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Abstract 

The Learning Environment on Mathematics for Autistic Children (LEMA) is a digital mathematical 
learning environment with modalities of dynamic adaptations of the proposed activities having in 
consideration the user’s profile. Training Sessions with special teachers highlighted the need to add 
new technologies to LEMA. Following this line of thought it would be of great educational value the 
incorporation of a tabletop technology in LEMA. Among several major tabletop hardware, we have 
opted by the use of Kinects with a multi-touch tabletop system which can detect all the movements of 
the user making the human body as a remote control to assist the human computer interaction 
allowing the manipulation of simple objects connected with the scope of the embodied learning 
activities. In this paper, we will explain the several phases to the integration of this new technology in 
LEMA, giving special emphasis to the pedagogical framework underlying the adaptations of the 
incorporated math activities. 
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1 INTRODUCTION 

GEOMETRIX, a strand line of CIDMA (Center for research and Development in Mathematics and 
Applications), is a research and development line, interdisciplinary-oriented, targeted at assorted 
target groups (running from primary to higher education level), committed to the study, use and 
creation of intelligent digital environments to promote knowledge and skills in mathematics, reflecting a 
transformation in the way they are grasped and applied. Under this scope it was developed the 
prototype LEMA, a digital Learning Environment on Mathematics for Autistic children, 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 Autism Spectrum Disorders (ASD). 

Besides the core difficulties associated with children with ASD (communication and social interaction, 
and, repetitive patterns of behavior, interests or activities), that can compromise their personal and 
social autonomy in various contexts, these children may also experience few sensory tolerance and 
may have limited motor ability [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, for instance, appropriate 
difficulty levels according to a particular student’s ability level [3], [4]. 

The prototype LEMA has already been evaluated with end-users and based on the analysis of the 
collected data the respective readjustments were made. In the training sessions with special teachers 
the need to add new technologies to LEMA raised. In fact, for those who have poor motor 
coordination, the tabletop technology is a good answer bringing real advantages because it allows 
unmediated control over the objects with which the user is interacting with. Among several major 
tabletop hardware we have opted by the use of Kinects with a multi-touch tabletop system which can 
detect all the movements and gestures of the user and transfer them to the computer [5], [6]. The 
reason to choose this option is described below. 

Kinect technology has potential in training different skills in children with ASD, among others it enables 
children with ASD to work in teams, facilitating the cooperation between children, promoting a 



gradually development of their oral expression, coming to a point where they can give basic 
instructions to each other. The activities incorporated in the digital environment follow a repetitive 
pattern making the end-users gradually more and more familiar with the learning data, ideas and tools, 
increasing their feeling of self-esteem, self-understanding, autonomy and independence [7].  
Additionally, the Kinects may be used for rehabbing balance, motor skills, increasing autonomy and 
citizenship inside and outside school situations. 

Summarizing, the incorporation of Kinect technology increases learning outcomes and motivation for 
learning, ensuring a longer attention span in the learning activities [6], [7]. 

In this paper, we will explain the several developmental phases for the integration of Kinects in LEMA, 
giving special emphasis to the pedagogical framework underlying the adaptations that must be done 
for the already incorporated math activities. Some guidelines for future work will be also given. 

2 METHODOLOGY 

The methodological options of this proposal are framed by prototyping and development techniques 
combined with the analysis of a set of case studies with children with ASD, using the digital 
environment under development. Given its exploratory nature, this research follows a process of 
successive refinements and prototype developments, starting from a theoretical basis which will be 
enriched by a qualitative analysis of requirements resultant of the prototype exploration sessions that 
will be running over time, as proposed by Richey and Klein [8]. 

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 to the product and testing 
different design solutions. This is a delicate aspect of this project, as the target users are children with 
special needs. Hence, we took special care with regard to the ethical aspects of this work.  

The pedagogical framework underlying of the incorporated math activities in the LEMA will strongly 
follow the four principles of therapeutic and educational intervention of Cain and Seeman cited by [6], 
Namely, LEMA will has: 

• Repetitive exercises; 

• Personalized flow of learning activities; 

• Combination of visual, auditory, and kinesiology stimuli; 

• Step-wise activities with frequent feedback and reinforcement. 

3 PHASES OF EMPIRICAL WORK 

LEMA integrates modalities of dynamic adaptation of the activities proposed to the user. These 
activities are 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 [9]. The 
functional profiles of the selected students for this study have played, as naturally expected, a 
fundamental role in the design of these activities. 

Our proposal to design LEMA math activities has 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, (distinct) 
representation of geometric shapes, mathematical reasoning involving geometric and visual thinking, 
elaboration of strategies for problem solving, use of language and symbolic operations and use of 
mathematical tools [10]. 

The technical implementation of LEMA is assured by a multidisciplinary team (mathematicians, 
educators, developers and designers) currently affiliated to the Thematic Line Geometrix (http:// 
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 a certain way, the sensory tolerance and motor ability levels have been neglected in the design and 
implementation of the first two LEMA's versions. LEMA has the mouse and the keyboard as main 
interaction devices, which do not help children in improving gross or fine motor skills and are often 
inappropriate for children with hyperactivity as can be the case of the children with ASD. 



We have pointed out crucial reasons why Kinects must be incorporated in LEMA. They will be of great 
help for children with ASD with motor difficulties besides they may be used for the improvement of 
eye-hand coordination, visual perception, motor planning and execution skills, cultivating, 
simultaneously, mental capabilities  reaching planned levels of school performance according to the 
indicators of their cognitive abilities, gaining experience through interactive learning games [6]. 

3.1 Design LEMA’s interface and learning activities  

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; the 
avoidance of jargon, spelling errors, metaphors and acronyms; the use of terms, expressions, names 
and symbols familiar to the users’ context [11]; the avoidance of writing long paragraphs; the use of 
mark-ups that facilitate the reading flow such as lists and heading titles and icons. The use of images 
and menu label's actions compatible with the real world, representing concrete actions and everyday 
life activities in order to be easily recognized [12], [13].  
All activities were conceived within a minimalism thought, with few items on the screen, clear interface 
with contrasting colours, without distracters or background images, making use of large buttons and 
icons. 
Regarding the first and second principles of Cain and Seeman’s therapeutic and educational 
intervention, LEMA enables users to repeat embedded activities whenever they want and provides the 
personalized selection of ten activities taking into account the functional profile of the user with ASD 
and his mathematical capability. 
Several authors underline the importance of the use of feedbacks for children with ASD to guide them 
to perform tasks [13]–[15]. In agreement with the third and fourth principles of the abovementioned 
authors, LEMA provides information in multiple representations, such as text, video, audio and image, 
providing clear task instructions and orientations to ease the user understanding of the content and 
content language. This approach stimulates, motivates and engages the users during their interaction 
with LEMA’s activities. For the reasons above mentioned and aiming the promotion of an efficient 
communication between the system and the user, LEMA provides frequent informative, learning 
content and reinforcement feedback. 
 

3.2 Object manipulation in the learning environment LEMA 

The manipulations of the virtual objects will be done using Microsoft Kinect for Windows device, so 
instead using the mouse, the children will interact with objects with their own hands, improving their 
motor capabilities. The basic gestures are the closed hand, for grabbing and dragging an object, and 
the simple click, for selecting an object or clicking a button, that is done by slightly moving an open 
hand in the direction of the Kinect. 
 
The set up requires the Kinect device to be placed in front of the user attached to a laptop or desktop 
running the application, which can be connected to a TV screen or projector placed in front of the user, 
above the Kinect device. 
 
We also planned the incorporation of real objects manipulation which will be placed on the top of a 
table being identified by a webcam above it and mapped to the corresponding virtual objects in the 
projection, allowing also the manipulation of the virtual objects with corresponding real ones. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Set up for execution the Kinect LEMA’s learning activities  



4 CONCLUSIONS 

The next step in this research project will be the validation of the incorporation of Kinects in LEMA. 
The validation will be supported by a plan with regular sessions with end-users and training session 
with their teachers.  

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, ensuring 
access and equity to the process of teaching and learning, being also a powerful tool to support 
teachers and educators. Moreover, It is expected that LEMA will 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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