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Abstract

The purpose of this work focused in some design characteristics of Learning Environment on
Mathematics for Autistic Children (LEMA), a digital mathematical learning environment with modalities
of dynamic adaptations of the proposed activities having in consideration the users profile. The
activities designed to enable adaptation were also conceived to promote the development of
mathematical reasoning in children with Autism Spectrum Disorders, (ASD) aged between 6 and 12,
fostering access and equity in the teaching and learning of mathematics. In this paper, the
readjustments on LEMA’s interface are presented, namely considering the new dimension of
gamification integrating game-design elements and game principles in non-game contexts, as a form
of enhancing the user’ motivation.

Keywords: Autism Spectrum Disorders, Mathematical Reasoning, Inclusion; Universal Participation,
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1 INTRODUCTION

Autism Spectrum Disorders (ASD) are considered as one of the disorders that cause greater
challenge to both educational and health professionals, given their repercussions in social interaction
and communication and their repetitive patterns of behaviour, interests or activities, characteristics
that can compromise their personal and social autonomy in various contexts [1].

The use of Digital Technologies can be an effective way to create innovative learning opportunities to
these children and to develop creative, personalized and constructive environments, where they can
develop differentiated skills [2]. These children often respond well to learning activities involving
information presented visually. Digital environments present opportunities for dynamic customizable
visual displays, which can be used to individualize instruction by selecting appropriate difficulty levels
according to a particular student’s ability level [3], [4].

Some individuals with ASD have above average mathematical skills, and are even considered
mathematically gifted [5]{7]. On the other hand, beyond such rare cases, researchers on
mathematics abilities of individuals with ASD have identified that individuals with ASD have difficulty
with mathematics, especially in problem solving tasks, recognizing that mathematics has been pointed
as an area of relatively spared or even enhanced performance in a large proportion of individuals with
ASD [5], [8]-[10].

Despite the cognitive deficits that these students may have, it has been noted that the altered
developmental trajectory that defines ASD (e.qg., slowing, plateauing, and skill loss) can also lead to
remarkable cognitive strengths and that children with ASD might present “islets of ability” in various
domains; one such domain is mathematics [11]. Mathematicians score higher on tests of autistic traits
and have higher rates of diagnosed autism, compared with people in the general population [12].

The development of mathematical reasoning in students with ASD is of major significance, as these
skills play a fundamental role in their social inclusion, intellectual development and autonomous living
[13]. In this context, the research project we are developing aims to prototype a digital environment
Learning Environment on Mathematics for Autistic Children (LEMA), with modalities of dynamic
adaptation of the proposed activities, able to promote knowledge and skills in mathematics in children,



aged between 6 and 12 years, diagnosed with ASD. Here, we present the readjustments on LEMA’s

interface based on the primary evaluation results considering the dimensions: “interaction”, “execution
of the activities” and "motivation”.

1.1 State of the art

1.1.1 User interface design recommendations for children with ASD

Given the heterogeneity of children with ASD, adaptivity is a key slement of a successful user
experience for these children, as ASD encompasses a spectrum of symptoms that vary in severity
among individuals with very different personal preferences and needs [14]. According to Paviov [14]
there are specific requirements that must be considered in order to improve the accessibility of
interfaces presented to users with ASD. This author provides an overview of methodologies oriented
to increase the accessibility of applications for this target population. Personalization is a key
component, since users with ASD have different preferences and needs. Among other
recommendations, Pavlov [14] suggests the following requirements 1o be taken into account in the
conceptualization of an application accessible to users with ASD: contrast between font and
background; simplicity, with few items on the screen; clear interface with soft colours, without
distracters or background images; and use of buttons and icons. Also Mintz [15], Putnam and Chong
[16], Greis and Raposo [17] and Ramdoss et al. [4] suggest that clear instructions and orientation
about tasks should be provided to ease user understanding of the content and content language, in
order to stimulate, motivate and engage the user.

Children with ASD have generally strong visual processing skills and a preference for multimedia
formats. Multimedia components such as video, animations, and images have been identified by
different studies as effective tools for gaining the attention of children with learning disabilities,
especially children with autism [18]. It is therefore likely that the intervention through digital means is
paricularly appropriate and motivating for these individuals [19]. In this context, it is important to
develop effective teaching methods through digital technology for children with ASD.

1.1.2 Teaching mathematics to autistic children

Teaching Mathematics to children with ASD with some creative thought and an emphasis on visual
aids and personal interests can be very challenging but it can be very successful [20]. Mathematical
difficulties for children with ASD focus in the *language of math” (words describing mathematical
concepts), word problems (problems where the significant background information is presented as text
rather than in mathematical notation), estimation, and prediction. This happens because many
children with ASD have language weakness, which may lead to the fact that they will mostly have
below average in math word problem solving.

The executive functioning (EF) deficits associated with ASD compromise the development of higher
level thinking, reasoning, and problem-solving skills. EF deficits include poor organizational skills,
attention difficulties, motivational issues, work completion problems and difficulties with abstract
concepts, inferences, and applied problems [21], [22]. In this sense, the complexity underdying
mathematical activities can be problematic for children with ASD.

Some authors, namely Su [23], mentioned that, in mathematics instruction, students with ASD benefit
from interventions that use frequent feedback, explicit instruction and practice. According 1o the study
of Su, Lai and Rivera [24] students with high-functioning autism were able to increase their knowledge
of mathematical concepts when exposed to systematic instruction in math.

For students with ASD the interventions or strategies should be selected considering student's age,
instruction needs, motivation of each student and the need to use direct instruction. One of the
strategies that has been used in math instruction for students with ASD is self-regulation because it
involves students completing checklists as they perform calculations, with reminders for each step;
another strategy is verbal feedback that will strengthen the concepts, helps create structure, and
ensures that the student understands each step [25].

Bae et al [26] propose that instruction should integrate students’ everyday life experiences into
problem solving processes to help them understand the meanings of word-based questions, since the



ultimate goal of mathematics instruction for these students is the learning of basic and functional skills
to solve their real-life problems.

2 METHODOLOGY

The methodological options of this proposal are framed by prototyping and development technigues.
This methodological framework combined with the analysis of a set of case studies of ASD children
using the digital environment under development, embraces a multidisciplinary approach. Given its
exploratory nature, this research follows a process of successive refinements and prototype
developments, starting from a theoretical base enriched by a qualitative analysis of requirements
resultant of the prototype exploration sessions that have been occurring over time, as proposed by
Richey and Klein [27].

This approach requires that end users and other stakeholders are involved in all stages of the
development process, providing their insights about the required features of the product and testing
different design solutions. This is a delicate aspect of this project, as the farget users are children with
special needs. Hence, we took special care with regard to the ethical aspects of this work. All children
with ASD who paricipated in the development process of LEMA were authorized by their parents or
tutors, as well as by the different educational and care professionals involved. The identity and
integrity of all participants were preserved.

3 EMPIRICALWORK

LEMA integrates modalities of dynamic adaptation of the activities to be proposed to the user. These
activities were designed to promote the development of mathematical reasoning, having in account a
preliminary study carried out with children aged between 6 and 12 years diagnosed with ASD [28].
The functional profiles of the selected students for this study have played, as naturally expected, a
fundamental role in the design of these activities

LEMA is being designed and developed based on the requirements and recommendations brought up
from the literature review and based on the principles of universal design for learning (UDL). UDL has
its roots in the architectural principles of universal design, which states that design of products,
environments, programs and services should be usable by all people to the greatest extent possible,
without the need for adaptation or specialized design. UDL is an approach to address the diversity of
learner needs by suggesting flexible goals, methods, materials, and assessment processes that
enable educators to meet varied needs. It is an approach whose aim is that all students have equal
opportunities to leam [29].

The technical implementation of LEMA was assured by a multidisciplinary team (mathematicians,
educators, developers and designers) which are currently affiliated to the Thematic Line Geometrix
(hitp:// geometrix.web.ua.pt) of the Centre for Research and Development in Mathematics and
Applications (CIDMA), located in the Department of Mathematics at the University of Aveiro (Portugal).

In order to make the environment accessible via multiple platforms, LEMA is being developed as a
web-based application according to HTML5 recent standards.

LEMA is based on a set of functions allowing direct manipulation of visual items, such as: selection of
items, data entry (number or text to justify the answer), link items, drag items, click on items and watch
animations. Beyond the simple and careful design of the layouts for each activity, we also incorporated
feedback in order to allow reinforcement with visual and sound animations; some activities include
feedback tutorials with animations the resolution of an example problem (see Fig. 1).
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Figure 1: LEMA’s interface design previous

3.1 Design approach of learning activities

As already mentioned, LEMA’s math learning activiies were designed according to the literature
review and a preliminary study carried out with students diagnosed with ASD, aged between 6 and 12,
[28]. We also took in consideration the Mathematics and Curricular Goals for Portuguese Basic
Education”.

QOur proposal to design LEMA activities focused on the following geometric topics: bi-dimensional
geometric shapes, perimeters and areas of planar figures and planar isometries. In these activities,
the skills to be worked on are: mathematical communication, mathematization, and different types of
geometric figures, representation, mathematical reasoning involving geometric and visual thinking.
elaboration of strategies for problem solving, use of language and symbolic operations and use of
mathematical tools.

A primary evaluation with end-users was already conducted focusing on “interaction”, *execution of the
activities” and “motivation”. This primary evaluation was made through direct observations of different
sessions with 4 students with ASD and enabled that collection of important data that pinpointed the
need to made some changes in the environment: (1) redesign the interface and the activities in order
to better motivate the users; (2) partition complex mathematical problems into simple tasks; (3)
incorporate feedback tutorials with step-by-step clues; (4) incorporate reinforcement feedbacks; (5)
incorporate audio instructions; and (6) restructure the instructions to support the human-computer-
interaction [30].

3.2 Redesign LEMA’s interface and learning activities

The readjustments on LEMA’s interface (conducted in the context of the above mentioned primary
evaluation results) are presented, namely considering the new dimension of gamification and the
application of game-design elements and game principles in non-game contexts, as a form of
enhancing the user’ motivation. Yu-kai Chou [31] defines gamification as “the craft of deriving all the
fun and addicting elements found in games and applying them 1o real-world or productive activities”
Pp. 3.

More specifically, gamification is an application of game-thinking and game mechanics to engage
users and solve problems. This strateqy is both powerful and flexible, it can readily be applied to any

! Basic education is compulsory and free and lasts for 9 years, covering children and young people between six and 15 years of
age. It comprises three consecutive cycles: the 1st cycle (4 years) provides a general education, with a single teacher
(sometimes supported in specialized areas); the 2nd cycle (2 years) and the 3rd cycle (3 years) are taught by a single teacher
per subject or multidisciplinary educational field. The Portuguese Educational System is organized in different levels of
education, training and learning: pre-school education, basic education, secondary education, post-secondary education not
higher, education and training of young people and adults, and higher education.



problem that can be solved through influencing human motivation and behaviour in different
interactions contexts, like in learning platforms [32].

The adoption of gamification is justified since, in real life, people do not feel that they are as good in
some task performance as they are in games. When confronted with obstacles, people may feel
depressed, unsafe or frustrated: feelings that are not present in the gaming contexts. Indeed, play can
change behaviour for the better, with greater user engagement [31], [32].

Besides, children with ASD often respond with good results in learning activities involving information
presented visually [33]. In order to pass efficiently, the learning messages between LEMA and the
children a set of design characteristics was taken into account.

The LEMA interface provides a good contrast between font and background. For example, in the
identification of activities, the title has a small white contort, to fit in different colour backgrounds (see
Fig. 2).

Nome de Utilizador .

| Submeter

Figure 2: LEMA’s activity designation font contrast

As children with ASD may face barriers in understanding information and decoding language, the
recommended ways to design the interface are: the use of simple, visual and textual language; to
avoid jargon, spelling errors, metaphors and acronyms; the use of terms, expressions, names and
symbols familiar to the users’ context [34]; to be succinct, avoid writing long paragraphs and use mark-
ups that facilitate the reading flow such as lists and heading titles and icons; and use images and
menu labels and actions should be compatible to the real world, representing concrete actions and
everyday life activities in order to be easily recognized [35], [36]. All activities were designed within a
thought minimalism, with few items on the screen, clear interface with soft colours, without distracters
or background images and use of buttons and icons.

Several authors also underline the importance of feedback for children with ASD to quide them 1o
perform tasks [17], [36], [37]. In accordance, LEMA provides clear instructions and orientation about
tasks to ease the user understanding of the content and content language, in order to stimulate,
motivate and engage its users. So for this reason, and aiming to promote an efficient communication
between the system and the user, LEMA provides five kind of feedback:

- Visual: every key object of a level, such as, the object that player select in the activity
environment, appears with an extra contour to provide visibility [31].

- Bound: there is an audible feedback when the user makes an action and for every activity is
presented its correct answer performed by voice-over.

- Reaction feedback: the user controls the activity objects in real time according to his
movement.

- Informative feedback: in the end of each activity the user is informed if the activity is correct or
not (see Fig. 3).



LEMA also provides learning content feedback, in two different ways, as described bellow.

- General Instructional goals: in an activity context, and after 10 seconds, if the user doesn’t
perform any task, in the top of the screen appears a “hint” button, with helpful instructions
including concept definitions.

- 3pedcific Learning Goals: in the end of every activity, if the user misses the correct answer
more than 2 times, LEMA forces the user to solve the problem step by step, i.e. LEMA will
divide the prosed problem into simpler tasks, providing clues through an interactive video 1o
help to solve it. And if the user misses the correct answer more than 3 times, LEMA shows an
interactive video that shows a solution of the proposed activity.

Parabéns! Incorreto

“A area do jardim € metade da area do lago”

Préximo » Repetir C,

Figure 3: End of an activity - correct answer {left) at the top "Congratulations!” and at the bottom a
“next” button to go to the following activity; wrong answer (right) at the top “Incorrect” then a clue to
solve the activity “The garden area is half of the lake area” and in the bottom a “try again” button.

4 CONCLUSION AND FUTURE WORK

The functional design [38] of the prototype fulfils the aforementioned requirements in order to meet the
needs of users with ASD: simple interfaces, with few elements, presenting only the features and
content needed for the current task to be performed by the user [34], [36]; avoid of elements that
distract or interfere with focus and attention [14]; provide clear instructions and orientation about tasks
to ease the user understanding of the content and the content language, in order to stimulate,
motivate and engage the user; use buttons, icons and contrast between font and background [4]; use
a simple visual and textual language [34]; provide options to customize information visualization with
images, sound and text according to individual user’'s preferences [16]; provide information in multiple
representation, such as text, video, audio and image for better content and vocabulary understanding,
also helping users to focus on content [34]; and provide feedback to confirm the correct action [39],
[401.

The next step in this research project will be the validation LEMA’s interface. This validation will have
a longitudinal time frame to ensure consistent data collection and analysis of results providing clues
about the actual impact of the use of the prototype on the learning consolidation of children with ASD.

We hope that the digital environment that is being developed may prove to be a learning tool able to
offer learning activities dynamically adapted to the individual needs of students with autism, thus
ensuring access and equity to the process of teaching and learning, and to provide a powerful tool to
support teachers and educators. It is also expected to foster new opportunities and educational
strategies and improve math skills in students with ASD, thus preparing their transition to a more
active, autonomous and inclusive life.
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