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Abstract: Thai has its own unique spelling system and grammatical rules. Its word order is quite
different from that of Mandarin and English, thus making it more difficult for students in Taiwan
to learn. Past studies also point out that learning word order is one of the most difficult aspects
when learning foreign languages. As science and technology advance, emerging technologies have
been widely applied in foreign language learning. This research aims to explore the effect of using a
multi‑language VR learning assessment system on assisting Thai learners to learn grammatical word
order, and to investigate the correlates between Thai self‑efficacy, Thai language anxiety, word order
learning retention, and task value of VR learning. In order to accomplish this purpose, we invited
Thai learners who took Thai courses in the continuing education division of a national university in
northern Taiwan to participate in a 5‑week teaching experiment, during which the participants were
asked to practice Thai word order for 20 min. They were administered a questionnaire to fill out
after five weeks of practice and were tested for retention one month after the experiment. A total
of 84 valid questionnaires were collected, with an effective return rate of 93.3%. Of the respondents,
30 were male (35.7%), and 54 were female (64.3%). The data were subjected to item analysis, reliabil‑
ity and validity analysis, and then underwent PLS‑SEM for researchmodel validation. The results re‑
vealed that: (1) Thai language self‑efficacywas positively related to learning retention and task value;
(2) Thai language anxiety was negatively related to learning retention and task value; (3) Learning
retention was positively related to the task value of learning and continuous usage intention.

Keywords: cognitive theory of multimedia learning; Human‑Computer Interaction (HCI); learning
retention; task value; Thai language learning; theories of embodied cognition; virtual reality; word
order learning

1. Introduction
Thai writing is a spelling system with its own distinctive alphabet [1]. A meaning‑

ful Thai word may have one single syllable or may be composed of two or more syllables.
The alphabet and phonetic system are quite complex compared to English, and normally
it takes considerable time for learners to memorize the complicated and puzzling combi‑
nations of consonants, vowels, and tone marks. Also, in Thai writing, there are generally
no separators such as dots, commas, or other punctuation marks, and not even spaces to
separate words in a sentence. Therefore, when reading in Thai, people have to segment
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words using cues other than spaces [2]. Knowing these distinctions can be a challenge for
non‑native speakers, not to mention learning the grammatically correct word order, which
is crucial to the comprehension of Thai.

The challenges faced by Thai learners in Taiwan, be they elementary, high school, col‑
lege students, or students of extension education or cram school, are generally the same.
One of the reasons is the lack of a naturalistic setting, and as such, learners tend to compose
sentences with Mandarin grammar and structure first and try to translate them into Thai
word by word. In this way, they have a high chance of stumbling over grammar rules, es‑
pecially over word order, which is completely different between the two languages. There‑
fore, frequent practice of the word order in Thai is of major importance. As science and
technology advance, emerging technologies have been gradually applied in foreign lan‑
guage learning. With the purpose of encouraging learners to domore exercise and thereby
helping to enhance their proficiency in Thai word order, this research aimed to explore the
effect of adopting new technology for Thai word order learning.

Successful language learning largely relies on a variety of complex factors [3]. In re‑
cent decades, there has been a large body of research and pedagogical experimentation on
using technology in foreign language education [4], and educational technology has been
confirmed to have a substantial and positive effect on teaching and learning [5]. Today, in
the age of information and technology, language learning settings have great influences on
adult language learners’ study and understanding [6]. Past studies revealed that language
learners learning with multimedia practices perform better in vocabulary learning than
with paper‑based materials [7]. Many educators or scholars suggest using multimedia in
foreign language teaching to help reinforce language learning [8], and among these tools,
VR (virtual reality) can be a potential tool for transformative learning and teaching [9].

As technological and scientific innovations are outpacing the speed of human learn‑
ing, the need for innovative teaching techniques and environments is becoming increas‑
ingly important [10]. In the beginning, VR systems were invented mainly for entertain‑
ment and gaming, but many studies have demonstrated that VR environments have great
importance and potential to serve as a pedagogical tool to aid and improve learning in the
educational process [11]. Other research has also reported that VR systems could provide
learning outcomes the same as or better than textbook assignments, andwould bring great
benefits to teaching activities [12]. The utilization of VR technology may, thereby, bring
meaningful learning experiences to learners.

Immersive learning through VR is one of the main trends in education. Immersive
learning provides better learning experiences for learners through simulated or artificial
environments [13]. Virtual experiences can help expand learning dimensions [14], as im‑
mersive environments can facilitate learning, training, and other activities in a motivat‑
ing and participatory way [15]. Additionally, immersive technology has the potential to
overcome physical limitations and bring on‑site field experiences into the classroom, and
immersive and interactive VR simulations provide a high degree of immersion and enjoy‑
ment aswell as significant positive learning outcomes [16]. When used in foreign language
learning, a virtual environment can provide learners with a diverse and dynamic setting
for vocabulary learning, in which learners can navigate on their own and thereby attain
better autonomy and cognitive engagement than in traditional classrooms, and the quality
of interaction during practice is improved accordingly [17]. Hence, an immersive learning
environment in VR will create a better learner‑centered learning field.

While learning foreign languages often brings enormous challenges for adult learn‑
ers, many platforms have been developed for effective foreign language teaching. Among
them, immersive VR is considered a particularly effective foreign language learning plat‑
form [18]. Therefore, in this research, we used a multi‑language VR learning assessment
system to conduct a teaching experiment on learning Thai sentence structures. We at‑
tempted to explore the interplay between Thai self‑efficacy, language anxiety, word order
learning retention, and task value in a VR learning environment.
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2. Research Methods
2.1. Theoretical Framework

With the above‑mentioned purposes, this research adopted the cognitive theory of
multimedia learning (CTML) and learning based on theories of embodied cognition (TEC)
to examine the effects of applying virtual reality in Thai word order learning.

Embodied learning refers to knowledge construction in a physical and mental action
that joins body and mind [19], and embodiment theory argues that knowledge is obtained
through the sensorimotor system [20]. Embodied learning also contributes to the construc‑
tion of contemporary teaching and learning theories, which highlight the utilization of
the body in acquiring knowledge during the educational process [21]. These theories are
being applied in the design of learning environments, and new technologies have been
designed to be able to respond to learners’ physical activities [22], which have been shown
to enhance memory performance when incorporated into learning [23]. The thought of
experimenting with the effect of applying VR on Thai word order learning was based on
the concept of embodied learning.

According to Mayer, the cognitive theory of multimedia learning (CTML) describes
the cognitive process involved inmultimedia learning andwith prior knowledge activated
from long‑term memory [24]. Multimedia learning refers to learning through combining
a set of words and pictures, as well as a wide range of multimedia materials and tools
provided [25], which can be still images or animations [26]. In the cognitive theory of
multimedia learning, a piece of instructional information presented to the learner causes
the learner’s cognitive processing, thereby producing learning outcomes [27]. The immer‑
sion principle, however, argues that immersive media itself does not necessarily improve
learning [28]. Therefore, providing systematic or structured content and process design
through learning/teaching theories is of great importance and will help to carry out cur‑
riculum/teaching/learning design in a scientific manner. In order to facilitate the new
knowledge creation process of users, instructional goals supported by certain principles
are recommended by CTML [29], and extraneous cognitive load can be reduced by ap‑
plying five principles: Coherence, Signaling, Redundancy, Redundancy, and Temporal
Contiguity principles [30]. The design of this research was developed on the basis of the
theoretical framework of CTML.

2.2. Research Model and Hypotheses
CTML holds that learning outcomes are subject to various cognitive factors in the

context of multimedia learning. Thus, in a multimedia‑based learning field, positive cog‑
nitive factors will facilitate learners’ learning performance and positive experience, and
vice versa. Accordingly, a research model was designed based on CTML, and the corre‑
lates between Thai self‑efficacy, Thai language anxiety, word order learning retention, and
task value of learning through VR were hypothesized, as shown in Figure 1.
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2.3. Research Hypotheses
2.3.1. Relationship between Thai Self‑Efficacy and Word Order Learning Retention

Banduraargues that a learner’s self‑efficacy results from the complex interplay be‑
tween their cognition, behavior, environment, and other factors [31]. The beliefs that learn‑
ers hold about their abilities affect the efforts and persistence involved in undertaking tasks
or activities, as well as the expected outcome of completing the tasks [32]. Individuals with
stronger self‑efficacy are likely to face difficulties, engage in tasks or activities, and achieve
better performance later [33]. One of the important aspects of assessing learning perfor‑
mance is retention, and deep learning occurs when learners manage to transfer what they
have learned to a new situation and are able to demonstrate that they really understand
through inferring and generalizing learned concepts or processes [34]. Challenges include
that some learners quickly forget the content acquired in school and fail to recall the knowl‑
edge later when they need it [35]. Studies also show that learners’ active participation in
the content contributes to better understanding. It is assumed to enhance the retention
of knowledge [36,37]. Thus, the relationship between participants’ Thai self‑efficacy and
retention of word order learning is hypothesized as follows:

H1. Thai self‑efficacy is positively related to word order learning retention.

2.3.2. Relationship between Thai Self‑Efficacy and Task Value of VR Learning
The concept of task value comes from Eccles et al.’s expectancy‑value theory; it refers

to the value that individuals perceive when learning, determining their further learning
plans [38]. Self‑efficacy is about people’s beliefs in their capabilities to exert influence over
events important to their lives. People are willing to face difficulties or persist when they
believe they can produce expected outcomes through their deeds [39]. Scholars have also
found that self‑efficacywas strongly related to academic outcome expectations [40,41]. The
research of Hong et al. pointed out that self‑efficacy was significantly positively related
to the increase in learners’ cognition, affection, behavioral engagement, and participation
value [42]. However, related research onThai learning is limited, and although self‑efficacy
has been shown by many studies to have positive indirect effects on task value, whether
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Thai self‑efficacy has a direct influence on task value in VR learning environments is yet to
be confirmed.

How participants’ Thai self‑efficacy is related to their task value of VR learning was
hypothesized as follows:

H2. Thai self‑efficacy is positively related to the task value of VR learning.

2.3.3. Relationship between Thai Language Anxiety and Word Order Learning Retention
Horwitz et al. defined foreign language anxiety as “a distinct complex of self‑

perceptions, beliefs, feelings, and behaviors related to classroom language learning aris‑
ing from the uniqueness of the language learning process” [43]. Learners’ perceived lan‑
guage anxietymay have a negative impact on their language learning [44]. The anxiety that
learners feel when learning a language generally stems from the classroom environments,
difficulties concerning oral and reading, listening performance, and the anxiety reaction
often prevents them from performing successfully in foreign languages [45–47]. Addition‑
ally, compared to repeated study, testing is a more beneficial learning activity for learners
to remember information and is more effective in terms of retaining knowledge. However,
excessive tests also induce anxiety that disrupts learning [48]. Therefore, regular testing is
proposed to prevent a high level of test anxiety [49,50]. In this research, participants were
asked to take part in quiz games via a “Multilingual VR Learning Assessment System”
to assist learning; hence the relationship between Thai language anxiety and word order
learning retention was hypothesized as follows:

H3. Thai language anxiety is negatively related to word order learning retention.

2.3.4. Relationship between Thai Language Anxiety and Task Value of VR Learning
Task value, in the expectancy‑value theory, refers to the degree to which learners con‑

sider that the academic task is worth completing [51]. In addition to the value, students’
level of anxiety during learning, either high or low, also has varying degrees of impact on
their learning motivation, learning attitudes, learning achievement, and language learning
processes [52,53]. Students may even exhibit avoiding behaviors (like missing class) when
they have negative feelings toward or have an aversion to learning foreign languages [54].
Studies have also found that females experience more anxiety than males when learning
foreign languages [55,56]. Saito and Samimy’s investigation into the effect of foreign lan‑
guage anxiety on learners’ performance confirmed that a high level of language anxiety
does indeed have a negative impact on learners’ performance and may decrease their self‑
confidence and interest in foreign language learning [57]. The relationship between partic‑
ipants’ Thai language anxiety and the task value of learning through VRwas hypothesized
as follows:

H4. Thai language anxiety is negatively related to the task value of VR learning.

2.3.5. Relationship between Word Order Learning Retention and Task Value of
VR Learning

Forgetting happens, no matter what age group or background learners are from.
Teachers often focus their efforts on helping students acquire new knowledge and skills,
but newly acquired information is vulnerable and easily slips away. Teachers often focus
on helping learners acquire new knowledge and skills but seldom on helping to retain
them [58]. Hintzman argues that repetition is viewed to be a powerful way to enhance
memory [59]. Further, Cepeda et al. found that spaced learning is beneficial to the reten‑
tion of learned items [60]; and compared with mass learning, paced learning can signifi‑
cantly improve long‑term retention of knowledge or skills [61]. Gee and Coyne addressed
that computer games help students improvememory, concentration, and skills like critical
thinking [62,63]. Studies have also found that game‑based learning effectively improves
retention [64]. Hong et al. noted that in addition to clearly defined goals and rules of
learning [65], what is important about computer game‑based learning is that the game it‑
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self must be fun enough to attract students so that they gain learning value from it, and
the computer games should also be able to improve students’ performance and reduce
the complexity in the learning process [66]. The relationship between Thai word order
learning retention and participants’ perceived task value of learning through VR was thus
hypothesized as follows:

H5. Word order learning retention rate is positively related to the task value of VR learning.

2.4. Procedure
The participants of this research were students from three advanced Thai classes, and

the experiment lasted for 10 weeks in one semester. In the first week, the researcher first
identified himself and introduced the purpose of this research, and clearly expressed that
this experimental research would only be carried out with the consent of the students. Af‑
ter signing the informed consent form, students were then given a pre‑test with 150 Thai
sentences for word order practice, and the test time was 90 min.

In the second week, the researcher provided correct answers to the 150 questions so
that the participantswould learnwhere they had answered correctly and incorrectly. After
that, 10 min were given so that the subjects could familiarize themselves with the opera‑
tion of the “Multilingual VR system,” a language learning game in which participants are
immersed in a three‑dimensional virtual environment to practice Thai word order through
VR technology. The participants then began the practice using the system. The practice
time was about 20 min for 5 consecutive weeks (weeks 2–6). The 50 questions that most
students got wrongwere then selected out of the 150 questions in the pre‑test. They would
appear randomly in the game. In the sixth week, after the exercise, questionnaires were
distributed for the participants to fill out. In the 10th week, a word order learning reten‑
tion test was conducted as an assessment of the word order learning retention, as shown
in Figure 2.
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2.5. Participants
The research adopted a single‑group quasi‑experiment, and the participants were se‑

lected via purposive sampling, a sampling method to be used when the sample is small
because the researcher has specific requirements for the sample and needs full cooperation
from the chosen subjects, according to Panacek and Thompson [67]. Therefore, considering
the small number of Thai language learners and the limited number of accredited academic
institutions that deliver Thai courses on a regular basis, this study adopted purposive sam‑
pling, selecting a total of 90 participants from three advanced Thai language classes at a
university in northern Taiwan, with 30 students per class. Most of the participants were
Taiwanese adults aged 20–60. They had studied Thai for an average of 1–3 years and had
completed at least Thai Basics 1, Thai Basics 2, and Thai Basics 3. Of the 90 participants
(returned questionnaires), six invalid data were removed, resulting in a total of 84 valid
participants, with an effective return rate of 93.3%, of whom 30 were males and 54 females.
Among the participants, 13 (15.5%) had a junior college diploma or below, 51 (60.7%) had
a bachelor’s degree, and 20 (23.8%) had a master’s degree or higher. Regarding their expe‑
rience in learning Thai, 14 (17.7%) had 9 to 12 months of experience, 16 (19.1%) had 12 to
18 months of experience, 31 (36.9%) had 19 months to 2 years of experience, and 23 (27.4%)
had more than 2 years of experience. None of the participants in this study had previous
experience with VR‑assisted learning.
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2.6. Teaching Tools
The benefits of learning via VR tools are based on the theory of embodied cognition.

The theory posits that one’s embodied experiences are necessary for the formation and
establishment of cognition [68]. Therefore, this study adopts an embodied VR system,
the “Multi‑language VR Learning Assessment System,” developed by the Digital Learning
Laboratory of National Taiwan Normal University (NTNU). This VR system is a commer‑
cialized educational platform, of which access rights can be purchased from NTNU. The
advantage of this system is that it allows teachers to freely fill in the learning content (ques‑
tion bank) in the game, divide levels according to difficulty, and switch target languages
(e.g., native Chinese speakers learning Thai or native Thai speakers learning Chinese, etc.).
All usage history is recorded in databases on the internet. System screenshots are shown
in Figures 3–5 below. After logging in, participants would first select the topic and the lan‑
guage used. For example, if their native language is Chinese, the topic language should be
“Chinese,” as shown in Figures 3 and 4.
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2.7. Measurement
This researchwas based onquantification‑based validation and collecteddata through

a questionnaire survey. Items in the questionnaire were adapted from past studies, as de‑
scribed below, and reviewed by experts to ensure validity. A 5‑point Likert scale was used
for responses, ranging from 1 (strongly disagree) to 5 (strongly agree).

2.7.1. Thai Self‑Efficacy
The questionnaire items to measure participants’ perceptions of Thai language learn‑

ing were modified from the self‑efficacy scale from Watthanapas et al. [69]. Examples in‑
clude: “I believe that I can learn Thai well as long as I do more practice” and “I can find
out my own way to learn Thai well by myself”.

2.7.2. Thai Language Anxiety
The Language Anxiety Scale was adapted from Hwang et al. and Horwitz et al. to

measure participants’ perceptions of Thai language anxiety [45,70]. Examples include: “I
feel nervous when I can’t describe what I know in Thai” and “The course progress in my
class is so fast that I’m worried that I won’t be able to keep up because of my insufficient
proficiency in Thai”.

2.7.3. Word Order Learning Retention
The word order learning retention measurement in this study refers to a test on the

50 sentences after the experiment. The 50 questions were selected out of the 150 questions
in the pre‑test on Thaiword order. These 150 questions came from the teachingmaterials of
advanced Thai language courses at the continuing education center at a national university
in northern Taiwan. The grammar rules and sentence patterns of these 150 questions in
the pre‑test of Thai word order were those that most Taiwanese students found difficult
to learn. After the pre‑test, 50 questions that most students got wrong were selected and
imported into the “Multi‑language VR Learning Assessment System” for Thai word order
practice for five consecutiveweeks. After fourmoreweeks, studentswere testedwith these
50 questions again as a post‑test for word order learning retention.

2.7.4. Task Value of VR Learning
This measurement was revised from the learning value scale of Chang and Jan and

Hwang et al. to measure participants’ perceived task value of the VR Thai word order
learning system [71,72]. Item examples are, “I think this VR system allows me to learn
about Thai sentence structure more easily” and, “I think this VR system is a good tool
suitable for repeated practice of the knowledge I have learned”.

2.8. Statistical Methods
In this study, partial least squares (PLS) analysis was used to validate the path re‑

lations and to analyze the factor loadings (FL) and paths among constructs. PLS is an
alternative to the covariance SEM method for estimating structural equation models [73].
PLS works well in estimating complex models with small sample sizes [74]. Furthermore,
PLS‑SEM is one of the appropriate methods to evaluate path coefficients in structural mod‑
els [75]. According to Ramdhani and Ramdhani, the research model verification method‑
ology is a concept based on a literature review [76]. It observes the suitability of the re‑
search model following criteria and takes steps to obtain a description of whether the re‑
search model matches the system it represents. Therefore, it is an appropriate tool for
this research.

3. Results and Discussion
3.1. Item Analysis

This research applied first‑order confirmatory factor analysis for item analysis. Schol‑
ars suggest that the threshold of χ2/df be less than 5, RMSEA be less than 0.10, GFI and
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AGFI be higher than 0.80, and items with factor loadings (FL) not higher than 0.50 be re‑
moved from the original questionnaire [77,78]. Results are shown in Table 1. Thus, the
number of items for Thai self‑efficacy was reduced from eight to five, for Thai language
anxiety from 12 to seven, and for task value of VR learning from six to five.

Table 1. First‑order Confirmatory Analysis.

Overall Model Fit Value Thai Self‑Efficacy Thai Language Anxiety Task Value of VR Learning

χ2 ‑ 5.1 23 7.4
df ‑ 5 14 5

χ2/df <5 1.02 1.64 1.48
RMSEA <0.10 0.01 0.09 0.08
GFI >0.80 0.98 0.93 0.97
AGFI >0.80 0.93 0.86 0.90
FL >0.50 0.67~0.78 0.70~0.86 0.58~0.90
t >3 5.10~9.34 6.76~16.41 6.60~12.72

The external validity of the items was used to judge the extent of the study interpre‑
tation [79]. A t‑test was performed on the respondents in the top 27% and bottom 27%
scoring groups; if the t value (critical ratio) exceeds 3 (*** p < 0.001), the external validity
can be considered significant. Table 2 shows that the t‑values range from 5.10 to 16.41
(*** p < 0.001), indicating that all items in this research were discriminative. That is, they
could differentiate the responses of different samples [80].

Table 2. Reliability and Validity Analysis.

Construct M SD α CR AVE FL

‑ ‑ >0.70 >0.70 >0.50 >0.50
Thai Self‑Efficacy 4.04 0.45 0.79 0.85 0.54 0.73

Thai Language Anxiety 2.96 0.68 0.91 0.93 0.65 0.80
Task Value of VR Learning 3.65 0.59 0.89 0.90 0.65 0.80

3.2. Reliability and Validity Analysis
In this research, Cronbach’s α was conducted to examine the internal consistency in

the scale items, and composite reliability (CR) was conducted to re‑examine reliability.
Hair et al. suggested that Cronbach’s α and CR values be higher than 0.70 to be consid‑
ered an acceptable result [77]. The Cronbach’s α value ranged from 0.79 to 0.91, and the
CR values from 0.85 to 0.93, meeting the suggested criteria, as shown in Table 2.

Convergent validity is judged by factor loading (FL) and average variance extracted
(AVE). Hair et al. pointed out that the FL value should be higher than 0.50, or the items
should be removed [77]. All the items retained in the research met the suggested standard:
the FL value ranged from 0.73 to 0.80, as shown in Table 2. Hair et al. suggested that
the AVE value should be greater than 0.50 to indicate good convergent validity for each
construct [74]. All AVE values were between 0.54 and 0.65, as shown in Table 2.

Awang proposed that the AVE square root of each construct should be higher than
the Pearson correlation coefficient of other constructs to indicate that the construct has
discriminant validity [81]. The analysis results showed that each construct in this research
had discriminant validity, as shown in Table 3.

Table 3. Discriminant Validity.

Constructs 1 2 3 4

1. Thai Self‑Efficacy (0.85)
2. Thai language anxiety −0.49 (0.89)

3. Thai Word Order Learning Retention 0.62 −0.54 (1)
4. Task Value of VR Learning 0.65 −0.58 0.67 (0.89)

Note: The values on the diagonal are the square root of the AVE values, and the other values are the correlation
coefficient values.
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3.3. Analysis of the Word Order Learning Retention
The results of the descriptive analysis of word order learning retention showed that

the mean of the participants’ word order learning retention was 41.26, the standard devia‑
tion was 5.944, and the median was 42, as shown in Table 4.

Table 4. Analysis of Word Order Learning Retention.

Construct M SD Md

Word Order
Learning Retention 41.26 5.944 42

3.4. Analysis of Research Model Validation
Thai self‑efficacy was positively related to word order learning retention (β = 0.46 ***;

t = 5.1); Thai self‑efficacy was positively related to task value of VR learning (β = 0.37 ***;
t = 3.4); Thai language anxiety was negatively related to word order learning retention
(β = −0.32; t = −4.22); Thai language anxiety was negatively related to task value of VR
learning (β = −22; t = −2.62); and word order learning retention was positively related to
task value of VR learning (β = 0.34 **; t = 3.06), as shown in Figure 6. The explanatory power
of Thai self‑efficacy and language anxiety on word order learning retention was 45%, and
f2 was 0.82; the explanatory power of Thai self‑efficacy, language anxiety, and word order
learning retention on task value of VR learning was 62%, and f2 was 1.62, respectively, as
shown in Figure 6.
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3.5. Discussion
3.5.1. Thai Self‑Efficacy Was Positively Related to the Retention of Word Order Learning

A learner’s beliefs about his or her abilities influence the effort and perseverance with
which he or she participates in a task or activity, as well as the expected outcome of com‑
pleting the task [32,82]. Gao et al. found that people with high self‑efficacy are more likely
to accept challenges and devote themselves to tasks or activities, and usually have better
achievements [33]. Self‑efficacy is a critical affective construct that has a significant influ‑
ence on the success and retention of students’ learning [83]. Studentswith higher academic
self‑efficacy tend to set higher academic goals, and academic self‑efficacy may be the most
powerful predictor of students’ academic achievement and retention [84].

The results of this research showed that learners’ Thai self‑efficacy was positively re‑
lated to learning retention, in line with the above‑mentioned research results. In the two
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constructs, the mean of Thai self‑efficacy was 4.043 (SD = 0.446), and the average score of
each item ranged from 3.92 to 4.30, indicating the participants have a positive perception
of Thai self‑efficacy; and the average score of learning retention was 41.26 (SD = 5.944),
meaning that the participants’ learning of Thai word order through the use of VRwas well
retained. The results revealed that if learners had a higher level of self‑efficacy, theywould
achieve better retention by learning Thai word order through VR.

3.5.2. Thai Self‑Efficacy Was Positively Related to Task Value of VR Learning
Self‑efficacy refers to one’s self‑assessment of one’s capacity to perform specific activ‑

ities. Students with a stronger sense of self‑efficacy put more effort into the completion of
their academic tasks [85], and their self‑regulated learning and competence in writing can
be improved [86].

Prior research finds that self‑efficacy is positively related to task value [87], and that
self‑efficacy and task value are positively correlatedwith achievement behaviors [88]. Both
task value and self‑efficacy have a significant influence on learning engagement [89,90].
Moreover, self‑efficacy and task value play an important role in promoting learners’
achievement‑related behaviors: choice, effort, persistence, and continuation [88], and
higher self‑efficacy and task value relate to better task performances [91].

The result of this research shows that learners’ Thai self‑efficacy was positively re‑
lated to task value, lending support to the aforementioned research results. In these two
constructs, the mean of Thai self‑efficacy was 4.043 (SD = 0.446), and the average score
of each item ranged from 3.92 to 4.30, representing participants’ positive perceptions of
Thai self‑efficacy. The mean task value is 3.645 (SD = 0.590), indicating that participants
perceived the positive value of learning Thai word order in the VR environment. Accord‑
ingly, learners with a higher level of self‑efficacy attain higher task value belief in learning
Thai word order through VR.

3.5.3. Thai Language Anxiety Was Negatively Related to the Retention of Word
Order Learning

Horwitz et al. defined foreign language anxiety as a complicated mix of self‑
perceptions, beliefs, feelings, and behaviors which occur in the language learning process,
and many studies argue that language anxiety has a negative impact on learners [45]. The
anxiety that learners feel when learning a language stems from the classroom environment
generally and difficulties concerning oral, reading, and listening performance [45–47]. The
anxiety reaction often prevents learners fromperforming successfully in foreign languages.
In addition, learners feel anxious about making mistakes and being corrected by teachers
in class, as well as nervous about failing exams [92]. Excessive testing triggers test anxiety,
which further impedes learning [48].

Many studies have confirmed that game‑based learning can effectively enhance stu‑
dents’ learning motivation, and, if appropriately integrated with learning strategies, can
effectively improve learners’ performance and retention [93]. However, the direct correla‑
tion between language anxiety and learning retention has not been fully examined. The
results of this research exhibited that learners’ Thai language anxiety was negatively re‑
lated to their learning retention. In the two constructs, the mean of Thai language anxiety
is 2.961 (SD = 0.678), and the average score of each item was between 3.2 and 2.73, signify‑
ing that the participants perceived a middle to low level of language anxiety. The average
score of learning retention was 41.26 (SD = 5.944), meaning that participants had good
retention of Thai word order by learning through VR. The analysis results implied that
learners with a lower level of language anxiety had better retention of Thai word order
learned through VR.
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3.5.4. Thai Language Anxiety Was Negatively Related to Task Value of VR Learning
Language anxiety, a very common phenomenon in foreign language learning, refers

to learners’ upsetting feeling of being unable to be themselves and to genuinely connect
with others through their limited competence in a new language [94], or learners’ sense
of fear or worry which arises in the face of certain situations in foreign language learn‑
ing [95]. Foreign language learning is affected by individual differences such as aptitude,
motivation, beliefs, anxiety, and personality [96]. Students’ levels of anxiety during learn‑
ing, high or low, have varying degrees of impact on their learning motivation, learning
attitudes, learning achievement, and language learning processes [52,53]. Language anx‑
iety is demonstrated in empirical studies to be detrimental to foreign language learning
and its use [97].

Task value refers to the degree to which learners consider that the academic task is
worth completing [51]. Task values can serve as a predictor of learners’ future course plans
and enrollment decisions [38]. The findings of this research showed that learners’ Thai lan‑
guage anxietywas negatively related to task value. Themean of Thai language anxietywas
2.961 (SD = 0.678), and the average scores of each item were between 3.2 and 2.73, repre‑
senting that the participants’ Thai language anxiety was mild; and the mean of task value
was 3.645 (SD = 0.590), indicating that participants’ perception of the task value of Thai
word order via VR was positive. In other words, learners with a lower level of language
anxiety perceive a higher level of task value when learning Thai word order through VR.

3.5.5. The Retention of Word Order Learning Was Positively Related to Task Value of
VR Learning

Cepeda et al. found that spaced learning is beneficial to the retention of learned
items [60]. Compared with mass learning, paced learning can significantly improve the re‑
tention of knowledge or skills [61]. In addition, Gee andCoyne argue that computer games
help students improve memory, concentration, and skills such as critical thinking [62,63].
Studies have also found that game‑based learning effectively enhances students’ learning
motivation, and, if appropriately integrated with learning strategies, can effectively im‑
prove learners’ performance and retention [64,93].

The value of integrating alternative activities (games, exercises, and simulations) and
environments is recognized as they help to stimulate student interest in the learning envi‑
ronment, increase student understanding, and improve learned retentionwithmeaningful
repetition [98]. A finding of this research is that the learner’s learning retention is positively
related to task value, which supports previous research results. The mean of learning re‑
tention was 41.26 (SD = 5.944), and the median of the items was 42, implying that partic‑
ipants’ learning of Thai word order through VR yielded profound retention; the mean of
task value was 3.645 (SD = 0.590), indicating that the participants using VR to learn Thai
word order perceived good task value. Based on the findings, learners with a higher level
of learning retention had better‑perceived value of learning through VR.

4. Conclusions and Recommendations
4.1. Conclusions

The results of this research showed that Thai learners’ Thai self‑efficacywas positively
related to word order learning retention, and Thai self‑efficacy was positively related to
the task value of VR. It can be seen from the descriptive analysis that the learners indeed
had a high level of Thai self‑efficacy, and their perception of task value in VR learning
environments was also positive.

Meanwhile, Thai language anxiety showed a negative correlation with the retention
of Thai word order learning as well as VR task value. The analysis inferred that these Thai
learners reportedmoderate perceptions of language anxiety, performedwell inword order
learning retention, and had a high level of the perceived value of learning through VR.

In the past, research on game‑based language learning was mostly about its effect on
English vocabulary learning, Englishwriting learning, or its application to English learning
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strategies, but seldom to the learning of word order. This research, based on CTML and
the theory of embodied cognition, is one of the first studies to investigate the effectiveness
of applying a VR system to Thai word order learning. From the results of this research,
it can be observed that the CTML can well explain Thai learners’ affective and cognitive
states regarding the use of VR and their learning outcomes. The examined results of this
research may help to extend the explanatory power of CTML to studies on the application
of VR in language learning.

Furthermore, the findings show that Thai language learners perceived the value of
learning through VR, recognizing its benefit to their learning performance as they could
be entirely immersed in the learning game and practice Thai word order repeatedly with
body movement at the same time. This suggests that the theories of embodied cognition
(TEC) can adequately explain the effect of VR learning on the improvement of Thai learn‑
ers’ memory and performance. The examination results of this research are of help to
strengthen the ability of the TEC to explain how applying VR in foreign language learning
can help learners to enhance the retention of knowledge.

4.2. Recommendations
In the era of the metaverse, the digital transformation of education will be even faster.

Although VR is not yet widely used in classrooms, numerous studies, including this study,
have found its educational value. Therefore, emerging technologies, including VR, will
play an important role in language education in the near future. This study suggests that
language teachers try to utilize VR as an auxiliary or primary teaching tool to help lan‑
guage learners obtain learner‑centered learning experiences. Immersive VR can also pro‑
vide learners with more realistic learning situations, which will help them engage in the
learning environment.

In addition, this study also found that language anxiety was negatively correlated
with learning retention and value experience. How to effectively reduce language anxiety
is thus an important goal. This study also suggests that language teachers, either through
investigation or observation, identify and help learners with high language anxiety de‑
velop learning strategies or methods to relieve anxiety and enhance their belief in compe‑
tence in order for them to achieve good learning results.

Still, as the popularity of VR is low, it is particularly important for teachers and stu‑
dents to be trained before using it. If students or teachers are not familiar with educational
technology, they will not be able to appreciate it or even be willing to use it, even if it can
bring good educational results. Although in this study, no participant was reported to
have difficulties adapting to the VR environment and experience discomfort, past studies
did find some users unable to adapt to immersive devices. Teachers who intend to use VR
as an auxiliary learning tool are recommended to also prepare alternative learning plans
or emergency measures in case of situations where students experience dizziness or other
unadaptable reactions.

4.3. Limitations and Future Study
In this study, learning retention was considered an indicator of the learning effect

of VR. As participants were still attending Thai language classes prior to taking the tests,
their learning retention might have been affected by continued learning. Therefore, in
future research, interviews can be conducted to gain insight into participants’ views on
the impact of VR on learning effectiveness or retention so as to gain a more comprehen‑
sive understanding of the effectiveness of VR on language learning. This will also help to
understand the differences between participants’ past experiences with applications and
their experiences with VR. Other than that, the findings of this research confirm that learn‑
ers using VR to learn Thai word order achieved positive learning outcomes. The use of VR
technology as a learning tool allows learners to experiencemore liveliness and interactivity
in the learning process, and contributes to alleviating the boredom of repetitive studying
in the classroom. This research focused mainly on the effectiveness of applying a VR lan‑
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guage learning system to the practice of Thai word order in sentences. It has not yet been
able to investigate the effect of the VR language learning system on Thai vocabulary, Thai
alphabet and spelling, Thai pronunciation practice, Thai listening, or other language skills.
Therefore, future studies may consider examining how a VR language learning system can
be utilized to learn other skills related to the Thai language and how it can be integrated
into learning and instruction strategies.

Since the outbreak of COVID‑19 in 2020, many countries have been using edtech (ed‑
ucational technologies) of all sorts, for example, online learning, online video platforms,
mobile apps, and virtual platforms, to support access to remote learning [99], and Taiwan
is no exception. Learners had to suddenly adjust to distance learning and gradually come
to accept technology‑assisted learning. Therefore, it is suggested that future educators in‑
corporate advanced edtechs like VR with learning tasks of other language skills such as
alphabets, pronunciation, and vocabulary. Also, how the design of VR learning systems
can be improved (like taking into account interactive functions such as speech recognition
to facilitate learning in conversation practice, cultural learning, etc.) is yet another field to
be explored.

Author Contributions: Conceptualization, N.W., Y.‑W.H., J.‑H.Y. and J.‑C.H.; Methodology, N.W.,
Y.‑W.H., J.‑H.Y. and J.‑C.H.; Software, J.‑C.H.; Validation, N.W., Y.‑W.H. and J.‑H.Y.; Formal Anal‑
ysis, N.W.; Investigation, N.W.; Resources, Y.‑W.H. and J.‑C.H.; Data Curation, N.W.; Writing—
Original Draft Preparation, N.W. and Y.‑W.H.; Writing—Review and Editing, Y.‑W.H., J.‑H.Y. and
J.‑C.H.; Visualization, J.‑N.Y.; Supervision, Y.‑W.H. and J.‑C.H.; Project Administration, J.‑H.Y., J.‑
C.H. and J.‑N.Y.; Funding Acquisition, J.‑H.Y. and J.‑C.H. All authors have read and agreed to the
published version of the manuscript.

Funding: This work was financially supported by the “Chinese Language and Technology Center”
of the National Taiwan Normal University (NTNU) from The Featured Areas Research Center Pro‑
gram within the framework of the Higher Education Sprout Project by the Ministry of Education
(MOE) in Taiwan and Fundamental Fund (Grant. No. 181967) of Thailand Science Research and
Innovation (TSRI).

Institutional Review Board Statement: Ethical review and approval was not required for the study
on Human Participants in accordance with the Local Legislation and Institutional Requirements.
Moreover, ethical review and approval of this study were waived because express consent was ob‑
tained from the participants.

Informed Consent Statement: Informed consent was obtained from all participants involved in
the study.

Data Availability Statement: The original contributions presented in the study are included in the
article. Further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Rugchatjaroen, A.; Saychum, S.; Kongyoung, S.; Chootrakool, P.; Kasuriya, S.; Wutiwiwatchai, C. Efficient two‑stage processing

for joint sequence model‑based Thai grapheme‑to‑phoneme conversion. Speech Commun. 2019, 106, 105–111. [CrossRef]
2. Winskel, H.; Ratitamkul, T. Learning to read and write in Thai. In Handbook of Literacy in Akshara Orthography; Joshi, R.M.,

McBride, C., Eds.; Springer: Berlin/Heidelberg, Germany, 2019; pp. 217–231.
3. Supakorn, P.; Feng, M.; Limmun, W. Strategies for better learning of English grammar: Chinese vs. Thais. Engl. Lang. Teach.

2018, 11, 24–39. [CrossRef]
4. Thorne, S.L.; Black, R.W.; Sykes, J.M. Second language use, socialization, and learning in Internet interest communities and

online gaming. Mod. Lang. J. 2009, 93, 802–821. [CrossRef]
5. Fryer, L.K.; Nakao, K.; Thompson, A. Chatbot learning partners: Connecting learning experiences, interest and competence.

Comput. Hum. Behav. 2019, 93, 279–289. [CrossRef]
6. Coryell, J.E.; Clark, M.C. One right way, intercultural participation, and language learning anxiety: A qualitative analysis of

adult online heritage and nonheritage language learners. Foreign Lang. Ann. 2009, 42, 483–504. [CrossRef]
7. Ahmadian, M.; Amerian, M.; Goodarzi, A. A comparative study of paper‑based and computer‑based contextualization in vo‑

cabulary learning of EFL students. Adv. Lang. Lit. Stud. 2015, 6, 96–102.

http://doi.org/10.1016/j.specom.2018.12.003
http://doi.org/10.5539/elt.v11n3p24
http://doi.org/10.1111/j.1540-4781.2009.00974.x
http://doi.org/10.1016/j.chb.2018.12.023
http://doi.org/10.1111/j.1944-9720.2009.01037.x


Brain Sci. 2023, 13, 517 15 of 18

8. Kanellopoulou, C.; Kermanidis, K.L.; Giannakoulopoulos, A. The dual‑coding and multimedia learning theories: Film subtitles
as a vocabulary teaching tool. Educ. Sci. 2019, 9, 210. [CrossRef]

9. Cooper, G.; Park, H.; Nasr, Z.; Thong, L.P.; Johnson, R. Using virtual reality in the classroom: Preservice teachers’ perceptions
of its use as a teaching and learning tool. Educ. Media Int. 2019, 56, 1–13. [CrossRef]

10. North, M.M.; North, S.M. Dynamic immersive visualisation environments: Enhancing pedagogical techniques.
Australas. J. Inf. Syst. 2019, 23, 1–17. [CrossRef]

11. Ray, A.B.; Deb, S. Smartphone based virtual reality systems in classroom teaching‑A study on the effects of learning outcome.
In 2016 IEEE Eighth International Conference on Technology for Education; Kumar, V., Murthy, S., Kinshuk, Eds.; IEEE: Piscataway,
NJ, USA, 2016; pp. 68–71. [CrossRef]

12. Arntz, A.; Eimler, S.; Handmann, U.; Keßler, D. Teaching practical taskswith virtual reality and augmented reality an experimen‑
tal study comparing learning outcomes. In 21st General Online Research Conference 2019; Keusch, F., Struminskaya, B., Hellwig, O.,
Stützer, C.M., Thielsch, M., Wachenfeld‑Schell, A., Eds.; German Society for Online Research: Kassel, Germany, 2019; p. 49.

13. Rao, D.C.; Saha, S.K. An immersive learning platform for efficient biology learning of secondary school‑level students. J. Educ.
Comput. Res. 2019, 57, 1671–1694. [CrossRef]

14. Mead, C.; Buxner, S.; Bruce, G.; Taylor, W.; Semken, S.; Anbar, A.D. Immersive, interactive virtual field trips promote science
learning. J. Geosci. Educ. 2019, 67, 131–142. [CrossRef]

15. Squires, D.R. Immersive learning experiences: Technology enhanced instruction, adaptive learning, augmented reality, and m‑
learning in informal learning environments. i‑Manag. J. Educ. Technol. 2019, 15, 17–22. [CrossRef]

16. Chu, G.; Humer, I.; Eckhardt, C. Special relativity in immersive learning. In International Conference on Immersive Learning;
Beck, D., Peña‑Rios, A., Ogle, T., Economou, D., Mentzelopoulos, M., Morgado, L., Eckhardt, C., Pirker, J., Koitz‑Hristov, R.,
Richter, J., et al., Eds.; Springer: Cham, Switzerland, 2019; pp. 16–29. [CrossRef]

17. Tseng, W.T.; Liou, H.J.; Chu, H.C. Vocabulary learning in virtual environments: Learner autonomy and collaboration. System
2019, 88, 10219. [CrossRef]

18. Legault, J.; Zhao, J.; Chi, Y.A.; Chen, W.; Klippel, A.; Li, P. Immersive virtual reality as an effective tool for second language
vocabulary learning. Languages 2019, 4, 13. [CrossRef]

19. Nguyen, D.J.; Larson, J.B. Don’t forget about the body: Exploring the curricular possibilities of embodied pedagogy.
Innov. High. Educ. 2015, 40, 331–344. [CrossRef]

20. Johnson‑Glenberg, M.C.; Megowan‑Romanowicz, C.; Birchfield, D.A.; Savio‑Ramos, C. Effects of embodied learning and digital
platform on the retention of physics content: Centripetal force. Front. Psychol. 2016, 7, 1819. [CrossRef]

21. Smyrnaiou, Z.; Sotiriou, M.; Georgakopoulou, E.; Papadopoulou, O. Connecting embodied learning in educational practice to
the realization of science educational scenarios through performing arts. Inspiring Sci. Educ. 2016, 31, 31–38.

22. Kang, J.; Lindgren, R.; Planey, J. Exploring emergent features of student interaction within an embodied science learning simu‑
lation. Multimodal Technol. Interact. 2018, 2, 39. [CrossRef]

23. Schmidt, M.; Benzing, V.; Wallman‑Jones, A.; Mavilidi, M.F.; Lubans, D.R.; Paas, F. Embodied learning in the classroom: Ef‑
fects on primary school children’s attention and foreign language vocabulary learning. Psychol. Sport Exerc. 2019, 43, 45–54.
[CrossRef]

24. Mayer, R.E. Multimedia learning. In Psychology of Learning and Motivation; Academic Press: Cambridge, MA, USA, 2002;
Volume 41, pp. 85–139. [CrossRef]

25. Shangguan, C.; Gong, S.; Guo, Y.;Wang, X.; Lu, J. The effects of emotional design onmiddle school students’multimedia learning:
The role of learners’ prior knowledge. Educ. Psychol. 2020, 40, 1076–1093. [CrossRef]

26. Heo, M.; Toomey, N. Learningwithmultimedia: The effects of gender, type of multimedia learning resources, and spatial ability.
Comput. Educ. 2020, 146, 103747. [CrossRef]

27. Mayer, R.E. Searching for the role of emotions in e‑learning. Learn. Instr. 2020, 70, 101213. [CrossRef]
28. Makransky, G.; Mayer, R.E. Benefits of taking a virtual field trip in immersive virtual reality: Evidence for the immersion prin‑

ciple in multimedia learning. Educ. Psychol. Rev. 2022, 34, 1771–1798. [CrossRef] [PubMed]
29. Park, E.E. Expanding reference through cognitive theory of multimedia learning videos. J. Acad. Librariansh. 2022, 48, 102522.

[CrossRef]
30. Çeken, B.; Taşkın, N. Multimedia learning principles in different learning environments: A systematic review.

Smart Learn. Environ. 2022, 9, 19. [CrossRef]
31. Bandura, A. Social Learning Theory; Prentice Hall: Hoboken, NJ, USA, 1977.
32. Bandura, A. Self‑Efficacy: The Exercise of Control; W. H. Freeman and Company: New York, NY, USA, 1997.
33. Gao, Z.; Kosma, M.; Harrison, L., Jr. Ability beliefs, task value, and performance as a function of race in a dart‑throwing task.

Res. Q. Exerc. Sport 2009, 80, 122–130. [CrossRef]
34. Austin, K.A.Multimedia learning: Cognitive individual differences and display design techniques predict transfer learningwith

multimedia learning modules. Comput. Educ. 2009, 53, 1339–1354. [CrossRef]
35. Bahrick, H.P.; Hall, L.K. Lifetimemaintenance of high school mathematics content. J. Exp. Psychol. Gen. 1991, 120, 20. [CrossRef]
36. Bouwmeester, R.A.; de Kleijn, R.A.; van den Berg, I.E.; ten Cate, O.T.J.; van Rijen, H.V.; Westerveld, H.E. Flipping the med‑

ical classroom: Effect on workload, interactivity, motivation and retention of knowledge. Comput. Educ. 2019, 139, 118–128.
[CrossRef]

http://doi.org/10.3390/educsci9030210
http://doi.org/10.1080/09523987.2019.1583461
http://doi.org/10.3127/ajis.v23i0.2109
http://doi.org/10.1109/T4E.2016.022
http://doi.org/10.1177/0735633119854031
http://doi.org/10.1080/10899995.2019.1565285
http://doi.org/10.26634/jet.15.4.15410
http://doi.org/10.1007/978-3-030-23089-0_2
http://doi.org/10.1016/j.system.2019.102190
http://doi.org/10.3390/languages4010013
http://doi.org/10.1007/s10755-015-9319-6
http://doi.org/10.3389/fpsyg.2016.01819
http://doi.org/10.3390/mti2030039
http://doi.org/10.1016/j.psychsport.2018.12.017
http://doi.org/10.1016/S0079-742180005-6
http://doi.org/10.1080/01443410.2020.1714548
http://doi.org/10.1016/j.compedu.2019.103747
http://doi.org/10.1016/j.learninstruc.2019.05.010
http://doi.org/10.1007/s10648-022-09675-4
http://www.ncbi.nlm.nih.gov/pubmed/35475019
http://doi.org/10.1016/j.acalib.2022.102522
http://doi.org/10.1186/s40561-022-00200-2
http://doi.org/10.1080/02701367.2009.10599536
http://doi.org/10.1016/j.compedu.2009.06.017
http://doi.org/10.1037/0096-3445.120.1.20
http://doi.org/10.1016/j.compedu.2019.05.002


Brain Sci. 2023, 13, 517 16 of 18

37. Skoglund, K.; Wall, T.J.; Kiene, D. Impact of supplemental instruction participation on college freshman retention.
Learn. Assist. Rev. 2018, 23, 115–135.

38. Eccles, J.S.; Wigfield, A. Motivational beliefs, values, and goals. Annu. Rev. Psychol. 2002, 53, 109–132. [CrossRef] [PubMed]
39. Bandura, A. Self‑efficacy. In The Corsini Encyclopedia of Psychology; Weiner, I.B., Craighead, W.E., Eds.; John Wiley & Sons:

Hoboken, NJ, USA, 2010. [CrossRef]
40. Chemers, M.M.; Hu, L.; Garcia, B.F. Academic self‑efficacy and first‑year college student performance and adjustment.

J. Educ. Psychol. 2001, 93, 55–64. [CrossRef]
41. Lent, R.W.; Sheu, H.B.; Singley, D.; Schmidt, J.A.; Schmidt, L.C.; Gloster, C.S. Longitudinal relations of self‑efficacy to outcome

expectations, interests, and major choice goals in engineering students. J. Vocat. Behav. 2008, 73, 328–335. [CrossRef]
42. Hong, J.C.; Chen, M.L.; Ye, J.H.; Chen, P.H. The Relationship between Adolescents Creative Self‑efficacy, Competition Engage‑

ments and the Value of Participating in Competition—Taking the IEYI International Exhibition for Young Inventors as an Exam‑
ple. Bull. Educ. Psychol. 2020, 51, 457–481. (In Chinese) [CrossRef]

43. Horwitz, E.K. Foreign and second language anxiety. Lang. Teach. 2010, 43, 154–167. [CrossRef]
44. Russell, V. Language anxiety and the online learner. Foreign Lang. Ann. 2020, 53, 338–352. [CrossRef]
45. Horwitz, E.; Horwitz, M.; Cope, J. Foreign language classroom anxiety. Mod. Lang. J. 1986, 70, 125–132. [CrossRef]
46. Saito, Y.; Garza, T.J.; Horwitz, E.K. Foreign language reading anxiety. Mod. Lang. J. 1999, 83, 202–218. [CrossRef]
47. Elkhafaifi, H. Listening comprehension and anxiety in theArabic language classroom. Mod. Lang. J. 2005, 89, 206–220. [CrossRef]
48. Mok, W.S.Y.; Chan, W.W.L. How do tests and summary writing tasks enhance long‑term retention of students with different

levels of test anxiety? Instr. Sci. 2016, 44, 567–581. [CrossRef]
49. Leeming, F.C. The exam‑a‑day procedure improves performance in psychology classes. Teach. Psychol. 2002, 29,

210–212. [CrossRef]
50. McDaniel, M.A.; Agarwal, P.K.; Huelser, B.J.; McDermott, K.B.; Roediger, H.L., III. Test‑enhanced learning in a middle school

science classroom: The effects of quiz frequency and placement. J. Educ. Psychol. 2011, 103, 399. [CrossRef]
51. Liem, A.D.; Lau, S.; Nie, Y. The role of self‑efficacy, task value, and achievement goals in predicting learning strategies, task

disengagement, peer relationship, and achievement outcome. Contemp. Educ. Psychol. 2008, 33, 486–512. [CrossRef]
52. Ellis, R. The Study of Second Language Acquisition, 2nd ed.; Oxford University Press: Oxford, UK, 2008.
53. Vandergrift, L.; Goh, C.C.M. Teaching and Learning Second Language Listening: Metacognition in Action; Routledge: Abingdon,

UK, 2012.
54. Gregersen, T.S. Non‑verbal cues: Clues to the detection of foreign language anxiety. Foreign Lang. Annu. 2005, 38, 388–400.

[CrossRef]
55. Arnaiz, P.; Guillen, F. Foreign language anxiety in a Spanish university setting: Interpersonal differences. Rev. Psicodidäctica

2012, 17, 5–26.
56. Rezazadeh,M.; Tavakoli, M. Investigating the relationship among test anxiety, gender, academic achievement and years of study:

A case of Iranian EFL university students. Engl. Lang. Teach. 2009, 2, 68–74. [CrossRef]
57. Saito, Y.; Samimy, K.K. Foreign language anxiety and language performance: A study of learner anxiety in beginning, interme‑

diate, and advanced‑level college students of Japanese. Foreign Lang. Ann. 1996, 29, 239–249. [CrossRef]
58. Lindsey, R.V.; Shroyer, J.D.; Pashler, H.; Mozer, M.C. Improving students’ long‑term knowledge retention through personalized

review. Psychol. Sci. 2014, 25, 639–647. [CrossRef]
59. Hintzman, D.L. Repetition and memory. Psychol. Learn. Motiv. 1976, 10, 47–91. [CrossRef]
60. Cepeda, N.J.; Pashler, H.; Vul, E.; Wixted, J.T.; Rohrer, D. Distributed practice in verbal recall tasks: A review and quantitative

synthesis. Psychol. Bull. 2006, 132, 354–380. [CrossRef]
61. Kerfoot, B.P.; Fu, Y.; Baker, H.; Connelly, D.; Ritchey, M.L.; Genega, E.M. Online spaced education generates transfer and

improves long‑term retention of diagnostic skills: A randomized controlled trial. J. Am. Coll. Surg. 2010, 211, 331–337. [CrossRef]
62. Gee, J.P.Good Video Games + Good Learning: Collected Essays on Video Games, Learning, and Literacy; Peter Lang Publishing: Pieterlen,

Switzerland, 2007.
63. Coyne, R. Mindless repetition: Learning from computer games. Des. Stud. 2003, 24, 199–212. [CrossRef]
64. Camp, K.M.; Avery, S.L. Cooperative‑experiential learning: Using student‑developed games to increase knowledge retention.

J. Instr. Pedagog. 2012, 9, 119–128.
65. Hong, J.C.; Cheng, C.L.; Hwang, M.Y.; Lee, C.K.; Chang, H.Y. Assessing the educational values of digital games. J. Comput.

Assist. Learn. 2009, 25, 423–437. [CrossRef]
66. Huang, W.H. Evaluating learners’ motivational and cognitive processing in an online game‑based learning environment.

Comput. Hum. Behav. 2011, 27, 694–704. [CrossRef]
67. Panacek, E.A.; Thompson, C.B. Sampling methods: Selecting your subjects. Air Med. J. 2007, 26, 75–78. [CrossRef]
68. Johnson, M.; Lakoff, G. Why cognitive linguistics requires embodied realism. Cogn. Linguist. 2002, 13, 245–263. [CrossRef]
69. Watthanapas, N.; Hao, Y.W.; Hwang, M.Y. Exploring learning effect on innovative Thai spelling system: Correlates among

learning self‑efficacy, learning interest, learning anxiety, and learning achievement. J. Res. Educ. Sci. 2019, 64, 1–29. [CrossRef]
70. Hwang, M.Y.; Hong, J.C.; Watthanapas, N.; Ye, J.H.; Ye, J.N.; Hao, Y.W. Thai vocabulary mobile learning: Applying achievement

emotion theory to explore the correlates between language learning anxiety, self‑efficacy, gameplay anxiety and interest, and
learning value. Int. J. Digit. Learn. Technol. 2021, 13, 87–117. [CrossRef]

http://doi.org/10.1146/annurev.psych.53.100901.135153
http://www.ncbi.nlm.nih.gov/pubmed/11752481
http://doi.org/10.1002/9780470479216.corpsy0836
http://doi.org/10.1037/0022-0663.93.1.55
http://doi.org/10.1016/j.jvb.2008.07.005
http://doi.org/10.6251/BEP.202003_51.0006
http://doi.org/10.1017/S026144480999036X
http://doi.org/10.1111/flan.12461
http://doi.org/10.1111/j.1540-4781.1986.tb05256.x
http://doi.org/10.1111/0026-7902.00016
http://doi.org/10.1111/j.1540-4781.2005.00275.x
http://doi.org/10.1007/s11251-016-9393-x
http://doi.org/10.1207/S15328023TOP2903_06
http://doi.org/10.1037/a0021782
http://doi.org/10.1016/j.cedpsych.2007.08.001
http://doi.org/10.1111/j.1944-9720.2005.tb02225.x
http://doi.org/10.5539/elt.v2n4p68
http://doi.org/10.1111/j.1944-9720.1996.tb02330.x
http://doi.org/10.1177/0956797613504302
http://doi.org/10.1016/S0079-742160464-8
http://doi.org/10.1037/0033-2909.132.3.354
http://doi.org/10.1016/j.jamcollsurg.2010.04.023
http://doi.org/10.1016/S0142-694X(02)00052-2
http://doi.org/10.1111/j.1365-2729.2009.00319.x
http://doi.org/10.1016/j.chb.2010.07.021
http://doi.org/10.1016/j.amj.2007.01.001
http://doi.org/10.1515/cogl.2002.016
http://doi.org/10.6209/JORIES.201909_64.0001
http://doi.org/10.3966/2071260X2021041302004


Brain Sci. 2023, 13, 517 17 of 18

71. Chang, S.Y.; Jan, S.T. High school students’ continual participation in game intentions: A case study of 3d motorcycle digital
gaming learning. J. Res. Educ. Sci. 2019, 64, 31–53. [CrossRef]

72. Hwang, M.Y.; Hong, J.C.; Ye, J.H.; Wu, Y.F.; Tai, K.H.; Kiu, M.C. Practicing abductive reasoning: The correlations between
cognitive factors and learning effects. Comput. Educ. 2019, 138, 33–45. [CrossRef]

73. Hair, J.F.; Sarstedt, M.; Pieper, T.M.; Ringle, C.M. The use of partial least squares structural equation modeling in strategic
management research: A review of past practices and recommendations for future applications. Long Range Plan. 2012,
45, 320–334. [CrossRef]

74. Hair, J.F.; Ringle, C.M.; Sarstedt, M. PLS‑SEM: Indeed a silver bullet. J. Mark. Theory Pract. 2011, 19, 139–152. [CrossRef]
75. Hair, J.E.; Hult, G.T.; Ringle, C.M.; Sarstedt, M. A Primer on Partial Least Squares Structural Equation Modeling (PLS‑SEM), 2nd ed.;

Sage: Thousand Oaks, CA, USA, 2017.
76. Ramdhani, M.A.; Ramdhani, A. Verification of research logical framework based on literature review. Int. J. Basic Appl. Sci. 2014,

3, 11–19.
77. Hair, J.F.; Black, W.C.; Babin, B.J.; Anderson, R.E.; Tatham, R.L. Multivariate Data Analysis, 8th ed.; Cengage: Boston, MA,

USA, 2019.
78. Kenny, D.A.; Kaniskan, B.; McCoach, D.B. The performance of RMSEA in models with small degrees of freedom.

Sociol. Methods Res. 2015, 44, 486–507. [CrossRef]
79. Cor, M.K. Trust me, it is valid: Research validity in pharmacy education research. Curr. Pharm. Teach. Learn. 2016, 8, 391–400.

[CrossRef]
80. Green, S.B.; Salkind, N.Using SPSS forWindows andMacintosh: Analyzing andUnderstandingData, 4th ed.; Prentice‑Hall: Hoboken,

NJ, USA, 2004.
81. Awang, Z. SEMMade Simple, a Gentle Approach to Learning Structural EquationModeling; MPWSRich Publication Sdn. Bhd.: Bangi,

Malaysia, 2015.
82. Pajares, F. Self‑efficacy beliefs in academic settings. Rev. Educ. Res. 1996, 66, 543–578. [CrossRef]
83. Moreno, C.; Pham, D.; Ye, L. Chemistry self‑efficacy in lower‑division chemistry courses: Changes after a semester of instruction

and gaps still remain between student groups. Chem. Educ. Res. Pract. 2021, 22, 772–785. [CrossRef]
84. McMichael, S.L.; Bixter, M.T.; Okun, M.A.; Bunker, C.J.; Graudejus, O.; Grimm, K.J.; Kwan, V.S. Is seeing believing? A longitu‑

dinal study of vividness of the future and its effects on academic self‑efficacy and success in college. Personal. Soc. Psychol. Bull.
2022, 48, 478–492. [CrossRef]

85. Lin, T.J. Multi‑dimensional explorations into the relationships between high school students’ science learning self‑efficacy and
engagement. Int. J. Sci. Educ. 2021, 43, 1193–1207. [CrossRef]

86. Bai, B.; Wang, J.; Nie, Y. Self‑efficacy, task values and growth mindset: What has the most predictive power for primary
school students’ self‑regulated learning in English writing and writing competence in an Asian Confucian cultural context?
Camb. J. Educ. 2021, 51, 65–84. [CrossRef]

87. Lee, D.; Watson, S.L.; Watson, W.R. The relationships between self‑efficacy, task value, and self‑regulated learning strategies in
massive open online courses. Int. Rev. Res. Open Distrib. Learn. 2020, 21, 23–39. [CrossRef]

88. Wu, F.; Fan, W.; Arbona, C.; de la Rosa‑Pohl, D. Self‑efficacy and subjective task values in relation to choice, effort, persistence,
and continuation in engineering: An Expectancy‑value theory perspective. Eur. J. Eng. Educ. 2020, 45, 151–163. [CrossRef]

89. Kim, E.J.; Seo, D.H.; Ki, E.J. Influence of task value and academic self‑efficacy on learning engagement in nursing education
using smart learning. J. Digit. Converg. 2020, 18, 229–236. [CrossRef]

90. du Rocher, A.R. Active learning strategies and academic self‑efficacy relate to both attentional control and attitudes towards
plagiarism. Act. Learn. High. Educ. 2020, 21, 203–216. [CrossRef]

91. Tossavainen, T.; Rensaa, R.J.; Johansson, M. Swedish first‑year engineering students’ views of mathematics, self‑efficacy and
motivation and their effect on task performance. Int. J. Math. Educ. Sci. Technol. 2021, 52, 23–38. [CrossRef]

92. Khattak, Z.I.; Jamshed, T.; Ahmad, A.; Baig, M.N. An investigation into the causes of English language learning anxiety in
students at AWKUM. Procedia‑Soc. Behav. Sci. 2011, 15, 1600–1604. [CrossRef]

93. Yang, K.H.; Chen, H.H. What increases learning retention: Employing the prediction‑observation‑explanation learning strategy
in digital game‑based learning. Interact. Learn. Environ. 2021, in press. [CrossRef]

94. Bensalem, E.; Thompson, A.S. Multilingual effects on EFL learning: A comparison of foreign language anxiety and self‑
confidence experienced by bilingual and multilingual tertiary students. Int. J. Biling. Educ. Biling. 2022, 25, 2653–2667.
[CrossRef]

95. Sukmawati, E. The Correlation Between ESP Learners’ Anxiety and Their English Course Achievement (Management Depart‑
ment of Universitas Islam Malang). J. Penelit. Pendidik. Dan Pembelajaran 2021, 2, 58–67. [CrossRef]

96. Aslan, E.; Thompson, A.S. The interplay between learner beliefs and foreign language anxiety: Insights from the Turkish EFL
context. Lang. Learn. J. 2021, 49, 189–202. [CrossRef]

97. Baran‑Łucarz, M.; Lee, J.H. Selected determinants of pronunciation anxiety. Int. J. Engl. Stud. 2021, 21, 93–113. [CrossRef]

http://doi.org/10.6209/JORIES.201909_64.0002
http://doi.org/10.1016/j.compedu.2019.04.014
http://doi.org/10.1016/j.lrp.2012.09.008
http://doi.org/10.2753/MTP1069-6679190202
http://doi.org/10.1177/0049124114543236
http://doi.org/10.1016/j.cptl.2016.02.014
http://doi.org/10.3102/00346543066004543
http://doi.org/10.1039/D0RP00345J
http://doi.org/10.1177/01461672211015888
http://doi.org/10.1080/09500693.2021.1904523
http://doi.org/10.1080/0305764X.2020.1778639
http://doi.org/10.19173/irrodl.v20i5.4389
http://doi.org/10.1080/03043797.2019.1659231
http://doi.org/10.14400/JDC.2020.18.7.229
http://doi.org/10.1177/1469787418765515
http://doi.org/10.1080/0020739X.2019.1656827
http://doi.org/10.1016/j.sbspro.2011.03.337
http://doi.org/10.1080/10494820.2021.1944219
http://doi.org/10.1080/13670050.2021.1943306
http://doi.org/10.55623/au.v2i2.41
http://doi.org/10.1080/09571736.2018.1540649
http://doi.org/10.6018/ijes.426411


Brain Sci. 2023, 13, 517 18 of 18

98. Chow, A.F.; Woodford, K.C.; Maes, J. Deal or no deal: Using games to improve student learning, retention and decision‑making.
Int. J. Math. Educ. Sci. Technol. 2011, 42, 259–264. [CrossRef]

99. United Nations. How Countries are Using EDTECH (Including Online Learning, Radio, Television, Texting) to Support Access
to Remote Learning during the COVID‑19 Pandemic. Relief Web. International Organizations. 2021. Available online: https:
//reliefweb.int/report/austria/how‑countries‑are‑using‑edtech‑including‑online‑learning‑radio‑television‑texting (accessed on
1 October 2022).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au‑
thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1080/0020739X.2010.519796
https://reliefweb.int/report/austria/how-countries-are-using-edtech-including-online-learning-radio-television-texting
https://reliefweb.int/report/austria/how-countries-are-using-edtech-including-online-learning-radio-television-texting

	Introduction 
	Research Methods 
	Theoretical Framework 
	Research Model and Hypotheses 
	Research Hypotheses 
	Relationship between Thai Self-Efficacy and Word Order Learning Retention 
	Relationship between Thai Self-Efficacy and Task Value of VR Learning 
	Relationship between Thai Language Anxiety and Word Order Learning Retention 
	Relationship between Thai Language Anxiety and Task Value of VR Learning 
	Relationship between Word Order Learning Retention and Task Value of VR  Learning 

	Procedure 
	Participants 
	Teaching Tools 
	Measurement 
	Thai Self-Efficacy 
	Thai Language Anxiety 
	Word Order Learning Retention 
	Task Value of VR Learning 

	Statistical Methods 

	Results and Discussion 
	Item Analysis 
	Reliability and Validity Analysis 
	Analysis of the Word Order Learning Retention 
	Analysis of Research Model Validation 
	Discussion 
	Thai Self-Efficacy Was Positively Related to the Retention of Word Order Learning 
	Thai Self-Efficacy Was Positively Related to Task Value of VR Learning 
	Thai Language Anxiety Was Negatively Related to the Retention of WordOrder Learning 
	Thai Language Anxiety Was Negatively Related to Task Value of VR Learning 
	The Retention of Word Order Learning Was Positively Related to Task Value of VR Learning 


	Conclusions and Recommendations 
	Conclusions 
	Recommendations 
	Limitations and Future Study 

	References

