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ABSTRACT
Over the last couple of years, our research group has part-
nered with a local NGO aiming at improving expressive lan-
guage, and reading and writing skills of children with Down
Syndrome (DS) from low-income families in Mexico. Thus
far, we have struggled to find an adequate design method-
ology that can incorporate parents, therapists, and children
with DS. In this paper, we present the ID4IDS Methodology,
an inclusive design methodology, which we expect will help
provide adequate, technology-driven prototypes for support-
ing children with DS, their parents, and therapists.

CCS CONCEPTS
• Social and professional topics→ People with disabil-
ities; •Human-centered computing→ User interface pro-
gramming;
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1 INTRODUCTION
Among the different approaches available in the literature to
conduct participatory design sessions with children with de-
velopmental disorders such as autism and Attention Deficit
Hyperactivity Disorder (ADHD), little has been said about
involving children with Down Syndrome (DS) during the
technology design process. Most participatory design ses-
sions reported in the literature involving children with devel-
opmental disorders pertain to autism [3, 7, 17]. For instance,
in the work of [12], authors involved children in the design
of an Internet-based application aimed at teaching Inter-
net skills to individuals with DS, through design sessions
with middle-functioning individuals with DS aged 16-23. The
design sessions were aimed at testing different aspects rel-
evant for the application such as user preferences, mouse
control, and rate their preferences for sounds or images. The
main goal was to obtain knowledge about how they learn
and perceive, which were applied to the final design of the
Internet-based application. The main contribution of this
work was a set of recommendations related to fonts, graph-
ics, images, animations, music and sounds, and buttons to
be used when designing applications for children with DS.
The design process they followed to involve adolescents and
adults with DS consisted of two sessions held four weeks
apart, where the first one was conceived to test modules, and
the second one was to correct problems found in the first, or
further confirm or test additional aspects. During the process,
participants were told they were members of a design team
helping create better tools and games. No mention of testing
was made. Participants’ actions were dynamically tracked
and video-recorded for posterior analysis.

We draw upon their recommendations to propose amethod-
ology, called ID4IDS (Inclusive Design for Individuals with
Down Syndrome), that can serve as a baseline for designing
with and for children with DS. Rather than focusing only on
Graphical User Interfaces (GUI), the idea is that ID4IDS can
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be used for designing technology that can be instrumental
to performing activities by children with DS.

Supporting Individuals with Down Syndrome
Down syndrome, also known as trisomy 21, is a genetic disor-
der considered to be the main cause of intellectual disability
around the world, with a prevalence of 1 in 1000 live births
[25]. Some of the physical characteristics of most people
with DS are: a flat face, especially by the bridge of the nose;
almond-shaped eyes, a short neck, small ears, a tongue that
tends to come out of the mouth, small hands and feet, a single
line along the palm of their hands, poor muscle tone and
weak joints, and they are shorter than neuro-typical children
and adults. People with DS are more likely to be born with
congenital heart abnormalities, as well as an increased risk of
developing hearing and vision problems, Alzheimer’s disease,
and other conditions. Similarly, they usually have an IQ in
the low to moderate range and speak slower than their neuro-
typical counterparts. Some people with DS might experience
moderate to severe learning difficulties, while others have
learning skills close to average. While individuals with DS
have relative strengths in aspects of visual processing, recep-
tive language, and non-verbal social functioning, they have
relative weaknesses in gross motor skills and expressive lan-
guage, and typically experience a delay in speech learning
[4].
Several of these aspects have been addressed from the

computing science perspective using diverse types of tech-
nologies, ranging from the use of videos to help people com-
plete or learn to perform a task [18, 19], through the use
of interactive educational applications [13], digital boards
[8], video games [14, 23], alternative and augmentative com-
munication (AAC) devices [2], tangible objects [10], virtual
reality [1, 26], among others. Despite the novelty, innovation,
and potential benefits that these technologies can provide,
their access and adoption in developing countries such as
Mexico are still uncommon.

2 CONTEXTUAL BACKGROUND
Research Collaboration
Our research group has been working closely with CEART
DOWN AC, a non-profit NGO in northwest Mexico, located
in a city of about 400k inhabitants. CEARTDOWNwas estab-
lished in 2013, with the goal of improving the opportunities
of individuals with DS from low-income families through
education, art sessions, and motor and cognitive therapies.
It offers cognitive therapies focused on reading and writing
skills, motor therapies to support eye-hand coordination as
well as other activities such as teaching them to perform tasks
to support independence (e.g., buying groceries). For these
services, parents pay a symbolic fee. Thus, given the target

population, there are a few challenges regarding access to
technology for supporting their educational and therapeutic
activities (e.g., lack of financial resources).

For over a year, we have developed some research projects
for CEART DOWN, including: a) A usability evaluation of
commercially available Kinect-based exergames to identify
important characteristics of children with DS that should be
considered during the design of this type of technology [15];
b) The design and development of a gesture-based video
game for supporting eye-hand coordination and literacy
skills [24] and; c) the design and development of a tablet-
based video game for supporting the control of the facial
muscles that intervene in speech , which is still underway.

Design Thinking Workshop
Two months ago, our research group conducted a design
workshop, involving therapists from the CEART DOWN,
as well as researchers and students majoring in Software
Engineering, Mechatronics, and Multimedia Production En-
gineering. The main goal of the workshop was to design
low-fidelity prototypes of technology-based tools aimed at
supporting different developmental skills and addressing
various challenges faced by children with DS.

Theworkshop roadmapwas ispired on the design thinking
methodology [20]. The specific workshop’s activities and
their outcomes were:

• First, the therapists from CEART DOWN introduced
the therapies and activities that they performwith chil-
dren, explaining the overall purpose of the therapies
and the developmental skills that they would like to
support and improve in children.

• Next, the attendees were organized in work groups,
balancing off group members from different universi-
ties and technical backgrounds.

• Then, each group was asked to define a series of rele-
vant issues that children with DS face with the goal to
design technology-based tools to address these issues.
For this activity, they had to define two personas, a
boy and a girl, based on which each team member had
to define particular needs or challenges, the benefit of
solving the need for the child, three ideas to address
the need, and a definition of the problem that encom-
passes the previous elements. The last activity was a
collaborative activity.

• Each group worked on six design proposals for the is-
sues/needs they had previously defined. Each proposal
was then used to construct a low-fidelity prototype
based on paper and color markers. Each member was
provided with different color stickers to rate each of
the proposals, considering three criteria: therapeuti-
cally realistic, technologically feasible, and commercial
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viability. Attendees went around the room and placed
their stickers on design proposals other than their own.

• Next, each group was asked to select the design pro-
posal with the most balanced number of stickers. That
is, the proposal that, according to the other partici-
pants, was the most balanced in terms of the three
aforementioned criteria.

• Finally, each group worked on the feedback received
and gave an oral presentation about their final design.

In the end, four design spaces were identified for further
exploration: identifying sound levels and help modulate chil-
dren voice and volume, recognizing money value and quan-
tities, stimulating attention activities, and a communication
aid for children who have trouble producing words.
Although these design spaces were proposed based on

the needs of individuals with DS and their therapists, we
identified the need to involve children with DS in the design
of these potential tools. The foundations of human-centered
design highlight the importance of including end-users in
early design stages to obtain a successful final design that
can meet the needs of stakeholders [22]. For that reason, the
ultimate goal of our research group is creating or develop-
ing an inclusive methodology that can provide our research
group general guidelines for our research process in design-
ing technology for and with children with DS, regardless of
the specific challenges or developmental skill that would be
supported.

Asmentioned, different approaches have been documented
to serve as a guide to conduct participatory design with chil-
dren with developmental disorders such as autism [7, 17].
However, not so much has been explored involving individ-
uals with DS in the design process of the technology. We
plan to draw on this literature to consolidate the ID4IDS
Methodology. Finally, we would like to explore the particular
aspects of the methods proposed in the literature that can
work out with this population.

Among all projects that we plan to develop with CEART
DOWN, we selected one to illustrate the use of the proposed
ID4IDS Methodology. The selected project is the aid for com-
munication among parents, therapists, and individuals with
DS.

During a contextual study in CEART DOWN, communica-
tion was a topic of interest for mothers of children with DS
and their therapists. Recently, we carried out semi-structured
interviews with 14 mothers of children with DS to study mas-
tery motivation [16]. The main topics included were related
to the characteristics of activities developed by children with
DS in their daily life, the places where they perform them,
and the kinds of behaviors exhibited by children with DS in
failure or success when performing these activities. All in-
terviews were recorded and verbatim transcribed. Although

analysis is currently underway, one of the main emerging
topics was the difficulty of their children to communicate
with the people around them, even with close family mem-
bers.

3 ID4IDS: OUR PROPOSED METHODOLOGY
Our proposedmethodology, called ID4IDS, consists mainly of
two stages (see Figure 1): first, involving therapists, parents,
and individuals with DS, is the first step in the design process.
Second, after some refinement, it involves exposing children
with DS to different design activities taking ideas from the
first stage as a departure point, and producing a low/medium
fidelity prototypes. The entire process is iterative until a final
high fidelity prototype has been created.

It is important to mention that our proposal shares some
similarities with other methodologies. For example in [17],
the authors implement a participatory design strategy to de-
velop a kinect-based game for autistic children. The method-
ology includes activities to define the pedagogical goal of
the project, sessions for children with autism to propose
the design in earlier stages (departing from an initial idea),
development of prototypes, and a continual feedback from
children. However, one key aspect central to our proposal
methodology, is the relative creativity possessed by individ-
uals with DS [11] for enriching the final design.

Stage 1: Involving Therapists, Parents, and Children
with DS
In this stage, we propose to develop the following activi-
ties with therapists and parents of children with DS using a
design thinking approach [20]:
(1) Investigate: Once the problem space has been defined,

investigate the relevant information about it, including
related and commercially available technological tools.
This activity is a review of what has been done relating
to the topic of interest.

(2) Elicit needs: Conduct a contextual study using data
collection methods such as semi-structured interviews,
observation, focus groups, and cooperative inquiry [5].
This activity is related to the first stage of the design
thinking methodology, where the goal is to empathize
with end users. In our case, the goal of this activity is
to harmonize the distinct views on what are the most
important needs regarding developmental aspects of
children (e.g., physical, social, psychological needs).

(3) Early Prototypes: Using the results of the contextual
study, conduct design sessions with therapists to pro-
pose low-fidelity prototypes to address the problem.
This phase is related to the ideate and prototype stages
of design thinking. For our particular case, this ac-
tivity needs to make sure that the proposed ideas
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Figure 1: proposed Methodology. Shows activities and participants in each stage. Small box next to activities describe the
participating role: (R) researcher, (T) Therapist, (P) Parent and (C) Children.

are addressing the children’s needs from a therapeu-
tic/educational standpoint, and harmonized with the
results from the ChildrenâĂŹs Ideas and Interests Explo-
ration activity. Parents involvement at this stage should
be limited, since the therapists’ concerns related to the
needs of children with DS greatly differ from those of
the parents. To illustrate this, in a situation explained
by one of the mothers during our field work, when we
asked:What action do you usually perform when you
see your child facing a difficult task? Almost all moth-
ers answered that the child might try to solve the task
by herself, without her direct intervention. However,
when the therapist was asked the same question, her
response took a different direction, explaining that in
her day-to-day interaction, mothers will not see their
children face any unusual activity because they are
immediately trying to help them to solve it, even when
the child does not request it. Parents tend to diminish
children’s therapeutic or educational needs, sometimes
due to a feeling of denial, but others as a mechanism
to cope with stress, favoring a positive perception of
the situation [9].

(4) Children’s Ideas and Interests Exploration: This is an
desired but not mandatory activity parallel to Early
Prototypes, aimed at collecting ideas and interests from
children to be applied to prototypes. For instance, if

we want to support a reading activity through a story-
based didactic strategy, then this activity is responsible
for gathering the story characters (e.g., cars, people, an-
imals), the desired scenarios (e.g., beach, city, school),
and so forth. We believe this is feasible, given that
children with DS could create things using only their
imagination [11].

(5) Test Prototypes: Develop a testing/feedback session
with parents and therapists with the aim of investigat-
ing their perception about the proposed prototypes. If
needed, the proposed prototypes will include the par-
ents’ feedback and carry out the testing session again.
This will be done until parents do not have any further
feedback. The last phase relates to the test stage of
design thinking.

Stage 2: Involving Children with DS
This stage is to select a prototype and carry out a usability
testing session, where children with DS provide important
feedback, explicit or implicit, about the prototypes to select
and design the final version. The activities in this stage are
essentially iterative, with testing sessions followed by refin-
ing the prototypes taking into account user observations. To
do so, we propose the following steps:
(1) Hands-on Experience: Show the prototypes to children

with DS and therapists in a group session. Here, it is
important to promote the participation of children in a
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hands-on experience with the prototypes, so that they
can express their opinions later. Due to the age range of
individuals who attend to CEART DOWN, we are plan-
ning to conduct game-like sessions, considering that
in previous works [15, 24] children have been willing
and motivated to participate in any game-based activ-
ity. It is important that all sessions are video-recorded
for posterior data analysis, preferably from multiple
angles.

(2) Select the Best Option: Once the Hands-on Experience
activity has ended, we propose to conduct a session
where children can choose the best prototype from
their point of view. The main challenge of this ac-
tivity is obtaining the children’s preferences in their
accounts avoiding the assistance of therapists. Tech-
niques like Sticky Notes, The Fun Toolkit [21], and This
or That have the potential to be used [6]. However, we
propose listening to therapists’ assessments and recom-
mendations prior to the application of any technique,
considering the valuable feedback obtained from ther-
apists in previous studies.

(3) Re-design the Prototype: Reshape the low/medium fi-
delity prototype to take into account design insights
based on data analysis from the first two phases of
this stage, and consider the insights found in the lit-
erature regarding applications for children with DS
(e.g., fonts related information, color considerations,
graphic/image presentation and content, animation,
music and sounds reproduction [12]).

(4) Test the Prototype: In this activity, children use the pro-
totype to perform one or more simple tasks. Parents
or therapists are also welcome to participate if the
scenario requires it. The session must be recorded for
further analysis. In addition, all participants should
answer a questionnaire to investigate their opinions
about the prototype. In the case of children, a scale
using emojis such as The Fun Toolkit [21] can be used
to decrease the participation of the therapist as a proxy.
The research group must analyze the videos and ques-
tionnaires to obtain the feedback to improve the pro-
totype. After feedback, children may need to test the
prototype once more.

4 CLOSING REMARKS
In this paper, we presented ID4IDS, a methodology for Inclu-
sive Design for Individuals with DS. We have implemented
the ID4IDS Methodology in designing technology-based pro-
totypes with children with DS who receive cognitive and
motor therapies at a NGO in Mexico. We expect to evaluate,
refine, and consolidate the ID4IDS methodology during our
upcoming projects aimed at supporting communication with

active participation of parents, children with DS, and ther-
apists. Our focus is to establish a well-suited methodology
to be used for the design and development of technology
for children with DS, particularly taking into account the
characteristics of the target population.
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