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Abstract

The use of immersive interactive mixed reality (IMR) technologies has been of interest to educators due to the rapid
advancement of technology, lowered cost, and increased engagement of the senses. This is particularly attractive in special
needs education (SNE) as it can provide a safe space in which students can learn and practice skills needed in the real world. 86
students with diagnosed cognitive disabilities (aged 7-18) and 10 teachers from three schools in Singapore participated in the
study. The Immersive Interactive Mixed Reality (IMR) was added to the school curriculum for 4-8 months, depending on the
school. The efficacy and practicality of IMR intervention were assessed with qualitative interviews and quantitative surveys
being analysed through statistical modelling. We showed improvement in students’ mental wellbeing, academic and social
skills as well as a positive effect on teachers’ work satisfaction and sense of teacher efficacy. Based on the teachers’ feedback,
IMR was helpful for SNE because of its engaging environment, interactive and playful nature leading to higher involvement,
facilitation of social skills, calming and relaxation effect, and “sandbox” mode for skills to be practiced in a safe space. The IMR
limitations included overstimulation effects on certain students. Also, some activities can be performed more effectively using
other tools. Overall, we present data that shows benefits and highlights the practicality of IMR in SNE and make the argument

for their further usage and development.
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Introduction

With the increased accessibility to technology and rapid techno-
logical growth in recent years, the use of digital devices has been
increasingly embraced by the education sector [1]. Among them,
immersive technologies have been of particular interest due to the
rapid technological development in visualization and interactions,
together with lowered cost, making them an attractive learning
aid [2]. Immersive technologies refer to forms of perceptual and
interactive hardware technologies that blur the line between the
physical world and the simulated or digital world. For an educator,
this allows a combination of visually immersive spatial represen-
tations of data with our vestibular and proprioceptive senses [3],
which further allows an added dimension in processing thoughts
and ideas through spatial organization in the brain [4,5]. Indeed,

immersive technologies have been shown to be significantly better
than traditional teaching method in some cases [6,7] and provide
superior memory recall ability as compared to traditional desktop
conditions [3]. This enhancement of learning has piqued the in-
terest of researchers, organizations, and educators looking to add
an extra dimension to the classroom [2]. A specific area of interest
is the use of these technologies for special needs education for stu-
dents with intellectual or cognitive disabilities [8]. For the purpose
of this article, we will refer to SNE as special needs education with
intellectual or cognitive disabilities, though it should be noted that
special needs education also includes non-intellectual/cognitive
disabilities (which we will not use the acronym SNE as to be able
to distinguish the two).

Immersive technologies have the advantage in SNE as they can
provide a wide range of educational stimuli in a safe space in which
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students can learn and practice skills and behaviours needed in the

real world [9,10]. Transfer of this training then can be applied to
the real world, which has already been shown in kitchen skills [11]

and workplace tasks in sheltered factories [12]. Similarly, the use

of immersive technology for SNE in children has been shown to be

useful for teaching social [13] and practical cognitive skills [14,15].
The incorporation of interactive technology, which allows partici-
pation and freedom of children with special needs [16], can further
enhance engagement in education, making them highly attractive

as tools for SNE.

The extended reality can be presented via the Head-mounted
display (HMD) or Wearable Immersive Virtual Reality (WIVR) al-
lowing full visual immersion with stereoscopic vision within the
virtual environment [17]. Although, it has been considered less
suitable for the SNE due to the side-effects of physical discom-
fort [18]a projection-based Immersive Interactive Mixed Reality
(IMR), such as Cave Automatic Virtual Environment (CAVE) [19]
has been shown to be preferable for children with learning disabil-
ities, e.g. that caused by Autism Spectrum Disorder (ASD), as it
allows simultaneous interaction with other users and better inte-
gration with the physical world with an unobstructed view of one’s
own body [17]. The research on the specific use of CAVE in SNE
for schoolchildren showed improvements in communication ther-
apy [20], emotion expression and regulation, and everyday skills
[14]. It has been also successfully used for neurotypical school ed-
ucation [21,22], although less is known about the CAVE effects on
academic performance of children with special educational needs.

While apparent from the above-cited studies, much research
has been done on this area, a major challenge has been that re-
search has mostly been qualitative and perceived to be “messy”,
leading to low levels of acceptance by the mainstream scientific
community [16]. Furthermore, these studies tend to originate in
western countries, leaving a major question as to the efficacy be-
yond western cultures. Therefore in this paper, we used a com-
bination of quantitative method in the form of surveys, analysed
through statistical modelling, with a qualitative method in the
form of interviews with teachers, to evaluate the efficacy and prac-
ticality in the implementation of immersive technologies in SNE.
The CAVE IMR was used in multiple SNE schools in Singapore to
examine its efficacy on psychological well-being, academic per-
formance and participation in social life. We further examined the
practicality of implementations through surveys and interviews of
the teachers that used the IMR. Overall, we provide data that show
the efficacy and practicality of implementing such technologies for
SNE in Singapore.

Methods
Participants and data collection

86 students (aged 7-18) from three different schools (School 1: 31,
School 2: 34, School 3: 21; names of school not listed to maintain
anonymity), and 10 teachers participated in the study. While dis-
abilities of students varied (included autistic spectrum disorder,
Down syndrome, and general intellectual disability), they all had a
commonality of intellectual or cognitive disabilities. To maintain
full anonymity, only summary demographics were obtained and
presented here. School 1 comprised of students with mild intel-
lectual disabilities, school 2 comprised of students with moderate
intellectual disabilities. School 3 was unable to provide diagnosed
intellectual disabilities and only provided data based on the level of
support needed which ranged from low (n=2) to moderate (n=11)
and high (n=8). Of the 10 teachers who participated in the survey
and interview, 9 teachers had between 11 and 20 years of experi-
ence in teaching students with Special Needs, while 1 had less than
5 years of experience in the field. As the activities did not affect nor-
mal education practices (the use of IMR was already planned by the

schools), and were not likely to adversely impact students’ oppor-
tunity to learn the required educational content, or assessment of
educators who provide instruction, and the investigators did not
participate in the activities being observed, ethics approval by IRB
was exempted. All parts of the study were conducted in English.

The survey design was done using the ‘Social Outcomes Mea-
surement Toolkit’, a toolkit to measure the social impact of disabil-
ity support which has been developed by the National University
of Singapore Institute of System Science as part of the Tote Board-
Enabling Lives Initiative (TB-ELI) [23]. Surveys were conducted
in 3 stages (pre, mid, and post). The full timeline can be found
in Supplementary Figure 1. All data was anonymised (except for
school as individual schools were analysed separately) before anal-
ysis. Surveys on students were administered by teachers, while
surveys on teachers were administered by an external third-party
organization (Empact Shared Services Pte Ltd, Singapore) in order
to minimize biases in reporting.

Immersive Interactive Mixed Reality (IMR)

The IMR setup was done in a 3m X 6m (school 1, 2) or 3m X 3m
(school 3) room. Projections were done on 3 walls and the floor us-
ing ultra short throw projectors (either Benq MW864UST or View-
Sonic PS7000W) with each 3m surface using 1 projector (school
1 & 2: 5 projectors, school 3: 4 projectors). Wall sensors used a
combination of IR sensors and camera through a 4th Generation
Finger Touch Portable Interactive Whiteboard (Gloview FP4 Board;
Shanghai EASI Computer Technology, China), while floor projec-
tions used a 3D tracking camera (Astra; Orbbec, MI, USA). Inter-
active technology used allowed for multiple interactions and mul-
tiple students to use the system together. Schools were provided
with 20 templates (Supplementary Figure 2) and 80 default scenes
from which the teachers could edit or create as many contents as
they would require. Content was developed using a proprietary au-
thoring tool which uses a drag and drop system and requires no
coding knowledge (screenshot can be found in Fig 1A). Teachers
were trained in three 2 hour sessions which covered use of software
and content development. Subsequently, all content used in this
study was developed by teachers. The templates were integrated
by teachersasapart of the learning curriculum with specific lesson
objectives. Examples include interactive elements of the Hungry
Caterpillar story to support the storytelling for language classes
(Fig 1B), a money game in which notes were flashed on screen
and students had to choose the correct amount when prompted by
teachers for numeracy (Fig 1C), and simulated road crossing for
life skills (Fig 1D). IMR was also used to stimulate a location, in
which a teacher could bring students on a virtual tour. The schools
also used IMR for leisure and relaxation where they played calm-
ing music and displayed nature scenes for students to focus on. Al-
though the choice of the interactive scenes varied, all schools used
the following categories of educational content: orientation in the
city environment and social behaviour (“life skills”), numerical
skills, and literacy/verbal skills. IMR sessions were conducted on-
site, 30 mins once a week, with full class participation. To optimise
the experience for students to interact with the IMR, most teach-
ers limited the number of students using the IMR in each round
to approximately 5 to 6 students. In bigger classes with more stu-
dents, this meant that students had to learn to wait for their turn
in order to use the IMR. The full list and description of IMR that
schools used can be found in Supplementary Figure 3.

Short Warwick-Edinburgh Mental Wellbeing Scale

The data for psychological well-being were collected using the
Warwick-Edinburgh Mental Wellbeing scale (WEMWBS) that was
developed to assess the mental well-being of a general population
[24]. In this study, the short WEMWBS (SWEMWBS) was used,
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Table 1. Modified Short Warwick-Edinburgh Mental Wellbeing scale. Left column shows the original statement in the Short Warwick-Edinburgh
Mental Wellbeing scale, while right column shows the modified statement used in order to make it easier for the student’s comprehension

Original Statement

New Statement

I've been feeling optimistic about the future

I've been feeling useful

I've been feeling relaxed

I’'ve been dealing with problems welll
I've been thinking clearly

I've been feeling close to other people

I've been able to make up my mind about things

I feel happy about growing up
I feel I can help my friends

I feel calm

I can solve my own problems
I think before I do something
I have good friends

I can decide what I want to do

A immersive B

Tap 50 cent coin Tap 50 cer

/‘\r‘\/‘\/ N

A

Figure 1. Examples of immersive interactive mixed reality. (A) shows an example
screenshot of the drag and drop software used to develop content. (B) shows the
Hungry Caterpillar story used for language classes. (C) shows a money game used
to teach numeracy. (D) shows a simulated road crossing.

that has been shown to be consistent with the long-form [25,26].
Data was collected and reported by teachers who directly inter-
viewed the students of their class using the given questionnaire.
The statements were reworded (Table 1) to make it easier for the
student’s comprehension. The responses were on a 5-point scale
ranging from ‘none of the time’ to ‘all of the time’ except for school
3 which opted to use a 3-point scale.

Academic Performance and Social Skills

The data on academic performance and participation in the social
life of the students were collected by their teachers through obser-
vations. For both data collection, students were rated on a 5-point
scale, ranging from “very poor” to “very good”, except for school
3 which opted to use a 3-point scale.

Data for academic performance was based on three subjects,
Literacy or Language, Numeracy, and Life Skills. The students
were assessed for the change in the level of performance in these
subjects using a Likert scale on the statement “Pupil acquired the
intended skills [in the lesson]”. Only school 1 and 2 participated
in this, while no data on academic performance was collected by
school 3. Data for participation in social life was observed based
on three areas of communication, turn-taking and lesson engage-
ment, using a checklist of statements. The outcome indicators for
this assessment include, (i) “Pupil can communicate with others”,
(ii)“Pupil can wait for his/her turn”, and (iii)“Pupil is engaged
with the lesson”. Students were assessed for the change in these
three levels of participation in social life. Students in Schools 2 and
3 were assessed for all three indicators, while students from School
1 were assessed for all but lesson engagement.

Teachers’ work satisfaction and sense of efficacy

The quantitative data on teachers’ work satisfaction and sense of
efficacy were collected using two surveys, 9-item Utrecht Work
Engagement Scale (UWES) [27] and 12-item Teachers’ Sense of
Teacher Efficacy Scale [28] respectively. The surveys were adapted
by the evaluators and administered to teachers via Google Forms.
For work satisfaction and engagement, teachers were asked to in-
dicate the change in their level of well-being and engagement after
the implementation of IMR in the classroom. The questions were
under categories of vigour, dedication and absorption. Responses
were on a 5-point Likert scale.

For sense of efficacy, they were asked to indicate the change
in their confidence after the implementation of IMR in the class-
room. The questions were on the level of efficacy in student en-
gagement, instructional strategies, and classroom management.
The responses were on a 5-point scale, with 1 being “Significantly
worse” and 5 being “Significantly better”.

Qualitative interviews with teachers

Interviews with 10 teachers were conducted to obtain further in-
formation on their observations of students during lessons using
the IMR, and to understand the teachers’ experience with using
the technology, as well as the benefits and challenges they faced.
The interviews were conducted via online video conference calls.

Statistics

All statistical analysis was performed using R 4.0.2. Multiple time
point surveys were analysed by linear mixed models (LMM) us-
ing Ime package [29], and further analysed using ImerTest pack-
age [30], that uses Satterthwaite’s method for approximating de-
grees of freedom for the t and F tests, to obtain p-values. Holm ad-
justed Tukey posthoc was used to identify individual differences
in three time-point surveys. Single time point survey (UWES and
sense of efficacy) was analysed using one-sample t-test with the
alternative hypothesis being true mean > 3 (which indicates a sig-
nificantly positive change). Data visualizations were performed
through the “ggplot2” package [31]. The level of significance for
all analyses was p < 0.05. Full statistics can be found in supplemen-
tary figure 4. Effect size was not calculated as there is no existing
agreed upon method to calculate standard effect size due to the way
that variance is partitioned in linear mixed models [32]. The use of
LMMs were however based on the vastly superior ability in control-
ling for Type I errors than alternative approaches which are there-
fore more generalizable to new observations [33].
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Figure 2. Immersive interactive mixed reality improves mental wellbeing in special needs education.Short Warwick-Edinburgh Mental Wellbeing scale showed improve-
ments in all aspects in school 1 and 3, and most aspects in school 2. Data is presented as mean + S.E.M. of 3- or 5-point scale from ‘none of the time’ to ‘all of the time. *

refers to p < 0 .05, ** refers to p < 0.01, *** refers to p < 0.005.

Results
IMR improves mental wellbeing in SNE

To measure if IMR could lead to an improvement in mental wellbe-
ing in SNE, SWEMWBS was employed pre IMR use, at a mid-point,
and at the endpoint of the study (post) (Fig. 2). LMM showed sig-
nificant improvements in school 1 and 3 in all aspects (lowest F
= 4.4, all ps < 0.05). Tukey posthoc revealed that school 1 mostly
showed improvements at the endpoint, while school 3 showed im-
provements from mid-point (though it should be noted the dif-
ference in 3-point vs 5-point scale). School 2 showed smaller ef-
fects with only 4 out of the 7 statements showing significant differ-
ences, but no significant drop regardless. Tukey posthoc similarly
showed improvements at the endpoint.

IMR improves academic skills in SNE

To measure the efficacy of IMR as an educational tool for academic
skills, teachers assessed students on life skills, literacy/language,
and numeracy. LMM of school 1 showed significant improvement
in all three areas (lowest t = 6.72, all ps < 0.001). LMM of school
2 showed significant improvement in literacy (t(31) = 4.03, p <
0.001), but not life skills (t(31) = 1.68, p = 0.10) or numeracy (t(31)
=1.98, p = 0.06) (Fig. 3). Academic skills data was not available for
school 3.

IMR might improve social skills in SNE

To measure the efficacy of IMR as an educational tool for academic
skills, teachers assessed students on their ability to communicate
with others, wait their turn, and engage with the lesson. LMM
showed significant improvements in school 1 and 3 in all aspects

Life Skills Literacy Numeracy
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Figure 3. Immersive interactive mixed reality improves academic skills in in spe-
cial needs education.Teachers assessed students on life skills, literacy/language,
and numeracy pre and post immersive interactive mixed reality use. School 1
showed improvements in all aspects, while school 2 showed significant improve-
ment only in literacy. Data is presented as mean + S.E.M. with 3- or 5-point scale
from “very poor” to “very good”. *** refers to p < 0.005.
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Figure 4. Immersive interactive mixed reality might improve social skills in spe-
cial needs educationTeachers assessed students on social skills using a checklist
of statements: (i)“Pupil can communicate with others”, (ii)“Pupil can wait for
his/her turn”, and (iii)“Pupil is engaged with the lesson”. Data is presented as
mean + S.E.M. of 3- or 5-point Likert scale * refers to p < 0 .05, *** refers to p
< 0.005

(lowest F = 5.2, all ps < 0.01). Similar to SWEMWABS results, Tukey
posthoc revealed that school 1 mostly showed improvements at the
endpoint, while school 3 showing improvements from mid-point.
School 2, however, showed no significant effect on time in all three
measures (highest F = 2.93, all ps > 0.01) (Fig. 4).

IMR has a positive effect on teachers’ work satisfaction
and sense of efficacy

To understand how practical and effective IMR is in SNE, teach-
ers responded to a 9-item UWES and 12-item Teachers’ Sense of
Teacher Efficacy Scale survey. One sample t-test revealed signifi-
cant improvements in 4 out of 9 items in the 9-item UWES, and 10
out of 12 items in the 12-item Teachers’ Sense of Teacher Efficacy
Scale survey (Fig. 5)

Qualitative interview with teachers

To obtain further information on the use of IMR in SNE, interviews
were conducted with teachers. The key benefits gathered from the
interviews were primarily in the area of social skills. A key obser-
vation shared by teachers was that students were more engaged
in lessons when using IMR, and this engagement was sustained
for a longer period of time as compared to a traditional classroom
setting. Some teachers shared that their students were more vocal
during lessons with IMR, and some non-vocal students also made
attempts to communicate:

“My students are non-verbal, and sometimes they’re very tired or
sleepy due to seizures or their medication. In the [IMR] room, they
are looking around or they are trying to make some sounds, maybe
trying to communicate. If they’re not engaged they may not make
any sound, or they will just look down.”
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One teacher explained that the immersive nature of the IMR was
a possible factor to engage the students and to minimise distrac-
tions:

“One factor could be the surface area [that the IMR occupies], be-
cause it’s reflected on all walls and the floor as well, so [the effects]
appear no matter where the students look at... In a usual classroom,
students may not know where to look at or to focus on, because there
are many things tolook at. Other than the powerpoint, they may also
look at the window...”

Several teachers also mentioned that their students were moti-
vated and excited for the class when they had the opportunity to
use the IMR. One teacher mentioned that when she asked students
what they wanted to do, they would point towards the IMR room
to indicate that they were hoping to have more of such sessions.
Teachers also shared that student’s interest and engagement lev-
els increased with the use of IMR.

“Some of the students who are normally very quiet or passive, with
[immersive] technology, they will say that they want to play this or
play that, ... [they will be] willing to take turns and demonstrate good
behaviour so they get the chance to play it.”

The increased classroom engagement also translated into better
behaviour in class. In particular, many teachers highlighted turn-
taking as one such behavioural change. To optimise the experience
for students to interact with the IMR, most teachers limited the
number of students using the IMR in each round to approximately
5 to 6 students. In bigger classes with more students, this meant
that students had to learn to wait for their turn in order to use the
IMR. Teachers reported that students were generally cooperative
as they were eager for their turn to use the IMR:

“I will tell them that you have to wait, so you get to choose which
activity you get to do. They are able to listen to basic instructions....
because they’re all looking forward to playing. By doing that, we
are also teaching them to be patient, and to watch how their friends

play: »

The teachers highlighted the calming effect of some existing tem-
plates within the IMR system as a benefit for their students and
in particular, for students with Autism Spectrum Disorder (ASD).
Several teachers mentioned that their students enjoyed and re-
sponded well to the activities. The IMR classroom also provided
students with an opportunity to learn in a safe and controlled en-
vironment. With the IMR, teachers mentioned that students could
experience the ‘real world’ settings and practise new skills without
being exposed to the actual environment and the risks they posed.

“IMR provides a safe environment where students could interact
with their environment prior to facing the actual one. This providesa
platform for the students to practise and be more ready when placed
in the actual environment.”

The interviewed teachers described the use of the IMR as an infor-
mal assessment method to help them determine if students have
understood the instructions or concepts in lessons in a less stress-
ful environment.

“In [SNE], many of us don’t use pen and paper assessment as much
as in the mainstream schools, so [the IMR] provides us a new and fun
way to assess students. It might also be less stressful for students,
because they don’t know they are being assessed, but the teachers
can tell if they are learning through the activities.”

The IMR also provides a more controlled environment that allows
teachers to assess students’ understanding of specific concepts of
skills and allows teachers to understand the students’ needs.

“We did not have any platform to expose our students to certain sce-
narios... Some of the scenarios in the IMR provided additional data
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to understand our students’ needs and anxieties better e.g. one was
afraid to step on a virtual water scene.”

As described above, teachers had used the IMR in different ways
and for a variety of different classes and purposes. However, dur-
ing the interviews, several teachers shared that they found the
existing templates available on the IMR platform to be limited in
range, and largely suited for leisure or relaxation activities. These
teachers expressed that they hoped to see more IMR templates that
were directly relevant to the syllabus or topics they were teach-
ing in class, in order to help them achieve the relevant academic
outcomes for students. Similar to results on social skills (Fig. 4),
teachers, especially those whose classes were higher-functioning,
reported that they did not experience much difference as they had
not experienced many challenges in relation to student behaviour
before the use of the IMR. In some instances, students could also
become overly excited or stimulated with the IMR and become
harder to manage. However, this was rare and only occurred in
a few specific instances. Similarly, several teachers also reported
no change in teachers’ well-being with the use of the IMR. These
teachers shared that they had already been actively using different
tools (including digital tools) to teach their classes and to engage

| feel more energetic
at my job

| feel stronger and more
vigorous at my job

| am more enthusiastic

about my job
My job inspires
me more

| am more excited
to go to work

| feel happier when
| am working intensely

| am more proud
of the work that | do

| am more immersed
in my work

9-item Utrecht Work Engagement Scale (UWES)
|

| am more likely to get
carried away when | am working

How much can you do to
control disruptive behaviour

How much can you do to in the classroom?

motivate students who show
low interest in school work?
How much can you do
to get students to believe they

can do well in school work?
How much can you do

to help your students

ing?
value learning? To what extent can you

craft good questions
for your students?
How much can you do
to get children to follow
= classroom rules?
How much can you do to
calm a student who is
How well can you establish a disruptive or noisy?
classroom management system
with each group of students?
How much can you
use a variety of
assessment strategies?
To what extent can you provide
an alternative explanation or example
when students are confused?

12-item Teachers’ Sense of Teacher Efficacy Scale

How much can you assist
families in helping their children

. do well in school?
How well can you implement

alternative strategies in
your classroom?

students. Thus, the use of IMR alone did not result in a signifi-
cant change in well-being. Teachers also pointed out that their stu-
dents tend to have difficulty generalising learning from IMR’s ar-
tificial environment to the actual ‘real-world’ environment. Thus,
the IMR was helpful to complement but cannot replace the actual
outdoor interaction.

Discussion

In this study, we took a practical approach in order to determine
both the efficacy and practicality of using IMR in SNE in Singa-
pore. Using surveys and statistical modelling, we showed that IMR
isuseful as an educational tool for SNE in mental wellbeing and aca-
demic skills and might also be useful for social skills. We further
showed that IMR had a positive effect on both teachers’ work sat-
isfaction and teachers’ sense of efficacy, which demonstrates the
practicality of the use of IMR in SNE. Lastly, interviews with teach-
ers generally agreed with survey results, and further highlighted
some challenges with the use of IMR.

The choice of allowing teachers to create content for IMR that
they use was based on the concept of participatory design of which
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Figure 5. Immersive interactive mixed reality has a positive effect in teachers’ work satisfaction and sense of efficacy.Teachers responded to a 9-item Utrecht Work
Engagement Scale and 12-item Teachers’ Sense of Teacher Efficacy Scale survey. Data is presented as mean + 95% CI on a 5-point scale with 1 being “Significantly worse”
and 5 being “Significantly better”. * refers to p < 0.05, *** refers to p < 0.005, n.s. refers to not significantly different, p > 0.05.



benefits have been discussed and summarized by Alper et al. [16].
This, however, comes with the challenge of training teachers to
use such technologies, something we did indeed probe by survey-
ing teachers which showed positive results (discussed later). How-
ever, we do note that in interviews, teachers highlighted the lim-
ited amount templates (20) which suggests the difficulties of de-
signing content on the teachers’ part — something that has to
be taken into consideration when using participatory design in
IMR. While our approach allows participatory design from teach-
ers, more work is needed in order to allow participatory design by
students too, challenges of which have been similarly discussed by
Alper et al. [16]. We suggest allocation of additional training time
for teachers in IMR classes design is required for more effective use
of the technology. Alternatively, a series of structured educational
IMR sets for the typical SNE setting with a wide range of difficulty
levels could be used.

The use of a modified SWEMWBS was chosen over the full
WEMWBS was done in consultation with teachers. The short ver-
sion has been shown to be consistent with the long version [26]
but with reduced participant burden. Given that the population
of interest in this paper was students in SNE, statements of the
SWEMWABS had to be edited as words such as “optimistic” and con-
cepts such as “feeling useful” were difficult to convey to students
with cognitive disabilities. The results showed improvements in
students’ mental wellbeing in all schools in most of the questions
asked. Interestingly, however, we do find differences in patterns
of increase with school 1 and 2 showing changes only in post-IMR
but not mid-IMR, but school 3 showing changes by mid-point.
This could be due to the difference in the scale used, the difference
in activities and uses in different schools, or most likely a combi-
nation of both. Regardless, this suggests that perhaps relatively
longer periods/sessions ( 9 months) are required for effects and
has implications on how SNE schools should use IMR if they were
to adopt it (e.g. one-off sessions might not be useful).

Students with learning disabilities (like those in SNE) often
manifest social skill deficits [34] while developing social skills is
crucial for academic achievement as well as work-related skills
[35]. Given that immersive technology has been shown to be use-
ful for teaching both social and cognitive skills [13,14], we decided
to probe the efficacy of IMR in both by the means of teacher’s
evaluation. Our results show improvement in all areas in school
1, but only literacy in school 2. Similarly, for social skills, school
1 showed improvements but not school 2. Overall academic and
social skills seem to show the same trend in improvement. This
trend is similar to that of mental wellbeing scores with school 2
showing less pronounced effects. It is unfortunate that we were
unable to obtain full sets of data, however, our results show that
IMR is indeed useful in certain scenarios, although their effects
vary widely from centre to centre. In interviews, teachers men-
tioned that students had difficulties generalising learning from
IMR’s artificial environment to the actual ‘real-world’ environ-
ment which could account for some of the limited effects seen.
Overall while IMR seems to have success as a teaching tool in cer-
tain academic and social skills, the effects varied widely, and more
work is needed to understand what are the best approaches to
use IMR for social and academic skills. The most stable effect of
IMR was found for the mental wellbeing of children which goes in
line with a existing evidence on soothing and relaxing IMR effects,
e.g., improving mental wellbeing of patients in pediatric oncology
[36] or effective VR stress management on a workplace [37], albeit
the effect could be partially caused by the music therapy which is
shown to be efficient for people with ASD [38]. A relatively good
IMR effect on social skills could be explained by combination of
the CAVE stimuli and maximized social interaction with peers and
teachers during the sessions which may lead to better social skills
generalization [39]. A fewer number of academic improvements
could be explained by the missing templates in the IMR system,
as admitted in the teachers interview. In addition, the interac-
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tive framework of the CAVE seems more suitable for supplemen-
tary training of academic skills like conceptual learning [40] or il-
lustrating learned concepts [41] rather than substituting the for-
mal classroom. A review by [42] also suggests that VR technolo-
gies could be beneficial in middle school to complement studying
complex 3D objects, so a better effect can be expected from the
older SNE sample. Another study from [43] demonstrated the suc-
cessful use of IMR in learning foreign language and culture where
CAVE was perceived by students as a more exciting and immer-
sive medium compared to PC, which gives a hint that IMR may
indirectly improve academic performance through raising learn-
ing motivation. This factor can be recommended for verification
in further research.

Given that one of the major stakeholders in the use of IMR in
SNE are the teachers, we wanted to understand how IMR affects
their job and their sense of it — for IMR to be practically imple-
mented, it is crucial that teachers using it both sense its efficacy
and are not burdened by it. Indeed, teachers with a stronger sense
of efficacy tend to show better planning and organization [44], and
are more open to new ideas and methods (such as IMR) to better
meet the needs of their students [45,46]. Our results showed that
using IMR increased engagement in teachers (4 out of 9 items in
the 9 item UWES), and increased their sense of teacher efficacy
(10 out of 12 items), overall showing that teachers do indeed see
the benefits of IMR in SNE. This is echoed in the interview with
teachers sharing anecdotal stories on how IMR has helped their
students. To sum up, IMR was helpful for SNE because of its (1) en-
gaging environment preventing the students from distraction; (2)
interactive and playful nature of classes leading to higher involve-
ment and motivation of the students; (3) facilitation of social skills
via the need to take turns in the games; (4) calming and relax-
ation effect; (5) “sandbox” mode for different skills which could
be informally assessed and practiced in a safe space. At the same
time, the IMR had certain limitations, such as (1) underutilization
of templates due to the limited time frame of training; (2) over-
stimulation effect on certain students; (3) some activities can be
performed more effectively using other tools.

Interestingly, our study is not the first in Singapore to probe the
efficacy of using an interactive immersive virtual environment for
SNE. Lu et al. [47] similarly showed beneficial effects of IMR with
children with autistic spectrum disorder. However, their study was
limited by small sample size (n=12) and limited scope. Our work
therefore both validates and extends their findings.

Limitations

While our aim in this paper was to provide robust data on the ef-
ficacy and practicality of the use of IMR in SNE in Singapore, we
acknowledge a few limitations that should be noted when making
conclusions from this paper. Similar to Lu et al. [47], our work
is limited by missing samples and a still relatively small sample
size. Furthermore, given the broad scope of our work, we were un-
able to fully delve into the nuances of each of the benefits seen. A
major limitation to our experimental design is the lack of a con-
trol group. However, due to the opportunity cost of a control group
(half the SNE students not being able to use IMR), comparing pre-
IMR to post-IMR seemed a more feasible way, even compared to
a counter balanced cross-design (which would require more man-
power and time). Regardless, future work that looks a more well
controlled experimental design could be useful in determining the
actual efficacy of IMR in comparison with more traditional meth-
ods of SNE. Lastly, due to the sensitive nature of SNE settings and a
preliminary nature of this specific intervention, a lot of potentially
informative data was not available. Experiments and correlative
analysis of the impact of participants demographics (age, gender,
socioeconomic status, level of disability, and diagnosis), teachers
experience and abilities (level of the IMR design proficiency, atti-
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tude towards technology) could provide further insight into what
the optimal strategy for the IMR implementation in SNE would be.
Furthermore studies looking at standardized educational content
would greatly aid in variance in data, and overall provide better in-
sight into the technology.

Conclusions

In this study, we demonstrated with both quantitative and qual-
itative methods that IMR in SNE is beneficial to students’ men-
tal wellbeing, acquisition of social and academic skills, and teach-
ers’ work engagement and sense of efficacy. Overall, we present a
strong argument on the further development of IMR for SNE. More
work is however needed to fully understand the nuances of our re-
sults if we are to more effectively utilize IMR in SNE. We are how-
ever optimistic about the potential of this technology to improve
and aid current SNE.
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