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Abstract: This study aims to compare students' learning skills in each class and students' argumentative 

abilities in each class and to determine the effect of students' science process skills on students' argumentation 

abilities. This type of research uses the mixed method with an explanatory design. The samples of this study 

were 70 students of class 11 science, with the sampling technique of simple random sampling. The results of 

data analysis using parametric statistics t-test (2-tailed) obtained sig value 0.034 < 0.05, so it can be said that 

the students' argumentative abilities in XI A and IPA B are different, and for the variable science process 

skills, the sig. is 0.043 < 0.05 so that each class's science process skills are different. The results of the 

regression test obtained the results of the sig value of 0.025 in class XI A and class XI B obtained a sig value 

0.030, where the value of sig < 0.05 which means that science process skills affect the students' argumentation 

skills. The study confimr that the improvement of scientifict skills will make student better in conveying 

arguments. 
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INTRODUCTION 

Knowledge and skills and increasing self-capacity can be obtained at the education level. 

Education is essential in forming quality human beings through science education to achieve scientific 

literacy for all students (Kuehn et al., 2019; Reinsini et al., 2021; Utaminingsih et al., 2018). The purpose 

of education is to form humans with knowledge and skills so that it becomes one of the priorities in 

development in the era of globalisation. A teacher must have various competencies and professional 

skills (Hayati et al., 2019; Pahlevi et al., 2018; Taofiq et al., 2018; Zuhara et al., 2019). Education 

consists of several components that are integrated to form a system which is a learning process for each 

student to develop the abilities that exist in him so that he can make humans understand, understand, 

behave well, and be more mature (Aulia et al., 2019; Berlyana & Purwaningsih, 2019; Wati & 

Anggraini, 2019; Yilmaz & Ayaz, 2021). One of the lessons at the educational level that is important to 

learn is physics learning. 

Physics learning begins to be studied at the junior high school level but is only external and leads 

to physics at the high school level. All levels of education, including universities, need to apply 

innovative learning to develop the quality of learning physics, a critical science related to matter and 

energy (Abidin et al., 2019; Fidan & Tuncel, 2021; Widyaningsih & Yusuf, 2020). The concepts and 

principles of physics are used for various daily activities such as transportation technology, 

communication, energy production, exploration, and space exploration, where the teacher has delivered 

the material and also the practice, which is carried out in the laboratory (Astalini et al., 2019; Fidan & 

Tuncel, 2021; Sari et al., 2019). The number of physics questions concerning mechanics, heat, light, 

optics, electricity, magnetism, radiation, elasticity, etc. that need to be solved directly or offline is an 

obstacle that makes students more difficult in solving physics problems (Abtokhi et al., 2021; Demirci 

& Akcaalan, 2020; Khandagle, V & Chavan, 2017). For this reason, the teacher as a facilitator in 

providing and conveying knowledge must be maximal. 

Students' understanding of physics learning material can be seen from how students can argue in 

the learning process following the 2013 curriculum, which focuses on students being able to think at a 
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higher level. Argumentation skills play an essential role for students were supporting students to be able 

to carefully consider information and reasons about situations is very important to prepare students to 

be able to effectively make decisions about problems in society (Noroozi et al., 2020; Öztürk & 

Doğanay, 2019; Songsil et al., 2019). Written argumentation is a complex skill to master, and in practice, 

the use of reason and logic is required to establish truth claims (Akbaş, 2021; Phongphio, 2021; 

Rodriguez-Hernandez & Silva-Maceda, 2021). In presenting arguments, students must be able to state 

based on criteria and aspects of scientific argumentation skills such as data evidence, support, and 

justification of claims  (Alindra et al., 2020; Jumadi et al., 2021; Ping et al., 2020). Students' scientific 

process skills must be able to present arguments appropriately. 

Students' science process skills in physics subjects can be obtained through laboratory practicum. 

Science process skills are essential in science learning as the most powerful tool to be applied in 

acquiring knowledge about the world and organising scientific knowledge (Ozkan & Umdu Topsakal, 

2021; Puspita, 2019; Sideri & Skoumios, 2021). Science process skills are an essential component of 

cognitive skills; namely, the mastery of science process skills by students can make it easier for students 

to understand abstract concepts if they learn through concrete objects and are carried out by students 

themselves through direct learning experiences (Irwanto et al., 2019; Kurniawan et al., 2019; Zainuddin 

et al., 2020). Thus, science process skills become the principal capital for students in studying science 

which can support the mastery of science concepts (Duda et al., 2019; Molefe & Aubin, 2021; Şahintepe 

et al., 2020). As explained, science process skills are indispensable in advancing science and everyday 

life. 

The current research is in line with previous research, which examines students' process skills in 

science learning with the research findings, namely providing information about some of the advantages 

and disadvantages of science textbooks that teachers can use in planning to teach (Sideri & Skoumios, 

2021). In line with current research, previous research is on students' science process skills, with the 

findings that science process skills have a positive and significant correlation with creativity (Zainuddin 

et al., 2020). Previous and current research differ in the variables associated with students' science 

process skills. Namely, the current research examines students' argumentation skills as measured by 

students' science process skills in Physics subjects with elasticity and Hooke's law. 

In line with previous research by Riwayani et al. (2019) know that in physics, the students' 

argumentative ability is still relatively low. Another research by Rahman et al. (2018) found that 

students' scientific argumentation skills are still relatively low. The average quality of students' scientific 

arguments is at levels 1 (unsupported) and 2 (phenomenological). He also said that scientific 

argumentation ability is crucial in preparing scientifically literate students. So, in line with previous 

research, this research was conducted. 

This study was in line with research by Ping (2020), which provides significant improvement in 

argumentation and science process skills of biology who experience the MADI approach in practical 

biology. The subsequent research that is in line with the current research is carried out by Perdana et al. 

(2020). The difference is that previous studies researched biology subjects, so this study was conducted 

to measure the effect of students' science process skills on students' argumentation skills in physics 

subjects with elasticity and Hooke's law. 

The importance of this research is that it is known that the current educational curriculum requires 

students to have skills and high-level thinking, one of which is science process skills and students' ability 

to argue as an effort to face the increasingly advanced era of globalisation. So science process skills and 

the ability to argue are essential to research. The purpose of this research is to determine the science 

process skills and argumentation ability of high school students in class XI in physics with elasticity and 

Hooke's law material, to know the difference between the argumentation ability and science process 

skills of students, and to know the effect of science process skills on students' argumentation ability. In 

classes XI A and XI B. The problem statements in this study are as follows: 

1. How are the science process skills and argumentation skills of high school students in elasticity 

and Hooke's law? 

2. Are there differences in senior high school students' argumentation and science process skills? 

3. Do science process skills influence the argumentation ability of senior high school students? 
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METHODS 

This type of research uses Mixed Methods with an explanatory sequential research design. A 

mixed-method research method combines quantitative and qualitative research methods (Hermawan, 

2019). Sequential explanatory design and qualitative and quantitative data collection were carried out in 

two stages, with the main emphasis on quantitative methods assisted by qualitative methods (Fibrianti, 

2021; Jalinus et al., 2021). 

The population in this study were students of class XI science at one of the Senior High schools 

in Jambi City. The sample of this research was classified into two classes, XI A and XI B, with a total 

sample of 70 students. Sampling using a simple random sampling technique. The simple random 

sampling technique is characterised by each element from the entire population having an equal chance 

of being selected, and by using this technique, the sample members are easily and quickly obtained 

(Sugeng, 2022; Usman & Akbar, 2022). 

This study used research instruments in the form of essay questions on elasticity and Hooke's law 

with eight essay questions. This question measures students' argumentation skills using a four-Likert 

scale. Then to measure the students' scientific process ability, an instrument in the form of an observation 

sheet on physics, elasticity and Hooke's law subjects was assessed by four observers in each class using 

a four Likert scale. The scale consists of 4 points (4 for Excellent, 3 for Good, 2 for Fair, and 1 for Very 

Bad). The results obtained from the essay questions and observation sheets are reinforced by interviews 

with teachers who teach these subjects. The indicators of students' abilities in this study are provided in 

Table 1. 

Table 1. Indicators of students' argumentation ability 

Variable  Indicator Question Items Number 

Students' argumentation ability 

Claim  A1, A2 

Data A3, A4 

Warrants A5, A6 

Backing A7, A8 

Science Process Skills 

Basic Observation P1, P2, P3, P4, P5 

Communication P8, P9, P10, P11, P12 

Measure P13, P14, P15, P16 

Integrated Creating Data Tables P33, P34, P35, P36 

Doing Experiments P28, P29, P30 

 

Moreover, the category of students' argumentation is provided in Table 2. 

Table 2. Categories of students' argumentation ability 

Category 
Interval 

Students' argumentation ability 

Poor 8 – 14 

Fair 15 – 20 

Good 21 – 26 

Excellent 27 – 32 

 

In addition, the category of observation sheets for students' science processes is provided in Table 3. 

Table 3. Category descriptions of students' science process skills  

Category 

Indicator 

Basic Integrated 

Observation Communication Measuring Creating Data Tables Doing Experiments 

Poor 5.0 – 8.75 5.0 – 8.75 4 – 7 4 – 7 3.0 – 5.25 

Fair 8.76 – 12.5 8.76 – 12.5 8 – 10 8 – 10 5.26 – 7.5 

Good 12.6 – 16.25 12.6 – 16.25 11 – 13 11 – 13 7.6 – 9.75 

Excellent 16.26 – 20.0 16.26 – 20.0 14 – 16 14 – 16 9.76 – 12.0 

 

The data was obtained in the form of quantitative and qualitative data. Where quantitative data 

were obtained from observation sheets for students' science process skills and essay questions on 
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students' argumentative abilities, which were strengthened by the results of interviews with teachers in 

charge of physics subjects at the schools studied. Quantitative data analysis uses statistics, namely 

descriptive statistics and parametric inferential statistics. Quantitative data was analysed using 

descriptive statistical analysis and parametric inferential. Descriptive analysis is presented in tables of 

frequency, percentage, mean, median, min and max and for descriptive parametric inferential in the form 

of t-test and regression test. Before the parametric test is carried out, the data must meet the assumption 

test requirements; namely, the data is typically distributed and linear. Then the normality test is carried 

out with the provisions of the sig value. > 0.05 means that the data is usually distributed, and for the 

linearity test, the condition is that the value of Sig. < 0.05 means that the data is linear. A t-test was 

carried out to determine the effect of a variable on other variables using a parametric regression test, 

which is the basis for making decisions if the value of Sig. < 0.05, then it has an effect. For qualitative 

data analysis, the Miles and Huberman model was used, where the analysis process consists of three 

stages: data reduction, data display, and drawing conclusions and verification (Helmis, 2020). 

The research begins with school licensing to conduct research after obtaining permission; research 

can be carried out and questionnaires and interviews with teachers. After the data is obtained and 

collected, data analysis is carried out to obtain results and draw conclusions. The procedure in this study 

follows the diagram in Figure 1. 

 

 

Figure 1. Research procedure 

RESULTS AND DISCUSSION 

The results of the data analysis that have been obtained are processed using statistical sciences. 

The first data processing analysis is descriptive statistics. The results of descriptive statistics for each 

indicator of students' science process skills and students' argumentative ability variables in physics 

subjects with elasticity and Hooke's law are presented and can be seen in Table 4. 

Table 4. Students' argumentative abilities 

Class Category Interval F % Mean Med Min Max 

XI A 

Poor 8 – 14 0 0.00 

22.2 23.0 15.0 29.0 
Fair 15 – 20 10 27.8 

Good 21 – 26 23 66.7 

Excellent 27 – 32 2 5.60 

XI B 

Poor 8 – 14 0 0.00 

24.0 24.0 20.0 29.0 
Fair 15 – 20 3 8.60 

Good 21 – 26 25 71.4 

Excellent 27 – 32 7 20.0 

 

Based on Table 4, it is known that the argumentation ability of students in class XI A is dominant in the 

good category with a percentage of 66.7% and an average value of 22.2. Class XI B is more dominant 

in the good category with a percentage of 71.4% with an average value of 24.0, so the argumentation 

ability of students in class XI B is more significant than XI B. Furthermore, a descriptive statistic of 

students' science process skills on observation indicators in elasticity and Hooke's law material is 

provided in Table 5. 

Table 5. Students' science process skills on observation indicators  

Class Category Interval F % Mean Med Min Max 

XI A 

Poor 5.0 – 8.75 0 0.00 

14.9 15.0 10.0 20.0 
Fair 8.76 – 12.5 3 8.30 

Good 12.6 – 16.25 24 66.70 

Excellent 16.26 – 20.0 8 22.20 

Distribution of 

Questionnaires & 

Interviews 

Analysis of 

Questionnaires & 

Interviews Sheets 

 

Results 

  

Conclusion 
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Class Category Interval F % Mean Med Min Max 

XI B 

Poor 5.0 – 8.75 0 0.00 

15.17 15.0 10.0 19.0 
Fair 8.76 – 12.5 9 25.70 

Good 12.6 – 16.25 18 51.40 

Excellent 16.26 – 20.0 8 22.90 

 

Based on Table 5, it is known that the science process skills of students on the observation 

indicators in class XI A are dominant in the good category with a percentage of 66.7% as well as in class 

XI B are dominant in the good category with a percentage of 51.4% with the percentage of students in 

the poor category being 25.7%. So class XI A is superior. Furthermore, a descriptive statistical 

description of students' science process skills on communication indicators is seen in Table 6. 

Table 7. Students' science process skills on communication indicators  

Class Category Interval F % Mean Med Min Max 

XI A 

Poor 5.0 – 8.75 0 0.00 

14.3 14.0 11.0 18.0 
Fair 8.76 – 12.5 9 25.70 

Good 12.6 – 16.25 18 51.40 

Excellent 16.26 – 20.0 8 22.90 

XI B 

Poor 5.0 – 8.75 0 0.00 

14.5 15.0 11.0 18.0 
Fair 8.76 – 12.5 7 20.00 

Good 12.6 – 16.25 22 62.90 

Excellent 16.26 – 20.0 6 17.10 

 

Table 6 shows that the students' science process skills on the communication indicators in class 

XI A are dominant in the good category with a percentage of 51.4%, with the percentage of students in 

the wrong category being 25.7%. Then in class XI B is dominant in the good category with 62.9%. So 

class XI B is superior. Furthermore, a descriptive statistical description of students' science process skills 

in measuring indicators is provided in Table 7. 

Table 7. Students' science process skills on the indicators of Measuring  

Class Category Interval F % Mean Med Min Max 

XI A 

Poor 4 – 7 0 0.00 

11.7 12.0 8.0 16.0 
Fair 8 – 10 7 20.00 

Good 11 – 13 22 62.90 

Excellent 14 – 16 6 17.10 

XI B 

Poor 4 – 7 1 3.90 

11.3 11.0 7.0 15.0 
Fair 8 – 10 10 28.60 

Good 11 – 13 21 60.00 

Excellent 14 – 16 3 8.60 

 

Table 7 shows that the students' science process skills in measuring indicators in class XI A are 

dominant in the good category with a percentage of 62.9%. Then in class XI B is dominant in the good 

category with a percentage of 60.0%, and the percentage of students in the poor category is 28.6%. So 

class XI A is superior. Furthermore, a descriptive statistical description of students' science process skills 

on the indicators of making data tables is provided in Table 8. 

Table 8. Students' science process skills on the indicator Creating Data Tables  

Class Category Interval F % Mean Med Min Max 

XI A 

Poor 4 – 7 1 2.90 

11.3 11.0 7.0 15.0 
Fair 8 – 10 10 28.00 

Good 11 – 13 21 60.00 

Excellent 14 – 16 3 8.60 

XI B 

Poor 4 – 7 0 0.00 

11.2 11.0 8.0 14..0 
Fair 8 – 10 10 28.60 

Good 11 – 13 24 68.60 

Excellent 14 – 16 1 2.90 
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Table 8 shows that the students' science process skills on the indicators of making data tables in class 

XI A are dominant in the good category with a percentage of 62.9%. Then in class XI B is dominant in 

the good category with a percentage of 60.0% and the percentage of students in the bad category 28.6%. 

So class XI A is superior. Furthermore, a descriptive statistical description of students' science process 

skills on indicators for conducting experiments is provided in Table 9. 

Table 9. Students' science process skills on indicators of conducting experiments 

Class Category Interval F % Mean Med Min Max 

XI A 

Poor 3.0 – 5.25 1 2.90 

8.3 8.0 5.0 12.0 
Fair 5.26 – 7.5 12 34.40 

Good 7.6 – 9.75 15 42.90 

Excellent 9.76 – 12.0 7 20.00 

XI B 

Poor 3.0 – 5.25 0 0.00 

8.4 8.0 6.0 12.0 
Fair 5.26 – 7.5 10 28.60 

Good 7.6 – 9.75 18 51.40 

Excellent 9.76 – 12.0 7 20.00 

 

Table 9 shows that students' science process skills on the indicators of conducting experiments in 

class XI A are dominant in the good category with a percentage of 42.9%, and the percentage of students 

in the bad category is 34.4%. Then in class XI B, dominant in the good category with a percentage of 

51.4%. So class XI B is superior. 

The analysis of the assumption test data consists of normality test, homogeneity test and linearity 

of argumentation ability and science process skills. The requirements of parametric statistical tests in 

the form of t-test and regression tests were fulfilled, as seen in Table 10. 

Table 10. Normality test  

Variable Class Sig. Distribute 

Argumentation skills 
XI A 0.200 Normal 

XI B 0.178 Normal 

Science process skills 
XI A 0.200 Normal 

XI B 0.200 Normal 

 

Based on Table 10 above, the Kolmogorov-Smirnov test obtained the normality test with a 

significance value > 0.05. It can be concluded that the data is normally distributed—the results of the 

homogeneity test as seen in Table 11.  

Table 11. Homogeneity test  

Variable Class Sig. Distribute 

Argumentation Ability 
XI A 0.320 Homogenous 

XI B 0.228 Homogenous 

Science process skills 
XI A 0.250 Homogenous 

XI B 0.240 Homogenous 

 

Based on Table 11, the homogeneity test results are obtained, namely the significance value > 0.05. It 

can be concluded that the data used in this study is homogeneous. Then, Table 12 shows the linearity 

test analysis of students' argumentative abilities and science process skills. 

Table 12. The linearity tests 

Variable Class Sig. Distribute 

Argumentation Ability 
XI A .033 Linear  

XI B .022 Linear  

Science Process Skills 
XI A .020 Linear  

XI B .025 Linear  

 

Based on the Table 12 linearity test, it is known that the Deviation from the linearity value of Sig. < 

0.05, it can be obtained that the variable data of ability to argue and science process skills in each data 

class are linear. Thus, the data obtained meet the normally distributed, homogeneous and linear 
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requirements. Then it can be continued to test the hypothesis in the form of a t-test and regression test. 

The results of the t-test of the argumentation ability and science process skills are provided in Table 13. 

Table 13. the t-test of students' argumentative abilities and science process skills  

Class Variabel Sig. (2-tailed) 

XI A 
argumentation ability 0.034 

XI B 

XI A 
Science process skills 0.043 

XI B 

 

Based on the description in table 14, the results of the t-test of students' argumentative abilities 

and science process skills in class XI A and XI B material on elasticity and Hooke's law obtained the 

value of Sig. (2-tailed) < 0.05 so that it can be said that the argumentation ability of students in XI B 

and IPA 1 is different, and for the variable science process skills, students get a sig. value. (2-tailed) < 

0.05 so that students' science process skills in each class are different. Furthermore, a regression test 

between the argumentation ability and science process skills of students is provided in Table 14. 

Table 14. Regression test of students' argumentative abilities and science process skills  

Variable Class Sig. 

Science Process Skills* Students' Argumentation Skills 
XI A .025 

XI B .030 

 

Based on table 14, it can be seen that the value of Sig. < 0.05 so that students' science process skills 

affect the ability to argue in classes XI A and XI B on elasticity and Hooke's law. 

The results of interviews with teachers revealed that schools have adequate laboratories to carry 

out practical activities. Based on interviews conducted with teachers, students were enthusiastic when 

doing practicum, but only for some students. One of the teachers in physics in class XI IPA also said 

that the existence of experimental or practicum activities could increase students' science process skills 

such as observing, measuring, analysing, making hypotheses etc. Then as for the results of interviews 

with students, it is known that they do practicums at school only on specific materials, and before doing 

practicums, the tutor teacher gives directions first to minimise errors. According to one student in class 

XI IPA SMAN 11 Jambi City, he thought that doing practicum made it easier for him to understand and 

convey the concepts and principles he was learning and could increase his skills in doing science 

activities. 

Furthermore, students also assume that with the practicum, they can argue with the data and 

evidence obtained. Moreover, by having these skills, students can obtain data and evidence to strengthen 

the arguments they convey during the learning process. Students' argumentation skills are needed to 

make learning activities more active. The teacher, as a facilitator in the running of learning activities in 

the classroom, provides direction before the practicum. Facilities and infrastructure such as laboratories 

and experiment tools are needed. 

This research is in line with previous research examining students' science process skills which 

found that the blended learning strategy is more significant in improving science process skills than 

conventional learning strategies (Harahap et al., 2019). The difference is in previous studies examining 

students' science process skills in biology subjects. So that in the current study, an update was carried 

out that examined students' science process skills in physics subjects with elasticity and Hooke's law 

learning materials. 

This research is also in line with previous research on scientific process skills. The findings show 

that applying science process skills-based learning improves the critical thinking skills of junior high 

school students (Pradana et al., 2020). The difference between previous and current research is that 

previous research measured the influence of science process skills on critical thinking skills. While in 

this study, an update from previous research measures the influence of students' science process skills 

on students' argumentation abilities. With the results of data analysis, it is stated that students' science 

process skills affect students ability to argue. 

Previous research is in line with current research, which discusses the ability to argue, namely 

with the aim of research to determine the level of scientific argumentation ability in chemistry subjects 
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for grade 11 students, especially in logical thinking. In addition, there is a statistically significant 

difference (p < 0.05) in the scientific argumentation skill level due to gender in favour of female students 

(Al-Ajmi & Ambusaidi, 2019). The difference in the current research is measuring the argumentation 

ability of 11th-grade students on Hooke's law material in physics. The study's results, namely the ability 

to argue, can be influenced by the science process skills possessed by students. Furthermore, each class 

has a different ability to argue. 

The current research is in line with previous research, which examined the science process skills 

of high school students with the research results. The results were the percentage of science process 

skills of high school students in Bukit Kecil and Ilir Barat I Palembang sub-districts. The results of the 

percentage of science process skills of high school students in Bukit Kecil Subdistrict, Palembang are 

indicators of observing with a percentage of 68.18%, grouping 66.29%, interpreting 61.74%, predicting 

73.48%, formulating a hypothesis of 42.04%, planning an experiment 43.94%, and communicating 

51.89%. The results of the percentage of science process skills for high school students in Ilir Barat I 

Palembang are observing indicators with a percentage of 75.98%, grouping 77.21%, interpreting 

62.43%, predicting 75.43%, formulating hypotheses 49.31%, planning experiments 53,72%, and 

communicating 49.03% (Elvanisi et al., 2018). The difference in this previous study was only up to the 

comparison test and had not connected science process skills with other variables. So the researcher 

updated and generalised from previous research by measuring the effect of science process skills on 

students' argumentation ability in grade 11 physics subject matter of elasticity and Hooke's law.  

The meaning of this research for scientific development is as a future reference for teachers in 

carrying out their duties and obligations in teaching so that they can be a reference in taking further 

action on a problem faced by students. The novelty of this research is that the variables analysed are 

analysed by regression and T-test of students' science process skills on students' argumentation abilities 

in physics subjects, elasticity and Hooke's law. It is hoped that students' science process skills can be 

further honed so that they can have a positive impact on students' argumentation skills. The limitations 

of this study are that it only examines five indicators of students' science process skills consisting of 3 

fundamental and two integrated indicators. Recommendations for further research are that further 

research can be carried out by measuring the ability to argue on other subjects. Moreover, it can provide 

generalisations in further research. 

CONCLUSION 

Students' argumentation ability and science process skills in each class are different. Furthermore, 

students' science process skills influence students' argumentation skills, where students can provide 

reinforcement based on existing data and evidence. With better students' science process skills, students 

will be more reliable in presenting the data and facts found. Recommendations for further research are 

that further research can be carried out by measuring the ability to argue on other subjects. Moreover, it 

can provide generalisations in further research. 

REFERENCES 

Abidin, A. Z., Istiyono, E., Fadilah, N., & Dwandaru, W. S. B. (2019). A computerised adaptive test for 

measuring physics critical thinking skills. International Journal of Evaluation and Research in 

Education, 8(3), 376–383. https://doi.org/10.11591/ijere.v8i3.19642 

Abtokhi, A., Jatmiko, B., & Wasis, W. (2021). Evaluation of Self-Regulated Learning on Problem-

Solving Skills in Online Basic Physics Learning During the Covid-19 Pandemic. Journal of 

Technology and Science Education, 11(2), 541–555. https://doi.org/10.3926/jotse.1205 

Akbaş, Y. (2021). The Effects of Argumentation-Based Teaching Approach on Students' Critical 

Thinking Disposition and Argumentation Skills: "Population in Our Country Unit." International 

Journal of Psychology and Educational Studies, 8(1), 51–74. 

https://doi.org/10.17220/ijpes.2021.8.1.195 

Al-Ajmi, B., & Ambusaidi, A. (2019). The Level of Scientific Argumentation Skills in Chemistry. 

Science Education International, 33(1), 66–74. 

https://doi.org/https://doi.org/10.33828/sei.v33.i1.7 



Jurnal Inovasi Pendidikan IPA, 8 (1), 2022 - 86 
Darmaji, Astalini, Dwi Agus Kurniawan, Elza Triani 

Copyright © 2022, Jurnal Inovasi Pendidikan IPA 
ISSN 2406-9205 (print), ISSN 2477-4820 (online) 

Alindra, A. L., Widodo, A. W., Rahman, T. R., & Riandi, R. R. (2020). Analysis of Learning Activity 

Facilitating Argumentation Skill on Cloning Topic in Islamic Senior High Schools by Using 

Video. Thabiea : Journal of Natural Science Teaching, 3(1), 1. 

https://doi.org/10.21043/thabiea.v3i1.7350 

Astalini, A., Darmaji, D., Pathoni, H., Kurniawan, W., Jufrida, J., Kurniawan, D. A., & Perdan, R. 

(2019). Motivation and Attitude of Students on Physics Subject in the Middle School in Indonesia. 

International Education Studies, 12(9), 15. https://doi.org/10.5539/ies.v12n9p15 

Aulia, L. N., Susilo, S., & Subali, B. (2019). Upaya peningkatan kemandirian belajar siswa dengan 

model problem-based learning berbantuan media Edmodo. Jurnal Inovasi Pendidikan IPA, 5(1), 

69–78. https://doi.org/10.21831/jipi.v5i1.18707 

Bambang, S. (2022). Fundamental Metodologi Penelitian Kuantitatif (Eksplanatif). Deepublish.  

Berlyana, M. D. P., & Purwaningsih, Y. (2019). Experimentation of STAD and Jigsaw Learning Models 

on Learning Achievements in terms of Learning Motivation. International Journal of Educational 

Research Review, 4(4), 517–524. https://doi.org/10.24331/ijere.628311 

Demirci, C., & Akcaalan, M. (2020). Active Learning: English Language Teaching via Write Share 

Learn Strategy. International Journal of Educational Research Review, 5(3), 214–220. 

https://doi.org/10.24331/ijere.732948 

Duda, H. J., Susilo, H., & Newcombe, P. (2019). Enhancing different ethnicity science process skills: 

Problem-based learning through practicum and authentic assessment. International Journal of 

Instruction, 12(1), 1207–1222. https://doi.org/10.29333/iji.2019.12177a 

Elvanisi, A., Hidayat, S., & Fadillah, E. N. (2018). Analisis keterampilan proses sains siswa sekolah 

menengah atas Skills analysis of science process of high school students. Jurnal Inovasi 

Pendidikan IPA, 4(20), 245–252. 

Fibrianti. (2021). Pernikahan Dini dan Kekerasan Dalam Rumah Tangga (Studi Kasus di Lombok Timur 

NTB ). Ahlimedia Book. 

Fidan, M., & Tuncel, M. (2021). Developing a self-efficacy scale toward physics subjects for lower-

secondary school students. Journal of Baltic Science Education, 20(1), 38–49. 

https://doi.org/10.33225/jbse/21.20.38 

Harahap, F., Nasution, N. E. A., & Manurung, B. (2019). The effect of blended learning on student's 

learning achievement and science process skills in plant tissue culture course. International 

Journal of Instruction, 12(1), 521–538. https://doi.org/10.29333/iji.2019.12134a 

Hayati, I. A., Rosana, D., & Sukardiyono, S. (2019). Pengembangan Modul Potensi Lokal Berbasis 

SETS untuk Meningkatkan Keterampilan Proses IPA. Jurnal Inovasi Pendidikan IPA, 5(2), 248–

257. 

Helmis, R. M. (2020). Inhabiting The Borders: Foreign Language Faculty in American Collages and 

Universitities. Routledge. 

Hermawan, I. (2019). Teknik Menulis Karya Ilmiah Berbasis Aplikasi dan Metodologi. Hidayatul Quran.  

Irwanto, Rohaeti, E., & Prodjosantoso, A. K. (2019). Analysing the relationships between pre-service 

chemistry teachers' science process skills and critical thinking skills. Journal of Turkish Science 

Education, 16(3), 299–313. https://doi.org/10.12973/tused.10283a 

Jalinus, N., Ganefri, Emeritus, Yunos, J. M., Alias, M., Syahril, Sukardi, & Risfendra. (2021). Riset 

Pendidikan dan Aplikasinya. UNP PRESS.  

Jumadi, J., Perdana, R., Riwayani, & Rosana, D. (2021). The impact of problem-based learning with 

argument mapping and online laboratory on scientific argumentation skill. International Journal 

of Evaluation and Research in Education, 10(1), 16–23. 

https://doi.org/10.11591/ijere.v10i1.20593 

Khandagle, V, S., & Chavan, R. (2017). Identification of Misconceptions for Gravity, Motion and Inertia 

among Secondary School Students. Aayushi International Interdisciplinary Research Journal 

(AIIRJ), 4(10), 197–205. 

Kuehn, L., Mathison, S., & Ross, E. W. (2019). The many faces of privatisation in BC education. BCTF 

Research Report, March, 1–11.  



Jurnal Inovasi Pendidikan IPA, 8 (1), 2022 - 87 
Darmaji, Astalini, Dwi Agus Kurniawan, Elza Triani 

Copyright © 2022, Jurnal Inovasi Pendidikan IPA 
ISSN 2406-9205 (print), ISSN 2477-4820 (online) 

Kurniawan, W., Darmaji, D., Astalini, A., Kurniawan, D. A., Hidayat, M., Kurniawan, N., & Farida, L. 

Z. N. (2019). Multimedia physics practicum reflective material based on problem solving for 

science process skills. International Journal of Evaluation and Research in Education, 8(4), 590–

595. https://doi.org/10.11591/ijere.v8i4.20258 

Molefe, L., & Aubin, J. B. (2021). Exploring how science process skills blend with the scientific process: 

Pre-service teachers' views following fieldwork experience. South African Journal of Education, 

41(2), 1–13. https://doi.org/10.15700/saje.v41n2a1878 

Noroozi, O., Dehghanzadeh, H., & Talaee, E. (2020). A systematic review on the impacts of game-based 

learning on argumentation skills. Entertainment Computing, 35. 

https://doi.org/10.1016/j.entcom.2020.100369 

Ozkan, G., & Umdu Topsakal, U. (2021). Analysis of Turkish Science Education Curricula's Learning 

Outcomes According to Science Process Skills. Mimbar Sekolah Dasar, 8(3), 295–306. 

https://doi.org/10.53400/mimbar-sd.v8i3.35746 

Öztürk, A., & Doğanay, A. (2019). Development of Argumentation Skills through Socioscientific Issues 

in Science Course : A Collaborative Action Research 1 Fen Bilimleri Dersinde Sosyobilimsel 

Konularla Argümantasy on Becerisi Geliştirilmesi : Bir İşbirlikçi Eylem Araştırması Öz. Turkish 

Online Journal of Qualitative Inquiry, 10(1), 52–89. 

Pahlevi, T., Rosy, B., & Elizabeth Ranu, M. (2018). A Scientific Approach Based on Portfolio 

Assessment for Autonom Problem Solving. International Journal of Educational Research 

Review, 3(2), 29–36. https://doi.org/10.24331/ijere.406124 

Perdana, R., Riwayani, Jumadi, J., & Rosana, D. (2020). Modification level and test of scientific 

argumentation skill: Development and validity. International Journal of Evaluation and Research 

in Education, 9(3), 769–777. https://doi.org/10.11591/ijere.v9i3.20594 

Phongphio, T. (2021). Tracing Cultural Values in Thai Students' Dialogical Argumentation. Education 

Quarterly Reviews, 4(3), 322–333. https://doi.org/10.31014/aior.1993.04.03.341 

Ping, I. L. L., Halim, L., & Osman, K. (2020). Explicit teaching of scientific argumentation as an 

approach in developing argumentation skills, science process skills and biology understanding. 

Journal of Baltic Science Education, 19(2), 276–288. https://doi.org/10.33225/jbse/20.19.276 

Pradana, D., Nur, M., & Suprapto, N. (2020). Improving Critical Thinking Skill of Junior High School 

Students through Science Process Skills Based Learning. Jurnal Penelitian Pendidikan IPA, 6(2), 

166–172. https://doi.org/10.29303/jppipa.v6i2.428 

Puspita, L. (2019). Pengembangan modul berbasis keterampilan proses sains sebagai bahan ajar dalam 

pembelajaran biologi. Jurnal Inovasi Pendidikan IPA, 5(1), 79–88. 

https://doi.org/10.21831/jipi.v5i1.22530 

Rahman, A., Diantoro, M., & Yuliati, L. (2018). Kemampuan Argumentasi Ilmiah Siswa pada Hukum 

Newton di Sekolah Menengah Atas. Jurnal Pendidikan: Teori, Penelitian, Dan Pengembangan, 

3(7), 903–911. 

Reinsini, C. E., Susila, I. W., & Cholik, M. (2021). Application of Problem-Based Learning to Enhance 

Students Learning Outcomes in Basic Competencies of Maintaining Brake Systems. International 

Journal for Educational and Vocational Studies, 3(2), 139. 

https://doi.org/10.29103/ijevs.v3i2.3470 

Riwayani, R., Perdana, R., Sari, R., Jumadi, J., & Kuswanto, H. (2019). Analisis kemampuan 

argumentasi ilmiah siswa pada materi optik: Problem-based learning berbantuan edu-media 

simulation. Jurnal Inovasi Pendidikan IPA, 5(1), 45–53. https://doi.org/10.21831/jipi.v5i1.22548 

Rodriguez-Hernandez, B. A., & Silva-Maceda, G. (2021). Impact of instructional sequence to teach 

argumentative writing to disadvantaged students using the opinion article. International Journal 

of Instruction, 14(4), 103–118. https://doi.org/10.29333/iji.2021.1447a 

Şahintepe, S., Erkol, M., & Aydoğdu, B. (2020). The Impact of Inquiry Based Learning Approach on 

Secondary School Students' Science Process Skills. Open Journal for Educational Research, 4(2), 

117–142. https://doi.org/10.32591/coas.ojer.0402.04117s 



Jurnal Inovasi Pendidikan IPA, 8 (1), 2022 - 88 
Darmaji, Astalini, Dwi Agus Kurniawan, Elza Triani 

Copyright © 2022, Jurnal Inovasi Pendidikan IPA 
ISSN 2406-9205 (print), ISSN 2477-4820 (online) 

Saleh, N. I. A. (2018). The Degree of Including International Standards of Science Education in the 

Physics Syllabus of Palestinian Secondary Schools. World Journal of Education, 8(3), 18. 

https://doi.org/10.5430/wje.v8n3p18 

Sari, D. A., Ellizar, E., & Azhar, M. (2019). Development of problem-based learning module on 

electrolyte and nonelectrolyte solution to improve critical thinking ability. Journal of Physics: 

Conference Series, 1185(1), 30–37. https://doi.org/10.1088/1742-6596/1185/1/012146 

Sideri, A., & Skoumios, M. (2021). Science Process Skills in the Greek Primary School Science 

Textbooks. Science Education International, 32(3), 231–236. 

https://doi.org/10.33828/sei.v32.i3.6 

Songsil, W., Pongsophon, P., Boonsoong, B., & Clarke, A. (2019). Developing scientific argumentation 

strategies using revised argument-driven inquiry (rADI) in science classrooms in Thailand. Asia-

Pacific Science Education, 5(1). https://doi.org/10.1186/s41029-019-0035-x 

Taofiq, M., Setiadi, D., & Hadiprayitno, G. (2018). Implementasi Model Pembelajaran Inkuiri Dan 

Problem Based Learning (Pbl) Terhadap Keterampilan Generik Sains Biologi Ditinjau Dari 

Kemampuan Akademik Siswa. Jurnal Penelitian Pendidikan IPA, 4(2), 29–33. 

https://doi.org/10.29303/jppipa.v4i2.114 

Usman, H., & Akbar, P. S. (2022). Metodologi Penelitian Sosial (Edisi Ketiga). Bumi Aksara.  

Utaminingsih, R., Rahayu, A., & Andini, D. W. (2018). Pengembangan RPP IPA sekolah dasar berbasis 

problem-based learning untuk siswa learning disabilities Development of primary school natural 

science lesson plan based on problem-based learning for learning disabilities students. Jurnal 

Inovasi Pendidikan IPA, 4(2), 191–202. 

Wati, M., & Anggraini, W. (2019). Strategi Pembelajaran Kooperatif Tipe Jigsaw: Pengaruhnya 

Terhadap Kemampuan Berpikir Kritis Siswa. Indonesian Journal of Science and Mathematics 

Education, 2(1), 98–106. https://doi.org/10.24042/ijsme.v2i1.3976 

Widyaningsih, S. W., & Yusuf, I. (2020). Implementation of project-based learning (PjBL) assisted by 

e-learning through lesson study activities to improve the quality of learning in physics learning 

planning courses. International Journal of Higher Education, 19(1), 60–68. 

https://doi.org/10.5430/ijhe.v9n1p60 

Yilmaz, F., & Ayaz, E. (2021). STEM education practices and moral character education: McSTEM? 

Research in Pedagogy, 11(1), 45–62. https://doi.org/10.5937/istrped2101045y 

Zainuddin, Suyidno, Dewantara, D., Mahtari, S., Nur, M., Yuanita, L., & Sunarti, T. (2020). The 

correlation of scientific knowledge-science process skills and scientific creativity in creative 

responsibility based learning. International Journal of Instruction, 13(3), 307–316. 

https://doi.org/10.29333/iji.2020.13321a 

Zuhara, E., Jufri, A. W., & Soeprianto, H. (2019). Kemampuan Literasi Biologi Berdasarkan Gender 

Pada Siswa Peminatan Mipa Di Sma Negeri Kabupaen Lombok Barat. Jurnal Penelitian 

Pendidikan IPA, 5(1), 115–119. https://doi.org/10.29303/jppipa.v5i1.234 

 

 


