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Abstract: During the past decades, many researchers have attempted to explore effective teaching
methods for developing students’ descriptive writing performance. In this study, the worked
example was implemented as an effective way of guiding students to provide step-by-step solutions
to learning tasks. Moreover, a spherical video-based virtual reality (SVVR) environment was provided
to place students in real-world situations which enabled them to experience the learning contexts
in depth. A pretest-posttest quasi experimental study was conducted to explore the influence
of the SVVR-supported worked example approach and engagement level on students’ Chinese
descriptive writing performance. A total of 79 fourth-grade elementary school students participated
in this study. The experimental group used SVVR with worked examples to complete Chinese
writing assignments, whereas the control group used videos and worked examples. The results
showed no significant effects of the SVVR-supported worked example approach compared with
the conventional worked example approach regarding organization, sensory details, or creativity
dimensions. As for the figurative expression dimension, students in the SVVR-supported worked
example approach condition scored significantly higher. Moreover, high engagement students
significantly outperformed low engagement students in all four writing performance dimensions.
Additionally, a significant interaction effect between learning approach and engagement level on
figurative expression was found.

Keywords: spherical video-based virtual reality; SVVR; technology-enhanced learning; experiential
learning; worked example; engagement; descriptive writing performance

1. Introduction

With more than 6000 languages spoken around the world, language education is
a way to break down linguistic and cultural boundaries in order to achieve a unified
education for sustainable development [1,2]. In other words, sustainable development
of individuals or society is likely to be unattainable without language education. It is
acknowledged that native language learning precedes foreign language learning. To a large
extent, the native language affects foreign language acquisition. Therefore, the acquisition
of the native language is paramount. Language learning includes listening, speaking,
reading, and writing. Among these, writing is an essential productive activity specifically
for students because they use acquired language from class to write particular words for
enunciating their emotions and viewpoints in order to achieve communicative goals [3,4].
Hence, writing skills are dispensable in language learning for academic achievement and
for success at school and in professional life [5,6].
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In the Chinese language curriculum, essay writing teaching is initiated in class from
the third grade in elementary school, starting from descriptive article writing. This genre
of writing requires the writer to describe a person, a place, a thing, or an event, giving
multiple sensory details [7]. As we know, essay writing is considered as a complex and
daunting task for students [8]. However, most teachers in China usually ask students
to write essays out of class after elucidating lexical usage, rhetoric, structures, and main
ideas of paragraphs from the appreciation perspective of an article in a textbook, with
the intention of facilitating near transfer. Without internalization, for most students, near
transfer is difficult to realize; therefore, Chinese elementary school students’ written essays
generally have low quality and tend to be mechanical, boring, fabricated, or disordered [8].
In some sense, the conventional worked example teaching without writing direction could
not facilitate near transfer. According to Vygotsky [9], transfer cannot spontaneously occur;
it needs a scaffold [10]. Previous studies have indicated that self-explanation prompts [11]
and fading worked out steps [12] could promote near transfer performance [13].

From the perspective of experiential learning theory, students are immersed in a spe-
cific experience and develop new skills, attitudes, or ways of thinking through reflection
on the experience [14]. In other words, to learn something new, it is better to actually have
an experience. According to the standpoint of embodied cognition, human beings cannot
experience the environment without their bodies. The body and its interactions with the
environment play an important role in cognition [15]. In some sense, experiential learning
enables learners to use their bodies to engage in cognitive processes while experiencing
the environment. Previous studies have shown that bodily experience with appropriately
designed instruction can have positive effects on learning outcomes [16–18]. Therefore,
it is sine qua non for teachers to establish learning environments in which students can
gain experience while learning. In this way, students learn more effectively when they are
engaged in an experiential environment and reflect on their experiences.

Prensky stressed the significance of integrating technology into the teaching and
learning process [19]. Numerous studies have also shown that technologies such as mobile
technology, non-immersive virtual reality (VR), augmented reality (AR), and immersive
virtual reality have the potential to facilitate learning by providing students with a better
learning experience [20,21]. For instance, VR provides students with a real-world, interac-
tive, and immersive educational environment that can support experiential learning [22–25],
and which also enhances learning outcomes [26]. Especially, VR appears more beneficial
for language learning [27–30]. However, normal VR requires high-level techniques and
high cost, and it is hard to promote and adopt in schools [7]. To overcome these problems,
Huang et al. [7] proposed the use of spherical video-based virtual reality (SVVR) to support
Chinese students’ writing activities; it is a novel technology with low-level techniques and
low cost that also offers lifelike experiences. It has been demonstrated that VR/SVVR has
the potential to improve performance as well as learning engagement [31,32].

With regard to engagement, many researchers have considered it as an outcome
variable in order to confirm the effectiveness of VR/SVVR. However, it is worth mentioning
that engagement level, as a crucial factor in the learning process, can be considered as one
of the learner characteristics. This is because high engagement learners tend to be more
actively involved in learning activities and more motivated to learn than low engagement
learners [33,34]. One recent study indicated that, when students were supported by
an SVVR learning system in writing activities, high engagement students outperformed low
engagement students on descriptive writing performance in terms of structural integrity
and language expression [32]. As a result, it is reasonable to set engagement level as one
independent variable.

Therefore, in order to support students’ writing activities, the SVVR-supported
worked example approach was proposed in the present study. The worked example
was implemented as an effective method of guiding students to provide step-by-step so-
lutions to the learning tasks. In addition, the SVVR environment was provided to place
students in real-world situations, enabling them to experience learning contexts in depth.
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A pretest-posttest quasi-experiment was conducted to investigate the effects of the pro-
posed approach and engagement level on elementary school students’ Chinese descriptive
writing performance. The following research questions guided the study.

1. Does the SVVR-supported worked example approach significantly affect descriptive
writing performance?

2. Does engagement level significantly influence descriptive writing performance?
3. Is there any interaction effect between learning approach and engagement level on

descriptive writing performance?

2. Theoretical Background

Written language can be used for expressing one’s opinions [35]. However, expressing
one’s opinions clearly and logically in written language is challenging. In educational
settings, traditional teacher-centered pedagogies are often used to teach students to write;
however, these pedagogies do not lead to the desired learning outcomes. In the past
decades, learner-centered pedagogies, such as flipped learning [36,37], have been increas-
ingly proposed. Experiential learning is also one of the learner-centered pedagogies. It em-
phasizes that individual experience performs the central role in the learning process. Kolb
defined learning as “the process whereby knowledge is created through the transformation
of experience. Knowledge results from the combination of grasping and transforming
experience” (p. 41, [38]). Experiential learning consists of a four-stage learning cycle:
concrete experience, reflective observation, abstract conceptualization, and active exper-
imentation [38]. In other words, learners achieve effective learning when they progress
through a four-stage cycle of (1) undergoing a concrete experience and (2) observing and
reflecting on that experience, which leads to (3) forming abstract concepts, which are then
(4) utilized in future situations to test hypotheses and generate new experiences. The aim
of the first two is to grasp experience, while that of the latter two is to transform experience.

VR/ SVVR are promising technologies for implementing experiential learning activ-
ities. VR is a computer-generated, three-dimensional setting that produces a feeling of
presence for users, as they explore a simulated environment [39,40]. The users can walk
around, use various tools, and observe and interact with the virtual environment as if
they are in a real place. Recently, VR has become a trendy technological application due
to its three characteristics: immersion, imagination, and interactivity. According to the
level of immersion, VR can be classified into three types: low-immersive, semi-immersive,
and fully immersive VR. Low-immersive VR is desktop-based, while semi-immersive VR
provides a partial virtual environment through graphical computing and large projector
systems. Fully immersive VR requires the use of head-mounted devices [41]. Different VR
technologies are utilized in various fields including entertainment, tourism, manufactur-
ing, e-commerce, configuration, medicine, and education. In the field of medicine, some
researchers have pointed out that VR can enhance neuroplasticity, referring to the ability of
the nervous system to undergo physiological changes in response to genetic, behavioral,
and environmental changes [42,43]. In educational contexts, VR offers very high potential
to facilitate students’ affective and cognitive learning outcomes [44]. Nevertheless, in
conventional VR, the learning content should be developed using 3D animation technology,
which requires high-level techniques and high cost in terms of time and money [7,45]. This
is why there are difficulties promoting conventional VR in schools. As VR technology is
evolving, however, SVVR (i.e., 360 VR video) has emerged; it uses 360◦ videos or photos to
creative virtual environments [46]. SVVR has turned out to be a more prevalent tool with
low-level techniques and a low development cost. In the last five years, SVVR has attracted
interest from researchers in distinct domains, including business [47], classroom misbehav-
ior management [45], science [48,49], physical geography [50], healthcare education [51],
and sport [52].

Miscellaneous studies have employed VR technology to support the development of
writing skills. Alpala and Peña [53] indicated that VR as a learning environment enriched
students’ vocabulary to express their ideas, engaged students in writing activities, and,
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in turn, shaped their writing skills. Patera et al. [28] investigated whether an interactive,
semi-immersive Virtual Reality Environment (VRE) would raise motivation and stimulate
pupils’ imagination when they tried to finish a piece of imaginative writing in the English
language learning tasks of elementary school. The findings were that VRE boosted students’
motivation and primed their imagination. In another study, Xu et al. [54] conducted
an experiment in which the treatment group produced their digital stories in Second Life
while the control group produced their digital stories off-line. The experiment results
indicated that the writing activity for digital storytelling in Second Life was beneficial in
terms of boosting students’ writing self-efficacy and enhancing their flow level.

More recently, an increasing number of studies have shown that applying SVVR would
enhance students’ language learning. Chen and Hwang [55] compared the interactive
SVVR (ISVVR) approach with conventional multimedia for assisting the English speaking
of EFL students with different cognitive styles: field dependent (FD) or field independent
(FI). The findings revealed that FI learners gained more with the ISVVR learning approach
regarding oral presentation than the FD learners. Furthermore, the ISVVR contributed more
to reducing speaking anxiety and increasing learning motivation in FI learners than in FD
learners. Chien et al. [56] proposed the peer-assessment-based SVVR approach to facilitate
EFL students’ English-speaking performance. The findings shed light on the positive effects
of the proposed approach pertaining to the learners’ English speaking, learning motivation,
critical thinking skills, and decreasing their English learning anxiety. Concerning writing
performance, Dolgunsöz et al. [57] integrated VR videos to support EFL students learning
writing. In their study, VR videos were compared with traditional 2D videos. The findings
indicated that VR experience did not significantly enhance students’ short-term writing
performance; however, VR videos were regarded to be encouraging in the long run based
on delayed writing performance. Huang et al. [7] advocated using the SVVR approach
to improve senior high school students’ Chinese descriptive writing performance as to
its content and appearance along with their creativity tendency and writing self-efficacy,
as well as lowering their cognitive load. Similarly, Yang et al. [32] found that the SVVR
learning system significantly influenced students’ writing performance as concerns their
thematic coherence, structural integrity, and linguistic expressiveness.

Based on the abovementioned research, previous studies have focused more on the
superiority of VR/SVVR for facilitating writing performance, and less on learners’ indi-
vidual differences. Especially, less attention has been devoted to the writing performance
of students considering their different levels of engagement. There are even no studies
investigating the interaction effect between VR/SVVR and engagement level on writing
performance. As previously highlighted, SVVR embeds 360◦ spherical videos into the VR
environment, which can enable learners to gain deep experience concerning the learning
contexts [58] and can also help inspire their writing by providing them with a sensory
experience of sound, color, and shape [59]. Therefore, it can be expected that students
with the SVVR-supported worked example approach will significantly outperform those
with the conventional worked example approach. Additionally, prior studies have demon-
strated that engagement positively predicts learning achievement [60]. In other words,
high engagement learners tend to be more actively involved in learning activities and
more motivated to learn, and, in turn, gain more achievement than low engagement learn-
ers. Thus, it can be predicted that high engagement students will perform better than
low engagement students. Furthermore, SVVR offers various immersive scenes, which
requires students to actively engage in them. That is, SVVR may be more beneficial to
high engagement students. Following this, this study aimed to address three hypotheses,
which were:

Hypothesis 1 (H1). The students who learned with the SVVR-supported worked example approach
will significantly outperform those who learned with the conventional worked example approach on
descriptive writing performance.
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Hypothesis 2 (H2). The students with a high level of engagement will significantly outperform
those with a low level of engagement on descriptive writing performance.

Hypothesis 3 (H3). There will be interaction effects between learning approach and engagement
level on descriptive writing performance.

3. The SVVR-Supported Worked Example Approach for Descriptive Article Writing

In this study, the SVVR-supported worked example approach was employed to
support students’ Chinese descriptive article writing. An SVVR experience learning system
was developed for engaging students in the undersea world. Inside the virtual environment,
students were able to watch the 360◦ videos through VR glasses to experience and explore
the scene and listen to the narration of information about the undersea world, including
swimming fish, coral reefs, and the like. Videos from the YouTube platform were used to
develop the materials in this study. Two teachers with rich experience in Chinese writing
instruction confirmed the suitability of the learning content in the learning environment.
Furthermore, worked examples were presented by the teacher to teach students how to
write a descriptive text step by step and what the indispensable components of a descriptive
text are.

Figure 1 demonstrates the framework of the SVVR-supported worked example approach.
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The proposed learning approach was based on the experiential learning theory, which
consists of four stages, namely concrete experience, reflective observation, abstract concep-
tualization, and active experimentation. The four-stage learning cycle was integrated into
the framework of the SVVR-supported worked example approach.

In the first phase, the teacher introduced the writing task and helped students to
become familiar with the SVVR system operation.

In the second phase, students were able to have the concrete experience of the undersea
world by exploring spherical videos with the SVVR system. Figure 2 shows students using
virtual glasses to experience the undersea world.

In the third phase, the teacher asked students what they saw inside the SVVR system.
Then, the teacher provided the observation guidance, such as observing fish movement,
object morphology, and reflective guidance, such as what these actions make students
think of.
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In the fourth phase, with the help of observation guidance and reflective guidance,
students were able to observe the undersea world and reflect on their experience. At the
same time, students were provided with one worksheet on which they could write down
their ideas with different descriptive words and sentences while exploring the undersea
world. In this way, they could form new ideas or adjust their thoughts about the undersea
world, gain writing inspiration, and form the initial structure of a writing framework in
their minds.

In the fifth phase, the teacher provided the worked examples. That is, the different
components of the descriptive article were presented to students step by step. In particu-
lar, the worked examples comprised typical patterns of high-quality descriptive articles.
Through the teacher’s explanations and elaborations, students could understand the main
aspects of the descriptive article components. “White goose” was one of the worked exam-
ples. The article contained the introduction and body sections. In the introduction part,
there was a strong thesis statement, which was “What a haughty animal.” In the body part,
three main aspects were focused on to discuss the goose’s honking, movement, and eating
in separate sections. Each aspect demonstrated how haughty the goose was.

Finally, the students were in the process of active experimentation. They were able to
easily combine their knowledge with their undersea experience, internalize it into inspira-
tion for writing a descriptive article, and organize their ideas to craft a descriptive article.

4. Experiment Design
4.1. Participants

The participants of this study were 79 fourth-grade students from two intact classes
of an elementary school located in southern Zhejiang Province, China. The study was
designed as a quasi-experiment, with the two classes randomly designated to either the
experimental group or the control group. The experimental group included 38 students
(21 boys and 17 girls) who learned with the SSVR and worked examples, while the remain-
ing 41 (20 boys and 21 girls) adopted regular videos and worked examples. The same
teacher guided the students with the same learning content in both groups, in order to
avoid any other factor that may intervene during the experiment. None of the students
had any previous experience of using SVVR in the Chinese writing classroom.

4.2. Measurement Instruments
4.2.1. Rubric of Descriptive Writing Performance

The rubrics of descriptive writing performance for Chinese elementary school students
were developed based on the written composition scales proposed by Cheung et al. [61]
and Yeung et al. [62], as well as the important components of descriptive writing raised by
Yaacob and Suriyanti [63]. Then, a few adjustments were enacted, based on the suggestion
of the Chinese teacher.
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The rubric includes four dimensions: organization, sensory details, figurative expres-
sion, and creativity, as shown in Table 1. Organization refers to the structure of the written
composition. Sensory details indicate whether the written composition includes multiple
and vivid sensory details that evoke the readers’ senses of sight, sound, touch, smell, and
taste. Figurative expression means whether students can use figurative language such as
analogies, similes, metaphors, adjectives, and adverbs, etc., to describe the features of the
subject. Creativity refers to creative and original ideas.

Table 1. Rubric for assessment of Chinese descriptive writing.

Components 4—Expert 3—Practitioner 2—Apprentice 1—Novice

Organization

The structure of the written
composition is well

organized, coherent, and
thoughtful with a logical

and analytical progression
of ideas.

The structure of the
written composition is
slightly loose. There is
some inconsistency but
the overall organization

is coherent.

The structure of the
written composition is

simple. The
organization is

somewhat loose and
not coherent.

The structure of the
written composition is
not clear with incorrect

paragraphing.

Sensory details

Accurately writes multiple
sensory details such as

sight, sound, touch, smell,
and taste.

Appropriately writes
sensory details such as

sight, sound, touch,
smell, and taste.

Attempts to write
sensory details such as

sight, sound, touch,
smell, and taste.

Fails to write sensory
details such as sight,
sound, touch, smell,

and taste.

Figurative
expression

Accurately uses various
analogies, similes, or

metaphors to describe the
features of the subject.

Appropriately uses
several analogies, similes,
or metaphors to describe

the features of
the subject.

Attempts to use several
analogies, similes, or

metaphors to describe
the features of

the subject.

Fails to use or incorrectly
uses analogies, similes, or

metaphors to describe
the features of

the subject.

Creativity Writes creative and
original ideas.

Writes somewhat creative
and original ideas.

Attempts to write
creative and

original ideas.

Not able to write creative
and original ideas.

Each of these dimensions was scored on a scale of 1–4, ranging from “Novice” to
“Expert.” Spelling and punctuation errors were not penalized. The validity and reliability
of this rubric were both confirmed. The validity was confirmed by the Delphi method.
Furthermore, two experienced Chinese teachers rated the scores on the basis of the adopted
rubrics in a double-blinded assessment mode. The inter-rater agreement coefficient was
0.87, showing acceptable inter-rater reliability.

4.2.2. Questionnaire of Engagement

Students’ engagement levels were measured based on the self-reported questionnaire
developed by Skinner et al. [64]. The questionnaire was slightly revised to meet the
needs of this study. Additionally, two experts checked the questionnaire to ensure the
content validity and reliability. The questionnaire of engagement includes two dimensions:
behavioral and emotional engagement. Behavioral engagement was assessed using five
questions (α = 0.71 in fall; α = 0.72 in spring), such as the item “When I’m in writing class, I
listen very carefully”. Emotional engagement was measured using five questions (α = 0.83
in fall; α = 0.84 in spring), such as the item “I enjoy learning new things in writing class”.
Each question was a five-point Likert item from “1 = Never” to “5 = Always”. Thus, a total
of 10 items with a maximum rating of 50 were used in this study for measuring student
engagement. Moreover, engagement was divided into high and low engagement by the
median of the engagement score. The alpha value of the questionnaire was 0.88, which
represents satisfactory internal consistency.

4.3. Experimental Procedure

Figure 3 reveals the experimental process of the study. Before the experiment, the
students were required to write essays about the topic “My Favorite Animal” as a pre-test,
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and then to complete the self-report questionnaire regarding their engagement. To simplify
the completion of the questionnaire for the students, the teacher read the questions aloud
and made sure that the students selected the answers according to their thoughts.
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In the learning process, the students observed the contexts in class. On the one
hand, the experimental group students used SVVR to experience the undersea world. On
the other hand, the teacher provided videos to the control group to show the contexts
of the topic. Then, the teacher took worked examples to teach students how to write
a descriptive text step by step in both groups. Various components of the descriptive article
were illustrated by the teacher. Lastly, the students in the two groups wrote their own
compositions about the “Undersea World” for the post-test. In this study, the experiment
was administered within two weeks of April 2019. The pretests were conducted in the
week before the experiment. In the spring semester of 2019, the experimental group
experienced three contexts such as the Great Wall, the Forbidden City, and the Undersea
World via SVVR, and the control group observed videos of the three contexts as above. The
two groups, respectively, finished three descriptive compositions about the aforementioned
three contexts. Each topic lasted for about 140 min within two weeks, including its own
pretest, writing instruction, and posttest. This experiment was one of three topics.

4.4. Statistical Analysis

SPSS (V. 22.0) was used for quantitative data analysis. Consistently with the liter-
ature and current research goal, a pretest-posttest quasi experiment was implemented
in which learning approach and engagement level were independent variables, the four
dimensions (organization, sensory details, figurative expression, creativity) of writing per-
formance were set as dependent variables, and prior writing performances were controlled
as covariates.

Two-way analyses of covariance (ANCOVAs) were conducted in order to compare the
writing performance in terms of four dimensions in the two different learning conditions
(SVVR-supported worked example approach vs. conventional worked example approach)
among elementary school students with different engagement levels (high vs. low). In all
analyses, the significance level was set at 0.05. Based on a partial η2, the effect size was
described as weak if between 0.01 and 0.05, medium if between 0.06 and 0.14, and large if
above 0.14 [65].

5. Results
5.1. Analysis of Organization

Following verification that the assumption of homogeneity of regression was not
violated (F = 1.47, p > 0.05), a two-way ANCOVA was implemented using the pretest
scores of organization as a covariate, the learning approach and the engagement level as
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independent variables, and the posttest scores of organization as the dependent variable.
The pretest scores of organization showed that two groups were in a similar state at the
time of the study (F = 0.91, p > 0.05).

As demonstrated in Table 2, the two-way ANCOVA results showed that a significant
main effect of engagement level was found (F = 6.84, p < 0.05, η2 = 0.09). However, the main
effect of learning approach was not statistically significant (F = 3.30, p > 0.05, η2 = 0.04) and
there was no significant interaction effect between independent variables on organization
(F = 2.87, p > 0.05, η2 = 0.04).

Table 2. Results of two-way ANCOVA of students’ organization.

Source of Variation SS df MS F p η2

learning approach 1.48 1 1.48 3.30 0.073 0.04
engagement 3.07 1 3.07 6.84 * 0.011 0.09

learning approach × engagement 1.29 1 1.29 2.87 0.094 0.04
error 33.21 74 0.45
total 945.00 79

* p < 0.05.

Descriptive statistics of organization for each subgroup are shown in Table 3. Ac-
cordingly, students in the SVVR-supported worked example approach condition (adjusted
mean = 3.52, SE = 0.11) did not significantly outperform those in the conventional worked
example approach condition (adjusted mean = 3.24, SE = 0.11) on organization, regardless
of their engagement levels. With respect to engagement level, the students’ organization
scores differed significantly; that is, the high engagement students (adjusted mean = 3.59,
SE = 0.11) scored significantly higher on organization than the low engagement students
(adjusted mean = 3.17, SE = 0.11).

Table 3. The descriptive data of the organization.

Condition
Engagement

Level (n)

Pre-Test Post-Test

M (SD) M (SD) Adjusted Mean (SE)

Video + worked
example

low (n = 23) 3.04 (0.56) 3.09 (0.79) 3.16 (0.15)
high (n = 18) 3.67 (0.49) 3.39 (0.70) 3.33 (0.16)
total (n = 41) 3.32 (0.61) 3.22 (0.76) 3.24 (0.11)

SVVR + worked
example

low (n = 18) 3.33 (0.59) 3.17 (0.79) 3.18 (0.16)
high (n = 20) 3.55 (0.60) 3.90 (0.31) 3.86 (0.15)
total (n = 38) 3.45 (0.60) 3.55 (0.69) 3.52 (0.11)

total
low (n = 41) 3.17 (0.59) 3.12 (0.78) 3.17 (0.11)
high (n = 38) 3.61 (0.55) 3.66 (0.58) 3.59 (0.11)
total (n = 79) 3.38 (0.61) 3.38 (0.74)

5.2. Analysis of Sensory Details

A two-way ANCOVA was conducted to analyze the difference in sensory details.
The pretest scores of sensory details were set as the covariate, the learning approach and
engagement level were the independent variables, and the posttest scores of sensory details
were the dependent variable. The assumption of homogeneity of regression was satisfied
(F = 0.03, p > 0.05). Moreover, the ANOVA results did not show any significant difference in
the pretest scores of sensory details between the experimental group and the control group
(F = 1.26, p > 0.05); that is, both groups had similar levels in the sensory details dimension.

As shown in Table 4, the ANCOVA results indicated that there was a statistically
significant main effect of engagement level (F = 4.76, p < 0.05, η2 = 0.06) on students’
writing performance in terms of sensory details. However, the main effect of the learning
approach was not statistically significant (F = 3.32, p > 0.05, η2 = 0.04) and there was no
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significant interaction effect between learning approach and engagement level on sensory
details (F = 3.91, p > 0.05, η2 = 0.05).

Table 4. Results of two-way ANCOVA of students’ sensory details.

Source of Variation SS df MS F p η2

learning approach 1.81 1 1.81 3.32 0.072 0.04
engagement 2.59 1 2.59 4.76 * 0.032 0.06

learning approach × engagement 2.13 1 2.13 3.91 0.052 0.05
error 40.27 74 0.54
total 452.00 79

* p < 0.05.

Table 5 shows the descriptive data of the sensory details for each subgroup. In terms
of learning approach, students (adjusted mean = 2.41, SE = 0.12) who used the SVVR-
supported worked example approach did not obtain significantly higher scores than those
(adjusted mean = 2.10, SE = 0.12) who used the conventional worked example approach. In
comparison with high engagement students (adjusted mean = 2.44, SE = 0.12), the posttest
scores of sensory details of the low engagement students (adjusted mean = 2.07, SE = 0.12)
were significantly lower than those of the students with a high engagement level.

Table 5. The descriptive data of the sensory details.

Condition
Engagement

level (n)

Pre-Test Post-Test

M (SD) M (SD) Adjusted Mean (SE)

Video + worked
example

low (n = 23) 1.96 (0.82) 2.04 (0.88) 2.08 (0.15)
high (n = 18) 2.44 (0.86) 2.22 (0.65) 2.12 (0.18)
total (n = 41) 2.17 (0.86) 2.12 (0.78) 2.10 (0.12)

SVVR + worked
example

low (n = 18) 1.89 (0.68) 2.00 (0.84) 2.05 (0.18)
high (n = 20) 2.05 (0.69) 2.75 (0.64) 2.76 (0.17)
total (n = 38) 1.97 (0.68) 2.40 (0.82) 2.41 (0.12)

total
low (n = 41) 1.93 (0.75) 2.02 (0.85) 2.07 (0.12)
high (n = 38) 2.24 (0.79) 2.50 (0.69) 2.44 (0.12)
total (n = 79) 2.08 (0.78) 2.25 (0.81)

5.3. Analysis of Figurative Expression

A two-way ANCOVA was adopted to investigate the scores of figurative expression.
The assumption of homogeneity of regression revealed that the assumption was satisfied
(F = 0.86, p > 0.05). The pretest scores of figurative expression did not yield a significant
difference between the experimental group and the control group (F = 2.46, p > 0.05),
indicating that the students of both groups had equivalent prior writing performance in
terms of figurative expression.

As demonstrated in Table 6, the results indicated that significant main effects of
both learning approach (F = 4.86, p < 0.05, η2 = 0.06) and engagement level (F = 8.71,
p < 0.01, η2 = 0.11) were found. Furthermore, a significant effect was also proved for the
interaction between the independent variables (F = 7.07, p < 0.05, η2 = 0.09) on students’
figurative expression.

A simple main effect analysis was implemented to investigate the influences of the
learning approach on figurative expression of the students with different engagement levels.
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Table 6. Results of two-way ANCOVA of students’ figurative expression.

Source of Variation SS df MS F p η2

learning approach 2.88 1 2.88 4.86 * 0.031 0.06
engagement 5.16 1 5.16 8.71 ** 0.004 0.11

learning approach × engagement 4.18 1 4.18 7.07 * 0.010 0.09
error 43.81 74 0.59
total 340.00 79

* p < 0.05, ** p < 0.01.

Tables 7 and 8 show the descriptive data of the figurative expression and the results of
simple main effects, respectively. Figure 4 displays the interaction between the learning
approach and the engagement level on figurative expression. It illustrates that, for low
engagement students, the conventional worked example approach (adjusted mean = 1.63,
SE = 0.16) was better than the SVVR-supported worked example approach (adjusted
mean = 1.56, SE = 0.19) on their posttest scores of figurative expression; however, there
was no significant difference (F = 0.22, p > 0.05). For high engagement students, students
(adjusted mean = 2.57, SE = 0.17) who studied with the SVVR-supported worked example
approach significantly outdid those who studied with the conventional worked example
approach (adjusted mean = 1.72, SE = 0.19) (F = 7.24, p < 0.05).

Table 7. The descriptive data of the figurative expression.

Condition
Engagement

Level (n)

Pre-Test Post-Test

M (SD) M (SD) Adjusted Mean (SE)

video + worked
example

low (n = 23) 1.61 (0.78) 1.61 (0.58) 1.63 (0.16)
high (n = 18) 2.11 (0.76) 1.83 (0.86) 1.72 (0.19)
total (n = 41) 1.83 (0.80) 1.71 (0.72) 1.67 (0.12)

SVVR + worked
example

low (n = 18) 1.28 (0.46) 1.44 (0.51) 1.56 (0.19)
high (n = 20) 1.80 (0.89) 2.60 (1.10) 2.57 (0.17)
total (n = 38) 1.55 (0.76) 2.05 (1.04) 2.07 (0.13)

total
low (n = 41) 1.46 (0.67) 1.54 (0.55) 1.60 (0.13)
high (n = 38) 1.95 (0.84) 2.24 (1.05) 2.14 (0.13)
total (n = 79) 1.70 (0.79) 1.87 (0.90)

Table 8. The analysis of simple main effects.

Source of Variation SS df MS F p

learning approach
learning approach @ low engagement 0.06 1 0.06 0.22 0.640
learning approach @ high engagement 6.81 1 6.81 7.24 * 0.011

engagement
engagement @ video + worked example 0.001 1 0.00 0.00 0.953
engagement @ SVVR + worked example 9.99 1 9.99 12.95 ** 0.001

* p < 0.05, ** p < 0.01.

As for students who studied with the conventional worked example approach, there
was no significant difference between high engagement students (adjusted mean = 1.72,
SE = 0.19) and low engagement students (adjusted mean = 1.63, SE = 0.16), with F = 0.00
(p > 0.05). However, in the SVVR-supported worked example approach condition, the
engagement level had a significant influence on students’ figurative expression (F = 12.95,
p < 0.01). In other words, high engagement students (adjusted mean = 2.57, SE = 0.17)
significantly outperformed low engagement students (adjusted mean = 1.56, SE = 0.19) on
their scores of figurative expression with the SVVR-supported worked example approach.
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5.4. Analysis of Creativity

After checking that the assumption of homogeneity of regression was not violated
(F = 0.00, p > 0.05), the creativity scores were analyzed with the two-way ANCOVA. The
pretest showed that both groups had a similar level of creativity (F = 0.16, p > 0.05).

As illustrated in Table 9, the ANCOVA results indicated that the main effect of the
learning approach was not statistically significant (F = 0.13, p > 0.05, η2 = 0.00) and that
there was no significant interaction effect between the two interventions (F = 1.35, p > 0.05,
η2 = 0.02). However, a significant effect was confirmed for the engagement level (F = 9.91,
p < 0.01, η2 = 0.12) on students’ creativity.

Table 9. Results of two-way ANCOVA of students’ creativity.

Source of Variation SS df MS F p η2

learning approach 0.07 1 0.07 0.13 0.725 0.00
engagement 5.43 1 5.43 9.91 ** 0.002 0.12

learning approach × engagement 0.74 1 0.74 1.35 0.250 0.02
error 40.59 74 0.55
total 375.00 79

** p < 0.01.

According to the descriptive data on the posttest scores of creativity, as shown in
Table 10, students who learned with the SVVR-supported worked example approach
(adjusted mean = 2.05, SE = 0.12) did not perform significantly better than those who learned
with the conventional worked example approach (adjusted mean = 1.99, SE = 0.12) in terms
of creativity. Moreover, the high engagement students (adjusted mean = 2.29, SE = 0.12) had
better scores on creativity than the low engagement students did (adjusted mean = 1.74,
SE = 0.12).
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Table 10. The descriptive data of creativity.

Condition
Engagement

Level (n)

Pre-Test Post-Test

M (SD) M (SD) Adjusted Mean (SE)

video + worked
example

low (n = 23) 1.70 (0.82) 1.74 (0.75) 1.81 (0.16)
high (n = 18) 2.33 (0.91) 2.28 (0.89) 2.16 (0.18)
total (n = 41) 1.98 (0.91) 1.98 (0.85) 1.99 (0.12)

SVVR + worked
example

low (n = 18) 1.72 (0.83) 1.61 (0.50) 1.67 (0.18)
high (n = 20) 2.05 (0.89) 2.45 (0.89) 2.42 (0.17)
total (n = 38) 1.90 (0.86) 2.05 (0.84) 2.05 (0.12)

total
low (n = 41) 1.71 (0.81) 1.68 (0.65) 1.74 (0.12)
high (n = 38) 2.18 (0.90) 2.37 (0.88) 2.29 (0.12)
total (n = 79) 1.94 (0.88) 2.01 (0.84)

5.5. Comparison of Two Samples from Two Different Groups

One sample of written compositions was selected from each group, as shown in
Figure 5a,b. In terms of organization, both samples consisted of introduction, body, and
conclusion sections. For sample EG, the student used the sentence “Many people will
ask me what kind of world is under the sea. Then I will answer, the undersea world
is wonderful and magical” in both the introduction and conclusion sections, to clearly
emphasize the beauty and magic of the undersea world. In the body, the student described
the sea turtle and manta rays in detail, starting each paragraph with the sentence “Look,
there is a huge turtle swimming here” and “Yo! Here are two manta rays swimming towards
us,” respectively. As for the sample CG, the student wrote “A group of cute creatures
hide under the blue sea” as the introduction. Subsequently, various characteristics of
sea turtles were specifically described. However, the paragraphing was relatively logical.
In the conclusion, the student wrote “This is the wonderful undersea world” to express
his affection. In short, the structure of the sample EG was well organized, coherent, and
considerate with logical and analytical improvements of ideas, while the structure of the
sample CG was slightly loose and somehow inconsistent; however, the overall organization
was good enough.
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Pertaining to the sensory details of the written compositions, both students used
vocabulary that mainly described sight. On the one hand, in the sample EG, the student
described the sea turtle’s shell (i.e., “Its shell is very hard, covered with hexagonal or
pentagonal patterns”), flippers (i.e., “Its two long and wide ‘arms’ are also covered with
brown hexagons”), and movement (i.e., “It supports the ground with its hind limbs and
strokes the blue water with its forelimbs. It surfaces, swimming towards the city, and then
sinks again”). Moreover, the student depicted the manta rays’ flippers and eating (i.e., “It
shakes its huge ‘arms’ up and down. The upper part is black-gray and the lower part is
white. From time to time, it rolls plankton into its wide mouth”). In the sample CG, on the
other hand, the student wrote the features and function of the sea turtle’s shell, and also the
movement of the sea turtle, which were “The shell is divided into two beautiful colors, the
outer circle is matcha color, and the inner circle is dark green”, “In case of danger, it will
quickly retract its limbs and head into the turtle shell”, “It keeps putting its flippers down
quickly and then lifting them up, doing this more than a dozen times, then finally puts its
head out of the water and takes a few breaths of fresh air”. Compared to the sample EG,
the sample CG also contained details about sound, “At this time, the rumbling sound in
the sky reaches the turtle’s ears . . . . . . ”

With regard to figurative expression, the sample EG included many examples of
figurative language to describe the features of the subject, such as “From a distance, it looks
like a warrior in armor wandering in the water”, “Looking up from below, it looks like a
huge airplane flying under the sea, and like a kite flying in the water” and so on. As for the
sample CG, the student only used personification to depict the features of the sea turtle.
The student called the sea turtle “Grandpa Turtle”.

With respect to creativity, both students wrote somewhat creative and original ideas.

6. Discussion

The purpose of this study was to examine how SVVR combined with worked examples
would benefit writing performance while considering the students’ engagement level.
The experiment was conducted by using a non-equivalent quasi-experimental design in
which learning approach and engagement level were the independent variables, and the
dependent variables were four dimensions of writing performance, namely, organization,
sensory details, figurative expression, and creativity. On the basis of the findings, the
hypotheses can be analyzed as follows.

6.1. Effects of the SVVR-Supported Worked Example Approach

The experimental results partially supported Hypothesis 1. It was found that the
students using the SVVR-supported worked example approach did not significantly out-
perform those using the conventional worked example approach on writing performance
in terms of organization, sensory details, and creativity. The failure to find a significant
difference between the different learning approaches may be due to the fact that the SVVR
did not improve learning outcomes in the short term [57], and even though SVVR pro-
vided an immersive environment for the students, they might be more interested in the
new medium rather than in the writing task, as Styati [66] mentioned in his research.
Another reason why SVVR provided no advantage over the video is that worked exam-
ples might play a more important role than SVVR did. If this were the case, the worked
examples in both conditions would have eliminated the relative advantage of SVVR. In
this study, both SVVR and the video assisted the students in writing their essays, and then
the worked examples showed a description of the steps of how to write a descriptive text.
Paas et al. [67] stated that worked examples decrease the learning-task-related cognitive
load through three steps: reducing the cognitive load via intrinsic load with the existence
of a few schemas; minimizing the extraneous load by scaffolding; promoting the germane
load when self-regulation occurs. Thus, the worked example effect as the instructional
principle in writing activities would make students in both groups able to decrease their
cognitive load related with the writing tasks. On the other hand, with the SVVR-supported
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worked example approach, students had significantly better figurative expression than
those of the conventional worked example approach. Figurative expression means that
students use figurative language to express their complex emotional experiences [68]. In
other words, the use of figurative expression is inseparable from individual experience.
SVVR allows students to locate somewhere they have not been before, and to be exposed to
events they might not otherwise encounter. In addition, SVVR enables students to observe
their surroundings in an authentic-like context. Thus, this experimental finding can be
interpreted to mean that embodied experiential learning using SVVR can facilitate students’
description of their experiences in a figurative way.

6.2. Effects of Engagement Level

The experimental findings supported Hypothesis 2. In other words, high engagement
students always significantly outperformed low engagement students in all four dimen-
sions of writing performance, regardless of the different learning approaches. Engagement
involves active and deep involvement, commitment, and concentration, which all contra-
dict shallow participation and lack of attention [69]. The students who engaged more in
the task tended to be actively involved in writing instruction and paid more attention to
writing. Conversely, the low engagement students did not make an effort to participate,
and they lacked interest. Engagement results in students’ achievement gain and contributes
to their motivational, cognitive, and behavioral development [33,70–72]. Thus, the results
showed that high engagement led to high writing performance, and low engagement led
to low writing performance. It is likely that engagement also has an effect on students’
performance in any topic that is learned. Educators or teachers should be aware of stu-
dents’ different engagement levels and should take them into consideration when they are
engaged in other activities.

6.3. Interaction Effects between the Learning Approach and Engagement Level

The experimental results also partially supported Hypothesis 3. The results indicated
that the interaction effects between two independent variables were not significant for
organization, sensory details, or creativity. However, the interaction effect was found in
the figurative expression dimension. For students with low engagement, the two different
learning approaches did not show any difference in figurative expression. However, for
high engagement students, the SVVR-supported worked example approach significantly
improved their figurative expression scores compared with the conventional worked
example approach. Accordingly, it meant that high engagement learners benefited more
from the SVVR-supported worked example approach in the experiential learning context.
Engagement is a psychological set of processes which refers to the behavioral, as well as the
emotional, efforts that the student spends in order to seek new information and develop
it into meaningful knowledge [73]. That is, high engagement learners tended to involve
their behavioral and emotional engagement in the SVVR-based learning environment to
perform the figurative expression more successfully.

7. Conclusions

In sum, the SVVR-supported worked example approach significantly contributed to
one dimension, that is, figurative expression, but not other dimensions, that is, organiza-
tion, sensory details, and creativity of writing performance. This is consistent with the
statement that developing students’ writing skills is a challenging job and students require
sufficient time to improve their writing capabilities [74]. Besides, when educators try to
integrate SVVR technology into writing instruction, the engagement is an influential factor
in students’ writing performance. For maximizing the effectiveness of SVVR, it is equally
essential to explore the factors that promote engagement.

There are some limitations for interpretation of the experimental results that should
be noted. The study was conducted over a short period of time. The generalization of the
effects should be examined by enacting a long-term experiment. Furthermore, the results
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presented in this study are based on two groups of students who were taught Chinese
writing lessons using different learning approaches, which means that the evidence is
highly situated in the selected tasks and groups. Future studies are needed to determine if
the effects of the SVVR-supported worked example approach would play different roles in
writing performance for older students. For example, without considering engagement
levels, middle or high school students may benefit more from the SVVR-supported worked
example approach than upper elementary school students. Nevertheless, we believe that,
in further research, this experiment can be repeated with different wider samples. In
addition, it would be fruitful to explore the effects of learning approach and engagement
level on students’ other abilities in different activities. Furthermore, since we speculate
that the worked example played a more important role in both groups than the educa-
tional technology did, future research exploring whether the presence/absence of worked
examples would yield a main effect is needed. Last but not the least, more promising
technologies should be explored to assist language teaching and learning for the sake of
education sustainability.
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