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Abstract: Haptic technologies are becoming present in many interactive applications providing
advanced device control either for gaming, virtual reality, or for real life applications, such as medical
training. Breakthrough advances in haptic devices are increasingly making them widely available
to the public. It has been shown that they improve and allow to measure user engagement, which
is critical for educational processes of children with special needs. Their great appeal in gaming
applications make them additionally suitable for these kind of users. In this paper we propose further
research into the application of haptic devices to special needs education.

Keywords: childhood special education; haptic technology; learning process; educational tools;
pedagogical rehabilitation

1. Introduction

Improving educational processes is an intrinsecally multidisciplinary effort involving pedagogy,
engineering, psychology, art, medicine and electronics [1,2]. Some research projects, such as
CybSPEED [3], try to address some of these aspects focusing on people (children) with special
needs [4,5]. Despite the advances brought by this kind of projects, there are still limitations on
the research of physical interactions in the educational processes [6,7]. People with special educational
needs often require special interaction elements [8,9], due to underdeveloped sensory, behavioral or
cognitive capabilities.

Specifically, haptic technologies have experienced a dramatic improvement in recent times, due
to advances in computation and miniaturisation, that offer promises for new lines of study of ways to
enhance the educational opportunities of people with special needs, overcoming the barriers to the
direct educational experience [10,11]. The intention and degree of engagement of a person handling a
haptic device can be induced from the pressure, grip, and vibration. Such contact quality evaluations
do improve the understanding of the haptic interaction in some applications. For example, it is possible
to assess the degree of certainty with which an object is selected.

First, this paper discusses some advances in Haptic techonologies and some related areas of
technological research. Next, the paper discusses some applications that are becoming increasingly
relevant, with a focus on special education. Finally, we provide a discussion and some conclusions.

2. Haptic Technologies and Related Areas of Research

Haptic technologies are concerned with the intensity, duration, location, displacement, and
composition of contact sensing, including the generation of semantic representations of tactile sensory
data. In related research fields, “haptic sensations” are described and treated as precursors of
user-information, as in the work of Wojcik [12] where the importance of the sense of touch is studied in
an application aimed at library services. Another important contribution is made by Cantoni et al. [13],
where the authors offer a global vision of future learning systems, emphasising the visual component,
but very generalist from the point of view of Early Childhood Special Education. More recently, works
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such as the one presented by Papanastasiou et al. [14] propose interesting reviews of the state of the
art providing approaches and examples of new technologies, including haptics, to enhance students’
learning processes, but without special emphasis on those processes aimed at young people with
Special Needs.The following are some of the disciplines that are closely related to developments in the
field of haptic technology (Figure 1).
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Figure 1. Haptic Technologies.

2.1. Artificial Skin

The human skin provides more information on the environment than the bare “touch” sense,
including emperature, vibration, pressure (strength), and surface (area) of the objects. Specifically,
sensing the temperature of the human skin allows to evaluate how active and confident a person is in
performing some kind of educational task. In a recent haptic solution presented by Lu et al. in [15],
a chemically induced skin heating system is used to represent increasing temperatures in a virtual
reality environment. The École Polytechnique Fédérale de Lausanne (EPFL) recently presented in [16] a
development based on a soft artificial skin that provides haptic feedback and can instantly adapt to
the user’s movements.

We can enumerate some recent innovative proposals of artificial skin developments: (a) The
solution proposed by Meta Reality Labs [17], which is exploring new configurations of haptic gloves
to provide the sense of touch, including sensations related to texture, weight and stiffness; (b) An
electronic skin that can restore the sense of touch through the fingertips of prosthetic hands developed
by Tracey Reeves at the Johns Hopkins University [18]; (c) The light based contact detection proposed
by Piacenza et al. [19], which offers an imaginative alternaive solution to the problem of integrating
touch devices into robotic hands; and (d) the novel wearable device presented by Schiatti et al. [20],
suitable to be used to investigate perception in interactive tasks, on individuals with and without
sensory disabilities, among others.
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2.2. Artificial Vision

The sense of vision does not really have a specific haptic character, however artificial vision
techniques can significantly improve the development of haptic solutions by providing complementary
information on certain behaviours of the user (position, gesture, approach or rejection, etc.). In this
regard, the work presented by Romeo et al. [21], where the guidance of people with visual impairments
is carried out with an innovative mobility assistance system, called MAPS, which provides assistance
to two main functions of navigation: locomotion and wayfinding. This idea could be transferred to
specific learning processes to facilitate the way in which young students with special needs interact
with learning agents in the environment. This field is so advanced that it is possible to find proposals
such as the one presented by Wan et al. in [22], where an innovative sensory system collects optical
and pressure information from both a photodetector and a pressure sensor, then transmits the bimodal
information through an ion wire and integrates them into postsynaptic currents to the brain.

2.3. Artificial Hearing

Fusion of artificial hearing, based on acoustic data processing, with the haptic data can produce
relevant information on the person attention, engagement, and intention during educational processes
so that assessment of educational progress can be made more objtective. An innovative boozer
presented in [23] can be used, for instance, to elicit small stimuli at low frequencies (up to 150 hz)
in order to create a signal activation in a very specific context, either to induce attention or to stop a
hyperstimulation condition suffered by a student under stress. In a similar approach, David Eagleman
presents a device called Sensory Substitution [24], which is based on a non-invasive technique to
provide information about the environment to deaf people by means of a waistcoat of his own design
that provides the user with this information through small vibrations on his skin.

2.4. Physical Models

Innovative haptic devices are simulating a wide variety of tactile perceptions. In the University
of Chicago, Jasmine Lu’s research team is working on a new haptic development that, by delivering
stimulus-generating liquids to the user’s skin, creates different sensations [15]. In fact, they have
identified five chemicals that can produce the same number of sensations: tingling (sanshool), numbing
(lidocaine), stinging (cinnamaldehyde), warming (capsaicin), and cooling (menthol). Even if this kind
of tactile solution is not really a completely non-invasive technology, it can be considered to improve
the stimulation or attention of students in special learning processes.

An interesting early approach was made by Spencer et al. in their work [25], where they highlight
the important role of the sense of smell during both diagnosis and surgery in a medical setting.
These perceptual sensations could be studied and introduced into innovative device designs or
methodologies, in order to enhance special learning processes based on haptic integration. In other
fields, such as art, recent studies present haptic technology as a step towards intensifying the perception
of the environment when viewing works of art. In the work of Vi et al. [26], they present the HCI
solution named “mid-air haptics” as a unique and first time case study for introducing all senses (i.e.
smell, sound, touch, vision, and taste ) into the design of artistic experiences.

Air currents can be used in order to control the environment in special needs education settings,
which can be critical because sensation related to air currents can be relevant for the comfort of the
subjects. In this respect, an interesting study, presented by Takei et al. [27], began to investigate how
to detect wind intensity using highly sensitive electronic whiskers. All of them are new research
alternatives to find interesting haptic solutions, trying to reproduce Nature’s behaviour in examples
far away from educational solutions, but which can offer new ways of dealing with a more complete
haptic environment to enhance communication and interaction with children with special needs.
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3. Haptic Applications

A quick perusal of recently developed areas of application of haptic technologies can be
enlightening its potential for applications in education with special needs, having in mind that
fine tuning of the interaction of students with the environment is critical for the learning process.

3.1. Medicine

Haptic solutions for medical skills training have been recently developed in many areas such as
Surgery, Cardiology, Oncology, and Diagnostics. Most of them are wearable solutions improving the
perception process, in different contexts, for people with some kind of disability (Figure 2). A first
example is the work of Schaitti et al. [20] where they present a suitable wearable device composed
of small units embedded with actuators that provoke stimuli (haptic, light, and sound) to the users
and sensors to record the users’ responses. More advanced solutions can be found, such as the
advanced physical suit proposed by Teslasuit [28] that gives haptic feedback and captures movement
and biometrics. Other works bring together a broad collection of the most relevant technological
challenges, such as suitable haptic hardware or haptic eLearning systems, analysing the resources
needed to implement real solutions. The contribution of Hamza-Lup et al. [29], for instance, studies
the influence of haptic feedback and the synchronisation of rendered haptics to improve user learning
capability.

(a) (b) (c)

Figure 2. Multi-sensor/-actuator based medical developments. Wearable solutions to improve the
perception processes. (a) TechARM: Electrode-units to emit and record different stimuli [20]. (b)
Teslasuit: Physical suit to provide haptic feedback and capture motion and biometrics [28]. (c) Medical
Education enhanced by haptic devices [29].

In terms of functional solutions in any of these areas, the appearance of proposals based on haptic
devices is a continuous stream. As shown above, EPFL has been working on a soft and flexible artificial
skin made of silicone that could help improve medical rehabilitation processes, which provide haptic
feedback to perceive and interact with the world around the user [16]. In the same line of research,
Deakin University presented a groundbreaking development, integrated into its HeroSurg robot [30],
to give surgeons the sense of touch while a robot is driven via a computer to perform minimally
invasive surgery. Although more invasive solutions are not the focus of the objectives set out in this
work, some approximate ideas can be extracted from developments such as the one presented by Oh
et al. in [31], where a remote touch system is created to reproduce tactile stimuli in the user by means
of electrical signals induced in the nervous system with special magnetic synapses.

Haptics have been included in multimodal virtual reality (MVR) systems for medical training, for
instance in obstetrics where haptic expert knowledge can be transferred to the student [32]. Haptic
feedback is a fundamental element of neurosurgery training simulations [33,34]. Further fusion of
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high resolution (8 Teslas) magnetic resonance imaging data with haptics allowed high resolution
bone simulation in dissection for training of otologic surgeons [35]. The value of haptic feedback
has also been widely recognised in endoscopic training, specifically endoscopic neurosurgery [36]
and laparoscopic surgery [37], allowing automatic evaluation of the performance of the trainee [38].
Moreover, haptic microlaryngoscopy simulation training and web module has been also positively
evaluated by trainees [39]. Additionaly, some experiences show a positive effect of force feedback
interfaces in neural rehabilitation processes [40].

3.2. Games and Gamification

New game interaction proposals based on inside reality laboratories, such as the Meta solution [17],
have become perfect tools to interact with the user and enhance the process of sensing, which opens
new frontiers to develop advanced solutions in fields such as Special Education. Tesla’s solution [28]
is another clear example of how advanced haptic technology is in some areas, offering a wide range
of solutions such as suits and gloves. Nowadays, in a more general framework, it is possible to
find communities where new proposals and ideas are exposed in the haptic world, as is the case of
Hapticast [41].

(a) (b) (c)

Figure 3. Interaction with the environment. (a) Meta - Inside Reality Labs: Bringing Touch to the
Virtual World [17]. (b)Teenage Engineering Rumble: a bolt-on haptic subwoofer for the OP-Z [23]. (c)
Hapticast: Haptic weekly podcast filled with gaming news [41].

Advances in game technology are inspiring for education process design. Haptic technologies
play a substantial role in the gamification of educational contents. For example, Teenage Engineering
has developed a Rumble subwoofer for one of the newer synthesizers, the OP-Z [23]. This sound haptic
device can be inserted into a pocket thanks to its miniaturization, offering a tool whose technology
can be transferred to another type of solution focused on learning processes. Another interesting
experience is the one developed by the researchers and professors who collaborate in the Tec Monterrey
CyberLearning & DataSciences Laboratory, located on the Mexico City Campus, where through
multimodal tactile interaction they have improved the teaching-learning processes [42].

3.3. Services

The digital environment (Figure 4) is full of tools that enhance interaction and decisions, including
haptic devices. A recent work on haptics, presented by Van-Baelen et al [43], reveals how to increase
the user’s awareness of an enveloping protection system. This work describes in detail how haptic
feedback works and when it is activated. The user can obtain five signals: firstly, a discrete force signal
when approaching the limits of use; secondly, an increased spring coefficient for control deviations at
positions closer to the limits; thirdly, a shaking action for low speeds; fourthly, a movement adapted
to the desired control input; and finally, automatic operation when the limit conditions are exceeded.
Developing non-invasive and non-intrusive solutions will improve sensitivity to people with special
needs in educational processes.
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(a) (e)(c)(b) (d)

Figure 4. Haptic feedback. Environment-user interactions: (a) Touching: Generating sensations
such as pain, pressure, temperature, etc. [15,16,18]. (b) Smelling: Producing sensitivity to odors,
aromas, flavors, etc. [25,26]. (c) Listening: Transmitting sounds, rhythms, tunes, etc. [20,23]. (c)
Feelings: Eliciting emotions and comfort atmosphere [22]. (e) Vision: Generating accessible virtual
environments [21,24,44].

3.4. Rehabilitation

In rehabilitation, haptic devices help patients to improve their motor and sensory apparatus,
either through assistance to movement realisation or in the environment perception. Solutions such
as “e-dermis” [18] and “SPA-skin” [16] have very useful features in relation to some sensations such
as pain, pressure, temperature, etc., which through peripheral nerves manage to produce sensations
to the brain. Whether such advances can be translated into the field of special education will open a
broad avenue of research.

3.5. Personal Assistance

Haptic technologies also play a big role in the development of assistive technologies for people
with disabilities during their everyday tasks. There are some non-intrusive solutions that improve the
lives of people with disabilities, such as “WeWalk” for the visually impaired that vibrates to inform
the user of low obstacles that the bottom of a cane often misses [44], or “Sensory-Substitution” that
circumvents the loss of one sense by feeding its information through another pathway [24]. Instead,
there are other more invasive solutions that produce sensations by eliciting nerves, such as the work of
Oh et al.[31] stimulating the nervous system via magnetic synapses, or the “e-dermis” proposal shown
above [18] using transcutaneous electrical nerve stimulation.

Emotion detection and interpretation is deemed to play a big role in assistive technologies, because
emotion can drive unexpected reactions and made assistive platforms to fail. Measurement of stress is
by no means trivial matter and can be critical for successful interventions. These concerns translate
also to the area of education with special needs, being unaddressed up to this time.

4. Haptics in Special Education

The interest in haptic instrumentation for the educational rehabilitation of children with special
needs arose in the beginning of the computer era with proposal specific for the treatment of children
with retarded mental development [45], following the early recognition of the role of active and passive
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touching in the process of building the perception of real objects [46] even for toddlers [47]. Children
with developmental coordination disorder have more difficulties to appreciate the size of rods by
pure haptic sensation [48]. For instance, variations of intelligence tests for visually impaired children
were developed based on early haptic interfaces [49] which were soon proposed for virtual reality
experiences by blind people [50]. It is becoming evident the importance of touch to the point that may
overcome limitations on a priori knowledge, such a shown in an experience on children recognising
familiar and unfamiliar objects [51]. This goes up to the proposal of a new kind of medical approach, so
called Haptic Medicine [52], where touch can be part of curative treatments. So why not of education
for children with special needs?

Motor deficits have negative impact in academic performance at various levels. A critical motor
skill that can not be underestimated is writing. Haptic feedback proved to be helpful in the acquisition
and improving of hand writing skills [53] for children in early grades. Concerns on the development
of this kind of skills are growing in recent years due to the pervasiveness of screens so new gaming
applications are proposed to engage the children [54]. The computer aided training to perform
repetitive tasks required for handwriting learning has evolved to the extent that robotic systems
are being proposed for routine skill improvement in children with motor difficulties [55], and for
special education in general [54], due to the possibilities to tailor the training process to the specific
idiosyncrasy of the child. Diverse kinds of haptic assistance ( full haptic guidance, partial haptic
guidance, disturbance haptic guidance) can be applied and have found to be specifically useful for
different tasks [56]. In fact, it was proven that the combination of visual and haptic interface improved
the visuo-motor skills [57], and the spatial coding of objects [58]. Also, training the compliance on
3D haptic tracing tasks did improve 2D drawing abilities of children with motor difficulties [59]. As
haptic perception is altered in cases of children with developmental coordination disorder [60] and
children with developmental language disorder [61], the possible improvements that can be achieved
by robotic assisted haptic training are of high value. Incidentally, table tennis has been found to be
very helpful for such kind of children [62].

Even gestures that are equivalent to virtual subjective haptic representation of the manipulation
of the objects appear to have some influence on the knowledge about the object [63]. This relation
between vision, gesture and haptics has been demonstrated in the trainig for the reinterpretation of
visually ambiguous images [64,65]. The image mental model seems to be influenced by the motor
models constructed by gestures and/or haptic interface interaction. The relation between language
and motor models of the objects has been found to evolve with age [66] providing new clues on the
evolution of fragility and some guides to the use of haptic devices to assist in healthy aging research.
Also, in the early ages from 16 to 18 months it has been found an evolution of the correlation between
visual and haptic responses that indicate an evolution of world knowledge representation [67]. Over
a greater span of ages, from 3 to 85 years, a brief assessment has found increasing accuracy in body
mental representation from childhood to young ages, slight decrease from young to older adults, and
significant differences among adults and old adults [68].

The interaction with the touchscreen where diverse patterns of tapping and dragging objects
reveal diverse degrees of maturity in children [69] can be considered an specific kind of haptic
experience that is very easy to measure for scientific purposes. Tactile stimulation (i.e. vibration of a
smartphone) can be used, for instance, for covert interaction with subjects of special education reducing
embarrassing public interactions [70]. Touch-vision interaction can be both ways, for children with
visual impairment, the haptic training can be enhanced with their limited vision capabilities [71]. It has
been found that children with visual impairment have a deficit in the motor representation of actions
and objects [72], wich can be treated with haptic assistants. A repertoire of haptic based applications for
middle school students with visual impairment was recently developed and introduced experimentally
in the classroom [73] to assist in the study of scientific and mathematical topics. For blind children,
recent studies show the value of haptic virtual reality for teaching complex abstract concepts, such
as 3D shape geometry [74]. A recent review [75] shows that also children with hearing impairment
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can benefit their psychomotor development by the use of computer aiding systems including haptic
interfaces. For deafblind children, a haptic assistant allows more independent horseback riding
therapy [76].

Unfortunately, the current design of “educational” apps for tablets and mobile phones do not
encourage writing skills and their corresponding visuo-motor development [77]. The pervasive
presence of screens has a proven influence on the performance of mental’s imagery [78]. However,
the fusion of haptic information and movement has a principal effect in the embodiment sensation in
virtual reality for children [79]. On the other hand, open source haptic devices for educational purposes
that can reverse these trends have been proposed in the last years [80]. The human robot interaction
opens new avenues for educational interactions, simple games like joint clapping hands [81] can have
a therapeutic effect on children with developmental syndromes.

The use of virtual reality techniques, specifically using haptic devices, has been considered
for some time for several conditions such as Autism Spectrum Disorder (ASD), attention deficit
hyperactivity disorder (ADHD), and cerebral palsy [82]. They can be applied as diagnostic assistant
tools in some cases such as ADHD, and as assistants for treating the condition, however, research is still
in its infancy. For example, the study of how ASD children regard agency and reward has been carried
out using games in tactile platforms [83]. From a commercial point of view, a plethora of apps are in the
market targeting ASD children, though most of them are of little value [84] even if they claim the use of
artificial intelligence techniques. However, haptic modeling of objects have been found more acurate
in a small cohort of ASD children [85] that follow similar strategies as neurotypical children. A similar
result was found in haptic to visual delayed shape matching in a cohort of adult ASDs [86] contrary to
expectations. Additionally, higher functioning ASD adults have found to violate a central expectation
in behavioral sciences, the so called Weber’s law, in several perception tasks, including haptic weight
discrimination, pointing to specific diagnostic/treatment tools in the future [87], such as improved
hand-eye behavior quantitative measurement for the evaluation of interactive tasks [88]. Such robotic
based systems can be deployed in experimental settings as well as in more natural environments, such
as the classroom for more inclusive educational policies. In this direction, haptic devices have been
useful also to help childrens with ASD to transition between ocupational therapy tasks [89], which can
be shared with neurotypical development children.

5. Discussion

In this work, a large part of the innovative scientific contributions that exist in the field of haptics
technology have been presented. Although it is not an exhaustive work on the state of the art of
Haptics, as there are many works that have gathered this information in a more detailed way, the
main objective of the work presented is to highlight the great potential of all the haptic variants to
reinforce learning processes in education, particularly those aimed at children with special needs, such
as children with autism spectrum disorders (ASD).

The aim of this paper is to direct the attention of the scientific community so that developments
in the field of haptic technology are directed towards solutions that reinforce the aforementioned
learning processes, incorporating methods and devices supported by Haptics that manage to improve
the processes of communication and interaction with these children. It is known that for children
with special needs (such as ASD children), due to their reduced communication skills, it is especially
difficult to gain their attention and maintain a traditional education and learning standards and that
conventional educational processes are not useful. For them, educational technology developments
based on haptic solutions can offer new possibilities to keep these communication channels open.

The different haptic solutions presented in this work could be useful, both in terms of reinforcing
the communication channels by getting the children’s attention in a more specific way, using tactile
solutions that allow them to empathise more efficiently with the children, and to determine the degree
of attention that is achieved with the children when imparting knowledge or in the educational phases
aimed at them.
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Nowadays, artificial intelligence has significantly enhanced the signal and information processing
capacity of the systems to be analysed or controlled. In the case of Special Education for children with
reduced capabilities, it is not so much necessary to have and analyse a large amount of information,
but rather to recognise from new haptic measures how attentive the children are and whether the
communication channel in the learning process is sufficiently robust to ensure that the educational
process is progressing. The way of thinking about how to interact with children can change significantly
if small advances in the field of haptic technologies can reinforce these educational processes.

More specifically, many proposals could be made regarding the types of haptic technologies
to be incorporated into existing developments that study how to reinforce these learning processes.
For example, in the European CybSPEED project [3], where it was studied how these processes
are enhanced through reinforced interaction with small humanoid robots (e.g. NAO [90]), this
proposal could be extended by not only basing the interaction with the children on the communication
maintained through the robots, but also by analysing their level of attention through the analysis of
variables such as the proximity to the robot, the way it is grasped, the child’s reaction to its contact, or
whether producing some comfort event for the child could motivate it to maintain its attention.

Therefore, this work keeps open a line of research that, based on all new developments and haptic
solutions, mainly those of reduced size and low cost, could be incorporated into learning processes
in cases where Special Education for children with special needs (ASD) requires new and innovative
proposals.

6. Conclusions

This paper aims to motivate the study of educational tools that include haptic technologies for
children with special needs. Haptic technologies enhance the engagement of the user providing a
more realistic experience. On the other hand, they allow to assess qualitative measures of the learning
process, such as intention, certainty, engagement, and stress that are difficult to measure by other
means. Haptic technologies are proposed as means to facilitate the educational process, and they can
be more relevant in special needs education than in education of typically developed children.
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