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Highlights

ADHD is one of the most frequent neurodevelopment disorders among children.
There is a lack of works focusing on the design of applications for ADHD children.
Tangible Tabletops have been used with children with diverse learning difficulties
Tangible Tabletops have not been used with children with ADHD.

Evaluation sessions with educators and children have been carried out.

A deep study of the characteristics of ADHD children has also been carried out.

A set of guidelines to design tabletop activities for ADHD children are proposed.
They are quite are general and applicable to other areas.

These guidelines could also be useful for other neurodiverse children.
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Abstract
Attention deficit hyperactivity disorder is one of the most frequent neurodevelopmental disorders among children.

In spite of this, there is a lack of HCI research specifically devoted to these children. This paper describes efforts
to transfer previous experience with other neurodiverse children in the field of tangible tabletops to ADHD
children. The results of evaluation sessions carried out in conjunction with an ADHD association, complemented
with an in-depth study of their special characteristics and needs, have led to a set of guidelines oriented to the
design of tangible tabletop activities. These guidelines are mostly general and applicable to the design of any
interactive application oriented to ADHD children. They are also appropriate for applications for other
neurodiverse children or, in fact, any child from a more inclusive perspective.
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1. INTRODUCTION

Attention deficit hyperactivity disorder (ADHD) is a mental disorder whose symptoms include attention and
concentration difficulties, lack of emotional self-regulation, and a high level of impulsivity (Barkley, 2006;
Bauermeister et al., 2005). It is one of the most frequent neurodevelopmental disorders among children, having a
prevalence of around 5% in Spain (Graham et al., 2011) and around 10% in the USA (Akinbami et al, 2011).
There are usually three kinds of interventions for ADHD children: psycho-pedagogical intervention,
pharmacological intervention, and a combination of both (Sibley, 2014).

This paper focuses on psycho-pedagogical intervention, as a way to improve executive functions in ADHD
children. Children with poor attention skills, in general, respond to a greater number of impulses, whether they are
relevant or not to perform the tasks, and do not seem able to concentrate during the.time.necessary to perform
them (Tripathi and Hasan, 2014). This can lead to an increase in the level of activityy which translates into
disruptive attitudes that hinder learning and also its acceptance by teachers and peers. Another feature that is
attributed to children with attention problems is their disorganization and impulsiveness, which leads them to
have problems in making decisions and solving problems (Bauermeister.at al.y 2012). The problems of these
children with attention, disorganization and impulsivity raise the” consideration of the planning process as
fundamental (Naglieri and Das, 2006). This is why during the intervention children should be guided to be able to
improve planning, to regulate themselves to develop strategies to.succeed, to improve their decisions and to pay
attention to how they carry out their tasks. In this context;. mediation becomes a key factor. Mediation is
understood as the interaction between the educator and the child in order to guide him/her during the performance
of the task. Dialogue helps to understand problems, to make:inferences and comparisons, to elaborate hypotheses,
to deduce rules and generalizations and, ultimately, it-promotes abstract thinking (Feuerstein et al., 1980).
Following an appropriate mediation procedure, traditional board games, like Chess, Pictionary, Scrabble,
Monopoly, or simple puzzles, can be used to.favor cognitive and relational processes. Mediation may take place
among equals or through technological resources:

In fact, interactive computer tools and games-may also be used in this kind of intervention. Interactive games are
stimuli that can help to improve the:attention and planning skills and may perform mediation functions
encouraging children to explore, generate questions, and reflect. The use of video games and digital devices is not
new in cognitive stimulation (Gunter; 1998; Granic et al., 2014). In particular, tabletop devices have become quite
popular in recent years.for improving different cognitive skills, especially for children with disabilities (Piper et
al., 2006; Zarin and Fallman, 2011; Villafuerte et al., 2012). A tabletop is a computer device whose physical
appearance is very similar-to a standard table. Its surface is virtually augmented by using projections of images
and sounds coming from a computer application, and the interaction is carried out through movements of the
fingers on the.tabletop surface (multi-touch) (Goh et al., 2012). This manner of interaction has several advantages
since the wide/surface of the tabletop provides a broad space to work visual and motor skills, the audio-visual
stimulation motivates the user, and the tabletop allows working with a bigger range of activities that cover one or
more aspects of cognitive stimulation. Nevertheless, multi-touch interaction has some drawbacks for small
children (Mansor et al., 2008). For example, if the child’s fingers are too small the system may have difficulty in
correctly detecting them, which may complicate the performance of certain actions such as pointing to a virtual
object or dragging it across the surface. In these cases, Tangible User Interfaces (TUI) represent a natural
interaction alternative where the interaction between the user and the application should be done by using
physical objects of quotidian use (Ishii and Ullmer, 1997). A tangible tabletop device can identify different
objects placed on its surface, track the different user manipulations, and also show information related to such



manipulations on the surface. By keeping physical objects on the physical side of the users, the emotional impact
of the game is reinforced (Iwata et al., 2010) and important additional benefits emerge when applied to young
children (Read and Markopulous, 2013) and to children with special needs (Li et al., 2008; Hendrix et al., 2009,
Alessandrini et al., 2014). In fact, several comparison studies between tactile and tangible activities have been
carried out showing that most children in the studies preferred tangible activities over tactile ones (Sudrez et al,
2011). This preference is related to high levels of stimulation and enjoyment, derived from three TUI properties:
physical interaction, rich feedback, and high levels of realism (Zuckerman et Gaz-Ol, 2013). Besides, tangible
interfaces enabled more efficient and effective motor strategies (Antle and Wang, 2013), and were found to be
more user friendly (Arnaud et al, 2016).

NIKVision (Marco et al., 2013), a vision-based tangible tabletop device for very young children and:children with
special needs, has been designed by our AffectiveLab group at the University of Zaragoza. With this tabletop,
interactions are carried out by positioning objects on the tabletop surface, so children can.play with the computer
by manipulating conventional toys. NIKVision has been tested in nurseries, schools, and special education
schools, and has proved useful when working with different kinds of learning difficulties (Marco et al., 2013b;
Cerezo et al., 2015).

Through a national research project (Juguemos), we contacted an association” of ADHD families and
professionals. Having worked for so long with psychologists and pedagogues who are used to managing
neurodiverse children (Dalton, 2013), the question that arose was the following: Would tangible tabletops also be
useful for ADHD children? Considering the characteristics of tangible tabletops, mainly physical manipulation
and collocated gaming, in addition to their strong motivational capability, our hypothesis was that they would be
helpful devices to support the therapeutic work done on the common. deficits and challenges associated to ADHD
children. It seemed quite a reasonable hypothesis. Nevertheless, when we searched the literature for studies about
tangible interaction and ADHD, the number of them was very limited and almost no specific ADHD design
guidelines were found.

So, starting from our hypothesis (the usefulness of tangible tabletops in the ADHD context), we decided to carry
out a preliminary study to assess the usability. and potential of tangible tabletop activities with ADHD children
and their educators. In parallel, an in-depthrstudy of the specific characteristics of ADHD that should be taken
into account when designing activities for such/children was also done. As a result, we have come up with a set of
guidelines to design applications for ADHD children. Some of them are specific to tangible interaction, but most
of them are quite general and applicable to different kinds of games and interactive applications for other
neurodiverse children.

The remainder of this paper isistructured as follows. A review and analysis of related work is presented in Section
2. Section 3 describes the preliminary study carried out to assess the usability and potential of previously
designed tangible tabletop activities for ADHD children. A study of the learning difficulties and cognitive deficits
of ADHD as well as the applicable mediation models is presented in detail in section 4. Section 5 presents the
resulting set of.guidelines for the design of tangible activities focused on children with ADHD. Following these
guidelines, two new tangible interactive activities were developed and evaluated, as explained in Section 6.
Finally, Section 7 is devoted to conclusions and future work.

2. STATE OF THE ART: SEARCHING FOR GUIDELINES

In this section, a review of the literature relating to technological solutions used to work with children with
ADHD is first presented. The few works that focus on guidelines to design applications for children with ADHD
are subsequently reviewed.

2.1 Technologies and applications for children with ADHD



Several works relating to technologies specifically developed for children with ADHD can be found in the
literature. The applications can be classified considering different contexts: desktop applications, augmented
reality applications, and tangible interfaces.

In the context of desktop applications, ACTIVATE™ (Activate, 2016) is a program that combines cognitive brain
training with physical exercise. It is composed of several neuroscience-based games specifically designed to
increase and strengthen the child’s ability to concentrate and focus, to work memory, to acquire speed in
information processing, cognitive flexibility, etc. ‘Play Attention’ (Play Attention, 2016) is a learning system to
improve attention, behavior, and cognitive function for ADHD children and adults. It uses BodyWave technology
to monitor attention cerebral signals. Both ACTIVATE and Play Attention have real time datamodules that
collect children’s results and interactions, generating reports, alerts and statistics available/for. parents and
educators. There are also websites such as ADDitude (ADDitude, 2016) that provide information and strategies to
work with people with ADHD. The website also recommends, among other things, board games that can help
such children work their abilities. Regarding the evaluation of the systems, the results.shown on those websites
indicate that the children who took part in these programs improved in some of their-affected cognitive aspects.

In the context of augmented reality, Rizzo et al. (2000) developed a virtual classroom in order to work attention
deficits. They make use of a head mounted display and different tracking devices-to immerse children in the
classroom. Children interact with the system through a virtual teacher, who assigns them different tasks to work
the different types of attention (classified as focused, sustained, selective, alternating and divided) while several
distracters are taking place. In order to prove the usability of the Virtual Classroom, the authors conducted a
clinical trial to compare 8 children with ADHD (6—12 years of age)with 10 non-diagnosed male children. The
trial consisted of showing the children a series of letters on.the blackboard so that they could identify a specific
sequence. The children had to ignore the distracters that occasionally appeared on the blackboard and focus on the
sequence. After comparing the results, the authors concluded that the trial had good potential as a tool for
conducting attention performance measurement, since.it was able to clearly differentiate the two groups of
children.

In the context of tangible interfaces, TangiPlan (Weisberg et al., 2014) is a system composed of six tangible
objects whose objective is to help children work their executive functions. Each object represents a task that the
child has to carry out in the morning.- The child situates the objects at the places where the tasks have to be
performed and selects the time to‘be devoted to every task. A preliminary evaluation was conducted with two
children to gauge their response when using the prototype (Zuckerman et al., 2015). Firstly, the authors asked the
children and their respectiveparents to complete a Likert questionnaire about their satisfaction with the children’s
morning routines, the children’s background and the parents’ involvement in the mentioned routines. Then, the
authors lent the prototypes to both families for two weeks. After that time, the authors had another interview with
both families to discuss their experience of using the prototypes. Some technical problems were found in the
prototype, but both families approved of the non-intrusive aspect of the prototype and expressed their interest in
using future versions.of TangiPlan as it helped the children in their time management.

SitCap (Guia'et al., 2015) is a system that allows children with ADHD to work their memory, attention and
associative skills by playing three different games with three levels of difficulty. In order to interact with the
system, children use cards with RFID tags integrated inside that they have to approach to a mobile device. Three
evaluations were carried out at weekly intervals. The authors used a Smileyometer test, so that children could
express their satisfaction when using the system, and a direct observation method. The results of the evaluations
showed that the children enjoyed using the system and that their performance improved after having used the
system several times.



Finally, Garcia et al. (2013) make use of a Kinesiofeedback Toy that measures and assesses children’s activity
and provides them with feedback as to whether or not their behavior is within appropriate limits; they also
propose the use of a wearable wrist device called WRISTWIT to support the learning process, suppressing
undesired behavior in daily routines by means of positive feedback and rewards. Kinesiofeedback and
WRISTWIT were tested in the field with children, proving that they were able to positively modify children’s
behavior during daily school routines.

As can be seen, most of these applications and systems help children with ADHD to work, basically, their
cognitive skills (ACTIVATE™, Play Attention, ADDitude, Virtual Classroom, SitCap), while others focus on
helping them in their daily routines (TangiPlan, Garcia et al., 2013). Surprisingly, social skills are‘generally not
addressed, in spite of their importance for these children (Barkley, 2006). Also, most part of the.works adopt
observational or informal methods of evaluation to avoid disturb the children as much as possible while they are
using the systems. Finally, although two works make use of tangible interfaces (Weisberg €t al.;2014; Guia et al.,
2015) neither of them combines the Tangible Interaction paradigm with tabletops. Since this combination has
proved to be highly motivating and offers several advantages when working with children with special needs, as
mentioned in the introduction, our hypothesis is that it could also be useful when applied to-children with ADHD.

2.2 Designing for children with ADHD

An exhaustive review of the literature relating to works that tackle the ‘design of applications or games for
children with ADHD revealed the following few works.

McKnight (McKnight, 2010) proposes fifteen guidelines to be followed by software designers in order to avoid
excluding these children when developing new software. In'fact, the“author comments that, even if some of the
guidelines are especially meaningful for children with ADHDymost of them are also valid for all kinds of users,
not specifically for ADHD. The guidelines are quite general, without any particular software in mind, but clearly
oriented to the design of educational materials and directly related with behavior management techniques. Seven
of them are layout guidelines (see Table 1), including several that follow general design principles: the need for
organizing the items of an application in an.orderly way (MK4), the importance of using a large print and a clear
font such as Arial when designing a system (MK6) or using calm and soothing colors instead of vivid ones
(MK2). McKnight's other guidelines are environmental and interaction guidelines for supporting the mediation
process. These include recommendations to always use positive feedback (MK3) or minimize distractions
(MK11), which seem to be more focused on children with ADHD, and to allow ample rest periods and exercise
breaks (MK10), to keep technology shut away unless it's being used (MK12), to keep a routine (MK13)and to
maintain eye contact (MK15).~As 'can be seen, some of them, specifically the recommendations to minimize
distractions (MK11), to'keep technology shut away unless it's being used (MK12) and to keep a routine (MK13),
are focused on reducing external stimulation, keeping children away from natural environments. These types of
guidelines originated in the sixties, from the first contributions of Cruickshank et al. (1961) where educative
attention for ADHD children focused on the necessity of reducing external stimulation (including non-essential
auditory and wvisual stimuli), of reducing the work space to a minimum, and of working with a very structured
timetable. They also incorporate the behavioral perspective, stressing the importance of the educational material,
of behavior modification techniques, of demarcating clear objectives and of breaking down complex tasks into
subtasks. However, in the same period, Rost (1967) and Hallahan and Kaufman (1976) found no relation between
reduced and structured environmental and academic achievement.

Pykhtina et al. (2012) propose design guidelines in the context of non-directive play therapy with children. They
are the authors of Magic Land, a package of activities intended to be played on an interactive multi-touch tabletop
that were not specifically designed for using with children suffering cognitive limitations. After observing two
children diagnosed with ADHD playing the games, they speculated on design guidelines for systems that aim to



support children experiencing problems with memory, concentration and attention in play therapy. They
recommend the design of simple games that enable the expression of feelings and creativity in a way that does not
require much time commitment, concentration or complex cognitive abilities (P1), using calming music and a
highly responsive and sturdy enough device so that the child does not get frustrated. In spite of being in the
context of non-directive play (with no adult intervention), they realize the necessity of giving enough structure
and context instructions to guide and support the child (P2). They do not recommend the addition of prompts or
other attention catching options (P3). They conclude with the recommendation of providing the child with diverse
options (e.g. through combining tangible toys and digital environment on an interactive tabletop) to avoid the
child getting bored quickly and to improve motivation (P4).

Sonne et al. (2016) present a design framework in the context of developing assistive technology for ADHD
children and their families. The framework is based on four design strategies: to provide structure to facilitate
activities (S1), to minimize distractions (S2), to encourage praise and rewards (S3) and.to integrate and report
standardized ADHD measures (S4). Although arising from assistive technology, they could be applied in a more
general context, and some of them are clearly aligned with the other two works.

In Table 1, the fifteen guidelines extracted by McKnight (MK1-MK15), the four extracted by Pykhtina et al. (P1-
P4) and the four extracted by Sonne et al. (S1-S4) have been classified .in.three relevant groups: Layout
Guidelines, covering those related with the way the information is presented, Mediation and Environment
Guidelines, including those related with the environment and intetaction in the learning process, and Other
Guidelines.



Table 1. Guidelines found in the literature to design applications for children with ADHD.

Layout Guidelines

MK1. Design materials so the layout is neat and uncluttered

MK?2. Provide a ‘calm’ environment, with soothing colors

MKA4. Organize items in an orderly way

MKS. Distinguish important information by putting it in bold or color

MKG6. Use large print and a clear sans-serif font

MK?7. Help pupils follow text by writing/highlighting alternate lines in different colors

MKS. If the pupil needs to work through a series of questions, help them keep their place by using a marker

Mediation and Environment Guidelines

MKS3. Provide a high-reinforcement environment / S3. Encourage praise and rewards

MK14. Minimize surprises / S2. Minimize distractions / P3. Do not recommend the addition of prompts or
other attention catching options.

P2. Give enough structure and context instructions to guide and support the child / S1. Provide structure to
facilitate activities

MKDO. Use brief and clear instructions

MK10. Allow ample rest periods and exercise breaks

MK11. Have a workstation that is enclosed, in a soundproof environment, with few distractions around

MK12. Keep technology shut away unless it’s being used

MK13. Keep a routine, e.g. don’t change teachers

MK15. Maintain eye contact

Other Guidelines

P1. Design simple games that enable the expression of feelings and creativity in a way that does not require
much time commitment, concentration or,complex cognitive abilities

P4 Provide the child with diverse options.(€.g. through combining tangible toys and digital environment on
an interactive tabletop) to avoid the.child getting bored quickly and to improve motivation

S4. Integrate and report standardized ADHD measures

The first group is made up of-seven Layout Guidelines focused on the organization and visual aspects of the
interfaces. Most of them are aligned with general design principles for obtaining good and usable systems. In fact,
in order to design and develop applications oriented to ADHD children, the basic rules for usability and interface
design must be considered, as in other interfaces or applications. Therefore, the ten principles of interaction
design established by Nielsen (1994) to improve the system’s usability, the Eight Golden Rules of Shneiderman
(2010) to design better interfaces, and the 7 Universal Design principles (Story et al., 1998) to develop interfaces
that can be used by as many people as possible, should be taken into account.

The second group comprises nine mediation and environment guidelines oriented to the generation of efficient
interactions (either technological or personal) in the learning process. These are especially related with the special
characteristics of ADHD children. The first three guidelines (shaded in pink) are common to two or all three
works. The other six guidelines are also focused on favoring efficient mediation and interaction with the
environment; some of them are aimed at technology (MK 11 Have a workstation that is enclosed, or MK12 Keep
technology shut away unless it’s being used), some must be taken into account by the educator (MK 15 Maintain
eye contact) while others can be taken into consideration either by the technology and/or the educator.



Finally, the last group (Other Guidelines) includes guidelines that are quite dependent on the type of application
to be designed: assistive technology (S4 Integrate and report standardized ADHD measures) or effective non-
directed play (P1 Design simple games that enable the expression of feelings and creativity, P4 Provide the child
with diverse options). Guideline P4 explicitly recommends the combination of tangible toys and a digital
environment on an interactive tabletop. However, as seen in the previous section, no work addressing tangible
tabletops and ADHD can be found in the literature. This is why we decided to get direct feedback from ADHD
children interacting with our tangible tabletop, as explained in the next section.

3 TANGIBLE TABLETOP ACTIVITIES AND ADHD CHILDREN: PRELIMINARY STUDY

In this section we focus on studying the potential of using tangible tabletops with ADHD children. First, a review
of the advantages of tangible interfaces to foster learning is provided. Second, a brief desctiption of the tangible
tabletop NikVision is given. An initial study carried out with ADHD children is then explained. Finally, the
results and conclusions obtained from this first experience are presented.

3.1 Tangible tabletops as learning tools

Tangible tabletops are an example of physical interfaces demonstrated to lead to more engaging and embodied
experiences (Zuckerman and Gal-Oz, 2013). Embodiment has a long and complex history, with continued debate
from various disciplinary perspectives, including cognition and Human=Computer Interaction (HCI) (Farr et al.,
2012). Embodied cognition emphasizes how the particulars of human bodies acting in complex physical, social,
and cultural environments determine perceptual and cognitive structures, processes and operations.
A wealth of developmental psychology and media-studies ‘literature provides evidence for the importance of
understanding the role of action and the environment in‘the development of children’s thinking skills. Piaget and
Cook (1952) began a long tradition when they. suggested that cognitive structuring through schemata
accommodation and assimilation requires both physical and mental actions. More recently, Healy (1998) argued
for the importance of physicality in childhood; in particular for children’s cognitive development. Within HCI,
Dourish’s emphasis on cognition being embodied, rather than only situated in the brain, suggests the importance
of using the body to create meaning when. learning (Dourish, 2004). In more recent years, embodiment has
become recognized as a key element in child computer interaction design (Antle, 2009). More specifically, in the
learning domain, there is a consensus about the advantages of tangible interfaces as teaching tools due to their
following characteristics (Pricecand Marshall, 2013):
- Sensory engagement — the natural way children learn, engaging multiple senses (in this case touch,
vision, auditory) in‘a constructive process.
- Accessibility /— dramatically improves accessibility to younger children, to people with learning
disabilities;:and to novices.
- Group learning, — provides a multi-hand interface, does not give the control to one person, facilitates
natural group.interaction, and promotes group discussion.
These advantagesshave been proved for teaching abstract concepts (Zuckermann et al., 2005), in programming
learning environments (Horn et al., 2012), and also with students with special educational needs (SEN) (Lechelt
el al., 2018). In fact, TUIs have been claimed as especially suitable for SEN children (Falcdo et Price, 2010).
Moreover, the possibility of sharing physical artifacts within an open and flexible environment invites collective
interaction, providing a safety net that encourages social interaction (Farr et al., 2010). In their study with
Asperger Syndrome students, Piper et al (2006) also saw the benefits inherent in the use of tabletop technology
such as the support given to social interaction and providing a shared experience for learners and educators, both
of which are central to the learning process (Vygotsky, 1996). The present authors have also collected very
positive experiences when working with their NIKVision tangible tabletop and SEN children in recent years



(Cerezo et al., 2015; Bonillo et al., 2016). The next subsection describes the NIK Vision tabletop used in these
experiences.

3.2 NIKVision tabletop

As indicated in the introduction, tangible interaction and, specifically, tangible tabletops have been successfully
used in educative and therapeutic contexts as technological alternatives to other kinds of more conventional
devices. The NIKVision tabletop (Marco et al., 2013) uses well-known techniques for multi-touch active surfaces
(Schoning et al., 2010), but its design is mainly focused on tangible interaction and therefore on the handling of
physical objects on the table surface. It is easily mountable and dismountable and, because it was initially oriented
to kindergarten children, it is robust and safe (NIKVision)

Children use NIKVision by manipulating conventional toys on the surface (Fig.1a). A USB/video camera is
placed inside the table, capturing the surface from below (Fig.1b). Visual recognition software runs in a computer
station (Fig.1c) which also handles the game software and the tabletop active image provided by a video projector
under the table (Fig.1d) through a mirror inside the table (Fig.le). The image output can also be shown on a
conventional computer monitor (Fig.1f) adjacent to the table. Visual recognition jand tracking of objects
manipulated on the table is provided by the reacTIVision framework (Kaltenbrunner and Bencina, 2007). A
printed marker attached to the base gives each toy a digital identification.

i el

-~ — -

—

Fig. 1. NIKVision tabletop components.

The activities are shown on the tabletop and the user can play by placing different physical objects on the surface,
as can be seen in Fig 2. During play, children move the toys over the translucent surface of the table, putting the
base of the toys in contact with’the table to enable the camera to see the markers located under the base. The
manipulations that yisual recognition software is able to track are movements over the surface. Children can grab
the toys, drag them and rotate them over the surface and, so long as the base with the marker remains on the table,
the software can track their orientation.

10



Fig. 2. Children playing on the NIKVision tabletop
3.3 Preliminary study: Methodology

It was decided to make a preliminary study to assess the usability and potential of our tangible tabletop activities
with ADHD children. To do so, we contacted Atenciona, an association of ADHD families and professionals. In
the study, Atenciona children took part as well as their educators, as their opinions about the potential of the
tangible tabletop and its activities for psycho-pedagogical intervention were one of the aims of the study.

In a previous exercise, the authors had collaborated with one of the centers of the Aragonese Institute of Social
Services and developed specific activities for their children with developmental delays. The activities were
designed considering the most common problems of the children”attending the center (general motor and
cognitive delays and social problems) and also the age of the children”(2-5 years). A user-centered-design
methodology was used in which the children and their therapists took part in all the development process (Bonillo
etal., 2017).

In a first meeting at the Atenciona center the activities\were shown to the educators. Although they had been
developed for children whose characteristics and age range did not directly correspond to the Atenciona ADHD
children, the educators thought they could be used and they selected ten of them. In Table 2 the selected activities
are shown indicating the name, a brief description of the activity, the image projected on the tabletop surface and
the physical toys necessary to play. They are grouped according to the skill they were designed to work: visual
attention, memory and planning.

11



Table 2. Tabletop activities used in the evaluations

Description of the activity

Tabletop Image and Physical Toys

Z2O==2= ==

Bees: the tabletop surface shows an animation of a
tree full of hives with several bees flying around.
Among the bees, there is only one that carries honey.
The activity is completed when the child places a
honey pot toy under the hive where the bee with honey
disappeared.

Fishing: the tabletop surface shows an animation of a
pond with a cat and with shapes of the fishes that the
cat likes. To complete the activity, the child has to use
one of the rods to catch the fish that have the same
shape and color as the ones next to the cat and place
them on the pier.

Plumber: the tabletop surface shows an animation of
a pipe that has water leaks of different colors. To
complete the activity, the children have to place their
gloved hands over the segments of the pipe that have
water leaks of the same color as the gloves they are
wearing.

Twister: this activity is a tabletop version of the
original Twister game. The surface of the tabletop
shows a twister roulette and four rectangular areas of
different colors where the child has to place his hands.

R OZmEZE

Kraken: the tabletop surface shows, the image of a
sea with krakens in some of the, squares. After five
seconds the image disappears .and only the sea is
shown. To complete de activity the child has to move
the boat to reach’the treasure, avoiding the squares on
which there was a kraken.

Shopping List: the surface shows an image with a
list, of several foodstuffs for five seconds. The image
of the list'is then replaced by an image of a shopping
bag. The child has to remember the content of the list
and select the correct foodstuffs to place them in the
bag.

Analogies: the child has a set of pieces. Each piece is
composed of two pictograms and each pictogram can
be paired with another pictogram from a different
piece. The goal of the activity is to compose a chain by
pairing the physical objects with the correct
pictograms.
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Complete the sequence: the tabletop surface shows
a sequence formed with domino pieces in which some

of the pieces are missing. The child has to select the I i a i E b
correct missing piece (or pieces) to complete the
sequence.

QZ=~2Z 27 p

Silhouettes: the tabletop surface shows the image of
a farm with several animal silhouettes. To complete
the activity the child has to place the different animal
toys over their corresponding silhouettes.

Tangram: this activity is a tabletop version of the
original Tangram game. The children manipulate
seven figures to create the shape shown on the tabletop
surface.

In order to carry out this preliminary session, a NIKVision tabletop was installed in the Atenciona center, in one
of the rooms that the educators used for their therapies and exercises. The children who tested the activities were
receiving psycho-pedagogical intervention in the center. A total of 26 children participated in the sessions (24
boys and 2 girls), the youngest being 6 years old and the oldest.14 years old. Most of them were diagnosed with
either ADHD or ADD (Attention Deficit Disorder), all had learning difficulties (which is why they attended the
center) and many had behavior problems (see their characteristies.in Table 3). The evaluations were carried out
during three days and each session lasted around 20 minutes. Every child tested a minimum of three activities
chosen by the educator according to the child’s capacities and the skills that they wanted to work with (memory,
attention or planning).

Table 3. Characteristics of the children taking part in the evaluations

Number of children | Characteristics
9 Mild ADHD
9 Moderate ADHD, impulsive, behavior problems
3 Mild ADD
3 Moderate ADD
1 Moderate Asperger
1 Mild intellectual disability

The educators, a NIKVision expert and a psychologist were present in all the sessions. The method of evaluation
was participant observation (Cohen et al., 2007), consisting of taking notes during the sessions about the
children’s behavior and reactions (Kawulich, 2005) since video recording was not allowed. The educators were
responsible for observing the children’s behavior while playing so that the activities could be stopped or changed
if the educator considered that a child was getting tired or too distracted. The NIKVision expert controlled the
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tabletop and provided the children with the toys for the activities. Finally, the psychologist took notes about the
children’s particular behavior: if the game was unable to hold their attention, if they did not understand how to
continue playing at some point of the game, or if they did not recognize some of the objects.

The activities were tested individually and in groups. First, the children played alone with the activities that could
not be adapted to more than one person (Bees, Kraken, and Shopping List), and then they played in groups with
the rest of the activities. The Twister and Plumber activities had been specifically designed for groups. However,
some of the activities tested in groups, such as Analogies and Sequences, had been designed to be played
individually. In these cases, the activities were played in groups by naming one of the children as the group
representative, by dividing the children in subgroups, or by taking turns when giving the answer to the activity.

3.4 Preliminary study: Results and first recommendations
Based on the observations carried out by the evaluators, the following conclusions could be extracted.

The activities and interactions seem to be quite usable for ADHD children: they played.with the NIKVision
tabletop without any difficulties, individually and in groups. The children showed their satisfaction when playing
with it and all of them could complete the activities. Their educators expressed the potentialities of the tabletop:
“it awakens interest and increases motivation and that means that the attention is maintained for more time
focused on solving problems”, it gets more interaction between children”,‘children enjoyed the joint resolution,
learning from each other”.

However, when analyzing the observations, it was realized that'Some aspects of the activities had to be improved
in order to create new activities specifically aimed at children with ADHD: there were several common mistakes
made by children regardless of their age and the level of difficulty of the activity. These problems had not been
detected in the previous evaluations of the activities with childten with developmental delays. The analysis of the
observed problems allowed us to obtain some initial rfecommendations to design activities for these children. The
main problems detected and the recommendations (R) to.avoid them are presented below.

Problems to initially understand the activities.

On several occasions, the children~did‘not pay attention to the audio instructions given by the tabletop and
consequently they did not understand what they had to do. As a result, the educators had to go back to the
main menu and restart the activity, telling the children to pay attention to the audio instructions. On other
occasions, they heard the instructions but these were not sufficiently clear.

R1. Instructions have te'be clear‘and offer the possibility of being replayed.
Problems to identify some toys.

The children sometimes had problems to identify the toys they had to use, either because the shape of the toy
was not clear.(for example, in ‘Shopping List’ the onion toy was mistaken several times) or because the
children did not know the object (in ‘Analogies’ the children did not recognize some of the pictures, for
example the ball of yarn).

R2. Objects have to be easily identifiable by the children.
Problems to be aware of the time.

When there was a set time to do a specific task (for example, to memorize something), the activity did not
have any kind of countdown and consequently several children let the time pass without doing what they had
to do.
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R3. When there is a limited time to complete a task, this has to be clearly indicated.
Problems to complete the activities.

Sometimes the children understood what they had to do and what the objective of the game was, but they did
not know how to act to achieve this. In such cases, the children often played through trial and error, simply
putting the nearest object on the tabletop to obtain some kind of response or hint. When this happened, the
educator wanted to begin again and repeat the task, but this was not possible as the whole game would have to
have been restarted. Besides, when the children failed a specific task because they had not understood the
activity correctly, they also wanted to repeat just that task, and not the whole game.

R4. The educator should be able to control the whole game, including the possibility of repeating every task.
Problems to memorize some elements.

The time to memorize the different elements in some of the games (food in ‘Shopping List’, position of the
monsters in ‘Kraken”) was too short. In general, it was difficult for the children to memorize more than three
elements.

R5. Consider carefully the number of elements to memorize and the time to assimilate them. The time should
be established by the educator.

Problems playing in-group

It was observed that children usually became more distracted-when playing in groups than individually. While the
Twister and Plumber activities worked well when playing in groups, those adapted to be played by more than one
child did not work so well, since they had not been designed for that purpose. In most cases, the children did not
collaborate but just competed against each other to“seeswho was the fastest to solve the exercise. Competiveness
does not favor the control of the impulsivity, a problem. for these children, whereas collaborative play may help
them to learn self-regulation and respect for others” rhythms.

R6. The game should be designed to encourage children to interact, fostering joint resolution of problems and
not competition.

Finally, despite the limitations reévealed in the evaluation of these activities (which were not specifically aimed at
children with ADHD), the positive comments from the educators encouraged us to go ahead. However, we
realized that in order to develop)activities for children with ADHD, a careful design of the activities must be
followed. For that purpose, we thought it was essential to analyze in depth the characteristics of ADHD children,
considering their shortcomings and potentials, the way they process information and the mediation role that
technology and digital games (in this case, the tangible tabletop) should adopt. In the following section the studies
carried out are presented in detail.

4. STUDYING ADHD CHILDREN: LEARNING PROCESS AND MEDIATION

The aim of this section is to establish a reference framework to guide the design of activities for ADHD children.
We first present a study of the learning processes of ADHD children, based on the PASS model. In these learning
processes, mediation is also essential. Therefore, we also analyze in detail the interactions between the child, the
facilitator (educator), and the interactive game, delimiting the role of each and giving recommendations to
achieve a good mediation process. In both subsections design recommendations are also given.

4.1 The PASS model: Understanding ADHD children to foster their learning processes
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The PASS (Planning-Attention-Simultaneous-Successive, Naglieri and Das, 1988) model combines neurological,
psychological, and educational aspects and helps to understand how children behave during their learning
process. In this section, we analyze how this model can help understand the behavior of children with attention
deficit, hyperactive or not, when they face learning tasks, and also what factors are necessary to consider in order
to fulfill their educational needs.

There are three functional units in the PASS model: attention (first functional unit), codification (second
functional unit) and planning (third functional unit). There are two types of codification: simultaneous and
successive; and there are three types of attention: arousal, selective and sustained. All these units are closely
interrelated. Codification and planning interact to execute several actions and to facilitate knowledge acquisition
and, at the same time, both these functional units depend on the existence of an adequate alert state(attention) so
that learning can take place.

In the PASS model all the components act in an interactive way but, depending on the characteristics and
requirements of the task to be performed, the participation of each process varies. The tasks can be codified in
different manners, and the way to treat the information and how to perform the task are both forms of planning.
Also, the intervention of attention is essential, and this must be sufficiently high so thatjthe plans of action can be
generated and used.

In fact, among these processes, attention has an important relevance in children with ADHD. It is composed of
two other processes: one of them is automatic, doesn’t require any-effort.and isn’t controlled (arousal); the other
process is conscious, requires effort and is related to and depends-net.only on the attention functional unit but also
on the planning functional unit. Arousal is related to being alert, and it can vary depending on external conditions
(cold, heat, noise...) and internal conditions (affective and cognitive). Attention has been considered as an
essential construct in psychology (James, 1890) and during recent years it has been an important research area in
the context of learning difficulties (Mahapatra, 2016; Taddei et al., 2011). These research studies have focused
particularly on selective attention, which allows children to concentrate exclusively on the relevant stimuli, and
sustained attention, which is related to the ability to maintain attention for a longer period of time. Technology
may play a relevant role in both cases: a careful selection of different types of stimuli may help the child focus
attention; and these stimuli may also improye motivation and engagement with the activity. In fact, in the case of
tangible interaction, manipulative materials.may be very attractive for children, adding a ludic component to the
task. The task itself becomes a source of interest and motivation, activating the attentional process.

Children with poor attention skills are usually described as inattentive or as easily distracted. In general, they
respond to a bigger number of stimuli, relevant or not, and are unable to concentrate during the performance of
the task in hand. This results invan increase in their activity level which, in turn, can lead to a disruptive attitude at
school. Consequently, these’/ children develop behaviors that not only hinder their learning but also negatively
affect their acceptance by teachers and schoolmates. However, the relationship between learning difficulties and
attention problems,is.complex. In this context, Lahey et al. (1978) differentiate between behavior problems,
learning difficulties, personality problems and hyperactive behavior. From this point of view, children with
hyperactive behavior may (or not) display learning difficulties (Mayes et al., 2000).

As previously seen, planning is closely related with attention. In the PASS model, planning requires cognition and
behavior to be active and strategic, instead of passive. In cases where there is too much information, or there are
different processing options, it is necessary to make decisions, and this requires active and strategic thinking.
Planning is necessary for solving new problems or tasks. Developing the planning functional unit will aid in
managing children’s inappropriate level of arousal, will facilitate plans for strategic performance, and will allow
their self-regulation (Barkley, 2006). Therefore, for children with poor attention skills, both the contents of the
activities and the mediation and interaction processes that take place during the activities are essential.
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Another essential issue to take into account is the social component. If the child can work the reflection skill
about their own learning processes through a social act, this allows him/her to take joint decisions, enriched with
different contributions. Moreover, the individual perception of the environment can be improved by sharing
experiences with others, since other people can provide different views and perspectives that modify the child’s
comprehension, influencing his or her decision-making process. For a successful joint action, the aims,
knowledge and beliefs of all participants must be considered, sharing them and working in groups and not
individually, in order to achieve a greater benefit. In this way, the group thinks only as one and the individual is
capable of communicating the thoughts and reflections of the whole group to other people (Frith, 2012).
Furthermore, the interaction and the joint action with colleagues improve problem solving when it is necessary to
select data that provide specific knowledge. In this sense, it is essential to promote the interaction between
children and the joint resolution of problems.

In conclusion, the PASS model explains how attention problems have consequences in allthe processes involved
in learning. In particular, attention can interfere in the planning process, which is responsible for the construction,
execution and control of plans. Therefore, not only selective attention but, also/strategic behavior and
metacognitive knowledge must be worked with these children, focusing on the planning process and promoting
interaction. A technological device may have an important role in this process. In/particular, we have seen
(section 3) that tangible interaction tabletops have several characteristics that.make them potentially useful for the
education of ADHD children: sensory engagement, accessibility and group-learning. For a greater educative
impact on the child, when designing activities it is necessary to:

- Focus specifically on selective attention and planning (R7).

- Design activities that bring cognitive challenges to.the children, stimulating their attention and their
development potential (RS).

- Develop activities that favor reflection on the consequences of their actions, considering alternatives and
sharing their points of view with others (R9).

- Make the most of the manipulative possibilitics of the tabletop as a resource to favor learning, interest,
involvement and motivation of the children (R10).

4.2 Recommendations for an effective mediation process through interactive games

As we have seen, difficulties in attention processes affect other processes, especially those related to planning, so
the internal construction of children’s experience and their self-regulation are key aspects to consider. Through
interaction, mediators generate opportunities to encourage abstract thinking by favoring news ways to perceive,
challenge, and be open to other options and emphasize the process of change as a physical experience. Feuerstein
et al. (1980) call this type of interaction “mediation” whenever it has a sense of change, what it is called
“cognitive modifiability”’. This cognitive modifiability requires the mediator to work in Vygotsky’s “Zone of
Proximal Development’? (1996). In their work, Feuerstein et al. (1991) differentiate eleven categories or types of
mediation (Table 4):that determine the kind of questions used to mediate in the learning process.
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Table 4. Feuerstein’s mediation categories and aims

Mediation category

Mediation aim

Intentionality and reciprocity

To find the meaning of the task and to be actively engaged in order to
promote active responses.

Transcendence

To generate new needs (precision, accuracy, new knowledge...).

Meaning

To encourage meaningful questioning.

Feeling of competence

To feel acknowledged, to acknowledge oneself, and to show it with positive
stimuli.

Regulation and control of behavior

To find out a more formal way of sharing: explaining answers, strategies...

Sharing behavior

To help to analyze and to argue their own answers and to express their own
ideas.

Individual and physiological
differentiation

To encourage convergent and divergent points of view and support their
answers while noticing how they differ from other styles.

Planning

To become more flexible by including new information and generating new
responses as a result.

Challenge: Search for novelty and
complexity

To acquire flexibility, to include new perspectives and generate new
answers.

Structural change

To facilitate a higher level of abstraction.

Search for an optimistic alternative

To anticipate the future using the situation in which the children have

achieved their objectives. This information facilitates their development.

Many studies have validated the potential of games for motivating learning and the improvement of academic
performance (Bul et al.,, 2016; Erhel and Jamet, 2013; Haring et al., 2011), especially with children with
resistance to change or with.negative experiences in learning, as it uses to be in the case of children with ADHD.
Games can be offered as a matural way to stimulate different cognitive processes, to enhance active and
autonomous learning and to/provide possible simulations that would be unachievable with other mediums. This
way, they can be used,as tools to encourage and facilitate mediation. Nevertheless, they have to be properly
designed to avoid gamification pitfalls (Lee and Hammer, 2011).

With this idea’in mind, starting from our tabletop experiences and taking Feuerstein’s categories as a reference,
we have made an in-depth study of the type of mediation appropriate for technology-supported activities, and
whether it can be supported by the technology or not. We have arrived at a set of suggestions about the type of
questions and requests that the mediator should make to encourage and to guide the learning process in
technology-supported activities (see Table 5). In each case, mediation may be done either by a person (P), or the
interactive game or the technology (T), or both (T-P). Besides, they are related to Feuerstein’s categories.
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Table 5. Mediation suggestions proposed for technology-supported activities. Highlighted those where
Technology (T), and not only a person (P), may contribute.

Mediation suggestions Mediator | Feuerstein’s
categories
M.1. | Instructions should always be clear. T-P
It should be verified that children have understood the instructions and that P Intentionality
they are able to express what they have to do. and reciprocity
Ask questions to help children focus their attention. T-P
M.2 Ask questions to help children understand the context. T-P
Transcendence
Ask questions about the new principles that the children have connected P
from their experience.
M.3. | Ask the children why. T-P
Meaning
Ask the children for precision about what they think and its meaning. P
M.4. | Adapt the tasks considering the age and experience of the children. T-P
Cheer up. T-P
Ask how they make their decisions and how_they, have validated their P
hypothesis. Feeling of
Ask the children how they make inferences and come to conclusions. P competence
Ask about the satisfaction of the result. P
Value positively a proper answer. T-P
If the answer isn’t correct, ask the children what they would do in case of T-P
repeating the task.
Give children the option to test it after having thought of an alternative. T-P
M.5. | Ask about the causes and their relation with the consequences. P Regulation and
control of
behavior
M.6. | Encourage the children to think aloud (meta-cognition). P Sharing
g g behavior
Ask what they would do differently next time and about other ways to T-P
resolve the problem.
M.7 | Ask the children to justify their answers. T-P Individual and
Ask the children to express the difference between their responses and those P phyS'OIO_gK_:aI
differentiation
of others.
M.8. | Ask about the objective of the game, holding children’s attention. T-P
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Ask about the strategies used to achieve the game’s goal. T-P Planning
M.9. | Ask the children to express what new things they have done and what they T-P
have created. Challenge:
Search for
Ask the children to compare in order to discover what is new in their P novelty and
answers, and to accept the change. complexity
Ask the children what new principles could be applied to new situations. P
M.10. | Ask the children what classification is being used and what this T-P
classification implies. Structural
change
Ask the children about other possible classifications or criteria. P
M.11. | Ask the children about the results they expect. P
Search for an
When children answer correctly, you must congratulate them T-P optimistic
i ) i alternative
When they answer incorrectly, he/she/it must encourage them to continue T-P
with the activity

Looking at Table 5, it can be concluded that although the technology-and digital activities cannot completely
replace the person or educator, they can be properly designed.to have.a relevant role as a complement and help for
the educators. From a mediation perspective, it is necessary thatthe activities fulfill the following requirements:

- The design of the technological interaction has to, facilitate the maintenance of the attention and interest,
favoring the regulation of the impulsivity (R11).

- The activity should stimulate interaction among peers and with the person that facilitates the mediation
(R12).

- The technological design has to beflexible and allow positive intervention of the mediator if needed,
adapting to the each specificsituation of the learning process and of the child’s attitude (R13).

These mediation recommendations are consistent with the PASS model. They favor the attention process since
they orientate the cognitive activity. and the required response, and facilitate selective attention together with
resistance to distractions. Regarding planning, they focus on problem solving, impulse control and processing.

In the next section,,all the recommendations will be gathered in a set of guidelines to design interactive games for
children with ADHD. It will be seen that, although coming from the tangible area, they are quite general and
applicable to the design of any interactive application.

5. GUIDELINES TO DEVELOP INTERACTIVE GAMES FOR ADHD CHILDREN

The recommendations obtained from those described in the previous sections are summarized in Table 6. Six of
them come from the assessment of different interactive tangible activities carried out with ADHD children as
described in section 3. The following four are taken from the study of information processing in ADHD children,
more specifically from analyzing the PASS model. The last three have been obtained from the analysis of how
effective educative mediation should be carried out, as presented in section 4.

A set of guidelines based on these recommendations is presented in section 5.1. The guidelines are compared with
those found in the literature in Section 5.2.
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Table 6. Extracted recommendations

Extracted from

Recommendation

R1

Instructions have to be clear and offer the possibility of being replayed.

R2 | Objects have to be easily identifiable by the children.
R3 | When there is a limited time to complete a task, this has to.be clearly indicated.
Preliminary
study R4 | The educator should be able to control the whole game, including the possibility
of repeating every task.
R5 | Consider carefully the number of elements to memorize and the time to assimilate
them. The time should be established by the educator.
R6 | The game should promote collaboration to solve the problems.
R7 | Focus specifically on selective attention and planning.
ADHD children | R8 | Design activities that bring cognitive challenges to the children, stimulating their
information attention and their development potential.
processing
(PASS)
R9 |/Develop activities that favor reflection on the consequences of their actions,
considering alternatives and sharing their points of view with others.
R10 | Make the most of the manipulative possibilities of the tabletop as a resource to
favor learning, interest, involvement and motivation of the children.
R11 | The design of the technological interaction has to facilitate the maintenance of the

attention and interest, favoring the regulation of the impulsivity.
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Effective R12 | The mediation should stimulate interaction among peers and with the person that
mediation facilitates the mediation.

The technological design has to be flexible and allow positive intervention of the
R13 | mediator if needed, adapting to the each specific situation of the learning process
and of the child’s attitude.

5.1 Design guidelines

The guidelines recommended to design interactive activities for children with ADHD are presented below. These
guidelines have their origin in the previously identified recommendations and give support to the mediation
suggestions presented in Table 5. The benefits for ADHD children, including those deriving from the support of a
proper mediation process, are also listed.

G1. The level of difficulty of the game should be adaptable.

It is necessary to allow the time and effort needed to fulfill a task to be adaptable to the specific characteristics of
the child playing. In particular, the number and type of elements.to memorize and the time given to the child to
assimilate them has to adaptable and modulated by the educator.

Origin: this guideline is based on the problems identified during the evaluation sessions (section 3) regarding the
elements and the time needed to memorize them. Assa result, it was recommended to give children enough time to
assimilate the information, allowing the educator to set'the time (recommendation R5).

Benefits: Selective attention and concentration will be facilitated. Active engagement will be promoted
(mediation M1: intentionality and reciprocity), asswell as an improvement in the feeling of competence (M.4) and,
indirectly, in the planning competence(M.8).

G2. The objective of the game and how to achieve it have to be clear.

The instructions have to beclear and re-playable and should precisely express intermediate states during the game
and final results. The game must allow the child to have all the information relating to the game at any moment to
be able to decide and plan.

Origin: this guideline is based on the problems that children had in the evaluation when trying to understand and
complete the activities! This could be because they were not paying attention to the instructions (for example,
missing audio instructions) or because they did not know how to play because the instructions were not clear.
This guideline covers the recommendation of giving initial clear instructions (R1), but applies to all the phases of
the game.

Benefits: Giving all the information the child needs allows him/her to work on sustained attention together with
the strategies needed to solve the activity (M.8. Planning). It also favors transcendence (M.2), meaning (M.3), the
child’s feeling of competence (M.4) and his/her engagement (M.1. intentionality and reciprocity).

G3. The game should help the children be aware of the time.
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When there is limited time to complete a task, this has to be clearly indicated. Moreover, the time left to complete
it should also be indicated.

Origin: this guideline is based on the problem detected in the evaluation regarding the lack of reaction to a limited
time: the children, not knowing the time limitation, let the time pass by without doing anything. This resulted in
the recommendation of clearly indicating the time assigned to a task, or the time remaining to complete it (R3).

Benefits: this would favor autonomy (M.4. feeling of competence), since the child has to connect with the
consequences of the use of time from a perspective of causes and consequences. This way, the focus will be on
the planning of the task and on the strategies needed to solve it (M.8. planning) and on the self-control required
(M.5. regulation and control of behavior).

G4. The manipulative possibilities of the tabletop should be potentiated.

Interaction with physical objects should be promoted, but it is necessary to adapt these.objects to the experience
and age of the children. Changes in the object attributes (size, shape, direction, number) should be avoided during
the game.

Origin: this guideline is based on the study of children with ADHD (R10),/and on"the problems detected during
the evaluation sessions in the identification of certain objects which resulted in the recommendation of paying
special attention in designing objects that can be easily identified (R2):

Benefits: manipulative materials are appealing to children andsincrease interest and motivation, activating the
attention process. If objects are adapted to the context and age of the children, their feeling of competence (M.4)
will be enhanced. Changes in the object attributes allow transcendence to be worked (M.2).

GS. The game should be totally controllable by the educator

The educator must be able to freeze the game until certain data is provided, a consensus is achieved, or the child
calms down or rests. Moreover, it should be possible to redo an activity either because the child has failed or the
educator considers it is appropriate.

Origin: this guideline is based on/the study of mediation (R13) and on the problems detected during the
evaluation when, after completing activities, it was necessary or desirable to play again. The detection of this
problem resulted in the recommendation of giving the educator total control over the game (R4) to facilitate the
adaptation to each child and’situation.

Benefits: the possibility of “freezing” the game is an essential support for the educator throughout the mediation
process.

G6. The game should promote the search for information and the identification of alternatives.

The search forinformation should be promoted by the game when players are asked to make a decision. This can
be done by asking them to look for information that is relevant for the decision. Even if the answer is correct, the
game should ask the children about other ways of performing the task and about the reasons for their action.

Origin: this guideline arises from the analysis of the specific needs of children with ADHD (R9) in relation with
the improvement of their planning skills, and from the recommendation that the technological interaction should
stimulate learning and all the processes involved (R11).

Benefits: The reflection about possible alternatives of performing the activity (M6. sharing behavior), anticipating
possible consequences in the context, also allows transcendence to be worked (M.2). Besides, if done before
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acting, it would help self-control (M.5. regulation and control of behavior). During the activities, it would be
interesting to ask the children what they are thinking and why (M.3 meaning), to encourage them to express the
relationship between the planning and the goal (M.8 planning), and to make them think about other ways to
achieve the goal based on different criteria (M.10 structural change).

G7. Positive and encouraging feedback must always be given.

Positive feedback to correct answers must always be given. In the case of negative answers, visual or verbal
feedback should also be given to encourage the child and give him/her the opportunity of repeating the task.

Origin: this guideline arises from certain needs of the children with ADHD (R13) related to the need to enhance
their feeling of competence, but it is also related to some of the recommendations extracted from the evaluation of
the activities, such as allowing tasks to be repeated when needed (R4).

Benefits: By making use of positive feedback, the game can directly influence the child’s feeling of competence
(M.4), creating better expectations and improving the child’s motivation (M1 intentionality and reciprocity).
Encouraging the child in the case of negative answers supports the search for an optimistic.alternative (M11).

G8. Interest and motivation should be maintained through several stimuli.

The stimuli must be chosen taking into account the children’s interests and needs, as well as the activities and
games.

Origin: this guideline arises from the analysis of the needs of children with ADHD (R10), in terms of attracting
and holding their attention, learning to select the correct. stimuli at any moment, and also from the
recommendations about orientating technological interactions/(R11), the interaction with people (R12) and the
flexibility of the process (R13).

Benefits: conservation of the goal, planning and sustained attention. When the stimuli connect with the interests
of the children, they allow transcendence (M.2) and their feeling of competence (M.4) to be worked.

G9. Games should enhance selective attention.

Stimuli should be used to focus attention. The game should lead children to focus their attention on a particular
characteristic that differentiates.one element from all the others.

Origin: this guideline arises from the analysis of the needs of children with ADHD (R7), since one of the
children’s main problems is their lack of selective attention. Benefits: improvement of selective attention and
planning (M.8) as the child has to define objectives and select strategies to differentiate elements and fulfill the
task.

G10. The game should promote collaboration to solve the problems.
Children haveto be encouraged to interact with others. The game should foster joint resolution of problems.

Origin: this guideline arises from the problems detected during group play in the preliminary study (R6) as well
as from the analysis of the needs of children with ADHD (R9 and R12) relating to the considerable benefits of
social interaction, as well as the need to focus attention and suggest new possibilities.

Benefits: Metacognition will be stimulated through interaction, since it enriches the decision-making process by
adding different perspectives (M.6. sharing behavior). Expressing aloud to others requires self-regulation, which
improves the control of impulsivity (M.5. regulation and control of behavior) and may reveal divergences that
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help children work individual and psychological differentiation (M.7). Moreover, through collaboration and
interaction with other children, the game can foster flexibility in accepting new alternatives (M.9. challenge:
search for novelty and complexity).

5.2 Discussion: Similarities and differences with other guidelines in the literature

It is interesting to compare our guidelines with the other principles and guidelines found in the literature and
summarized in Table 1. As stated in Section 2.2, the basic guidelines for usability and interaction should always
be a reference for achieving well-designed applications. This is why we have also checked if our guidelines are
consistent with the general principles of interaction design (Nielsen, 1994). The results of these comparisons are
presented in Table 7.
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Table 7. Summary of the proposed guidelines compared to others found in the literature and to Nielsen’s

heuristics.

Proposed Guideline

Correspondence with other
authors’ guidelines

Correspondence with Nielsen’s
Heuristics

G1. The level of difficulty of
the game should be adaptable.

P1. Design simple games that do not
require much time commitment,
concentration or complex cognitive
abilities

N7. Flexibility and efficiency of
use

G2. The objective of the game
and how to achieve it have to
be clear.

MKO. Use brief and clear
instructions.

P2. Give enough structure and
context instructions.

S1. Provide structure to facilitate
activities.

N2. Match between system and
the real world

G3. The game should help the
children be aware of the time.

NI1. Visibility of system status

G4. The manipulative
possibilities of the tabletop
should be potentiated.

G5. The game should be‘totally
controllable by the educator.

MK10. Allow ample rest periods and
exercise breaks

N7. Flexibility and efficiency of
use

G6. The game should promote
the search for information and
the identification of
alternatives.

G7. Positive and encouraging
feedback must always be given.

MK3. Provide a high-reinforcement
environment.

S3. Encourage praise and rewards.

N1. Visibility of system status
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P4. Provide the child with diverse
G8. Interest and the motivation | options to avoid the child getting

should be maintained through | bored quickly and to improve
several stimuli. motivation.

G9. Games should enhance
selective attention.

G10. The game should promote
collaboration to solve the
problems.

The comparison between our guidelines with Nielsen’s ten heuristics shows that three of them are closely related
to five of ours. More specifically, G1 and G5 are closely related with Nielsen’s~heuristic N7.Flexibility and
efficiency of use, which indicates that there must be different levels for different kinds of users. In our particular
case, either in G1 and G5, the system must be flexible enough to allow educators to control the game and to
determine the level of difficulty. Our guideline G2 is related with Nielsen’s-heuristic N2. Match between system
and the real world, which indicates that the system must speak the users’ language (with concepts familiar to the
user) and the information must appear in a natural and logical order:The only way to make clear the objective of
the game and how to achieve it is by following real-world conyentions. Moreover, our guidelines G3 and G7 are
closely related with Nielsen’s heuristic N1.Visibility of system status, which indicates that the system should
always keep users informed about what is going on; either the time left to complete a task or for giving feedback.
However, in G7 we go further, pointing out that the system must give positive and encouraging feedback, since
this is especially important for ADHD children. The five remaining guidelines, G4, G6, G8, G9 and G10 are very
specific for tabletop design or the characteristics /of ADHD children and cannot be directly related with any
general interaction design rule.

In the comparison of our proposed guidelines (Table 4, column 1) with the specific guidelines for the design of
applications for children with ADHD (Table 4, column 2), it can be seen that some of them (G1, G2, G5, G7, G8)
are consistent with the guidelines from other authors. However, others (G3, G4, G6, G9 and G10) are lacking in
the literature. It can also beebserved that all our guidelines except one (G4) are not restricted to tangible tabletop
activities and can be applied to any kind of technology-supported therapeutic mediated process.

The new guidelines proposed in this work try to enhance planning and attention abilities in ADHD children (Das
and Misra, 2015), without reducing external stimulation (Cruickshank et al., 1961). We consider that to achieve
learning improvements, the interventions should be based on the development of self-control and strategies,
including emotional abilities (DuPaul et al., 2011). This is why we have considered it necessary to include in our
guidelines interaction and cooperative learning and the contributions of cognitive psychology, in particular of the
PASS model. In general, and compared to the design guidelines presented in other works, the proposed guidelines
have two distinguishing features:

- They focus on the design of the application or game paying special attention to interaction.

- They prioritize the acquisition of self-control and emotional abilities, the game being responsible for
favoring moments of reflection about the resolution process being carried out by the child.
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Having drafted the guidelines, we decided to apply them to the design of activities for our tangible tabletops with
the children from Atenciona in mind.

6 DESIGNING AND TESTING TANGIBLE TABLETOP ACTIVITIES FOR ADHD CHILDREN:
APPLYING THE GUIDELINES

In this section, two NIKVision tabletop activities specially aimed at ADHD children are described in detail,
taking into account the guidelines discussed above. The results obtained in the assessment of both activities with
ADHD children are then presented.

6.1 Designing two new tangible tabletop activities

As stated in the preceding section, it is essential to allow the educator to have entire control of the activities (G5)
and of the time to perform each of them (G3). Therefore, it was decided to add a menu bar (see Figure 3 left) to
facilitate navigation between the activities and the different activity levels. Educators may also use this button to
pause the activity if a child requires more time or if it is necessary for him/her to mediate..For example, before
beginning to play, the educator may ask the children about the objective of the activity,(G2) and motivate the
child to explain how he/she will do the activity (G6). It also allows returning to the beginning of the activity
(home button) and repeating the instructions. This menu bar was incorporated-into both games and is located in
the lower part of the screen. The educator can control the menu by means of a‘couple of new tangible objects
(Figure 3 right).

All the activities give a positive audio feedback when children‘perform-the task correctly (G7). However, if the
children fail, the audio feedback is conceived as a positive reinforcement, encouraging them to repeat the activity
and continue playing.

m

Fig.3. Left: Menu bar - Right: Physical objects for controlling the activities

The two activities developed for, ADHD children, called “Shapes and colors” and “Once upon a time...”, are
presented below. For each one, there is a brief description of the activity, focusing on the guidelines applied, and
an explanation of its intervention goals.

6.1.1 ‘Shapes and colors’

Activity description: ‘Shapes and colors’ is a memory game designed to be played by 2, 3 or 4 children (G10).
The educator ‘can choose to let the children read the instructions or to listen to them. At the beginning of the
activity, the tabletop surface shows a green grid with several figures placed on different grid positions (see Figure
4 left). After several seconds (established by the educator - G3), the figures disappear and the child has to
remember which figure (and color) was in each square. The physical objects (G4) are bracelets with a picture of a
figure or a color (see Fig.4 right) that have to be worn by the children. The children have to place their hands on
the square on which appears the figure with the same shape and color as that shown on the bracelet they are
wearing.
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Fig. 4. Left: “Shapes and colors” game board. Right: Bracelets used in the activity.

The activity begins with a set of figures with the same shape but different colors. The difficulty of the task
gradually increases (G1) by showing different geometrical shapes with different colors (there ‘are 10 levels of
difficulty). In all the tasks, there is at least one figure that does not appear on the bracelets and that acts as a
‘distractor’ to foster selective attention (G9). The educator can stop the game at any time (G5) to discuss progress
with the children, trying to promote reflection about the achievement of the activity’s goal (G6).

Intervention goals: The possibility of using objects attached to the hands.instead of a finger to interact with the
table allows working abilities such as bilateral coordination (use of the two hands) and the coordination of the
upper body. These abilities are essential for daily life, since most ‘of.the activities that we do involve the use of
both hands. The game helps children to work with their laterality, making them differentiate their left hand from
their right hand, since when two children play together each.child wears two different bracelets: one on his/her
right hand and the other on his/her left hand. The child has to pay attention not just to the figure but also to the
hand where the picture is, in order to correctly place the hand on‘the square.

This game also involves the use of memory, but in a complex manner, since not only a color or a shape but also
its location must be remembered. In this way, spatial reasoning is favored, which it is important to potentiate at an
carly age.

6.1.2 ‘Once upon a time...’

Activity description: ‘Once uponia time.-.’ is a game for improving reading and listening comprehension. As in
the previous activity, just before:beginning to play the educator can choose between making the children listen to
the instructions or read them and they can be replayed as many times as wanted (G2).

At the beginning, two tales are presented on the surface of the tabletop: ‘The sleepyhead dragon’ and ‘Uga, the
turtle’ (Fig 5 left)- The educator will usually choose between the two different stories that the children have to
listen to or to read. This game can be played individually or by several children using different toys related to the
stories (Fig.S right)=In the latter case, the game is performed collaboratively (G10). In contrast to the previous
activity in which children have a limited amount of time to finish, in this case children can take all the time they
need to read the story and, when they finish, the educator can continue with the activity (G1).

29



Fig. 5. Left: Activity “Once upon a time...” Right: Tangible objects used in the activity.

Once the story has been listened to or read (see Fig.6 left), a set of questions is displayed-to see if the children
have paid attention to the story (G9) (see Fig.6 right). In this case, the level of difficulty of the game lies in the
questions that are asked about the story (G1). For all the questions there are at least two different answers and the
child has to choose the correct one (G9). In order to answer the questions, several.tangible playing pieces (G4)
(see Fig.6 right) are used to indicate the correct answer. When the children respond correctly, a “correct” sound is
reproduced. Otherwise, they hear a “wrong” sound followed by a phrase that‘encourages the children to try again
(G7). The game may be stopped by the educator at any time to promete discussion and reflection about the
answers given by the children (G6).

2Quién ke o un blueh conssin?

Fig. 6. Left: Story “Uga, the turtle”. Right: Question ‘Which character gave the turtle good advice?’

Intervention goals: This activity:includes written texts that the children can read or listen to, working on reading
or listening comprehension; respectively. They must select the correct answers about these texts, so that they must
work semantic processing. This/semantic processing requires the use of the planning system, the use of previous
knowledge, and simultaneous processing. As in other tasks, their attention, and especially selective attention, is
essential.

6.2 Testing the new activities in Atenciona

Once the activities were developed following the previously explained guidelines, we proceeded to test them at
the Atenciona association. The objective of this evaluation was to analyze the usefulness of the applied guidelines
and also to detect usability problems in order to refine or adapt the guidelines where necessary.

As in the previous evaluations (Section 3.3) the method followed in the evaluation was observational. This time
10 of the children whose characteristics are set out in Table 3, one girl and nine boys aged from 7 to 12,
participated in the session. They were organized into two groups of four children and one group of two. Each
group participated in one session of around 30 minutes. First, they played the “Shapes and colors” game (each of
the four children wearing a bracelet with a shape and color) after which they played the “Once upon a time...”

30



game in pairs. The last group (a couple) played the “Once upon a time...” game only. As in the previous session
the educators, a NIKVision expert and a psychologist were present. During the observation, notes were taken by
the psychologist and the expert on the actions and reactions of the children while playing, focusing on the impact
of the proposed guidelines. After the evaluation, the educators were interviewed about their perception of the
experience with the new activities and with the new mediation support.

Some conclusions have been extracted from the interviews with the educators and the notes taken during the
sessions about the design considerations taken into account when developing the two activities. The conclusions

are presented below, including some representative comments extracted from the interviews:

The game experience was very well received by the educators: “At first it was difficult for.some children
to get used to the tabletop, but after some screens they were able to interact with it.with ease” (notes);
“Despite being with a child that didn’t stop jumping, apparently not paying much attention, she was able
to solve the activities successfully” (notes).

The educators made extensive use of the facility to adapt the level of difficulty of “Shapes and colors”
(G1): when they saw that children performed the first tasks too quickly, they selected the last ones which
were the most difficult.

The possibility of “traveling” between tasks and of being able to return tosthe beginning of the activity
without having to interrupt and restart the game (G5) saved a lot-of time. ‘It is good to be able to stop the
game and restart it to read the instructions again in case the.child has doubts. It is well designed to deal
with planning” (interview). Besides, it also prevents the child from.feeling frustrated, since before adding
this possibility the child had to repeat the tasks that he/she had.already done until reaching the task that
he/she wanted to revise.

The possibility of controlling the game (G5), giving more time when needed, was also appreciated: “If he
is provided with enough time to think, he performs.all the activities correctly. He just needs time to think”
(note).

The opportunity for the children to be autonomous and to be able to decide to read or listen to the
instructions again was well received (G2): “When there are two or three instructions, the child forgets the
order and reads the indication autonomously” (notes).

Both games motivated the children to~ collaborate, since the “Shapes and Colors” game cannot be
completed until each one ofithe four children has his/her hand placed over the corresponding square, and
in the “Once upon a time”. game the answer to the question cannot be given until both children discuss the
correct answer (G10).This last aspect reduced trial and error, since the educator stopped the game (G5)
and did not allow.an answer to be given until the children had reasoned together (G6). Some positive
behaviors were documented: “The toys are distributed by turns” (notes), “Children talk to each other and
take a comman decision” (notes). However, some negative behaviors were also noted: “He is unable to
give his partner.enough time to think about the solution before answering himself, or in case of waiting
he does'it without stopping shouting: ‘Please, I know it, I know it!" and jumping” (notes); “Children
argue about'who should control the manipulative toy” (notes).

The manipulative characteristics of the tabletop were recognized as a motivating element (G4): “Working
with the tabletop is very interesting since it is something innovative, visual and manipulative” (interview).

The evaluation has also been useful for detecting some usability problems in the design of the activities:

Some colors in the “Shape and Colors” activity were too similar and children mistook them when
playing. This has to be considered when using color as the stimulus to focus attention (G9).

The vocabulary used in the game instructions was sometimes too difficult and the instructions too long so
that children stopped listening and/or reading them. This has to be considered when stating the objective
of the game (G2).
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The educators (and the children) were sometimes “lost” in the game structure, not remembering the order
of the tasks in the games. This has to be considered to make the game more easily controllable by the
educator (G5).

In the “Once upon a time” game legibility problems on the table arose and strong differences in reading
comprehension levels among children of similar ages were detected, making the game difficult for some
of the children. These problems have to be taken into account when establishing the goal of the game
(G2) and its level of difficulty (G1).

Despite the positive feedback (G7), some children asked the educator for verbal or gestural indications to
confirm that he/she had given the correct answer.

These problems have allowed us to extract some additional recommendations to apply the guidelines:successfully
(in italics):

GL1. The level of difficulty of the game should be adaptable.
It is necessary to be able to adapt the time and effort needed to fulfill a task to-the specific characteristics
of the child playing. In particular, the number and type of elements to memorize‘and-the time given to the
child to assimilate them has to adaptable and adjusted by the/educator. Besides, if reading
comprehension is involved in an activity it is necessary to introduce an adaptable level of difficulty in the
activity. This adaptation can be used for working on the different levels of text comprehension (literal,
inferential and critical).

G2. The objective of the game and how to achieve it have to.be clear.
The instructions have to be clear and re-playable and should precisely express intermediate states during
the game and the final results. The game must allow the child to have all the information of the game at
any moment to be able to decide and plan. The instruetions must be short and the steps clear. It is
necessary to pay attention to the vocabulary that is used so that children of diverse ages and reading
comprehension levels can understand it. Legibility hasto be assured.

GS. The game should be totally controllable by the educator.
The educator must be capable of freezing'the game until certain data is provided, a consensus is achieved,
or the child calms down or rests. Moreover, it must be possible to redo an activity because either the child
has failed or the educator considers.it appropriate. To help control the game, it is necessary to indicate
which task is being performed-at any moment, and its position within the general structure of the game.

G7. Positive and encouraging feedback must always be given.
It is necessary to reinforce positive feedback in the case of correct answers.

G9. Games should enhance selective attention.
Stimuli should be used to focus attention. The game should lead children to focus their attention on a
particular characteristic” that differentiates one element from all the others. The use of color as a
distinguishing characteristic should be avoided or else colors must be clearly distinguishable.

The evaluation has.enabled the detection of strengths and weaknesses of the design and usability of the activities.

Additionally;, it has helped to reinforce the relevant role of the educator to facilitate the development process in

the learning and to go further: “He needs the educator’s help to associate concepts” (notes); “He associates
concepts correctly with the mediator’s help” (notes). This strengthens our idea that technology should

complement the educator’s role, whose task remains essential.

7 CONCLUSIONS AND FUTURE WORK

In spite of its prevalence in our societies, there is a lack of works focusing on ADHD children. There are very few

works in the field of tangible interaction and none dealing with tangible tabletops despite the fact that these have
proved to be quite successful with other children with learning difficulties.
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Following previous successful experiences with tangible tabletops and special educational needs children, the aim
of the present work was to study how tangible tabletops could support therapeutic work with ADHD children.
Collaboration with a regional association of ADHD families and professionals has enabled us to carry out a set of
evaluation sessions with such children. The tabletop activities were motivating and attractive for the children and
useful and interesting for professionals due to the possibility of working not only on cognitive skills (such as
attention and planning) but on social skills, which are recognized as critical for these children. Nevertheless, some
interaction problems were found during the evaluation sessions that led to a first set of recommendations
concerning the activities to be performed with these children.

We realized that creating games that focus on the learning needs of children with ADHD is not an easy task, since
it is required to delve deep into their cognitive and emotional processes. This led us to carry out.an in-depth study
of their specific needs, lacks and potentialities and of the necessary mediation process recognized by educators as
a key factor in the success of education intervention. In fact, the need arose for designing activities to support and
favor the learning process through appropriate mediation and a second group of recommendations was compiled.

As a result of our studies and experiences, we have drafted a set of ten guidelines-for the design of interactive
activities to be played on tangible tabletops by ADHD children. Only one of them is specific to tabletops while
the others are wholly applicable to the design of interactive games and applications:for ADHD children. Some of
the guidelines are consistent with guidelines found in the literature but others were not found in previous works.
Our guidelines focus on a proper design of interactions as a way of helping these children to acquire self-control,
emotional and reflection capabilities.

Even though the guidelines have been established taking into account the learning needs of ADHD children, the
fact that they favor the development of the cognitive functions.relating to planning and attention make them
suitable for application to other neurodiverse children (Dalton, 2013) with difficulties in those areas. Following
this inclusive perspective (Miles and Singal, 2010; Ainscow, 2005), the mediation recommendations may be also
considered as a framework to be adapted to the specifie.characteristics of each child or group of children.

As future work, we are planning to carry out a participatory design activity with the children of the Atenciona
association, as they were highly motivated by the tabletop. Such an activity will allow working not only on their
creativity and technical skills, but alse.their social abilities, as group work will be needed. This could be a very
positive experience for these children: Besides, it will help to obtain interesting research information and redress
the lack of such experiences in.the literature, as stated in (Borjesson, 2015). In fact, Borjesson et al. give useful
recommendations that will be.of great help when designing and developing future experiences.

We hope our work will*help. to put these children into the framework of interaction research so that they can
benefit from the potential of the new interaction paradigms.
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