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Technology acceptance model and multi-user virtual reality
learning environments for Chinese language education
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ABSTRACT
Virtual reality is a rapidly developing technology and its applications are
being explored in a variety of educational fields. While an increasing
amount of attention is being paid to VR as a language learning tool,
there remains less research on using VR with languages other than
English. Adapting the Technology Acceptance Model, this study
investigated learner attitudes towards Hubs by Mozilla, a multi-user VR
learning environment, for the purpose of learning Chinese as an
additional language. Data were collected by means of a post-
participation questionnaire that measured seven constructs. It was
hypothesized that the unique features of virtual reality technology
would have a statistically significant positive association with the
constructs of technology acceptance. Structural Equation Modeling was
used to explore the relationships between the constructs. Results
indicate varying degrees in significance between the impacts of
different constructs, but an overall agreeable attitude towards using the
virtual environment for Chinese language learning. Furthermore,
difficulties in interaction within the virtual environment seemed to
affect the learners’ perceived ease of use of the technology, suggesting
that increased consideration for the design of VR learning environments
and for the virtual literacies of learners may help this technology be
more successful in the classroom.
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1. Introduction

New emerging technologies can lead to innovative and, possibly, more effective pedagogy. Virtual
reality (VR), although extant in various forms for decades, is often considered a new technology,
especially in its more modern iterations. Economical head-mounted display (HMD) units have
made immersive educational experiences with VR more accessible. Many researchers have explored
the educational possibilities of VR in STEM (Science, Technology, Engineering, Mathematics) fields,
from treating Alzheimer’s (Foloppe et al., 2018), to studying supermassive black holes (Davelaar
et al., 2018). Meanwhile, explorations in leveraging VR in the field of language acquisition have
also become increasingly frequent (Lin & Lan, 2015). Despite the increased attention VR has received
from language acquisition researchers, the quickly evolving nature of the technology, and the
breadth of possible applications in language pedagogy, have furnished a wide spectrum of unex-
plored research possibilities, especially in languages other than English.

Regardless of novel functions and accompanying psychological affordances, it is, ultimately, the
learners themselves who decide the value of a learning technology through their acceptance and
subsequent use of it. This study attempted to measure the behavioral intention to use a multi-
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user VR learning environment (MUVRLE) to learn Chinese as a second language (CSL) by a group of
international students at a Sino-British university in mainland China. Through quantitative analysis of
data obtained by means of a post-participation questionnaire, this research explored the pedagogi-
cal value of Hubs by Mozilla (henceforth, Hubs), as a MUVRLE building on the groundwork of previous
studies measuring learner acceptance of VR technologies for other learning purposes (See Huang &
Liaw, 2018; Huang et al., 2010, 2016).

2. Literature review

2.1. Pedagogical affordances of VR and MUVRLEs

Virtual reality is represented in the literature in various ways. Some have used the term VR to describe
any 3D graphics that can be interacted with via personal computers, and others have referred to it in
terms of the devices associated with it, opposed to its capabilities or functions (Lan, 2020). Burdea
and Coiffet (2003) defined VR as “a high-end user-computer interface that involves real-time simu-
lation and interactions through multiple sensory channels” (p. 3). This definition serves us well,
despite recent advances in the development of the technology. Modern VR provides visual, auditory
and haptic stimuli, which are delivered through HMDs and handheld controllers. The high level of
sensory feedback and resulting richness of simulated environments afforded by VR has led some
to describe it as an immersive technology, offering users the perception of being physically
present in a nonphysical environment (Blyth, 2018).

While VR technology has been used on occasion in education and training over the past couple of
decades, the emergence of portable and affordable HMDs within the last decade has resulted in the
technology garnering increasing attention from researchers and educators. Researchers have begun
documenting the many pedagogical affordances of VR (Dalgarno & Lee, 2010; Mikropoulos & Natsis,
2011; Wang et al., 2019). The HMDs of modern VR devices allow for full sensory immersion, whereby
users have the subjective impression that they are “participating in a comprehensive, realistic experi-
ence” (Dede, 2009, p. 66). Such immersion has been found to enhance experiential learning, learning
through multiple perspectives, and facilitating the transfer of skills from the virtual learning environ-
ment to the real world (Dede, 2009; Kwon, 2019). Furthermore, the complete occlusion of the real
world afforded by HMDs can increase student focus by blocking out distractions (Gadelha, 2018).
Within virtual environments, learners are afforded a setting that is often free of peer or teacher judg-
ment, and other anxiety-producing phenomena that are common in a real classroom (Grant et al.,
2013; Vogel et al., 2006). And given that VR platforms are typically marketed as entertainment
devices, many studies have unsurprisingly shown them to increase motivation and engagement
in learners (Lan et al., 2019; Melchor-Couto, 2019). In summary, VR has been shown to be a poten-
tially valuable tool in the discipline of language learning. A recent meta-analysis of VR applications in
language learning concluded that VR, in its various educational adaptations, is likely to “greatly
enhance learners’ both communication skills and linguistic competence” (Wang et al., 2019, p. 20).

Several software applications developed for VR have unique pedagogical attributes as well.
Second Life, to cite but one example, is an open social virtual environment which allows multiple
users to interact with a high degree of freedom. There is no explicit theme or goal of virtual
worlds like these, which leaves it up to the participants to explore, create, or engage in synchronous
communication (Papagiannidis et al., 2008). This freedom is what makes these virtual worlds such
attractive learning environments, and many are used as MUVRLEs by teachers and researchers.
The establishment of different virtual communities in these virtual worlds allows for a form of linguis-
tic immersion in a target language normally restricted only to those who have the resources to travel
to the countries of their target language. These affordances have taken Second Life, and other online
virtual worlds, and made them attractive platforms for second language learning activities such as
group collaboration (Lorenzo et al., 2012), task-based instruction (Chen, 2016; Lan et al., 2013),
context-based vocabulary acquisition (Hsiao et al., 2017), problem-based learning (Warren et al.,
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2008), and role-play (Ho et al., 2009). The dynamic potential of MUVRLE applications, such as the
behavioral freedom they offer users, their high customizability, and the linguistic immersion
offered by their social nature, demonstrate the potential of MUVRLEs as pedagogical tools for
language learning.

One of the challenges of exploring the affordances of a particular VR learning environment, or any
new technology for that matter, is that many potential users may not be digitally literate. As VR
uniquely incorporates both digital and physical elements, the use of the technology is not comple-
tely intuitive, and should be explicitly taught. Digital literacies is the umbrella term used to encom-
pass a host of skills and competencies that have become a necessity in an increasingly technology-
saturated world (Dudeney & Hockly, 2016). However, given VR’s distinctive properties, it does not fit
satisfactorily into the digital literacies framework. For this reason, virtual literacies were proposed by
Merchant et al. (2013), who described the concept as the diversity of literacy practices involved in the
social construction of online spaces. This definition takes a broad stance on virtual as including
online games, virtual worlds, and social networking sites, but it is inclusive of the communicative
affordances of these technologies which are incorporated into the experiences of the user. Thus,
as an ancillary objective, attention is given to the juncture of VR technology and virtual literacies
in the context of the present study.

2.2. Learning and teaching Chinese in virtual worlds

The use of online virtual worlds and VR technology in the teaching and learning of Chinese is a topic
currently being explored. Studies using VR for teaching CSL have shown strengthening of the exist-
ing benefits in relation to educational technology, such as independent and mobile learning, and
increases in motivation and stimulation of interest (Ho, 2018; Kubler, 2018). Online Virtual Worlds
have specifically been found to increase self-efficacy among CSL learners (Henderson et al., 2012).
Findings suggest that educational experiences within virtual worlds were valuable to learners’ confi-
dence in achieving desired outcomes in Chinese, and that these benefits were resultant of the ped-
agogical nature of the virtual world (as opposed to its entertaining nature). Further support for the
use of VR in CSL learning stems from studies that have demonstrated how the utilization of VR has
led to increased oral output and improvements in attitudes toward learning Chinese by learners who
used MUVRLEs (Lan, 2014). In addition, immersive experiences in MUVRLEs have been shown to posi-
tively influence learners’ writing quality in Chinese (Lan et al., 2019). However, as these tools are
becoming increasingly popular, researchers have called for wider inquiries into learner’s interactions
and perceptions of them (Xie et al., 2019). Therefore, the primary objective of the current study is to
narrow the research gap of Chinese Language Learners’ (CLL) perceptions of leveraging MUVRLEs for
learning Chinese by investigating learners’ opinions and attitudes towards using Hubs as a MUVRLE
for learning Chinese characters.

3. Theoretical framework

3.1. Immersion, interaction, and imagination (III)

A popular theoretical framework for virtual reality, established by Burdea and Coiffet (2003), is
Immersion, Interaction, and Imagination. Accordingly, virtual worlds are not static displays, but
are primed for real-time interaction, responding directly to user input. The stimulating effects of
user interaction with seemingly real digital content relates to a sense of immersion in the virtual
world. With most modern VR platforms, like those from HTC, Sony PlayStation, and Oculus, incorpor-
ating multi-sensory interfaces (e.g. visual, audio, and haptic), the level of interaction, and therefore
immersion, allows users to interrelate with a virtual world. Therefore, placing the constructs of inter-
action and immersion exogenously to the technology acceptance model should reveal how these
features of VR interrelate with users’ perceived usefulness and perceived ease of use of VR.

INTERACTIVE LEARNING ENVIRONMENTS 3



Burdea and Coiffet (2003) go further in their definition of VR with the addition of imagination as a
key quality. Beyond the interfacing technology which allows for interaction and immersion, VR also
employs applications which are intended to address real-world concerns, such as in entertainment,
training, and education (Dalgarno & Lee, 2010). A successful application will engage the humanmind
to discover new things. This quality of VR, to present the mind with objects and scenarios from which
it can imagine nonexistent things, can increase perceptual knowledge and allows for constructivist
learning (Huang et al., 2010). As constructivism theory stipulates, knowledge is created through the
meaningful interactions between experiences and ideas (Kretchmar, 2019), which places the con-
struct of imagination exogenously to the technology acceptance construct of perceived usefulness,
in the first instance, and may also influence perceived ease of use as well, from the perspective of
ease of learning.

3.2. Technology acceptance model (TAM)

The TAM, developed by Davis (1989), posits that how users perceive the usefulness and ease of use of
information technology are fundamental determinants of their behavioral intention to use the tech-
nology. Perceived usefulness is defined as “the degree to which a person believes that using a par-
ticular system would enhance his or her job performance”, and perceived ease of use as “the degree
to which a person believes that using a particular system would be free of effort” (Davis, 1989,
p. 320).

In addition, learning motivation has been included in the present study as an indicator of
behavioral intention to use technology, in concordance with the approaches of Huang et al.
(2010), and Huang and Liaw (2018). As high-immersion VR devices are relatively new, their
unique immersive and interactive properties will be a novelty to most users and therefore
likely to influence their motivation to use the technology for learning. Keller’s (1987) ARCS
model of motivation (Attention, Relevance, Confidence, and Satisfaction) for instructional
design fits well with VR learning activities. Attention is captured through the full immersion
offered by the HMD. Relevance is achieved through first-person interaction with the learning
environment. Confidence can be seen as a form of self-efficacy in operating the VR system suc-
cessfully. Finally, satisfaction comes from the autonomous control a user has in the virtual
environment to achieve learning goals. In order to measure the variance of this influence in com-
parison to perceived usefulness and perceived ease of use, learning motivation is included as a
dependent variable in the model.

This model is designed to inform to what degree these aspects of technology acceptance
influence a learner’s attitude toward a technology, which is a direct indicator of their behavioral
intention to use it for the demonstrated learning purpose. This study also examines how these
TAM aspects are themselves influenced by the unique properties of the technology (e.g. III). With
this information teachers and researchers can both better understand how the technology affects
learners’ attitudes and where attention is needed to maximize the benefits of the technology for
the intended purpose.

3.3. Conceptual model and hypotheses of present research

A conceptual model has been adopted which holds that the three principle qualities of VR (immer-
sion, interaction, and imagination) will each have a significant positive association with the two
aspects of technology acceptance (perceived usefulness, perceived ease of use) and learning motiv-
ation. These, in turn, will each have a significant positive association with the user’s behavioral inten-
tion to use VR, predicting future adoption of the technology (Davis, 1989) (see Figure 1).

Therefore, the following two hypotheses were adopted for the present research.
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H1. Immersion, interaction, and imagination (III) will be significantly and positively associated with perceived
ease of use, perceived usefulness, and learning motivation of the MUVRLE.

H2. Perceived ease of use, perceived usefulness, and learning motivation will each have a significant and positive
association with the learners’ behavioral intention to use the MUVRLE.

4. Methodology

4.1. Research context

The study was conducted at a Sino-British university in eastern mainland China. The university uses
English as the medium of instruction and has a large language center which offers both credit-
bearing courses and summer short courses for CSL. The summer short courses vary in length from
2 to 6 weeks and attract learners from a variety of national backgrounds. The university is located
in a planned educational community composed of several national and transnational universities
in close proximity.

4.1.1. Participants
A sample of 33 CSL learners (21 females) were recruited on a volunteer basis, of which a total of 32
valid responses were collected. The majority of participants (n = 28) were recruited from the CSL
summer short courses at the university, the other four were CSL learners from the local community.
The average age was 28.2 years (SD = 11.2) with the oldest being 58 and the youngest 18; three
chose not to disclose their age. According to the demographic information collected, 39% of the par-
ticipants identified English as their first language (L1) and 61% had an L1 other than English. 15 par-
ticipants assessed their Chinese language ability as “Beginner”, 14 as “Intermediate”, and three of
them as “Advanced”. When asked about their familiarity with VR, 14 participants responded they
had never used VR before, and 18 said they had used it “a few times”; no participants had used
VR more than a few times (e.g. monthly or weekly).

4.1.2. Mozilla Hubs as a MUVRLE
Hubs (https://hubs.mozilla.com/), released in 2018, is a relatively new MUVRLE. Similar to open social
virtual worlds like Second Life, Hubs allows users to connect in virtual spaces. One of the key differ-
ences of Hubs is that it does not require a software package or registration to use like many other
online virtual worlds, nor is it a game. It is essentially a browser page, the link to which can be
shared with anyone who wants to join, and there is no limit to the number of these virtual
“rooms” that can be created. The ability of Hubs to be personalized is streamlined through a
large library of content, which can be customized by users by uploading their own content. This
content can be audio, video, as well as 2D or 3D objects. Hubs can be accessed via mobile or

Figure 1. Conceptual model showing hypothesized influence from III through TAM on intention to use.

INTERACTIVE LEARNING ENVIRONMENTS 5

https://hubs.mozilla.com/


desktop devices but is primarily designed to be connected through VR HMDs. Users who join the
same room can communicate through microphone (audio) or text messaging. As Hubs has the
same level of freedom that is common in other open social virtual worlds, that have been subject
to extensive research, it is reasonable to assume that learners would have similar experiences
using Hubs. However, additional research into the unique affordances of Hubs’ customizability
and other features prompts further examination.

4.1.3. Chinese characters
The Chinese script is logographic, often lending itself to semantic visualization of a particular char-
acter, either as a whole, or through its component parts (McBride, 2016). The visual-spatial nature of
many Chinese characters is well portrayed in Chineasy (2020) (https://www.chineasy.com/), a popular
Chinese character learning program, where Chinese characters in books and flash cards are super-
imposed over drawings that convey the meaning of the character (see Figure 2). This helps learners
to associate the pictographic nature of the character or character component with its semantic
meaning, enabling the learner to better recognize and remember characters and their component
parts. One important type of character component is the radical, which can act as a semantic or pho-
netic indicator (Ho et al., 2003; Tsai & Nunes, 2003). As the composition of most Chinese characters is
made up of semantic and phonetic radicals (Zhu, 1987, as cited in Loh et al., 2018), research has
shown that the ability to recognize a few semantic radicals can aid in finding the semantic category
of a wider array of characters (Nguyen et al., 2017; Tong & Yip, 2015; Xu et al., 2014). For example氵,
as the semantic radical for water, can be found in the character泪, meaning tear (as in tear drop). The
same radical is found in the characters 河 (river), 海 (ocean), 汤 (soup), 洗 (wash), 湖 (lake), and 汁

(Juice) as they all relate to water.

4.1.4. Lesson design
As research has shown the importance of CLLs being able to decode the semantic component of
characters, the lesson plan utilized in the current study took as their primary aim the increasing of
awareness of semantic radicals and the ability of learners to recognize and understand them.

A unique lesson plan was developed by a qualified tertiary Chinese language teacher, taking into
consideration the need for a consistent experience across participants while balancing interest and
making the ability-level accessible to as many learners as possible. It was also imperative to employ
as many interactive features of the virtual environment, including moving and manipulating objects
and using a virtual pen to write or draw. By moving around 3D objects (e.g. a campfire) andmatching
them with their associated component or character (e.g. 火 fire), participants were able to make an
association to the semantic category of the component or character (see Figure 2). Participants were
also told to write or trace the character using a virtual pen, to help in memorizing the radical or com-
ponent. Then when encountering new characters which contained these learned radicals or

Figure 2. A comparison between 2D and VR-based Chinese character pictographic association. (The pictures on the right are 3-
dimensional models that users can interact with and observe from different angles. Left set of pictures “chineasy.com” and right
set of pictures “hubs.mozilla.com”).
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components, participants were prompted to make an educated guess as to the meaning of the char-
acter from a multiple-choice list.

4.2. Instrument, and reliability of measurement

A post-participation questionnaire was adapted from previous studies measuring learner acceptance
of VR and similar 3D virtual learning systems (Huang & Liaw, 2018; Huang et al., 2016). The adapted
questionnaire had seven items measuring demographic information and a total of 28 items measur-
ing III and TAM constructs. Four items were initially proposed for each construct, including one
negated item to discourage survey participants from focusing on one side of the scale. Participants
responded to the 28 attitude items on a 5-point Likert scale ranging from 1 (strongly disagree) to 5
(strongly agree). The seven constructs measured were immersion (IMRN) (Burdea & Coiffet, 2003),
interaction (INTR) (Burdea & Coiffet, 2003), imagination (IMGN) (Burdea & Coiffet, 2003), perceived
ease of use (PEU) (Davis, 1989), perceived usefulness (PU) (Davis, 1989), learning motivation
(LMTV) (Keller, 1987), and intention to use (ITU) (Davis, 1989). The questionnaire was written in
English and items measuring each variable were randomly ordered.

Of the 28 items, seven (one from each latent variable) were removed post-data collection to
increase reliability of the measure. Nevertheless, reliability of the imagination construct was lower
than the others, as measured by Chronbach’s alpha (α), by more than the standard deviation
(0.17) of the overall mean (0.654). Despite the relatively lower reliability of one construct, the
results were still considered in the analysis as psychological construct measures of 3 items can be
considered dependable at measured levels (Cortina, 1993; Kline, 1999). Skewness and Kurtosis Z-
scores were also reported for normality, which all fall below the lower threshold of 1.96 with the
exception of ITU which had a Skewness Z-score below the middle threshold of 2.58 at a significance
of p < .05 (Field, 2009), which indicates a higher frequency of responses toward strongly agree,
skewing the data to the right. See Table 1 for details.

4.2.1. Measurement and structural model assessment
Convergent validity of the measurement model was determined by the average variance extracted
(AVE) of the constructs. The AVE values were all above the 0.5 threshold established in Hair et al.
(2019), indicating that each construct accounted for more than half of the variance of their indicators.
Discriminant validity of each construct was measured by the Fornell and Larcker (1981) method,
wherein the AVE is compared to the squared correlation coefficients of the constructs. Comparisons
yielded no instances of construct’s squared correlation coefficients exceeding AVE values so it was
therefore determined that each construct was measuring separate phenomena.

The model-fit indices used to assess the structural model were the ratio of χ2 to the degrees of
freedom (χ2/df), the goodness of fit statistic (GFI) and adjusted GFI (AGFI), the standardized root
mean square residual (SRMR), and the root mean square error of approximation (RMSEA). The χ2

for the model was 232.69 and the df = 137 (p < .000) for a ratio of 1.69, which falls within the rec-
ommended range between 1 and 3 (Hooper et al., 2008). The GFI was .963, which is above the rec-
ommended threshold of 0.90, whereas the AGFI measured .825, which is below the threshold (Hair
et al., 2019). SRMRmeasured .037, which demonstrated good fit, however the RMSEA was .109 which

Table 1. Chronbach’s alpha (α), and skewness and Kurtosis Z-scores for each factor.

IMRN INTR IMGN PEU PU LMTV ITU

α 0.542 0.762 0.399 0.855 0.513 0.702 0.803
Skewness Z-score 1.19 −1.86 0.33 −0.40 −0.79 0.24 −2.51*
Kurtosis Z-score −0.86 0.24 −0.31 −0.72 1.19 −0.51 1.90

*p < 0.05.
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is well above the upper cutoff of .08 (Hair et al., 2019). Overall, given the small sample size and the
model’s complexity, the goodness of fit was considered adequate for the present study.

4.3. Data collection

Participants were each given a single one-on-one lesson using the Oculus Rift + Touch system
(Figure 3) which was connected to Hubs. The Oculus Rift + Touch was chosen as it provides 6
degrees of freedom, making moving around and writing in the virtual world much easier, and has
a high refresh rate which can help to reduce simulator sickness (Zielinski et al., 2015). Tutors deliver-
ing the lessons were Chinese undergraduate research assistants who were provided training on
teaching the lesson by a certified Chinese language instructor. Participants were briefly introduced
to the lesson content, then given a tutorial on the Oculus hardware and allowed time to familiarize
themselves with the controls and program functions in the virtual environment. Once the tutors felt
that the participants understood the controls, the lesson began. The lesson involved three activities
designed to scaffold participants’ understanding of Chinese character meaning through recognition
of radical semantics. The student and teacher avatars were co-present in the virtual environment
during the lesson. Lesson length varied depending on the participants’ adeptness at using the VR
system with an average session time of 27.9 min (SD = 5.36). Immediately following the lesson, par-
ticipants were given a nominal pen and paper quiz of eight items, including multiple choice and
matching, to provide a sense of conclusion to the lesson. Afterwards, they were given the question-
naire (also pen and paper) and asked to complete it while the tutor marked their quiz. Standard
ethics procedures were followed: the questionnaire was anonymous, and no identifying information
of the participants was used. Figure 4 provides a graphic representation of the procedure.

Figure 3. The Oculus Rift + Touch system (including notebook computer).
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4.4. Data analysis

Data were analyzed with Amos 26 software using a Structural Equation Model (SEM). To investigate
the hypotheses, standardized estimates and squared multiple correlations were examined to deter-
mine the degree of association between variables. Also, the mean and standard deviation were ana-
lyzed to determine agreement measurements of each measured and latent variable.

5. Results

5.1. Descriptive statistics for determining overall level of agreement

Table 2 shows the descriptive statistics for each item and construct. All items and constructs scored a
mean agreement level above 3.5, showing general agreement. The constructs of imagination, learn-
ingmotivation, and intention to use all hadmeans above 4 (Agree on the Likert scale); immersion and
perceived usefulness had means slightly lower, in the 3.8 range; and interaction and perceived ease
of use had the lowest means. The items for interaction and perceived ease of use also had the

Figure 4. Experiment procedure.

Table 2. Descriptive statistics for each item and factor.

Factor Item Mean SD Factor Mean Factor SD

Immersion IMRN1 3.88 0.87 3.84 0.54
IMRN2 4.22 0.75
IMRN3 3.44 0.88

Interaction INTR1 4.06 1.01 3.50 0.85
INTR2 3.22 1.13
INTR3 3.22 1.07

Imagination IMGN1 4.28 0.73 4.01 0.49
IMGN2 3.97 0.74
IMGN3 3.78 0.79

Perceived Ease of Use PEU1 3.53 0.98 3.68 0.28
PEU2 3.50 0.98
PEU3 4.00 0.76

Perceived Usefulness PU1 4.00 0.62 3.81 0.30
PU2 3.97 0.59
PU3 3.47 0.84

Learning Motivation LMTV1 4.47 0.62 4.17 0.27
LMTV2 3.94 0.98
LMTV3 4.09 0.53

Intention to Use ITU1 4.28 0.68 4.19 0.14
ITU2 4.25 0.76
ITU3 4.03 0.74

INTERACTIVE LEARNING ENVIRONMENTS 9



highest standard deviations, demonstrating that these items garnered more varied levels of agree-
ment/disagreement.

5.2. Structural Equation Model results

III constructs of the VR system had varying degrees of association with the TAM, but not all of them
were statistically significant. Likewise, TAM constructs had positive associations with the behavioral
intention to use the MUVRLE, but only two showed statistical significance. Immersion had a large
impact on the TAM, having significant associations with both PU (β = .398, p < .05) and learning
motivation (β = .429, p < .05). Interaction’s only significant association with the TAM was with per-
ceived ease of use (β = .773, p < .001). Imagination showed a strong significant association with per-
ceived usefulness (β = .526, p < .001), but a weaker, non-significant, association with learning
motivation (β = .243). Perceived usefulness and learning motivation both had significant impacts
on intention to use, β = .467, p < .001 and β = .498, p < .001 respectively, but perceived ease of use
had no significant association. Table 3 lists the inferential statistics of the model, and Figure 5
shows the final model with non-statistically significant values represented by dotted lines. R2

values for the dependent variables are also shown.

6. Discussion

The present study examined the impact of the unique qualities of virtual reality on an adapted technol-
ogy acceptancemodel to investigate attitudes and opinions of learners using aMUVRLE for the purpose
of learningChinese asa second language. Thefindings indicated that thevariables of III eachhadvarying
associations with the two external constructs of the TAM, and learning motivation. Furthermore, the
inner-model constructs each had varying associations with the behavioral intention to use the
MUVRLE.However,not all constructshada significant impact,which refutesbothof the researchhypoth-
eses (H1 & H2). These results align with Huang et al. (2010), but contradict those of Huang et al. (2016)
who also examined learner acceptance of VR technologywith similar models. Given that each construct
did not have thepredicted statistically significant positive associationswithin the conceptualmodel, the
following discussion will be organized by first examining those associations which were significant,
followed by possibilities for why the non-significant associations occurred.

6.1. Interaction in MUVRLEs is the key attribute for the perceived ease of use of VR
technology

Interaction failed to have a significant positive association with perceived usefulness or learning
motivation; it only associated significantly with perceived ease of use. Furthermore, the other

Table 3. Inferential statistics for III and TAM.

Dependent variable Independent variables β R2

Perceived Usefulness Immersion .398* .457
Interaction −.149
Imagination .526**

Perceived Ease of Use Immersion −.089 .608
Interaction .773**
Imagination .043

Learning Motivation Immersion .429* .246
Interaction .050
Imagination .243

Intention to Use Perceived Usefulness .467** .599
Perceived Ease of Use .029
Learning Motivation .498**

**p < 0.001, *p < 0.05.
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qualities of VR, immersion and imagination, had no significant association with perceived ease of
use. Interaction also had the lowest agreement level of all the constructs as measured by the
mean response. This implies that difficulty in interaction within the MUVRLE has a considerable
effect on a user’s perception of how easy VR technology is to use. This is possibly why an nonsignifi-
cant relationship was found between perceived ease of use and the intention to use VR technology.
These findings support previous research which concluded that users’ feeling capable of using a
given technology increases the chances of positive attitudes emerging and the ultimate adoption
of it (Luse et al., 2013; Merchant et al., 2012).

The fact that intention to use and learning motivation had the highest means of all the constructs
suggests that, despite the lack of a significant positive association between interaction and per-
ceived usefulness and learning motivation, learners recognized the usefulness and motivating qual-
ities of the VR system even though they had difficulties in interacting with it. Perhaps participants
were aware that successfully operating new technologies naturally requires practice, and believed
that mastering the use of VR would come in time through subsequent exposure. This presumption
is supported by the relatively non-significant association that the perceived ease of use of VR had on
learners’ intention to use the technology.

Hubs was likely to have been designed to be used for entertainment purposes rather than edu-
cational ones. The most common difficulties users had when interacting with Hubswere navigating
the virtual space, reaching for and gripping virtual objects, and negotiating minor glitches in the
program (e.g. moving an object through a wall and rendering it inaccessible). Often, the user’s
intuition interfered with their ability to navigate the virtual world. For example, sometimes
when users needed to move, they did so with their feet in the real world, which works only so
far as the tethered headset allows, instead of using the VR controller which offers unlimited move-
ment. Conversely, when asked to grab a pen in the virtual world (used for writing Chinese charac-
ters), many users would not grab the pen with their virtual hands but instead tried to point-and-
click it as with a mouse cursor. These difficulties persisted for several participants despite each
having gone through a tutorial session before the lesson was delivered. Difficulties overcoming
these intuitive barriers for many of the users is presumably what caused the disparity in agreement
between items related to interaction, and the low impact of perceived ease of use on the intention
to use.

The persistence of difficulties in interaction despite the provided tutorial corresponds with Hen-
derson et al.’s (2012) research wherein it was concluded that “while the use of introductory activities
(such as a skills-focused tutorial) to improve technological skills is commonly considered to be essen-
tial, it is not sufficient” (p. 414). A related study by Gorham et al. (2019) which examined the value of
VR in teaching Japanese Kanji (identical to Chinese characters in many respects), also attributed the

Figure 5. SEM model showing statistically significant associations between variables.
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VR environment to subjects’ poor performance, citing a steeper learning curve, and increased cog-
nitive load, for newcomers to VR technology.

Thus, it is not unprecedented that VR environments hinder their application to educational pur-
poses through difficulties with interaction. Designing of MUVRLE activities should therefore be done
with thought to the perceptual and psychological processes which increase ease of use and
heighten intuitive interaction. Designability along these guidelines can be supported by an increase
in virtual literacies of the user.

6.1.1. Virtual literacies of MUVRLEs
In observing the difficulties many participants had in interacting with the virtual environment and
the VR hardware, it became apparent that the tutorial provided on how to use VR technology
was inadequate in equipping some participants with the skills or knowledge to conduct themselves
in a high-immersion virtual world. Furthermore, the digital literacies that many people have infor-
mally developed through use of everyday technology, such as computers and smartphones, also
seemed not to help some participants. Despite concerted efforts to adapt Hubs to learning purposes,
and to prepare novice VR users for immersive interaction through tutorials, many participants still
struggled. A specific knowledge of both the necessary skills to use VR technology and the ability
to apply those skills effectively and creatively is called for. Virtual literacies, which focus on the
domain specific knowledge a person needs in order to use high-immersion virtual reality technology,
and on how this technology acts as intermediary between users and information, are needed. Intui-
tion alone does not seem to equip novice users of VR to take full advantage of the technology’s
potential. As Merchant et al. (2013) remarked “the key negotiations in virtual literacies take place
through interactions between people and technology” (p. 24), yet when the technology itself is a
synthetic reality, the question of how to interact becomes essential.

Virtual literacies, bridge a divide between the physical and the technological as they provide an
understanding of how to interact at both physical and virtual levels. For example, those participants
in the present study who tried to explore with their feet or to interact with a virtual pen with a point-
and-click gesture are exhibiting a confused hybridization between their understanding of real-world
interactions, their sense of immersion in the virtual world, and their technological competencies.
Enhancing virtual literacies could address this confusion, which if left unchecked, is likely to
impact a learner’s ability to interact, and interfere with their adoption of virtual reality as a pedago-
gical tool. It remains to be seen whether virtual literacies can be developed simply with increased
exposure to VR technology, or whether, like digital literacies, some people require concerted training
and assistance.

6.2. Immersion had positive and significant associations with perceived usefulness and
learning motivation

The second salient notion relating to the connection between the qualities of VR and the TAM is that
immersion had a decisive influence on the learners’ perceived usefulness of VR and on their motiv-
ation to learn. This result was similar to that of Huang et al. (2016) who found immersion to have a
significant impact on perceived usefulness, despite the fact that their study used a low-immersion 3D
VR display device instead of a high-immersion HMD.

Several researchers have emphasized the importance of immersion, noting it as a critical feature
that distinguishes VR from other technologies (Mikropoulos, 2006; Mikropoulos & Strouboulis, 2004;
Rousson et al., 1999). As Dalgarno and Lee (2010) note, the provision of a technology interface that
allows easy navigation through information is frequently problematic, however, immersive virtual
environments take advantage of learners’ inherent spatial cognitive abilities to assist them in navi-
gation (Liang & Sedig, 2009). The affordance of easy access to information can be perceived as useful
andmotivating by users. Furthermore, the very uniqueness of immersion as a quality of VR can afford
the impression of something fresh and novel, which has been seen to instill motivation in learners
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(Pack et al., 2020). Given that the learners in the present study had little experience with VR (none
reported to have used VR more than “a few times”), the novelty of high-immersion may have had
a heightened effect on learning motivation and perceived usefulness compared to more experi-
enced VR users.

One implication of this result is that immersive technologies such as VR would be well placed to
support learners who lack learning motivation. A learner may be more likely seek out additional
support if motivating immersive technologies like VR are being implemented because they can
be seen as offering new and exciting experiences. Additionally, the immersive qualities of VR are
seen as increasing its perceived usefulness. One reason for this is perhaps the psychological sen-
sation of being in a virtual learning environment, which may be advantageous for students who
find themselves easily distracted or less engaged by real life learning environments.

Immersion did not, however, have a significant positive association with the perceived ease of use
of VR technology. A possible explanation for this result is that immersion influences the quality of
interaction, and thus influences perceived ease of use indirectly. As users become more immersed
in the virtual world, they may be more inclined to allow their intuition to guide how they interact
with the environment, such as using their virtual hands to pick up objects rather than using
point-and-click interactions. However, the design of Hubs and the limitation of movement using a
tethered HMD may constrain the level of immersion that users achieve. Wireless HMDs, the use of
omni-directional treadmills, in addition to more sophisticated virtual world designs, may likely
increase the influence that immersion has on perceived ease of use.

6.3. Imagination had a significant positive association with perceived usefulness but not
with perceived ease of use or learning motivation

Imagination, the quality of the virtual environment which allows the user to connect with the learn-
ing content in creative ways, was a big influence on the perceived usefulness of VR technology;
however, it had minimal associations with the other two constructs of the TAM. It would seem
that VR, when leveraged as a learning tool with CLLs, creates opportunities for learners to engage
with the virtual environment in a way that enhances the perceived usefulness of the technology
for understanding Chinese characters. This could be a result of the multimedia used in the virtual
environment (3D objects, animated pictures, writing with the virtual pen, etc.), or the type of inter-
action afforded (first-person perspective, freedom of movement and control, physical control of 3D
objects, etc.).

However, the imaginative property of VR was not seen as very motivating, and even less impactful
in terms of perceived ease of use. Imagination is a quality that is afforded by the virtual environment,
but appears to be more difficult to induce than immersion or interaction, as it is somewhat depen-
dent on the users’ willingness to accept the virtual environment. This could explain why positive
associations between imagination and perceived ease of use and learning motivation were detected,
but not at significant levels. Those accustomed to multimedia which do not provide the freedom of
first-person exploration and engagement, such as social media or video, for example, may be con-
ditioned to engage with content that is presented statically. Some users of VR then may need to be
primed, by engaging in a creative pre-task, for example, in order to prepare them to make inventive
and imaginative connections with VR learning content.

6.4. Perceived usefulness and learning motivation as dominant contributors to intention
to use

Perceived usefulness and learning motivation had statistically significant positive associations with
the intention to use VR technology, but perceived ease of use did not. Questionnaire items for per-
ceived usefulness inquired into VR technology’s ability to enhance the learning of Chinese charac-
ters. An educational tool that is seen as useful in accomplishing learning goals seems likely to be
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adopted by learners. As for the motivational properties of VR, the similar positive and significant
association with the intention to use could indicate that VR is inherently motivating, but could
equally indicate that the novelty of the technology is what motivates learners to want to adopt it.
A longitudinal study might explain whether the novelty of the technology accounts for its motiva-
tional properties.

The difficulty in interaction in the MUVRLE significantly impacted the TAM construct of perceived
ease of use, which was little affected by the other identified qualities of VR, immersion and imagin-
ation. Perceived ease of use, in turn, had a small and statistically non-significant impact on the inten-
tion touseVR. Asmentioned in Section 6.1, users of VR technologymayexpect a periodof unfamiliarity
with new technology, not be discouraged by it, and still intend to use it in the future if it proves both
useful andmotivating. Educators looking to introduce VR technology into their pedagogy shouldwork
to develop learners’ virtual literacies and train them in its use, in order to facilitate its adoption.

6.5. Predictive reliability of the proposed SEM

The model used, adapted from two comparable models created by Huang et al. (2016) and Huang
and Liaw (2018), produced similar results, and proved reliable as measured by the coefficients of
determination (R2). The R2 for each variable primarily showed substantial predictive power of the
model. Perceived ease of use and intention to use each predicted 60% of the variance, with per-
ceived usefulness at a moderate 46%. Learning motivation was the weakest predictor, accounting
for 25% of the variance. This is likely due to two of the independent variables having statistically
insignificant associations with learning motivation.

7. Conclusion

The purpose of this paper was to explore the implementation of VR with CLLs by measuring learners’
acceptance of a specific virtual reality based multi-user learning environment. Results indicated that
the qualities of VR technology had varying degrees of association with the constructs of technology
acceptance, but that Chinese language learners seemed likely to adopt VR as a learning tool.

VR is a technology with unique properties, but not all of them proved influential to the constructs of
technology acceptance. Imagination, for example, despite being aqualitywhichhas been scrutinizedby
some researchers (Liuet al., 2017), still seems toexert an important influenceon theperceivedusefulness
of high-immersion VR devices. It follows that tasks within the virtual environment should provide the
freedom of exploration and access to media that enhance users’ imagination, as this may increase
theusers’motivation and theperceptionof the usefulness of the program. Also, as the quality of immer-
sion appears to influence perceived usefulness and learning motivation, which were demonstrated to
impact intention to use more than did perceived ease of use, it seems important when designing VR
language learning experiences, that the immersive capacity of theVRdevice be taken fully advantageof.

Another key pedagogical implication of this study is that learners’ ability to interact with a VR
learning environment will likely have an impact on their acceptance of the technology for learning
purposes. Consideration to the design of the learning environment, and the limitations of the VR
hardware, should therefore be given special attention. In addition, the virtual literacies of the
learner need to be addressed through more extensive user training which targets the skills necessary
for using VR technology. As VR becomes more prevalent within learning spaces, learners with little or
no experience with the technology are likely to need assistance from educators to increase their
competencies in how to interact in fully immersive virtual environments.

7.1. Limitations and future research

This study was limited by a small sample size and a lower reliability of the Imagination construct.
However, this study is an initial foray into the acceptance of high-immersion MUVRLE technology
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for Chinese language learning purposes. Subsequent studies ought to include a larger population.
The utilization of qualitative methods is also called for, as they may provide insights into the
reasons why particular constructs seem to affect others. For example, it is difficult to ascertain
from quantitative methods alone why a user might find a particular MUVRLE difficult to interact
with or particularly motivating.

Further exploration is need to expand the concept of virtual literacies, as this was only a periph-
eral observation in the present study. Additionally, how best to develop virtual literacies in novice VR
users and how virtual literacies affect users’ acceptance of VR technology needs to be better under-
stood. Also worth noting is that the efficacy of using MUVRLEs for the purpose of Chinese language
education is under researched. A control study which measures learning outcomes between VR-
based education and traditional classrooms would be of interest.

The principle contribution of this study is to illuminate the attitudes and opinions of Chinese
language learners in using VR as an educational tool. It also helps in furthering the understanding
of using high-immersion VR devices for learning, and reveals the importance of virtual literacies
when integrating VR into educational contexts.
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