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Abstract: Fine Motor Coordination (FMC) refers to the use of hand and wrist muscles and is related to functional
activities of daily living, such as eating or studying. Individuals with Down Syndrome, Autism Spectrum Disorder
and Attention Deficit Hyperactivity Disorder often exhibit have fine motor skills deficits, which can result in im-
paired joint mobility and muscle tone. Considering these characteristics and the importance of FMC in promoting
independence, this project aimed to design an Assistive Technology in form of assistive games to support FMC
evolution in institutions that work with people with disabilities. The project was performed in two stages. In the
first, to design and refine the proposal, interviews with professionals, followed by prototyping and evaluation were
conducted with the aim of creating and evaluating the prototypes, which were considered satisfactory. In the sec-
ond phase, a functional tool comprising four assistive games was developed and applied at the Equotherapy Center.
Professionals from the Equine Therapy Center used the tool with four practitioners and reported that it was well

accepted and considered promising for long-term treatment.
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1 Introduction

The objective of Assistive Technology (AT) is to promote in-
dependence, autonomy, and a better quality of life for people
with disabilities (PwD), through a wide range of resources
and services. These can vary from simple devices, such as
eyeglasses and canes, to advanced technological solutions,
such as applications and computerized systems [Sousa et al.,
2024].

AT is widely used in special education, as it aims to adapt
both tools and methodologies to the specific needs of each
person. Additionally, it provides individuals with the pos-
sibility to adapt or assimilate more easily than conventional
processes, which are designed from a collective perspective.
The development of AT requires specific actions to under-
standing the users’ requirements and develop the functional-
ities, ensuring that the methods, techniques, and/or tools are
developed correctly.

Fine Motor Coordination (FMC) refers the use of small
muscles in the hands and wrists to handle objects with pre-
cision. This ability enables basic daily activities such as
eating, handling objects, or using a cell phone to be per-
formed. FMC deficiencies are particularly observed in in-
dividuals with conditions such as Down Syndrome (DS),
Autism Spectrum Disorder (ASD), and Attention Deficit Hy-
peractivity Disorder (ADHD), leading to difficulties in tasks

such as getting dressed, studying, and manipulating objects
in general [Memisevic and Macak, 2014; Coppede et al.,
2012; Ferreira-Vasques and Lamdnica, 2015]. Education
and health professionals working with individuals with these
conditions apply various activities, both in the classroom
and during physical therapy sessions, to address theses chal-
lenges [Suggate ef al., 2017; Rule and Stewart, 2002; Stewart
et al., 2007; Guardia and Coelho, 1993].

Researches underscores that Information Technology (IT)
and AT approaches can support improve FMC [Axford et al.,
2018]. However, computational strategies, methods and
tools specifically designed for FMC are scare, which leads
to the adaptations of tools intended for other functionalities.
Furthermore, Lin et al. [2017] and Lorenzo et al. [2015] high-
light that it is common to use resources designed for individ-
uals with typical development, which often leads to unsatis-
factory results in the development of FMC.

This paper presents the actions performed in partnership
with Association of Parents and Friends of the Exceptional
(APAE) in the city of state of Parana, for the specification
and prototyping of an Assistive Technology in the form of as-
sistive games to support the development of Fine Motor Co-
ordination (FMC). The specification and prototyping were
carried out using User-Centered Design (UCD) techniques,
which place the user at the center of the design process. In the
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first phase of the research, the users were the professionals
from APAE, and in the second phase, the users were profes-
sionals from the Equine Therapy Center at Northern Parana
State University (NE-UENP).

As aresult, in first phase, we provided prototypes of a tool
with functionalities that, according to APAE professionals,
would be significant to support activities with FMC were pre-
sented. In second phase, we developed functional assistive
games, which were applied with NE-UENP practitioners and
evaluated by professionals from that organization.

This paper is an extension of User-Centered Design for
the Proposal of an Assistive Technology for Fine Motor
Coordination by Coleti et al. [2024], presented at the V
Workshop on Implications of Computing in Society (WICS)
at the 44th Congress of the Brazilian Computer Society. The
original work presents the process of defining the context
of use, eliciting requirements, prototyping and evaluating an
Assistive Technology proposal for CMF. Thus, the context
of the first article was understanding the possible advantages
and challenges in using Assistive Technologies for the de-
velopment of FMC and in the construction and validation of
prototypes for a set of games.

In this paper, the content consists of a description of the im-
plementation of a functional tool and the use and evaluation
of four games, developed based on the games proposed in
the original article, with practitioners from the Equine Ther-
apy Center of the State University of Northern Parana, with
disabilities/disorders that impact FMC. In the article’s exten-
sion, the main information on the development of the games,
their use at NE-UENP, the results and discussions are pre-
sented. Thus, this article presents approximately 50% of new
content.

In addition to this Introduction Section, this paper is orga-
nized as follows: The Section 2 presents the research back-
ground, the Section 3 presents the Methodology that is orga-
nized in Design, Prototyping and Validation, from original
paper, and Development of functional software application,
from extension, the Section 4 presents the Results and dis-
cussions, the Section 5 presents Limitations and Threats to
Validity, the Section 6 the Conclusions and the Section 7 the
Future Works. Also, we present a Section with Declarations.

2 Background

This section introduces the foundational concepts that guided
this research: Fine Motor Skills, Assistive Technologies,
User-Centered Design, Game Design, and related studies.

2.1 Fine Motor Coordination

Fine Motor Coordination form the basis of many everyday
activities in the early stages of life, such as eating, drawing
and dressing [Memisevic and Macak, 2014]. It concerns the
use of small muscles in the hands and wrists to manipulate
objects precisely and are also essential for a successful tran-
sition to school, e.g. [Luo et al., 2007].

Changes in FMC are found both in children with typical
development [Strooband et al., 2020] and in children with
atypical development, such as Down Syndrome [Oliveira
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et al., 2016], Cerebral Palsy (CP) [Montoro-Cardenas
et al., 2022], Autism Spectrum Disorder (ASD) [Kangarani-
Farahani et al., 2024], Attention Deficit Hyperactivity Dis-
order (ADHD) [Montes-Montes ef al., 2021], among others.
For these, conventional therapy aims to improve, enhance
and even recover the motor function of the upper extrem-
ity [Levac et al., 2017].

Limitations in FMC make it difficult to carry out daily ac-
tivities and self-care, which negatively affects patients’ qual-
ity of life and increases the burden on caregivers [Ouyang
et al., 2020]. In addition, it limits children’s participation in
family, school and recreational activities [Chen and Howard,
2016]. Therefore, improving the motor function of the upper
limb can facilitate the execution of these tasks and, conse-
quently, improve quality of life, by allowing greater involve-
ment in social and educational contexts.

To make the improvement of FMC possible, health and
education professionals apply a series of activities. Usually,
small objects are made available that are manipulated by the
patient in games, such as: passing a thread through beads,
putting coins in a piggy bank, painting and pinching insects
in a garden [Suggate ef al., 2017; Rule and Stewart, 2002;
Stewart et al., 2007; Guardia and Coelho, 1993].

Furthermore, some patients report that conventional ther-
apy protocols are repetitive, long and monotonous, which
can reduce motivation and adherence to therapy [Ribeiro
et al., 2015; EI-Shamy, 2018]. Thus, in recent years, games
have been used as a therapeutic option that presents results
as a good auxiliary tool along with traditional rehabilitation
methods [Ashwini et al., 2021].

2.2 Assistive Technology

The use of assistive technology in special education has
grown significantly since the 1990s, expanding into a
broader range of applications [Edyburn, 2000]. While ini-
tially associated with individuals having sensory and physi-
cal disabilities, such as motor impairments, mobility limita-
tions, and visual or auditory impairments, AT has evolved to
address neuropsychiatric and cognitive deficits as well, fos-
tering a more inclusive approach [Baltzar et al., 2023].

AT is designed to break down barriers and foster ac-
tive participation among students with disabilities, particu-
larly by developing fine motor skills essential for everyday
tasks like writing, using small objects, and precise manipu-
lation [Golchin et al., 2024]. For instance, tablet apps and
software can help students improve their fine motor coordi-
nation through touch and drag games that involve connecting
dots in a picture or threading virtual beads.

These touch-controlled activities offer customizable pa-
rameters such as speed, size, and sensitivity to accommodate
the unique abilities of each user. Furthermore, a game de-
signed to enhance fine motor skills could involve tasks like
pinching to manipulate virtual objects on the screen, simulat-
ing real-world actions.

AT can provide benefits to students with and without dis-
abilities, offering resources that facilitate enhanced interac-
tion and learning outcomes [Bernardo et al., 2016]. For in-
stance, a child who exhibits a preference for visual and tactile
learning modalities can utilize tablet-based games to develop
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fine motor skills through tasks involving dragging and drop-
ping, thereby cultivating greater motor control. Whether tra-
ditional, board or digital, games offer a space where students
can experience social roles and cultural rules, while actively
constructing new knowledge [Nascimento, 2024]. This rein-
forces the idea that interaction with digital games not only
contributes to literacy, but also strengthens the development
of cognitive and social skills.

According to Prensky [2012], digital games go beyond
merely engaging students, as they have the potential to de-
velop essential 21st century skills such as critical thinking
and problem solving. When used with pedagogical intent,
they also foster a playful environment for exploration, inter-
action and the re-signification of knowledge.

As noted in Baltzar et al. [2023], assistive technology re-
sources include assistive games, which can be adapted in two
ways: (1) by modifying existing games to accommodate user
needs through features like adjustable speed, touch sensitiv-
ity, and visual or auditory feedback. This allows players to
practice fine motor skills by completing tasks such as manip-
ulating small objects or tracing paths on a touchscreen. (2)
By creating games specifically designed for particular needs,
such as audio or visually stimulating games, which provide
guided instruction and challenges. These games are devel-
oped from the ground up to meet the unique requirements of
users, teachers, and students.

To illustrate assistive games for fine motor skill develop-
ment, consider a game that requires users to employ a pincer
grasp to “capture” virtual objects on the screen. This rein-
forces the movements essential for tasks such as writing and
manipulating small objects. Moreover, the use of alternative
input devices, including adaptive pencils and touch-sensitive
joysticks, significantly enhances accessibility.

The integration of AT and gamified activities demonstrates
the potential to render the rehabilitation process more inter-
active and motivating. Such games enable users to practice
motor skills within a controlled environment, facilitating the
ongoing monitoring and adaptation of therapeutic interven-
tions to meet the specific needs of each individual.

2.3 User-Centered Design and Game Design

The end-user satisfaction of software applications is a con-
stant concern for researchers, who promote methods and
techniques for the conception of technologies, and for de-
velopers, who must apply them effectively and efficiently.
Meeting the demands, characteristics, and other specificities
of users should be the objective of a design project and it
is necessary to search for methods, techniques and tools to
support these actions.

User-Centered Design (UCD) is a systematic approach
that prioritizes the user throughout the design and develop-
ment process [Cybis et al., 2015]. Key UCD principles, as
outlined by Souza and Savi [2015], include user focus, ac-
tive user involvement, iterative development, simplified rep-
resentation, prototyping, contextual evaluation, and a holis-
tic design perspective. Given the widespread use of UCD in
educational product development, this approach was adopted
to create the games in this project.

UCD is often visualized as a cycle, as depicted in Figure 1
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(adapted from Cybis ef al. [2015]). Beyond problem identi-
fication, the UCD process typically involves the following
steps:

* Specification of the context of use: This phase aims to
gain a deep understanding of end users, their environ-
ment, and their specific needs. Designers can focus on
qualitative data collection, such as interviews, question-
naires, and ethnographic studies, to uncover factors that
will influence the design.

+ Requirements Definition: a phase in which the informa-
tion obtained in the previous phase is documented and
analyzed seeking to capture the expectations and goals
of users in relation to the proposed product or service;

* Prototype Generation: a fundamental step in UCD that,
through high or low fidelity designs, assists in the ex-
perimentation, testing, and refinement of design con-
cepts in an iterative and collaborative manner. By fa-
cilitating the visualization of ideas, testing usability, re-
ducing costs and time, facilitating effective communi-
cation, validating concepts, and maintaining a focus on
the user;

* Testing/Evaluation: through a set of evaluation methods
and techniques such as inspection, usability testing and
A/B testing, they assist in maintaining and ensuring that
the project is in accordance with the user’s needs.

Identifying needs

Specification of the
context of use
Testing / Evaluation Requirements Definition
Prototype Generation

Figure 1. UCD Model - Adapted from Cybis et al. [2015]

Satisfactory proposal

When considering the construction of Games as the fo-
cus of the solution, concepts such as Game Design should
be used within UCD to ensure that game mechanics are ap-
propriately applied, for example, for assistive games. Vi-
tor et al. [2024] highlight several Game Design concepts,
which in general lead to the definition of Game Design as the
use of creativity and design to create design elements, rules,
mechanics, and game resources such as stories, characters,
goals, rules, and challenges.

While there is no one-size-fits-all approach to educational
game design, Valenza et al. [2018] provides a comprehen-
sive set of guidelines to inform the development process. Al-
though not exclusively focused on children, these guidelines
offer valuable insights for designing games for young audi-
ences. In the context of this work, we highlight the follow-
ing:

 Simplify the use of interaction devices: mechanisms
should be designed considering the characteristics of the
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users, for example, children do not have the motor de-

velopment of an adult;

Provide efficient mechanisms of Human-Computer In-

teraction with the elements;

Prefer recognition over recall: information should be

presented in a way that the user can recognize its use,

instead of needing to memorize it;

» Use a predominantly visual interface: with a focus on

non-literate users or those seeking a specific objective

that is not related to literacy, the use of non-visual ele-

ments can facilitate interaction;

Give visibility to interaction elements: highlight the el-

ements with which users, especially children, should in-

teract. Children tend not to analyze interfaces, but to

conduct immediate interactions with elements as soon

as they identify them;

* Design interesting and challenging activities: seek
to develop stimulating activities, with resources that
arouse interest and maintain attention and motivation.

Ultimately, it can be assumed that the combined use of
UCD strategies with Game Design methods and techniques
can provide efficient, motivating, and applicable games for a
wide range of purposes, especially when games are applied
to support assistive activities.

2.4 Related Works

In the literature, it is possible to find works that seek to em-
ploy technology to contribute to the development of FMC.
The works that will be cited had as their main objective to
apply tools or techniques that were not specifically designed
for FMC. There is a scarcity of works aimed at developing
tools and/or assistive technologies specifically for FMC.

Nacher et al. [2018] assessed the ability of 55 children,
both male and female, aged 5 to 10 years with SD, to de-
velop gestures on a touch screen. Activities were developed
in which children interacted with a tablet using gestures such
as touch, drag, and rotate. Instructors collected data to as-
sist in the study of metrics such as success rate, completion
time, and number of touches. As results, problems with long
touch accuracy and multiple touches were identified. How-
ever, the results were considered positive, as the success rate
was above 90% for all tasks, except for the long touch, which
was 70%.

Axford et al. [2018] aimed to investigate the effectiveness
of iPad applications in developing fine motor skills. They se-
lected 53 children aged 5-6 from two preschools (25 in the
control group and 28 in the experimental group). Participants
underwent assessments of visual perception, visual-motor in-
tegration, motor control, writing skills, and functional motor
performance before and after the intervention. The control
group engaged in traditional FMC activities such as cutting,
stacking blocks, and shape sorting, while the experimental
group used iPad applications for 30 minutes daily during
class time.

The results of the study by Axford et al. [2018] presented
small changes in both groups, but the experimental group
demonstrated greater gains in writing, unilateral skills, scis-
sor use, dressing, and hand grasping compared to the con-
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trol group. The control group showed greater proficiency
in drawing shapes and tying shoelaces after the intervention.
Finally, the authors highlight that iPads may positively influ-
ence fine motor development, but caution against generaliz-
ing these results based on preliminary findings.

Axford et al. [2018] also identified a set of tools that imple-
ment actions that can be used for fine motor skills develop-
ment, such as touch activities, object sorting, and pathways.
However, none of these tools were specifically designed for
fine motor skills or for the population that typically faces this
type of disability.

The forms of interaction in digital games, such as touch,
slide, drag and drop are widely used in entertainment games,
commonly available on online gaming platforms, such as the
game Busy Shapes & Colors [Edoki Academy, 2024], which
aims to teach shapes and colors, using interactions of drag-
ging and fitting objects, as well as helping in the development
of cognitive and motor skills through playfulness.

3 Methodology

This section outlines the materials and methods in the re-
search. Manzini [2006] highlights that the developing meth-
ods, techniques and tools, such as Assistive Technologies, for
education requires a set of steps that include: (1) understand-
ing the domain; (2) generating ideas; (3) choosing a viable
alternative; (4) representing the idea; (5) building the object;
(6) evaluating the use; and (7) monitoring the use. These
steps align with the UCD process, as described by Torres
et al. [2018] and Sobral [2019] and presented in Figure 1.

The similarities motivated the decision to adopt the UCD
process, incorporating techniques and deliverables to address
the requirements of both phases, as explained:

1. The first phase focused on design, prototyping and val-
idating of a proposal, without developing a fully func-
tional product. In this phase, deliverables were created
based on the proposed by Pereira [2019], which aim
to support the specification and development of digital
products with a strong focus on user experience;

2. In the second phase, a functional software application
based on assistive games was developed. The games
were tested and evaluated by a group of users as physio-
therapy professionals, physical education professional
and psychologist from the Equine Therapy Center of the
State University of Northern Parana (NE-UENP).

Actions regarding to the ethical issues of this research are
presented in the next subsection.

3.1 Ethical Issues

The research adhered to the ethical principles of Brazil-
ian regulations, safeguarding the participants’ rights. The
project was submitted to and approved by the Research
Ethics Committee of the Northern Parana State University
- UENP (CAAE 77523024.0.0000.8123).

Before application of the tests, physiotherapists signed the
Informed Consent Form, after being informed of their rights,
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the risks, and benefits of the research. Anonymity of the re-
sponses was ensured, with written observations being typed
rather than handwritten.

When approaching the minors’ guardians, simple lan-
guage was used, avoiding technical terms that were difficult
to understand. They were informed of the objective of the
project and the risks and benefits of the minors’ participa-
tion in the research. These risks could include: fatigue when
carrying out the activities, possible nervousness due to not
knowing how to play the games, and breach of confidential-
ity regarding the participants’ identity. They were also in-
formed of the measures to mitigate these risks, which were:
carrying out activities of short duration, supervision by pro-
fessionals during the execution, and anonymity of the obser-
vations. To ensure privacy protection, no images of minors
or other types of personal records would be taken. After
agreeing, the guardians signed the Free and Informed Con-
sent Form.

The children’s consent was obtained after a detailed ex-
planation of the activities, considering the participants’ cog-
nitive and communicative abilities, ensuring that everyone
understood the process and could make informed decisions.
They were informed that they could stop the activity at any
time, without any consequences. Also, they were informed
that if they had any difficulties during the activity, they
would be helped by the therapists. Specific measures were
taken to address the vulnerability of the research participants.
The activities were administered and analyzed by therapists
with whom the children were already familiar, rather than
by the project’s technical team. The aim was to ensure the
children felt safe expressing their feelings. The profession-
als are trained to monitor the participants’ well-being while
carrying out the activities.

To ensure the well-being of participants, the time and
needs of participants were respected during the testing, with
the team always available to support and adjust the approach
as necessary, aiming to minimize any risk of discomfort or
harm. At all times, participants were invited to express their
desire to continue or stop the testing, and the team, composed
of three professionals, was present to monitor stress, frustra-
tion, fatigue, and offer support whenever necessary.

Although some participants expressed disappointment dur-
ing certain moments of the games, the team was ready to
offer emotional support and try again, ensuring that the ex-
perience was positive and comfortable for everyone.

3.2 Design, prototyping and validation of the
proposal

This subsection presents a stage of the project published in
the paper User-Centered Design for a Proposal of an As-
sistive Technology for Fine Motor Coordination by Coleti
et al. [2024] at the 5th Workshop on Implications of Comput-
ing in Society (WICS) at the 44th Congress of the Brazilian
Computer Society. In this stage, we aimed to understand the
needs, demands, and characteristics of the FMC and how the
technology could support it. A set of prototypes addressing
the identified requirements were also created and evaluated.
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3.2.1 Identifying Needs and Specifying the Context of
Use

This stage aimed to understand the characteristics of the ac-
tions carried out by APAE professionals support the devel-
opment of FMC in students with this condition in the APAE
unit. Five interviews were conducted! and a brainstorming
session with the professionals involved in the project. These
activities were intended to gather insights about the activities
focused on FMC implemented at the institution.

The participants in this stage included three physiothera-
pists, one occupational therapist and three teachers. They
were asked about general aspects of their work, activities
they developed and their expectations regarding the use of
AT in activities related to FMC. It is important to highlight
that, in this project, the students from APAE did not partici-
pate, and the researchers did not have access to any personal
data; only the methods used by professionals were analyzed.

Regarding the general aspects of their work, the follow-
ing information was gathered: (1) the physiotherapists re-
ported that older students (+10 years) tend to have well-
developed FMC while younger students face greater diffi-
culties; (2) the occupational therapist stated that he works
with students both with and without developed FMC and that
there may not be much difference between them in some ac-
tivities; and (3) the teachers emphasized that students with
compromised FMC have greater difficulty picking up objects
because “their hands are very soft and flat”.

Regarding the activities developed, the responses were
similar. The physiotherapists and the occupational therapist
work with small objects, toys, beads and blocks to fit to-
gether, based on verbal and visual commands. In the class-
room, these skills are developed through cutting, gluing and
drawing activities. Additionally, adapted teaching materials
are used, such as pencils with a larger circumference or in
a triangular shape. The teachers emphasized aspects of the
children’s writing, such as: (1) in the first interview, they
pointed out that children can write in capital letters after
learning to read and write, but face difficulties with cursive
handwritten; (2) in the second interview, the professional
mentioned that the use of adapted teaching materials supports
FMC development.

Professionals were asked about their expectations and po-
tential of using AT to assist in FMC activities. The phys-
iotherapists were the ones who highlighted possible charac-
teristics for an AT. These professionals emphasized that an
application could significantly contribute to physiotherapy
activities if it includes characteristics such as:

» Writing resources should be handled with care, both in
quantity and functionality;

* The AT should have its functions segmented by skills to
support personalized application;

* The application could make use of tablet resources for
bilateral training;

* It could present resources to test the student’s speed and
challenge them, to feel motivated,;

+ It should be intuitive, catching the student’s attention

I'The number of interviews was influenced by the professionals’ avail-
ability to participate and time available for discussion.
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but not to the point of not wanting to leave the cell
phone;

It should be aligned with pedagogical objectives to
teach color, numbers and letters; and

« It should challenge students’ skills more, since they are
already accustomed to simple gestures on social net-
works.

Regarding the use of the tablet, it is worth noting that pro-
fessionals emphasize that the slightly larger size of this de-
vice, together with its ability to support gestures such as tap,
double tap, long tap, tap and drag, pinch to increase, decrease
or rotate, makes it ideal for the activities.

The occupational therapist highlighted that it would be in-
teresting to have examples in the software, to be used in a
demonstration given by the professional or by the applica-
tion, which would teach how to do it for the student with DS
to repeat. Furthermore, the tool should be playful with verbal
or gestural explanation, with little (or no) text because it is
assumed that they would not read. Finally, teachers empha-
sized that it should attract attention and stimulate interest, as
students tend to be quite stubborn and resistant to things that
do not interest them.

The interviews allowed us to assume that an AT can sup-
port teaching activities in special education. Through the in-
terviews and brainstorming, it was possible to understand the
main characteristics, elements and needs of the APAE pro-
fessionals and the activities for the development of FMC in
children with DS. Additionally, we identified the characteris-
tics of an AT application expected by the professionals who
work with FMC and, based on these data, the requirements
of the tool were proposed, which are described in the next
subsection.

3.2.2 Requirements Definition

This stage began with the proposition of the user profile.
It was done using Personas, which are fictitious represen-
tations of end users created based on data obtained during
actions with the target audiences of the tool [Branco et al.,
2020]. One persona was created for the student profile and
another for the professional profile.

The persona representing the students was “Isabela”, a stu-
dent under the age of ten, who presents the following char-
acteristics: Literacy - some students develop this skill late,
in addition to experiencing difficulty in identifying letters
out of sequence; Friendliness - since students with DS are
kind and affectionate with these professionals, as they have
known them for some time; and Difficulty handling school
materials - Isabela struggles with handling school materials
and is farsighted. Isabela’s persona is shown in Figure 22.

The APAE professionals were represented by the persona
“Roberta”, presented in Figure 3. This persona is charac-
terized by having ease with technology, once she has con-
tact with social networks, and in acquiring and applying new
knowledge in her daily life, important characteristics to en-
able the application of this project in contexts that primarily
involve traditional training.

2The images used in the personas were taken from the im-
age banks https://www.pexels.com/pt-br/, https://unsplash.com and
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Isabela

Age: 7
Occupation: Student at APAE

Citation: "l like to hang around and watch cartoons
on the phone and TV when I'm home."

Description

Isabela is sociable; she likes 1o go to school but feels frustrated when performing
writing and cut-and-paste activities due to difficulty with the tocls involved. Recently
diagnosed with hyperopia, she is described as "stubborn” by her mother when she
needs to wear glasses. On the weekends, she goes for walks with her family and plays
with her 5-year-old sister.

Motivations and aspirations  Fears and Anxiety

+ Loud noises

« Feels anxious in unfamiliar places

+ Feels frustrated about going to school
on Mondays because it disrupts her
weekend routine

+ Wants to become a hairdresser

« Likes her schoolmates

« Likes to go to school, especially for
Physical Therapy and Physical
Education classes

Related pictures

Figure 2. Persona Isabela.

At this stage, the activities to be developed within an AT
were also outlined. These are presented in Table 1. The ac-
tivities were defined considering the need for simple games,
playable by children, that explored the FMC development ac-
tions using resources usually native to fablet such as touches
and lateral movement.

Each skill developed in the games is needed to perform
movements in daily activities. The pincer grasp is essential
for many daily activities, such as buttoning and unbuttoning
clothes, opening and closing zippers, picking up food with
your fingers, handling jars, and holding a pencil to write or
draw. The ability to drag and position objects correctly helps
organize and handle toys and school supplies, as well as cor-
rectly positioning plates, cutlery, and glasses on the table.
Bilateral coordination is essential for gross motor activities,
such as riding a bicycle or tricycle, holding an object with
one hand while manipulating it, getting dressed, and cutting
food with a knife and fork. The ability to single and double
touch can help in activities such as pressing buttons on re-
mote controls, calculators, and touch devices, opening and
closing objects that require quick and precise touches, such
as pencil cases, and using switches and doorbells.

An initial set of non-functional requirements related to us-
ability and user experience was also defined, which included:
avoiding excessive text; ensuring readability; segmenting ac-
tivities according to the trained skill; testing the student’s
speed in completing the activity; enabling the demonstration
of challenges and aligning the system with pedagogical ob-
jectives, such as teaching colors, letters and numbers.

3.2.3 Prototypes

In this stage, prototypes for an AT to support FMC activi-
ties were developed. The activities described in Table 1
were considered, along with the user profiles and require-
ments identified in Subsection 3.2.2. The prototypes were

https://br.freepik.com (last accessed on 27 May 2025)
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Table 1. List of identified skills and proposed activities

Skills Activities

Description

Pincer movement Object hunting

Finding a specific object among several, being able to enlarge the image.

Zoom in on shapes

Make a shape larger or smaller with pinch movements

Touch and move Connect an object to its

name

Connect a column with objects to a column with their names.

Maze

Guide an object through a maze using a touch gesture.

Connect Shapes

Connect two shapes randomly presented in the interface.

Decorate an image

Use the camera to take a photo and decorate it with items predefined by
the tool.

Occupation: Physiotherapist

Address: Bandeirantes, Parana, Brazil

A

Roberta is a dedicated professional: she works at APAE and at a Pilates studio; she is
dynamic and innovative, always seeking to apply new knowledge in her daily life. On the
weekends, she attends social events with friends and family. When it comes to
technology, she shops online for personal items and professional courses, and manages
her social media profiles (personal and business).

Citation: "A weekend with family and friends
recharges my energy for the busy week ahead."

Lo

Description

Motivations and aspirations  Fears and Anxiety

« Aspires to have her own Pilates studio « Feels anxious when meeting a new

« Feels motivated by her students' patient

« Afraid of making mistakes in her special
education job, since she recently
graduated

progress

« Always proposing new ideas and
improvements in many aspects of her
life.

Related pictures

Figure 3. Persona Roberta.

built with the Figma tool® and are presented in the layout
for tablet, due to the expectations of the professionals, men-
tioned in the previous subsection.

It is worth noting that the prototypes were developed to
define the interface’s general structure and how the games’
main elements would be distributed in the game interfaces.
At this stage, the difficulty levels of the games or the appli-
cability of the game elements by type of user or other specific
characteristics were not considered, leaving this decision to
be evaluated together with professionals who will use a func-
tional version of the games. For example, in the second stage,
presented in Section 3.3 where functional games were imple-
mented for validation, the difficulty levels and technical de-
tails of the games were defined together with professionals
from NE-UENP.

By default, it was defined that the activity interfaces
should present a central space, occupying approximately
70% of the screen size, which would be intended for the pre-
sentation of the activity elements; and two buttons (Restart
and Back) located at the upper ends. All interface elements

3https://www.figma.com/ - Last accessed on 25 May 2025.

Bilateral Coordination Rotation Move the tablet level to move an object to a target.
Drive car with steering | Move the fablet level to move the vehicle along a road.
wheel
Single and Double Tap Painting Activity Coloring Drawings with Single and Double Tap.
Catch fruits Catch fruits by double tapping as they fall on the screen.
were designed with the usability and experience require-
ments discussed in Section 3.2.2.
Roberta For the Pinch Movement skill, the prototypes for the Ob-
Age: 28

ject Hunt game are presented in Figure 4. In this activ-
ity, free images available on websites such as Pixabay were
used*, providing enough content for the student to enlarge
or reduce the image size with pinch movement to identify
different objects.

Figure 4. Object Hunt Game Interface Prototype - Created by Generative
Al

For the Enlarge shapes game, presented in Figure 5, ge-
ometric shapes or various designs such as stars or animals
were used. The pinch movement allows the size to be in-
creased or decreased to a predetermined size, presented in
dotted lines.
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Figure 5. Prototype of the Enlarge Shapes game Interface

“https://pixabay.com/pt/ - Last accessed on 25 May 2025.
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For the Touch and Move skill, prototypes were created for
game which the user must select an object and move it. In
general, these are connecting elements activities presenting
in the interface, with variations between texts, shapes and im-
ages. For the Connecting an object to its name game, the
prototype presented in Figure 6 was proposed, which the stu-
dent must connect an image to its respective name, assuming
that the child already has a certain level of literacy.

= i
& & STAR
BEE
ANT

Figure 6. Interface prototype of the Connect an object to the name game.

For the Labyrinth game, the prototype is presented in Fig-
ure 7. In this game, the student must move the bee along
the highlighted path to the honeycomb. In this game, other
character options and more complex paths can be used as the
children develop this skill.
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Figure 7. Maze game Interface Prototype

Still on the Touch and Move skill, the prototype for the
Connect shapes game, presented in Figure 8, follows the
same logic of connecting information as the two previous
game.

The prototype of the Decorate an image game, presented
in Figure 9, although with features of selecting an object and
moving it, uses an image as an object, person, or animal so
that the child can select and drag objects available in the tool.

For the Bilateral coordination skill, the prototype for a
game that uses the gyroscope resource of the tablet stands out
and allowing the simulation of a car’s steering wheel move-
ment, for example. In this context, the prototype presented
in Figure 10 was proposed for the student simulates steering
of a vehicle by tilting the tablet laterally.

Finally, prototypes were proposed for the Single and Dou-
ble Tap skill. For this skill, games based on clicks that the
child can make on the tablet screen, either single or double,

Coleti et al. 2025
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Figure 8. Interface prototype for the Connect Shapes game.
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Figure 9. Interface prototype for the Decorate image game.

were proposed. In Figure 11, the child must capture the fruit
moving on the screen by means of a double click.

In Figure 12, the prototype of the coloring game is demon-
strated, in which the child must select a color and apply it
to an area of the drawing, which can vary between several
options.

The next subsection discusses the validation of prototypes.

3.2.4 Validation of prototypes

The evaluation phase was conducted with the presentation of
interactive prototypes and the performance of usability tests,
which are considered efficient technique, since the partici-
pants interact with a version of the product [Teixeira, 2014].
The prototypes were presented to the physiotherapists who
participated in the project. Their exclusive participation was
due to the fact that the tool was proposed to support specific
physiotherapy activities. The interactive simulation feature
of the Figma tool was used for validation, which allowing
users to perform interactions similar to those that will be
available in the final product.

After evaluating the prototypes, the participants answered
questions related to the degree of compliance the prototype
presents with the proposed HCI requirements. Although it is
known that the small number of participants limits a consol-
idated result, it can be stated that, from the participants’ per-
spective, the prototypes and the interaction were well evalu-
ated. The first physiotherapist indicated that the texts were
legible, that the names of the activities were understandable
for the professionals and the activity descriptions could be
assimilated by the students. The second physiotherapist re-
ported that the texts were legible and that the names of the
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Figure 10. Prototype of the Driving Car with Steering Wheel game inter-
face.

{ BACK

g

Figure 11. Prototype of the interface for the game Pick fruit

activities were in accordance with what was specified by the
professionals.

Furthermore, the professionals agreed that the proposed
application, once available as a usable product, could be ap-
plied and assist in FMC activities for individuals.

3.3 Development of functional software appli-
cation

This section presents the development process of an Assis-
tive Technology with a set of assistive games, which imple-
ments the activities proposed in the previous phase in order
to support the development of the FMC. This stage also fol-
lowed the UCD, but we focused on the deployment of a func-
tional application instead of prototypes.

3.3.1 Specification of Usage Context and Requirements

In this stage, we aimed to define in which context of use the
software application with assistive games would be used and
any additional features that could be implemented.

For these actions, a partnership was established between
the research team and the Equine Therapy Center of the State
University of Northern Parana, here described as NE-UENP>.
NE-UENP has been operating since 2014 and served more
than 100 practitioners per week in 2023. The professionals
work to use contact with horses to improve physical and cog-
nitive aspects of people with disabilities. Other activities can

Shttps://uenp.edu.br/noticias/itemlist/tag/EQUOTERAPIA - Last ac-
cessed on 27 May 2025
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Collect the fruits

Painting

Figure 12. Painting game Interface Prototype

also be applied to improve the relationship between the stu-
dent and the animal and/or professionals.

This partnership was motivated by the knowledge and in-
terest of NE-UENP professionals in a software tool to use
with their practitioners® who had FMC deficits and identified
this opportunity based on the work of Coleti et al. [2024]. In
addition to the paper, NE-UENP professionals were given ac-
cess to the prototypes and indicated that the tool and games
had the potential to effectively support the development of
FMC. However, practical testing with practitioners may be
required to analyze and evaluate the acceptance and interac-
tion with the tool.

Furthermore, the NE-UENP team highlighted the fol-
lowed points: (1) the concept of FMC is not limited to peo-
ple with Down Syndrome (DS) and includes individuals with
other syndromes such as Autism Spectrum Disorder (ASD)
and Attention Deficit Hyperactivity Disorder (ADHD); (2)
they confirmed that using a tablet would be better than using
a smartphone, once there was an effort to discourage exces-
sive use of these devices by practitioners. Thus, the research
broadened its scope to include a context of use which the
tool would not be exclusive to people with Down Syndrome,
but any person with a disability in FMC, regardless of other
syndromes or disorders.

Regarding the assistive games, it was decided that only
one game would be developed for each skill defined in Ta-
ble 1. It was assumed that, with a game for each skill, it
would be possible to assess the applicability and acceptance
of the games by professionals and practitioners.

Finally, on the research team’s side, there was an interest
and need for the developer to apply and evaluate the games
in a real-world environment, and these actions would be pos-
sible due to the geographical proximity to NE-UENP and ac-
cessibility between the teams.

3.3.2 Development of Assistive Games

In this stage, the development of the assistive games defined
in the previous stage was performed. For development, the
Godot Engine environment was used’, chosen due to its per-
formance, flexibility and support for resources for mobile de-
vices, such as native support for gestures multitouch, which
includes the manipulation of gestures such as single touch,
multiple touches, drag and drop, pinch to zoom and rotation;

®In Equine Therapy, who receive treatment are called practitioners
"https://godotengine.org/ - Last accessed on 25 May 2025
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and the integration with the gyroscope and accelerometer sen-
sitive input system were decisive for the choice of the envi-
ronment.

Game strategies (Game Design) were also employed, such
as interaction through sound, scoreboard, visual predomi-
nance, challenging activities and results. Design standards
were also considered, such as: appropriate typography to en-
sure greater readability, with the use of colored, large and
simplified format fonts; use of icons and illustrations, to aid
in the identification and understanding of objects; and con-
sistency of interface and experience components, to facilitate
learning and memorization.

Furthermore, we aimed to meet the requirements and char-
acteristics of the prototypes from the previous phase, but spe-
cific changes or improvements, such as in images or interac-
tion mechanics, were applied. The games developed were:

Game for Enlarging Shapes - game developed to prac-
tice the Pinch Movement skill. Its graphical interface was
based on a centered image, which was randomly selected ev-
ery time the game was started. The image was initialized in
a small size and centered within a dotted outline, which in-
dicated the size to be adjusted. On the sides of the interface,
two controls are available that, when the user brings the fin-
gers closer together, reduce the size of the image, while the
opposite movement, moving the fingers apart, increases it.
An example of this interface is presented in Figure 13.

LD

Figure 13. Enlarge Shapes Game Interface

Upon finishing the game, after clicking the OK button in
the center of the interface, a verification method that calcu-
lates the average difference between the scale values of the
width (x) and height (y) of the image in relation to the tar-
get scale and returns the corresponding number of stars. The
smaller the difference, the higher the score, indicating how
close the user was to the goal, as exemplified in Figure 14.

Figure 14. Final star score for the Enlarge Shapes game

Shape Connecting Activity Game - developed for the

Coleti et al. 2025

Touch and Move skill, the game interface has two columns:
on the left, there are images that represent a group of objects
in a certain order, while on the right is the same group of
objects, but in a different order. Using the drag and drop
mechanic, the player must connect the plugs to the appropri-
ate sockets, establishing the correct associations between the
images, as presented in Figure 15.

Figure 15. Shape Connect Game Interface

On game completion, the outcome is shown. Success-
ful connections are highlighted in green, as depicted in Fig-
ure 16, where the user has correctly matched all connections.
If the user makes a mistake, it would be presented in red.

Figure 16. Final screen of the Shape Connection Game

Rotation Activity Game - Bilateral Coordination skill
game, set in a forest where various fruits, including straw-
berries, fall from the trees at the top of the screen. The user
must rotate the tablet (rotate left or right) in order to move
the basket and collect the strawberries that fall from the trees.
This game has a life count feature, which refers to the possi-
bility of user errors, in this case, collecting fruits other than
strawberries or failing to collect strawberries. This interac-
tion requires precision in movements, promoting motor con-
trol, spatial perception and hand-eye coordination. Figure 17
presents an example of the interface of this game.

At the end of the game, if successful, a scoreboard is dis-
played showing the number of strawberries collected by the
player, as shown in Figure 18.

Game for the Double Click activity - for the Single and
Double Tap skill, this activity presents a panel with an indi-
cation, in the upper right corner, of a geometric shape and
a quantity. The user must select, with a double tap (dou-
ble click) the indicated quantity of the geometric shape from
among the various shapes displayed on the screen. The user
then seeks to identify and double-click the correct shape, pro-
moting visual recognition, precision in selection and fine mo-
tor control. An example of the interface of this game is pre-
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