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Abstract—Autism, often known as "autism spectrum 

disorders (ASD)," is one of the most common developmental 

disabilities that affect how people learn, behave, communicate, 

and interact with others. Two crucial everyday tasks that people 

with ASD typically struggle with are managing finances and 

recognizing emotions. As the online gaming sector grows and 

develops, the question of why this type of media can't be used as 

a useful educational tool for those with ASD arises. This paper 

discusses this issue via a novel virtual agent-based multiplayer 

online serious game referred to as "EMOCASH," which aims to 

improve these important tasks for Egyptian children with ASD 

and achieve transfer of acquired knowledge to real-world 

situations via a 3D virtual shop scenario that was designed using 

the Autism ASPECTSSTM Design Index. EMOCASH served as 

an instrument for investigating the following research question: 

What role does technology play in the education of those with 

ASD? Numerous sub-questions that were related to the primary 

question were also addressed. A variety of usability metrics were 

used to assess effectiveness, efficiency and satisfaction aspects. 

Keywords—Autism; virtual agents; serious games; digital 

technology; AI; online gaming; usability and accessibility 

I. INTRODUCTION 

Individuals with ASD frequently experience difficulties in 
daily living skills, including conceptual, social, or practical 
skills.  The importance of daily living skills for people with 
ASD is especially important since they have a direct impact on 
the growth of abilities like self-determination and autonomy 
[1]. Numerous studies have used technological interventions to 
enhance the daily living (DL) skills for individuals with 
learning disabilities, including housekeeping [2], first aid 
training [3], money management skills [4]–[7], learning math 
subject [8], raise awareness about the effects of littering in [9] 
and diabetes in [10]. Scholars discovered that people with ASD 
commonly suffer from mindreading, or theory of mind (ToM) 
skills [11]–[14], and anthropomorphism, which is the extension 
of ToM to non-human agents [15]–[16]. ToM refers to our 
ability to observe the mental states (intentions, emotions, 
knowledge, and beliefs) of other people. Previous work [17]-
[21] reported that autistic people's ToM skills are less 
developed when they mind-read human beings than when they 
mind-read non-human agents having anthropomorphic traits, 
such as animals and cartoons. For instance, the authors of [21] 

demonstrate how anthropomorphizing faces—that is, placing 
them on objects like vehicles—can help people with ASD 
better recognize emotions. We carried out a study by 
expanding this idea to assist Egyptian children with ASD in 
practicing handling money, recognizing emotions, and teaching 
them how to behave properly in a shopping center using a 
collaborative authentic learning environment (CALE) instead 
of the conventional on-screen display apps. The app shows 
autistic children the potential everyday activities that could 
happen when a child goes shopping. Contrary to prior 
approaches, the learning environment was designed using the 
Autism ASPECTSS

TM
 Design Index [22], [23] to adapt to the 

needs of all types of users. Moreover, the scenario supports 
multiplayer, which is more engaging and motivating than 
single-player training games. We expand on these foundations. 
The paper is organized as follows: the problem statement, the 
research questions that were raised, and the purpose of this 
paper are presented in Section II. Section III discusses previous 
studies connected to both money management and emotion 
recognition for people with ASD. Some theoretical background 
is summarized in Section IV. Section V introduces the 
methodology used. The development processes of the proposed 
system, including system architecture, design, and 
implementation used to develop the system, are presented in 
Section VI. The clinical characteristics and practices of the 
participants are listed in Section VII. Section VIII describes the 
different usability metrics used to assess the effectiveness, 
efficiency, and user satisfaction of the produced application, 
along with a comparison with existing techniques. Section IX 
concludes the paper and highlights future work. 

II. OBJECTIVES AND RESEARCH QUESTIONS 

While transitioning from adolescence to maturity, everyone 
must take a huge and difficult step. Because of their 
impairment symptoms, people with ASD typically have 
significant problems carrying out basic daily tasks on their 
own. Traditional intervention techniques, including the Picture 
Exchange Communication System (PECS) [24], social skills 
classes, narrative, role-playing, and so on, are costly, time-
consuming, staff intensive, boring for patients due to exercise 
repetition, and usually have long waiting lists, rendering them 
ineffective. Internet-driven rapid advancements in ICT, such as 
serious games (SGs), VR, AR, virtual agents, AI, and robot, 
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among others [25]-[30] have opened creative and promising 
scenarios for therapists to improve DL skills for individuals  
with ASD.  However, studies on how using authentic learning 
environments and engaging in online games affect learning 
outcomes for those with ASD are noticeably lacking. Taking 
into account the importance of user-built environment 
interaction for autistic persons, this paper addressed these 
issues using an innovative virtual agent-based multiplayer 
online SG called "EMOCASH," which served as an instrument 
for investigating the following research questions: (1) Is it 
possible to employ agent technology to create intelligent agents 
that can be included in online games for persons with ASD? (2) 
What advantages do online games provide for people with 
ASD? (3) How can we improve the appeal and motivation of 
education for those with ASD? (4) Which learning 
environments are most effective for this purpose? (5) What 
aspects of game elements are taken into consideration when 
using online gaming to educate autistic people? Concerning the 
first and second questions, the usability of virtual agent 
technology via online gaming for people with ASD is 
investigated in this paper using CALE. Online gaming 
enhances user experience, encourages immersion, social 
interaction and competitiveness, reduces autism symptoms, and 
promotes the satisfaction of working independently. When 
playing an online game, there is no eye contact or facial 
expression required, which can help reduce anxiety and any 
other unusual behaviors. Online games give people with ASD 
the opportunity to interact with their peers in a safe and less 
stressful learning environment that does not require regular 
face-to-face interaction; as a result, they can build 
communication skills that promote friendships and socializing 
(For instance, please refers to [31]-[34]). Regarding the third 
and fourth questions, we employed the Autism ASPECTSS

TM
 

Design Index [22] to accommodate specific autistic needs as a 
design development tool to support environments conducive to 
learning for those with ASD. The concepts of authentic 
learning [35]-[36] and authentic design thinking [37]-[38] were 
also used. In the methodology section, numerous key game 
elements will be examined together with relevant information 
on each one's usefulness for our developed game in response to 
the fifth question. 

III. RELATED WORK 

The use of serious games (SGs) to teach DL skills to 
persons with ASD has been proposed in a number of studies. 
These studies were categorized into four categories: conceptual 
(e.g., money, science, etc.), practical (e.g., use of money, travel 
and transportation, etc.), social (e.g., emotions, communication, 
etc.), and general skills. According to [30], the percentage 
degree of studies targeted at all of those learning categories is 
given as follows: conceptual skills (25.53%), practical skills 
(8.51%), social skills (36.17%) and general skills (29.79%). 
Furthermore, 1.06 percent of research papers were devoted to 
discussing money management techniques for those with ASD, 
demonstrating the pressing need for more studies in this field. 
Different DL skills such as money management skills [4]–[7], 
emotion recognition [39]-[45], among others have been 
successfully improved using SGs in special-needs education. 
However, those methods would not fit with the Egyptian 
lifestyle, currency and language.  As an illustration, Caria et al. 

[5] designed a single-player Web-based game that assists 
people with ASD in acquiring skills to help them understand 
the notion of Euro currency and its usage in real life in 
comparison to Bangladeshi Taka currency [7].  The authors in 
[45] conducted an intervention program using animated 
vehicles with real emotional faces to improve emotion 
recognition for Chinese children with ASD compared with 
Western children in [21].   Additionally, the vast majority of 
earlier studies concentrated on a single player in a two-
dimensional gaming environment, whereas there is a notable 
lack of research on the development of collaboration skills 
through multiplayer online games in three dimensions, which 
support emotions and social interaction among participants and 
are more engaging and motivating than a single player. One 
more significant issue is that designated learning environments 
need to take sensory issues into consideration in order to meet 
learners' demands. This paper considers all these issues by 
applying the Autism ASPECTSS

TM
 Design Index [22] as a 

design development tool for the EMOCASH game's 
environment. ASPECTSS

TM
 is an abbreviation for: Acoustics, 

Spatial Sequencing, Escape Space, Compartmentalization, 
Transitions, Sensory Zoning, and Safety. 

IV. BACKGROUND AND FUNDAMENTAL CONCEPTS 

A. Serious Games 

Serious games (SGs) are a form of education and 
entertainment that is designed to educate as well as amuse. 
Unlike games that are just played for fun, games intended for 
learning are labeled "serious" [46]-[47]. The key concept of 
serious gaming is the implementation of gaming elements, 
attributes, mechanisms and flow states to engage learners 
toward achieving real-life goals. 

B. Activity Theory 

Activity Theory (AT) is a theoretical framework for 
examining how people behave in a certain setting. According 
to AT, the essence of an activity is the interaction between a 
subject (a human doer) and an object (the item being done). 
Activity systems [48]-[49], a model of which is shown as a 
triangle (see Fig. 1). Simply, activity theory is all about 'who is 
doing what, why, and how' [49]. 

 

Fig. 1. Structure of activity theory. 
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C. Virtual Learning Environment and Virtual Agents 

The term "Virtual Learning Environment" (VLE) refers to a 
design environment for teaching and learning. There are 
several types of VLE, such as single-user, multi-user, and 
collaborative VLE (CVLE) [50]. Each one of them has a 
unique avatar that the user may use to engage freely in the 
digital world. Avatars might take the form of a cartoon 
character, an entirely abstract shape, or a human-like image. 
The avatar in our system is a 3D representation of a rabbit with 
real faces grafted onto it. A software system that is embedded 
in a particular environment and has the capacity to behave 
autonomously there in order to achieve its design goals is 
known as a virtual agent, also known as an intelligent virtual 
agent (IVA) [51]. IVAs should be autonomous, proactive, 
reactive, and socially capable. There are several AI agents, so 
an environment for the IVA design work has to be created, 
which is called the PEAS (Performance Measure, 
Environment, Actuator, and Sensor) system [52]. The PEAS 
System is used to classify similar agents together. An agent's 
success is assessed using performance metrics; an actuator is a 
part of the agent that releases the action's output into the 
environment; and sensors are the receptive parts of an agent 
that takes in data. The qualities of the environment influence an 
agent's behavior [53]. Different types of intelligent agent 
programs based on their degree of perceived intelligence and 
capability are used in AI, namely: reflex agents, model-based 
agents, goal-based agents, utility-based agents, and learning 
agents [52]. Each kind of agent program combines particular 
components in particular ways to generate actions. The 
EMOCASH game uses reflex agents where the agent function 
is based on condition-action rules as demonstrated in Fig. 2. 

 
Fig. 2. Schematic diagram of reflex agents program. 

V. METHODOLOGY 

A. Methodology Workflow 

According to contemporary conceptions of effective 
learning, learning is most successful when it is proactive, 
reactive, social, experiential, problem-based, and offers quick 
feedback [48]-[49]. Learner achievements and engagement, as 
well as active learning, are the two major elements of effective 
learning. One of the most significant elements influencing 
learner achievements, success and outcomes is the learning 
environment [53]. According to the sensory definition of 
autism [54] the problem of the sensory environment and its 
relationship to autistic behaviour appears to be the key to 
designing for autism. This description serves as the foundation 
for the Autism ASPECTSS

TM
 Design Index [22], [23] which 

we employed in our methodology as a design development tool 
for the EMOCAH game's environment. For active learning, 

learning environment should be authentic with authentic tasks. 
Learning in the real-world is authentic learning.  To support 
learners’ engagement towards the 21st century skills, the 
concepts of authentic learning and authentic design thinking 
[35]-[38], should be employed in educational contexts. In order 
to engage learners in 21st-century skills, service providers must 
consider the following five dimensions of 21st-century skills, 
which were in-depth examined in [37]: cognitive, 
metacognitive, social-cultural, productivity, and technological. 
Design thinking (DT) shows a variety of characteristics when 
used in educational contexts, according to [37] in chapter 9. 
These characteristics include: 1) DT comes out of social 
processes where ideas are being formed, clarified, and refined. 
Collaboration is an important foundation for DT in educational 
settings; 2) DT involves knowledge creation and is more 
closely characterized by an iterative and non-linear process that 
contains five phases (Empathize, Define, Ideate, Prototype, and 
test), as illustrated in Fig. 3; and 3) DT doesn't have well-
defined and well-ordered design stages. Instead, ideas go forth 
and backward through social interactions until they are wholly 
embraced by the team. Training individuals with ASD 
necessitates repeating tasks, which might reduce participants' 
motivation and interest. To maximize the training outcomes 
while maintaining the participants' motivation, our 
methodology takes into consideration the idea of authentic 
design thinking, game elements' diversity, game attributes, and 
task activities and introduces an activity system as a framework 
to embed intelligent agents in SGs' development, as shown in 
Fig. 4. 

 

Fig. 3. Design thinking (DT) cycle. 

 

Fig. 4. Learning as an activity system. 

As demonstrated in Fig. 4, this system effectively combines 
learning and technology while also capturing real-world 
learning environments, which is essential for 21st-century 
skills [37]. Task activities are the activities and interactions 
designed to keep the learner engaged and learning in the 
game's environment. In our approach, the task activities are 
used as the building blocks of the SG design, and the learning 
objectives are defined according to the kind of tasks, their 
number, and difficulty. We now respond to the research 
question listed in section II: How can we improve the appeal 
and motivation of education for those with ASD? Authenticity 
and sensory design aspects [22], [54] should be addressed 
throughout the design phase of the specified learning 
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environment. This produces the answer to this question. When 
the word "authentic" is added to the term design thinking, it 
transforms into a creative process that aids service providers in 
coming up with meaningful approaches to their issues by 
giving them the chance to experiment, develop and prototype 
models, gather feedback, and redesign instructional materials 
to improve their learners' learning and performance. Therefore, 
the finest resource is your expert judgment and relevant 
stakeholders. As shown in Fig. 5, the methodology workflow is 
iteratively developed and built from the study of the core 
design components of an authentic learning environment [35]-
[36] and authentic design thinking [37]-[38], as well as the 
following rules and recommendations that are directly gathered 
from relevant stakeholders in the area of special needs 
education using a multi-stage process known as participatory 
design or a similar user-centered design (UCD) [55]. UCD is 
defined as a philosophy that places the learners at the center of 
the design process, taking into account their characteristics, 
needs, skills, desires, behavior, etc. 

 

Fig. 5. Methodology workflow. 

 Learner-centered: The interests and desires of your 
learners need to always be your starting point. What, 
for example, are their interests and needs? What 
engages them? 

 Based on your learner needs, determine a possible goal 
or outcome. Link the outcome to anything in real life to 
highlight relevance and authenticity (e.g., shopping in 
the supermarket, in our case). 

 Divide the skills your learners will learn in order to 
accomplish the outcome. 

 Assess your learners both before and after teaching: 
How do they now perform in these skills? What do 
they now know? What new skills do they now have? 
This issue was addressed in our case through usability 
testing in terms of learnability rate. 

 Community-driven design: Individuals struggle to 
address the entire system; a multidisciplinary group of 
people with a range of expertise is required to find a 
solution. We employed the idea of participatory design 

[55] to satisfy the needs and preferences of the learners 
in order to accomplish this goal. 

 Give the AMT model some attention: Provide learners 
with the opportunity to concentrate on the three 
learning goals of acquisition, meaning-making, and 
transfer (AMT), as shown in Fig. 6. 

 
Fig. 6. The AMT model. 

B. Pedagogical Agents 

To facilitate and improve the learning process, virtual 
characters, or artificial agents, are commonly used in computer 
games via a VLE. These individuals, also known as 
"pedagogical agents," may serve in a range of roles, including 
that of teachers, subject-matter experts, mentors, motivators, or 
companions [56]. Pedagogical agents are computer agents 
designed and built to support education by enhancing learners' 
capacity for spontaneous recall and information retention. It 
has often an animated persona that responds to the action of the 
learner [57]. Numerous pedagogical agents have been created 
and assessed by scholars from different perspectives [58]-[60]. 
We used anthropomorphic agents—3D models of rabbits with 
real faces superimposed on them—to construct the pedagogical 
agents for the EMOCASH game. Additionally, we made an 
effort to make the rabbit's form larger in order to grab the 
child's attention. Similar findings have been made by [17]–
[19], who claim that autistic individuals' ToM skills are less 
developed when they read the minds of humans than when they 
read the minds of non-human agents with anthropomorphic 
traits like animals. The EMOCASH game may be played by 
many users using a CALE, and users can interact with one 
another via their pedagogical agents (see Fig. 7). 

 
Fig. 7. An illustration of a CALE with pedagogical agents. 

C. EMOCASH Gameplay 

Gameplay defines how the learner and the game interact 
with each other; it simply means playing the game. 
EMOCASH gameplay is briefly discussed below: 

 The psychologist describes the therapy process. To 
start the game, each participant has to log in. 

 Game Acts: It is defined as the highest-level element in 
the EMOCASH game which is divided into many 
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parts, including the registration page, login screen, play 
mode, evaluation mechanism to allow tracking of 
players' progress, etc. Six distinct types of 3D mini-
game engines, each with a different level of difficulty, 
are included in the play mode. Participants must 
register the first time they play the game. Each 
participant's results and learning progress are tracked in 
the assessment file folder.  

 Scenes: The gameplay takes place in acts, where each 
act is divided into scenes. Scenes take place in one or 
more scenarios with different levels of difficulty.  

 Therapeutic game challenge: The essence of the 
gameplay is the challenges-actions relationship (what 
challenges the game has and what actions the player 
can take to achieve the goals). 

 Currency recognition mini-game: This mini-game 
attempts to help autistic children recognize the several 
primary Egyptian cash denominations and their 
corresponding values as a tutorial via two engines. The 
first engine that will be shown is an animated book 
(GameBook) that has all the major Egyptian cash 
denominations. The participants' task is to open each 
page, see and freely move the provided cash notes in 
all directions in accordance with the six DOFs as 
depicted in Fig. 8(a). The second engine's job is to put 
together an image of the currency note (e.g., a one, 
five, ten, twenty, etc.) from a variable number of pieces 
that are spread out across a table surface in random 
placements. The puzzle's final appearance after being 
properly solved is depicted by a target image in the 
upper portion of the screen. The task requires the 
participants to piece together the required image using 
the materials they have collected, as illustrated in 
Fig. 8(b). By the time the session is over, the 
participants will have two levels of easy quizzes that 
gradually get harder. For instance, we ask the 
participant to choose one of four currency notes that 
are displayed on the screen. 

  
Fig. 8. (a) An animated game book containing all Egyptian currency 

denominations (b) Puzzle game. 

 Emotion Recognition mini-game: With the use of 
numerous settings for purchasing (such as being a 
customer) and selling (such as being a cashier) inside a 
3D virtual shop environment, this game enables autistic 
children to reinforce some facial expressions used 
when shopping. For instance, if you need to buy 
something but don't have enough money, you'll feel 
"sad"; alternatively, you'll feel "happy." When asking 
for assistance when shopping, the same feelings will 
manifest as depicted in Fig. 9. To engage participants 
and confirm that they were able to understand the 
required activities, the game start-up user interface 

featured a tutorial for an animated human cartoon face 
with distinct emotions incorporating visual and audio 
stimuli (see Fig. 10). 

 
(a) A snapshot of some players asking for some assistance 

 
(b) The message indicates that the player received a favorable response (a 

happy feeling) 

 
(c) A snapshot of some players asking for some assistance 

 
(d) The message indicates that the player received an unfavorable response (a 

sad feeling) 

Fig. 9. Snapshots of recognizing some human facial emotions in various 

contexts while shopping. 

      
Fig. 10. A Screenshot for an animated designed human cartoon faces with 

different emotions. 

 3D virtual shop scenario: This mini-game aims to teach 
the process of shopping to autistic children by 
achieving the transfer of acquired knowledge to a real-
world scenario, such as shopping in the supermarket. 
The scenario employs a (CALE) with a simplified 
navigation and interaction interface that encourages 
emotions and interactions among participants, who can 
play alone or with their instructors. For agent 

movement in a virtual world, the A
*
 (A-Star) path-

finding search algorithm is used [61] (see Fig. 11). It 
addresses the problem of finding a shortest path from 
any coordinate in the game world to another. 
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Fig. 11. The A* (A-star) algorithm in action. 

 By the end, feedback sessions are planned and the 
results are analyzed. 

D. Game Elements and Attributes 

The parts that make up a game and give learners an 
engaging experience are known as game elements. Every game 
element must have attributes that may be utilized to affect how 

they are used when developing SGs. Scholars [5], [62]-[64] 
have reported that incorporating game elements into teaching 
methods for people with ASD can improve their learning 
abilities. For instance, the authors of [62] consider game 
elements as intrinsic and extrinsic factors to increase a 
learner’s motivation. The majority of previous research did not 
explicitly identify the game elements or specifically state or 
offer information on the games' elements they employed while 
creating their solutions. Even when they did, they didn't 
provide adequate information on the efficiency of the particular 
game elements. We now respond to the research question listed 
in section II: What aspects of game elements are taken into 
consideration when using online gaming to educate autistic 
people? The EMOCASH game offers a variety of useful game 
elements with relevant information on each one's effectiveness, 
as indicated in Table I. 

TABLE I.  EMOCASH'S GAME DESIGN ELEMENTS FOR LEARNING 

Game Elements 
Description 

Game 
World/Environment 

It is a virtual environment where players go while playing the game. As illustrated below, the gaming environment in the EMOCASH 
game is created as a 3D virtual shop scenario based on the principle of authentic learning with authentic tasks, like grocery shopping, for 

teaching the shopping process to autistic children. It was designed in accordance with the Autism ASPECTSSTM Design Index [22], [23], 

[54] to take into account the specific needs of autistic people and facilitate the learning process for those populations. 

  
Clear Goals When people are aware of their responsibilities, the goals are crystal clear. Giving meaningful challenges and establishing clear norms are 

closely tied to setting clear goals. Clear objectives improve attention. To hold players' attention and make sure they will be able to 

understand the necessary tasks, the primary objectives and rules of each mini-game are given at the beginning of the introduction to the 
entire EMOCASH game.   

Challenges Challenges are game tasks or exercises that require effort to perform. In the EMOCASH game, there are a lot of tasks for each mini-game 

to be completed. Once achieved, some rewards are provided. 

Rewards A reward is a component of the game that gives the players satisfaction and inspires them to work harder. Extrinsic rewards, such as points, 
badges, and leader boards, are available through EMOCASH, as well as intrinsic rewards, which are given for successfully completing 

each mini-game throughout the entire game in exchange for resources (such as earning virtual currency with a numeric value) and 

reputation (such as a certain number of stars).  

Best Moments 
It is a fun feature that motivates the participants during the game. The virtual gained items from the prize gallery are stored in an inventory 

which can be reached by clicking on the "prizes customization" button on the main screen to enable the participants to experience a 

personalized training by meeting their curiosity and virtually using the items (e.g., wearing a glass) through a variety of customization 
options. 

Status The status is a categorization of participants based on their scores. In EMOCASH, the motivation is based on the aim of participants to 

reach a high status by earning more virtual currency and gaining more stars. The rating number of stars shows great achievements. The 
higher the star's number rating is, the better its status. 

Leader boards A visual representation of the participant's progression with respect to others. The leader boards exploit social emotions such as feelings of 

"fame" and "status" while allowing comparison between participants and enhancing competition among them. 

Competition Competition modes are: single-player competition against the game environment; competition between two or more players; cooperation of 
two or more players against the game environment; and team-based competition. The EMOCASH game supports the first two modes. 

Points Game points are like grades in the educational system. It is a numerical representation of the player's performance in achieving goals. 

Points are assigned to each activity as a function of the number of goals reached and the time needed to be finished. Each mini-game mode 

assigns different points to participants. Points can be divided into levels, and levels can be presented with badges. 

Badges Badges are virtual goods that have a visual representation. They are awarded to participants after completing certain challenges or reaching 

certain achievements. In the EMOCASH game, we used it to represent participants' status or reputation. 

Levels Levels can have different meanings in games. Levels can refer to the rating of the participant based on his/her score or can be related to the 

difficulty of the game. The EMOCASH game supports both. In terms of difficulty, each mini-game has two levels of difficulty, namely 
basic and advanced, where the level of complexity increases very gradually in order to keep the participants motivated and to provide them 

with a continuous challenge (see figures below). 
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Flow state To feel the fun, users have to be in the channel of flow state. The flow theory is widely accepted to be one of the fundamental models for 
improving the game experience. When an individual experiences flow, they are said to be in a "flow state." 

Feedback For generating the flow it is important that activities provide immediate and clear feedback which can be provided with the help of visual 

and audio elements. As a demonstration, the figure below shows the feedback provided for money comparison and counting mini-game 

scenarios. 

   
Progress bar A progress bar was utilized to graphically represent the proportion of completed tasks in order to display the participants' progress for each 

activity. For each activity, a green color will emerge if the exercise is successfully solved, signifying that the participant has given the 

correct response; otherwise, a red one will be displayed. 

Progression Player growth and development. 

Visual Aesthetics 
Include visual elements such as the overall look and feel of the game. 

Game Mechanics 
The procedures and rules of the game. 

Story The series of events that occur as players play the game.  

Technology It is the medium through which the tale will be told, the mechanics will occur, and the visual aesthetics will take place. We used intelligent 
agent technology through online gaming for the EMOCASH game. Moreover,  the learning environment was designed using the Autism 

ASPECTSSTM Design Index to adapt to the needs of all types of users 

Game Fantasy Refers to the environmental contexts that provide virtual world imagery 

Sensation Multimedia presentation of the virtual world. 

Emotions Games are good for creating emotions among participants. Those emotions can be created through gameplay, storytelling, or socialization. 

The EMOCASH game is a multi-player SG which supports both emotions and socialization among participants. 

Avatars A visual representation of a player character. The EMOCASH game uses anthropomorphic agents in the form of 3D models of rabbits 
grafted with real faces. 

VI. SYSTEM DEVELOPMENT AND IMPLEMENTATION 

A. System Architectural Design 

Architectural design defines the interconnection and 
resource interfaces between system subsystems components 
and modules in ways suitable for their detailed design and 
overall configuration management. As training requires 
repetitive tasks, having a large number of mini-games is quite 
important to avoid boredom in the long term. Fig. 12 shows a 
sample architectural design overview of our EMOCASH game 
architecture, which is composed of six 3D mini-games, each 
one with two difficulty levels (basic and advanced). The 
complete navigational system for the EMOCASH game is 
shown in Fig. 13. 

 
Fig. 12. EMOCASH's system architecture. 
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Fig. 13. EMOCASH's system navigation scheme. 

B. Learning Mechanics-Game Mechanics (LM-GM) Model 

for EMOCASH Gameplay 

This subsection analyzes the relevance of learning 
mechanics and game mechanics for the EMOCASH gameplay 

through the Learning Mechanics-Game Mechanics mapping 
model (LM-GM) [65]. Several authors have offered definitions 
of the idea of game mechanics. However, there are no 
universally agreed-upon definitions of game mechanics, as 
evidenced by the wealth of literature [66]-[68]. For instance, 
game mechanics are described as "something that connects the 
player's actions with the purpose of the game and its main 
challenges" in a definition offered by [68]. On the other hand, 
activities or design patterns of mechanics that explicitly 
support learning but are not playable mechanics are referred to 
as learning mechanics. Table II displays the analysis of both 
the learning and game mechanics for the EMOCASH 
gameplay through the LM-GM model [65], [66], as well as 
how participants use them and how they were actually 
implemented. 

TABLE II.  THE LM-GM MODEL ANALYSIS FOR THE EMOCASH GAMEPLAY 

Game Mechanics Learning 

Mechanics 

Implementation Usage/Description 

Cascading information/ 

Tutorials 

Guidance/ 

Tutorial  

The main goals and regulations of each mini-

game are explained at the start of the 

introduction to the entire EMOCASH game 
with the help of a brief animation and voice. 

Main goals are clearly presented in the game’s introduction 

to keep participants' attention and ensure that they will be 

able to comprehend the necessary tasks.  

Cooperation/ 

Collaboration  

Emotion/ 

Competition/ 

Participation 

The gaming environment in the EMOCASH 

game is designed as a 3D virtual shop scenario 

using the Autism ASPECTSSTM Design Index 
and is based on the idea of authentic learning 

with authentic tasks, such as shopping at the 

supermarket. 

Games are good for creating emotions among participants. 

Those emotions can be created through gameplay, or 

socialization. Using a CVLE, the EMOCASH game is a 
multi-player SG which supports both emotions and 

socialization among participants.  

Time pressure Motivation 

Action/Task 

Count down clocks/Response time Extrinsic motivation.  

 

Meta-Game Mechanic 

(Rewards that can be 
earned during the actual 

gameplay)/ 

Collecting (Elements of 
virtual rewards can be 

represented by virtual 
objects, which can be 

collected by the player) 

Motivation/ 

Rewards/ 
Incentive 

All six types of 3D mini-game engines include 

this feature. 

The player earns virtual currency with a numeric value and 

some stars for each correct answer and for each mini-game 
successfully completed in the entire game. 

Questions & Answers Assessment Once the player finishes practicing the currency 

recognition mini-game, he or she will have to 
play two simple and fun quiz games called 

puzzle and matching games before proceeding 

to the next task. 

All five types of 3D mini-game engines include an activity 

part with two levels of difficulty, namely, basic and 
advanced, where the level of complexity increases very 

gradually in order to keep the participants motivated and 

provide them with a continuous challenge. 

Rewards Motivation/ 

Instructional/ 

Feedback 
 

Extrinsic rewards, such as points, badges, and 

leader boards, are available through 

EMOCASH, as well as intrinsic rewards, which 
are given for successfully completing each 

mini-game throughout the entire game in 

exchange for resources (such as earning virtual 
currency with a numeric value) and reputation 

(such as a certain number of stars). 

Extrinsic and intrinsic rewards are used to keep participants 

engaged in SGs and keep them happy and satisfied. 

Behavioral momentum Incentive/ 

Motivation/ 
Participation 

 

The virtual gained items from the prize gallery 

are stored in an inventory which can be reached 
by clicking on the "prizes customization" button 

on the main screen to enable the participants to 

experience a personalized training by meeting 
their curiosity and virtually using the items 

through a variety of customization options. 

It is a fun feature that motivates the participants during the 

game.  
 

 

Feedback Motivation/ 
Feedback 

Points/levels/response time//badges/ emotional 
sounds/ audio-visual feedback/Progress bar. 

Extrinsic rewards that facilitate both motivation and flow 
state. 

Capture (How many 

points or counters a player 
has won or captured 

Action/Task 

Participation 

Stars earned and the score of each mini-game 

completed. 

Use information to solve problems. The accomplishment of 

goals during gaming is represented by stars, which are 
gathered with each new goal attained. The rating number of 
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defines how strong they 

are) 

stars shows great achievements. 

Challenge Questions & 

Answers/ 

Action/Task 
/Participation/ 

Feedback/ 

Assessment 
 

 Challenges in games must match the 

player’s skill level 

 Games should provide different levels of 
challenge for different players 

 The level of challenge should increase as 

the player progresses through the game  

Challenges are game tasks or exercises that require effort to 

perform. In the EMOCASH game, there are a lot of tasks for 

each mini-game to be completed. Once achieved, some 
rewards are provided. For instance, in the case of a puzzle 

game, the main challenge is the participant's ability to piece 

together the required image using the materials they have 
collected from a variable number of pieces that are spread 

out across a table surface in random placements. 

C. Implementation 

Our system is organized in multiple levels and 
implemented using Unity. Blender software was used to create 
the learning environment as well as the 3D models of various 
objects (e.g., rabbits) and import them into Unity. Since 
different currencies have a range of different coin values, or 
denominations, we employed the greedy change algorithm [69] 
in our implementation of the change problem. 

VII. METHOD 

A. Participants 

In this study, we recruited a sample of fourteen distinct 
autistic children between the ages of seven and fifteen to play 
the EMOCASH game for at least one and a half hours each 
week, for a total of seven weeks of open trial. These groups, 
referred to as "Group #1," received an autism diagnosis from a 
psychiatrist and a clinical psychologist. Ten children (72%) 
were boys, while four (28%) were girls. We also invited a 
group of seven typically developing volunteer children, 
referred to as "Group#2," who tested the game in order to 
measure the effectiveness of using the developed application. 
Ethical approval was granted by the Egyptian General Ethics 
Standards. 

B. Procedure and Materials 

The intervention protocol used for participants consists of 
three different phases: pre-intervention, intervention, and post-
intervention phases. During pre-intervention sessions, children 
completed IQ testing representing verbal and performance IQ 
taken from the 2

nd
 Wechsler Abbreviated Scale of Intelligence 

(WASI- II), and parents filled out the Social Responsiveness 
Scale, 2

nd
 edition (SRS-2) and the Vineland Adaptive Behavior 

Scales, 2
nd

 edition (VABS-II) to confirm the children’s 
diagnostic status. At the end of the pre-intervention session, 
participants and their parents were introduced to the 
EMOCASH game. A seven-week, three-times-per-week 
EMOCASH training program was part of the participant's 
intervention procedure. After a 7-week intervention period, 
participants and their parents participated in the post-
intervention assessment. In this phase, a questionnaire is 
created to assess the expectations and satisfaction of both 
parents and children playing EMOCASH game. 

VIII. EVALUATION, USABILITY TESTING AND RESULTS 

A. Usability Testing with Experts 

Usability testing is a technique used to assess the 
effectiveness and satisfaction of a developed application by its 
users and experts. Four subject-matter experts in different 
fields were asked to participate; two of them were experts in 
psychology and psychiatry, while the other two were experts in 

game design and teaching, respectively. Furthermore, to 
identify the usability issues of the developed application in 
terms of efficiency and satisfaction, it was evaluated not only 
from the experts' perspective but also with input from people 
who are not disabled (Group#2). The purpose of these tests 
serves the function of gathering system feedback. A list of the 
six mini-games engine's interface and the tasks to be carried 
out in the EMOCASH game were given to the experts for 
usability analysis to be sure that it is suitable for use by 
children with ASD without any issues. Five themes were used 
to group the perspectives of experts on the EMOCASH 
gameplay: Effectiveness, usefulness, enjoyment, ease of use, 
and attitudes toward future usage. Most experts agreed that the 
proposed game was effective because of the following factors: 
(1) goals were clearly presented in the game's introduction to 
the entire EMOCASH game with the help of a brief animation 
and voice, which improve attention and help with their 
learning; (2) the presentation of multimedia resources (audio, 
visual, etc.) is done simultaneously; (3) immediate and clear 
feedback was given with the help of multimedia resources; 
(4) clear goals and feedback support concentration, which is 
one of the learning outcomes; (5) learner activities that use 
authentic learning closely resemble the real-world situations 
that professionals encounter while practicing; and (6) 
promoting practical life skills like money management can 
enhance a person's autonomy and self-determination. 
According to experts in the psychology and psychiatric 
disciplines, the game is useful since it is affordable, promotes 
self-confidence, may aid with motor skill development, and 
saves time for the teachers. Experts in game design and 
teaching fields found that the game is enjoyable because of the 
following reasons: (1) it attempts to increase both participant 
concentration and the sense of curiosity in individuals with 
ASD; (2) it contains audio-visual feedback and both extrinsic 
(e.g., points, badges, leader boards, etc.) and intrinsic rewards 
that facilitate motivation and flow state and, as a result, 
promote players' engagement, learning, and motivational 
outcomes; and (3) playing online games, which improve the 
user's experience, immersion, foster social engagement and 
competition, and reduce autistic symptoms, increases the 
enjoyment of working independently. In terms of usability, the 
majority of experts agreed that the game is useful, easy to use, 
and user-friendly, and that the challenge-skill balance matches 
the player's skill level. In addition, they reported that the 
game's mechanics and interface are straightforward, simple to 
understand, and non-intrusive, allowing for simple access to 
the game. In terms of attitude, all experts agreed that the game 
could be objectively used as a teaching tool for treating 
children with ASD in a cost-effective manner. They also found 
that the game is enjoyable, fascinating, and beneficial. 
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B. Evaluation Instrument for User Satisfaction 

To evaluate the functionality of the system we have 
distributed a questionnaire evaluation form to assess 
expectations and satisfaction among parents and their children. 
Parents rated their expectations and satisfaction by filling out 
several questionnaires using a 10-point Likert scale to during 
pre-intervention and post-intervention measurement. Sample 
questionnaires are given in Table III. 

TABLE III.  A SAMPLE ASSESSMENT QUESTIONNAIRE FOR PARENT 

EXPECTATIONS AND SATISFACTION 

Q#1 Parent expectations sample  

questionnaire 

Parent satisfaction sample  

questionnaire 

1 Do you think that this EMOCASH 

game is educational for your 

child? 

How motivated was your child 

to play the EMOCASH game? 

2 How much do you expect your 
child's skills will advance after 

playing the EMOCASH game? 

Do you think the EMOCASH 
game had an effect on your 

child’s performance on the 

different daily living (DL) 
tasks/skills? 

After finishing the EMOCASH game, participants were 
also asked to provide their opinions, including what they 
enjoyed and disliked about it, as well as their favorite game. 
For this purpose, we utilized the Fun Toolkit [70], to assess 
participants' satisfaction. Moreover, all experts and ordinary 
volunteer children answered the System Usability Scale (SUS) 
questionnaire [71] after playing the game. The SUS 
questionnaire contains 10 questions about ease of learning, 
efficiency, ease of memorization, occurrence of execution 
errors, and level of satisfaction. Each question has a five-point 
scale varies from one (totally disagree) to five (totally agree). 
By combining the contributions of the scores of each item, the 
SUS questionnaire's results were analyzed. The results were 
positive between experts and ordinary volunteer children 
regarding their acceptance. 

C. Game Data and Usability Metrics 

The EMOCASH game's usability was assessed using the 
game data of each participant. The data for the game is stored 
in internal structures and contains the participant's score for 
each game successfully completed. The system creates reports 
in the assessment file folder when the participant has finished 
the games, providing the therapist with feedback. In order to 
test the application with users and to measure the efficiency 
and effectiveness of the application's use in education, we 
considered the following usability metrics [72] (see Fig. 14) 
where, 

 
Fig. 14. Usability metrics. 

1) Success Score: It refers to whether the user 

accomplished or didn't finish the required task (Number of 

completed tasks/Total number of attempts). 

2) Success Rate. This includes several levels of success: 

a) Complete success: the user completed the task with no 

errors and exactly as specified; b) Minor issue success: the 

user completed the task but encountered a minor issue; 

c) Major issue success: the user completed the task but 

encountered a major issue; and d) Failure: the user was unable 

to complete or finish the required task. 

3) Task Time: The amount of time it takes the user to 

complete the task. 

4) Learnability Rate: it takes into account both how 

simple a task is for users to perform the first time they use the 

interface and how many tries it takes for them to get it right. 

Fig. 15 depicts the learnability rate for the participants' 

responses using conventional and non- conventional ways 

after practice with our EMOCASH game. It is clear that after 

practicing with our game, their performance improved 

significantly. 

 
Fig. 15. Learnability rate. 

D. Results and Discussion 

This section describes the findings of the responses 
collected from experts, parents, and their children. This was 
done to help children recognize the EMOCASH game as a 
learning tool and determine which features of the game are 
more attractive. The results of the collected data show that the 
game is very useful and the results are given as follows: 

 Most of them agreed that the system is helpful, 
straightforward to use with a user-friendly learning 
environment, and has simple content with good topic 
flow. 

 Regarding game motivation, most of the participants 
found the game to be fun to play, especially when 
applying newly learned information through the 3D 
virtual store setting, which fosters feelings and 
sociability among players who can play alone or with 
their educators. 

 Concerning game usability, most of the participants 
were able to play the game because their preferences 
were achieved via factors like simple GUI, audio-visual 
feedback, and both extrinsic and intrinsic rewards. Most 
experts rated the usability of the EMOCASH game as 
"excellent" 

 The majority of the experts, typical volunteer children, 
as well as parents and their children with ASD, were 
satisfied with the EMOCASH game. Experts indicate 
that the game appears to have outstanding potential and 
can be objectively used as a teaching aid for assisting 
individuals with ASD. Parents also reported that seven 
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weeks of EMOCASH's use significantly improved their 
children's performance on the different money and 
emotion recognition tasks. 

 The gathered data also explores the beneficial effects of 
involvement in online gaming as an effective teaching 
strategy for those with ASD. People with ASD can 
communicate more easily and participate in the gaming 
community without having to disclose their handicap by 
playing online games. 

E. Comparisons 

According to the taxonomy discussed in [46], [47], 
Table IV compares our proposed framework (EMOCASH) 
with other existing frameworks previously discussed during 
this research. As demonstrated in Table IV, all of the prior 
research only took into account a single player in a two 
dimensional gaming world, as opposed to multi-player 
collaborative games in three dimensions, which support both 
emotions and social interaction among participants and 
facilitate collaborative learning, which are more motivating and 
engaging than a single one. In addition, this research is one of 
the few that uses authentic learning activities like going 

shopping while adhering to the autism ASPECTSS
TM

 Design 
Index, a set of architectural design guidelines for individuals 
with autism. The EMOCASH game possesses the following 
merits that set it apart from previous works: (1) the scenario 
uses a CALE, which supports multiplayer, which is more 
engaging and motivating than single-player training games; (2) 
the sensory environment issues and their relationship to autistic 
behavior were taken into consideration by applying the Autism 
ASPECTSS

TM
 Design Index as a design development tool for 

the EMOCASH game's environment to adapt to the needs of all 
types of users; (3) it explores the beneficial effects of 
involvement in online gaming as an effective teaching strategy 
for those with ASD; (4) our strategy takes into account the 
wide range of game elements and attributes to enhance training 
outcomes while keeping participant motivation; (5) the 
learning mechanics-game mechanics (LM-GM) model idea  
was used to assess and examine the efficacy of the proposed 
game in order to keep participants' interest and motivation;  
and (6) the game was developed using a number of design 
principles, such as guidelines from the literature, guidance 
from learning experts and instructors, and feedback from a 
wide range of stakeholders, including those who are not 
impaired. 

TABLE IV.  COMPARISON BETWEEN OUR PROPOSED FRAMEWORK AND THE OTHER EXISTING FRAMEWORKS 

Criteria Sources/References 

EMOCAS

H 

[5] [7] [6] [4] [42] [41] [40] [43] [44] [39] 

Learning 

Topics 

Conceptual 

and social 

skills 

Conceptual 

skills 

Conceptua

l skills 

Conceptua

l skills 

Conceptual 

skills 

Social 

 skills 

Social 

skills 

Social 

skills 

Social 

skills 

Social 

skills 

Social  

skills 

Learning 
Objectives 

Learning 
money & 

emotion 
recognition 

Learning 
how to 

manage 
money  

Learning 
money 

concept 

Learning 
how to 

manage 
money 

Learning 
how to 

manage 
money 

Learning 
Emotion 

Recognitio
n (LER) 

LER LER LER LER LER 

Game 

Interface 

3D 2D 2D 2D 2D 2D 2D 3D 3D 2D 2D 

Target 
Audience 

Autistic 
disorder 

High-
Functionin

g ASD  

(High-F-
ASD) 

Autistic 
children 

Intellectual 
disability 

Cognitive 
impairment

s 

Autistic 
children 

(AC) 

Autistic 
childre

n 

(AC) 

AC High-F-
ASD 

Autistic 
children 

(AC) 

Autistic 
children 

(AC) 

Interaction 

Style 

Traditional 

-IO (T-IO) 

T-IO T-IO T-IO T-IO T-IO T-IO T-IO T-IO T-IO T-IO 

Feedback Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Progress 

monitoring  

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Number of 

players 

Single/ 

Multi-

player 

Single 

player 

Single 

player 

Single 

player 

Single  

player 

Single 

player 

Single 

player 

Single 

player 

Single 

player 

Single 

player 

Single 

player 

Collaborativ
e learning 

Yes No No No No No No No No No No 

Social 

Presence 

Yes No No No No No No No No No No 

Sensory  
Environment 

Design 

Issues 

Yes No No No No No No No No No No 

Game 

portability 

Home/ 

Hospital 

Home Home Home Home Home/ 

Hospital 

Home Home/ 

Hospita

l 

Hospita

l 

Home/ 

Hospita

l 

Home/ 

Hospita

l 

Usability 
Testing  

Yes Yes No Yes Yes No No Yes Yes Yes Yes 

Knowledge 

Transfer to 

Yes, via      

3-D Virtual 

Yes, 

through an 

No No Yes, via a 

Simplified 

No No No No No No 
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Real-world 

Scenarios 

Shop 

Scenario 

Interaction 

with a 
Vending 

Machine 

(using 
coins only). 

Cash 

Accounting. 

IX. CONCLUSION AND FUTURE WORK 

The number of people with ASD continues to grow 
worldwide. As a result of the incapacity symptoms, they often 
experience serious difficulties in performing daily living 
activities independently. Money management and recognizing 
emotions are two essential daily living activities that people 
with ASD generally struggle with. When designing a learning 
environment for them, care should be taken to take into 
account any sensory challenges they may have. The problem of 
the sensory environment and its connection to autistic behavior 
seems to be the key to designing for autism. There are few 
studies that look at sensory design issues while developing 
children's learning environments, and there is a noticeable lack 
of studies on how using virtual environments and playing 
online games affects social and relational interactions for 
persons with ASD. This paper addresses these issues and 
makes an effort to close this gap using a novel virtual agent-
based multiplayer online serious game called "EMOCASH," 
which aims to enhance these crucial tasks for Egyptian children 
with ASD and achieve transfer of learned skills to real-world 
contexts via a 3D virtual shop scenario created using the 
Autism ASPECTSS

TM
 Design Index. EMOCASH served as an 

instrumental tool for investigating numerous relevant research 
questions. A variety of usability metrics, were used to assess 
effectiveness, efficiency, and satisfaction aspects.  This study is 
one of the few implementing activities related to real-world 
scenarios, such as shopping in the supermarket for people with 
autism using intelligent agent technology through online 
gaming. Our findings indicate that, when compared to non-
agent methods, virtual agent technology through online 
gaming, reinforced by sensory design aspects, may be used as 
an objectively successful learning technique for individuals 
with ASD. Our future work will focus on three directions: 
1) expanding the number of activities developed and making 
the application available on various platforms; 2) analyzing the 
impact on larger populations of autistic children with various 
categories; and 3) employing Brain-Computer Interface 
technology as a physiological measuring instrument that 
retrieves and uses information about an individual's mental 
state, which is closely related to the ToM and 
anthropomorphism. 
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