.p50

3-517 

Ranjeeth, S., Latchoumi, T. P., & Paul, P. V. 

(2020). A Survey on Predictive Models 

of Learning Analytics. Procedia 

Computer Science, 167(2018), 37–46. 

https://doi.org/10.1016/j.procs.2020.03.

180 

Sarabi, M. K., & Gafoor, K. A. (2018). 

Student perception on nature of 

subjects : Impact on difficulties in 

learning high school physics , chemistry 

and biology. Innovations and 

Researches in Education, 8(1), 42–55. 

Sari, D., Sudarti, S., & Bektiarso, S. (2019). 

Analisis Kesalahan Siswa Mengerjakan 

Soal Un Materi Rangkaian Arus Listrik 

Searah Menggunakan Metode Polya. 

FKIP E-PROCEEDING; Vol 3 No 2 

(2018): Prosiding Seminar Nasional 

Pendidikan Fisika, 3(2), 235–240. 

https://jurnal.unej.ac.id/index.php/fkip-

epro/article/view/9428 

Sholihah, N., Wilujeng, I., & Purwanti, S. 

(2020). Development of android-based 

learning media on light reflection 

material to improve the critical thinking 

skill of high school students. Journal of 

Physics: Conference Series, 1440(1). 

https://doi.org/10.1088/1742-

6596/1440/1/012034 

Sun, F. R., Hu, H. Z., Wan, R. G., Fu, X., & 

Wu, S. J. (2022). A learning analytics 

approach to investigating pre-service 

teachers’ change of concept of 

engagement in the flipped classroom. 

Interactive Learning Environments, 

30(2), 376–392. 

https://doi.org/10.1080/10494820.2019.

1660996 

Susdarwati, S., Dimas, A., & Hannum, F. 

(2021). The development of scientific 

literacy-based physics learning module 

on direct current circuit material. 

Journal of Physics: Conference Series, 

1869(1). https://doi.org/10.1088/1742-

6596/1869/1/012164 

Viberg, O., Hatakka, M., Bälter, O., & 



32    Jurnal ilmiah pendidikan fisika Al-Biruni, 13 (1) (2024) 23-32 

 

Mavroudi, A. (2018). The current 

landscape of learning analytics in higher 

education. Computers in Human 

Behavior, 89, 98–110. 

https://doi.org/10.1016/j.chb.2018.07.0

27 

Yuliati, L., Riantoni, C., & Mufti, N. (2018). 

Problem solving skills on direct current 

electricity through inquiry-based 

learning with PhET simulations. 

International Journal of Instruction, 

11(4), 123–138. 

https://doi.org/10.12973/iji.2018.1149a 

 


