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ABSTRACT 

Physics education in schools should be supported by experimental activities. One of the efforts to keep the 

experiment activities carried out is by utilizing virtual laboratory phet media in learning. This study aims to 

determine the influence of virtual laboratory phet media on students' physics learning outcomes. The moderator 

variables are the level of education, learning materials and learning models. This study uses a meta-analysis 

method that uses articles as a data source. Articles are collected from google scholar and publish or perish that 

have been accredited by sinta from the 2014-2024 range. From the collection, 41 decent article data were 

obtained. The article data obtained was analyzed with the help of JASP software and percentage techniques. The 

results of the analysis show that; 1) the influence of virtual laboratory phet on the overall student physics 

learning outcomes obtained a summary effect size of 1.122 very high categories, 2). The influence of virtual 

laboratory phet media on students' physics learning outcomes based on the highest level of education, namely at 

the high school level, the summary effect size of 1.176 is a very high category, 3). The influence of virtual 

laboratory phet media on students' physics learning outcomes based on the highest learning material, namely on 

collision, momentum and implus materials, the summary effect size is 1.572 in the very high category, 4). The 

influence of virtual laboratory phet media on student physics learning outcomes based on the highest learning 

model is in the PBL model with a summary effect size of 1.488 very high categories. Based on the results, 

teachers are advised to apply learning using virtual laboratory phet media at the high school level, especially on 

collision, momentum and implus materials with a cooperative learning model. 
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I. INTRODUCTION 

 
Physics as a branch of Natural Sciences is a science that discusses the universe and how it works with the 

concept of science that is always found in daily life. Physics is a science that studies objects in nature, 

symptoms, occurrences of natural events and interactions of objects in nature [1]. Physics is not only about 

mastering knowledge in the form of facts, concepts, or principles, but also experience in the process of discovery 

using scientific process skills [2]. Therefore, the study of physics in schools should be supported by experimental 

activities in the laboratory. 

Physics learning should be learning based on experimental activities in the laboratory because physics is a 

collection of knowledge based on facts, which is built on concepts, principles, laws, theories and formulas [3]. 

The existence of experimental activities in the laboratory in physics learning will strengthen students' physics 

insights, in the sense that it can improve students' understanding of theory and learning outcomes in physics 

learning [4]. Therefore, physics learning that involves experimental activities in the laboratory can help improve 

student physics learning outcomes and can make students more active in ongoing learning and can make it easier 

for students to understand physics material more easily. 
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However, in reality not all experiments can be carried out in the laboratory, one of the reasons is because of 

inadequate laboratory tools and facilities and infrastructure, as well as the characteristics of physical materials 

and physical concepts themselves which are abstract and cannot be observed with the naked eye [5]. In addition, 

not all schools have complete laboratory equipment, as well as the cost of materials and safety risks while in the 

laboratory which are often obstacles that ultimately lead to incompleteness of students' physics learning 

outcomes [6]. The limited laboratory facilities in schools are a factor that hinders the implementation of 

experiments in the laboratory in physics learning, causing learning to not take place optimally and ultimately 

having an impact on the low achievement of student physics learning outcomes. 

The second real condition is the low learning outcomes of students and the use of media that has not been 

maximized to support the physics learning process [7]. In addition, the achievement of student physics learning 

outcomes in physics subjects is still low, as evidenced by the fact that there are still many student scores that 

have not reached the Minimum Completeness Criteria (KKM) [8]. The low learning outcomes of student physics 

are caused by the fact that the physics learning that takes place does not involve experimental activities in the 

laboratory, and the limited laboratory facilities at school are also the cause of non-implementation of 

experimental activities in the laboratory and cause incomplete student physics learning results. 

One of the solutions to continue to provide learning abilities within these limitations, or as an alternative 

material in overcoming the problem of implementing experimental activities in schools in order to achieve 

completeness of student learning outcomes, is by conducting virtual experiment activities using virtual 

laboratory phet media. Virtual laboratory or commonly referred to as virtual laboratory phet is a series of 

laboratory tools in the form of computer software based on interactive multimedia [9]. Virtual laboratory phet is 

operated by a computer and can simulate activities in the laboratory as if the user were in a real laboratory [10]. 

The use of virtual laboratory phet media makes it easier for students to understand concepts, especially 

abstract and process-based concepts, can improve student learning outcomes in science-based subjects [11]. 

Experimental activities using virtual laboratory phet can increase students' learning motivation. Students can be 

more active in learning and can be an alternative to carrying out real experiments that are difficult to do directly 

because of the limitations of the tools or materials being experimented with are abstract [12]. In the previous 

study, it was revealed that students whose learning was assisted by virtual laboratory phet had a high learning 

outcome, namely 73.55 compared to students who did not get virtual laboratory phet-assisted learning, namely 

with a learning outcome of 68.29 from the data, it can be seen that learning with the help of virtual laboratory 

phet media has an effect on student learning outcomes [13]. 

Research on the use of vilrtual laboratory phet medila has been carriled out by many previ lous researchers and 

almost all of the research results show that there i ls a si lgni lfilcant ilnfluence of the use of vi lrtual laboratory phet 

medi la on students' physi lcs learni lng outcomes. However, there has not been a comprehensi lve study related to the 

ilnfluence of vilrtual laboratory phet medi la on student physi lcs learnilng outcomes based on the level of 

ilnvestilgatilon, learnilng materilals, and learnilng models. Therefore, meta-analysils ils a very approprilate research 

method to summarilze the results of many vi lrtual laboratory phet studi les on students' physi lcs learni lng outcomes. 

Based on the revi lew conducted by the author of 41 artilcles that meet the cri lterila for meta-analysils, ilt 

produces varilous values. Thils ildentilfiles silgnilfilcant contradilctilons for the same vari lable iln varilous studi les. 

Therefore, the researcher wanted to i lntegrate all ilnformatilon to conclude the effect si lze value whilch states the 

extent of the relati lonshilp between the ilnfluence of vilrtual laboratory phet medi la on the learni lng outcomes of 

students i ln physi lcs i ln these vari lous studi les usi lng the meta-analysi ls method. 

Therefore, meta-analysi ls ils a very approprilate research method to conclude vari lous research results iln a 

wi lde scope. Based on the background that has been explai lned previlously, the researcher wants to rai lse a research 

topilc entiltled The ILnfluence of Vilrtual Laboratory Phet Medi la on Student Physi lcs Learni lng Outcomes: Meta- 

Analysi ls Usi lng the JASP Appli lcatilon (Jeffreys's Amazi lng Satilstilcs Program). 

 

 

II. METHOD 

 
The type of research used i ls meta-analysi ls research that summarilzes varilous studiles usilng a quantiltatilve 

approach. Meta-analysi ls ils a technilque used to summari lze varilous research results by lookilng for effect silze 

values [14]. Thi ls research focuses on an artilcle wi lth the tiltle The ilnfluence of vilrtual laboratory phet medila on 

students' physilcs learnilng outcomes. The research uses arti lcles as the source of data. Where the research stage i ls 

carri led out by collectilng artilcles, groupi lng artilcles and calculatilng effect si lze [15]. The collecti lon of artilcles was 

carriled out usilng google scholar and publi lsh or peri lsh by usilng search keywords, namely vi lrtual laboratory 

medi la phet, learni lng outcomes, whi lch were combi lned wi lth learni lng models. 
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For all search results of the arti lcles obtailned must be revi lewed fi lrst before beilng used iln meta-analysi ls, 

where the crilterila for arti lcles that are consildered worthy must be i ln accordance wi lth the followi lng crilteri la: 1) 

The selected artilcle i ls the latest publilshed i ln the last 10 years, starti lng from 2014-2024, 2) The selected artilcle 

exami lnes the ilnfluence of vi lrtual laboratory phet medi la on students' physi lcs learni lng outcomes conducted at the 

junilor hi lgh and hilgh school levels, 3) The selected arti lcle has been publilshed iln journals that have been i lndexed 

natilonally and ilnternati lonally, 4) The selected arti lcle ils a publilcatilon that already has an I Lnternati lonal Standard 

Serilal Number (I LSSN) as the ildenti lty of the publi lcatilon iln pri lnt or electronilcally, 5) The selected arti lcle uses an 

experi lmental research method, 6) The selected arti lcle has stati lstilcal data to obtai ln the effect silze value. The 

steps for selecti lng arti lcles are guilded by PRI LSMA (Preferred Reporti lng I Ltems for Systemati lc revilew and Meta - 

Analysi ls), namely: (1) ildenti lfilcatilon, screenilng, (3) elilgilbillilty, and (4) ilncluded. Thus thi ls meta-analysi ls uses 

these stages iln selecti lng studi les [16]. And ilt ils obtai lned iln the followi lng filgure 1. 
 

Fi lg 1. PRI LSMA Flow Dilagram 

 

After goilng through the screeni lng process, the veri lfiled journals are further analyzed and used as research 

report data. The journals are then recorded to get more detai lled ilnformatilon from each journal. The effect si lze 

value ils also calculated to determi lne the magni ltude of the ilnfluence or effecti lveness of the ilmplementatilon of 

vilrtual laboratory phet medila for each journal. The Ecxel and JASP appli lcatilons were used to analyze the effect 

silze of each arti lcle. The Excel appli lcatilon ils used to process the quanti ltatilve data obtai lned to obtai ln the effect 

silze value of each arti lcle. Meanwhi lle, the appli lcatilon of JASP iln meta-analysi ls ils used to analyze heterogenei lty, 

forest plot, funnel plot and publi lcatilon bilas. 

To process the data and filnd the effect silze value of each arti lcle, i lt uses the contrass group equati lon seen iln 

equatilons 1 and 2. 

 

𝑋𝐸 − 𝑋𝐶 
𝐸𝑆 = 

𝑆𝐷𝐶 

(𝑋𝑝𝑜𝑠𝑡 − 𝑋𝑝𝑟𝑒) 

 
 
 

 
− (𝑋𝑝𝑜𝑠𝑡 − 𝑋𝑝𝑟𝑒) 

(1) 

 𝐸 𝐶  
𝑆𝐷𝑝𝑟𝑒𝐶+𝑆𝐷𝑝𝑟𝑒𝐸+𝑆𝐷𝑝𝑜𝑠𝑡𝐶 

3 

(2) 𝐸𝑆 = 
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Data that are not expli lciltly reported for the calculati lon of effect si lze (mi lssilng data), can take advantage of 

the avai llable stati lstilcal i lnformatilon. ILf there are t-count and F-count values, and the effect silze (Vd) vari lant can 

use the equatilon 3, 4, and 5. 
 

 

𝐸𝑆 = 𝑡√ 
1 

 
 

𝑛𝐸 

1 
+ 
𝑛𝑐 

(3) 

 
 

𝐸𝑆 = √
𝐹(𝑛𝐸 + 𝑛𝐶) 

𝑛𝐸𝑛𝐶 

(4) 

 

 
𝑉𝑑 = 

𝑛1 + 𝑛2 
 

𝑛 𝑛 

 
+ 

2(𝑛 
𝑑2 

+ 𝑛 ) 
(5) 

1 2 1 2 

 
To milni lmi lze data bi las, you can use the Hedges correctilon factor (J). After that, the actual effect si lze (g) 

and the error standard (SEg) are obtailned. Can use equatilons 6 and 7. 

3 
𝐽 = 1 −  

 

4𝑑𝑓 − 1 
(6) 

𝑑𝑓 = 𝑛 − 2 (7) 

g = 𝐽 × 𝑑 (8) 

𝑉g = 𝐽 × 𝑉𝑑 (9) 
 

𝑆𝐸g = √𝑉g (10) 

 

ILnterpretati lon of the value of the effect si lze result crilterilon. 

 

Table 1. ILnterpretati lon of the Effect Si lze value. 

 

No ES Kategoril  

1 ES ≤ 0.15 Neglilgilble 

2 0,15 < ES ≤ 0.40 Low 

3 0,40 < ES ≤ 0.75 Medilum 

4 0,75 <ES ≤ 1.10 Hilgh 

5 ES > 1.10 Very Hilgh 

(Source: Ref [17]) 

 

III. RESULTS AND DISCUSSION 

 
After fillteri lng artilcles on the ilnfluence of vilrtual laboratory medila phet on students' physi lcs learni lng 

outcomes, 41 arti lcles were obtailned that were worthy of meta-analysils. All the arti lcles taken have met the set 

cri lteri la, namely the 2014-2024 range, and focus on the level of educatilon, learni lng materi lals and learni lng 

models. The quanti ltati lve data obtai lned from the artilcle was used to calculate the effect si lze. Table 2 shows the 

characterilstilcs and effect si lzes of each study. 
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Table 2. Charactheri lsti lcs of meta-analysi ls studiles 

Author Years 
Level 

Educatilon 
Materilal *Model 

Number of 

Sample (n) 

Effect 

Silze (g) 

Anggraenil  et al [18] 2020 JHS Waves & Optilc - 53 1.166 

Alri ldha et al [19] 2021 SHS Colli lsilon, Momentum & ILmpluse PBL 28 0.931 

Dachi l et al [20] 2023 SHS Mechanilcs PBL 60 0.900 

Jauharil et al [21] 2016 SHS Thermodynamilcs PBL 69 2.060 

Jamilla et al [22] 2023 SHS Waves & Optilc PBL 55 1.667 

Doana et al [23] 2016 SHS Fluild ILnquilry 64 0.467 

Li ldilana et al [24] 2018 SHS Elasti lci lty & Hooke’s Law Dilscovery 40 0.691 

Fi lrmasari l et al [25] 2024 SHS Waves & Optilc PBL 61 0.883 

Subi lki l et al [26] 2022 SHS Waves & Optilc - 60 0.892 

Zailnal Arilfiln et al [27] 2016 SHS Colli lsilon, Momentum & ILmpluse Quantum 73 2.337 

Rasyi ldah et al [28] 2018 SHS Work & Energy ILnquilry 72 0.192 

Puspiltasaril et al [29] 2022 SHS Electrilcilty & Magnet - 70 0.808 

Syari lpudiln et al [30] 2023 SHS Colli lsilon, Momentum & ILmpluse Learnilng Cycle 42 1.896 

Muthmailnnah et al [31] 2017 SHS Electrilcilty & Magnet - 64 1.031 

Novilta et al [32] 2023 SHS Thermodynamilcs PBL 56 1.525 

Faradi lla et al [33] 2022 SHS Waves & Optilc PBL 60 3.389 

Abjul et al [34] 2022 SHS Waves & Optilc PBL 50 1.762 

Tatal et al [35] 2023 SHS Waves & Optilc Kooperatilf 40 1.027 

Saputra et al [36] 2020 SHS Elasti lci lty & Hooke’s Law - 41 1.262 

Si lmbolon et al [37] 2022 SHS Waves & Optilc ILnquilry 40 0.270 

Chotilmah & Hendril [38] 2018 JHS Electrilcilty & Magnet ILnquilry 64 0.423 

Rilriln et al [39] 2020 SHS Fluild Dilscovery 68 1.258 

Nai llufar & Arjo [7] 2022 SHS Elasti lci lty & Hooke’s Law ILnquilry 56 0.366 

Ghi lffary [40] 2022 SHS Mechanilcs Kooperatilf 70 2.454 

Bilmo et al [41] 2018 SHS Fluild ILnquilry 64 0.976 

Muzana & Hasanah [42] 2018 SHS Electrilcilty & Magnet - 53 1.165 

Sunni l & Nurlaelil [43] 2022 JHS Electrilcilty & Magnet Dilscovery 49 0.568 

Nurhayatil et al [44] 2014 SHS Electrilcilty & Magnet Kooperatilf 72 1.004 

Qamarila [45] 2019 SHS Fluild ILnquilry 76 3.033 

Hayatil et al [46] 2017 SHS Mechanilcs ILnquilry 49 0.838 

Prasti lka et al [47] 2020 SHS Mechanilcs - 47 0.602 

Hermansyah et al [48] 2022 SHS Mechanilcs Belnded 45 0.404 

Ri ljal et al [49] 2015 SHS Fluild PBL 45 0.399 

Putri l  et al [50] 2016 SHS Thermodynamilcs - 68 0.619 

Fari ld et al [51] 2018 SHS Waves & Optilc Dilscovery 50 0.410 

Rahma [52] 2021 JHS Work & Energy Blended 34 0.858 

Silboro & Mujasam [53] 2024 SHS Fluild Blended 70 0.847 

Febnilani l et al [54] 2022 SHS Colli lsilon, Momentum & ILmpluse ILnquilry 40 1.364 

Artawan & Syamsu [55] 2022 SHS Electrilcilty & Magnet Blended 64 1.566 

Jhonil et al [56] 2022 SHS Elasti lci lty & Hooke’s Law PBL 78 0.848 

Tolas et al [57] 2024 JHS Work & Energy Dilscovery 60 1.911 

   Average   1.122 

 

ILn table 2, ilt can be seen that the arti lcles used are replilcated from the range of 2014 to 2024 whi lch have 

been accredilted by silnta. The ilnfluence of vi lrtual laboratory phet medi la on students' physi lcs learni lng outcomes 

based on educati lon level ils grouped ilnto hilgh school level and junilor hilgh school level, where at the hi lgh school 

level there are 36 arti lcles and at the junilor hilgh school level there are 5 arti lcles. Meanwhille, the ilnfluence of 

vi lrtual laboratory medi la on students' physi lcs learni lng outcomes based on learni lng materi lals i ls grouped ilnto 8 
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materilals, namely elastilcilty and hooke's law 5 artilcles, momentum collilsilon and ilmplus 3 artilcles, 

thermodynami lcs 3 arti lcles, waves and optilcs 9 artilcles, fluilds 6 arti lcles, electrilcilty and magnetilsm 7 arti lcles 

effort and energy 3 arti lcles, and mechanilcs 5 artilcles. The ilnfluence of vi lrtual laboratory phet medi la on students' 

physilcs learni lng outcomes based on learni lng models ils grouped ilnto 5, namely the i lnquilry model of 8 artilcles, 

the PBL model of 9 artilcles, the dilscovery model of 5 artilcles, the blended model of 3 arti lcles, and the 

cooperatilve model of 3 arti lcles. 

The effect silze value obtai lned after data analysils was the lowest effect si lze of 0.192 ilncluded iln the low 

category, whi lle the hilghest effect silze obtailned was 3.389 ilncluded iln the very hi lgh category. The summary 

effect obtailned from the study was 1.122 whilch was ilncluded iln the very hi lgh category. The results of the 

research obtailned are iln accordance wilth previ lous research that also researched the i lnfluence of vilrtual 

laboratory medila phet. The effect of vi lrtual laboratory on student abillilty wi lth an effect silze value of 0.804 whi lch 

ils iln the hilgh category [58]. Usi lng vi lrtual medila of the phet laboratory, learni lng ils more ilnteracti lve and able to 

i lmprove students' physi lcs learni lng outcomes [59]. Vi lrtual labs help students i lmprove a more effecti lve learnilng 

experilence [60] 

The Effect of Vi lrtual Laboratory Phet on Student Physi lcs Learni lng Outcome 

The results of the effect si lze of the study were used to see how much the vi lrtual laboratory medi la phet had 

on students' physilcs learni lng outcomes. From the results of the effect si lze test, the data obtai lned iln the 

heterogenei lty test are the values of Q, p-value and IL. The Q and IL values obtai lned are the heterogenei lty values of 

the study, but the IL value shows the actual heterogenei lty of the di lstri lbuti lon of the data obtai lned. There ils an 

ilnfluence of vilrtual laboratory medila phet on students' physilcs learnilng outcomes ilf the p-value obtai lned ils 

p<0.05. ILn the research, the analysi ls was carri led out usilng JASP software. The data from the calculati lon of the 

heterogenei lty test are shown iln table 3. 

Table 3. Heterogenilty Test Learnilng Outcome 

Varilabel Overall 
 95% Confildence  

Lower Upper 

Number of Sample (K) 41   

Heterogenilty test (Q) 222.976   

Probabillilty value (p) <0.001 0.900 1.344 

Standar score (z) 9.911   

Estilmate (r) 1.122   
2 

Heterogeneilty test (τ ) 0.437 0.272 0.812 

Heterogeneilty test (τ) 0.661 0.522 0.901 
2 

Heterogeneilty test (IL ) 83.945 76.509 90.663 
2 

Heterogenilty test (H ) 6.229 4.257 10.710 

 

ILn table 3, ilt can be seen that the effect si lze of the 41 analyzed arti lcles i ls heterogeneous wi lth a Q value 

obtailned of Q = 222.976 p < 0.001 usi lng a silgni lfilcance level of 95% wi lth a confildence level (α = 0.05). Thus, 

the random effect model ils more sui ltable to be used to esti lmate the average effect si lze of the 41 arti lcles 

analyzed. A hilgh heterogeneilty value can be assumed that the data used i ls good. The results of the analysils usi lng 

a random effect model showed that there was a posi ltilve correlatilon between the ilnfluence of vilrtual laboratory 

phet medila on the physilcs learnilng outcomes of students wi lth a score of 1.122, whi lch was i ln the very hi lgh 

category [17]. The z-score value of 9.911 shows that there i ls a si lgni lfilcant i lncrease i ln the ilnfluence of vilrtual 

laboratory phet medi la on students' physi lcs learni lng outcomes. Thi ls result i ls iln lilne wi lth previ lous research on the 

appli lcatilon of vilrtual laboratory medi la PHET on student learni lng outcomes [61]. ILn lilne wi lth by [63]. The use of 

vilrtul laboratory phet medi la iln learnilng makes ilt easiler for students to i lmprove learni lng outcomes [62]. I Ln table 

3, usi lng the silgnilfilcance level of 95%, the lower li lmi lt of the effect si lze i ls 0.900 and the upper li lmilt i ls 1.344. The 

average value of the effect obtai lned was 1.122 iln a very hi lgh category. 
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Fi lg 2. Forest Plot 

 

From the forest plot, i lt can be observed that the effect silze of the 41 analyzed arti lcles vari les, whi lch ranges 

from 0.12 to 1.34. Wi lth an average effect silze of 1.122. 

The Effect of Vi lrtual Laboratory Phet Based on Educatilon Level 

The result of thi ls study ils the effect silze of the ilnfluence of vilrtual laboratory phet medi la on physilcs 

learni lng outcomes based on educati lon levels. The level of educati lon taken i ln thi ls study ils junilor hilgh school and 

hi lgh school level. Calculati lons were carri led out on combi lned heterogeneilty (Qw) and ilntermedilate heterogeneilty 

(Qb) to see the ilnfluence of vilrtual laboratory phet medila on students' physilcs learnilng outcomes based on 

educatilon level. Table 4 shows the value of the moderator vari lable that measures the ilnfluence of vi lrtual 

laboratory phet medi la based on educatilon level. 

Table 4. Level Educatilon 

 

 

 

 

 

. 

Moderator         

K 5 36 

Q 21.092 192.360 

z 2.406 9.746 

r 0.739 1.176 

τ2 0.384 0.435 

τ 0.620 0.659 
2 
 

81.940 83.833 

H2 5.537 6.186 

95% Lower 0.137 0.939 

95% Upper 1.341 1.412 

Qw 213.452 

QB 9.524 

p-value 0.002 
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Based on table 4, the i lnfluence of vi lrtual laboratory phet medi la i ls found at the hi lgh school and junilor hilgh 

school levels. The number of arti lcles obtailned at the hi lgh school level was 36 arti lcles, whille at the junilor hilgh 

school level there were 5 artilcles. The total effect si lze value obtailned at the hi lgh school level ils 1,176 iln a very 

hi lgh category. Meanwhi lle, at the junilor hilgh school level, a summary effect si lze value of 0.739 was obtai lned i ln 

the medilum category. 

The p-value obtai lned i ls 0.002, meani lng ilt ils greater than 0.05. These results show that there i ls a silgnilfilcant 

ilnfluence of the ilnfluence of vi lrtual laboratory phet medi la on students' physi lcs learni lng outcomes ilf appliled at 

the junilor hilgh and hilgh school levels. Where vi lrtual laboratory phet medi la ils more effectilve at the hilgh school 

level than at the junilor hilgh school level. Hi lgh school students generally have more mature cogni ltilve abi lliltiles, so 

the complex and i ln-depth learni lng approach wi lth vi lrtual laboratory phet medi la becomes ilnterestilng. And hi lgh 

school students are already able to analyze a phenomenon from many poi lnts of vi lew [63]. The development of 

organs that support cogni ltilve functilon, such as the brai ln, as we age, allows ilndi lvi lduals to have more complex 

cogniltilve abi lliltiles [64] The level of thi lnkilng of students at the hilgh school level ils hilgher than that of students at 

the junilor hi lgh school level [8]. 

The Effect of Vi lrtual Laboratory Phet Based on Materi lal Learnilng 

The result of thi ls study ils the effect silze of the ilnfluence of vilrtual laboratory phet medi la on physilcs 

learni lng outcomes based on learni lng materilals. Calculatilons were carri led out on combi lned heterogeneilty (Qw) 

and ilntermedilate heterogeneilty (Qb) to see the i lnfluence of vilrtual laboratory phet medila on students' physilcs 

learnilng outcomes based on educati lon level. Table 5 shows the value of the moderator vari lable that measures the 

ilnfluence of vi lrtual medila laboratory ilnformati lon on learni lng materilals. 

 

Table 5. Materilals 

Moderator 
Elastilsi ltas & 

Hukum Hooke 

Momentum & 

ILmplus 
Termodilnamilka 

Gelombang 

dan Optilc 
Fluilda 

Lilstrilk & 

Magnet 

Usaha & 

Energy 
Mekanilka 

K 6 3 3 8 6 7 3 5 

Q 13.417 9.150 14.705 53.859 46.261 18.117 19.458 30.610 

z 4.720 3.730 3.255 3.802 2.987 5.136 1.914 2.622 

r 0.999 1.572 1.388 1.274 1.150 0.915 0.974 0.994 

τ2 0.172 0.411 0.466 0.801 0.812 0.150 0.685 0.631 

τ 0.415 0.641 0.682 0.895 0.901 0.387 0.828 0.794 
2 

IL 64.930 77.403 85.493 89.725 91.560 67.610 88.602 87.947 

H2 5.240 4.425 6.893 9.732 11.849 3.087 8.774 8.297 

95% Lower 0.584 0.746 0.552 0.617 0.396 0.566 -0.023 0.251 

95% Upper 1.414 2.397 2.223 1.930 1.905 1.264 1.971 1.736 

Qw    205.577     

QB    17.399     

p-value    0.015     

 

Based on table 5, the ilnfluence of vilrtual laboratory medi la phet ils found iln elastilcilty and hooke's law 

materi lal 6 arti lcles, momentum and ilmpuls 3 arti lcles, thermodynami lcs 3 artilcles, waves and opti lcs 8 artilcles, 

flui lds 6 artilcles, electrilcilty and magnetilsm 7 arti lcles, effort and energy 3 arti lcles and mechani lcs materi lal 5 

artilcles. The total effect silze value obtai lned on the elasti lcilty materi lal and the Hooke's law was 0.999 i ln the hilgh 

category. Meanwhille, momentum and ilmpuls materilals of 1.527 categori les are very hilgh. ILn thermodynami lc 

materi lals of 1.388 categoriles are very hilgh. Wave and optilc matter of 1.274 categoriles i ls very hilgh. Meanwhi lle, 

flui ld materilal 1.150 ils very hilgh. Electrilcal and magneti lc materi lals were obtai lned 0.915 i ln the hilgh category. 

Busi lness materilals and energy obtai lned a total effect si lze of 0.974 iln the hi lgh category. Meanwhille, iln the 

mechanilcs materi lal, a summary effect si lze of 0.994 was obtai lned i ln the hi lgh category. 

The p-value obtai lned ils 0.015 whi lch means ilt i ls less than 0.05. These results show that there i ls a silgnilfilcant 

dilfference iln the ilnfluence of vilrtual laboratory medi la based on learnilng materilals. ILn thi ls study, the hilghest 

value of summary effect silze i ln i lmpact, momentum and i lmplus materi lal was obtai lned wi lth a summary effect silze 

of 1.527 wilth a very hi lgh category. Meanwhi lle, electrilcal and magneti lc materi lals are at the lowest level wi lth a 

summary effect si lze of 0.915 iln the hilgh category. Thus, ilt was concluded that the vilrtual laboratory phet medila 

was most effectilvely appliled to the learnilng materi lals of colli lsilon, momentum and ilmplus. Previ lous research 

showed that the learni lng outcomes of students on i lmpact, momentum and i lmplus materilals ilncreased when usi lng 

vilrtual laboratory phet medi la [27]. Colli lsi lon, momentum and ilmplosi lon materi lals are related to nature and 

phenomena that often occur i ln dai lly lilfe so that wi lth the vilrtual medila of the phet laboratory, students can 

observe vilsualilzatilons i ln real lilfe and filnd concepts through ilnvestilgatilve acti lvi ltiles [54]. 
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However, ilt i ls also effectilve on electri lcal and magneti lc materilals even though i lt has the lowest effect si lze 

value compared to other learni lng materilals, but the effect silze value on electri lcal and magneti lc materilals ils also 

iln a hi lgh category, whi lch means that the vi lrtual laboratory medi la also has a silgnilfilcant ilnfluence on electri lcal 

and magneti lc materilals. Vi lrtual laboratory phet medila has an ilnfluence on students' physi lcs learni lng outcomes 

[29]. Learni lng wi lth vilrtual laboratory phet experilments ils able to ilncrease student motilvatilon and learni lng 

outcomes [31]. 

The Effect of Vilrtual Laboratory Phet Based on Model Learnilng 

The result of thils study ils the effect silze of the ilnfluence of vilrtual laboratory phet medi la on physilcs 

learnilng outcomes based on the defense model. Calculati lons were carriled out on combi lned heterogenei lty (Qw) 

and ilntermedilate heterogeneilty (Qb) to see the i lnfluence of vilrtual laboratory phet medi la on students' physilcs 

learnilng outcomes based on educati lon level. Table 6 shows the value of the moderator vari lable that measures the 

ilnfluence of vilrtual medi la laboratory phet learni lng model. 

 

Table 6. Model 

Moderator ILnquilry PBL Dilscovery Blended Kooperatilf 

K 9 10 5 4 3 

Q 62.230 55.528 21.804 11.077 14.882 

z 3.353 5.440 2.894 3.092 3.122 

r 0.954 1.414 0.892 0.871 1.488 

τ2 0.645 0.578 0.388 0.230 0.591 

τ 0.803 0.760 0.623 0.480 0.769 
2 

IL 89.085 86.419 82.034 72.995 86.960 

H2 9.162 7.363 5.566 3.703 7.669 

95% Lower 0.396 0.905 0.288 0.319 0.554 

95% Upper 1.511 1.924 1.495 1.424 2.423 

Qw   165.521   

QB   20.134   

p-value   0.0005   

 

Based on table 6, i lt i ls known that the summary effect si lze obtai lned iln the ilnquilry model i ls 0.954 iln the hi lgh 

category. Meanwhi lle, i ln the PBL model, a total effect si lze value of 1.414 was obtai lned iln the very hilgh category. 

ILn the dilscovery model, a summary effect si lze of 0.892 was obtai lned i ln the hi lgh category. The blended model 

has a total effect si lze of 0.871 i ln the hi lgh category. And iln the cooperatilve model, a total effect si lze of 1.488 was 

obtailned iln a very hilgh category. 

The p-value obtai lned i ls 0.0005 whilch means i lt ils smaller than 0.05 so that from these results there i ls a 

dilfference iln the i lnfluence of vi lrtual laboratory medi la based on the learni lng model used. When compared to the 

cooperatilve model, the summary effect silze value ils hi lgh and the blended learni lng model gets the lowest value. 

The cooperatilve model assilsted by phet medila can attract students' attenti lon because abstract physi lcs materilals 

and concepts can be observed by students di lrectly [44]. Learni lng wilth a cooperatilve learnilng model wi lth the 

help of phet silmulati lon medila makes the materilal learned easi ler for students to understand [40]. 

 

Publilcatilon Bilas 

A common concern i ln meta-analysi ls i ls the presence of publi lcati lon bilas i ln studiles. The methods used to 

detect thi ls and overcome bi las are funnel plot, Egger's test (regressi lon method), Funnel Plot Asymetry (rank 

correlati lon) and fille-safe N. Funnel plot willl determi lne whether the research conducted i ls symmetri lcally 

dilstrilbuted (no publi lcatilon bilas) or asymmetrilcal (there ils publi lcatilon bilas) [17]. Filgure 3 can be seen that there 

are no colorless dots or open dots i ln the plot funnel i lmage above. Thi ls proves that there are no artilcles wi lth 

publilcatilon bi las. However, because the results of the funnel plot are di lffilcult to conclude whether the funnel plot 

ils symmetri lcal or asymmetrilcal, a rank correlati lon test was carri led out usilng Kendall's τ, a regressi lon coeffilcilent 

usi lng Egger's Test, and usi lng a drawer analysi ls. The followi lng results of the bi las publilcati lon test are presented iln 

table 7. 
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Filg 3. Funnel Plot 

Filgure 3 can be seen that there are no colorless dots or open dots i ln the plot funnel ilmage above. Thi ls 

proves that there are no arti lcles wi lth publilcatilon bilas. However, because the results of the funnel plot are 

dilffilcult to conclude whether the funnel plot i ls symmetri lcal or asymmetri lcal, a rank correlati lon test was carri led 

out usilng Kendall's τ, a regressi lon coeffilcilent usilng Egger's Test, and usilng a drawer analysi ls. The followi lng 

results of the bilas publilcatilon test are presented i ln table 7. 

Table 7. Publilsh Bilas Test 
 

Varilabel Egger’s Test Fi lle drawer Analysils Funnel Plot Asymetry 

Fai ll-Safe N  8661.000  

Kendall’s τ   0.379 

p-value 0.001  0.001 
z 3.910   

 

Funnel plots dilsplay research samples i ln the form of poi lnts that are di lffilcult to justilfy whether the plot i ls 

symmetrilcal or not, so another approach ils needed. The rank correlati lon and regressi lon methods wilth a p-value 

of 0.001 showed that the p-value was less than the α value (0.05). Thi ls can be ilnterpreted that the funnel plot 

formed ils symmetri lcal or iln other words, there ils no occurrence or no evi ldence of publilcatilon bilas ils found [17]. 

Whille wi lth faill-safe N obtailned a value (8661) tested wi lth the Rosenthal equatilon obtailned 5K + 10 (215), the 

value shows 215 < 8661.000. Wi lth a si lgni lfilcance target of 0.05 and p < 0.001, i lt can be concluded that there ils 

no publi lcatilon bilas i ln the results of the meta-analysi ls. Wi lth some of these approaches, ilt can be seen that there i ls 

no publilcatilon of data bilas, so ilt can be concluded that there i ls an ilnfluence of vilrtual laboratory phet medi la on 

students' physilcs learnilng outcomes. 

 

IV. CONCLUSION 

 
Based on the meta-analysi ls conducted on 41 research arti lcles, the results were obtailned that there was an 

ilnfluence of vilrtual laboratory phet medi la on the learni lng outcomes of physilcs students by 1.122 wilth a very 

hi lgh ilnfluence. The ilnfluence of vi lrtual laboratory phet medi la based on the level of educati lon where wi lth p<0.05 

there ils a silgni lfilcant i lnfluence of the ilnfluence of vilrtual laboratory phet medila on student physilcs learni lng 

outcomes ilf appliled at the juni lor hilgh and hilgh school levels. Where the vilrtual laboratory phet medi la ils more 

effectilvely appliled at the hi lgh school level wi lth a summary effect silze of 1,176. The ilnfluence of vilrtual 

laboratory medi la on physi lcs learni lng outcomes based on learni lng materilals was hi lghest on collilsilon, momentum 

and ilmplosilon materilals wilth a summary effect si lze of 1.572. Meanwhi lle, the ilnfluence of vi lrtual laboratory phet 

medila on students' physilcs learnilng outcomes based on the hi lghest learni lng model was obtai lned iln the 

cooperatilve model wi lth a summary effect si lze value of 1.488. The results of the publi lcatilon bilas test through the 

egger's test, funnel plot asymmetry and fille drawer analysi ls obtai lned a value of p<0.05 whi lch means that there i ls 

no publi lcatilon bilas from the di lstrilbuti lon of the data studi led i ln the meta-analysi ls. 
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