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Abstract 
Our research activities focus on building a dynamic PECS system in order to treat autistic people in 
developmental age. Our experimental methodology is a synthesis of two different processes: sensory-
enriched environment to increase motivation (Technology Enhanced Learning) with the possibility of 
specifically leading the child to an effective communication through symbols. Our methodology, named 
i-Mand, is a union between Applied behavior analysis/Verbal Behavior approaches in teaching verbal 
behavior through a PECS system. A pilot study was conducted as a single-case experimental design 
on two subjects, that were diagnosed with Autism. 
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1 INTRODUCTION 
Autism is a complex evolutive disorder, caused by a neurological condition concerning the brain and 
affecting massively and pervasively the healthy development of the individual. It’s not easy to teach 
effective communication to persons with autism, because of the severe impairment (resistance) in 
social language learning. In order to overcome this issue, photos, pictures and pictograms were used 
to make the most of typically good visual skills of persons with autism. Based on this method was then 
developed the Picture Exchange Communication System protocol. We are achieving that by using 
technology aids like a tablet and Radio Frequency IDentification sensors in order to create highly 
interactive scenarios and encourage motivational levels (MO), necessary for Mand production and 
effective PECS methodology acquisition. Our project, named LIAR as in Language Interface for 
Autistic's Rehabilitation, aims at developing and empowering communication between children with 
autism. Enriching the environment through new technologies is our main goal. According to DSM 5, in 
persons with autism the typical behavior appears mainly affected by “Persistent deficits in social 
communication and social interaction” and “Restricted, repetitive patterns of behavior, interests, or 
activities”. Those programs can mitigate the severity and the frequency of non-adaptive behaviors. 
The most effective treatments are the one focusing on Applied Behavior Analysis/Verbal Behavior [1]. 
Many scientific evidences prove that enhancing communication quality and opportunities in children 
with autism can reduce problematic behaviors as self- and hetero-aggressiveness, impulsivity and can 
enhance self-regulation and adaptation to the environment [2].  

2 METHODOLOGY 
Our study’s setting is a room full of games and objects, with a unidirectional mirror, in the rehabilitation 
center Neapolisanit S.R.L. The room is located on the first floor in the D.A.P.I. (Divisione di Autismo e 
Psicosi Infantili - Department of Autism and Children psychosis).  

From the entrance port you can observe: on the right wall, a unidirectional mirror. On the front wall a 
window with white drapes. On the right, a piece of furniture without doors, containing several games 
unreachable for children. Those games were selected by our therapists based on individual 
preferences of the children. In the center of the room there are a small circular table and two green 
chairs. In a corner of the room there is a camera. 

In order to use our app, we have used a common computer tablet, pre-loaded with the LIAR app, a 
board for reading RFID signals and pictogram-mounted RFID passive sensors [3]. RFID sensors are 
applied to items and pictograms in the room. Later, those items can be brought near the reading 
device. The board signals the item identification to the tablet, which reacts emitting sounds, words, 
videos, pictures or powering up external systems. The I-Mand methodology consists of several 
specific stages, which aim to help children acquire specific skills and behaviors: 
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PHASE 0 - This is the phase of familiarization with tablet and LIAR technology. The subject is free to 
use the tablet, where pictures from known and unknown games will appear. The child has to drag the 
displayed images, spawned at random points of the screen, on a target spot. After every successful 
attempt, the child will be rewarded with new pictures, sounds or videos in order to reinforce the 
correctly executed behavior. The main goals of this phase are: helping children familiarize with tech 
aids and identify most appropriate reinforcements and training their sensory-motor coordination [4]. 

PHASE 1 - This is the phase where the board is introduced. The therapist can put RFID-tagged 
objects on the board. When an object is brought to the board, the screen will show a picture the child 
has to center of the screen as in the previous phase. As the task is complete, the child will get a 
reward, from the tablet (as pictures or sounds) and from the therapist, who will give to the child the 
object he interacted with virtually. The whole process is based on procedural requirements of MAND 
training. 

PHASE 2 - This last phase is procedurally identical to the previous one. After the dragging of the 
object, however, a picture or a video on the tablet will suggest bringing the device near the therapist’s 
neck, where a sensor will let the tablet give the reinforcement.  

In order to prove the efficacy of LIAR technology, we used a Multiple Baseline experimental design. 

2.1 Hypothesis 
This research is going to evaluate the efficacy of a communication methodology based on interactive 
objects integrated into the test environment, over an original PECS methodology. Our goal is also to 
measure the occurrences of self-learning in a system that allows greater autonomy in environmental 
exploration and invites to communicative exchanges. 

2.2 Methodological tools 
• Video recorded sessions 

• Observation - evaluation form 

In order to observe and evaluate baseline functioning in our subjects, an observation - evaluation form 
was used, based on the work on neuropsychological functions of autistic children by Barthelemy, 
Hamereury e Lelord [5]. 

Data will be gathered by baseline functioning evaluation scheme, underlining in particular muscular 
tone, attention, intention, communication and language, contact [6]. 

Every area has been evaluated taking into account the descriptions provided by the authors. Each 
item is evaluated by using a five points scale that measures the presence/absence of the behavior. 
The scale is structured as follows: 

1 Absence of the behavior 

2 The behavior is rarely present and not very intense 
3 The behavior is frequent and intense enough 

4 The behavior is frequent and intense 

5 The behavior is very frequent, constantly present and very intense 

2.3 Subjects 

2.3.1 First case: C.G. 
Diagnosis: DSM IV-TR[7]: F84.0 Autism Spectrum Disorder  

C.G. is a 4,8 years old boy, evaluated by direct observation and by the SVAP-R2 test. The child does 
not reach a good level in the fields of autonomy and interaction. The expressive language, both verbal 
and non-verbal is absent; he uses an archaic form of communication (weeping, crying, etc.). The 
receptive language is limited to understanding simple instructions. The fine and gross motor skills are 
in line with the chronological age. Reciprocal imitation is slightly present. Symbolic play is absent and 
his interests in this area seem very narrow, although he uses his toys functionally. Personal autonomy 
is scarce, he has not yet achieved sphincter control. Social interaction is inadequate; he is willing to 
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tolerate the presence of other people, and when he feels motivated to, seems to enjoy some games. 
Ocular contact is absent. 

Initial Functional Diagnosis  

It has been found a mild increase in the area of basic abilities relatively to cooperation, attention, 
educational control, mutual motor imitation and playing. Verbal operants such as tact, intraverbal, 
echoic, are absent, while there is a presence of MAND with PECS. Listening, reciprocal verbal 
imitation and social playing are greatly impaired. Motivation directed to activities and games is scarce; 
the objective is to conditionate new ones. He has slightly developed visual-perceptive abilities. 
Problem behavior area is characterised by vocal and motor auto-stimulation, an attitude of avoidance 
of a given task, a failure to adhere to the rules of the setting. PEP3 test describes a critical profile 
relatively to verbal/pre-verbal performance, expressive and receptive language, fine and gross motor 
skills, social reciprocity, typical motor and verbal behavior; the profile is mildly impaired in the 
visuomotor and emotive expression areas. 

Rehabilitation Methodologies 

Training MAND; positive reinforcement; prompting; fading; training MAND with PECS in phase 1; 
Physical guidance. 

Acquired skills 

Basic abilities: improvement in social imitation; an increased time in attention and a better involvement 
in the proposed activities; a decrease in problematic behavior such as chaotic and hyperactive; an 
increase in educational control. 

Communication skills: increase the frequency of spontaneous ocular contact; increase in frequency 
and quality in pointing. 

2.3.2 Second case: A.B. 

Diagnosis: DSM IV-TR: F84.0 Autism Spectrum Disorder  

A.B. is a 7,6 years old girl, evaluated by direct observation and by BES test. The child shows serious 
issues like in learning prerequisite, in the ability to watch, listen and move itself (global motor deficit). 
The motor, verbal and language imitation are absent. A.B. communicates through movements: she 
uses another one’s arm as a prosthesis. She also uses an archaic form of communication in order to 
get what she wants and explore objects through her mouth. There are motor and voice stereotypes, 
and also aggressive behaviors. 

Initial Functional Diagnosis  

It has been found a mild increase in the area of basic abilities relatively to fine motor abilities, attention 
(as in orienting herself towards a sound source), communication, relations (looking an interlocutor in 
the eyes, spontaneously smiling). Speaking of cognitive abilities, it was noted an increment in the 
ability to sort objects for colour, form and size. Mutual imitation, objects recognition and the ability to 
understand simple requests were compromised. The only things she understands are simple and 
contextual tasks, supported by hand gestures. 

Rehabilitation Methodologies 

Training MAND; Prompting; fading; CAA; training MAND with PECS. 

Acquired skills 

Basic abilities: Improvements in fine and gross motor ability. 

Communication skills: generalisation MAND between two persons, two contexts, two different kinds of 
reinforcers; increase in PECS book. 

3 RESULTS 
From the analysis of the data contained in the observation form described above, it was possible to 
obtain a neat profile of the different cognitive abilities in both subjects. More specifically, the first 
subject (C.G.) showed a null level of communication in the three baseline phases, a low level of 
intention and muscular tone (a positive detail), moderate level of contact and association, high level of 
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attention. In this last category, the child has achieved higher scores in the second baseline, in 
particular in the abilities to pay attention to objects and finishing what he started. 

 
Figure 1. Baselines for C.G. 

 
Figure 2. Baselines for A.B. 

In the Fig. 1 there is a list of all the results; the scores in each section are obtained by adding the 
single item results. As concerns to baseline scores of the second subject, A.B., it can be noticed that 
the results are similar in the distribution of the categories to the first subject (Fig. 2). The results in 
attention are indeed high, in all three baselines; the child has shown remarkable abilities in keeping 
attention on an object (she achieved a score of 4 in the second baseline) and in keeping her attention 
on an action. Higher scores have been recorded in association, in which she reached an overall score 
of 7 in the second baseline. It has to be noticed although, that she has a very severe deficit in keeping 
eye contact (scores of 1 in the first two baselines, 0 in the third) and a complete absence of the ability 
to look at a person while she speaks. Moderate results have been achieved in contact, specifically in 
the item “reacting functionally to the presence of other people”. Low levels of intention, even if it can 
be noticed a mild level of communication through gestures, and muscular tone (a positive detail). For 
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this subject as well verbal communication is absent. When LIAR was introduced, it was possible to 
notice an immediate overall improvement. 

 
Figure 3. Baselines for C.G. during Interventions. 

 
Figure 4. Baselines for C.G. during Interventions. 

The first subject, as in Fig. 3, showed a remarkable decrease in problematic characteristics of 
muscular tone (score of 1 in the item “tense” in only two sessions) and an increase in contact and 
intention. Improvement in the association ability, increased with an average of 5,66 versus an initial 
score of 2,66. The child has shown a noticeable improvement in keeping eye contact on the action 
and in the ability to follow the instructions. 

It is also really noticeable the increase in attention; the scores reach almost the maximum in three 
categories: ability to keep attention on an object, attention on an action, ability to finish what he 
started. 

The second subject (Fig. 4) has achieved the same improvements, decreasing drastically the 
muscular tone difficulties and obtaining higher scores in attention. In the second phase of the 
intervention, in particular, she reached maximum levels in all three items of the scale, and the same 
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result was obtained in the other two phases. Meaningful results have been achieved also in the 
association scale (the tablet was more immediate and a good instrument to interact with) and intention 
(communication by using the tablet has been used each time when requested frequently, unlike pre-
intervention phase). 

No results have been detected on communication. A slight decrement has been registered in the 
contact section, although a moderate increment was noted, compared to the score obtained in the first 
baseline measurement.  

Our data highlights a great increment of attention and association in both subjects. The “Warm Up” 
introductory phase has been particularly helpful: getting the children acquainted to the instrument 
allowed us to work faster and better. In the next phases, in fact, a good knowledge of the tools and the 
PECS methodology allowed an increment of children's abilities to formulate requests. Their attention 
stays on the tablet, and with simple and intuitive gestures they can communicate freely, without any 
prompt from the therapist. The second subject appeared more responsive, showing discomfort when 
the tablet, her new communication channel, is subtracted. In order to further increase attention and 
association levels in this phase, it should be possible to include different visual and sound rewards; for 
example, videos that simulate the functionality of the object required by the subject. Through video-
modeling, functional behaviors could also be increased with a decrease in problematic ones. As for 
requests, we also notice an increase in intent (items: communication initiative with voice, 
communication initiative with gestures, prolonged inactivity) mostly for the first subject. This record 
does not reach the same peaks as others categories because of “communication initiative with voice”, 
totally absent in both children. 

However, there is a positive record regarding the communicative capacity with gestures, especially 
through the tablet. This item scores very good (fairly frequent and fairly intense behavior) in both 
subjects and in all three phases of intervention. This record is much more evident after the future 
integration of the second phase of LIAR intervention, including greater relevance to the physical 
presence of an interlocutor. The evaluation of the contact has shown, despite the values that can be 
inferred from the charts below, good results for the treatment. In fact, the presence of functional 
behavior of children within the experiment has increased, while the other two behaviors of the section 
remain stable. That can be attributed to the tablet itself as well as to a greater attention of children due 
to novelty or to third variables. 

4 CONCLUSIONS 
Using our technology, it was possible to observe an overall improvement in both subjects in our study: 
muscle tone, contact and communicative intentions were enhanced. Other achievements were an 
improved skill in following verbal instructions, focusing and keeping attention on an object or an action. 
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