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Abstract—Virtual and Remote Labs (VRLs) had been widely used in Engi-
neering and Scientific Education in recent years. The purpose of this study was
to explore the students’ satisfaction of VRLs and their continuance intention to
experience VRLs in future study. The VRL developed by Unity3D PRO was in-
tegrated into an undergraduate course named “Introduction to computer science”.
240 college students from China Three Gorges University took the course and
had the virtual and remote laboratory experience for 16 weeks. Students’ satis-
faction and continuance intention were investigated by a three-part questionnaire
based on the Expectation-Confirmation Model and Flow Theory. SPSS 19.0 was
used for the quantitative analysis. The results indicated that the flow experience
of students in VRL was at general level while the female students’ perception of
flow was higher than the males. Correlation analysis found that the flow experi-
ence had an extremely significant correlation with the students’ perceived useful-
ness, confirmation, satisfaction and continuous intention. Stepwise regression
analysis found that flow experience, perceived usefulness and satisfaction were
all positive predictor of the students’ continuance intention. Finally, some sug-
gestions for integrating VRLs in engineering and scientific education were pro-
vided.

Keywords—Virtual and remote labs (VRLs), Expectation-Confirmation Model
(ECM), Flow, Continuance Intention, Quantitative research

1 Introduction

As we all know, the experimentation played an important role in engineering and
scientific education. With the rapid development of information and technology, new
types of labs based on computer were emerging. According to the difference of exper-
imentation environments, there were four types of labs: hands-on lab, a mono-user vir-
tual lab, remote lab and multi-user virtual lab [1]. In the traditional hands-on lab, all the
experimental resources were local accessed and the environments were real. In the
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mono-user virtual lab, the experimentation interface worked on a simulated, virtual and
physically non-existent resource and the whole environment was software-simulated.
In the remote lab, users were allowed to access the real plant equipment through the
Internet and remotely operate the equipment through an experimentation interface. Dif-
ferent with the remote lab, users in the multi-user virtual lab operated with the experi-
mentation interface on a virtual system on the Internet rather than the physical system.
Besides, several users were allowed to operate simultaneously with the same virtual
system in the multi-user virtual lab. Excluding the hands-on lab, the other three types
were called Virtual and Remote Labs (VRLs) in general.

Compared with the hand-on lab, the VRLs not only enabled reducing costs, but also
could be used safely from anywhere at anytime. Some empirical studies had shown that
VRLs brought the same learning results with the traditional hands-on lab [2][3][4].
VRLs were an ideal tool to enable pre-laboratory preparation [5] and favor students'
engagement into “what if” explorations where the outcomes of the virtual experiments
could be immediately accessed [6]. Although there were many advantages of virtual
labs, there were still some problems in virtual laboratory experience due to the nature
of a virtual system. Compared with the real experience in hands-on lab, the students’
attitude in virtual laboratory experience tended to be lack of seriousness, responsibility,
and concentration [7]. Thus, it was essential to explore the application of VRLs in en-
gineering and scientific education from the perspective of students’ experience.

2 The Related Studies

Early studies of VRLs mainly focused on the approaches to build, manage, and share
VRLs and the application of some particular VRLs in the specific discipline, such as
control engineering, chemistry, mechanics. Harward et al. described the VRL architec-
ture named iLab, which supported delivering VRLs for a potentially unlimited number
of users as well as contributed to improve lab utilization levels, share costs, and increase
the lab audience by supporting the cross-institutional sharing [8]. Lowe et al. introduced
two architectures: iLab and UTS as well as analyzed their strengths and shortcomings
of deploying and managing remote labs [9]. Dormido et al. described a VRL named the
Three-Tank Plant, which was for experimentation on a nonlinear multiple-input-multi-
ple-output system in Control engineering [10]. Koretsky et al. described a virtual lab
for chemical vapor deposition processes with the purpose of engaging students in cer-
tain aspects of the experimental design, including the experimental strategy, the analy-
sis and interpretation of data, and the iterative process of redesign [11]. Restivo et al.
described a remote lab, which was developed with LabVIEW and deployed into Moo-
dle, in order to measure and determine mechanical material characteristics [12].

A small number of previous studies also explored the collaborative learning in VRLs.
van Joolingen et al. presented the learning environment Co-Lab, in which groups of
learners could experiment through VRLs and express acquired understanding in a run-
nable computer model [13]. The study justified the importance of organizing science
education around collaborative inquiry at the same time. Jara et al. explored an original
approach for collaborative learning in VRLs through extending the Easy Java
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Simulations (EJS) authoring tool to provide synchronous interaction of multiple partic-
ipants with a given VRL. Follow this way, any VRL created with EJS could transform
the lab itself into a communication medium among learners as well as get automatically
support for collaborative work [14]. Jara et al. also described the main features of the
e-learning system based on VRLs, which was integrated inside a synchronous collabo-
rative e-learning framework, and its successful application for science and engineering
subjects [15].

Recently, a large number of study paid attention to assess the educational effective-
ness of VRLs. Lindsay and Good used the calibration of a piezoelectric accelerometer
to empirically compare the educational effectiveness of hands-on, remote, and virtual
labs. According to their study, different types of labs were not equivalent in terms of
learning outcomes as each modality had its own strengths and weaknesses [16]. Tzaf-
estas et al. used a VRL in the field of robotics to compare the pedagogical effectiveness
of hands-on, remote, and virtual labs. According to the experimental results, it seemed
that virtual labs were as effective as remote and hands-on labs [17]. Nickerson et al.
proposed a model for systematically testing the educational effectiveness of a given
remote lab in terms of students' cognition and motivation [18]. Abdulwahed and Nagy
described an empirical study to measure the pedagogical effectiveness of hands-on lab
and VRLs to support the Kolb's learning cycle, which confirming that VRLs were ef-
fective to activate the apprehension dimension of Kolb's cycle and an effective supple-
ment to hands-on labs [19]. According to Kolloffel and Jong’s study, students in the
virtual lab condition acquired better conceptual understanding and developed better
procedural skills than those in the traditional hand-on labs in engineering curricula
about electrical circuits [20]. Marques et al. presented the results of integrating the open
remote laboratory VISIR into several courses and found that VISIR were always of
benefit for more motivated students when it was properly integrated into a course [21].
Garcia-Zubia et al. also integrated VISIR in teaching Analog Electronics and confirmed
that the remote lab were able to produce a positive effect in students’ learning if an
appropriate learning activity was used [22].

However, few studies explored the application of VRLs in engineering and scientific
education from the students’ viewpoint. Raman et al. investigated potential-adopter stu-
dents’ perceptions of Virtual Lab as a multi-institutional Open Educational Resources
(OER) initiative, using Roger’s theory of perceived attributes [23]. Koretsky et al. com-
pared students’ perceptions of key cognitive processes and specific content afforded by
an industrially situated virtual laboratory project and two physical laboratory projects
through a free-response survey questions and content analysis [24]. Above studies
didn’t address the students’ satisfaction and continuance intention of the VRLs. Thus,
the study aimed at understanding the students’ experience of VRLs and exploring the
potential predictors of continuance intention of VRLs in engineering and scientific ed-
ucation.
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3 Theoretical Basis

Students’ satisfaction and continuance intention of VRLs was very important to the
implement of the online experimental teaching. Because the nature of the VRLs was a
kind of information system (IS), students’ satisfaction and continuance intention was
similar to consumers’ satisfaction and repurchase decision. Then, Bhattacherjee’s Ex-
pectation-Confirmation Model (ECM) was used to examine students’ satisfaction and
continuance intention in this study.

Besides, students’ engagement in VRLs was actually the process of completing a
series of challenging tasks during the computer-mediated environment (CME), in which
flow was easily emerging. What’s more, according to Shin’s study, flow was a signifi-
cant predictor of students’ satisfaction in an online virtual course [25].

Based on above evidence, the ECM and flow theory were integrated in the present
study to examine the students’ satisfaction and continuance intention of VRLs.

3.1 Expectation-confirmation model (ECM)

The ECM was based on expectation-confirmation theory, which was widely used in
the consumer behavior literature to study consumers’ satisfaction, post-purchase behav-
ior [26]. There were four factors in ECM: Perceived usefulness, Confirmation, Satis-
faction, and Continuance intention. According to Bhattacherjee, Perceived usefulness
referred to users’ perception of the expected benefits of IS use. Confirmation referred
to users’ perception of the congruence between expectation of IS use and its actual
performance. Satisfaction referred to users’ affect with prior IS use. Continuance inten-
tion referred to users’ intention to continue using IS. Bhattacherjee’s study found that
users’ continuance intention of IS was determined by their satisfaction with IS use and
perceived usefulness of continued IS use as well as users’ satisfaction was influenced
by confirmation of expectation from prior IS use and perceived usefulness [27].

3.2 Flow theory

Csikszentmihalyi coined the term “Flow” and defined it as the holistic sensation that
people feel when they act with total involvement [28]. According to Trevino and Web-
ster, flow was an important element of understanding human-technology interactions,
and indeed, an important antecedent of attitudes toward technologies [29]. Shin’s study
found that flow was conceptualized as a complex, multinational, reflective construct
composing of ‘enjoyment’, ‘telepresence’, ‘focused attention’, ‘engagement’ and ‘time
distortion’ on the part of learners in online learning environment [30]. Esteban-Millat’s
study further found that time distortions and focused attention were the most important
direct antecedents of flow in virtual learning environment [31]. Thus, time distortions
and focused attention were examined in this study to reflect the students’ status of flow
in experiencing VRLs.
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4 Purposes and Objectives

The purpose of this study was to explore the students’ satisfaction and continuance
intention of VRLs in an undergraduate course named “Introduction to computer sci-
ence.” We were especially interested in seeking answers for two questions:

e How did the students think of VRLs?
e Which factors will affect their perception of VRLs experience?

Specifically, the study had three primary objectives:

e Profiling participating students’ flow experience in VRLs and their perception of
VRLs experience.

¢ Exploring the correlation between the flow experience and the students’ perception
of their VRLs experience.

e Examining the predictors of students’ continuance intention of VRLs.

5 Methods

5.1 VRL used in this study

The research team at the Beijing Institute of Technology developed the VRL used in
this study. All the virtual experiments were designed with Unity3D PRO (education
version), which is a virtual reality, cross-platform application development engine. The
type of lab used in the present study was multi-user virtual lab, which allowed the stu-
dents operate with the experimentation interface on a virtual system on the Internet as
well as several users operate simultaneously with the same virtual system.

The VRL was available at http://www.vrsygc.com/index.Users need to register on the
platform and join in the course in order to experience the virtual experiments. So, the
online experimental class was created on the platform at the beginning of the course
with the cooperation of the research team at the Beijing Institute of Technology. Seven
virtual experiments were selected for the students to experience according to the course
contents. Tablel showed the detailed information of the selected virtual experiments.

Table 1. The information of selected virtual experiments

Name Type Difficulty level
IComputer hardware virtual disassembly IDemonstration low
Chinese character information coding and transformation in com- |Authentication medium
uter
[The execution of an instruction in computer |Authentication high
[Turing model demonstration IDemonstration high
File management virtual experiment |Authentication low
Image coding virtual experiment Design medium
[Firewall principle demonstration IDemonstration low
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Each experiment was equipped with an experimentation interface and an experimen-
tation report interface. In the experimentation interface, just as Fig. 1 shown, the exper-
imentation purpose, experimentation content, and experimentation operation tips were
provided with detailed written words.
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Fig. 1. The experimentation interface of firewall principle demonstration

As Fig. 2 shown, when the start button was clicked, the experimentation process was
shown in an interactive animation.
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Fig. 2. The experimental process of firewall principle demonstration

Students could gradually complete the experiment according to the guidance infor-
mation. After completing the experiment, the students need fill in the experimentation
report and submit online. Each report was allowed to try no more than 10 times and no
more than 40 minutes each time. The feedback on experimentation reports was
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instantaneous and automatic. Students were able to conduct the experiment again ac-
cording to the feedback information until the experimentation report was completely
correct.

5.2  Participants

240 college students joined in the course and had the virtual and remote laboratory
experience during the Fall Semester in 2018. 238 of them participated the final investi-
gation at the end of the course. 151(63%) of them were male and 87(37%) were female.
The students were from six different major of the science and engineering, including
Mechanical engineering (78, 33%), Nuclear Engineering (15, 6%), Energy Engineering
(22, 9%), Information and Computing Science (24, 10%), Optoelectronic Information
Science (40, 17%), Electrical Engineering and Automation (59, 25%). The age of the
students were range from 17 to 21. Among the participants, 115 students had the online
learning experience before taking this course as well as 118 of them didn’t have.

5.3 Instruments

Base on ECM and flow theory, a three-part questionnaire was developed as the re-
search instrument. The first part of the questionnaire aimed at gathering participants’
personal characteristics, including: gender, age, major and online learning experience.
The second part was designed to examine the students’ flow experience from two as-
pect: time distortion and focused attention. The third part came from the EMC and was
adapted according to the present study. As indicated in Table 2, the final questionnaire
consists of five subscales.

Table 2. The subscale and source of the questionnaire

Factor names Number of items| Source
[Flow experiences(FE) 4 [Esteban-Millat et al. (2014)
Perceived usefulness(PU) 3 Bhattacherjee (2001)
(Confirmation(C) 3 Bhattacherjee (2001)
Satisfaction(S) 3 Bhattacherjee (2001)
3

Continuance intention(CI) Bhattacherjee (2001)

Participants were asked to indicate their perceptions of the VRLs by responding to
above sixteen statements on a five-point Likert scale from strongly disagree to strongly
agree: 1 = strongly disagree; 3 = neutral; and 5 =strongly agree.

5.4  Data collection and analysis

Data were collected at the end of the course with the anonymous survey. All partic-
ipants were provided with written information introducing the purpose of the survey.
238 useful surveys were returned and the response rate was about 99%.

Data were compiled and analyzed using the Statistical Package for Social Sciences
(SPSS19.0). Reliability was examined using Cronbach’s a values for each variable:
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Flow experiences, 0.730; Perceived usefulness, 0.859; Confirmation, 0.835; Satisfac-
tion, 0.857; Continuance intention, 0.908. Obviously, Cronbach’s a values of each var-
iable were all above 0.7, which is a commonly acceptable level.

Descriptive statistics were used to describe each variable. Independent sample t test
was used to examine the relationships between students’ personal characteristics and
their perception about the VRLs experience. Correlation analysis was used to examine
the relationships between the students’ flow experience and other variables. Stepwise
regression analysis was used to explore the potential factors that affect the students’
continuance intention. Alpha value for all statistical procedures was set a priori at .05.

6 Findings

6.1  Students’ flow experience and perception of VRLs experience

The descriptive information of the students’ flow experience and their perception of
VRLs experience was indicated in Table 3.

Table 3. Descriptive infomation of each factor

Factor names Mean SD Min Max
FE 3.64 0.62 1 5
IPU 3.85 0.68 1 5
C 3.64 0.70 1 5
S 3.61 0.75 1 5
CI 3.66 0.76 1 5

Generally speaking, the students’ perception about above five aspects kept between
neutral attitudes and agree attitudes, more likely to agree. The students' perception of
usefulness was slightly higher than the other factors.

The study further examined the difference of students’ perception about the VRLs
experience by gender.

Table 4. Students’ perception about the VRLs experience by gender

Gender N M SD DF t P
e e e | v |
S s e i M
e e e T [ | oo
e e e T
o e P P s [ | oo

*Correlation is significant at p <.05. ; **Correlation is significant at p <.01.
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Just as table 4 shown, female students’ perception about VRLs experience were bet-
ter than males. Gender had a significant impact on both the students’ flow experience,
perceived usefulness and satisfaction at .05 level. Gender had an extremely significant
impact on confirmation and continuance intention at .01 level.

The study also examined the difference of students’ perception about the experience
of VRLs by the online learning experience. As indicated in table5, independent sample
t test found that the online learning experience had significant impact on the confirma-
tion while had no significant impact on the other variables. Besides, both age and major
had no significant impact on the students’ perception about the experience of VRLs.

Table 5. Students’ perception about the VRLs experience by online learning experience

Online learning experience N M SD DF t P
FE ;eos ﬁg ig? 8:2? 231 081 | 417
- Yo i o] | 198 | 19
“ ;eos ﬁg i;i 8:33 231 233" | .021
Y 115 3.68 0.
S Neos 113 357 O.Z 231 1.11 270
Y 115 3.74 0.80
- NeoS 118 3;9 0.72 231 1.55 154

*Correlation is significant at p <.05.

6.2

Correlation analysis

experience and their attitude to the experience of VRLs.

Table 6. Correlation analysis of flow experience and other variables

Correlation analysis was used to examine the relationships between students’ flow

PU C S CI

Pearson correlation 575 .605™ 597" .602"

FE Sig. (2-tailed) 2000 000 000 1000
IN 238 238 238 238

**Correlation is significant at p <.01.

As table 6 shown, the flow experience had an extremely significant correlation with
the students’ perceived usefulness, confirmation, satisfaction and continuous intention
of the VRLs. The better the students’ flow experience was, the stronger their perceived
on usefulness, confirmation, satisfaction and continuous intention was.

6.3  Stepwise regression analysis

In this study, the flow experience, perceived usefulness, confirmation and satisfac-
tion were processed as the predictors, while the continuance intention was the outcome
variable. The outcome of stepwise regression analysis was indicated in table 7.
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Table 7. Stepwise regression analysis of the continuance intention

B S.E. B T R?
FE 0.16 0.06 0.13 273"
PU 0.33 0.06 0.29 5.56"" 0.70
S 0.53 0.06 0.52 9.63""

**Correlation is significant at p <.001.

As indicated in table 7, students’ satisfaction played the most powerful role for pre-
dicting their continuance intention. The more satisfied the students’ felt, the stronger
their continuance intention was. The the perceived usefulness also played important
role for predicting the students’ continuance intention. The more the students’ perceived
usefulness was, the stronger their continuance intention was. What’s more, flow expe-
rience can also positively predict the students’ continuance intention. The better the
students’ flow experience was, the stronger their continuance intention was. Confirma-
tion couldn’t predict the students’ continuance intention according to the stepwise re-
gression analysis.

7 Discussion

Firstly, the study found that the flow experience of students in virtual experimental
learning was at general level while the female students’ perception of flow was higher
than the males. According to the flow theory, when the individual's skill level matched
with the challenge level of the task, the flow would appear. In the present study, virtual
experiments of different difficulty levels were provided for all the students. However,
the challenge level of the experiments could not match each student’s skill level, which
resulted to the students’ flow experience was at general level. Presumably, the challenge
level of the experiments was more suitable for the female students.

The study also found that the students’ attitude to the virtual experimental experience
kept between neutral attitudes and agree attitudes, more likely to agree. Gender had a
significant impact on both the students’ perceived usefulness, satisfaction, confirmation
and continuance intention. Correlation analysis found that the flow experience had the
an extremely significant correlation with the students’ perceived usefulness, confirma-
tion, satisfaction and continuous intention of VRLs. Presumably, due to the differences
in flow experience of male students and femals, the difference of students’ perceptions
of virtual experiment experience was statistically significant by gender. Besides, the
online learning experience had significant impact on the confirmation. The possible
explanation was that the students’ who had online learning experience had more appro-
priate expectations of VRLs and were more likely to meet their expectations.

Last but not the least, the study found that both perceived usefulness and satisfaction
were important predictors of the students’ continuance intention, which was consistent
with Bhattacherjee’s finding. What’s more, flow experience was also a positive predic-
tor of the students’ continuance intention, which was also confirmed in Esteban-Mil-
lat’s study. According to Esteban-Millat’s study, positive affect, such as feeling happy,
satisfied and cheerful, was the direct positive consequences of the flow experience in
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online learning environment [32]. Obviously, the better the students’ flow experience
was, the more satisfied they felt, and the stronger their continuance intention was.

8 Conclusion and Implication

According to above findings, there are several implications to share in integrating
VRLs into teaching practice of engineering and scientific education.

It is significant to improve the students’ flow experience in virtual experimental
learning. On the one hand, the instructors need to improve the students’ skills to match
the challenges of the virtual experiments, especially for those high-level difficulty ones.
On the other hand, the design and quality of the virtual experiments need be improved.
More user-friendly interface design and more detailed experimental process guidance
were strongly advised. At the same time, the realism of the simulation and the diversity
of the interaction need to be promoted in the future development. Both the Augmented
Reality and Mixed Reality were good choice to solve the problems.

It was essential to improve the students’ satisfaction in the virtual experimental ex-
perience. Most previous studies only paid attention to assess the students’ learning ef-
fectiveness but ignored their virtual experimental experience. With the prevailing of
online course, especially the MOOCs, online experimental learning was going to be
adopted widely in engineering and scientific education. It was essential to improve the
students’ satisfaction in the virtual experimental experience. It determined that when it
was not mandatory, whether the students would prefer and experience the VRLs and
continue to use it as a way of experimental learning. Of course, the potential factor that
affect students’ virtual experimental experience need to be further explored in future
studies.
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