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ABSTRACT 
Early Intervention Services support children with 
disabilities in their development from early age on. To this 
end, therapeutic toys are regularly employed within training 
sessions. These toys often draw on interactive elements to 
make exercising more appealing, and hence, to motivate the 
children. While there is some research about interactive 
therapeutic toys in HCI, these works are often standalone 
design deployments, exploring specific health or 
rehabilitation applications. In contrast, this paper offers 
different lenses for investigating qualities of therapeutic 
toys to highlight the following aspects: therapeutic and 
playful/motivational efforts, the potential of technology in 
supporting suitable affordances, ease of use, flexibility and 
improvisation. The lenses enable guided explorations of 
existing toys or novel design proposals, resulting from a 
thematic analysis of a) in-situ observations of therapeutic 
exercises (n=18), b) in-depth/informal interviews with 
Early Intervention Specialists (combined n=16), and c) 
demonstrations of their favorite toys (n=21). 
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INTRODUCTION 
HCI has a long tradition in designing for and with children 
in the domain of education and health promotion. Much 
research investigated the use of toys and games to foster 
developmental growth, for example, [7; 16; 19; 24]. We add 
to the literature by investigating and reflecting the use of 
(interactive) therapeutic toys in supporting children with 
multiple disabilities in the setting of Early Intervention 
Services [27] with a focus on visual training. Here, we take 

a broad approach and explore the social relationship 
between therapists and children, mediated by toys. That is, 
we focus on the roles and qualities that toys generally have 
to fulfill in therapy from a social perspective and from the 
viewpoint of play as a motivational factor and medium for 
therapeutic effort in contrast to concentrating on a specific 
toy geared towards a specific purpose. The latter approach 
is common within many research efforts in HCI that led to 
insightful domain-specific results. However, we experience 
as designers and argue as researchers, that it is sometimes 
hard to generalize such findings to different domains. For 
example, while an inspirational toy design for improving 
fine motor skills can also be relevant for work on 
supporting vision training, designers might have difficulties 
in transferring knowledge from one toy design to their own 
project. 

In order to provide guidance in such a situation, we 
interviewed and observed therapists in their daily work and 
synthesized our findings into five themes employing a 
thematic analysis approach [2]. These themes are not to be 
understood as a prescriptive model; rather we offer them as 
a set of analytical lenses for highlighting salient aspects of 
good toys that are used in therapeutic practice. The 
corresponding themes encourage reflection about 
motivational efforts in toy-mediated therapy and the role of 
play (see themes Does the Toy afford the Zielreaktion1? and 
This is not Therapy, This is Play!), the potential of 
technology in supporting suitable affordances (see theme It 
Would be Great if it Could be Illuminated), flexibility and 
improvisation in therapeutic practice (see theme This 
Cannot be Planned!), and ease of use of toys (see theme 
Practicability of Toys). While these five design lenses 
cannot guide specific actions, we argue that our findings 
apply across a wide range of settings and thus provide 
fellow researchers with entry points when conceiving novel 
therapeutic and interactive toys. 

The insights of this paper stem from a one-year design-
research endeavor with Early Intervention Specialists 
(abbreviated as EIS from now on). EIS are social care 
professionals like educators or psychologists with a special 
training in supporting children with (multiple) disabilities. 
In the context of this research, all children had a form of 
Cortical/Cerebral Visual Impairment, in some cases causing 
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1Zielreaktion translated to English: “desired reaction to be 
provoked”. 



 

 

only mild effects, in others having a more severe impact on 
life. In addition to vision problems, most children suffered 
from comorbidities such as Cerebral Palsy, which can often 
be found in individuals with these kinds of vision 
impairments due to neurological damage in related brain 
regions (see next section for more details) [10].  

The paper is structured as follows. First, we review related 
work before we describe the study design. In this context, 
we also detail therapeutic and educational background 
information. Then, we provide a description of each theme 
resulting from the analysis and thereby communicate the 
‘optical properties’ of our design lenses. Subsequently, we 
further discuss the design lenses’ application and highlight 
the role of toys and technology in mediating therapy with 
toys in the context of Early Intervention. Eventually, we 
conclude the paper with ideas for future research. 

BACKGROUND & RELATED WORK 
This section entails a brief introduction to Early 
Intervention and the support of children with disabilities 
through play and toy design. 

Early Intervention to support Children with Disabilities 
Early Intervention Services [27] as provided by healthcare 
systems in many countries support children with 
neurological issues starting from the first weeks of life and 
accompanying them until about the age of six years [15]. 
The ultimate objective of Early Intervention Service and the 
EIS is to prevent or minimize developmental delays [15]. In 
many cases, such delays, disabilities, and syndromes stem 
from neurological damage, caused by lesions of the brain, 
resulting in complex and diverse impairments of different 
severities and comorbidities [15]. 

In the context of our research, all children suffered from 
Cortical/Cerebral Visual Impairment (CVI) [18] which is a 
frequent problem that results from such a brain-based 
injury. The term CVI encompasses mild to severe visual 
deficits causing again a vast variety of symptoms. The 
symptoms of CVI are affecting visual perception, like 
visual acuity or cortical image processing and pattern 
recognition, learning, mobility, development, independence 
and ultimately quality of life [18].  

To slow down potentially degenerative effects, training and 
practice of vision is essential in early childhood. Training 
and intervention should start as early as possible and expose 
the affected child to appropriate sensory stimuli in order to 
spur growth, either on a cellular level where new synapses 
are established or on a personal level to foster 
developmental competencies [11; 15]. Moreover, additional 
activities are offered, such as exercising hand-eye 
coordination and holistic exercises (i.e., exercises 
addressing the whole body). Conventional tools for therapy 
supporting such visual training (e.g., abstract patterns of 
high contrast) are often described as 
inappropriate/uninteresting for children and the training 
itself as boring, repetitive or tedious [14; 32]. To make 

training engaging and motivating, the EIS introduce many 
playful elements to the training sessions. Indeed, play 
activities are of crucial importance for development across 
many domains such as cognition, language, skills and is 
utilized in Early Intervention to foster development [13]. 
The relationship between the EIS and the children (and also 
parents) is a central feature in Early Intervention [25; 33] as 
it allows them to develop a deep understanding about the 
characteristics of the children and their needs. 

As we show in this paper, the EIS incorporate toys into 
therapy in order to “design” play activities that again 
engage the children in learning experiences. For this reason, 
we argue that the different roles or functions of toys and 
their corresponding properties should be of utmost interest 
for researchers who want to support Early Intervention and 
therapeutic play with novel (interactive) toy designs. 

Toys and their Affordances & Signifiers  
The Oxford dictionary defines a toy as “[…] an object for a 
child to play with, typically a model or miniature replica of 
something” [4]. In order to design toys (or other made 
objects in general) that can facilitate certain interactions 
between user and object, their relationship must be 
carefully explored and addressed. That is, the usefulness of 
a design is defined by its match with the potential users (are 
they able to comprehend the intended use and can they 
handle it?). The terms of affordances and signifiers2 were 
introduced to frame this relationship. Norman [21, p.18] 
referring to Gibson, describes affordances as: ”… the 
actions possible by a specific agent on a specific 
environment”. He also explains that affordances are 
provided vastly but only some of them are perceivable. 
Signifiers, again, are signals as in terms of the perceivable 
part of an affordance, giving hints for interpretation and 
pointing to ways the object might be used.  

As an example, the handle of a toy dagger, signifies where 
it should be held because of the way a leather band is 
wrapped around it at one end. Holding the dagger in the 
signified way, it affords to play-act a sword fight, because it 
can be swung around in the air, and so on. Thus, the 
relation between the properties of the toy dagger and the 
children’s hand, and what the child aims to do with it is 
well defined. Features of toys allow for and suggest specific 
usage. A bouncy rubber ball invites play differently than 
building blocks or a toy sword. They all invite different 
kinds of play by providing perceivable 
affordances/signifiers and thus suggest opportunities for 

2Note, in the course of this paper we will use the notions of 
affordances and signifiers when describing toys. In some 
instances, we will use the terms cues and stimuli 
synonymously to highlight that a therapeutic toy should 
not only signify its use, but also stimulate the sensory 
system of the children by providing appropriate cues. 
Moreover, we use the terms toy and therapeutic toys to 
denote all objects that the EIS incorporate into play 
activities. Accordingly, we also denote the old cans of 
Figure 4, e.g., as toys or therapeutic toys. 



 

 

interaction. In general, designers should carefully craft 
meaningful signifiers and affordances to feature and 
support playful interactions.  

Responding to these and similar considerations, researchers 
have created frameworks to describe and support toy 
design. Kudrowitz and Wallace [12] reflected on the 
designer’s perspective and pointed to their challenge of 
creating affordances that users can perceive and interpret in 
the same way as the designers do. Their proposed 
framework for classifying toys and their potential play 
value enables designers and researchers to systematically 
explore toy designs and their play value. Mertala et al. [20] 
looked into toy preferences of young children (6-8 years 
old) and established a framework based on the “functional 
manipulation potential” of toys. That is classifying the toy’s 
built-in affordances according to its “attractive”, 
“pragmatic” and “adaptive” affordances when playing. 
Both mentioned frameworks are providing powerful tools 
for understanding conventional toy design and play of 
children without disabilities.  

In the present paper, we elaborate design lenses by drawing 
on thematic analysis that consider the use of therapeutic 
toys in the context of Early Intervention for children aged 
0-6 years. In contrast to Kudrowitz and Wallace [12] and 
Mertala et al. [20], we aim to create toys that afford 
therapists to design play activities for children with 
disabilities. Thus, our design lenses do not aim for toys and 
affordances addressing solely the children but also the 
proxies/playmakers in-between toy and child. 

Play in Children with Disabilities 
Brodin [3] underlines the close connection between 
children’s play, learning and development in her work on 
play in children with (multiple) disabilities. She highlights 
that such children differ in their play behavior as they often 
participate rather as sole spectators and hence are often 
excluded from learning social play behavior. As we 
investigate (therapeutic) toys in this paper, we should 
consider that children with developmental delays are 
usually more passive than children without disabilities, 
when playing with objects. Nevertheless, they can become 
more actively engaged if provided with appropriate stimuli 
(e.g., suitable toys, other objects and materials) that are 
fostered through social interactions and play [3]. 
Therapeutic toys are designed considering these 
circumstances and are therefore often more beneficial in the 
context of therapy than commercial toys used in therapy. As 
we will see in the Findings, for the same reason, EIS create 
their own special needs toys from everyday objects. 

Tangible Objects & Development 
Objects play a vital role in the development of children and 
their construction of knowledge through play [13]. Sensory 
and motoric skills are crucial to establish and organize 
knowledge by grasping and experiencing objects. This 
finally leads to the ability to derive conclusions in logical 
and increasingly abstract ways [29].  

Within HCI, the significance of objects in the development 
of children was utilized in the field of tangible interaction, 
connecting real world physicality and abstract digital 
representations in order to create computational artifacts for 
learning [17; 29]. The paradigm opens up a vast space for 
interaction design by relating the physicality of objects and 
their digital representation [23]. It can enrich the sensory 
and cognitive experiences of children as they handle and 
manipulate artifacts, engage in meaningful composition of 
tangible interactions and haptic manipulations [5]. Overall, 
tangibles are able to offer a variety of opportunities to 
education and have been described as beneficial when 
applied in the context of learning in order to gain 
experiences, skills and knowledge [22]. Recent examples of 
such tangible interaction objects are Polipo [31], ChillFish 
[30], BoostBeans [8], Cuebe [6], and PhonoBlocks [1]. 

Some researchers have conducted initial work to explicitly 
merge classical approaches from pedagogy to haptic and 
educational toys with tangible computing. Zuckerman et al. 
[34], e.g., imported ideas of Montessori and Fröbel and 
suggested that tangibles, drawing on these philosophies, 
might motivate children to construct objects from the real 
world but also model abstract concepts, enabling the child 
to explore, design and eventually to learn [34]. 

STUDY 
As indicated in the introduction, we found ourselves in a 
situation where we had to design interactive therapeutic 
toys for children with disabilities, but we could not find 
concrete starting points in the HCI literature to guide our 
design. Accordingly, we formulated a broad research 
question in the beginning of the endeavor, and present it 
here as the challenge for this paper: What are the properties 
of toys in Early Intervention and what tasks do they 
support? 

Participants 
To this end, we recruited 24 professional therapists3 from a 
local organization to be engaged in a co-design process. 
Four of these EIS invested a considerable amount of time 
(each approximately 2 hours per week), and for this effort 
they received financial remuneration. The remaining 20 
participants were involved sporadically on various 
occasions, but far less time-intensively. They were 
compensated indirectly by donations we made to their 
organization from project budget (new therapeutic 
equipment and toys).  

We then used the EIS’ network and expertise to recruit 
twelve suitable children for our study (aged 3-6 years). 
Inclusion criteria for the children were approval by the 
parents as well as being likely to enjoy the visits of 
researchers and potentially benefitting from the engagement 
from a therapeutic perspective. The children in this study all 
had disabilities related to low vision (CVI), and all of them 

3We acknowledge that some of the participating EIS refer to 
themselves as supporters instead of therapists to remove 
deficit-centered language. For readability and to avoid 
confusions, we still decided to denote them as EIS and 
therapists, because in the literature their work is indeed 
described as therapy. 



 

 

had co-morbidities like Cerebral Palsy as described in the 
Background Section. As CVI is the major impairment in the 
target group, we focus on toys for visual training in this 
paper. We don’t claim that the findings can be applied to 
artifacts for children with different disabilities. The children 
or their parents did not receive financial compensation, but 
the children received free sessions of training. In order not 
to distract the children or to exhaust them, only one 
researcher at a time came to the training sessions. 

Data Collection and Analysis 
All encounters with the children took place in the presence 
of one or two parents, in most cases at their homes, and all 
instructions were given by the EIS only. The researcher 
acted as an observer, taking field notes as unobtrusively as 
possible, and in rare occasions photos on the approval of 
the parents. All involved parties, including the researchers, 
signed a contract. The participants gave their written 
informed consent, and the researchers guaranteed not to 
publish any personal information without permission.  

To gain insights into the practices of Early Intervention, we 
conducted 18 field observations of therapeutic training 
sessions at the children’s homes (lasting 60 min each), four 
semi-structured in-depth interviews (60-120 min each) and 
twelve informal interviews (15-50 min each). In addition, 
we took a tour of the rooms of the Early Intervention center 
and investigated parts of the therapeutic equipment (lasting 
90 min). Among other things, they had a large storage room 
with thousands of (therapeutic) toys, and so we decided to 
invite the individual EIS to also showcase their favorite 
toys for Early Intervention. Twelve participants followed 
this invitation and demonstrated a total of 21 toys. 
Additionally, the EIS provided us with short notes on these 
toys, detailing pros and cons of the particular pieces. We 
included this material in our analysis as well. When 
presenting the findings, we will use photographs of some of 
these favorite toys as illustrative examples. 

During all of our observations, we considered the artifacts 
of therapy, in particular the toys (as their design was our 
primary concern), but also the surrounding social 
interactions, play-related facets, and the different roles of 
the EIS and the children.. All observations were audio-
recorded when appropriate and transcribed (e.g., the in-
depth interviews). When recording was not possible, we 
created textual field notes and an anonymized photo-
documentation (e.g., in the children’s homes or during 
some informal interviews when chatting with therapists). 

In our thematic analysis, we stuck rather closely to the 
procedure as proposed by the well-cited article by Braun 
and Clarke [2, p.83]. In detail, we a) familiarized ourselves 
with the data corpus by reading the transcripts of the 
interviews and by revisiting the field-photos several times. 
b) Two of the authors then generated an initial set of codes 
(open coding) and applied them to the texts. This process 
was iterative and inductive, that is, codes were assigned 
‘bottom up’ on a data-driven basis instead of being 

motivated by theory or pre-established coding frameworks. 
c) Subsequently and on a number of occasions, the same 
authors used these initial codes to establish an initial set of 
themes, primarily drawing on techniques of mind-mapping. 
d) Next, these initial themes were presented to the third 
author of this paper and in several meetings and rounds of 
discussion were shaped into the final theme definitions. We 
put particular emphasis on finding descriptive names for the 
themes to capture and represent salient issues in the daily 
therapeutic practice of the EIS. 

FINDINGS 
Toys had ubiquitous presence in the practices of the EIS 
and fulfilled a variety of different roles. Most importantly, 
they were used to engage children in exercising, to train 
vision (e.g., hand-eye coordination, fixating objects) and 
motor skills (fine and gross), to accentuate stimuli (i.e., to 
make certain objects visible for children with low vision) to 
exercise cognition (e.g., match patterns, understanding of 
cause and reaction) or to assess their skills.  

In the following, we present five major themes, which 
relate to our research question (see previous section), and 
which we offer as different lenses for therapeutic toy 
design. They capture salient characteristics of practice, e.g., 
the means by which desirable reactions in the child are 
provoked drawing on toys and play. As we will see in the 
following (and elaborate in the Discussion Section), the 
themes when used as design lenses can add to researchers’ 
understanding what therapists do in practice, it can support 
designers’ understanding what kind of toys are used in 
which ways, and it can inspire therapists and practitioners 
when reflecting on their own work practice.  

“Does the Toy afford the ‘Zielreaktion’?” 
The “Zielreaktion” theme relates closely to the therapeutic 
perspective, such as the therapeutic goal itself and strategies 
to achieve this goal. This includes elements leading to 
therapeutics effects such as stimulation of visual senses, 
motor skills and cognition, and motivational elements.  

It captures how the EIS design interactions through the use 
of toys to achieve beneficial therapeutic effects in the 
children. The theme is represented by a question of central 
importance posed by our participants when selecting a toy 
for therapy, namely if it affords the desired Zielreaktion. 
We define a Zielreaktion as a desirable reaction invoked in 
a child during therapeutic session and caused by specific 
factors. For example, a range of exercises that we observed 
made children follow a specific object with their eyes. 
Here, tracking the object was the Zielreaktion, and the 
exercises drew on factors that motivated the child to show 
this desired behavior. Such factors included intentional but 
also unintentional affordances of a toy, for example, 
sensory cues or signifiers like a visually attractive cartoon 
character provoking being fixated with the eyes. In addition 
to physical toy features, other factors were integrated into 
practice to provoke the Zielreaktion, for instance, 
meaningful social interactions between the EIS and the 



 

 

child. Consequently, provoking a Zielreaktion was also 
dependent on the personal traits of the people involved, 
especially the EIS, as it was them who’s efforts, 
capabilities, knowledge and experience provoked and 
assessed the children’s’ reaction. 

As indicated above, there was not one particular 
Zielreaktion, but there were many desired reactions. 
Ultimately, it is the responsibility of the EIS to make use of 
different toys in order to trigger appropriate and different 
reactions, resulting in developmental competencies and the 
accomplishment of overarching goals:  

“[...] Our goals are naturally the training of visual 
perception, taking initiative, understanding cause-&-effect, 
proactivity... These are the goals, which are always present, 
at least for children who are able to achieve basic things. 
Children for whom ‘seeing’ is the only handicap. These are 
not ‘complicated cases’ in general. On the other hand, the 
main goal regarding severely disabled children is that they 
can do at least something on their own and maybe even 
enjoy doing it. (EIS M. from Interview) 

This statement exemplifies that the EIS need to design for a 
Zielreaktion based on the individual developmental status 
and needs of the children. It might be necessary to train a 
child’s capability to follow a visual feature by eye or body 
movement, or simply to foster initiative in a child to show 
independent interactions. The statement also indicates that 
visual factors are not the only relevant stimulus in toys and 
that non-visual sensory cues are also of crucial importance. 
Auditory and haptic cues can enrich the experience of 
interaction and play, by extending the range of motivational 
features and providing multimodal elements for mixing and 
composing meaningful interactions.  

A popular toy among the EIS, which illustrates the value of 
multimodal affordances and signifiers in practice, is plastic 
bunny “Miffy” (see Figure 1). This toy is able to playback 
short pieces of sound. In our field study, the EIS hid 
“Miffy” and asked the children to search for the sound 
source. The children then explored the environment by 
directional hearing and used their (low) vision to scan the 
surroundings for the bunny. The combination of cues, 
visual and auditive, enriched the experience by demanding 
the use of sensory, motoric and cognitive skills 
(Zielreaktion) in order to fulfill the task.  

„The big advantage is the strong stimulating nature of this 
game. Also, it is easy to judge at which distance a child is 
capable to visually recognize the bunny as he or she 
approaches the toy by foot or reaches for it by hand in a 
target oriented manner.” (EIS M.O. from Favorite-Toy-
Description) 

This statement illustrates how the Zielreaktion is assessed 
by the EIS through observing the children’s skills in 
multimodal interactions. While hand-eye-coordination tasks 
demand for visual and motor skills, cause-&-effect 
exercises require cognitive skills to understand the 

connection between an action set and the outcomes it 
produces. Emotional skills are needed to deal with failure or 
success regarding frustration or joy, which, in turn, affects 
the motivation to maintain a child’s attention.  

Upholding motivation is especially important when 
practicing an underdeveloped skill where frustration is not 
exceptional. Social skills are in demand as the training 
sessions revolve around the relationship between the child 
and the EIS. 

“It Would be Great if it Could be Illuminated” 
This theme describes the potential of technology and 
opportunities to manipulate stimuli that are relevant for 
therapy by, for example, enhancement or reduction.  

It stems from efforts of our participants in rearranging or 
redesigning features and affordances/signifiers of toys to 
make them appropriate for children with disabilities. The 
EIS accomplished this by actively ‘hacking’, redesigning or 
augmenting toys, or by purchasing (therapeutic) toys where 
stimuli and affordances have been designed with special 
care in a particular way. In either case, enhancements and 
reductions of affordances/signifiers were often 
accomplished by drawing on technology. Hence, the theme 
collates instances where interaction design and technology 
were utilized. In line with this insight, the authors chose the 
subtitle of this theme It Would be Great if it Could be 
Illuminated. It was part of a remark stated by EIS M. when 
she was considering a yellow toy duck to be used in 
therapy. 

We found that in a number of instances electronic lights and 
sounds were integrated into toys in order to add incentives 
for interaction and to provide more intense stimuli than 
passive toys. In addition, digital devices such as tablets in 
conjunction with specialized apps offered rich interactive 
features and stimuli appropriate for therapy (see Figure 2), 
as summarized by EIS C.R.: 

“The apps [for the tablet computers] are providing good 
contrast, are low cost and can be deployed at any given 
moment. The iPad and the projector are easy to handle, fast 
at hand and low on weight.” (EIS C.R. from Favorite-Toy-
Description) 

Figure 1. “Miffy” toy figurine and additional game materials. 



 

 

Moreover, devices like portable, electronic light-tables 
provided a flexible basis during training sessions for 
different types of games making use of materials such as 
translucent blocks, puzzle pieces and illustrations (to be 
placed on the light-table). As a consequence of the bright 
illumination of the table, the perceptibility of the objects on 
the table were enhanced and therefore better visible for 
children with low vision. Since different children required 
different levels of illumination, the light-tables’ intensity 
could be either increased or reduced. 

This leads to our second observation regarding the theme, 
namely that reductions were also relevant in the practice of 
the EIS and in the use of toys. Admittedly, this was rarely 
the case compared to enhancements. Nevertheless, this 
theme highlights the fact, that the EIS also made use of toy 
features, that allowed them to make them less bright, to 
switch off sounds, masking unwanted stimuli and to make 
the toys less intrusive not to overwhelm the children. 

As indicated above, the EIS also used technology to alter 
existing toys and objects in novel ways. An example from 
practice was a big and colorful power switch that was 
connected to the power supply of a toy train, allowing a 
child to control the train with this accessible on/off switch: 

 “The circuit breaker and power switch can be used for a 
variety of battery powered games and everyday objects like 
fans or light sources!“ (EIS C.L. from Favorite-Toy-
Description) 

According to our participants, a drawback of such hands-on 
customizations was that those were often hard to implement 
due to the electrical devices that were involved: 

„Sometimes it is hard to attach the power switch to the train 
or a similar toy in a way that the battery compartment can 
be closed and remains functional“ (EIS C.L. from Favorite-
Toy-Description) 

Even though technology proved to be beneficial in many 
ways, it was also perceived as impractical and in some 
cases as problematic even. Depending on the complexity, 
the EIS were concerned about the increased efforts coming 
with technologically enhanced toys. In their experience, 
enhanced toys were less resistant to physical force or fluids 
(saliva) and their energy sources needed intense 
maintenance. Furthermore, technology in some instances 
introduced a degree of complexity, which made practice 
overly complicated and distracting from actual therapy. 

Hence, besides all advantages of “high-tech”, the EIS also 
appreciated “low-tech” or no technology at all. Simple 
wooden blocks coated in primary colors or intense black 
and white patterns provided rich and engaging experiences, 
sufficient and appropriate for some of the children. These 
passive cues were subtler than their electrically enhanced 
counterparts, making them less likely to overexcite the 
sensory organs of the child, which could ultimately cause 
stress or epileptic seizures in special cases.  

“This is not Therapy, This is Play!” 
This theme is elaborating the perspective of motivation 
through play elements, and how they are shaped by 
attitudes and play interactions in practice. It further 
elaborates the role of therapist and the children in the play 
process and how toys are used.  

The close relationship between therapeutic practice and 
play was important to all participating EIS. They 
emphasized that without motivation their children were less 
likely to engage in prolonged, intense training sessions and 
therefore, they won’t progress as effectively as possible. 
Hence, they named motivation as an important, if not the 
most crucial factor for effective training, and made play the 
centerpiece of their motivational strategy. Through play 
they were often able to motivate the children and encourage 
their participation in tiring, monotonous, repetitive and 
boring training tasks. 

Consequently, the EIS highlighted play related factors 
within their efforts, referring to their training sessions as 
“units” or “sessions” and avoiding the term therapy to a 
certain degree. “This is not therapy, this is play!” was a 
remark by EIS M. when she elaborated her perspective on 
her training sessions and practices.  

In many cases, a session started with an opening and ended 
with a closing ritual, comparable to entering and leaving the 
“Circle of Play” as conceptualized by Huizinga [9] (see also 
Discussion Section). For example, EIS K. reported to sing 
together with the child at the beginning of each session, 
capturing the child’s attention, and also to close the unit 
with the ritual of tidying up the room and storing away all 
toys or with a rhyme spoken together: 

“Most of the times, we engage in a ritual at the beginning 
and in the end. Some children have a greeting-song, for 
example - Always the same song for the same kid” (EIS K. 
from Interview) 

In addition, the interactions between EIS and child as well 
as the tasks assigned to a child were often embedded in 
play-related narratives, providing fictional meaning. These 
narratives included puppets and humanoid toys, brought to 
life through role-play, in order to flesh out a fictional 
purpose for the tasks. For example, a child was motivated to 

Figure 2. (top) Tablet computer with app showing shapes 
and patterns with appropriate contrast,  (below) small 
device for projecting bright patterns of light. 



 

 

solve a puzzle assembling a helicopter. To this end, the EIS 
communicated the task by embedding it into a short 
narrative about preparing the helicopter for “takeoff”. By 
identifying the parts necessary to do so, like windows, 
chassis and rotors and putting the respective pieces into 
place, the child assisted the EIS in “repairing” the 
helicopter and eventually making it fly. In our observations, 
a puzzle was more appropriate for such forms of play when 
it came in puzzle pieces representing meaningful units. For 
example, a piece could be integrated better into a narrative 
when it contained the rotor only, compared to a piece that 
contained both parts the rotor and the chassis, and so on. 

With such overarching stories the EIS were able to provide 
rich play experiences by creating additional layers of 
meaning and to control therapeutic efforts at the same time. 

In the “helicopter” example, the EIS fulfilled a variety of 
roles. Initially, she chose the task of assembling a puzzle for 
exercising hand-eye coordination (instructor) and she 
selected the toy (selector), which was the medium for the 
playful task. In the course of the exercise, the EIS then 
narrated the story about the helicopter (narrator), which 
connected toy and task. In addition, the EIS also received 
instructions by the child (receiver) and acted accordingly to 
solve the task in a team effort partially led by the child. 

The theme as a whole encompasses the relevance of play, 
the roles it generates and the close correlation between toys, 
therapeutic exercise and skills of the EIS to balance play 
and the therapeutic goal. 

“This Cannot be Planned!” 
This theme is targeting the perspective of improvisation, 
flexibility and changing needs. It includes challenges 
arising from the heterogeneity of the children, their 
disabilities, associated symptoms, preferences in toys, the 
individual traits of the EIS and their strategies for 
intervention. It further describes how toys are used as 
therapeutic tools in unanticipated ways.  

Even though the EIS planned the sessions’ setup in 
advance, the circumstances at a particular session heavily 
depended on a child’s current condition and situation, 
which again heavily influenced the actual content of a 
session. Often, the children were cheerful and cooperative, 
on other occasions or days the same children however 
refused to engage in the exercises due to some cause of 
irritation in their life (e.g., physical pain, exhaustion, etc.). 
Thus, the EIS had to be highly flexible and improvisational 
when both selecting the toys for exercising and when 
playing with the child during a session in order to react to 
the child’s situation appropriately. In this context, EIS K. 
highlighted multifaceted features of an acoustic toy, a 
paddle drum (see Figure 3), as follows:  

“What I like best about the paddle drum is its’ versatile 
applicability and that it is light to carry. I use it regularly 
as a drum for motoric play, for singing, and so on, but also 
for echo localization. I also use the membrane for 

projections, for letting lights shine through [a variety of 
flashlights, bicycle-lamps, etc.] and for setting additional 
acoustic cues. I also use it for projections from mobile 
projectors and put the paddle on the children’s lap. In this 
way, I am able to project a clear and undistorted image. 
[…] And I use it as a bowl or container, in which I put 
beans, chestnuts and so on for digging around in them. Or I 
put other high contrast or luminous, tactually interesting 
things into it and offer it to the children. This again, comes 
with an interesting acoustic aspect, because it’s a drum!” 
(EIS M.O. from  Favorite-Toy-Description) 

This statement exemplifies how a toy was valued for the 
range of flexible interactions it offered. The toy provided a 
basis for a variety of activities, synthesizing sensory cues 
and signifiers of different modalities. The example of the 
paddle drum also shows that the intended purpose of a toy 
and the affordances it was designed for, are not always the 
single-most valued factor for therapeutic sessions. Often it 
is a toy’s flexibility and suitability for improvised use 
making it an appropriate choice. To this end, supporting the 
personal toy preferences of the children was critical for 
motivation but was also posing a challenge due to their 
often limited communicational skills. Furthermore, the 
“mood” or motivation of some children changed quickly 
during a session, rendering planned play-activities suddenly 
ineffective. 

In general, the varying symptoms and effects of the 
children’s’ disabilities and developmental deficits made 
them a highly heterogeneous group regarding their 
characteristics and needs. This, in turn, limited a toy’s 
applicability and the corresponding play strategies. The EIS 
however anticipated these uncertainties by bringing a 
defined selection of toys that could be deployed in a 
flexible manner to match a child’s preference, abilities and 
habits. It is the EIS’ knowledge, field-experience and their 
careful selection of toys, which enabled them to react to 
changing conditions in order to keep up an effective 
training. Additionally, the EIS responded to this 
complicated situation by creating their own toy-like 
artifacts, which introduced another layer of flexibility to 
their sessions. Thereby, they created affordances and 
signifiers, which were appropriate for their children but not 

Figure 3. Paddle drum with tokens and flashlight. 



 

 

offered by stock toys. Such designs were also influenced by 
their in-depth knowledge of the children’s characteristics 
and needs in order to meet their individual demands. The 
illustration in Figure 4a depicts such a custom-made toy, 
prompting the children to pick small tokens and to stick 
them through the small opening on the container-lid.  

As the EIS possessed a variety of such containers in 
different sizes, in different colors and with different 
content, these custom-made toys enabled them to respond 
spontaneously and in different ways to the children:  

“I can never tell what exercise or kind of play the children 
will accept. But I often bring a set of old containers with 
me. Then I can figure out, if the child likes them, which one 
of them, which kind of dropping sound is fun for them, what 
kind of objects can be grasped with their hands. Then I 
make a choice dynamically. The most important thing is 
that I can engage them somehow.” (EIS C.R. from 
Interview) 

“Practicability of Toys” 
This theme offers a perspective on the practicability of toys 
and materials used by the EIS and how these have to be 
designed to be applicable in daily practice.   

All findings that we have reported in previous sections had 
a direct relation to the therapeutic efforts. The theme 
Practicability of Toys, in contrast, does not have a direct 
influence on therapy, but still was a salient issue in our 
observations. Whether a toy can be handled well or not, can 
at least have an indirect effect on therapy outcome, as we 
will outline in the following. 

Practicability of Toys was especially important when it 
came to storing, transporting, handling and maintaining 
toys. EIS C., for example, provided the subsequent 
enumeration regarding the qualities of a ball run (see Figure 
4b) when we asked her about what she liked about her 
favorite therapeutic toys:  

“I like the ball run because of it is low on weight and the 
strong colors. We can practice keeping track [of the ball] in 
a playful way. But the course of the track is not too long 
and also children with small attention spans are tracking 
the ball until the end… It works with different balls, and it 
can be used with fitting round objects from the child’s 
home. The nice thing is that it is allowed to get wet [from 
salvia/disinfectants]… that it cannot break. And it can be 
cleaned easily. And it is a common toy. Therefore parents 
can buy a private ball run if they like, and they can play 
together with young siblings“ (EIS C. from Favorite-Toy-
Description) 

As evident, the toy description includes a number of 
physical features, which are not directly tied to therapeutic 
purposes, however, beneficial when transporting, handling, 
maintaining, cleaning and storing them. For each of these 
facets, specific features or aspects proved relevant. Next, 
we briefly describe those of most importance to the EIS. 

Storage. Between sessions the toys were stored and some 
needed special arrangement in order to stay functional. The 
EIS reported that in some instances batteries leaked when 
left unattended in electrical toys over a longer period of 
time or modeling clay hardened because of bad storage. 

Transportation. As training took place in the homes of the 
children, the EIS needed to transport the therapeutic toys to 
every session. In this way, the toys could be shared among 
all children and the EIS, but this practice introduced 
logistical challenges, since most therapists relied on public 
transportation. Still, they carried multiple toys with them 
when visiting a child. They described ideal toys as being 
light-weight, unobtrusive, and rather small than big.  

Handling. The handling of a toy during a session was 
another important factor as sessions were strictly time 
limited (60 minutes). To minimize time-consuming in-situ 
preparations, the toys needed to be setup quickly. For 
example, putting together a racing track for slot cars would 
take too long, even though the toy itself could be valuable 
for therapeutic use.  

Hygiene. Since children in Early Intervention Services are 
aged between 0 to 6 years, the toys must be appropriate for 
this age. On many occasions the children we observed put 
toys into their mouths; thus, a toy has to withstand saliva 
and has to be easy to clean. Sharp edges, spikes, etc. have to 
be avoided and the coatings have to be non-toxic.  

Robustness was described as being important, as a child can 
get emotionally upset for various reasons and may start 
throwing the toy around or biting into it. An appropriate toy 
should withstand external forces to a certain degree and 
stay intact.  

Maintenance. In order to keep their toys intact, the EIS put 
much effort into maintaining them. We observed the EIS 
cleaning toys diligently due to hygienic purposes and we 
saw them replacing or recharging batteries for electrical 
toys to avoid failure in future sessions. The EIS reported 
that, ideally, they want to replace or repair broken parts on 

Figure 4. a) Left: Customized containers with differently 
shaped lids on top, optionally painted with a pattern, and 
smaller objects to throw into the cans,  
b) Right: Ball run with modular elements and two balls. 



 

 

their own to avoid costly repairs by professionals. Overall, 
the less care a toy needed, the more suitable it was for the 
EIS’ practice. 

DISCUSSION 
In this discussion section, we put together the insights we 
gathered during the analysis and discuss how the themes 
can be employed as analytical design lenses for the design 
of novel therapeutic (and interactive) toys. Given that toys 
have such a prominent role in the practice of the EIS, we 
conclude the discussion section by reflecting on toys, play, 
and how this utmost important aspect of Early Intervention 
can be supported with technology. 

Five Design Lenses for Therapeutic Toy Design, How to 
Use them and their Limitations 
This paper investigated different properties and tasks of 
therapeutic toys in Early Intervention. Through a thematic 
analysis we identified five themes that were key in the way 
EIS made use of toys to foster developmental growth in 
children with disabilities. Given the importance of these 
patterns in the toy-mediated practice of the EIS, we offer 
them as analytical lenses for fellow researchers and 
designers who are interested in gaining different 
perspectives on this interesting design space. Each theme 
can be employed as a lens or entry point for designers and 
researchers when proposing a design idea or scrutinizing 
the functions of therapeutic toys. 

While it was useful to separate the themes during analysis 
and to provide them as individual lenses, we must however 
consider that the themes are closely related and mutually 
influence each other in practice. For example, if a designer 
puts all their efforts in creating optimal affordances to 
evoke a Zielreaktion (Does the Toy afford the 
Zielreaktion?), they nevertheless should take the toy’s 
practicability into account. Whenever a toy cannot be 
brought to the home of the clients or cannot be cleaned, it 
will not be used for such reasons (Practicability of Toys). 
At the same time, the children might reject the toy when the 
designer failed in making it playful and fun (This is not 
Therapy, this is Play!). Similarly, the designer might want 
to consider that EIS often embed their therapeutic toys in 
fantastic stories and narratives in flexible ways to motivate 
the child to fulfill exercises, and so on (This cannot be 
planned!). Thus, a viable toy excels in multiple themes, 
ideally in all of them. 

As Early Intervention Service follows a holistic approach, 
we decided to study the practices of EIS involving toys in-
situ rather than decontextualized therapeutic toys and their 
properties as sole objects without people’s involvement. We 
acknowledge, however, that it might be useful in certain 
situations to study the toys in isolation. For example, had 
we been interested in supporting vision in isolation, it might 
have been beneficial to investigate the optical properties of 
the toys in close detail. We could have established a 
classification of color schemes in toys and asked questions 
like What kind of contrasts are used? Do the toys feature 

patterns? Are the toys illuminated in specific ways? And so 
on. Had we been interested in supporting fine motor skills 
in isolation, on the contrary, we might have arrived at a 
theoretical analysis of therapeutic toys from the 
perspectives of theories of tangible interaction. 

However, such a research strategy has to be applied with 
caution. As evident from our dataset, toy-mediated therapy 
is a highly contextualized process with prominent actors 
and close social relationships. Extracting the toys or any 
other therapeutic/medical equipment is a delicate task, 
which leads to very specific results for a very specific 
audience. As mentioned before, one of the main reasons to 
conduct thematic analysis in this paper was that we found 
ourselves in a situation where we had to create novel 
therapeutic toys, but could not identify concrete guidance 
or starting points for our endeavor in the literature. Hence 
we argue, that our more holistic approach is justified and 
should be of value for fellow designers, as it can provide – 
drawing on its analytic lenses  – an entry point for new 
research into therapeutic toys. While Early Intervention 
with a focus on vision seems to be a specific use case, it 
constitutes an interesting area due to its broad domain. The 
broad domain allows for “generalization” or transfer to 
related domains like toy-mediated occupational therapy [30; 
31]. Departing from one of the themes, designers might 
want to expand on their research and explore aspects that 
are of their primary interest, for example, designing 
dedicated toys for motor rehabilitation. These explorations 
could then be linked back to our thematic analysis and 
existing frameworks [12; 20], and an interesting body of 
insights could be generated. It might also be fruitful to 
interpret existing literature through the lenses as provided 
by the thematic analysis in this paper.  

Playing with Therapeutic Toys 
According to the participants and our observations, the EIS 
utilize play as a powerful means to motivate the children to 
engage in exercises that they would otherwise not fulfill. 
This motivational potential of play stems in part from its 
transformative powers, the ability to create its own 
meaning. Huizinga frames play in his seminal work “Homo 
Ludens” as being a concealed space and time [9]. In the 
elaboration of the theme This is not Therapy, This is Play!, 
we provided an example where the session opened and 
closed with a song, sung by both the EIS and the child. In 
this way the therapy session has much in common with the 
establishment of Huizinga’s “Magic Circle”, which 
describes the separation of the sphere of play from 
“ordinary” life. The singing ritual is providing an entry 
point for entering the Magic Circle in terms of a play 
experience going beyond therapy, as this activity marks a 
clear line of separation between ordinary life and 
therapeutic session. It also denotes the entry point to a 
world of make-believe, where the EIS is able to create a 
new cognitive frame [28]. In their work, Salen and 
Zimmerman [28] exemplify this concept of framing by 
contrasting two ways of reading the book “Alice in 



 

 

Wonderland”. When read and enjoyed as a fairy tale, the 
story can introduce a fantastical viewpoint to the reader. 
When read as part of an English class, in contrast, this 
different cognitive frame will lead to a different experience, 
which is probably less fantastical but more “stressful” and 
oriented towards a final examination about the text. 

Similarly, we saw the EIS framing the training sessions in 
different ways, for example, by embedding toys into made-
up stories, and this had consequence for how the children 
perceived the training sessions. This strategy enabled the 
EIS to build relationships with the children with different 
qualities. They took the role of the playmaker and the 
playmate (cf. theme This is not Therapy, This is Play! 
where we detailed the different roles), and thus they created 
a deeper connection to the children as they departed from 
the role of the sole therapist.  

As we found, they regularly shaped the sessions around 
tasks with a strong narrative and role-play, putting the EIS 
in charge of the design of the stories. Thus, a good toy 
supports the EIS when shaping such a fictional frame, 
ideally enabling and inspiring the creation and control of 
interactions and also supporting the assessment of the 
Zielreaktion the EIS aim to provoke.  

A good toy in this context would ideally support the EIS in 
designing play-related meanings for the child, by the 
affordances it allows to create, [28]), steering away from 
the therapeutic aspects of a session and from potentially 
difficult and frustrating experiences for the child, 
camouflaging boring and potentially repetitive exercises, 
and adding more appeal to them. 

This is however a challenging task, as we outlined 
throughout the paper. Creating an appropriate play situation 
is often difficult in the setting of a time-restricted training 
unit. An additional challenge arises since children with 
(multiple) disabilities play differently compared to children 
developed according to their age, as elaborated by Brodin 
[3] (see Related Work). In this regard “passive” stimuli 
were described as being less attractive, as such children 
were rather attracted by intensified stimuli like electrical 
enhanced lights. Different technological enhancements may 
therefore provide appropriate support in this matter, and in 
practice the EIS make use of strong stimuli of multiple 
modalities to gain the child’s attention. They are ever 
prepared to add new toys with interesting enhancements 
and features to their growing collection of (therapeutic) toys 
to be able to respond to each child’s individual needs. Here, 
we see an opportunity for interaction design and technology 
to leverage toy-mediated therapy and play. 

Technological Opportunities in Enhancing Toys 
There are great opportunities to enrich therapeutic toys with 
technology. We propose that considering the findings in It 
Would be Great, if it Could be Illuminated can inspire the 
design of useful interactive toys. For example, visual, 
auditive, and tactile affordances or signifiers could be 

intensified by technologies in order to fit the sensorial 
capabilities of the children. Then again, technology could 
enable the EIS to reduce stimuli to prevent overstimulation 
of the sensory system, which is a frequent problem in their 
work with disabled children as reported above. However, it 
should be noted that in this context, technology should be 
utilized with care, and the EIS or the user must be in full 
control of the provided features to adjust the toy according 
to different user groups and to avoid stressful experiences. 

When implemented well, technological elements like 
sensors and actuators might also empower the EIS to 
increase the possibilities to design play in novel ways. For 
example, a “magic wand” toy could be enhanced with 
bright multi-color LEDs and a touch sensor, which has an 
effect on the coloring. The EIS could then encourage the 
training of motor skills and the engagement with the light 
stimulus, by embedding the toy into a fantastic story, and so 
on. The use of smart sensors etc. could at the same time 
enable the implementation of novel tools for assessments. 
On the one hand, the current status of the children could be 
tested, for example, by quantifying a present tremor when 
holding a magic wand toy using an accelerometer. On the 
other hand, repeated measurements would allow for an 
estimation of therapy progress. 

CONCLUSION 
During a research project in the field of Early Intervention 
we had to assess and design therapeutic toys for visually 
impaired children. However, most of the existing literature 
in this and neighboring areas dealt with very specific use 
cases such as supporting fine motor control using a 
particular toy design. Neither could we find a general or 
holistic guidance, nor could we find concrete entry points to 
start our endeavor. Due to this lack in literature and 
guidance we conducted intensive field observations and 
thematic analysis on the role and functions of toys in Early 
Intervention to build a foundation we can base our 
upcoming design decisions on. Our analysis resulted in the 
description of five salient themes, which capture the 
process of toy-mediated therapy from a holistic perspective. 
Thus, our research complements existing HCI literature on 
detailed studies of existing toys, by providing more general 
design lenses for therapeutic toy design. Furthermore, the 
presented themes discuss five interesting entry points on 
which fellow designers and researchers can build upon.  

ACKNOWLEDGEMENTS 
This research was funded by "Gemeinsame 
Gesundheitsziele aus dem Rahmen-Pharmavertrag, eine 
Kooperation von österreichischer Pharmawirtschaft und 
Sozialversicherung".  

We would like to thank all of our participants and the 
anonymous reviewers for their time and commitment. 

 

 



 

 

REFERENCES 
[1] Alissa N. Antle, Min Fan, and Emily S. Cramer. 

2015. PhonoBlocks: A Tangible System for 
Supporting Dyslexic Children Learning to Read. 
In Proceedings of the Ninth International 
Conference on Tangible, Embedded, and 
Embodied Interaction, ACM, 533-538.  

[2] Virginia Braun and Victoria Clarke. 2006. Using 
Thematic Analysis in Psychology. Qualitative 
Research in Psychology 3, 2, 77-101. 

[3] Jane Brodin. 1999. Play in Children with Severe 
Multiple Disabilities: Play with toys - a review. 
International Journal of Disability, Development 
and Education 46, 1, 25-34. 

[4] Oxford Dictionary. 2017. Definition for "Toy". 
Retrieved September 05, 2017 from 
https://en.oxforddictionaries.com/definition/toy 

[5] Taciana Pontual Falcão. 2010. The role of tangible 
technologies for special education. In CHI '10 
Extended Abstracts on Human Factors in 
Computing Systems, ACM, 2911-2914.  

[6] Peter Fikar, Florian Güldenpfennig, and Roman 
Ganhör. 2018. The Cuebe: Facilitating Playful 
Early Intervention for the Visually Impaired. In 
International Conference on Tangible, Embedded 
and Embodied Interactions, 35-41. 

[7] Christopher Frauenberger, Julia Makhaeva, and 
Katharina Spiel. 2016. Designing Smart Objects 
with Autistic Children: Four Design Exposés. In 
Proceedings of the 2016 CHI Conference on 
Human Factors in Computing Systems, ACM, 
130-139.  

[8] Florian Güldenpfennig, Peter Fikar, and Roman 
Ganhör. 2018. Interactive and Open-Ended 
Sensory Toys: Designing with Therapists and 
Children for Tangible and Visual Interaction. In 
International Conference on Tangible, Embedded 
and Embodied Interactions, Stockholm, 451-459. 

[9] Johan Huizinga. 1971. Homo Ludens. A Study of 
the Play Element in Culture. Paladin, UK. 

[10] Richard Huo, Susan K Burden, Creig S Hoyt, and 
William V Good. 1999. Chronic cortical visual 
impairment in children: aetiology, prognosis, and 
associated neurological deficits. British Journal of 
Ophthalmology 83, 6, 670-675. 

[11] Lea Hyvärinen. 1995. Considerations in 
Evaluation and Treatment of the Child With Low 
Vision. American Journal of Occupational 
Therapy 49, 9, 891-897. 

[12] Barry M. Kudrowitz and David R. Wallace. 2009. 
The play pyramid: a play classification and 
ideation tool for toy design. International Journal 
of Arts and Technology 3, 1, 36-56. 

[13] Karin Lifter, Suzanne Foster-Sanda, Caley 
Arzamarski, Jacquelyn Briesch, and Ellen 
Mcclure. 2011. Overview of Play: Its Uses and 
Importance in Early Intervention/Early Childhood 

Special Education. Infants & Young Children 24, 
3, 225-245. 

[14] Conor Linehan, Jonathan Waddington, Timothy L. 
Hodgson, Kieran Hicks, and Robert Banks. 2014. 
Designing games for the rehabilitation of 
functional vision for children with cerebral visual 
impairment. In CHI '14 Extended Abstracts on 
Human Factors in Computing Systems, ACM, 
1207-1212.  

[15] Annette Majnemer. 1998. Benefits of early 
intervention for children with developmental 
disabilities. Seminars in Pediatric Neurology 5, 1, 
62-69. 

[16] Kevin Marshall, Gavin Wood, Janet C. Read, 
Svetlana Yarosh, Madeline Balaam, and Jung-Joo 
Lee. 2015. Supporting Children to Engage in Play 
for Wellbeing. In Proceedings of the 33rd Annual 
ACM Conference Extended Abstracts on Human 
Factors in Computing Systems, ACM, 2445-2448.  

[17] Paul Marshall. 2007. Do tangible interfaces 
enhance learning? In Proceedings of the 1st 
international conference on Tangible and 
embedded interaction, ACM, 163-170.  

[18] Maria B. C. Martín, Alejandro Santos-Lozano, 
Juan Martín-Hernández, Alberto López-Miguel, 
Miguel Maldonado, Carlos Baladrón, Corinna M. 
Bauer, and Lotfi B. Merabet. 2016. Cerebral 
versus Ocular Visual Impairment: The Impact on 
Developmental Neuroplasticity. Frontiers in 
Psychology 7, 1958. 

[19] Aleksandar Matic, Gillian R. Hayes, Monica 
Tentori, Maryam Abdullah, and Sabrina Schuck. 
2014. Collective use of a situated display to 
encourage positive behaviors in children with 
behavioral challenges. In Proceedings of the 2014 
ACM International Joint Conference on Pervasive 
and Ubiquitous Computing, ACM, 885-895.  

[20] Pekka Mertala, Hannele Karikoski, Liisa Tähtinen, 
and Vesa-Matti Sarenius. 2016. The value of toys: 
6–8-year-old children's toy preferences and the 
functional analysis of popular toys. International 
Journal of Play 5, 1, 11-27. 

[21] Donald A. Norman. 2008. THE WAY I SEE IT: 
Signifiers, not affordances. interactions 15, 6, 18-
19. 

[22] Sara Price. 2008. A representation approach to 
conceptualizing tangible learning environments. In 
Proceedings of the 2nd international conference 
on Tangible and embedded interaction, ACM, 
151-158.  

[23] Sara Price, Jennifer G. Sheridan, Taciana Pontual 
Falcão. 2010. Action and representation in tangible 
systems: implications for design of learning 
interactions. In Proceedings of the fourth 
international conference on Tangible, embedded, 
and embodied interaction, ACM, 145-152.  



 

 

[24] Olga Pykhtina, Madeline Balaam, Gavin Wood, 
Sue Pattison, Ahmed Kharrufa, and Patrick 
Olivier. 2012. Magic land: the design and 
evaluation of an interactive tabletop supporting 
therapeutic play with children. In Proceedings of 
the Designing Interactive Systems Conference, 
ACM, 136-145.  

[25] Craig T. Ramey and Sharon Landesman Ramey. 
1998. Early intervention and early experience. 
American Psychologist 53, 2, 109-120. 

[26] Yvonne Rogers. 2012. HCI Theory: Classical, 
Modern and Contemporary. Morgan and 
Claypool. 

[27] Steven A. Rosenberg, Duan Zhang, and Cordelia 
C. Robinson. 2008. Prevalence of Developmental 
Delays and Participation in Early Intervention 
Services for Young Children. Pediatrics 121, 6, 
e1503. 

[28] Katie Salen and Eric Zimmerman. 2003. Rules of 
Play: Game Design Fundamentals. Mit University 
Press Cambridge. 

[29] Florian Scharf, Thomas Winkler, and Michael 
Herczeg. 2008. Tangicons: algorithmic reasoning 
in a collaborative game for children in 
kindergarten and first class. In Proceedings of the 
7th international conference on Interaction design 
and children, ACM, 242-249.  

[30] Tobias Sonne and Mads Møller Jensen. 2016. 
ChillFish: A Respiration Game for Children with 
ADHD. In Proceedings of the TEI '16: Tenth 
International Conference on Tangible, Embedded, 
and Embodied Interaction, ACM, 271-278.  

[31] Victoria Tam, Mirko Gelsomini, and Franca 
Garzotto. 2017. Polipo: a Tangible Toy for 
Children with Neurodevelopmental Disorders. In 
Proceedings of the Eleventh International 
Conference on Tangible, Embedded, and 
Embodied Interaction, ACM, 11-20.  

[32] Jonathan Waddington, Conor Linehan, Kathrin 
Gerling, Kieran Hicks, and Timothy L. Hodgson. 
2015. Participatory Design of Therapeutic Video 
Games for Young People with Neurological 
Vision Impairment. In Proceedings of the 33rd 
Annual ACM Conference on Human Factors in 
Computing Systems, ACM, 3533-3542.  

[33] Donna R. Weston, Barbara Ivins, Maty Claire 
Heffron, and Nancy Sweet. 1997. Formulating the 
Centrality of Relationships in Early Intervention: 
An Organizational Perspective. Infants & Young 
Children 9, 3, 1-12. 

[34] Oren Zuckerman, Saeed Arida, and Mitchel 
Resnick. 2005. Extending tangible interfaces for 
education: digital montessori-inspired 
manipulatives. In Proceedings of the SIGCHI 
Conference on Human Factors in Computing 
Systems, ACM, 859-868.  

 

 


