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Abstract
This research is motivated by the lack of digital literacy and the complexity of students in the process of teaching and learning activities. In the learning process during PPKM (Enforcement of Community Activity Restrictions) students do online learning at home, often students who are not active are found. In this case, the teacher's role changes from the main role of providing information to being a facilitator in thinking, reflecting and collaborating findings. The use of PhET virtual laboratory media can help improve technological literacy. The purpose of this study was to analyze the effectiveness of the Problem Based Leaning model assisted by the PhET virtual laboratory on student learning outcomes. PhET simulation is an interactive animation that is accessed online and offline using Java and Flash software. The method used is quantitative research with a one-shot case study design. Class X MIPA 7 was used as the experimental class and class X MIPA 8 was used as the control class. The effectiveness of the Problem Based Leaning model assisted by the PhET virtual laboratory in the experimental class obtained a classical completeness score of 83%, while the control class was far below the classical completeness value of 55%.
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Introduction
[bookmark: _Hlk67813898][bookmark: _Hlk67814047]Physics is a branch of science which is a discipline that studies important concepts. The concept really needs to be understood by students in order to be able to solve problems (Elisa et al., 2017). Physics problem solving emphasizes understanding concepts which are very important to build students' thinking processes (Kusumawati et al., 2016). Problem solving ability is a 21st century skill that must be prepared by students for the future (Baran, 2016). In dealing with its role in the future, problem solving skills are part of thinking skills that must be developed (Fathiah et al., 2015).
This is in accordance with the Partnership for 21st Century Skill Event research in 2015 which revealed that problem-solving skills are one of the skills needed by students to compete in the industrial revolution 4.0 which is marked by the emergence of new literacy, namely data literacy, technological literacy, and human literacy. Curriculum applies scientific method-based learning with indicators of problem-solving abilities. According to Piaget's theory, human thinking abilities develop with age. The level of thinking ability of these students affects the problem solving process (Rosa, 2017; Destiana, 2019; Wiyono et al., 2019). 
[bookmark: _Hlk68033758][bookmark: _Hlk57749387][bookmark: _Hlk57749393][bookmark: _Hlk21033864][bookmark: _Hlk21033722][bookmark: _Hlk68033785]One of the problem-solving strategies is to involve students to communicate openly about their ideas about phenomena or problems in everyday life (Octor et al, 2015; Sucipto, 2017). This is supported by assessment in international studies such as Thrends International Mathematics Science Study (TIMSS) which are international studies to identify and measure mathematics and science achievement in students. Based on the results of TIMMS 2018 for science, the average score of Indonesian students reached 389 with an OECD (Organization for Economic Co-operation and Development) average score of 489. This means that Indonesian students scores are still far below average of OECD (TIMSS, 2018). In order to improve the problem-solving ability, a learning model with a scientific approach is needed, namely Problem Based Learning (PBL).
[bookmark: _Hlk68033798][bookmark: _Hlk67820853]PBL is one of the learning models with a scientific approach recommended by the 2013 curriculum (Permendikbud No.105, 2014). PBL can effectively develop relevant skills such as communication, collaboration, interdisciplinary, innovation, independence and responsibility (Du et al., 2013). PBL is learning the teacher checks prerequisite knowledge, provides numeracy skills, and provides open-ended questions so that students have good problem solving skills (Hartanto et al., 2019). PBL use activities and scientific thinking processes to be logical, orderly, and thorough which has an impact on student problem solving. The results of research by (Argaw et al., 2017) and Rusydi (2017) show that PBL can improve student learning achievement. PBL is a learning model that presents contextual problems so as to stimulate students to learn. In this case the role of the teacher changes from the main role of providing information to being a facilitator in thinking, reflect and collaborate on findings. Problem solving is done by collecting and analyzing information in order to find solutions (Indhira et al., 2019). The Problem Based Leaning learning model according to Permendikbud (2017) provides opportunities for students to find solutions by processing information, so that students can gain new knowledge they have acquired to solve appropriate problems. According to the Ministry of Education and Culture (Kemendikbud, 2017) the stages of learning the PBL model that will be applied in this study there are: (1) Orienting students to the problem is to focus students on observing the problem that is the object of learning. (2) Organizing learning activities is one of the activities where students ask questions about the problems being studied. (3) Guiding independent and group investigations at this stage students collect information / conduct experiments to obtain data in order to answer or solve the problem under study. (4) Develop and present the students associate data found from experiments with various other data from various sources. (5) Analysis and evaluation of the problem solving process to get answers to existing problems, then they are analyzed and evaluated.

Method
[bookmark: _Hlk50493722]The type of research used in this research is a combination research (mix method) which emphasizes the collection of quantitative and qualitative data with explanatory sequential type. According to Creswell (2017) grouping four types of research designs commonly used in the pre-experimental design method, namely one-shot case study, one-group pretest-posttest design, post-test only with nonequivalent group and alternative treatment post-test only with nonequivalent group designs. This study uses a one group pretest-posttest design. Interviews were conducted twice, namely before learning and after using the PhET virtual laboratory.
Results and Discussion
The normality test is a test to find out whether the empirical data obtained from the field is in accordance with a certain theoretical distribution. 

	Table 1. Tests of Normality

	
	Kolmogorov-Smirnova
	Shapiro-Wilk

	
	Statistics
	df
	Sig.
	Statistics
	df
	Sig.

	A7
	0.083	Comment by Author: Bilangan decimal tuliskan lengkap, mis: 0.083
	30
	0.200
	0.969
	30
	0.525

	A8
	0.158
	30
	0.054
	0.917
	30
	0.022




The results of the Test of Normality in Table 1. output in the Kolmogorov-Smirnov column obtained a sig value of 0.200 in the experimental class and 0.054 in the control class. The data obtained sig value> 5%, then accept H0 accepted, which means that the experimental class and the control class are normally distributed.
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Figure 1. Normally plot

According to figure 1. the results of the normal plot shown by the two images are normally distributed because the normal line is close to the test results points in the two classes.

Homogeneity test is a test of whether or not the variances of two or more distributions are equal. Homogeneity of variance test is very necessary before comparing two or more groups, so that the differences are not caused by differences in the basic data (inhomogeneity of the compared groups. 



	Table 2. Test of Homogeneity of Variances

	

	Levene Statistics
	df1
	df2
	Sig.

	0.027
	1
	76
	0.871



Based on the output of Test of Homogeneity of Variances in Table.2, sig value is 0.871 > 0.05, meaning H0 is accepted because the variance is homogeneous.

Sample test is used to test the average value of a sample. In the one-sample T-test there are assumptions that must be met before entering the analysis, namely the sample data is normally distributed. 

	Table 3. One Sample T-Test

	
	Test Value = 70

	
	t
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	A7
	6.704	Comment by Author: Pastikan konsistensi penulisan koma dan titik dalam narasi berbahasa Inggris
	29
	0.000
	12.933
	8.99
	16.88

	A8
	2.283
	32
	0.029
	4030
	0.43
	7.63



From the output in Table 3 obtained sig value of 0.000 and 0.029 <0.05 then H0 is accepted so that the learning average is not better than 70.

Binomial test is used to test the hypothesis if the population consists of two class groups, the data is on a nominal scale, and the sample is small. The probability parameter for both groups or called classical completeness is 75%. The proportion of observations is determined by the number of cases of a dichotomous variable or the number of cases limited by a cut point of 70 in accordance with the Minimum Completeness Criteria set by the school. 
	Table 4. Binomial Test

	
	Category
	N
	Observed Prop.
	Test Prop.
	Exact Sig. (1-tailed)

	A7
	Group 1
	<= 70
	5
	0.17
	0.75
	0.000a

	
	Group 2
	> 70
	25
	0.83
	
	

	
	Total
	
	30
	1.00
	
	

	A8
	Group 1
	<= 70
	15
	0.45
	0.75
	0.000a

	
	Group 2
	> 70
	18
	0.55
	
	

	
	Total
	
	33
	1.00
	
	

	In the experimental class, it was found that as 25 students or 83% of students exceeded the cut score and exceeded the classical completeness score of 75%. In the control class, it was found that as 18 students or 55% of students exceeded the cut point score, and did not exceed the classical completeness score of 75%.	Comment by Author: Ini data yang mana? Kok narasi berbeda dgn kelas komtrol…	Comment by Author: Data yang no 2 bu. Siswa yang mendapatkan nilai diatas 70 (KKM Sekolah) di kelaas eksperimen sebanyak 25 siswa dan kelas kontrol sebanyak 18 siswa	Comment by Author: Kok jumlahnya lebih dari 100% ya?	Comment by Author: Tidak dijumlah bu. Kelas eksperimen dan kelas kontrol sendiri2. Diukur dengan parameter ketuntasan klasikal sebesar 75%

	Table 5. Group Statistics

	
	CLASS
	N
	Mean
	Std. Deviation
	Std. Error Mean

	DATA
	1
	45
	83.11
	9.895
	1.475

	
	2
	33
	74.03
	10.141
	1.765



Comparative test of two samples between the two samples are independent. This means that the two samples do not have the same number of sample members. In order to be able to distinguish whether the experimental results of the new method are better than the previous method (conventional method), then another equal group is taken and subjected to the conventional learning.
	
Table 6. Independent Samples Test

	

	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	T
	df
	Sig. (2-tailed)
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	
	
	
	Lower
	Upper

	DATA
	Equal variances assumed
	0.027
	0.871
	3.962
	76
	0.000
	9.081
	2.292
	4.516
	13.645

	
	Equal variances not assumed
	
	
	3.947
	68.13
	0.000
	9.081
	2.301
	4.490
	13.671

	According Table 7. Independent Sample Test obtained a sig value of 0.871 > 0.05, then H0 is accepted. This means that both groups have the same variance (homogeneous). While the test criteria obtained sig value 0.000 <0.05, which means H0 is rejected. 

Table 8. One-Sample Test

	
	Test Value = 70

	
	T
	df
	Sig. (2-tailed)
	Mean Difference
	95% Confidence Interval of the Difference

	
	
	
	
	
	Lower
	Upper

	A7
	6.704
	29
	0.000
	12.933
	8.99
	16.88



According Table 8. One Sample Test a sig value of 0.000 < 0.05, then H0 is accepted. So the average learning outcomes of the experimental group are not the same as the average learning outcomes of the control group. From research and interviews that have been carried out by researchers, the effectiveness of PBL using PhET virtual laboratory include: students can do practical work virtually from home, encourage students to have problem solving skills, students will get used to applying experimental methods because there is a possibility of a problem that must be solved by students through experiments, scientific activities occur even though students study from home, phet is very helpful in learning. The weakness of students in solving physical problems is a common phenomenon. Teacher checks prerequisite knowledge, provides numeracy skills, and provides open-ended questions so that students have good problem solving skills. Because a person is considered to have become a good problem solver when he is able to overcome a problem without causing another problem (Ince, 2018). 
The results showed that the most important difficulties faced by students in solving problems were due to a lack of understanding to analyze problems, identify words, and not use strategic steps that were definitely not well organized and resulted in failure to reach solutions. The final result of the one sample test is shown in Table 8. sig (2-tailed) 0.000 which shows that the research conducted in class XA7 showed that physics learning using problem based learning assisted by PhET virtual laboratory to improve student learning outcomes.

Conclusion
[bookmark: _GoBack]The learning outcomes of the experimental class using Problem Based Learning assisted by PhET virtual laboratory are more effective than the control class that does not use Problem Based Learning assisted by PhET virtual laboratory.	Comment by Author: Kedua kalimat ini dapat diparafrase. Hindari menyajikan data kembali, sebaiknya dalam kalimat mengalir karena tujuan penelitian adalah menganalisis.
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