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Mind and consciousness are like a gradual sun-
rise that takes time to come up. In the mean-
time, we are not stagnant, waiting for life to
happen. The music of life, felt with our bodies,
long before we identify mind with self...some
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of us stay here longer than others. Music in
its broader sense is everywhere, and it is our

first language...it has the most important of all

places in the lives of those who find the realm of
the mind a place of rusty cogs and heavy effort.
—Donna Williams,

(from the preface of [11], with a review
by Max E. Valentinuzzi in [12])

ne symptom common to all types
of autism is an inability to eas-
ily communicate and interact
with others. In fact, some people with
autism are unable to communicate at
all. Others may have difficulty inter-

preting body language or holding a

conversation.



The Swiss physician Paul Eugen Bleuler
(1857-1939) coined the term autism in
1908 when describing a schizophrenic
patient who had withdrawn into his own
world. Bleuler actually used it to mean
“morbid self-admiration” and some kind
of inner hiding. Later, an Austrian pediatri-
clan, Hans Asperger (1906-1980), studied
mental disorders in children. His work only
acquired world renown posthumously. A
resurgence of interest in his work began
in the 1980s, in particular, because of the
pediatric diagnosis of autistic psychopathy
and what is now called Asperger’s syndrome,
a specific autism that is characterized by sig-
nificant difficulties in social interaction and
nonverbal communication.

Leo Kanner (1894-1981) was an Aus-
trian-American psychiatrist also known for
his work related to autism; he organized
the foundation of child and adolescent psy-
chiatry in the United States and worldwide.
Kanner was born in Klekotow, a small vil-
lage in what is now considered the Ukranian
jurisdiction. He studied at the University of
Berlin, receiving his M.D. degree in 1921
and immigrating to the United States in
1924. In 1930, he was selected to develop
the first child psychiatry service at Johns
Hopkins Hospital in Baltimore, Maryland.
His 1943 paper, “Autistic Disturbances of
Affective Contact,” along with the work of
Hans Asperger, forms the basis of the mod-
ern study of autism. Thus, autism as such is
barely more than 100 years old.

The objectives of this article are
twofold: first, to briefly review the rela-
tively short history of the condition and,
second, to introduce a graphical user
interface especially designed for children
with autism spectrum disorder (ASD). We
also address the efforts currently being
made with music therapy.

A Few More Historical Hallmarks

In September 2013, the American Psy-
chiatric Association released the fifth edi-
tion of its Diagnostic and Statistical Manual
of Mental Disorders, often referred to as
DSM-5, and The New England Journal of
Medicine featured a historical perspective
on autism to mark the 70th anniversary of
Leo Kanner’s momentous description of the
disorder in 1943. The 1943 paper described
11 children who shared the qualities of
high intelligence, a profound preference
for being alone, and an obsessive insistence

on the preservation of sameness. The children
had difficulties in social interactions, dif-
ficulty in adapting to changes in routines,
good memory, sensitivity to stimuli (espe-
cally sound—a good point to underline in
light of some positive reported results with
music therapy), resistance and/or allergies
to certain foods, good intellectual potential,
echolalia or propensity to repeat words or
sounds they hear, and difficulties in sponta-
neous activity.

The 1970s brought an understanding
that autism stemmed from biological dif-
ferences in brain development. Objective
criteria for diagnosing autism followed in
the 1980s, and so did a clear separation
from childhood schizophrenia. Note how
recently these developments were made:
just about 35 years ago. During the 1950s
and 1960s, mothers were blamed by psy-
choanalysts, with some being called “cold
moms.” In 1987, DSM laid out a checklist
of criteria for the diagnosis of autism, and
between 1994 and 2000, the definition was
expanded to include Asperger’s syndrome.
Hans Asperger’s patients in 1944 resembled
Kanner's earlier descriptions, but the chil-
dren Asperger studied did not have echo-
lalia as a linguistic problem; they spoke like
adults. He also mentioned that many of the
children were clumsy and different from
normal children in terms of fine motor
skills. Very recently, as of 2013, DSM folded
all subcategories under one umbrella: ASD.
It is defined by two categories: impaired
social communication and/or interaction
and restricted and/or repetitive behaviors.

There are other names within the field
of autism research that should be men-
tioned, with conflicting opinions and also
with agreements, but all produced signifi-
cant knowledge.

V¥ Bruno Bettelheim (1903-1990), an
Austrian-born psychoanalyst and sur-
vivor of the Dachau and Buchenwald
Nazi concentration camps, settled in
the United States in 1939. At the Uni-
versity of Chicago, in Illinois, he carried
out studies based on clinical prac-
tice. After suffering a stroke and deep
depression due to his wife’s death, he
unfortunately committed suicide.

V¥ Bernard Rimland (1928-2006) was an
American psychologist and a parent
of a child with autism. He disagreed
with Bettelheim’s ideas. His research
led him to believe that autism is a

biological disorder, not one of the

mind, and certainly not the mother’s

fault. In 1965, Rimland founded the

National Society for Autistic Children

(now the Autism Society of Amer-

ica) to promote a highly controver-

sial behavioral modification therapy
developed by Ivar Lovass (see below);
that therapy is known today as applied
behavioral analysis. Rimland also inves-
tigated the use of high doses of vitamin

B6, which appeared preposterous at

first but has since been proven benefi-

cial. In 1967, he founded the Autism

Research Institute.

VvV Lorna Wing (1928-2014) was an Eng-
lish physician who contributed in the
field of childhood developmental disor-
ders. She introduced the term Asperger’s
syndrome and was involved in founding
the U.K. National Autistic Society.

Vv Lars Christopher Gillberg (1950—pres-
ent)isaprofessor of child and adolescent
psychiatry at Gothenburg University,
Sweden. Gillberg’s extensive research
has significantly advanced the field of
child and adolescent neuropsychiatry
in areas such as ASD, epilepsy, intel-
lectual disability, oppositional defiant
disorder, Tourette’s syndrome, and
anorexia nervosa.

Vv Ole Ivar Lovaas (1927-2010), born in
Norway, studied and furthered behav-
ioral analysis and treatment of chil-
dren with autism. He was a clinical
psychologist at the University of Cali-
fornia at Los Angeles and pioneered a
treatment for autism known today as
the Lovaas treatment.

It must be underlined that in the
1960s-1970s, research into treatments
for autism focused on medications such
as lysergic acid diethylamide, electric
shock, and behavioral-change tech-
niques. It is difficult to believe, but the
latter relied on pain and punishment.
Fortunately, during the 1980s and 1990s,
the role of behavioral therapy and the
use of highly controlled learning envi-
ronments emerged as the primary treat-
ments for many forms of autism and
related conditions. Currently, the corner-
stones of autism therapy are behavioral
therapy and language therapy. Surpris-
ingly, music and bioengineering were
rarely (if ever) mentioned as possible
helpful resources.
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As of 2010, the rate of autism was esti-
mated at about one to two per 1,000 people
worldwide, and it occurs four to five times
more often in boys than girls. About 1.5%
of children in the United States (one in 68)
were diagnosed with ASD as of 2014, a
30% increase from one in 88 in 2012. The
rate of autism among adults aged 18 years
and over in the United Kingdom is 1.1%
[1], [2]. The question of whether actual
rates have increased is unresolved and is
obviously an open area of research where
biomedical engineering can help. Early
detection is very important for a correct
approach to treatment and stimulation in
children, improving the likelihood of suc-
cess for the adaptive, cognitive, and lin-
guistic processes.

BME Interfaces

Whoever thought of an engineer trying to
fix a child’s complex and delicate mind?
But why not? An interface—designed to
be simple, easy to manage, and friendly,
with activities that stimulate cognitive
and motor growth—was created to bring
the autistic child out of his or her hiding
place, or, at least, to partially assist him
or her in such an opening maneuver. A
performance index and system usability
scale (SUS) were used to evaluate the per-
formance of the children when they used
the interface. The evaluation was carried
out with a group of children that suffer
from ASD and who regularly attended
phonoaudiology therapy at a state hos-
pital. The results were very encouraging
because the children showed interest in
using the software. Besides, the quanti-
tative evaluation proved that the graphic
interface is simpler to use than the con-
ventional environment.

Background

Although the involvement of bioengi-
neering in the subject is not totally new,
it can be stated that it is rather recent,
as attested by a few publications. A Por-
tuguese group in Lisbon presented a
multimedia platform to overcome ASD
children’s communication and social dif-
ficulties. Their results showed that chil-
dren felt motivated after using the tool,
and the number of interactions between
peers increased. Their platform can be
customized, and the authors introduced
an evaluation methodology [3].
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Around the same time as the authors
of [3], a Greek research group from the
University of Ioannina reported an appli-
cation within the widely emergent area
of information and communication tech-
nologies [4]. They stated that the diversity
of characteristics encountered by children
with learning and communication diffi-
culties may present an extra challenge for
potential hypermedia application devel-
opers. The ultimate goal of such exercises
is to facilitate the learning environments
of the target population. Six cases with
mental retardation and autism have been
taught using their application. All of the
children showed significant progress after
instruction on the specific components.
The required number of sessions for all
children varied according to their ability
level and severity of their needs. Over-
all, it seems that the application has the
potential to help children learn the con-
cepts it addresses.

In a Canadian pilot project, Michelle
Wang and Denise Reid studied the effi-
cacy of a novel virtual-reality cognitive
rehabilitation intervention to improve
contextual processing of objects in
children with autism. They tested four
children with autism in a multiple-base-
line, single-subject study. The children
were taught how to see objects in con-
text by reinforcing attention to pivotal
contextual information. All children
statistically significant
improvements in contextual processing
and cognitive flexibility. Mixed results
were found on the control test and
changes in context-related behaviors. It
was concluded that larger-scale studies
are warranted to determine the effec-
tiveness and usability in comprehensive
educational programs [5].

Mintz, in turn, in 2013, reported a
qualitative evaluation of a special proj-
ect prototype, identifying which factors
mediate the level of engagement with
technology by both teachers and chil-
dren with ASD. This project developed a
mobile cognitive support application for
smartphones, based on the principles of
persuasive technology design [6].

Sue Fletcher-Watson, of the Univer-
sity of Edinburgh, United Kingdom,
says, in a well-referenced and updated
review, that computer-assisted learn-
ing (CAL) is an approach that has been

demonstrated

widely used to support people with ASD.
Commercial and research-driven tech-
nologies continue to be produced at a
rapid rate, particularly mobile device
applications. However, the field lacks a
consistent, evidence-based methodology
for design, implementation, and evalu-
ation of these technologies. The review
collates published evidence for the value
of CAL in autism education and therapy,
with a specific view to identifying best
practices in design, implementation, and
evaluation. The future of research in
CAL for autism is considered, including
the need for relevant theoretical under-
pinnings and appropriate responses from
researchers and practitioners to novel
technologies [7].

What News We May Suggest:
A Practical Example
This section describes the experience
obtained at a public hospital following
requirements outlined by the attending
physicians to a group of children with
different ASD degrees, that is, by using
a friendly software environment with
activities aimed at improving the com-
munication and the interaction of the
children with the computer. The pro-
posed interface is an assistive technology,
and, as such, it was defined as a human
activity assistive technology model for the
purpose of its evaluation [8]. This model
considers that the assistive system is com-
posed of
Vv the user (a person with a disability)
V the activity (a task carried out by the user)
Vv the assistive technology (a device to
carry out the activity)
Vv context (the environment where the
user performs the task).

The system was evaluated as a whole
using different parameters, such as the
throughput (TP) performance index for
each user (which is based on Fitts’s law
to compare the users’ performances in
specific tasks). Fitts’s law is a descriptive
model of human movement primar-
ily used in human-computer interac-
tion and ergonomics. It predicts that the
time required to rapidly move to a target
area is a function of the ratio between
the distance to the target and the width
of the target. Paul Fitts also proposed
an index of performance (IP), mea-
sured in bits per second, as a measure of



1) Listen to Music
2) Voice Synthesizer
3) Draw

4) Listen to Stories
5) Colors

6) Games

SICAAKids

7) Educational Games
8) Play Music
9) Access to the Internet

10) Text Processor

(b)

FIGURE1 The main panel of the SICAAKids main window. Each numbered object on (a) the screen can be associated with the list in
(b). SICAAKids was developed at UTN at San Nicolds, Province of Buenos Aires, Argentina, as a modification of a first version

designed for general home use.

human performance—i.e., the average
rate of information generated by a series
of movements is the average informa-
tion per movement divided by the time
per movement. Nowadays, IP is more
commonly called TP, i.e., it is the amount
of work that a computer can do in a given
time period [9].

Each user responded to a poll based
on the SUS to obtain his or her opinion
on the interface. In this way, the system
was tested with eight children with ASD,
and the data obtained in the experiments
provided a quantitative evaluation of the
system and a performance evaluation of
the children [10].

Software Design and Development

The platform designed works under any
operating system. It was programmed
with Microsoft Visual Basic.Net 2008
Express, which is free, provided by
Microsoft Corporation on its website. The
design is simple and attractive, with pic-
tures that relate the icons with the under-
lying functions. The scenario chosen is
a child’s room (Figure 1). Since many of
the children are not literate, the platform
is based on images and their association
possibilities. The name of the interface is
SICAAKIids (in Spanish, Sistema Integrado
de Comunicacion y Asistencia Automatizada,
or Automatized Integrated Communi-
cation and Assistive System Intended
for Kids). All the embedded programs
(music, educational games, and others)
are public license. These functions were
implemented in accordance with the

activities that phonoaudiologists carry
out at the hospital.

The available functions are as follows:

1) Listen to music: Music is of para-
mount importance in the intellec-
tual, auditory, sensory, speech, and
motor development of the child.
The child is capable of expressing
himself or herself differently as well
as integrating actively into society;
music helps him or her achieve
autonomy in daily activities, take
care of himself or herself, be more
aware of his or her surroundings,
and widen relationships (see, e.g.,
Donna Williams’ words at the
beginning of this article).

2) Voice synthesizer: Icons that have
activities and feelings are displayed
so that the child selects the icon he
or she wants to explore.

3) Draw: Drawing can have a clear
intention of communication, show-
ing characters and emotions.

4) Listen to stories: Reading stories to
children helps them stimulate their
speech and imagination. Often,
ASD children are not incentivized
enough in this respect. In addition,
stories can have a relaxing effect.
In this activity, there is an option to
record the stories with the parents’
voices and add new stories, given
that these children prefer to listen to
familiar voices, and other sounds or
noises tend to disturb them.

5) Colors: Colors are visual stimuli that
can generate reactions in the body

and in mood, too. In addition, they
help memorization.

6) Games: Play is the natural activity that
children use to adapt to life, to learn,
to have fun, and to relate to others. It is
such a basic necessity in childhood that
the old Summerhill School in Eng-
land (founded by Alexander S. Neill
in 1921) used to be quite open, giving
its pupils total freedom. Games have a
dedisive role in the child’s development
because it allows him or her not only
to enjoy but also to manifest happi-
ness, fears, anxieties, and needs.

7) Educational games: 1t is effective to
associate animals with the sounds
they produce, which is quite impor-
tant in language development.
Memory games also speed up infor-
mation retention.

8) Play music: Acting as powerful cen-
tral nervous system stimulation,
music helps the child in his or her
creative abilities.

9) Access to the Internet: This function
connects the child with other envi-
ronments and, hence, gives him or
her a sense of socializing.

10) Text processor: 1t orients the child
to work with other children when
reading and writing.

Assistive Technology
Evaluation and Tests
Both system and user performance are
involved when the user carries out an activ-
ity using assistive technology. The human
performance can be defined as the result

SEPTEMBER/OCTOBER 2015 v IEEE PULSE 43



TABLE 1. GROUPS AND CHARACTERISTICS OF CHILDREN WITH ASD.
Child Gender Age (Years) ASD Severity PCUse Primary School Level Age at ASD Diagnosis
A Female Ten Mild Yes Fifth Two years
B Male Eight Mild Yes Third Two years, seven months
C Female Eight Mild Yes Third Three years
D Male Seven Mild Yes Second One year, six months
E Male Five Moderate No First preschool Four years
E Male Seven Moderate No First Five years
G Male Eight Moderate No First Five years
iH Male Seven Moderate No First Five years

of a set of actions tending to satisty an ob-
jective, by and large, according to some
standard. By the same token, the assistive
technology is the more or less effective tool
employed by the operator. The proposed
interface was implemented and evaluated
with eight ASD children. Tests were car-
ried out in three different sessions after
their parents signed the informed consent
form. The children were selected according
to the following criteria:
Vv a diagnosis of ASD by a pediatric
neurologist
Vv a chronological age between four
and ten years
Vv a mild to moderate ASD diagnosis

(Table 1).

The activity consisted of moving the
cursor on the screen 15 times to different
icons. The cursor had to be moved 15 times,
that is, there were 15 repetitions. Fitts's law
predicts the time taken for a human move-
ment from pointing an initial object 7 to
a final object f. The law is expressed as
a linear function of the distance between
the object and the wide dimension of the
final object, i.e., as (1) describes. Besides,
it assumed that the participant makes the
movement as fast as possible.

MT =a+b*ID, (1)

where MT stands for movement time,
ID is the difficulty index, a represents
the Y-intercept, and b is the straight-line
slope. The values of a and b were calcu-
lated by least square regression. The dif-
ficulty index is defined as

D = log, (%4— 1), 2)

where D, expressed in bits, is the dis-
tance from the initial position to the end

44 IEEEPULSE v SEPTEMBER/OCTOBER 2015

point, and W stands for the width of the
selected object. Since the purpose of the
analysis is to compare two or more dif-
ferent conditions of the same experiment,
the TP value is obtained as

_ 1y [1xx IDe,-j)
TP = yzi=1<xz]’=17MTg,- . 0)

where IDe is the mean value of the mea-
surements. It can be noted from (3) that a
value of TP is first obtained for each subject
(as a mean performance achieved by the
subject over all x movement conditions),
and then these TP values are averaged to
obtain the final TP index (y represents the
number of subjects). When TP is calculated
as previously explained, it represents a
complete measure that includes informa-
tion about both the speed and accuracy of
the movement performance. Speed and
accuracy are averaged, and, therefore, they
combine the effects of the slope and inter-
cept parameters into one measure that can
be compared between conditions and stud-
ies. All tests were run in an isolated room
and implemented with a computer where
the software was installed.

Usability, defined as the effectiveness,
efficiency, and satisfaction, by which users
achieve their goals in different contexts, was
also quantified by means of the SUS scale
(see [10]). It is a simple scale of ten items
that provides a global vision of the subjective
evaluations. Each question is graded from
1 to 5 (1 = absolute disagreement; 5 = full
agreement), and all partial results must be
added up. Scores were calculated following
the procedure given by Brooks in 1996 [10].

The following ten simplified items
were presented to the children:

1) IthinkIwould like to use this pro-

gram every time I can.

2) TIfound the program unnecessarily

difficult.

3) T thought the program would be

easier to use.

4) 1think I would need the phonoau-

diologist’s help to use the program.

5) Teasily found the different icons of

the program.

6) Idid not understand the program.

7) I imagine that most people would

learn to use the program fast.

8) Ifound the program too long to go

through.

9) Ifelt very confident to manage the

program.

10) Ineed to learn many things before

I can manage the program.

The children were divided in two
groups (Table 1). The first group comprised
children with mild ASD (subjects A-D).
They go to school and are integrated in
different schools. This group included one
ten-year-old (subject A), two eight-year-
olds (subjects B and C), and one seven-
year-old (subject D). All of them were
familiar with computers, and the use of the
computers was according to their ages. The
second group (subjects E-H) included one
five-year-old (subject E), two seven-year-
olds (subjects F and H), and one eight-year-
old (subject G). Each test was carried out in
two phases: one with a Windows desktop
and the other with SICAAKids. The TP was
calculated for each selected icon, both in
the SICAAKIids software and in Windows.
The MT defined in (1) was calculated by
software for each user.

What Was Obtained

SICAAKids
The SICAAKids icons were a computer,
which stands for Internet access (TPSI);



pencils, whose function is painting (TPS2);
and cubes, which represent games (TPS3).

Desktop Environment
Three Windows access icons, INTERNET
(TPW1), PAINT (TPW2), and GAMES
(TPW3), were placed on the computer desk-
top, located at the same distance that they
appear on the SICAAKids screen. Their sizes
were enlarged with the Windows accessibil-
ity tools so that the icons” widths were com-
parable. The time that the user took to go
from the right top margin to the correspond-
ing icon was evaluated 15 times for each
icon. For comparison between WINDOWS
and SICAAKids, three icons were chosen
from the former such that they represented
the same activities of the latter. They were
named, respectively, INTERNET (TPW1),
PAINT (TPW2), and GAMES (TPWS3).
Figure 2 compares trials among the TPs
of the first group. As can be observed, all
TP values related to SICCAKids are larger
than the ones obtained with Windows.
This represents a positive evaluation of
the proposed system; children who are
used to Windows got a better TP with SIC-
CAKids. Figure 3 shows the TPs that were
obtained with the second group. The val-
ues are lower than for group 1; however,
with SICCAKIids, the scores are still better
than with the Windows desktop. It must
be remarked that group 2 was difficult to
evaluate because the children were not
interested in the Windows desktop. The
values obtained in the scale are quite high,
with an average above 80 (Table 2).

Discussion

There are several aspects in this not com-
mon but emotionally touching behavioral
problem that need to be underlined. First,
its identification and correct recognition are
rather recent, and, in some aspects, so much
so that the intended therapies were not
only absolutely wrong but cruel. Second, it
must be accepted that autism projects itself
beyond the medical environment, having
become a true interdisciplinary condition
that calls for different inputs, and engineer-
ing and biomedical engineering appear
as new areas with a wide spectrum of
resources. A very recent IEEE Institute Alert
newsletter [13] (regarding the Consumer
Electronics Show) explores new applica-
tions designed to benefit humanity and
even save lives [10]. It reports on a recent
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FIGURE3 A comparison of TPs within group 2.

in Figure 2.

system to encourage children with autism
to participate in imaginative play.

Regarding the system described here, we
must admit that, even though the results
are encouraging, the sample was small, and
further and larger tests are needed. Also, the
groups should be divided according to the
level of the children’s familiarity with tech-
nology. Parents should take home the soft-
ware and make it a daily activity, for real play,
similar to taking the child to a playground.
Another possibility would be to make the
software compatible with Android, which
is an operating system that usually runs on
smartphones and tablets. Since it is an open-
source operating system, users can adapt it
and run it on a personal computer. Linguistic
elements could also be incorporated and help
with the phonoaudiology therapy.

It should be mentioned that the use of
music as a tool to rehabilitate autistic chil-
dren is an area where there is ample experi-
ence, although quantitative results are not
easy to give because no evaluation proce-
dure has been developed yet, except of the

All acronyms have the same meaning as

qualitative type. References [11] and [12],
mentioned at the beginning of this article,
can be used as guide. Dorita Berger is a dedi-
cated and a long-time music therapist and

concert pianist. There is more information

regarding this aspect on the web.

Conclusions
A historical review of autism was pre-
sented, showing that, only recently, have

better and proper steps been taken for its

TABLE 2. SUS VALUES.
Subject SUS Value
A 97
B 90
€ 92
D 90
E 60
F 87
G 80
H 78
: Total average 84.25
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treatment, including elements obtained
from other disciplines that were previously
unthinkable. New software for children
with ASD has been developed. The sys-
tem is simple, friendly, and obtained good
acceptance from children while also arous-
ing their interest. These characteristics
favorably affected the children’s response,
and the scores tend to back this up.
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