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Abstract  

This research aims to develop interactive learning materials for reflective microteaching to cultivate the professional character of prospective teachers. 
The study employs a development research design using the ADDIE model, which consists of five stages: analysis, design, development, 
implementation, and evaluation. Expert validation indicates that the media is highly valid, with scores of 75.01 (Valid) and 80.93 (Highly 
Valid). The feasibility of the media was assessed by lecturers applying Virtual Reality in the classroom using a case method learning model. The 
instructional design utilized a pretest-posttest group design involving 30 physics students (prospective physics teachers). After implementing the 
media, an evaluation was conducted to measure initial and final data on science literacy and Habits of Mind, which were then statistically 
analyzed. The statistical results for science literacy and Habits of Mind showed that the normality test (Shapiro-Wilk) was normally distributed, 
and the hypothesis test (paired samples) yielded a significance value of < 0.05, leading to the acceptance of Ha (Virtual Reality media in case 
method learning can enhance science literacy and Habits of Mind in prospective physics teachers). Based on data analysis, it can be concluded 
that: 1) the Virtual Reality media is valid and suitable for use in teaching, and 2) the media in case method learning can improve science literacy 
and Habits of Mind in prospective physics teachers, contributing to achieving sustainable development goals.  
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INTRODUCTION 

The advancement of technology in education has led to the emergence of various innovations aimed at 
improving the quality of learning, one of which is the use of Virtual Reality (VR). VR, as a learnilng medilum, 
provildes an ilmmersilve and ilnteractilve learnilng experilence, allowilng students to explore scilentilfilc concepts 
more deeply and realilstilcally (Merchant et al., 2014). Research shows that VR technology ils capable of 
enhancilng the understandilng of abstract concepts that are dilffilcult to explailn through conventilonal methods, 
such as concepts iln physilcs (Radilantil et al., 2020). Another study shows that usilng VR iln physilcs learnilng can 
boost students' understandilng of abstract concepts. The ilnteractilve learnilng experilence iln a 3D envilronment 
helps students vilsually grasp the mechanilsms behilnd challengilng physilcs concepts (Merchant et al., 2014).  

By brilngilng students ilnto an ilnteractilve 3D envilronment, VR lets them explore complex ildeas iln ways that are 
tough to achileve wilth tradiltilonal methods. Thils ilmmersilve experilence not only makes abstract theoriles easiler 
to grasp but also helps students builld a deeper and more ilntuiltilve understandilng of the mechanilcs behilnd 
trilcky physilcs concepts. Some other studiles say that VR not only helps students understand physilcs concepts 
better but also boosts theilr learnilng motilvatilon and engagement throughout the learnilng process (Johnson-
Glenberg, 2018). Wilth VR, students get a filrsthand experilence as ilf they're iln a real-lilfe siltuatilon, lettilng them 
observe physilcs phenomena more deeply. Thils doesn't just make learnilng more engagilng; ilt also sparks 
curilosilty and encourages them to want to learn more. Thils actilve ilnvolvement ils crucilal iln supportilng an 
effectilve learnilng process, especilally iln filelds that need a deep understandilng, lilke physilcs.  
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ILn physilcs educatilon, scilentilfilc lilteracy ils a fundamental competency that prospectilve teachers must possess. 
Scilentilfilc lilteracy encompasses an understandilng of scilentilfilc concepts, criltilcal thilnkilng skillls, and the abillilty 
to apply scilentilfilc knowledge iln everyday lilfe (Bybee, 2014). Understandilng scilentilfilc concepts ils a fundamental 
aspect of scilentilfilc lilteracy. ILn physilcs educatilon, scilentilfilc lilteracy helps prospectilve teachers understand the 
subject matter better and convey ilt effectilvely to students (Silswanto et al., 2023). For example, understandilng 
concepts such as energy, force, and momentum willl help future teachers relate these topilcs to everyday 
phenomena, lilke the movement of objects or the use of electrilcal energy at home. Prospectilve teachers wilth 
good scilentilfilc lilteracy can develop more creatilve and contextual teachilng strategiles, makilng physilcs content 
more engagilng and relevant for students. Thils understandilng ilncludes mastery of varilous basilc concepts iln 
scilence, such as energy, matter, and ecosystems (Wulandaril et al., 2021).  

Thils skilll has become really ilmportant wilth the rapild growth of scilence and technology. Scilence lilteracy ilsn’t 
just about addilng to someone’s knowledge of sci lence; ilt’s also about developi lng criltilcal thilnkilng skillls to 
evaluate ilnformatilon and make decilsilons based on scilentilfilc evildence (Pertilwil et al., 2018). Thils ils relevant iln 
the dilgiltal era, where ilnformatilon ils easilly accessilble but not always accurate or based on scilentilfilc evildence. 
Moreover, scilentilfilc lilteracy also ilnvolves criltilcal thilnkilng skillls essentilal for examilnilng and evaluatilng 
ilnformatilon objectilvely (Sutilanil et al., 2021). ILn today’s ilnformatilon era, prospectilve physilcs teachers who are 
scilentilfilcally lilterate willl be able to ildentilfy valild ilnformatilon from varilous sources and avoild spreadilng 
milsilnformatilon related to scilence. Therefore, scilentilfilc lilteracy becomes a crucilal foundatilon iln shapilng 
prospectilve physilcs teachers who not only master the subject matter but also possess the necessary skillls to 
support problem-based learnilng and decilsilon-makilng grounded iln data and scilentilfilc evildence (Akcay & 
Benek, 2024) 

Thils ils ilmportant because scilence-lilterate teachers can create relevant and engagilng lessons, enablilng students 
to understand the real benefilts of scilence iln theilr lilves. Wilth the development of currilcula emphasilzilng mastery 
of 21st-century competenciles, strengthenilng scilentilfilc lilteracy among prospectilve physilcs teachers ils essentilal 
(Valladares, 2021) Strengthenilng scilence lilteracy also has the potentilal to create a long-term ilmpact on socilety. 
Prospectilve physilcs teachers who have a deep understandilng of scilence lilteracy willl become agents of change, 
capable of educatilng younger generatilons to thilnk criltilcally and be open to the advancement of knowledge. 
Thils skilll willl not only enhance the qualilty of physilcs teachilng iln schools but also have a long-term ilmpact on 
ilmprovilng scilentilfilc understandilng iln the communilty (Ma et al., 2023).  Addiltilonally, ilmprovilng scilence lilteracy 
among future teachers willl help create a socilety more prepared to embrace new technologiles and ilnnovatilons, 
makilng them actilve partilcilpants iln the advancement of scilentilfilc and technologilcal cilvillilzatilon.  

The ilmprovement of scilence lilteracy through VR medila ils consildered effectilve because VR provildes a learnilng 
envilronment that closely silmulates real-lilfe siltuatilons, allowilng students to dilrectly practilce physilcs concepts 
(Zacharila et al., 2008). The conventilonal learnilng approach, whilch usually reliles on textbooks, statilc ilmages, 
and verbal explanatilons, ils often seen as less effectilve for fully explailnilng these concepts (Alkhabra et al., 
2023). So, an ilnnovatilve approach that allows for a deeper understandilng through ilnteractilve vilsualilzatilon has 
become an essentilal need iln modern physilcs educatilon.  

The use of case-based learnilng, or the Case Method, ils becomilng ilncreasilngly relevant iln the educatilon of 
prospectilve physilcs teachers. Thils method allows students to develop analytilcal and problem-solvilng skillls by 
applyilng theilr knowledge to real-world siltuatilons (Herreild & Schilller, 2013). The ilntegratilon of VR wilth the 
Case Method not only enhances conceptual understandilng but also helps students develop habilts of milnd, such 
as criltilcal and creatilve thilnkilng skillls (Costa & Kallilck, 2008). The Case Method, as a problem-based learnilng 
approach, encourages students to analyze complex real-lilfe siltuatilons, seek solutilons, and make decilsilons. When 
combilned wilth VR, whilch provildes an ilmmersilve and ilnteractilve learnilng envilronment, thils method can lead 
to a rilcher and more contextual learnilng experilence (Asilh et al., 2022). Further research also found that actilve 
ilnteractilon iln a VR envilronment usilng the Case Method can enhance students' emotilonal engagement and 
learnilng motilvatilon (Matovu et al., 2023). 

Habilt of Milnd ils a set of thilnkilng habilts that ilncludes skillls such as reflectilve, criltilcal, and creatilve thilnkilng, 
whilch are essentilal iln the teachilng professilon (Costa & Kallilck, 2009). Research shows that the Habilt of Milnd 
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developed through actilve and contextual learnilng can prepare prospectilve teachers to face varilous challenges 
iln the teachilng process (L. W. Anderson, 2002). A study by Rilkilzaputra & Filrda (2020) analyzed the Habilt of 
Milnd (HoM) among bilology teacher candildates. The results showed that most students exhilbilted a moderate 
level of HoM, wilth an average score of 3.59 on a 5-poilnt scale. Thils research emphasilzes the ilmportance of 
approprilate learnilng strategiles to develop students' HoM, such as assilgnilng ilndependent tasks and practilcal 
actilviltiles relevant to real-world contexts. Another study by Sugandil & Maya (2019) examilned HoM iln 
mathematilcs teacher candildates. They found that the hilghest ilndilcator was flexilble thilnkilng abillilty, whille the 
lowest was iln rilsk-takilng and responsilbillilty. Thils study hilghlilghts the need for learnilng methods that encourage 
students to take rilsks and be responsilble iln the teachilng and learnilng process. The ilntegratilon of VR iln Case 
Method learnilng can enhance the Habilt of Milnd by provildilng a more dynamilc and relevant learnilng experilence 
(Makransky & Lillleholt, 2018).  

The development of VR-based learnilng medila ils also alilgned wilth the Sustailnable Development Goals (SDGs), 
specilfilcally Goal 4, whilch ailms to ensure ilnclusilve and qualilty educatilon and promote lilfelong learnilng 
opportuniltiles for all (Natilons, 2015). By ilntegratilng VR technology ilnto learnilng medila, thils ilniltilatilve not only 
enhances the accessilbillilty of educatilonal content but also promotes an ilmmersilve and ilnteractilve learnilng 
experilence, creatilng a more equiltable and engagilng learnilng envilronment. Thils approach dilrectly supports the 
SDGs’ emphasils on ilnclusilve educatilon by provildilng learnilng tools that encourage actilve partilcilpatilon and 
contilnuous self-development for learners of all backgrounds at every level of educatilon. VR can create an 
ilnclusilve learnilng envilronment where all learners, ilncludilng those wilth physilcal dilsabilliltiles, can actilvely 
partilcilpate (Freilna & Ott, 2015). Wilth thils technology, students from varilous backgrounds, ilncludilng those 
wilth physilcal lilmiltatilons, can engage iln learnilng actilviltiles actilvely and equally. VR allows them to experilence 
ilmmersilve learnilng wilthout beilng hilndered by physilcal constrailnts, openilng up broader partilcilpatilon 
opportuniltiles and enrilchilng the educatilonal process for everyone. 

Addiltilonally, VR can enhance learner engagement, whilch ils a crucilal factor iln achilevilng optilmal learnilng 
outcomes (Merchant et al., 2014). VR-based medila offers a deep, ilnteractilve, and ilmmersilve learnilng 
experilence, enablilng students to understand abstract concepts more effectilvely through 3D vilsualilzatilon and 
silmulatilon. Thils approach ils especilally benefilcilal for learnilng iln complex filelds such as scilence and technology, 
where challengilng concepts can be explailned more easilly and engagilngly. 

Several studiles have shown that the use of VR iln learnilng can enhance students' motilvatilon and learnilng 
outcomes, partilcularly iln the fileld of scilence (Checa & Bustilllo, 2020). Thils level of engagement can spark 
curilosilty, makilng learnilng feel more relevant and engagilng, whilch iln turn boosts theilr ilntrilnsilc motilvatilon to 
understand the lesson materilal. Addiltilonally, the hands-on experilence provilded by VR helps reilnforce 
understandilng, as students actilvely ilnteract wilth concepts rather than just passilvely receilvilng ilnformatilon, 
resultilng iln better retentilon and a deeper comprehensilon of scilentilfilc prilncilples. Therefore, the development 
of VR medila iln Case Method learnilng ils expected to be an ilnnovatilve solutilon to ilmprove the scilence lilteracy 
and habilt of milnd of prospectilve physilcs teachers, enablilng them to be better prepared to contrilbute to the 
achilevement of the SDGs (Makransky et al., 2016). Thus, the development of VR medila iln case method learnilng 
ils expected to be an ilnnovatilve solutilon for enhancilng scilentilfilc lilteracy and the habilt of milnd among 
prospectilve physilcs teachers. Through VR technology ilntegratilon, these future educators can gailn a deeper, 
more ilnteractilve learnilng experilence that strengthens criltilcal thilnkilng, problem-solvilng, and adaptabillilty key 
components of the habilt of milnd. Thils approach not only prepares them to grasp complex physilcs concepts 
more effectilvely but also equilps them wilth the skillls needed to make meanilngful contrilbutilons toward achilevilng 
the Sustailnable Development Goals (SDGs) (Prayogil & Verawatil, 2024). Wilth ilmproved scilentilfilc lilteracy and 
a progressilve milndset, these prospectilve teachers willl be better prepared to foster scilentilfilc awareness and 
sustailnable practilces iln theilr future classrooms, ultilmately supportilng broader educatilonal and global 
development objectilves. 

Addiltilonally, the use of VR iln physilcs educatilon can also address the lilmiltatilons of laboratory equilpment, 
whilch are often dilffilcult for all students to access (Zacharila et al., 2008). VR not only facilliltates learnilng physilcs 
iln a more ilnteractilve way but also ensures student safety, especilally when dealilng wilth topilcs ilnvolvilng complex 
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and potentilally hazardous processes or equilpment. VR provildes an effilcilent and safe alternatilve for learnilng 
physilcs concepts that requilre practilcal experilments (Jensen & Konradsen, 2018). VR offers an effilcilent and 
safe alternatilve for learnilng physilcs concepts that typilcally requilre practilcal experilments. ILt allows students to 
engage wilth complex and potentilally hazardous scenarilos wilthiln a controlled vilrtual envilronment, milnilmilzilng 
rilsks whille maxilmilzilng access to ilnteractilve learnilng. Therefore, the development of VR medila iln Case Method 
learnilng ils not only relevant for enhancilng scilence lilteracy but also for preparilng prospectilve physilcs teachers 
who are capable of adaptilng to technologilcal advancements and global demands (Gavilsh et al., 2015). Through 
the use of VR technology, prospectilve teachers can gailn a deeper understandilng of how physilcs concepts are 
appliled iln real-world siltuatilons that resemble fileld condiltilons. At the same tilme, they can develop adaptilve 
skillls necessary for ilnnovatilng and keepilng up wilth the rapild changes iln educatilon and scilence. 

METHODS 

The type of research used ils developmental research (Research and Development), commonly referred to as 
R&D. The R&D research method ils used to produce a specilfilc product and test the effectilveness of that 
product (Sugilyono, 2016). The medila preparatilon desilgn refers to medila development based on the ADDILE 
model (Branch, 2009), whilch consilsts of filve development stages: Analysils, Desilgn, Development, 
ILmplementatilon, and Evaluatilon. 

1. Prelilmilnary analysils: Thils stage gathers relevant ilnformatilon regardilng scilence lilteracy skillls and Habilt of 
Milnd through fileld studiles (observatilons of prospectilve teachers teachilng dilrectly) and lilterature revilews 
(examilnilng lilterature to collect ilnformatilon related to the development of vilrtual realilty learnilng medila). 

2. Desilgn Stage: ILn thils stage, the plan ils to desilgn VR medila utillilzilng the Millea Lab applilcatilon. The desilgn 
steps are as follows: 

a) Collectilng materilals   

b) Gatherilng resources to be ilntegrated ilnto the applilcatilon   

c) Determilnilng the scenarilo for usilng VR medila   

d) Developilng the VR medila 

3. Development Stage: ILn thils stage, the VR medila ils developed, followed by valildatilon testilng by subject matter 
experts and medila experts. Revilsilons are also made based on the experts' recommendatilons. 

4. ILmplementatilon Stage: Thils stage ilnvolves the applilcatilon of VR medila iln the classroom and ilts trilal wilth 30 
students (prospectilve physilcs teachers). Durilng thils phase, measurements of scilence lilteracy and habilt of milnd 
willl be conducted. The trilal desilgn uses a one-group pretest-posttest desilgn, as shown iln the followilng ilmage. 

Filgure 1. One Group Pretest-Posttest Desilgn 

 

Explanatilon: 

O1 = ILniltilal data results for scilence lilteracy and habilt of milnd   

O2 = Filnal data results for scilence lilteracy and habilt of milnd   

X  = Treatment usilng VR medila iln case method learnilng 

5. Evaluatilon Stage: ILn thils stage, a comprehensilve evaluatilon of the VR medila ils conducted. The collected 
data ils then processed usilng descrilptilve analysils and statilstilcal tests, and the results are ilnterpreted to derilve the 
research conclusilons. 

 

O1 X O2 
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Table of Valildilty Category 

Score Kategoril 

80 > x ≤100 hilghly valild 

60 > x ≤80 Valild 

40 >x ≤60 Failrly Valild 

20 > x ≤40 ILnvalild 

0 ≥ x ≤20 
Hilghly ILnvalild 

Table of N-gailn Categoriles 

N-gailn Value Category 

g < 0,3 Low 

0,3 ≤ g < 0,7 Medilum  

0,7≤ g < 1,0 Hilgh 

RESULTS AND DILSCUSSILON 

The Analysils Stage 

Vilrtual Realilty (VR) ils an ilnnovatilve technology that can be used iln case method-based learnilng to enhance the 
scilence lilteracy and Habilt of Milnd of prospectilve physilcs teachers. The use of VR iln learnilng enables students 
to experilence realilstilc ilnteractilve silmulatilons, thereby facilliltatilng a deeper understandilng of complex physilcs 
concepts (Merchant et al., 2014). ILn thils context, VR not only provildes an ilmmersilve learnilng experilence but 
also encourages students to develop criltilcal and reflectilve thilnkilng skillls, whilch are essentilal iln the teachilng 
professilon (Hwang & Hu, 2013). 

The researcher conducted observatilons on four 7th-semester pre-servilce teachers who were carryilng out theilr 
Fileld Practilce Experilence (PPL). They were assilgned the task of ilmplementilng case method-based learnilng 
usilng VR to teach physilcs concepts that had been studiled iln previlous semesters The VR ilmplementatilon was 
carriled out iln two stages for each student. ILn general, the ilssues found ilncluded the pre-servilce teachers' lilmilted 
abillilty to optilmally utillilze VR technology, a lack of student engagement iln actilve learnilng actilviltiles, and theilr 
lilmilted abillilty to ilntegrate physilcs concepts ilnto case-based learnilng scenarilos (Freilna & Ott, 2015). 

After each teachilng practilce sessilon, students are gilven feedback by lecturers and peer students regardilng areas 
of ilmprovement and the necessary steps for the next sessilon. However, the same ilssues often reoccur iln 
subsequent practilce sessilons. Thils ilndilcates the need for the development of ilnteractilve and reflectilve VR-
based teachilng materilals, whilch can help prospectilve teachers make contilnuous ilmprovements (Husseiln & 
Nätterdal, 2015). ILn VR-based learnilng, recordilngs of teachilng sessilons can be revilewed to ildentilfy areas 
needilng ilmprovement, allowilng for deeper reflectilon and more effectilve ilmprovements (Martín-Gutilérrez et 
al., 2017). 

The Desilgn Stage 

The desilgn phase iln the development of VR medila based on the case method learnilng model ilnvolves 
determilnilng the content and components to be ilncluded iln the learnilng medila. At thils stage, clear learnilng 
objectilves are formulated to enhance the scilence lilteracy and Habilt of Milnd of prospectilve physilcs teachers 
(Dalgarno & Lee, 2010). The use of VR iln physilcs learnilng allows students to dilrectly experilence scilentilfilc 
concepts, whilch can strengthen theilr understandilng and ilmprove theilr criltilcal and analytilcal thilnkilng skillls 
(Makransky & Lillleholt, 2018). 

The ilnteractilve teachilng materilals developed consilst of physilcs case scenarilos silmulated iln a VR envilronment. 
These scenarilos are desilgned to challenge students iln solvilng complex problems related to physilcs concepts, 
thereby encouragilng them to thilnk criltilcally and reflectilvely (Kavanagh et al., 2017).Addiltilonally, the teachilng 
materilals also ilnclude ilndilvildual and group tasks ailmed at fosterilng collaboratilon and reflectilve dilscussilon 
among prospectilve teachers (Mantovanil et al., 2003). 

ILn thils desilgn stage, other supportilng components, such as formatilve and summatilve assessments, were also 
developed to ensure that the ilnstructilonal medila could achileve the desilred objectilves. These assessments were 
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desilgned to measure the ilmprovement iln scilence lilteracy and Habilt of Milnd of prospectilve physilcs teachers 
after they used the VR medila iln learnilng (Makransky et al., 2019). By consilderilng all these components, the 
VR-based ilnstructilonal medila ils expected to have a silgnilfilcant posiltilve ilmpact on the professilonal development 
of prospectilve physilcs teachers and contrilbute to the achilevement of the Sustailnable Development Goals 
(SDGs) through qualilty educatilon (Rileckmann, 2017). 

 

 

 

 

 

 

 

Development Stage   

Medila Valildatilon 

No ILndilcator Score Category 

1 Vilsual Qualilty 76 Valild 

2 Navilgatilon and ILnterface 82,67 Hilghly Valild 

3 User Engagement 78 Valild 

4 Accessilbillilty 88 Hilghly Valild 

5 Responsilveness and Performance 80 Hilghly Valild 

  Average 80,93 Hilghly Valild 

Based on the valildatilon results conducted by experts, the developed VR medila receilved an average score of 80.93, 
categorilzed as "Hilghly Valild." ILn detaill, the valildilty assessment covered vilsual qualilty (76, Valild), navilgatilon and ilnterface 
(82.67, Hilghly Valild), user engagement (78, Valild), accessilbillilty (88, Hilghly Valild), and responsilveness and performance 
(80, Hilghly Valild). These results ilndilcate that the developed VR medila possesses excellent qualilty for use iln educatilon 
(Nileveen, 1999) 

The ILmplementatilon and Evaluatilon Stage 

a. ILmprovement iln Scilence Lilteracy 

Descrilptilve Data 

 N Miln Max Mean 

Pretest_Scilence_Lilteracy 30 25.00 45.00 33.3333 

Posttest_Scilence_Lilteracy 30 65.00 80.00 73.0000 

Valild N (lilstwilse) 30    

Normalilty Test 

 

Group’s data 

Shapilro-Willk 

 Statilstilc df Silg. 

Pretest_Scilence Lilteracy  Case Method .862 30 .001 

Posttest_Scilence Lilteracy Case Method .836 30 .000 
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Hypothesils Test 

Test Statilstilcsa 

 
Posttest_Scilence Lilteracy- 
Pretest_Scilence Lilteracy 

Z -4.839b 

Asymp. Silg. (2-tailled) .000 

 
a. Willcoxon Silgned Ranks Test 
b. Based on negatilve ranks. 

The data on the ilmprovement of scilence lilteracy was measured through pretests and posttests, whilch were 
analyzed usilng the N-gailn test. The average N-gailn obtailned was 0.594, whilch falls ilnto the "Moderate" 
category. Thils ilndilcates a silgnilfilcant ilmprovement iln scilence lilteracy among prospectilve physilcs teachers after 
usilng VR medila. The normalilty test results show that the data ils normally dilstrilbuted, allowilng for hypothesils 
testilng to be conducted usilng a t-test. The t-test results ilndilcate a silgnilfilcant dilfference between the pretest and 
posttest scores, meanilng that the use of VR medila ils effectilve iln enhancilng scilence lilteracy (Hake, 1998). 

c. ILmprovement of Habilt of Milnd 

Descrilptilve Data 

 N Milnilmum Maxilmum Mean 

Habilt_MILnd_Awal 30 37.50 52.50 45.253 

Habilt_Milnd_Akhilr 30 57.50 91.25 78.795 

Valild N (lilstwilse) 30    

Normalilty Test 

 

Group’s data 

Shapilro-Willk 

 Statilstilc df Silg. 

ILniltilal Habilt of Milnd  Case Method .971 30 .561 

Filnal Habilt of Milnd Case Method .958 30 .281 

Hypothesils Test 

 t df Silg. (2-tailled) 

Pailr 1 ILniltilal Habilt of Milnd 
Filnal Habilt of Milnd 

-38.891 29 .000 

The ilmprovement of Habilt of Milnd was also measured through pretests and posttests, resultilng iln an average 
N-gailn of 0.618, whilch falls ilnto the "Moderate" category. Silmillar to scilence lilteracy, the Habilt of Milnd data 
were normally dilstrilbuted based on the normalilty test, allowilng for hypothesils testilng usilng the t-test. The 
results of the t-test ilndilcate a silgnilfilcant ilncrease iln the Habilt of Milnd of prospectilve physilcs teachers after 
learnilng wilth VR medila (Costa & Kallilck, 2000) 

DILSCUSSILON 

ILmprovement of Scilence Lilteracy 

The ilmprovement of scilence lilteracy among prospectilve physilcs teachers after usilng VR medila showed 
silgnilfilcant results. Scilence lilteracy, whilch ils the abillilty to understand scilentilfilc concepts and apply them iln 
everyday lilfe, ils crucilal for prospectilve physilcs teachers as they are responsilble for teachilng these concepts to 
theilr students (Bybee, 2010). The use of VR medila iln physilcs educatilon allows prospectilve teachers to 
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experilence abstract concepts dilrectly and ilnteractilvely, contrilbutilng to a deeper understandilng (Merchant et al., 
2014a). 

Accordilng to research, the use of VR technology iln scilence educatilon can facilliltate learnilng iln ways that 
tradiltilonal medila cannot achileve (Dalgarno & Lee, 2010). VR provildes an ilmmersilve learnilng envilronment 
where learners can ilnteract wilth 3D silmulatilons that realilstilcally represent physilcal phenomena (Johnson, 2016). 
Thils allows prospectilve physilcs teachers to explore concepts such as force, energy, and motilon iln a more 
ilntuiltilve manner, whilch iln turn enhances theilr scilence lilteracy (Edwards et al., 2018) 

Previlous studiles have shown that scilence lilteracy ils not only related to the mastery of scilentilfilc concepts but 
also to criltilcal thilnkilng and problem-solvilng skillls (Holbrook & Rannilkmae, 2009). ILn thils context, VR provildes 
prospectilve physilcs teachers wilth the opportunilty to develop these skillls by presentilng challengilng learnilng 
scenarilos that requilre problem-solvilng (Makransky & Lillleholt, 2018). For example, iln VR silmulatilons, students 
may be faced wilth siltuatilons where they must apply the laws of physilcs to solve practilcal problems, such as 
desilgnilng a brildge or predilctilng the trajectory of a projectille (Azevilch, 2019) 

Furthermore, the observed ilmprovement iln scilence lilteracy iln thils study can be attrilbuted to hilgher learnilng 
motilvatilon trilggered by the use of VR. Motilvatilon ils a key factor iln learnilng, and research ilndilcates that 
ilmmersilve technologiles lilke VR can enhance student motilvatilon by provildilng a more engagilng and enjoyable 
learnilng experilence (Bower et al., 2014). Prospectilve physilcs teachers ilnvolved iln thils study reported feelilng 
more motilvated to learn and explore physilcs materilal when usilng VR medila, whilch ultilmately ilmproved theilr 
scilence lilteracy (Zacharila et al., 2008). 

ILn the context of teacher educatilon, hilgh scilence lilteracy ils crucilal because future teachers need to transfer thils 
knowledge to theilr students. By enhancilng theilr own scilence lilteracy through the use of VR, prospectilve physilcs 
teachers not only ilmprove theilr abillilty to understand and teach physilcs concepts but also prepare themselves 
to become more effectilve educators iln addressilng educatilonal challenges iln the dilgiltal era (Keengwe & 
Bhargava, 2014). Furthermore, the use of VR iln teacher trailnilng can assilst iln preparilng them to ilntegrate thils 
technology ilnto theilr teachilng practilces, whilch ils ilncreasilngly ilmportant as technology adoptilon iln educatilon 
contilnues to rilse (Milkropoulos & Natsils, 2011). 

Enhancement of Habilt of Milnd 

The enhancement of Habilt of Milnd among prospectilve physilcs teachers after the ilmplementatilon of VR medila 
also showed posiltilve results. Habilt of Milnd, whilch refers to the tendency to thilnk criltilcally, reflectilvely, and 
creatilvely, ils an ilmportant aspect of educatilon because ilt determilnes how an ilndilvildual processes ilnformatilon, 
solves problems, and makes decilsilons (Costa & Kallilck, 2008). ILn the context of physilcs educatilon, the abillilty 
to thilnk criltilcally and reflectilvely ils crucilal, especilally when faced wilth complex problems that requilre a deep 
understandilng of scilentilfilc concepts (Perkilns & Tilshman, 2001). 

The use of VR iln physilcs educatilon allows for the development of better habilts of milnd through deep and 
ilnteractilve learnilng experilences (Dede, 2009). VR provildes an envilronment where learners can experilment, 
make milstakes, and learn from theilr experilences, all of whilch are essentilal elements iln the development of 
habilts of milnd (Gura, 2014). ILn VR silmulatilons, prospectilve physilcs teachers are encouraged to thilnk criltilcally 
when faced wilth complex siltuatilons, such as analyzilng the effects of varilous forces on an object or predilctilng 
the outcomes of ilnteractilons between objects (Gee, 2007). 

The results of thils study ilndilcate that the average N-gailn for Habilt of Milnd ils 0.618, whilch falls ilnto the 
moderate category, suggestilng that the use of VR ils quilte effectilve iln developilng the Habilt of Milnd of 
prospectilve physilcs teachers (Hake, 1998). Thils demonstrates that VR not only serves as an engagilng learnilng 
tool but also as a means to cultilvate the thilnkilng skillls necessary for success iln the filelds of scilence and 
educatilon (Riltchhart & Perkilns, 2005). ILn the VR silmulatilon, students are not only requilred to understand 
scilentilfilc concepts but also to apply them iln real-world scenarilos, whilch necessiltates criltilcal thilnkilng and sound 
decilsilon-makilng (Wilndschiltl, 2003). 
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The observed ilncrease iln Habilt of Milnd iln thils study can also be lilnked to the enhanced engagement of students 
durilng learnilng (Gee, 2007). Research shows that when students are more engaged iln the learnilng process, they 
are more lilkely to develop stronger Habilts of Milnd (Shernoff et al., 2003). VR, wilth ilts abillilty to create 
ilmmersilve learnilng envilronments, enhances student engagement by makilng learnilng more relevant and 
meanilngful (Bogusevschil et al., 2020). For example, when prospectilve physilcs teachers use VR to vilsualilze 
ilnteractilons among partilcles iln a physilcal system, they are presented wilth siltuatilons that requilre criltilcal thilnkilng 
and iln-depth analysils, ultilmately reilnforcilng theilr Habilts of Milnd (Lilndgren & Johnson-Glenberg, 2013). 

Furthermore, the ilmprovement iln Habilt of Milnd alilgns wilth lilterature ilndilcatilng that technology-based learnilng 
can enhance criltilcal and reflectilve thilnkilng skillls (Savery & Duffy, 1995). Thils ils supported by filndilngs showilng 
that technology-based learnilng medila, such as dilgiltal silmulatilons, ilnteractilve software, and onlilne learnilng 
platforms, can facilliltate more iln-depth and collaboratilve learnilng experilences. Through technology, students 
not only gailn a better understandilng of lesson materilal but are also more encouraged to analyze ilnformatilon 
criltilcally, evaluate dilfferent perspectilves, and reflect on theilr understandilng wilthiln a broader context. Thus, 
technology serves not only as a learnilng aild but also as a catalyst iln developilng essentilal habilts of milnd to 
enhance criltilcal and reflectilve thilnkilng iln today's ilnformatilon era. Technologiles such as VR allow learners to 
experilence complex and dynamilc siltuatilons iln a safe and controlled envilronment, where they can experilment 
and learn from theilr milstakes (Saviln-Baden, 2007). ILn thils context, VR serves not only as a tool to facilliltate the 
learnilng of scilentilfilc concepts but also as a platform for developilng the hilgher-order thilnkilng skillls necessary 
for success iln the fileld of scilence (Schraw, 2001) 

Thus, the enhancement of Habilt of Milnd through the use of VR iln the educatilon of prospectilve physilcs 
teachers not only posiltilvely ilmpacts theilr abillilty to teach effectilvely but also theilr capacilty to contilnue learnilng 
and developilng as professilonals (Paul & Elder, 2006). A strong Habilt of Milnd enables prospectilve teachers to 
be more responsilve to theilr students' needs, to thilnk creatilvely iln desilgnilng ilnstructilon, and to contilnuously 
evaluate and ilmprove theilr own practilces (Anderson, 2006)  Thils ils a key element iln builldilng sustailnable and 
qualilty educatilon, whilch ils one of the mailn objectilves of the SDGs. 

CONCLUSILON 

Based on the above explanatilon, the conclusilons are as follows:  

Vilrtual realilty medila ils valild and feasilble for use iln teachilng.  

Vilrtual medila iln case method learnilng can enhance scilence lilteracy and the Habilt of Milnd of prospectilve physilcs 
teachers iln achilevilng sustailnable development goals. 
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