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Abstract 

Autism spectrum disorder (ASD) is a neurological disorder affecting the way in which the brain 
processes information. It can affect all aspects of a person’s development. Autism is characterized by 
impairments in learning and communication, in social interaction, in imaginative ability, as well as, in 
repetitive and restricted patterns of behavior [1]. This research contributes to the advancement of 
Intelligent Tutoring Systems by proposing an affective intelligent tutoring system to be used in the field 
of specialized education in order to overcome the lack of individualized intervention as pertains to 
special education for individuals with learning disabilities such as autism. The Integrated Specialized 
Learning Application (ISLA) is an Affective Intelligent Tutoring System (AITS) that evolves along with 
the learner’s needs. ISLA is unique and its contribution entails the computational model of 
accompaniment for helping autistic children manage their emotions by analyzing the learning trace 
during a mathematical activity such as addition. Its virtual pedagogical agent called Jessie calibrates 
the emotional state of the autistic learner by providing encouragement and support in real-time with 
feedback messages to help the ASD student cope with difficulties as he/she progresses during the 
activity at hand. We have conducted a study using a prototype of ISLA consisting of two main 
experiments that implemented Jessie as a virtual pedagogical agent based on our accompaniment 
model. The main experiments involved twelve participants with high functioning autism, among which 
one group of six students interacted with the pedagogical agent Jessie which takes into account their 
progression, while the control group of six participants interacted without the pedagogical agent. The 
findings of this research indicated that the majority of participants in the group without Jessie did not 
complete the quiz. The majority of participants did not succeed, either, on the quiz without the use of a 
pedagogical agent providing support and encouraging motivation during the mathematical activity. On 
the other hand, the results obtained with the test group revealed that the majority of participants 
benefited from the personalization and support provided by the pedagogical agent Jessie, which 
aimed at helping the autistic student to become self-regulated by calibrating his/her emotions and by 
encouraging motivation during mathematical learning. Emotional reactions using FaceReader 
technologies, observations as well as verbalizations were compared during the interaction in both 
groups and showed that participants using Jessie were less angry, less anxious, less frustrated, and 
less disengaged. 

Keywords: Autism, affective intelligent tutoring systems, specialized education, personalized 
education, model of accompaniment. 

1 INTRODUCTION 
Autism spectrum disorder (ASD) is a neurological disorder affecting the way in which the brain 
processes information. It can affect all aspects of a person’s development. Autism is characterized by 
impairments in learning, communication, social interaction, and imaginative ability, as well as by 
repetitive and restricted patterns of behavior [1]. Studies reveal that individuals with learning disabilities 
pose a ‘complex multi-factor’ problem for the educational system [30]. The problem stems from the fact 
that in most educational institutions, one-on-one intervention is difficult to implement due to budgetary 
and human constraints. Individuals with learning disabilities (LD) who require extra resources 
comprise 13% percent of all students in the USA [19]. The prevalence of ASD reveals an increasing 
trend in the occurrence of autism. In Canada, the recent estimates (March 2014) by the Centre for 
Disease Control [8] and by the Autism and Developmental Disabilities Monitoring (ADDM) suggest that 
1 in every 68 children were born with an ASD. In this paper, we present an affective intelligent tutoring 
system (ISLA) to overcome the problem of one-on-one intervention with the purpose of helping the 
ASD learner to calibrate his/her emotions in mathematical learning. The paper is divided into six 
sections. The first section is the introduction. The second section presents a brief literature review on 
autism, emotions, learning, and affective intelligent tutoring systems. Section Three describes ISLA’s 
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components. In Section Four, the methodology and the main experiment of the prototype are 
presented followed by the results and a thorough statistical interpretation. Finally, the conclusion and 
the limitations are discussed, outlining the contribution of this research. 

2 LITERATURE REVIEW 

2.1 Emotions and learning 
In the field of special education related to autism, most teaching and learning approaches tend to 
integrate a variety of educational and psychoeducational programs from the disciplines of behaviorism 
and psychology [20]. The objective of these approaches is to tackle three main aspects of intervention 
among children with autism. The first aspect of intervention deals with communication and social 
interaction, the second aspect with developmental and educational strategies. The last one makes use 
of behavioral techniques to improve learning and behavior. Research in autism has proven that early 
intervention is fundamental to any child in the spectrum [20, 11]. One is said to have undergone early 
intervention when he/she has started therapy to address common deficits before the age of three. 
These deficiencies vary from child to child. Some forms of early intervention include physical and social 
therapy, speech therapy, Applied Behavioral Analysis (ABA), [12], Verbal Behavior [4], among others. 
During learning, emotions have been broadly recognized as difficult among individuals diagnosed with 
autism [20]. The socio-cognitive and behavioral problems experienced by individuals with ASD are 
considered to stem from the difficulty of understanding others’ mental states [5, 15]. In intervention, 
one important challenge is due to the difficulty in anticipating and recognizing negative behaviors, and 
in consequently calibrating the child’s affective state for effective intervention and learning. These 
challenges vary from child to child. Such diversity of profiles entails multiple challenges in terms of 
methodologies and teaching programs directed towards the especial education of individuals with autism. 
This is the reason why we believe that affect modeling is the proper approach for ISLA to teach 
mathematics to children with autism. 

2.2 ITS and Affect management 
An intelligent tutoring system (ITS) is a computer system designed with the objective of providing 
instant and customized instruction or feedback to learners [23]. Many Intelligent Tutoring Systems 
(ITS) have been developed and are being used in different fields in education (i.e. AutoTutor [16], 
ANDES [29], among others), as well as in corporate and industry training (i.e. Sherlock [17]). The 
effectiveness of pedagogical agents (PAs) has been evaluated in MetaTutor of which the purpose is to 
train students using self-regulated learning (SRL) processes [3]. Researchers claim that if computers 
are to interact naturally with humans, they must also be able to recognize, affect, and express social 
competencies [22]. The ‘affective’ approach within ITS has been validated as having a positive impact 
on the learner’s intuition and on his/her self-esteem and motivation, as relates to problem-solving 
tasks [9, 21]. Various sensors are used in Affective Intelligent Tutoring Systems (AITS) to detect 
learners’ emotions, including the GSR sensor (Galvanic Skin Response), the RSP sensor 
(respiration), the BVP sensor (Blood Volume Pressure), and the TEMP sensor [2]. One example of 
AITS is the Wayang Tutor, intended for middle school and high school level mathematical learning, 
and composed of four physiological sensors [2, 30]. Several researchers have been examining the 
potential of computer technology to improve the quality of life for children presenting autism. For 
instance, [26] have developed an interactive guide to emotions called ‘Mind Reading’. This application 
covers the entire spectrum of human emotions to teach emotions and social cues to individuals with 
autism. In an attempt to tackle social communication impairments faced by children with ASD, [6] have 
made use of virtual reality technologies. [7] proposed a computer-animated tutor for language learning 
in children with autism. 

3 SYSTEM OVERVIEW AND PEDAGOGICAL MODEL 

3.1 Architecture of the system 
ISLA is an affective intelligent tutoring system capable of detecting the affective state of an autistic 
child in a mathematical learning situation, thus when engaged in an addition task and to subsequently 
respond to this affective state by using a virtual pedagogical agent called ‘Jessie’. The agent is 
displayed in the user’s interface and is linked to the accompaniment model of ISLA. The interface 
provides a three-dimensional view that allows personalizing the interaction of the three core models of 
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ISLA [18]. The domain model of ISLA concerns the learning system related in teaching addition to 
children with autism. The accompaniment model of ISLA implements rules that should be followed by 
Jessie to help an autistic learner manage his/her emotions based on the learning trace and his/her 
current performance. This component is drawn from the self-regulated learning theory highlighting the 
essential role that metacognition plays in self-regulation and learning [25]. We have designed and 
implemented the pedagogical model of ISLA in terms of learning process of mathematics in the field of 
specialized education highlighting the important role of ‘competencies’ to teach addition to children 
with autism. The idea behind competencies is to help and support the autistic student to develop 
mathematical skills. The ASD learner must finish a task before moving to the next phase to increase the 
chance of mastering the prerequisites of the activity at hand. When a right answer is provided, positive 
reinforcement is used by Jessie, with social rewards and feedback, to encourage and motivate the 
learner, such as “Yes, you did it!” or “Good Job!”. Conversely, when a wrong answer is given, Jessie 
can say something like this: “That was close, nice try!” and invites the ASD learner with prompting to 
try again. Furthermore, if the learner needs help, hints are provided based on pedagogical scenarios. 
The learner model of ISLA considers the cognitive profile and the affective profile of the learner. Both 
profiles are maintained by the system and by the specialized educator during learning activity. Cognitive 
diagnosis plays an important role in the accompaniment model of ISLA. The purpose of the cognitive 
diagnosis (CD) component within AITS is to accurately determine why the student makes an error in a 
problem-solving activity. This is important as it helps identify where to focus the subsequent learning 
activity [27].  

Table 1.   Error Analysis List [28]. 

Error Description 

#1 Difficulty with 1s and 10s in carrying and writing. 

#2 Difficulty with understanding regrouping. 

#3 Difficulty in discriminating H (100), D (Decimals), U (Units). 

#4 Difficulty with carrying 10s and 100s. 

To do this, ISLA keeps track of the child’s cognitive and affective state, and the efficacy of the 
intervention provided by Jessie, a window will keep track of his/her errors, along with any other correct 
action taken by the learner and by Jessie. The list of errors examined in this research is presented in 
Table 1. This approach suggests following the sequence of action taken by the learner to provide 
appropriate scaffolding, feedback and rewards. The idea is that ‘instruction’ must be modeled vis-à-vis 
the cognitive model of the competences that the ASD learner is supposed to learn. 

3.2 Affect detection cycle in ISLA 
In ISLA, the computational model which detects the affective state of the autistic child relies on the 
framework of emotions proposed by [14] where happiness is positively-valenced, surprise, sadness, 
and neutral are non-valenced, and frustation and fear are negatively-valenced emotions. This affect 
recognition evaluation framework has been broadly validated among ‘typical’ students with intelligent 
tutors [24]. By contrast, research on the correlation of affect recognition using sensor indicators and 
the affective states of individuals presenting autism is poor [13]. In this study, the affective model to 
ISLA is based on state-of-the-art FaceReader technology. As children on the spectrum display 
communicative (nonverbal and verbal) deficits [1], it makes it difficult for observational methodologies. 
The affect detection cycle in ISLA consists of four cycles and is triggered when the participant 
presenting autism interacts with the affective intelligent tutoring system (ISLA). His/her emotional states 
are measured and processed in real-time using FaceReader state-of-the-art technology. In phase 2, 
the captured affective states will be measured and processed which in turn sends back the information 
as an input to the affect detection system (phase 3). In phase 4, the manager associated with specialized 
software will gather and will analyze a set of emotional signals from the autistic learner. It then returns it 
as a conditioned affective state, which becomes the input for ISLA to respond accordingly to it to help 
the ASD learner to calibrate his/her affective states in mathematical learning. The affective profile 
selected in this study includes the affects of frustration, interest, anxiety, happiness, and anger because 
they are considered relevant in autism intervention practices [10]. We were able to combine 
FaceReader data, with manually scored events, with data from other systems, such as eye tracking, 
when the ASD participant was interacting with ISLA while performing the quiz. We created the 
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observational data marking grid and the codes used in Observer XT which were grouped into three 
categories: The first category was the errors in addition such as writing, regrouping, discriminating, 
and carrying. The second category was related to the interventions dealing with support, guidance, 
encouragement, and feedback provided by Jessie to the ASD learner. The third category concerned 
cognitive diagnosis (CD), and the affective states such as disengagement, frustration, interest, 
anxiety, happiness, calmness, and anger, which the learner might have experienced while performing 
the mathematical quiz. 

4 THE METHODOLOGY 

4.1 Research Hypotheses 
We conducted an experiment to evaluate a prototype of ISLA using a Wizard of Oz technique with a 
group of twelve participants with high functioning autism. A control group of six students performed the 
interactive mathematical quiz without the help of the pedagogical agent Jessie. The experimental 
group consisted of six other participants, which performed the interactive mathematical quiz while 
interacting and receiving support from the pedagogical agent Jessie. Participation of each child in each 
group was allocated randomly. The two group are compared for performance and emotional reactions. 
The objective of the research was to verify two important hypotheses: 

• H1: The use of a pedagogical agent to provide support and encourage motivation would have a 
positive impact on the performance of the autistic student in mathematical learning. 

• H2: The use of a pedagogical agent to provide support and encourage motivation would have a 
positive impact on the affective state of the autistic student in mathematical learning. 

4.2 Population 
The research population consisted of twelve participants diagnosed with high functioning autism 
spectrum disorders (ASDs), i.e. boys and girls aged from 6 to 12 years old, with the consent of their 
parents and under the supervision of a specialized educator. Each learning session lasted one hour, in 
during which a one-on-one structured intervention in mathematical learning was provided. The 
participants recruited in this study came from private clinics specializing in autism, as well as from 
centers for rehabilitation and specialized education related to autism, all located in Montreal, Canada. 
In the group without Jessie, the age of the children ranged from 7 to 12 years old. The participants’ 
profile for the group without Jessie is presented in Table 2. In the group with Jessie, the age of the 
children ranged from 6 to 12 years old. The participants’ profile for the group with Jessie is illustrated in 
Table 3. 

 Table 2. Participants’ profile-without Jessie. Table 3. Participants’ profile-with Jessie.  

 

4.3 Measures 
For the main experiment dealing with the prototype, we have developed an interactive game in 
mathematical learning for the two groups interacting with ISLA. Two versions of the system were 
created to measure the performance and affective state of each ASD participant. The ‘partial’ Wizard of 
Oz experiment involved twelve participants with high functioning autism among which one control 
group of six students interacted without the pedagogical agent Jessie under the supervision of a 
specialized educator, while the test group of six participants interacted with the pedagogical agent 
Jessie under the supervision of a specialized educator. The measure of performance baseline quiz 
score was considered according to the level of competency. The quiz was validated by professionals in 
the field of specialized education related to autism. The interactive quiz consisted of thirty questions 
with which the ASD learner gained points for every right answer. Competencies are at the core of the 
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Integrated Specialized Learning Application (ISLA). This is the reason the quiz was grouped into four 
different levels of competencies. The first competency level (beginner) contained five questions. In the 
second level (intermediate), seven questions were considered, while the third level (advanced) 
included ten questions. Finally, the mastery level contained eight questions, among which three dealt 
with problem-solving with respect to addition. The raw scores were compiled with Jessie and without 
Jessie by correcting what the child achieved during the quiz. Along with the parents’ consent forms, a 
study protocol, and an intervention protocol were created for each of the main experiments, providing 
the guidelines for the conduct of the intervention in accordance with the ethics of this study. 

4.4 Technologies used in ISLA for affect recognition 
To conduct the main experiment, special settings including various technologies were used with the 
prototype of ISLA. Face Reader facial expression technology was used in this study to detect the 
affective state of the autistic learner. Another important technology was Observer XT. This technology 
was used for collecting and analyzing observational data. We combined Face Reader data with 
manually scored events from other systems, such as Tobii TX300 for eye tracking, when the ASD 
participant was interacting with ISLA while taking the quiz. The main objective of Eye Tracking was to 
help us determine if the participant was focused or disengaged by keeping track of his/her gaze 
fixation during the mathematical activity. With the use of Team Viewer, the specialized educator 
shared the participant’s computer screen and we monitored, in real time, the behavior and 
performance of the ASD learner during the interactive quiz. The main experiment was partially a 
Wizard of Oz because interactions were played both by the virtual pedagogical agent Jessie and by 
the specialized educator. During the intervention, special emphasis was given so that the 
researcher/specialized educator could not be seen by the ASD participant while taking the 
mathematical quiz with ISLA. We called the experiment ‘partial’ Wizard of Oz because the presence of 
the specialized educator was to complement Jessie’s intervention in critical situations. For example, 
when the participant displayed distress or frustration (cries, screams, kicks, etc.) while performing the 
activity at hand, it was the role of the specialized educator to immediately stop the intervention and 
calm the child down. The parents, who were present, but waiting in another room, were also 
immediately informed. 

5 RESULTS ANALYSIS 

5.1 Methods  
Descriptive statistics summarize all study variables of interest. For categorical variables, we reported 
counts and percentages whereas for continuous variables we reported medians and inter-quartile 
range (IQR), because the values did not follow an approximate normal distribution. We compared 
scores between the group with and without Jessie. Due to small sample size and the difficulty to verify 
the assumption that the scores in the population follow an approximate normal distribution, we 
performed the exact version of Wilcoxon Rank Sum (WRS) test for independent samples, a non-
parametric equivalent of the t-test. The null hypothesis for this test is that the distributions of values of 
scores for the two groups do not differ from one group to another. All statistical tests of hypothesis 
were two-sided and performed at the pre-specified level of significance of 5%. The p-values reported 
are not adjusted for multiple testing. We used SAS, version 9.3 (SAS Institute Inc., Cary, NC, USA) for 
all statistical analyses. We have conducted the statistical analyses dealing with a group of twelve 
participants with high functioning autism. A control group of six students performed the interactive 
mathematical quiz without the help of the pedagogical agent Jessie. The experimental group 
consisted of six other participants, which performed the interactive mathematical quiz while interacting 
with the pedagogical agent Jessie. 

5.2 Comparison of performance scores 
We present the results related to the relationship between support and performance dealing with the 
score of each participant for both groups with and without Jessie during the mathematical activity. Raw 
scores were corrected to attribute the ASD participant his/her level of success according to his/her 
level of competency in mathematics. In the group without Jessie, the ASD participants did not receive 
encouragement from the pedagogical agent Jessie. Except for a participant whose score was 100% 
who was excluded, no participant could complete the quiz according to his or her level of competency. 
Within this group, the raw scores fluctuated from 7% as being the lowest score to 100% as being the 
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maximum score with a median of 41.7 (IQR 23.3-63.3). On the other hand, in the group with Jessie, 
where participants benefited from the support of Jessie, all six children were able to complete the quiz 
according to their level of competency. In the group with Jessie, the raw scores ranged from 10% as 
being the lowest score to 67% as being the maximum score. The exact WSR test on raw scores 
reveals no difference in the distribution of scores between the groups (S=24.0, p=0.33). Similarly, the 
exact WSR test displays no difference in the distribution of competency scores between the groups 
(S=20.0, p=0.08). We noted that when the participant who scored 100% was removed from the group 
without Jessie, the competency scores revealed a statistical difference between the groups in a two-
sided statistical test (p=0.08). Besides, a one-sided WSR test on competency scores revealed a 
significant difference between the groups (WRS test, S=20.0, p=0.04), with a distribution with higher 
values for the group with Jessie. 

5.3 Comparison of affective states 
Figure 1 shows the box plots of affective states with data points obtained for each participant while 
taking the mathematical interactive quiz. The median and inter-quartile range (IQR) of the affective 
states per group based on average differences for every affective state of each participant for both 
groups with and without Jessie during the mathematical activity are presented. The results (Table 4) 
indicate that the participants who benefited from the help of the pedagogical agent Jessie were more 
encouraged with a median of 27.3 (IQR 21.8-30.2), and more interested with a median of 62.9 (IQR 
37.6-70.4). They displayed less negative behavior such as disengagement with a median of 8.6 (IQR 
3.8-17.2). They displayed less frustration with a median of 2.8 (IQR 2.2-3.7), whereas without Jessie, 
the level of frustration was greater with a median of 21.9 (IQR 6.8-47.0). They were less anxious with 
a median of 3.3 (IQR 1.3- 7.2) compared to a median of 10.9 (IQR 8.1-13.4) without Jessie, and less 
angry in comparison to 13.5 (IQR 0-33.9) without Jessie. For instance, in the group without Jessie, 
participant #1 obtained a score of 56% on the quiz, at an intermediate competency level with a ‘3’ 
measure of accomplishment and a difficulty level of ‘3’. As he advanced in the quiz, it became more 
difficult, he was then complaining, saying: “That’s it, I’m out of here. I don’t like this game.” His 
affective profile showed a negative valence experiencing the affects of frustration, anger, anxiety, and 
disengagement.  He could not however complete the quiz reflecting his competency level. 

  
Figure 1. Observations of affective states and tutoring intervention with data points (N=12). 

By contrast, in the test group, participant #8 obtained a score of 60% at a beginner level, with a ‘2’ 
measure of accomplishment and a difficulty level of ‘4’. He experienced difficulties in discriminating, in 
regrouping, and in writing numbers. For instance, when asked to add ‘7+5,’ he wrote 7. Jessie 
encouraged him to resolve the problems, according to his competency level. Despite his difficulties, he 
asked Jessie for ‘help,’ receiving reinforcement, and feedback by the means of pedagogical scenarios 
from Jessie. Finally, he found the right answer, having Jessie reply “All right, you did it!” The 
participant then felt proud of himself, showing a positive valence. He completed the quiz according to 
his level of competency. Table 4 displays the results of the statistical test to compare the affective 
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states between the groups with Jessie and without Jessie. The results revealed that the guidance of 
Jessie to help the autistic child to calibrate his/her emotions during the mathematical activity produced 
a significant difference for encouragement between the groups (WRS test, S=57.0, p=0.002), 
frustration (WRS test, S=19.5, p=0.05), and guidance (WRS test, S=51.5, p=0.04). A one-sided WSR 
test on the affect of anxiety revealed a significant difference between the groups (WRS test, S=27.0, 
p=0.03), with a distribution with higher values for the group with Jessie. Similarly, for the affect of 
anger, a one-sided WSR test revealed a significant difference between the groups (WRS test, S=29.0, 
p=0.05).  
The next part of the statistical analysis excludes the participant who scored 100% on the quiz in the 
group without Jessie. Although, he obtained a score of 100%, at a mastery competency level greater 
than that of all participants, he seemed very anxious. We noted that during the problem-solving 
section, he displayed a negative valence. He hesitated, wondering: “Do I have to add or subtract?” He 
completed the quiz in 7 minutes and 35 seconds reflecting his level of competency. Figure 2 shows 
the box plots of affective states with data points obtained for each participant in the interactive quiz 
between groups. As presented below, the statistical results indicated that participants who benefited 
from the help of the pedagogical agent Jessie were more encouraged with a median of 27.3 (IQR 
21.8-30.2), more interested with a median of 62.9 (IQR 37.6-70.4). They displayed less negative 
behavior such as disengagement with a median of 8.6 (IQR 3.8-17.2). They were less frustrated with a 
median of 2.8 (IQR 2.2-3.7), whereas without Jessie, the level of frustration was greater with a median 
of 26.6 (IQR 6.8-46.9). The participants were less anxious with a median of 3.3 (IQR 1.3-7.2), 
compared to 12.3 (IQR 9.4-13.4) without Jessie, and less angry in comparison to 26.0 (IQR 1.0-33.9) 
without Jessie. 

Table 4. Observations of Affective states and tutoring intervention: with and without Jessie. 

 With and Without Jessie 
(N=12) 

With and Without Jessie   
(N=11) 

Affective States Test-Statistic P-value Test-Statistic P-value 
Disengagement 29.0 0.13 42.0 0.03 

Frustration 19.5 0.05 19.5 0.10 

Interest 45.0 0.39 21.0 0.13 

Anxiety 27.0 0.06 40.0 0.08 

Joy 39.0 1.00 31.5 0.84 

Calmness 33.0 0.45 33.0 0.45 

Anger 29.0 0.09 41.0 0.04 

Tutoring Intervention 
by Jessie 

    

Feedback 41.0 0.81 31.0 0.93 

Encouragement 57.0 0.002 15.0 0.004 

Guidance 51.5 0.04 20.0 0.08 

Table 4 reveals that the support of Jessie to help the autistic child to calibrate his/her emotions during 
the mathematical activity entailed a significant difference for the affects of disengagement (WRS test, 
S=42.0, p=0.03), encouragement (WRS test, S=15.0, p= 0.004), and anger (WRS test, S=41.0, 
p=0.04). 
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Figure 2 Box plots of affective states with data points (N=11). 

A one-sided WSR test on the affect of frustration revealed a significant difference between the 
groups (WRS test, S=19.5, p=0.05), with a distribution with higher values for the group with Jessie. 
Similarly, for anxiety, a one-sided WSR test would show a significant difference between the groups 
(WRS test, S=40.0, p=0.04). Also, for guidance, a one-sided WSR test would show a significant 
difference between the groups (WRS test, S=20.0, p=0.04). 

6 CONCLUSION, LIMITATIONS, AND FUTURE WORK 
In this research, we have conducted a study using a prototype of ISLA that implemented Jessie as a 
pedagogical agent based on our accompaniment model. The results revealed that the majority of 
participants in the test group benefited from the personalization and support provided by the 
pedagogical agent Jessie, which aimed at helping the autistic student become self-regulated by 
calibrating his/her emotions and encouraging motivation during mathematical learning. In this group, all 
children were able to succeed on the quiz according to his/her level of competency. One limitation of 
this study is that the groups were heterogenous for the two experiments with and without Jessie in 
terms of age, which varied from 6 to 12 years old. Also, the level of competency had a limitation, 
especially in the group without Jessie, where one participant scored 100% on the quiz. Future research 
will be dealing with the integration in real time FaceReader measures of emotional reaction to enrich the 
tutorial guidance and adaptation provided by Jessie to the ASD student according to what we have learned 
with the Wizard of Oz experiments. Perhaps with a larger group of participants and more time to 
experiment, we would have the opportunity to perform the baseline and regroup the children according 
to their level of competency and age.  
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