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ARTICLE INFO  ABSTRACT 
 
 

Autism is a neurodevelopmental disorder that compromises interaction and social communication, as 
well as causes behaviors that deviate from the patterns. Therefore, it causes deficits in social skills and 
cognitive processes inherent to the Theory of Mind, such as understanding and predicting one's own 
actions and the actions of others. This problem affects the school performance and social relationships 
of the autistic child. Thus, this article is the result of a research whose main objective was to develop 
the prototype of an educational digital game, called Tom Tom, for evaluation and intervention in the 
domain of Theory of Mind in children from 6 (six) to 8 (eight) years old. with Autism Spectrum 
Disorder. The elaboration and development of the game prototype consisted of pre-production 
(planning, elaboration of the Game Design Document), production (development of the code in 
accordance with what was planned) and post-production (technical, content and pedagogical 
validation). At the time of validation, the game was considered adequate for its purpose, being 
recommended as a tool that contributes to the expansion of new learning, skills and competences. 
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INTRODUCTION 
 
Spectrum Disorder (ASD) is characterized by qualitative 
differentiations related to interaction, social communication and 
behavioral patterns. According to the Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5), ASD is classified as a 
neurodevelopmental disorder (APA, 2014). It usually manifests 
before school age, causing weaknesses in personal, social, academic 
or professional performance, that is, deficits in cognitive and/or social 
skills. Social skills are essential in interaction processes, such as 
understanding and using rules, communicating, learning, sharing 
spaces with others, adapting to different situations, interpreting 
thoughts and desires (not only of oneself, but of others) (KHOURY 
ET AL., 2014). Cognitive processes related to the development of 
social skills are associated with the Theory of Mind (ToM), which 
consists of the ability to understand and attribute mental and 
emotional states of oneself or others, allowing to anticipate and 
interpret behaviors (MARTINS; BARRETO; CASTIAJO, 2014). 
People with ASD show flaws in the ToM, materialized in the 
difficulties of establishing and maintaining social relationships, 
harming their learning process. Thus, the obstacle of adapting a 
mental response prevents the child from adopting an intentional  

 
posture and, consequently, from engaging in school activities, 
especially traditional and mechanical ones. In this sense, the Digital 
Information and Communication Technologies (TDIC) are presented 
as a way to dynamize the regular training environments, being able to 
be allied to the introduction of new modes of communication for the 
expression of thoughts, giving new meaning to verbal and visual 
language skills, allowing the learner to be the protagonist of the 
construction of their knowledge and externalize their mental 
processes (ALMEIDA; VALENTE, 2011). Barroso and Souza (2018) 
elucidate that digital tools enable essential visual experiences for the 
public with ASD, preventing disorders with “social and cognitive 
barriers”, caused by face-to-face contact, facial expressions or vocal 
intonations. Thus, a way is found to simulate everyday situations, so 
that, when faced with similar experiences in real life, they assimilate 
with such previous experiences in digital format. From this 
perspective, digital games demonstrate effective results in the field of 
education, including for children with qualitatively atypical 
developmental trajectories. Thus, digital games transcend mere 
entertainment to act as subsidizing tools for the formation of creative 
and transformative thinking, in different teaching-learning contexts, 
accompanying intra and interpersonal development, in line with 
consolidated theories in the areas of education, psychology and from 
other areas of study of cognitive and social human development 
(MONTEIRO, 2021).  Considering, therefore, the relevance of digital 
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games being allied to the educational processes of children with ASD, 
this article discusses a research whose main objective was to develop 
a digital game (called Tom Tom) for evaluation and intervention in 
the domain of ToM in children aged 6 (six) to 8 (eight) years with 
ASD. The design and development of the ToM ToM game, based on 
Lima et al. (2017), consisted of the stages of pre
(planning, elaboration of the Game Design Document, based on 
classic ToM paradigms), production (game prototyping) and post
production (technical, content and pedagogical validation), detailed in 
the next sessions. 

 

METHODS 
 
Pre-production: In this phase, data about the user, the game's usage 
environment, the educational objectives, the core content and the 
expected results were listed. Therefore, there was the participation of 
individuals with ASD in this process, given the premise that 
characterizes the neurodiversity movement: “Nothing from us without 
us”. Interviews were carried out at the school, field of work and 
observation, with children aged 6 to 8 years old, diagnosed with 
ASD, which helped to reflect on the suitability of interest of a 
sequence of seven digital games. This interaction was described and 
analyzed in the article “EdiLim as a tool for the development of 
games that enhance stimuli for students with ASD” (MONTEIRO; 
PETRY; TAVARES, 2019). Subsequently, the Game Design 
Document (GDD) was elaborated, included in this study, based on the 
ideas of Sousa, Monteiro and Mendonça-Junior (2017), as a landmark 
document, containing the theoretical basis, the operation and the 
advantages of the product. . The document presented elements such as 
theme, mechanics, platforms, phases and other features, being a guide 
to the proposal, mapping the needs to be met by the game.
 
Production: The Tom Tom game contemplates as underlying 
elements the classic paradigms of assessment and intervention in 
ToM, whose levels are progressively incorporated as the narrative 
evolves. His narrative is, above all, based on the John and Mary Test 
(JMT), cited by Tonelli (2009), as an activity of false beliefs of one 
person in relation to the belief of another. In general terms, the JMT 
describes the moment when John and Mary see the ice cream man in 
a square.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                              Source: Clickideia (2021 apud MONTEIRO 2021)
 

Figure a. 
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Then the ice cream man moves to another space, and John doesn't 
realize that Mary has observed the situation. Soon, John 
belief about Mary's belief: that she thinks the ice cream man is in the 
old place. At this point, the following question is directed to the 
examinee: Where does John believe that Mary will look for the ice 
cream man? School children with neur
probably say that John thinks Mary will look for the ice cream man in 
the square. In cases of autism, there are difficulties in understanding 
mental states and in predicting actions based on the weaving of this 
logic. Classified as a Serious Game, the game aims to enable users to 
perform real-world tasks (DJAOUTI ET AL., 2011), using stylized 
representations of people (virtual avatars), as interveners, in order to 
provide empathy and self-recognition within the game. , through 
profiles that suit their age group, with characteristics familiar to the 
user. The stories are made up of everyday situations, incorporating 
actions of cooperation, sabotage, metaphors and failures of social 
rules, being associated with verbal and non
character interacts with the others, doing routine activities, such as 
looking for food, an object or a person, talking, walking, playing, etc. 
How each phase is resolved will determine the subsequent activity. 
During the course of the game,
inhibitory control, in the direction of emotional self
context reality and working memory (important for learning, logical 
reasoning and problem solving), so that meta
referring to the main character are stimulated. , in relation to a second 
character (MONTEIRO, 2021). According to Monteiro (2021), the 
main game will have some challenges with two characters, Dora and 
Nuno. At the end of each phase, the child is referred to another 
challenge. This referral will depend on the results obtained in the 
previous phase. If the student reaches the level objective, the game 
level will change. Otherwise, you will be sent to a level with an 
equivalent level of complexity (with the same characters, but in oth
narratives), where you will remain until you hit the challenge and can 
return to the main game level you were in (Figure a).
story has four levels and, for each of them, there is a compatible 
intervention. As a mediator of the entire con
belonging to the children's imagination, the dinosaur Tom Tom, was 
chosen, promoting a particular experience between the player and the 
game's history, and revealing new information and facts as each stage 
is concluded.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Clickideia (2021 apud MONTEIRO 2021) 

 
Figure a. Game logic after hit and miss actions 

 

 
Source: Clickideia (2021 apud MONTEIRO 2021) 

 
Figure b. TomTom splash screen 
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Then the ice cream man moves to another space, and John doesn't 
realize that Mary has observed the situation. Soon, John holds a false 
belief about Mary's belief: that she thinks the ice cream man is in the 
old place. At this point, the following question is directed to the 
examinee: Where does John believe that Mary will look for the ice 
cream man? School children with neurotypical development will 
probably say that John thinks Mary will look for the ice cream man in 
the square. In cases of autism, there are difficulties in understanding 
mental states and in predicting actions based on the weaving of this 

s a Serious Game, the game aims to enable users to 
world tasks (DJAOUTI ET AL., 2011), using stylized 

representations of people (virtual avatars), as interveners, in order to 
recognition within the game. , through 

iles that suit their age group, with characteristics familiar to the 
user. The stories are made up of everyday situations, incorporating 
actions of cooperation, sabotage, metaphors and failures of social 
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looking for food, an object or a person, talking, walking, playing, etc. 
How each phase is resolved will determine the subsequent activity. 
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inhibitory control, in the direction of emotional self-regulation, 
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level will change. Otherwise, you will be sent to a level with an 
equivalent level of complexity (with the same characters, but in other 
narratives), where you will remain until you hit the challenge and can 
return to the main game level you were in (Figure a). Altogether, the 
story has four levels and, for each of them, there is a compatible 
intervention. As a mediator of the entire context, a character 
belonging to the children's imagination, the dinosaur Tom Tom, was 
chosen, promoting a particular experience between the player and the 
game's history, and revealing new information and facts as each stage 

 

digital educational game prototype for theory of mind  



Tom Tom has lost his family and wants to find his way back to the 
Dinosaur Valley, which will be possible if the player manages to 
complete the challenges until the last phase (MONTEIRO, 2021).The 
choice of the dinosaur as a character in the initial story came from the 
perception that, alongside superheroes, cars, trains and astronomy, 
dinosaurs are mentioned by Ferreira and  
 

 
Source: Clickideia (2021 apud MONTEIRO 2021) 

 
Figure c. Feedback 

 
Compiani (2015); Arizaga et al. (2016); Lins (2020) as the 
concentration of interest (hyperfocus) of children with ASD. Thus, 
scenes with Tom Tom can allow greater engagement in the search for 
a solution to the main problem, as well as providing feedback for the 
progress of the game's stages. Tom Tom is presented to the user on 
the third screen of the game (Figure b). As the game's narrator, Tom 
Tom participates during all stages, helping to choose the avatar and 
explaining the challenges of each level. It is responsible for 
presenting performance feedback, indicating the correct path towards 
new challenges, in addition to earning rewards, in the form of a 
“Dinosaur Coin”, on which the child clicks and receives information 
about a certain species of dinosaur (Figure c). ). The alternatives for 
the answers, in most of the challenges, are illustrated through images, 
contemplating the facial expressions of the characters or the indicated 
places to look for someone (Figure d). According to Monteiro (2021), 
the activities listed for this tool are based on the PMBOK (2004), and 
its steps: understand customer needs, plan the solution, implement the 
solution, validate the solution and deliver the product. 
 
Post production: The tool was validated in three stages: technical 
validation, content validation and pedagogical validation. Each 
segment of professionals participated in the presentation of the 
proposal, had access to the game and filled out the evaluation 
instruments. The response options of the instruments were elaborated 
using a Likert scale: totally disagree, partially disagree, neither agree 
nor disagree, partially agree and totally agree. Pedagogues with 
experience in inclusive education, specialized educational assistance 
and in the work of children with ASD participated in the pedagogical 
validation, in order to observe whether Tom Tom as a learning object 
is able to adapt to different learning styles, as guided by Reategui and 
Finco (2010). The pedagogical aspects that guided this validation 
stage took into account whether the product presents problem 
situations that allow the formulation of hypotheses, investigation 
and/or comparison; the use of resources that enable the capacity for 
elaboration based on action and reflection; different alternatives to 
solve a problem; the registration and consultation of actions 
developed, with a view to resuming learning, by the student himself; 
encouraging the investigation of new information in other research 
media; different alternatives for presenting information that adapt to 
students with different learning styles; content presented in an 
appropriate manner for different learning styles; contribution to the 
development of skills and abilities in an active way (MONTEIRO, 
2021). Computer Science and Computer Engineering professionals 
have analyzed the specific guidelines that share technical validation. 
The functionality of the game was also evaluated according to the 
ideas of Reategui and Finco (2010), according to the following 
aspects: robustness (absence of errors, control of unexpected 
problems, stability); portability (transmission of software from one 
environment to another, without financial loss or the need to change 
the operating system) and; the interface (insertion of images, 
presentation of texts, orientation and navigation, interactivity, 
aesthetics and affectivity). Psychologists from the Research and 
Extension Laboratory in Neuropsychology at UFRN evaluated the 
game in the content aspect. Therefore, they evaluated the game's 
script in terms of effectiveness and efficiency (development of the 
instrument, clarity of language, theoretical and practical relevance, 

etc.). This step was elaborated according to the criteria adapted from 
Pasquali et al. (2010) and Guimarães, Carvalho and Pagliuca (2015). 
In addition to the specific aspects for each committee, the validation 
forms presented sections common to the three groups, containing 
criteria for the quality of the game content to be evaluated, on a scale 
from 1 to 10, where 1 was the lowest quality and 10 the highest 
quality. Then, the instrument presented a space for the issuance of an 
opinion, so that the judges could present their suggestions for 
improvement and comments in. A final opinion was filled out about 
the quality of the game, according to the ten validation variables by 
Pasquali and collaborators (2010): general assessment of the contents, 
presentation, organization, clarity, objectivity, usefulness/relevance, 
updating, reliability, vocabulary and instructional sequence. These 
items could be assessed as adequate, adequate with changes or 
inadequate. Finally, they answered about the possibility of indicating 
the game, being able to tick the options “yes”, “yes, but with 
changes” and “no”, the following question: “Would you recommend 
the Tom Tom game as a tool for expanding learning? ” (MONTEIRO, 
2021). 
 

 
      Source: Clickideia (2021 apud MONTEIRO 2021) 

 
Figure d. Facial expressions in challenge 04 

 
The results were computed based on the Content Validity Coefficient 
(CVC), indicated by Pasquali et al. (2010), and Hernandez-Nieto 
(2002). This method has the purpose of evaluating the agreement 
between the three judges of each area. 
 

“Baseado na literatura, o cálculo do CVC foi realizado em cinco 
etapas: 1. Calcula-se a média das notas dos juízes (Mₓ); 2. 
Divide-se a média (Mₓ) pelo valor máximo que a questão pode 
receber, chegando ao Coeficiente de Validade Convergente 
inicial (CVCᵢ); 3.É calculado o erro (Peᵢ), dividindo 1 (um) pelo 
total de juízes, elevado pelo mesmo número de avaliadores;4. 
Subtrai-se o CVCᵢ pelo Peᵢ para obtenção do Coeficiente de 
Validade Convergente final (CVCc); 5. A média CVCᵢ (MCVCᵢ) 
é subtraída pela média do Peᵢ (MPeᵢ), obtendo o Coeficiente de 
Validade Convergente total do questionário (CVC ), o qual 
para ser aceitável, deve se obter o valor ≥ 0,70. Além do CVC, 
foram calculadas as médias de notas atribuídas à qualidade e o 
percentual recomendação do jogo [...]” (MONTEIRO, 2021, p. 
104) 
 

The Likert scale was graded from 1 (one) to 5 (five), in which the 
highest weight is attributed to the option “totally agree”. In the cases 
of general assessment of the contents, the grades ranged from 1 (one) 
to 3 (three), whose maximum grade corresponds to the item 
“adequate”. 
 
 

RESULTS 
 
In this section, the judges' validations about the Tom Tom game will 
be discussed, in accordance with Monteiro (2021). Analyzing the 
pedagogical validation, it is emphasized that the pedagogical experts 
evaluated the product as pertinent and relevant, as a pedagogical 
resource (Figure e). The average on the overall quality of the game 
was equivalent to 9.66667. The suggestions for improvement sent by 
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the group referred to the waiting time for changing the scene after a 
given command (problem is solved by the technical production team), 
as well as a test stage with the target audience, which so far has not 
been possible, due to the pandemic scenario, arising from Covid-19. 
 

 
       Source: Monteiro (2021) 

 

Figure e. Agreement between pedagogical judges 
 

 
     Source: Monteiro (2021) 

 
Figure f. Agreement between technical judges 

 
The general average attributed by the technical experts was 8.33333. 
The lower result than the first segment is justifiable through the 
detailing of suggestions from this group, in addition to evaluating 
distinct attributes of the pedagogues (Figure f). Technical judges 01 
and 03 reported aspects such as the need to review the non-clickable 
arrow, present in Tom Tom's path, as well as the movement of the 
characters' mouths and the neutrality of the facial expression that 
represented "anger", aspects changed after this step. validation 
(Figure g). Judge 03 pointed out that in case of an error at a given 
moment of the game, the system continued the stage, which may be 
caused by the fact that the user did not wait for the time to finish the 
narration and consequent loading of the page. This indicated a failure 
similar to the one mentioned above by one of the pedagogical judges. 

Thus, a new factorization was made, both to solve the waiting time, 
and the problem of passing from one screen to another after making a 
mistake. Furthermore, variations were suggested to the player and 
decision making in the intervention challenges. However, there were 
time limitations for this aspect to be modified for this first version of 
the prototype. The texts inserted in the buttons were also pointed out  
as something to be revised. However, they are guidelines present in 
the accessibility proposal followed for the production of this learning 
object. This guarantees access to information in different ways, 
because using image, text and sound it is possible to achieve different 
learning styles. The absence of more than one operating system and 
the possibility of verifying how the system reacts to concurrent 
accesses prevented a more consistent evaluation. A positive factor is 
that the game has been programmed to be accessed on any model of 
computer, mobile phone and browser: Windows, Linux, iOS, 
Android. The average equivalent of Tom Tom's overall quality 
assigned to the game's quality was 9.33333. Content agreement 
analysis is specified below (Figure h). 
 

 
                 Source: Clickideia (2021 apud MONTEIRO 2021) 
 

Figure g. Updated angry expressions 
 

 
     Source: Monteiro (2021) 

 
Figure h. Concordance between content judges 

 
His suggestions were the need for an introduction to the 
understanding that the dinosaur had been lost in the neighborhood of 
children Dora and Nina (Figure i); clarification about the purpose of 
dinosaur coins; and an animation scene for the presentation of 
dinosaur species. It was felt that these ideas would make the story 
more understandable, coherent and dynamic. So the changes were 
made. To solve the second orientation, the coins were better 
identified, through narratives, which suggest that by clicking on the 
image, they can be redeemed (Figures J and K).  
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 Source: Clickideia (2021 apud MONTEIRO 2021) 
 

Figure i. Explanation of the relationship between Tom Tom and 
the children 

 

 
 Source: Clickideia (2021 apud MONTEIRO 2021) 

 
Figure j. Explanation of the coin's purpose 

 

 
  Source: Clickideia (2021 apud MONTEIRO 2021) 

 
Figure k. Narrative that suggests clicking on the coin image 

 
Regarding the third point, the dinosaur species presentation screens 
were animated: the animals began to appear as holographic 
representations. Considering the experts' validations, it is important to 
reiterate that the calculated CVC values met the acceptance 
parameters clarified by Pasquali et al. (2010), and Hernandez-Nieto 
(2002), given the adequacy of the items analyzed through a situation 
of numerical equality (3x3). Answering the question: “Would you 
recommend the ToM ToM game as a tool for expanding learning?” 8 
(eight) of the 9 (nine) evaluators recommended the game, and 1 (one) 
would recommend it, as long as the suggested changes are made. 

DISCUSSIONS 
 
Based on the initial proposal, the Tom Tom game was designed to be 
used in the school environment, whether in the regular classroom or, 
for example, in a Specialized Educational Service room, with 
educational objectives as guides, and fostering emotional intelligence, 
through empathy, cooperation, self-knowledge, self-care, 
improvement in social relationships. Situations that simulate real-life 
contexts also support intellectual development, through logical 

reasoning. Thus, such a tool combines reasoning, social interaction 
and emotion. The school is a space where game experiences can be 
experienced in face-to-face contact, allowing professionals to assess 
their relevance, as well as the possibility of handling situations of 
anxiety or frustration, whether in the "virtual world" or real. In turn, a 
work whose centrality is in ToM suggests the acquisition of 
knowledge about the subject and, therefore, an approach to 
professionals who have the necessary training to evaluate each case: 
the psychologist. Thus, it is expected that the use of Tom Tom will be 
extended to the area of psychology and health, being able to be a 
resource used in clinical trials. After all, its core objective is to 
intervene and progressively assess the stages of ToM (MONTEIRO, 
2021). Although most of the changes suggested by the validation of 
the judges have been considered, new versions of the prototype will 
insert a score table as a feedback system; a progress bar to locate the 
game's stages; the mobility of the characters' mouths, aiming at 
greater animation of the scenes; and a robust metric system, in order 
to obtain the results of each user in a database, and generate a report 
with the indexes for analysis by professionals (MONTEIRO, 2021). It 
is expected that these changes, added to what has already been 
incorporated into the product, will help children to re-signify 
experiences, involving emotions, senses and reasoning. That the 
target audience get involved with the narrative, feel that they 
participate in the challenges, engage in problem solving, and develop 
skills and competences, arising from social cognition. May it be 
another instrument that facilitates the school, educational and social 
inclusion of autistic people. 
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