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Abstract: 

Virtual and remote laboratories have become supplementary or extra tools for hands-

on biology laboratories. In this study, we modified the technology acceptance model 

to incorporate three additional external variables derived from flow theory in 

predicting students' acceptance and use of virtual and remote laboratories. This 

research included 145 college students. These students used virtual and remote 

laboratories for at least three months. The learning subjects in this research are 

deoxyribonucleic acid extraction, polymerase chain reaction, gel electrophoresis, 

deoxyribonucleic acid microarray, and flow cytometry. Using SPSS 25.0, a multiple 

regression analysis was performed to test the structural model hypothesis. This study 

validated the association between the basic variables used in the technology 

acceptance model: perceived ease of use, perceived usefulness, attitudes toward using, 

behavioral intention, and actual use. There were no surprising discoveries for the 

technology acceptance model's primary variables. Concentration and perceived 

enjoyment in the flow theory variables have an extensive relationship with the 

technology acceptance model variables, perceived usefulness, and perceived ease of 

use. Meanwhile, one flow theory variable, time distortion, exhibits no significant 

relationship with perceived usefulness or ease of use. 

Abstrak: 

Laboratorium virtual dan jarak jauh menjadi tren yang dimanfaatkan sebagai alat 

bantu praktikum biologi. Penelitian ini memodifikasi model penerimaan teknologi 

dalam penelitian ini dengan memasukkan tiga variabel eksternal tambahan yang 

berasal dari teori flow dalam memprediksi bagaimana mahasiswa menerima dan 

menggunakan laboratorium virtual dan jarak jauh. Penelitian melibatkan 145 

mahasiswa. Para mahasiswa ini telah menggunakan laboratorium virtual dan jarak 

jauh setidaknya tiga bulan. Materi pembelajaran penelitian ini adalah ekstraksi asam 

deoksiribonukleat (DNA), polymerase chain reaction (PCR), gel electrophoresis, 

deoxyribonucleic acid microarray, dan flow cytometry. Hubungan antara variabel dasar 

yang digunakan dalam technology acceptance model yaitu kemudahan penggunaan 

yang dirasakan, kebergunaan yang dirasakan, sikap, niat perilaku, dan penggunaan 

sebenarnya divalidasi dalam penelitian ini. Data yang terkumpul dianalisis regresi 

berganda dengan bantuan SPSS 25. Tidak ada penemuan mengejutkan untuk variabel 

utama technology acceptance model. Variabel konsentrasi dan kesenangan yang 

dirasakan pada teori flow memiliki hubungan yang signifikan dengan variabel 

technology acceptance model, kebergunaan yang dirasakan dan kemudahan 

penggunaan yang dirasakan. Sedangkan satu variabel teori flow, distorsi waktu tidak 

menunjukkan hubungan yang signifikan dengan kebergunaan yang dirasakan atau 

kemudahan penggunaan yang dirasakan. 
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INTRODUCTION 

Laboratories are an essential part of biology education and the accomplishment of 

its aims. It is important to give students practical opportunities to perform scientific 

experiments. The earliest and most popular method of laboratory education is hands-on 

or physical laboratories (Abdulwahed & Nagy, 2009). However, hands-on labs present a 

series of limitations, especially during the COVID-19 pandemic situation, such as: (1) It 

requires students to physically present in the lab; (2) Some materials, resources, and 

apparatus that should be supplied in these laboratories are expensive (Ambuisaidi, 

Musawi, Al-Balushi, 2018); (3) Students encounter difficulties while engaging in 

discussions and self-reflection when they are heavily focused on the mechanical, technical, 

and procedural aspects of the practical laboratory (Gunstone, 1991); (4) Some hands-on 

laboratories experiment requires students to answer problems that are more complex 

than the student's cognitive capacity, which is limited by the short amount of time the 

laboratory typically provides (Kirschner, 1988); and (5) Just a certain range of 

experiments and experimental exercises can be carried out with limited resources during 

the time available (Ambuisaidi, Musawi, & Balushi, 2018).   

The emergence of artificial intelligence (Nasution, 2023), virtual reality (Freina & 

Ott, 2015), augmented reality, and other interactive multimedia, as well as Hasanah, 

Farihah, & Nasution (2022), are examples of the rapid growth of technology and 

information. Virtual and remote laboratories have arisen as complementary or additional 

resources for hands-on biology laboratories (Abdulwahed & Nagy, 2009) and provide 

answers to hands-on lab limitations. A virtual and remote laboratory (VRL) is an 

interactive environment designed to create and perform simulated experiments without 

real laboratory tools and materials (Babateen, 2011). Nowadays, a variety of virtual and 

remote laboratories have been developed successfully (Makransky, Terkildsen, & Mayer, 

2019; Syahfitri, Manurung, & Sudibyo, 2019; Pramono, Prajanti, & Wibawanto, 2019; Birt, 

Stromberga, & Cowling, 2018; Moro, Stromberga, & Stirling, 2017; Chao, Chiu, DeJaegher, 

2016). 

There is a range of benefits to virtual and remote laboratories (VRL) compared to 

hands-on labs, such as they are more cost-effective to incorporate and run, secure, safe, 
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and not limited by space or time (Abdulwahed & Nagy, 2009). Moreover, VRL allows 

students to become more involved in their biology experiments and it provides students 

with opportunities to quickly create and comprehend difficult topics and encourages 

students to replicate demonstrations that they do not understand or as an exam review 

(Falode, 2018). VRL provides students with expertise in the preparation and analysis of 

experiment results, engaging in the team, operating a microscope or any lab equipment, 

and the practice of all other functional and collaboration skills appropriate for scientific 

performance (Ambuisaidi, Musawi, & Balushi, 2018). Previous empirical studies validated 

that the learning achievement of students using VRL is equivalent to or greater than the 

learning achievement of students using actual experiments (Tatli & Ayas, 2013; Hawkins 

& Phelps, 2013; Barbeau, Johnson, & Gibson, 2013; Pyatt & Sims, 2012; Lang, 2012; 

Koretsky, Kelly, & Gummer, 2011; Tuysuz, 2010; Sun, Lin, & Yu, 2008). 

New technology innovations such as VRL may be ineffective when they are not 

approved or refused by the end consumers, students (Al-Assaf, Almarabeh, & Eddin, 2015). 

Therefore, a study to explain what factors are determining University Students such as pre-

service teachers’ uptake of virtual and remote laboratories for academic purposes is 

crucial, to help foresee their pedagogical use of VRL in future teaching and learning 

activities. Understanding the advantages of Virtual Reality Learning (VRL) can enable 

teachers to develop more sophisticated learning strategies. This is important since 

effective learning planning plays a critical role in determining the success of the learning 

process (Romdaniyah, Nasution, & Rizka, 2023). Among these models, TAM is the best-

known and suited model and has been empirically validated to forecast student acceptance 

and the usage of several online learning technology platforms as an innovative and 

competent instrument (Zain, Hanafi, & Don, 2019; Teo, Zhou, & Fan, 2019; Al-Assaf, 

Almarabeh, & Eddin, 2015; Alharbi & Drew, 2014; Rauniar, Rawski, & Yang, 2014; Moon & 

Kim, 2001).  

To date, a broad variety of technology acceptance theories have been documented 

in observational studies carried out based on technology acceptability, such as the Theory 

of Reasoned Action (TRA) (Fishbein & Ajzen, 1975), the Expectation Confirmation Model 

(ECM) (Bhattacherjee, 2001), several MIS models, and the Technology Acceptance Model 

(TAM) (Davis, 1989). Among these models, TAM is the well-established and most 

applicable model and has been empirically checked as an accurate and capable model to 

estimate student acceptance of and usage of online learning programs (Zain, Hanafi, & Don, 

2019; Teo, Zhou, Fan, & Huang, 2019; Al-Assaf, Almarabeh, & Eddin, 2015; Alharbi & Drew, 

2014; Rauniar, Rawski, & Yang, 2014). TAM contains perceived usefulness (PU) and 

perceived ease of use (PEU) as two key elements in the student approach to the usage of 

technology (Davis, 1989). Following TAM, additional variables were introduced to the 

model to form an expanded TAM. In this study, we extended the TAM to include three 

additional external variables adopted from flow theory (Csikszentmihalyi, 1997). 

According to Zhang & Wang (2022), Mahfouz, Joonas, & Opara (2020) and 

Csikszentmihalyi (1997), flow theory describes a situation in which people engage in an 

activity if everything else is irrelevant. Playing video games, browsing the internet, or using 
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social media are a few examples of such situations. The three additional external variables 

are concentration, time distortion, and perceived enjoyment. 

THEORETICAL BACKGROUND AND HYPOTHESES 

Technology Acceptance Model (TAM) 

Davis introduced TAM (1989) as a model for understanding the user adoption of 

emerging technologies. Davis (1985) developed the technology acceptance model (TAM) 

based on the principle of reasoned action to establish a further universal theoretical 

framework for conscientious behavior (Nasution, 2023; Liao, Hong, & Wen, 2018). TAM is 

probably the most commonly used theoretical model of technology studies (Essel & 

Wilson, 2017). TAM considers the key factors for technology adoption to be two basic 

values: perceived usefulness (PU) and perceived ease of use (PEU). PU is the degree to 

which the student believes that utilizing a particular system will boost his learning output, 

and PEU is the degree to which the student finds it free of effort to use a specific system 

(Davis, 1989). In TAM, PEU directly affected PU. PU and PEU directly influence attitudes 

toward using (ATU) technology. In certain cases, student ATU may have a strong impact 

on their behavior (Compeau & Higgins, 1995). 

TAM proposed that both ATU and PU are the strongest factors that affect behavioral 

intention (BI) (Teo, Zhou, & Fan, 2019; Almarabeh, Mohammad, & Yousef, 2014). Moakofhi, 

Phiri, & Leteane (2019) explained that BI is the degree to which a prospective student has 

devised prearranged arrangements to conduct any defined future action. Finally, BI 

describes the actual use (AU) of a given technological framework and thus establishes the 

adoption of the technology (Alharbi & Drew, 2014). Yasa, Ratnaningrum, & Sukaatmaja 

(2014) defines the AU as the real adoption of a technology that can be detected through 

the sum of the technology's commonness and timing. As a result, the number of AU 

students in this study is determined by adding up the time students spend using VRL. 

Hence, the following hypothesis is proposed: 

H1: The Perceived ease of use affects positively perceived usefulness of VRL. 

H2: The Perceived ease of use affects positively attitude towards using VRL. 

H3: The Perceived usefulness affects positively attitude towards using VRL. 

H4: The Perceived usefulness affects positively behavioral intention to use VRL. 

H5: Attitude towards using affects positively behavioral intention to use VRL. 

H6: Behavioral intention to use affects positively actual using VRL. 

Flow Theory 

Csikszentmihalyi (1997) described flow experience as the comprehensive 

experience that individuals develop when they act with complete participation. While 

individuals are in flow mode, they get immersed in their behaviors and cannot perceive 

shifts in their environment. In short, they neglect self-consciousness, focusing instead on 

their ongoing tasks (M. C. Lee, 2010). Csikszentmihalyi (2014) subsequently described 

nine flow components: goals are clear, feedback is immediate, skills match challenges, 
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concentration is deep, problems are forgotten, control is possible, self-consciousness 

disappears, the sense of time is altered, and the experience becomes autotelic. Many 

researchers generally did not follow all of these nine factors because of several factors, 

such as the specific emphasis and extent of a study; it may not require a comprehensive 

analysis of all nine components; evaluating all nine components fully can be a time-

consuming and resource-intensive process; or various contexts and domains may 

prioritize specific components while downplaying others (Buil, Catalán, & Martínez, 2018; 

Zhang & Wang, 2022). Instead, many researchers chose or adjusted unique constructs to 

assess flow depending on the context and intent of their study. 

Flow is a complex theory that scholars often evaluate in several other components. 

Li & Browne (2006) assessed flow using four elements: focused attention, control, 

curiosity, and temporal dissociation. Lee (2010), Ghani, Supnick, & Rooney (1991), 

Koufaris (2002) proposed two-dimensional flow perceptions: perceived enjoyment and 

concentration. Chang, Warden, & Liang (2018) examined students’ flow experiences with 

engagement, enjoyment, and control. Zhang & Wang (2022) defined two flow components: 

time distortion and focused attention. In this current study, we adopted concentration, 

time distortion, and perceived enjoyment as constructs to investigate pre-service teachers’ 

flow experiences in VRL usage. 

H7: The concentration affects positively perceived ease of use of VRL. 

H8: The time distortion affects positively perceived ease of use of VRL. 

H9: The perceived enjoyment affects positively perceived ease of use of VRL. 

H10: The concentration affects positively perceived usefulness of VRL. 

H11: The time distortion affects positively perceived usefulness of VRL. 

H12: The perceived enjoyment affects positively perceived usefulness of VRL. 

RESEARCH METHOD 

Participants 

The participants were pre-service teachers trained at biology education 

departments in Indonesia during the academic year 2020–2021. Pre-service teachers were 

selected based on their high likelihood of future utilization of virtual and remote labs. It is 

because of their ongoing learning and teaching of various biological concepts that 

constrain practical experimentation for their students. The pre-service teachers are 

designed to serve in secondary and high schools post-graduation. All participants had the 

requisite computer skills. Participants were informed their engagement was optional, their 

score would not be impacted, and their responses would stay entirely private and secret 

to prevent any bias. Table 1 shows the demographics of the sample. 

The experiment was performed for eight sessions, with three hours per session and 

one session per week. Learners were requested to complete a virtual experiment with a 

specific subject in every session. All the pre-service teachers answered the questionnaire 

at the end of the experiment in session eight. The learning subjects in this research are 

DNA extraction, PCR, gel electrophoresis, DNA microarray, and flow cytometry.  
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Table 1. Descriptive statistics of respondents' characteristics 

Measure Items Frequency Percent 

Gender Female 119 82.07 

 Male 26 17.93 

Age 18 2 1.37 

 19 52 35.86 

 20 72 49.66 

 21 17 11.72 

 22 2 1.37 

Family 

background 
Rural area 107 73.79 

 Urban area 38 26.2 

Questionnaire Development 

A two-section questionnaire was developed to understand pre-service teachers 

acceptance of and plans to continue using VRL in their future teaching. The first section of 

the questionnaire contained questions concerning the demographic details of learners, 

such as age and gender (Moakofhi, Phiri, & Leteane, 2019; Alharbi & Drew, 2014). The 

second section of the questionnaire contains 24 items: 4 for PU, four for PEU, three for AT, 

three items for BI, two for AU, three for C, three for PE, and two for TD. Two lecturers who 

are education experts reviewed and validated the questionnaire, as done by Moakofhi, 

Phiri, & Leteane (2019)To assess these questionnaire items, we implemented a five-point 

Likert scale (5 = strongly agree/frequently, 4 = agree/often, 3 = average/occasionally, 2 = 

disagree/rarely, and 1 = strongly disagree/never). The Cronbach’s alpha was measured to 

be .935. It confirms that all test components are highly reliable.  

Table 2. Descriptive statistics and Cronbach alpha coefficient value 

Variable Item Mean SD Variance Min Max Alpha 

Perceived ease of use 

PEU1 3.07 .918 .842 1 5 .758 

PEU2 3.4 .767 .589 1 5  

PEU3 2.99 .858 .736 1 5  

PEU4 3.42 .77 .593 1 5  

Perceived usefulness 

PU1 3.46 .746 .556 1 5 .805 

PU2 3.88 .983 .965 1 5  

PU3 3.48 .746 .557 1 5  

PU4 3.82 .969 .94 1 5  

Attitudes toward using 

AT1 3.37 .789 .622 1 5 .764 

AT2 3.75 .932 .868 1 5  

AT3 3.48 .809 .654 1 5  

Behavioral intention 

BI1 3.8 .955 .911 1 5 .81 

BI2 3.44 .716 .512 1 5  

BI3 3.83 .905 .82 1 5  
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Actual use 
AU1 3.77 .896 .802 1 5 .795 

AU2 3.86 .910 .828 1 5  

Concentration 

C1 3.01 .920 .847 1 5 .857 

C2 3.06 .911 .83 1 5  

C3 3.03 .866 .749 1 5  

Time Distortion 
TD1 3.39 .556 .31 1 5 .85 

TD2 3.45 .564 .318 1 5  

Perceived Enjoyment 

PE1 3.01 .858 .736 1 5 .588 

PE2 3.83 1 1 1 5  

PE3 3.64 .926 .857 1 5  

Total 
24 

items 
3.47     .935 

RESULTS AND DISCUSSION 

Results 

Table 3. Numbers of items, mean, SD, and correlation of all variables 

Variable Mean SD PEU PU AT BI AU C TD PE 
PEU 3.21 .63 1        
PU 3.66 .69 .595** 1       
AT 3.53 .69 .644** .845** 1      
BI 3.69 .73 .496** .836** .765** 1     
AU 3.81 .82 .378** .801** .75** .805** 1    
C 2.03 .79 .802** .327** .402** .225** .069 1   

TD 3.42 .42 .075 .079 .046 -.023 .033 .097 1  
PE 2.49 .68 .675** .822** .818** .706** .687** .512** .033 1 

The path significance of every hypothesized correlation in the research model and 

the coefficients of determination (R2 value) for every path are tested. The standardized 

path coefficients and path significances are shown in Table 3, Table 4, and Fig. 1. All twelve 

hypothesized correlations were highly significant at p < 0.05, except for the two relations 

between TD and PEU and TD and PU. The findings have shown that the effect of both PEU 

on PU (β = 0.649, p < 0.001) and the effect of PEU on AT (β = 0.708, p < 0.001) was 

significant, thus supporting H1 and H2. H3 and H4 were supported since PU had a positive 

impact on both AT (β = 0.852, p < 0.001) and BI (β = 0.892, p < 0.001).   

Table 4. Regression results for model hypotheses 

Independent 

Variable 
β SE of β t P R2 

Dependent 

Variable 

PEU .649 .073 8.856 .000 .354 PU 

PEU .708 .07 10.077 .000 .415 AT 

PU .852 .045 18.933 .000 .715 AT 

PU .892 .049 18.228 .000 .699 BI 

AT .81 .057 14.197 .000 .585 BI 

BI .899 .055 16.22 .000 .648 AU 
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C .64 .04 16.04 .000 .643 PEU 

TD .112 .125 0.899 .37 .006 PEU 

PE .62 .057 10.937 .000 .455 PEU 

C .284 .069 4.136 .000 .107 PU 

TD .129 .136 .953 .342 .006 PU 

PE .824 .048 17.229 .000 .675 PU 

Figure 1. Results of testing the structural model (* p<0.05; ** p<0.001) 

The findings revealed that there was an effect of AT on BI (β = 0.81, p < 0.001) and 

the effect of BI on AU (β = 0.899, p < 0.001) that was significant, so H5 and H6 were 

supported. Based on these results, all existing relationships in the original TAM are 

significant. 

The impact of the external construct C on PEU (β = 0.64, p < 0.001) and PU (β = 0.284, 

p < 0.001) was significant, H7 and H10 were supported. The impact of another external 

construct, TD, on PEU (β = 0.112, p > 0.05) and PU (β = 0.129, p > 0.05) was insignificant, 

H8 and H11 were not supported. The impact of the last external construct, PE, on PEU (β = 

0.62, p < 0.001) and PU (β = 0.824, p < 0.001) was significant, therefore H9 and H12 were 

supported.  

Discussion 

The key purpose of the present research was to examine the suitability of the 

extended TAM as a model to describe the continued intent to use VRL in future science 

classroom teaching and learning between Indonesian pre-service teachers. The outcomes 

of this study are consistent with the original TAM findings (Davis, Bagozzi, & Warshaw, 

1992), and all the initial TAM-based hypotheses in this report have shown positive, 

statistically significant correlations. The findings confirmed a positive direct impact of PEU 

on PU, consistent with the previously conducted research (Zhao & Wang, 2020; Rai & 

Selnes, 2019; Teo, Zhou, & Fan, 2019; Teo, Sang, & Mei, 2018; Alharbi & Drew, 2014; Teo, 

2010; Chang, Yan, & Tseng, 2012; Liu, Chen, & Sun, 2010; Lee, 2010; Liu, Liao, & Pratt, 
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2009). This result shows that as PEU increases, so does PU. This experiment also revealed 

that PEU has a significant effect on AT, adhering to previous research (Ziraba, Akwene, & 

Nkea, 2020; Teo, Zhou, & Fan, 2019; Zain, Hanafi, & Don, 2019; Adwan & Smedley, 2013; 

Lee, 2010; Liu, Liao, & Pratt, 2009). This study shows that PU has a significant effect on AT; 

this relates to prior reports (Zhao & Wang, 2020; Teo, Zhou, & Fan, 2019; Lee, 2010; Liu, 

Liao, & Prett, 2009). Thus, when students perceived VRL as easy to use and/or useful, they 

were more inclined to believe in its potential. In contrast to previous studies that mostly 

looked into the adoption of other emerging technologies in education, this study explicitly 

examines the use of virtual and remote laboratories. This research shows a significant 

positive relationship between AT and BI and between PU and BI; this result reflects 

previous studies (Zhao & Wang, 2020; Teo, Zhou, & Fan, 2019; Almarabeh, Mohammad, & 

Yousef, 2014; Adwan & Smedley, 2013; Lee, 2010; Liu, Liao, & Prett, 2009). Thus, if a 

student has a higher PU and AT of the VRL system, he or she would be more likely to utilize 

the VRL. A strong positive correlation between BI and AU was established as predicted, 

which is compatible with the findings of previous studies (Dumpit & Fernandez, 2017; 

Fathema, Shannon, & Ross, 2015). These findings indicate that when pre-service teachers 

have positive BI, they are expected to also use VRLs. 

In this study, there are three external variables based on flow theory, and one of 

them is C. For students to be in a state of flow, they must first focus on the tasks at hand 

(Koufaris, 2002), which in this study is using the VRL system. The findings of this study 

indicate that there is a significant positive correlation between C and PU and C and PEU. 

This finding suggests that if a student has a high C using the VRL system, he or she is more 

likely to have higher PU and PEU levels. The relationship between C and PU, as well as C 

and PEU, has not been extensively investigated. Prior research, however, indicated a 

significant relationship between concentration and the willingness of learners to continue 

using technology (continuance) (M. C. Lee, 2010). Students who concentrate while using 

the VRL system will find it easier to obtain a flow experience (M. C. Lee, 2010). Using the 

VRL system requires students' undivided attention, particularly when reviewing the 

fundamental theories of an experiment. The students then conduct the virtual experiment, 

which, if designed thoughtfully and attractively, will compel them to pay close attention. 

Students who concentrate on using technology will filter out irrelevant perceptions and 

thoughts so that the focus is solely on the technology's use (Moon & Kim, 2001). When 

students concentrate on learning, in this case when using the VRL system, they will lose 

awareness of everything except what they are learning; this state is known as flow 

(Csikszentmihalyi, 1997). 

This study used the flow theory variable TD as an external TAM variable. The 

findings showed no significant correlation between TD and PU or TD and PEU. Although 

previous research (Esteban-Millat, Martínez-López, & Huertas-García, 2014) indicated a 

correlation between TD and students' attitudes toward technology, this study argued that 

there is no correlation between TD and PU, and PEU toward the VRL system. Similar to the 
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findings of Zhang & Wang (2022), this study found no significant relationship between TD 

and PU and the intention to continue using technology. This suggests that students do not 

perceive TD as a point affecting PU and PEU as measured using the VRL system.  

PE is the flow theory variable used as an external variable for TAM in this 

investigation. Following previous research (Davis, Bagozzi, & Warshaw, 1992; Moon & 

Kim, 2001), the results of this study indicate a significant positive relationship between PE 

and PU, as well as between PE and PEU. This finding suggests that if a student has a high 

PE toward the VRL system, he is most likely to have higher PU and PEU levels. According 

to Lee's (2010) research, pupils' attitudes toward the utilization of new technology vary. 

Students who use technology such as the VRL system want to appreciate using it, thereby 

putting them in a state of flow (Lee, Cheung, & Chen, 2005). When students find the VRL 

system enjoyable, they are engaged in an activity they enjoy and do not require external 

motivation, such as punishment or reward, to do so. 

According to the findings of previous researchers, technology in education offers a 

variety of entertaining functions for students, so they will enjoy it and can be more focused 

using technology. Lee (2010) believes the VRL system potentially improves the learner 

experience. This study found that when students experience flow in using educational 

technology, in this case, P.E. and C., they are more likely to embrace and utilize that 

technology in the future. 

CONCLUSION 

In this study, we have combined TAM and flow theory to explain how students adopt 

VRL technology. The TAM model uses three flow theory variables as external variables: C, 

TD, and PE. This study aims to contribute to a better understanding of VRL adoption and 

general student use. This study validated the relationship between the fundamental TAM 

variables (PEU, PU, AT, BI, and AU). There were no surprising discoveries for the TAM 

primary variables. C and PE in the flow theory variables have a notable relationship with 

the TAM variables, PU and PEU. In the meantime, one flow theory variable, TD, exhibits no 

significant relationship with PU or PEU. 

Limitations constrained this research, such as the exclusive reliance on respondents 

from a single university. This is because of the researchers' access to funding for studies 

conducted at other universities. Further studies may be conducted to analyze TAM by 

expanding and/or modifying the model through the addition of external variables, a 

different sample of students, and/or different VRL usage conditions. We recommend 

examining the effectiveness of VRL on several 21st-century competencies, such as 

creativity and critical thinking abilities or science process skills (Harahap, Nasution, & 

Manurung, 2019), using quasi-experimental methods.  
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