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ABSTRACT

Augmented Reality has gained popularity among special needs
communities. The flexibility and the advanced capabilities of this
technology, empowered with Al, are opening new opportunities
for further research in the area of digitally-aided language inter-
ventions for children with ASD. The goal of this research is to
investigate and develop new knowledge tools to support language
learning in children with ASD. The research methodology would
be both qualitative and quantitative, using interviews, participa-
tory design, and observations. Initially, this project will define the
theoretical and existing applications of adaptive AR interventions
for children with autism. A preliminary investigation has been con-
ducted, suggesting promising results that can shed a light on the
opportunities offered by AR and Al for language learning. In the
next phase, we will design and develop a novel adaptive mobile AR
application based on activities like workshops and participatory de-
sign, followed by systematic empirical evaluations of the proposed
solution.
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1 RESEARCH TOPIC

1.1 Context and Motivation

Technology has become an important component in language ac-
quisition pedagogy [16], thanks to the rapid advancement of digital
innovation in the recent decade. Educators recognized that utilizing
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Computer Assisted Language Learning (CALL) applications can be
convenient to create both independent and collaborative learning
environments, as well as providing students with language learning
experiences as they move through the various stages of language
acquisition [15]. The manner of engagement with learning experi-
ences is evolving; instead of using keyboards and mice to interact
with on-screen content, students can now use their entire body
and touch-screen based interactions to access educational content
that appears to exist in the real world - as possible through aug-
mented reality (AR), offering children with learning opportunities
through immersive simulations and instructive games. Yet, there is
limited research on using AR with special needs users. Most studies
only involve children without intellectual disabilities and learning
impairments.

Among the various forms of intellectual disabilities, autism is
becoming more common in children as a result of several biopsy-
chosocial and environmental factors, as well as changes in diagnos-
tic criteria. A variety of interventions have been proposed to cure
autism. Among these are treatments which are efficiently carried
out by computer-based interventions (CBI). In particular, CBIs with
mobile technology improve the learning of children on the autism
spectrum [21]. Nontheless, few studies investigate the affordances
of mobile AR to support children with ASD in learning aspects
of languages. On the other hand, Evidence based research shows
that AR supports attentional behaviour, fosters emotional and so-
cial skills, and improves communication abilities in children with
autism [19], which motivates our work. In addition, a growing body
of research has discovered basic variations in how children with
autism map and generalise word—-picture relationships [22], which
is still widely unexplored.

1.2 Related Work

Autism spectrum disorder (ASD), according to the American Psy-
chiatric Association [3], is a neurodevelopmental disorder marked
by establishing social skills and symbolic communication deficits,
and interfering repetitive behavior. Severe impairments in language
acquisition and usage are a common characteristic of children di-
agnosed with ASD. Specifically, 80% of individuals with ASD aged
5-years and younger are non-verbal [6], and 30% are minimally ver-
bal at 9-years [2]. During the last decade there has been a growing
interest in AR; the development of interactive technologies in the
fields of Human-Computer Interaction (HCI) and Child-Computer
Interaction (CCI) has been driven by a general tendency to embrace
developing and interactive technologies, creating applications that
address end users’ requirements and needs [9].
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AR is an innovative technology that offers an interactive expe-
rience of a real-world environment where the objects that reside
in the real world are enhanced by computer-generated percep-
tual information, across multiple sensory modalities, including
visual, auditory, haptic, somatosensory and olfactory. Technically
AR is a system [4] with the following three main characteristics: 1)
combines real and virtual world, 2) interactive in real time and
3) registered in 3D. AR use has started gaining momentum in
learning and educational settings [23], offering new approaches
to engage with the actual world, and can produce experiences
that are not achievable in either a completely real or virtual en-
vironment. Several learning fields have been explored by AR ap-
plications, such as science, math, biology and the production of
literature and poetry [5, 7, 17]. Yet, few studies investigate how mo-
bile AR can facilitate language learning activities for children with
ASD.

On the other hand, findings from these studies suggest positive
results in terms of learning outcomes. For example, Khowaja et
al. [13] proposed MARVoc, an early-stage prototype of mobile AR
application to facilitate vocabulary learning in children with ASD.
On the same line, Tang et al. [24] presented a preliminary study on
a mobile vocabulary-learning application empowered with AR and
Al capabilities for Chinese children with ASD, leading to positive
outcomes in terms of vocabulary acquisition. Yet, many of the
works in the literature are in a preliminary stage, and there is a lack
of research and design around adaptive learning experience that
leverage Al potential to support children with ASD; In addition, to
the best of our knowledge, word-pictures association with AR for
children with ASD is largely unexplored.

1.3 Research questions

The presented research addresses the following research questions:
e RQ 1 How can we support children with ASD in language

learning activities using Augmented Reality and Artificial

Intelligence?

— SQ 1.1 What are the affordances of augmented reality for
language learning in children with ASD?

- SQ 1.2 How can we design adaptive experiences with
augmented reality that can facilitate language learning
activities for children with ASD?

- SQ 1.3 How can we properly evaluate the effectiveness of
our proposed solution?

e RQ 2 How do children with ASD interact with mobile tech-
nology and augmented reality?

- SQ 2.1 How domain experts and parents/caregivers of chil-
dren with ASD perceive the potential of mobile technology
and augmented reality for language learning activities?

e RQ 3 What are the ethical considerations to take into ac-
count when designing language learning activities with Aug-
mented Reality for children with ASD?

2 RESEARCH METHODS

Based on the context of our research, the main methods identified
are: Surveys supported by semi-structured interviews [18], Par-
ticipatory Design [20], Systematic Literature Review [14], Design
Science [8]. Considering that the users are at the centre of our re-
search, design and development process, a User Centered Design
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(UCD) Research Approach [1] is a valid approach for our project.
UCD is achieved by interacting directly to the end users (and their
parents/caregivers in our case) at key points in the project to make
sure the solution will deliver upon their requirements (co-design
process). Following that, we will perform iterative cycles along
the whole study process to assess the effectiveness of the whole
research. Being already aware of the problem in question, we will
begin to interact directly with the stakeholders to collect require-
ments, investigating our users’ needs and what are the affordances
of AR for language learning. Each of the steps defined in the flow be-
low (Figure 1) represents one of the different stages of our iterative
cycles. At the current stage of our research, we are transitioning
from the first step to the second one.

3 THE WORK SO FAR

The proposed research is part of the MSCA ITN Early Language
Development in the Digital Age (e-LADDA)! project, which aims to
determine if the new and intuitive interactions provided by digital
tools have a beneficial or negative impact on young children’s lan-
guage development and results. This PhD project targets pre-school
children diagnosed with ASD to support them in language learning
activities through the design and development of a novel mobile
AR application that helps in the vocabulary acquisition and adap-
tive label generalization to real world objects. The project started
in November 2021 and is expected to be completed due Novem-
ber 2024. The presented research work is funded by SpongeUK,
a digital learning company which is among the beneficiaries of
the e-LADDA project. So far, a research project proposal covering
the whole duration of the PhD project has been delivered to the
Norwegian University of Science and Technology. We have done
an initial review of the state of the art and of available research
methods to investigate the problem.

A Systematic Literature Review (SLR) is being conducted accord-
ing to Kitchenham [14] guidelines, to establish a theoretical grasp
of the research topic and related research and activities, to identify
the research methods used in relevant studies, the various method-
ologies for teaching vocabulary and association of word-pictures to
real world objects for children with ASD, what technological appli-
cations have been designed and developed as a solution, analyzing
the related methodologies, the different interaction paradigms and
Al capabilities for adaptive learning (SQ 1.2).

Anchoring of the findings from the preliminary investigation
of the literature was supported by a small-scale exploratory study,
surveying three domain experts and parents of children with ASD
(RQ 1, SQ 2.1) with semi-structured interviews as a data genera-
tion method, to gather insights on the affordances and challenges
of mobile AR for language learning in children with ASD. The in-
terviews were conducted by video and audio recording with the
consent of the interviewees, in addition to taking field notes after
the interviews.

Our analysis yielded some findings that are consistent with what
is found in the literature (SQ 1.1); AR’s portability and context sen-
sitivity make this innovative technology ideal for all educational

Thttps://www.ntnu.edu/e-ladda



Language Learning with Mobile Augmented Reality and Artificial Intelligence for Children with Autism Spectrum Disorder

Problem and context
identification

Focus group of stakeholders
(children, parents, caregivers)

Specify stakeholders
requirements

IDC °22, June 27-30, 2022, Braga, Portugal

Define the Objectives
of a Solution

Prototyping, Design and
Development of the Solution

Evaluation againts
requirements

Figure 1: UCD iterative flow

environments, from elementary school to higher university lev-
els. Studies in the literature show how applications developed for
mobile technologies help children with ASD to communicate, by
expressing needs through pictures. Further evidence shows how
mobile technology can teach children with ASD about emotions
through various facial expressions, as well as to develop their social
skills. AR offers several benefits in contextualising language learn-
ing activities, based on real-world scenarios [10, 12], increasing the
collaboration amongst students and the ability to remember how
to execute specific tasks [11]. Moreover, findings from our inves-
tigation indicate that mobile technologies and AR have a low risk
of stigmatization in the children and they improve children auton-
omy and self-esteem. On the other hand, there are some challenges
such as lack of abstraction skills when interacting with mobile
applications, and decrease in focus and attention when there is
a lack of a proper design strategy of mobile AR applications. In
order to generalize the results obtained a larger sample should be
involved, possibly through a case study, and involving the children
as well, but as a preliminary study of the research presented in
this paper it highlights the potential of mobile AR in our research
domain.

4 NEXT STEPS

In our research agenda we foresee to design and implement system-
atic digital interventions by means of a novel mobile AR application,
with multiple iterations to refine and improve our initial designs,
leveraging the outputs resulting from a Participatory Design, in-
volving stakeholders (parents, psychologists, and psycholinguists).
Inputs provided by the participatory design with the participants
will serve as insights and guidelines (RQ 2, SQ 2.1, RQ 3) for the
next step of our research agenda, consisting of a well-structured
software engineering process. In the next phase we will identify the
most appropriate approach to evaluate our solution (SQ 1.3) and
implement it according to software engineering best practices and
a further evaluation will be conducted, based on the iterative cycles
discussed in Section 2. We expect to work further with the research
questions, in order to refine them, and the choice of the adequate
research methods that we identified, by leveraging further findings
from the SLR, an in-depth analysis of larger scale investigation of
interviews, workshops, participatory design and the feedback that
we would receive at the Doctoral Consortium.

ACKNOWLEDGMENTS

I would like to thank my supervisors, Letizia Jaccheri, Michail Gi-
annakos from The Department of Computer & Information Science,
Norwegian University of Science and Technology (NTNU), Mila
Vulchanova from The Department of Language and Literature, Nor-
wegian University of Science and Technology (NTNU) and Zach
Romain from Sponge UK.

660

REFERENCES

[1] Chadia Abras, Diane Maloney-Krichmar, Jenny Preece, et al. 2004. User-centered
design. Bainbridge, W. Encyclopedia of Human-Computer Interaction. Thousand
Oaks: Sage Publications 37, 4 (2004), 445-456.

Deborah K Anderson, Catherine Lord, Susan Risi, Pamela S DiLavore, Cory

Shulman, Audrey Thurm, Kathleen Welch, and Andrew Pickles. 2007. Patterns of

growth in verbal abilities among children with autism spectrum disorder. Journal

of consulting and clinical psychology 75, 4 (2007), 594.

[3] American Psychiatric Association et al. 2019. American psychiatric association.
(2019).

[4] Ronald T Azuma. 1997. A survey of augmented reality. Presence: teleoperators &
virtual environments 6, 4 (1997), 355-385.

[5] Mark Billinghurst and Andreas Duenser. 2012. Augmented reality in the class-
room. Computer 45,7 (2012), 56-63.

[6] Andrew S Bondy and Lori A Frost. 1998. The picture exchange communication
system. In Seminars in speech and language, Vol. 19. © 1998 by Thieme Medical
Publishers, Inc., 373-389.

[7] Matt Bower, Cathie Howe, Nerida McCredie, Austin Robinson, and David Grover.
2014. Augmented Reality in education-cases, places and potentials. Educational
Media International 51, 1 (2014), 1-15.

[8] Aline Dresch, Daniel Pacheco Lacerda, and José Antonio Valle Antunes. 2015.

Design science research. In Design science research. Springer, 67-102.

Michail N Giannakos, Michael S Horn, Janet C Read, and Panos Markopoulos.

2020. Movement forward: The continued growth of Child-Computer Interaction

research. , 100204 pages.

Robert Godwin-Jones. 2016. Augmented reality and language learning: From

annotated vocabulary to place-based mobile games. Language Learning & Tech-

nology 20, 3 (2016), 9-19.

Eric Hawkinson. 2014. Augmented reality enhanced materials design for language

learning. In The Asian Conference on Technology in the Classroom, Conference

Proceedings 2014. 155-161.

[12] Shu-Chun Ho, Sheng-Wen Hsieh, Pei-Chen Sun, and Cheng-Ming Chen. 2017.

To activate English learning: Listen and speak in real life context with an AR

featured u-learning system. journal of Educational Technology & Society 20, 2

(2017), 176-187.

Kamran Khowaja, Dena Al-Thani, Asma Osman Hassan, Asadullah Shah, and

Siti Salwah Salim. 2020. Mobile augmented reality app for children with autism

spectrum disorder (ASD) to learn vocabulary (MARVoc): from the requirement

gathering to its initial evaluation. In International Conference on Human-Computer

Interaction. Springer, 424-437.

Barbara Kitchenham. 2004. Procedures for performing systematic reviews. Keele,

UK, Keele University 33, 2004 (2004), 1-26.

Shiao-Chuan Kung. 2002. A framework for successful key-pal programs in

language learning. CALL-E7J Online 3, 2 (2002), 6-2.

Cheng-Chieh Lai and William Allan Kritsonis. 2006. The advantages and dis-

advantages of computer technology in second language acquisition. Online

Submission 3, 1 (2006).

[17] Hao-Chiang Koong Lin, Min-Chai Hsieh, Eric Zhi-Feng Liu, and Tsung-Yen
Chuang. 2012. Interacting with Visual Poems through AR-Based Digital Artwork.
Turkish Online Journal of Educational Technology-TOJET 11, 1 (2012), 123-137.

[18] Robyn Longhurst. 2003. Semi-structured interviews and focus groups. Key
methods in geography 3, 2 (2003), 143-156.

[19] Patricia Mesa-Gresa, Hermenegildo Gil-Gomez, José-Antonio Lozano-Quilis, and
José-Antonio Gil-Goémez. 2018. Effectiveness of virtual reality for children and
adolescents with autism spectrum disorder: an evidence-based systematic review.
Sensors 18, 8 (2018), 2486.

[20] Michael J Muller. 2007. Participatory design: the third space in HCI. CRC press.

[21] Marlena N Novack, Esther Hong, Dennis R Dixon, and Doreen Granpeesheh.
2019. An evaluation of a mobile application designed to teach receptive language
skills to children with autism spectrum disorder. Behavior analysis in practice 12,
1(2019), 66-77.

[22] Melissa Allen Preissler. 2008. Associative learning of pictures and words by
low-functioning children with autism. Autism 12, 3 (2008), 231-248.

[23] Olga Scrivner, Julie Madewell, Cameron Buckley, and Nitocris Perez. 2016. Aug-
mented reality digital technologies (ARDT) for foreign language teaching and
learning. In 2016 future technologies conference (FTC). IEEE, 395-398.

[2

—
o)

=
=

[11

ey
&

[14

[15

[16



IDC °22, June 27-30, 2022, Braga, Portugal El Shemy

[24] Tiffany Y Tang, Jiasheng Xu, and Pinata Winoto. 2019. An augmented reality- learning anywhere and anytime: object recognition based on deep learning. In
based word-learning mobile application for children with autism to support International Conference on Human-Computer Interaction. Springer, 182-192.

661



	Abstract
	1 Research Topic
	1.1 Context and Motivation
	1.2 Related Work
	1.3 Research questions

	2 Research methods
	3 The work so far
	4 Next steps
	Acknowledgments
	References

