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Abstract: Writing is a challenging task for English Foreign Language (EFL) instruction. Based on
artificial intelligence technology, Automatic Writing Evaluation (AWE) has received considerable
attention from the EFL research community in recent years, since it can provide timely and personal-
ized feedback to EFL writing learners. However, researchers have pointed out that while AWE can
provide satisfactory feedback on vocabulary use and grammar, it is relatively inadequate at providing
efficient feedback on organization, coherence, and content. Spherical Video-based Virtual Reality
(SVVR) can provide a highly immersive and in-depth interaction learning environment that makes
up for this shortcoming. Authentic experiences help enhance EFL writing learners’ perceptions and
understanding of context, and assist students in creating constructive internal connections between
their personal experiences and the topic of their writing, thus improving their writing quality. There-
fore, the current study proposed an approach which integrated SVVR and AWE to investigate its
effects on EFL writing. To investigate the effectiveness of the proposed approach, a quasi-experiment
was carried out in a university’s EFL writing course. The experimental group (37 students) used the
SVVR-AWE approach, while the control group (39 students) used the conventional approach with
AWE. The results showed that the learning method not only considerably enhanced the students’
EFL writing performance, but also raised their motivation, self-efficacy, and sense of presence, as
well as reduced their EFL writing anxiety. Furthermore, interviews were performed and a thematic
inductive qualitative analysis of the interview data was conducted to investigate the impact of this
learning method on students’ learning behaviors and perceptions.

Keywords: automatic writing evaluation; SVVR; EFL writing instruction; writing performance

1. Introduction

As an international language, mastering English is crucial for people to communicate
across national boundaries [1]. English, as an international language, plays an imperative
role in international communication [1]. English writing, as an important form of language
output, is not only an important means of expressing emotions and consciousness, but
also indicates learners’ level of comprehensive use of the language. English writing skills
represent learners’ proficiency at both the local level such as vocabulary, grammar, and
sentence structure, and at the global level such as text organization, logical reasoning, and
argumentation [2]. Therefore, writing in a foreign language is frequently an extremely
challenging task for novice language learners [3]. In conventional EFL writing courses, the
teaching mode is usually based on one-way teacher delivery [4]. Teachers are often faced
with large class sizes, which makes them unable to take into account the learning status of
each learner, and makes it difficult for students to receive timely and targeted feedback to
improve their English writing skills [5]. Thus, timely, accurate, and personal feedback is
essential to EFL writing instruction.
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With the advancements in information technology and artificial intelligence, Auto-
matic Writing Evaluation (AWE) has shown significant potential to improve the efficiency
of EFL writing instruction [6,7]. Based on natural language processing technology, deep
learning, and neural networks, AWE offers students multi-dimensional evaluation and
feedback on grammar and vocabulary [5,8]. Some research shows that learning with AWE,
EFL learners tend to practice more independently to improve their writing skills, and also
learners’ writing anxiety decreases significantly [9-11]. As for teachers, they also have
more opportunities to focus on the high-level aspects of writing, thus increasing their
teaching efficiency [5,12,13].

However, it has been noted that EFL writing learners face certain challenges in terms
of linguistic usage and organizing written discourse [3]. Although AWE can improve
writing accuracy, there are limitations in providing specific content feedback [8]. Writing
is closely linked to authentic contexts, in which flexible and authentic contexts can link
life experiences and previous knowledge of students [14] and thus inspire their writing.
However, most EFL learners do not know how to describe their feelings due to a lack of
real-life contextual experiences, which makes it difficult to write informative essays [15].
For EFL writing learners in particular, due to the constraints of limited time and budget,
it is difficult for them to go abroad to have authentic experiences [16]; consequently, it is
also difficult for them to express real feelings when writing. Therefore, it is necessary to
incorporate appropriate technology to assist AWE-supported EFL writing activities.

With the constant development of technologies, VR technology that provides an im-
mersive and interactive learning environment has attracted significant attention in the area
of EFL education, especially low-cost and easy-to-edit Spherical Video-based Virtual Reality
(SVVR) technology. SVVR refers to an immersive virtual experience in a VR environment
using 360-degree photographs or videos of the actual context of learning [17], allowing
users to observe from different directions with a high degree of immersion [18]. Researchers
in EFL have attempted to apply SVVR technology to various aspects of English language
teaching, such as speaking, reading, and writing, to provide learners with relatively realistic
language learning situations and thus to enhance their learning experience [19,20]. In
particular for EFL writing, the appearance of SVVR improved the traditional method of
EFL writing instruction, stimulating learners’ interest and motivation, and enhancing their
understanding of the learning content [15,21]. For EFL writing courses, authentic language
situations and learning experiences are important elements for learning, and Kolb [22]
suggested that experiential learning can help learners create situations and enhance learning
through repetitive practice and authentic experiences.

Therefore, the current study aimed to integrate SVVR and AWE into English writing
to address both the basic-level issues of grammar, vocabulary use, and spelling, as well
as to provide them with authentic contexts to address the higher-level issues of content
organization, logical structures, and discourse coherence for EFL writing learners.

Consequently, this research proposed an EFL learning approach which integrates AWE
and SVVR. A quasi-experiment was carried out to examine the impact of the proposed
approach on EFL students’ writing performance, motivation, self-efficacy, writing anxiety,
and sense of presence. The research hypotheses are as follows:

Hypothesis 1 (H1): The SVVR-AWE approach positively impacts EFL writing performance,
compared with the conventional AWE (C—AWE) approach.

Hypothesis 2 (H2): The SVVR-AWE approach positively impacts EFL writing learning motiva-
tion, compared with the conventional AWE (C—AWE) approach.

Hypothesis 3 (H3): The SVVR-AWE approach positively impacts EFL writing self-efficacy,
compared with the conventional AWE (C—AWE) approach.

Hypothesis 4 (H4): The SVVR-AWE approach positively impacts EFL writing anxiety, compared
with the conventional AWE (C-AWE) approach?
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Hypothesis 5 (H5): The SVVR-AWE approach positively improves the students’ sense of presence.

2. Literature Review
2.1. AWE for EFL Writing

Advances in technology have led to the emergence of many technology-based feedback
tools. AWE is a tool that uses latent semantic analysis and sophisticated natural language
processing (NLP) techniques to provide learners with immediate automated feedback [23,24].
The working process of AWE consists in extracting linguistic, semantic, structural and
rhetoric characteristics, after comparing students” writing with an extensive informational
database, and then to provide qualitative feedback on aspects of grammar, mechanics, and
discourse [25]. AWE is usually used as an essay scoring tool to help learners improve
their writing skills [26,27]. One direct benefit of AWE is to greatly reduce teachers’ scoring
load and free them from the heavy, low-level error of writing revision, so that teachers
have more time to provide higher-order feedback to students on their writing [28,29]. In
addition, as AWE provides timely and quick feedback, it helps learners to improve the
quality of their English writing by getting revisions at any time in any situation, which in
turn increases their writing motivation and self-efficacy [30-32]. What is more, research
has shown that AWE can provide learners with personalized comments on a variety of
topics, thus enabling them to revise their essays in a targeted manner and improve their
writing skills [8,33].

However, researchers have still raised some doubts about the use of AWE in EFL
writing instruction. On the one hand, learners have expressed levels of distrust in the
accuracy of AWE feedback. On the other hand, simply using AWE can lead to poor revision
accuracy, and learners tend to focus on the length and complexity of the essay rather than
on the quality of the writing [29], which makes it difficult for EFL writing learners to truly
improve their writing. A previous study integrated a reflection-promoting approach into
AWE-supported EFL writing instruction and found significant results [5]. Thus, if we
want to maximize the effectiveness of AWE'’s role in EFL writing instruction, we need to
reconsider the design and arrangement of the teaching activities. According to experiential
learning theory, experiential learning is a four-stage process for building knowledge, which
consists of concrete experience, reflective observation, abstract conceptualization, and active
experimentation [22]. It is significant to provide EFL learners with authentic language
contexts in which they can understand concepts and engage in conceptual abstraction in an
experiential process, which in turn promotes reflective observation to improve learning
performance [34]. Therefore, it is necessary to provide immersive learning contexts to
enrich the writing content of EFL writing learners when learning with AWE.

2.2. SVVR-Supported EFL Writing

Virtual reality (VR) is a new media technology that uses a computer to create an
illu-sion of genuine presence or to replicate a three-dimensional virtual environment [35].
It offers a 360-degree immersive panoramic experience that gives users the impression
that they are in a real setting [36]. SVVR is a fully immersive and less expensive and
easy-to-implement VR virtual environment that uses primarily 360° photos or videos
for immersive virtual experiences [37]. SVVR provides vivid multi-sensory stimulation
and continually rotates the screen to encourage learners to look from various angles and
orientations, boosting their sense of immersion [38,39]. In addition, SVVR can place learners
in real scenarios at a lower cost by using diverse devices to experience virtual activities,
such as cellphones, tablet computers, and Google Cardboard [40], and enhance their
interactions in the learning environment [41]. SVVR has been used by many researchers in
many educational contexts, such as English language learning [15], science [35], cultural
courses [16], teacher professional development [42], engineering instruction [43], and
medical training [40].

The appearance of SVVR has made a huge change in pedagogical practice, espe-
cially in EFL instruction, by providing authentic language learning contexts. For example,
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Huang et al. [15] successfully enhanced students” writing performance in content and
appearance, higher-order creative dispositions, and writing self-efficacy by implementing
SVVR in a high school writing class. Chen et al. [14] applied SVVR to writing instruction
and improved learners’ behavioral engagement and deep writing skills, which resulted in
better writing performance in terms of expressive language skills and creative thinking.
Researchers have further indicated that SVVR is crucial for facilitating English writing,
since it can provide learners with an authentic language learning context in which they can
improve not merely their writing skills and engagement, but also their sense of accomplish-
ment [15,44,45]. For instance, Chen et al. [46] showed that teaching with SVVR provided
secondary school students with more opportunities to observe and reflect, considerably
enhanced their writing skills, and changed how they saw themselves as “writers”.

Thus, SVVR has great potential to provide students with authentic and interactive
learning environments to enrich their writing content. Additionally;, it is recommended
to use the experiential learning theory to support learning activities when implementing
VR-based learning environments [47]. As a result, the current study combined experiential
learning theory [22] to develop an experiential learning model integrating SVVR and AWE,
and applied it to EFL writing instruction to facilitate students’ experience depth and EFL
writing performance in terms of richness and completeness of writing content.

3. Integrated AWE and SVVR Approach for EFL Writing

Based on the experiential learning theory, the current study developed a learning
environment which integrated AWE and SVVR to support EFL writing instruction (see
Figure 1). In the stage of Concrete experience, learners can observe the learning content
through SVVR. In the stage of reflective observation, learners need to respond to questions
in the SVVR system. In the stage of abstract conceptualization, learners need to abstract
what they have seen in the SVVR system and finish the writing task with the support of
AWE. In the stage of active experimentation, learners can evaluate, revise, and rewrite with
feedback from AWE. They can also view SVVR repeatedly for writing inspiration if they
need to revisit the situation during the revision process.

SVVR
Task and hints

SVVR
Contexts and storyline

Concrete Reflective
experience observation

Evaluation Abstract
and reflection conceptualization

Technical specification

Get automatic written
evaluation and reflection

AWE

English writing based on
SVVR experience

Figure 1. Experiential learning model for integrating AWE and SVVR.

The system architecture of the proposed SVVR-AWE learning environments is illus-
trated in Figure 2; it consists of teacher and student interfaces. For the teacher interface,
an SVVR editor (UPTALE) was adopted by teachers to create, organize, and browse the
learning content. For the student interface, students have access to the learning content in
the SVVR system, and can switch between learning scenarios and respond to the questions
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regarding the learning content. Student information, the state of the assigned learning
tasks, and all the learning behavior are stored in the SVVR system.
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Figure 2. The system structure of the current study.

3.1. Concrete Experience

The teacher briefly introduced the learning activities before the writing activity. Stu-
dents were familiar with the SVVR system and experienced the spherical view under the
guidance of the instructor. In the SVVR system, learners observe the descriptive infor-
mation (including text, pictures, and videos) for certain writing topics to have the holistic
perception and concrete experience of the writing topic. The learning environment at the
stage of concrete experience is depicted in Figure 3.

Concrete experience:
Students interact with SVVR through
text picture prompts and have the

Text prompt concrete experience of a trip. Picture prompt

A

St Paul's Cathedral in London is the central church of the' I
| English state religion, built from 1675-1710. [
| |Itis known as a monument of classical architecture. St. Paul's

| | Cathedral is the second largest domed church in the world,
| with a slightly cool, serious and dignified beauty.

As aresult, the giant panda is the representative of the family Ursidae,
while the lesser panda is closely related to raccoons, skunks and martens.

Information is provided in each scenario for learners to Subtitles are also provided to assist learners in
understand details of the building. understanding the storyline of the trip.

Figure 3. SVVR scenes in the “concrete experience” stage.

3.2. Reflective Observation

In the writing activities in SVVR, students need to observe the learning material in the
system. Meanwhile, learners need to move the cursor and click the button to respond to the
questions. Learners reflected on their writing skills by looking at images and answering
questions through interactive text and image developed in the SVVR system (see Figure 4).
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Reflective observation:

Students interact with the SVVR

learning content and answer several

questions raised by the SVVR learning system to make reflective
observations.

What is the instruy
iment that
the bridge is playingy e ™00

It is one of the most ancient musical instruments
and a national instrument of Scotland.

This is the set of questions related to SVVR experience content.

Figure 4. The SVVR scene in the “Reflective observation” stage.

3.3. Abstract Conceptualization

The participants further abstracted the observed information into concepts by com-
bining the knowledge gained during the concrete experience and reflective observation
stage with the writing tasks. At the same time, learners also need to provide the writing
framework before writing on the AWE platform (see Figure 5).

The assigned writing topic
on the writing platform

My VR trip to New York

Directions:
Keep a diary of 150-200words entitled my VR trip to New York

My VR trip to New York (V3)

We have toured to New York this week. And because of my first VR journey experience, |

could use VR much easier than last time

The beginning of our trip was on a plane where we could overlook New York. After that, we

visited so many places of int

w York, such as the Pentagon, Chinatown and some

other

in New York. The pl

e characteristics

Chinatown and 1 think that if I w

tears because the view of C! n reminds me of my hometown.

To sum up, this trip to New York ha 4 me a lot. | have deeper insights into America

and know how people live in New York. Wr

New York, which does me a favor if | have a chance to travel to New York actually

Abstract conceptualization:
The teacher assigns writing topics to the
students, they frame and write the content
according to their own ideas based on the
SVVR experience.

Figure 5. “Abstract conceptualization” stage with the AWE.

3.4. Evaluation and Reflection

Learners would receive the feedback provided by the AWE. Based on the learning
analytics, a certain tool or strategy to facilitate learners’ reflection is important when in-
troducing technology in the teaching process [48]. Thus, learners are required to evaluate
the feedback content and revise their writing after receiving the automatic feedback from
AWE rather than passively view and accept the feedback. As shown in Figure 6, feed-
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back included overall score, scoring dimensions, rubric, and specific grammar and word
spelling issues.

Evaluation and reflection:

Students receive the AWE, including the total
score, scores by different items, and advice to
revise.

Language Comments H

The spelling is accurate and appropriate, some
expressions are not appropriate. The content is

Chapter Structure

" adequate and the length is moderate.
Total Score Technical specification

Content

language content language  content
My VR trip to New York (V1) =
All 15 ]
100% 10075
We have toured to New York this week. And because of my first VR journey experience, | lexical error @
could use VR much easier than last time. Subject-ver eement errors 2
Misuse of prepositions 1
The beginning of our trave 1@ was in@® a plane where we could overlook New York. After R
Verb tense error 1
that, we visited so many places of interest in New York su @ asthe Pentagon, Chinatown otz

! Missing verb 1
and some other places in New York. The place |mpvessed@ me most is@ Chinatown .

vhere @ has so many Chinese characteristi Missing quali.ﬁer
are a lot of Chinese live @ in Chinatown and

Adverb redundancy 1
It is recommended to insert that Preposition redundancy 1

Chinatown, | would wit tears f f E
® ; before the word impressed.

Redundancy of qualifier 1
me of my hometown. N

To sum up, this trip to New York have @ benefited me a lot. | have a @ deeper insights into

Misu:

America and have known @ that@ how people liie @ in New York. What's more, | am Wrong count of nouns 1

acquainted with the culture of New York which @ do@ me a favor if | have a chance to =
Technical errors (2] Relevance Coherence
travel to New York actually.
Missing commas B

Figure 6. The feedback content of AWE.

4. Method
4.1. Participants

A total of 76 college students (average age = 20) from a university majoring in English
were invited as participants. A total of 37 students were selected as the experimental
group learning with the SVVR-AWE approach, while 39 students were the control group
using the C-AWE approach. Both the experimental and control groups were taught by the
same English writing teacher with more than 10 years of teaching experience. It should
be noted that all the students participated in this research activity voluntarily. Before the
experiment, participants were told the purpose of the experiment and notified of their rights
to withdraw at any moment. Additionally, all of the participants’ personal information was
kept secure.

4.2. Experiment Procedure

To confirm the effectiveness of the proposed research method, the experimental pro-
cess is shown in Figure 7. The experiment was carried out at a university’s EFL writing
course and lasted for 4 weeks. Before the experiment started, the instructor spent 20 min
introducing the learning system and activities to the students. To ensure that all students
started with equal English writing skills and knowledge, they were asked to complete an
English writing pre-test and the questionnaires of writing motivation, self-efficacy, and
writing anxiety.
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Experimental Group (N=37) Control Group (N=39)

3

Introduce learning platform and activities

4 4

Pre-test: Writing performance .
Pre-questionnaire: learning motivation, writing self-efficacy, and writing anxiety. 20 minutes

3 2

Conventional video-based instruction
+ AWE 4 weeks

2 2

Post-test: Writing performance
Post-questionnaire: learning motivation, writing self-efficacy, writing anxiety,
and sense of presence.

4

Interview

20 minutes

SVVR + AWE

20 minutes

Figure 7. Experimental flow chart of the study.

In the following 4 weeks, students participated in the learning activities that covered
four writing topics, respectively protecting animals, travelling in London, visiting New
York, and an underwater world. Each week students were asked to describe what they
saw and what they thought after learning in the SVVR system. The experimental and
control groups of students were instructed to learn the content through SVVR and watch
traditional videos, respectively. They were then subsequently instructed to write using
the AWE platform. The experimental group could explore to learn in the SVVR system,
while the control group would fill out the learning sheet with the same questions set for
the experimental group after watching the video.

After the learning activities, students needed to take the post-test and post-questionaire
to investigate learners’ conception of learning motivation, self-efficacy, writing anxiety, and
sense of presence in the SVVR system. Several students were invited to take part in the
interviews to collect their feelings about the learning approach.

4.3. Measuring Instruments

The measurement instruments used in this study included the EFL learning achieve-
ment test, the learning motivation questionnaire, the writing self-efficacy questionnaire,
the EFL writing anxiety questionnaire, and the sense of presence questionnaire, as well as
interviews about their learning experiences.

4.3.1. Rubric of English Writing Performance

The writing test in this study was selected and revised by expert English teachers
with extensive experience in teaching English. The test aims to examine students’ mastery
of chapter structure, vocabulary use, spelling and grammar, and content of EFL writing.
In reference to Fu et al. [49], the rubrics for English writing performance adopted in
the current study include five dimensions: organization of content, linguistic accuracy,
originality, fluency, and elaboration. Students’ writing was assessed by two experienced
instructors who had been instructing English writing for a long time. The organization
of content refers to the coherence and logic of the writing. Linguistic accuracy indicates
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the correct usage of grammar and spelling. Creativity means whether there is innovation
in content or expression. Fluency refers to producing more ideas. Elaboration refers to
developing ideas with a great deal of details. Both the pre-test and post-test yielded total
scores of 40 points, comprising 15 points for the organization of the content, 10 points for
linguistic accuracy, and 5 points each for originality, fluency, and elaboration. Two expert
English teachers scored according to the rubric, and the internal consistency was 0.83.

4.3.2. Learning Motivation

Six questions (three for intrinsic motivation and three for extrinsic motivation) were
concluded in the learning motivation questionnaire that was developed by Wang and
Chen [50]. A statement such as, “I like course content that genuinely challenges me so I
can learn new things,” is an example of intrinsic motivation. “The most satisfying thing for
me right now is getting a good score in this class” is one item for extrinsic motivation. The
survey used a 5-point Likert scale and had a satisfactory Cronbach’s « of 0.81.

4.3.3. Writing Self-Efficacy

A modified version of the writing self-efficacy questionnaire from Bruning et al. [51]
was used. The 16 items are divided into three categories: ideation, conventions, and self-
regulation. The survey used a 5-point Likert scale, where 1 was the lowest and 5 was the
greatest. Higher scores indicate that students show higher levels of self-efficacy to learn
in EFL writing. The three questionnaire dimensions’ respective Cronbach’s o scores were
0.92,0.91, and 0.91.

4.3.4. English Writing Anxiety

The English writing anxiety questionnaire was modified from the measure developed
by Cheng [52]. It consists of nine items such as “When writing in English, I often worry that
I will make language mistakes”, “When writing in English, I often feel my heart pounding”,
and “When practicing writing English compositions, I often give up easily”. The survey

used a 5-point Likert scale with an acceptable Cronbach’s « of 0.85.

4.3.5. Sense of Presence Questionnaire

The measure created by Hwang et al. [53] was modified for the sense of presence
questionnaire. It consists of five items, such as, “To what extent were there times during
the experience when the field became the reality for you, and you almost forgot about the
real world?” and “During the time of the experience, did you often think to yourself that
you were just standing in the conference hall or classroom wearing a VR helmet or did the
field overwhelm you?” The survey used a 5-point Likert scale, where 1 was the lowest and
5 was the highest with a Cronbach’s o of 0.71.

4.3.6. Interview Outline and Coding Scheme

The interview questions used in this study’s interviews were adapted from Hwang et al. [54].
Seven questions were included in the outline for the semi-structured interviews, and 24 stu-
dents (12 from each group, coded as E1-E12 and C1-C12) were invited to the in-terview.
The purpose of the interviews was to investigate the advantages and disadvantages of
the proposed learning approach from the students’ perspectives. In order to conduct a
thematic inductive qualitative analysis of the interview data, Atlas.ti.22.1.4 was adopted.
The results of the interviews provide additional evidence to interpret the out-comes of this
study and are expected to inform future improvements in methodology. Listed below are
the interview questions:

(1) What do you believe you have benefited from learning English writing using this

method the most? Which aspect did you learn the most about? Give us a specific
illustration, please.
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(2) How is this method for learning EFL writing different from EFL writing classes you
have previously taken (or expected)? Do you think it’s effective? Why? Do you agree
with the way it is used? How does it help you?

(3) What are the advantages of this learning approach in general?

(4) What aspects of the learning process (such as the functionality or interface design)
could be improved? Please give us an example.

(5) Would you like to have the opportunity to learn to use this method again in the
future? Which courses might it be applied to? Why do you believe these courses are
appropriate for this strategy?

(6) Would you recommend other students to use this learning approach? Why, in your
opinion, do they need to learn in this manner? Or would they prefer to learn this way?

(7) Would you advise other educators to adopt this teaching strategy? Why do you think
they need to use this teaching strategy? Or would they be open to adopting this
in-structional strategy?

5. Results
5.1. Analysis of Learning Outcomes

In order to assess the effect of the proposed SVVR-AWE learning approach on stu-
dents” EFL writing performance, a one-way ANCOVA was used in this study. The post-test
scores were used as independent variables, while the pre-test scores were used as covariates.
According to the test of homogeneity regression, there is no significant difference between
the two groups” EFL writing performance (F = 0.67, p > 0.05), indicating that ANCOVA
analysis could be conducted. The results are displayed in Table 1; a statistically significant
difference between the experimental and control group was found (F = 8.61, p < 0.05), and
the partial eta-squared (5?) was 0.11 [55], representing a medium effect size. Meanwhile, the
adjusted average score of the experimental group was 33.63 (SD = 2.31) with the standard
error of 0.36, which was higher than the adjusted average score of the control group with
32.17 (SD = 2.49) and the standard error of 0.35. Therefore, hypothesis 1 is accepted.
According to the findings, students who used the SVVR-AWE approach outperformed
those who used the C-AWE approach in the EFL writing course.

Table 1. The ANCOVA results for Learning performance.

Group N  Mean SD Adjusted Mean  Std. Error F a
Experimental group 37  33.65 231 33.63 0.36 8.61* 011
Control group 39 3215 249 32.17 0.35
=5 <0.01.

Additionally, a series of ANCOVAs were carried out using the pre-test scores of each
aspect of EFL writing performance as the covariate and the post-test scores of each aspect
of English writing performance as the dependent variable to identify which aspects of EFL
writing performance benefited from the suggested learning approach. The examination of
the hypothesis of homogeneity of regression slopes revealed that the assumptions were not
violated: organization of content (F = 0.04, p > 0.05), linguistic accuracy (F = 2.33, p > 0.05),
originality (F = 2.17, p > 0.05), fluency (F = 1.41, p > 0.05), and elaboration (F = 3.07, p > 0.05).
In order to find the differences in the five dimensions between the two groups, a series of
ANCOVAs were used. The ANCOVA result is shown in Table 2.

In the aspect of organization of content, students in the experimental group scored
significantly higher on EFL writing than those in the control group after excluding the
influence of the pre-test, (F = 9.46, p = 0.003 < 0.01), with a medium effect size (172 =0.12) [55].
The experimental group’s adjusted mean was 13.31 (SD = 0.94), while the control group’s
adjusted mean was 12.70 (SD = 0.95). The findings demonstrated that students who learned
using the proposed SVVR-AWE approach had a greater capacity for organization of content
than students who learned using the C—-AWE approach.
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Table 2. The ANCOVA results of writing performance in the four dimensions.
Writing Performance Group N Mean SD Adjusted Mean Std. Error F 112

Oreanization of content Experimental 37 13.32 0.94 13.31 0.14 9.46*  0.12
& Control 39 1269 0.95 12.70 0.14
. .. Experimental 37 7.43 0.80 7.46 0.13

Linguistic accuracy Control 39 723 0.87 721 0.12 190 003

Oriinalit Experimental 37 4.57 0.56 4.50 0.10 4.82* 0.06
& Y Control 39 413 0.77 419 0.10

Fluency Experimental 37 4.24 0.55 424 0.10 0.07 0.001
Control 39 4.21 0.66 4.21 0.10

Elaboration Experimental 37 4.08 0.60 413 0.09 4.41* 0.06
Control 39 3.90 0.60 3.86 0.09

“p<0.01,*p <0.05.

In the aspect of originality, students in the experimental group scored significantly
higher on EFL writing than those in the control group after excluding the influence of
the pre-test, (F = 4.82, p = 0.03 < 0.05), with a medium effect size (7> = 0.06) [55]. The
experimental group’s adjusted mean was 4.50 (SD = 0.56), while the control group’s adjusted
mean was 4.19 (SD = 0.77). The findings demonstrated that students who learned using the
proposed SVVR-AWE approach had a greater capacity for originality than students who
learned using the C-AWE approach.

In the aspect of elaboration, students in the experimental group scored significantly
higher on EFL writing than those in the control group after excluding the influence of
the pre-test, (F = 4.41, p = 0.04 < 0.05), with a medium effect size (#> = 0.06) [55]. The
experimental group’s adjusted mean was 4.13 (SD = 0.60), while the control group’s adjusted
mean was 3.86 (SD = 0.60). The findings demonstrated that students who learned using the
proposed SVVR-AWE approach had a greater capacity for elaboration than students who
learned using the C~AWE approach.

However, there was no significant difference between the experimental and control
groups in terms of linguistic accuracy and fluency.

5.2. Analysis of Learning Motivation

The assumption of homogeneity of variance in the groups was satisfied with the
results of the pre- and post-test of students’ learning motivation (F = 1.09, p > 0.05). As
a result, it was implied that the rest of the tests could proceed under the assumption
that the regression coefficients for the two groups were homogeneous. In Table 3, the
ANCOVA result is shown. Students in the experimental group had significantly higher
learning motivation than those in the control group after controlling for the effects of the
pre-test (F =4.56, p = 0.04 < 0.05), with a medium effect size (172 = 0.06) [55]. Meanwhile,
the ad-justed means and standard error of the experimental group were 23.84 (SD = 3.31)
and 0.44, whereas those of the control group were 22.52 (SD = 2.90) and 0.43. Therefore,
hypothesis 2 is accepted. According to the findings, students who used the SVVR-AWE
approach had higher levels of learning motivation for EFL writing than those who used the
C-AWE approach.

Table 3. The ANCOVA results for Learning motivation.

Group N Mean SD  Adjusted Mean Std. Error F 17
Experimental group 37 2419 331 23.84 0.44 456*  0.06
Control group 39 2218 290 22.52 0.43
¥p<0.05.

5.3. Analysis of Writing Self-Efficacy
The assumption of homogeneity of variance in the groups was satisfied with the
results of the pre- and post-test of students” writing self-efficacy (F = 0.00, p = 0.99 > 0.05).
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As a result, it was implied that the rest of the tests could proceed under the assumption
that the regression coefficients for the two groups were homogeneous. In Table 4, the
ANCOVA result is shown. Students in the experimental group had significantly higher
writing self-efficacy than those in the control group after controlling for the effects of the
pre-test (F = 4.68, p = 0.03 < 0.05), with a medium effect size (> = 0.06) [55]. Meanwhile,
the ad-justed means and standard error of the experimental group were 55.39 (SD = 8.53)
and 1.27, whereas those of the control group were 51.55 (SD = 9.61) and 1.24. Therefore,
hypothesis 3 is accepted. According to the findings, students who used the SVVR-AWE
approach had higher levels of writing self-efficacy for EFL writing than those who used the
C-AWE approach.

Table 4. The ANCOVA results for Writing Self-efficacy.

Group N Mean SD  Adjusted Mean  Std. Error F 17
Experimental group 37 55.84 853 55.39 1.27 4.68*  0.06
Control group 39 51.13 9.6l 51.55 1.24
¥ <0.05.

5.4. Analysis of English Writing Anxiety

The assumption of homogeneity of variance in the groups was satisfied with the results
of the pre- and post-test of students” English writing anxiety (F = 1.09, p = 0.30 > 0.05).
As a result, it was implied that the rest of the tests could proceed under the assumption
that the regression coefficients for the two groups were homogeneous. In Table 5, the
ANCOVA result is shown. Students in the experimental group had significantly lower
Eng-lish writing anxiety than those in the control group after controlling for the effects of
the pre-test (F =5.17, p = 0.03 < 0.05), with a medium effect size (172 = 0.06) [55]. Meanwhile,
the adjusted means and standard error of the experimental group were 26.77 (SD = 5.42)
and 0.57, whereas those of the control group were 28.58 (SD = 4.77) and 0.55. Therefore,
hypothesis 4 is accepted. According to the findings, students who used the SVVR-AWE
approach had lower levels of English writing anxiety for EFL writing than those who used
the C-AWE approach.

Table 5. The ANCOVA results for English writing anxiety.

Group N Mean SD Adjusted Mean  Std. Error 3 7>
Experimental group 37 26.03 542 26.77 0.57 517* 0.07
Control group 39 29.28 477 28.58 0.55
*p <0.05.

5.5. Analysis of Sense of Presence

According to the results of the sense of presence questionnaire (Table 6), almost all
of the students in the experimental group confirmed that they perceived themselves to
have a high level of involvement in SVVR (the total mean value was 4.51, and the standard
deviation was 0.50). Therefore, hypothesis 5 is accepted. This indicated that the learners
had a strong sense of presence when learning in the SVVR system.

Table 6. The participants” perceived presence.

No. Dimensions Mean SD
1 I'had a sense of immersion in this learning activity. 457 0.50
2 The virtual scenes at the event seemed more like real places to me. 457 0.50
3 When I look back on the experience later, I feel that the scene is like a place I 451 051

have visited, not just an image. ’ ’
4 During the event, the virtual experience of the scenario made me feel strongly. 4.51 0.51
5 During the experience, I often forget that I am only wearing the virtual device 438 049

for the activity.
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5.6. Interview Results

In the current study, the Atlas.ti.22.1.4 software was adopted to conduct the thematic
inductive qualitative analysis to understand the relationship between the main ideas raised
in the interviews. In this study, the interviewers focused on learners’ learning experiences
with the SVVR-AWE approach. By comparing and reflecting on the interview records, we
summarized the benefits of the SVVR-AWE approach. The researcher who analyzed the
interviews organized the learners’ responses into the following four dimensions: enhanced
learning experience, improved writing ability, optimized learning process, and improved
teaching. As shown in Figure 8, the Atlas.ti network presents the learning experience of
the experimental group for the SVVR-AWE approach. As shown in Figure 9, the Atlas.ti
network presents the results of the learning experience of the control group for the C-
AWE approach.

Improve the content richness of
writing

Strengthen writing skills and I Inspire Writing inspiration ‘
effectiveness

Timely and effective feedback on
writing (grammar, vocabulary)

I Abundant learning resources

Optimize Learning Process

Increasing the interest

I Have a deeper imprassion

part o

i
i
,,D;_'\atgd
e

I SVVR-AWE approach ‘

Enhanced learning experience is part of I h hod:
4

I More immersive experience

Reducing the burd

Figure 8. An explanation of the learning improvements made by students in the experimental group.

In terms of enhanced learning experience, after comparing the results of the interviews
of the two groups, it was found that students who experienced SVVR felt a strong sense of
experience, and they found the course more interesting and impressive than students in
the control group. For example, the majority of participants interviewed said, “Learning
through SVVR is more immersive, we get more information, and can click on the answers to
the questions, thus remembering many points in more detail, which helps a lot in organizing
the writing content” (E12). Another participant reported, “SVVR offers a visualization of
the way of expressing in words, which gives us a better recall process when writing” (E07).

In terms of improving writing ability, almost all participants in the experimental
group said that the SVVR-AWE approach could improve the content richness of their
writing. In addition to helping with writing content, learners not only improved their
writing skills and efficiency through the two technologies but also developed the ability
to write independently. For example, one participant said, “I think writing might be a
little more vivid compared to the previous way of delivering instruction because it allows
us experience in SVVR and provides us with some great materials, such as the London
trip. Probably because I have not really been to that place, I can’t describe some specific
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attractions, but SVVR will give me a more profound impression” (E11). Some learners also
said, “The usage of AWE can improve our writing skills and promote independent writing;
it can point out mistakes and make us clearer and more specific to correct them” (C08).

Strengthen writing skills
and effectiveness

I Promote independent writing

il
¥

Timely and effective I Abundant learning resources |
feedback on writing

(grammar, vocabulary)

&
a,ﬂ.n \"q
o’
A‘,
" op
Optimize Learning Process is part of

I Have a deeper impression

I Raising interest in learning

I Innovative teaching methods

Enhanced learni...

Reducing the burden
on teachers

Figure 9. An explanation of the learning improvements made by students in the control group.

In terms of optimizing the learning process, SVVR increased the interest of EFL writing
learners because it provided abundant learning resources, and AWE gave learners some
timely and effective personalized feedback, thus making the whole instruction process
more efficient. The majority of interviewees acknowledged that such a learning approach
would optimize the learning process in both experimental and control groups. During
the interviews, most of the participants in the experimental group mentioned that the
learning approach had improved their interest in learning. For example, one participant
mentioned, “The learning approach has given me a lot of novel ideas for writing and I
would be more willing to write, otherwise I might feel bored if I was just given a topic as
in the conventional way” (E02). Another participant also said, “In the learning process,
many new technologies are used, which are different from the conventional instructional
way, and the knowledge previously learned is quite limited, while SVVR allows us to learn
more about the learning resources” (E07). Moreover, another participant said, “AWE does
not help a lot with the content and framework of writing, but it helps with grammar and
vocabulary since it provides more timely and effective feedback” (C09).

In terms of improving teaching, some interviewees said that the learning approach is
a novel way of teaching, which not only reduces the burden on teachers but also increases
the efficiency of teaching. Some participants said, “The corrections made by the system are
relatively objective and easy to understand. Integrating SVVR with AWE is not only novel,
but it can reduce the teacher’s burden” (E07). Another participant said, “The application
of this learning approach allows the teacher to spend more time on communicating with
students and providing more individualized guidance for students” (C11).

6. Conclusions

Previous research has indicated that the application of AWE in EFL writing can im-
prove EFL writing efficiency, but it lacks certain assistance in content and organization.
The use of SVVR in writing activities has been shown to improve performance in writing
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content and increase self-efficacy [15]. However, no research combined SVVR with AWE to
explore its effects on learners” EFL writing performance.

Therefore, the present study proposed an approach that integrates SVVR and AWE to
investigate the effects on EFL writing performance, motivation, writing self-efficacy, writing
anxiety, and sense of presence. The experimental results showed that the SVVR-AWE
approach significantly improved learners’ EFL writing performance, learning motivation,
and writing self-efficacy, and reduced their writing anxiety compared to the C-AWE
approach. The study results indicated that integrating SVVR and AWE can have a positive
impact on EFL writing, not only improving writing accuracy but also facilitating the
richness and completeness of writing content for high-quality writing.

7. Discussion

In terms of learning achievement, students who adopted the SVVR-AWE approach
showed better learning achievement than those who adopted the C-AWE approach. This
finding is similar to the previous studies, which applied SVVR to EFL writing to help
learners have better content and appearance in writing [14], and it was found that learning
with AWE benefits learners in terms of their linguistic expression and creative thinking
in writing [45]. In this study, the SVVR-AWE approach significantly improved learners’
writing performance in the areas of organization of content, originality, and elaboration
compared to the C-=AWE approach. This may be because the application of SVVR can
guide learners to experience the writing context, thus increasing the content richness and
efficiency of their writing [56]. As for linguistic accuracy and fluency, nothing between the
two groups differed significantly; a possible reason may be that both groups used AWE,
resulting in no significant difference in the basic linguistic expressions of the two groups.

With regard to learning motivation, students who adopted the SVVR-AWE approach
showed higher motivation than those who adopted the C-AWE approach. The result
indi-cates that during the writing process, the relatively authentic language context in
SVVR could inspire students to create ideas for their writing, which helped them to
complete the writing task more successfully, thus enhancing their learning motivation
in EFL writing [57]. Furthermore, as the interview results indicated, compared to the
C-AWE approach, students who adopted the SVVR-AWE approach could increase their
learning interests and have a deeper impression of the learning context, thus enhancing
their learning experience. Scholars have indicated that allowing learners to perceive and
understand a certain language context before writing can help improve their learning
motivation [45]. Thus, this study appropriately integrated SVVR and AWE, which not
only engaged learners in organizing what they observed and learned but also enabled
them to connect writing topics to real-life contexts. This find exactly echoes the statement
in a previous study, which mentioned that simply using AWE may result in low-quality
feedback, and introducing other technologies or strategies may help them perceive the
meaning of the learned content better [7].

In terms of EFL writing self-efficacy, students learning with the SVVR-AWE approach
had better writing self-efficacy than those learning with the C—~AWE approach. Possible
reasons for this may be that learners can enrich their ideas through SVVR. Compared to
the conventional method, learners enhanced their perceptions and understanding through
authentic contextual experiences and were able to elaborate on the content of their writing,
thus increasing their confidence in writing [35]. This outcome is in line with the study
of Huang et al. [15], which showed that the application of SVVR on writing helps to
improve learners’ writing self-efficacy. Self-efficacy is an imperative element in EFL writing
instruction [58]. Appropriately integrating technology into instruction can help learners
increase their learning experiences and enhance their authentic experiences, which can
have a favorable effect on their level of self-efficacy [59].

In terms of EFL writing anxiety, students who learned with the SVVR-AWE approach
had lower writing anxiety than those who learned with the C—~AWE approach. This may
be because, through the immersive experience of SVVR, learners remember the situations
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they experience through recalling, which helps them to have some basic statements for
describing when writing. In addition, learning in the SVVR system gives learners a relaxing
learning environment, which may result in lower writing anxiety. Similar to what was
found in the findings of Chien et al. [19], adopting SVVR in EFL writing instruction
significantly reduced learners’ writing anxiety, which also has a positive effect on learning
performance. It is noted that AWE’s provision of timely and personalized feedback also
gives learners sufficient support to reduce their learning anxiety [60].

As for sense of presence, using the SVVR-AWE approach can enhance the learners’
sense of presence. According to the questionnaire results and interview analysis, almost
all students in the experimental group felt that they had a high level of engagement and
a good immersion experience in SVVR. This finding is consistent with a previous study
which found that virtual reality environments allow learners to feel a strong sensory fidelity
in terms of visual and auditory aspects, and a strong sense of immersion, thus facilitating
deep interactive behaviors [53,61]. Therefore, it can be inferred that by presenting authentic
language situations, learners can have a sense of presence and thus engage in independent
learning to improve their learning outcomes.

There are several practical and pedagogical implications of the current study for EFL
writing instruction. From the practical perspective, the current study provided a techno-
logical solution for creating authentic language environments for EFL writing and helped
teachers organize writing instruction activities in a technology-enhanced environment. The
pedagogical implication from the study is that introducing AWE in EFL writing instruction
should consider both individual learners’ differences in understanding the feedback and
also the learning activities” design, which effectively combined the advantages of AWE
and SVVR.

Although this study found a positive effect of the proposed learning approach, there
are still some limitations that need to be improved on in future studies. First, due to course
limitations, this study was conducted for only 4 weeks, but writing is a core competency
that needs to be developed over time. Second, the sample size of this study was small;
fu-ture learning studies are recommended to expand the sample size.

In addition, adopting SVVR in the learning process may cause dizziness for some
students, which may interrupt the learning process. Furthermore, the SVVR content was
sometimes not well-organized, which led to passive learning.

In future studies, we will extend the experimental period reasonably according to the
requirements of the curriculum and increase the number of study subjects appropriately.
In addition, we need to pay attention to the SVVR content organization and the way to
appropriately integrate AWE into the learning process. We suggest that researchers use
other different learning strategies to support AWE to help students learn more effectively,
such as gamification. Future research could also apply SVVR in different aspects of EFL
(e.g., speaking, reading, listening, etc.) to help students improve their EFL learning per-
formance and higher-level thinking skills. We also recommend that researchers further
analyze students’ personal qualities, such as their level of knowledge and cognitive style.
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