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Abstract

The COVID-19 pandemic outbreak forced early childhood programs to make a sudden switch to remote
learning in response to the crisis. While technologies can facilitate seamless migration of face-to-face learning
to a virtual platform, these rapid advancements are merely tailored for typical children, causing children with
special needs, including children with autism, to be left behind. To date, the prevalence of children across the
globe diagnosed with autism spectrum disorders (ASD) has been increasing. ASD refers to complex
neurodevelopment disorders characterized by intellectual disability, language impairment, characteristic and
repetitive behaviours, and difficulties with interaction and social communication. Some children with ASD are
capable perform all learning activities, but most of them require substantial support to perform basic learning
activities. Previous studies found that children with ASD have difficulty understanding spoken language, but
they have a strong interest in visual objects. Most of their learning occurs through watching since a visual
process produced better recall than auditory learning. In other words, the visual channel could be the best way to
develop their cognitive abilities and enhance their spoken language capabilities. Augmented reality (AR) is a
technology in which audio, visual, and text are superimposed on the real world using mobile devices. AR is a
promising technology that could help children with ASD better understand the world around them, bridging
digital and physical worlds. Hence, the purpose of this study was to design, develop, and evaluate an immersive
learning environment using AR for children with ASD. This study applied the design and development research
approach that involved analysis, design and development, implementation and evaluation. The AR involved
aspects, such as attention and positive emotions, social interaction, facial expressions, nonverbal social cues, and
vocabulary that are crucial in the design and development of learning for children with ASD.
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Introduction

The fourth industrial revolution (4IR) technological advancements are changing our lives and are extending
possibilities that were never possible before. As rapid advancements continuously alter the day we do things and
enhance our daily activities, these technologies are merely tailored for normal citizens causing people with
special needs, including people with autism, to be left behind. Previous studies have indicated there is a urgent
need for learning to be inclusive regardless of special needs, especially children with autism spectrum disorders
(ASD) (UNESCO, 2017). To date, an increasing number of children across the globe are being diagnosed with
autism in which ASD causes a child to experience persistent problems in social communication and interactions
across multiple contexts as well as show restricted, repetitive patterns of behaviour, interests and activities.
These symptoms can be categorized in mild and severe symptoms, where higher levels requires more support in
daily life (Koo et al., 2018).

Previous studies also revealed that 4IR research is lacking in the field, yet could potentially be used to assist
them in becoming more socially connected. This could be carried out by tapping in areas such as multiple
intelligence and communication behaviours. As such, in addressing the issues and gaps, this study investigated
children with autism as well as developed and evaluated 4R cross-creative learning environment for them. This
study involved translation research regarding cross-aspects of 4IR that include physical, digital and biological
aspects. The study was a continuation of the previous Australia Innovative Research Universities Malaysia
Research University Network collaboration project on higher education active learning spaces in which the
translation aspects included translating our developed model of higher education active learning spaces
(HEALS) into the Autism learning environment. The model involved aspects such as pedagogy, space and
technology that is crucial in design and development of learning for Autism.

ASD causes a child to experience persistent problems in social communication and interactions across multiple
contexts as well as show restricted, repetitive patterns of behaviour, interests and activities. These symptoms can
be categorized in mild and severe symptoms, where higher levels requires more support in daily life (Koo et al.,
2018). In previous research with regards to learning, children with autism usually learn about social
communication and interactions with physical media such as visual cards (Allen et al., 2017). For example, in



indicating whether a child is in hunger, visual cards help to indicate level of hungriness. While they physical
cards have been discovered to assist ASD children, 4IR integration of 4IR technologies can further extend these
possibilities, with regards to mobility, seamlessness and contextual learning.

This can be carried out with merging three types of learning approaches via 4IR, which are: (i) cross-creative
physical based 4IR learning; (ii) cross-creative digital based 4IR learning; and (iii) cross-creative biological
based 4IR learning. In this study, we proposed the integration of 4IR across physical, digital, and biological
based environments to assist children with autism. For example, robots (physical 4IR) integrated with
augmented and virtual reality (digital 4IR) can assist children with social cues while physiological 4IR
technologies (biological 4IR) can help us understand their physiological states during learning (Hujinen et al.,
2016). Merging of these three aspects will create the 4IR cross-creative learning environment for autism and
potentially inform therapeutic and learning objectives for children with ASD to function optimally while
identifying their special innate talent and multiple intelligence that they can thrive upon.

Brunzini et al. (2020), Chung and Chung (2019), Hemanth et al. (2020), Herron (2016), and Kamphuis et al.
(2014) suggested the integration of AR in education for several reasons: (1) AR is a powerful tool as it enables
easier, faster, and hassle-free access to information and learning experience. Students can simply move their
mobile devices at a certain image, object, or surface to trigger relevant information to display on the screen,
rather than searching content libraries, browsing the internet, or finding an expert. (2) AR does not require
expensive wearable technologies, for example, smart glasses, smartwatch, or headsets as students can simply
use mobile devices to preview a 3D scene. (3) AR provides interactive and visual experience compared to
video-based lectures or text-based tutorials. Students can scan an image, object, or surface to activate learning
that leads to a more engaging and efficient learning experience. (4) AR enables students to involve in diverse
learning activities by interacting with a virtual model, allowing students to practice, use, and apply what they
have learned. Overall, AR complements the real-world with virtual 3D objects, assisting the exploration of the
complex interconnections of information in the real-life, as well as providing contextual, powerful, and situated
learning experiences (Herron, 2016).

Escobedo et al. (2012) developed an AR app to assist children with ASD pair up with peers to practice social
skills such as sharing interests, asking questions, eye contact, and initiating interaction. The results showed that
AR increased social interactions between typical students and students with ASD. Escobedo et al. (2014) used
AR technology to overlay 3D objects, videos, data and information to any contents in order to improve attention
and positive emotions. The findings showed that such experiences resulted in increased engagement, enjoyment,
motivation, and attention. In a study by Chen et al. (2014), adolescents with ASD were told a short story with
illustrations using AR mirror system that highlighted one specific emotion, and then were asked to select the
appropriate emotion mask. The findings revealed that AR allowed adolescents with ASD recognized emotional
expression, while their parents reported improvements in social skills. Chen et al. (2016) developed an AR app
to emphasize the non-verbal signals within a story book. Each non-verbal signal described was overlaid with an
additional video for better understanding. Children were motivated and engaged with the AR video, as well as
demonstrated greater ability to distinguish different facial expressions. A study by McMahon et al. (2015)
showed that students with ASD and intellectual disabilities learned sets of science vocabulary words with AR
contents in a relatively short time frame. The AR contents which included 3D simulations, audio of definitions,
labelled pictures and figures, as well as video found to be effective for students with ASD to learn vocabulary.

Immersive Learning Experience with Augmented Reality
This study applied the design and developmental research approach type 1 (Richey & Klein, 2014) as follows:

1. Analysis phase: In this phase, needs analysis was aimed in capturing learning requirements of high
functioning children with ASD. Critical analysis of the existing Augmented Reality apps for children with
Autism was also conducted.

2. Design and development phase: The factors were elicited based on the outputs from the analysis phase as to
design and develop the immersive learning modules for the study. Fuzzy Delphi by Chang et al. (2015) was then
used to elicit factors related to the study. A consensus on the factors was obtained from a panel of experts,
including subject-matter experts, language experts, medical experts, pedagogical experts, psychologist, and
technical experts. The AR was designed and developed using Reality Composer app on iPad.

3. Implementation and evaluation phase: The findings were assessed using qualitative approaches which



comprised of clinical analysis and physiological analysis. Also, pilot test was conducted with children with ASD
to produce the final immersive learning environment using AR technology.

The objectives of this study were:

1. To identify learning requirements of children with ASD with regards to attention and positive emotions,
social interaction, facial expressions, nonverbal social cues, and vocabulary using augmented reality.

2. To develop an immersive learning environment for children with ASD using augmented reality.

3. To assess the developed immersive learning environment for children with ASD using augmented reality.

4. To provide recommendation based on the developed immersive learning environment for children with ASD
using augmented reality.

Overall, the expected new findings from this study were as follows:

1. A virtual 4IR cross-creative learning environment for Autism using AR
2. Factors of successful virtual 4IR cross-creative learning environments for Autism using AR
3. Profiles of Autism learners in virtual 4IR cross-creative learning environments.

Learning Outcomes with an AR Learning Module for Children with ASD

AR is where digital objects are overlaid onto the real-world surroundings, facilitated by mobile devices, or other
related tools (Holley & Hobbs, 2019). MIMO - AR Robot for Kids can be used among children with ASD,
creating a better learning experience using iPad as in Figure 1. Previous studies found that AR was being
applied across disciplines, including chemistry, geography, history, biology, and physics. There are different
types of AR, which can be utilized in various ways to achieve learning objectives: (1) Superimposition AR uses
image recognition to augment parts of the real-world. (2) Projection-based AR needs a flat surface as a trigger
object, simply move the device at a table, floor or wall, and the augmented element appears immediately. (3)
Marker-less AR does not use a trigger object, in which the augmented element is activated when other criteria
are met, for instance, GPS tracking data associated with mobile devices. (4) Marker-based AR relies on a trigger
object, for instance, a QR code, logo, or barcode to generate an augmented element. In this study, the AR was
developed based on the image recognition to augment parts of the real-world, known as superimposition AR.
The AR was developed using Reality Composer on iPad.

In previous research with regards to learning, children with autism usually learn about social communication
and interactions with physical media such as visual cards (Allen et al., 2017). For example, in indicating
whether a child is in hunger, visual cards help to indicate level of hungriness. While they physical cards have
been discovered to assist ASD children, 4IR integration of 4IR technologies can further extend these
possibilities, with regards to mobility, seamlessness and contextual learning. This can be carried out with
merging three types of learning approaches via 4IR, which are: (i) cross-creative physical based 4IR learning;
(ii) cross-creative digital based 4IR learning; and (iii) cross-creative biological based 4IR learning. Hence, this
study proposed the integration of 4IR across physical, digital, and biological based environments to assist
children with autism. For example, an iPad (physical 4IR) integrated with augmented reality (digital 4IR) can
assist children with social cues while physiological 4IR technologies (biological 4IR) can help us understand
their physiological states during learning (Hujinen et al., 2016). Merging of these three aspects will create the
41R cross-creative learning environment for autism and potentially inform therapeutic and learning objectives
for children with ASD to function optimally while identifying their special innate talent and multiple
intelligence that they can thrive upon.
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Figure 1: MIMO - AR Robot for Kids

As we move towards the fourth industrial revolution (4IR), the way we approach education changes. As
technologies get smarter, educational affordances will grow in ways we have never imagined. There is an urgent
need for us to align current educational practices with the new educational affordance that 4IR offers in terms of
physical, digital, and biological interconnectivity (World Economic Forum, 2016; Schwab, 2017). The overlap
between technological advancements in the physical world such as drones and autonomous cars, the digital
world such as digital currencies and e-citizenships, and the biological world such as synthetic biology allows for
learning to become more immersive, seamless, and contextual (Gul et al., 2017). In addition, in 4IR, learning is
becoming more global crossing multiple contexts, cultures, and learners thus shifting learning dynamics and
synergies. As learning is becoming more complex and volatile, it is essential that we redesign learning, reskill
educators and learners, and revolutionize education to become relevant in the fourth industrial revolution. This
includes development of learning environment which are cross-creative to make learners more ready for 4IR
(Moreira et al., 2017; Onar et al., 2018).

Discussions

For children with ASD, the COVID-19 pandemic is a real challenge due to the closure of special education
schools, which currently rely on asynchronous and synchronous learning strategies that incorporate different
platforms and technologies. Given these new modes of delivery, many children with ASD are having difficulty
navigating this new reality. Children with ASD are struggling to quickly adapt learning contents that are
designed to deliver in a physical format to a remote or online setting. ASD causes children to have a
developmental disorder that affects their social communication and interaction, such as restricted interests,
repetitive patterns of behaviour and can be rigid in their ways. Thus, online or remote learning is found to be



ineffective for children with ASD. ASD can be categorized into two levels, low-functioning and high-
functioning, in which low-functioning children require more support in learning (Koo et al., 2018). Previous
research revealed that children with ASD usually use physical media, for instance, visual cards to learn about
social communication and interaction (Allen et al., 2017). To describe a child is in hunger, visual cards are used
to indicate the level of hungriness. While physical media have been discovered to assist children with ASD, the
integration of AR technology can further extend the possibilities with regards to contextual, mobility, and
seamlessness learning.

This study showed a positive effect of AR for children with ASD in many situations, such as increased attention,
motivation, and learning of new tasks. AR provided children with ASD a medium for interaction with the real
world, allowing them to connect with digital content that easier to generalize real-life situations. An immersive
learning environment created through AR increased engagement and produced more curiosity among children
with ASD. Presenting new technology like AR can be fascinating, creating a more in-depth learning experience.
Furthermore, AR can be customized to complement evidence-based practices, such as video modelling and
image prompting that are mostly being applied by clinicians. The usage of AR within children with ASD was
still preliminary. Thus, this study produced an immersive learning environment through AR that focused on
aspects, including attention and positive emotions, social interaction, facial expressions, nonverbal social cues,
and vocabulary.
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