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Abstract Key words
Applied Computer technologies can address the needs of individuals with autism spec- | ® autism spectrum
trum disorders (ASD). Data on the efficacy of assistive technology in ASD is limited, and disorders

e assistive technology
e touch screen

its effectiveness in supporting and facilitating skill acquisition in this specific population
must be still demonstrated. 63 Italian ASD subjects underwent learning activities admin-
istered by cardboards or a touch screen support. The support preference was evaluated in
a choice trial, and quantitative analysis was performed on items regarding communica-
tion and challenging behaviours. Touch devices are attractive especially for males without
intellectual disability and a lower communication and cooperation behaviours with the
use of touch screen compared with paper support was shown depending on activities.
Overall, our data do not confirm the hypothesis that touch screen presentation improves
activity completion and behavioural performance for each individual with ASD. Data
discourage an indiscriminate use of these devices and suggest analysing with more atten-
tion the core ingredients that should shape digital devices when used for people on ASD.

e structured learning

INTRODUCTION

Individuals with autism spectrum disorders (ASD)
present special needs to sustain daily life and skill ac-
quisition that often include external stimulus prompts
to initiate, maintain, or terminate a behaviour. In par-
ticular, several studies emphasized the preference of
this population towards visual stimuli, particularly those
delivered via electronic screen [1, 2].

This attitude is supposed to be at the basis of the bet-
ter use and learning from visual instructions of people
with ASD [3-6]. However, some data are in contrast
with the hypothesis that individuals with ASD are visual
learners [7-9].

In the context of assistive technology, many types of
computing systems are becoming more and more impor-
tant in clinical and educational practice. In particular,
enthusiasm towards tools that appear more appealing
for users with ASD has led to a large diffusion of com-
puter assistive technology (CAT) in different settings
(laboratory, school, home), with the aim of improving
language, cognitive, socio-emotional, adaptive as well as

academic skills, and potentially allowing the sharing of
intervention strategy across all child life environments
[10-15]. Notwithstanding such interest, careful evalua-
tion of the effects of these new technologies compared
to traditional methods is still required [12, 16-18].

In first studies aimed at evaluating efficacy and valid-
ity of CAT for the habilitation of ASD people, research-
ers reported a positive effect of CAT, with an increase of
pair to pair interaction and skill in communication, and
a decrease in repetitive and challenging behaviours [19,
20]. Further studies confirmed such a positive effect,
with particular relevance of the role of CAT in increas-
ing access to educational programs and decreasing mal-
adaptive behaviours [21-23]. CAT is indeed considered a
useful medium to provide learning goals as it offers stan-
dard, automatic and predictable instructions, avoiding in
vivo social behaviour that might overburden people with
ASD [10, 24]. The automation is also an advantage for
the trainer in the case of activities and tasks which need
high level of repetition [25, 26], and potentially reduces
need of individual support at school and/or at work [27].
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Structured intervention packages for ASD such as Treat-
ment and Education of Autistic and related Commu-
nication Handicapped Children (TEACCH) [28] and
Applied Behaviour Analysis (ABA) [29] place a heavy
emphasis on structure and repetition, and on establish-
ing a background environment that children do not find
overwhelming. Furthermore, TEACCH and ABA princi-
ples involve adapting the behaviour and skill level to suit
the subject’s personal unique needs. In this framework,
CAT appears a useful medium to provide individualized
learning goals. Indeed, computer technology allows a
wide quantitative and qualitative storage and analy-
sis of data, resulting in an increased availability of ex-
amples (figures, words, video, colours and layouts) that
educators can introduce in individual programs, and the
tracking of each user’s progress with the opportunity to
modify the difficulty levels as a result [30]. Finally, a large
part of the literature on the use of technology by people
on the autism spectrum has pointed out its value as aug-
mentative device to support interaction and communica-
tion [31]. Rather than “digital bubble”, WEB navigation
and the development of online dedicated forum appear
to be tools useful to advocate, support, and emancipate
people on autism empowering them towards social world
[32, 33]. However, despite the apparent positive value of
the online interaction opportunity, additional studies in
this area are necessary to empirically confirm the efficacy
and efficiency of the intervention with digital technology
taking into account intervention specificity and its imple-
mentation by digital device [12, 25, 34].

Among the computer assistive technology, the use
of multi-touch screen devices is growing. Despite this,
few studies aim to verify if touch screen technology
may provide a new way to deliver intervention to young
children or to those with severe intellectual disabilities.
Overall, studies showed positive effects of the use of
multi-touch on challenging behaviour [22] and on ac-
tive participation to learning programs [35, 36], as well
on pair interaction and collaboration [31, 37, 38]. How-
ever, a recent review that analysed 34 studies stressed
that research on the use of touch screen technology was
focused on very basic use of the devices and was carried
out on a limited sample of subjects. Furthermore, it was
performed especially in school or home setting [39].

The present study aims to explore if multi-touch
screen technology is actually friendly and able to im-
prove compliance during ambulatory education activi-
ties with respect to traditional support. The study ana-
lysed the preference towards either little card-boards
(PA, paper activities) or a multi-touch screen support
(TA, touch activities) in a sample of subjects represent-
ing the ASD population usually attending local health
ambulatory units. Furthermore, activity completion, be-
havioural performance, and communicative exchange
of ASD subjects were assessed in order to evaluate the
compliance of individual with ASD undergoing activi-
ties provided by means of PA or TA support.

METHODS
Participants

The study was carried out in the Center for Autism
and Asperger Syndrome (CASA, ASL CNI1, Mon-

dovi, Italy), an ASD specialized outpatient service of
the Italian public health system. All the subjects that
were resident of Mondovi and were followed by CASA
for habilitation intervention in the period 2012-2013
were assessed for enrolment. Exclusion criteria were
genetic syndromes or motor disability at clinical ex-
amination. In that period, the total of resident patients
in the health district amounted to 170, 61 (36%) were
followed only for diagnosis or assessment. Among the
109 patients followed by CASA for habilitative inter-
vention, 63 gave the consent to video-recording and
data use for research. Table 1 describes the final sample
that included 63 subjects, 55 males (87.3%) and 8 fe-
males (12.7%), in the age range 4-32 years. Participants
were grouped by means of their school attendance that
in Italy is compulsory from 6 to 16 years of age. This
number of subjects allows to evaluate small to medium
size differences (Cohen d, = 0.36) in a paired t-test with
two-sided alpha = 0.05 and power = 0.80.

All the participants had an ASD diagnosis based
on DSM-IV and ICD-10 criteria. The clinical diagno-
sis was supported by at least one standard assessment
tool: specifically, the younger subjects (n. 30) had been
evaluated with ADOS (Autism Diagnostic Observation
Schedule) [40] while the older ones had been evaluated
with other tools such as CARS (Childhood Autism Rat-
ing Scale) [41]), GARS (Gilliam Autism Rate Scale)
[42] and ABC (Autism Behaviour Checklist) [43]. All
diagnoses fulfilled the criteria for DSM-5 autistic spec-
trum disorders. Intelligence quotient was measured by
WISC or WAIS (Wechsler, 1974, 1981, 1991), respec-
tively for verbal children and verbal adolescents /adults
(n = 46, 73.0%). Intelligence quotient was measured
by Leiter (Roid & Miller, 1997) for the non-verbal sub-
jects (n = 17, 27.0%). Adaptive behaviour was assessed
by clinical evaluation, that was confirmed by Vineland
Adaptive Behaviour Scale [44] where available (n = 43,
68.3%). Based on IQ and adaptive behaviour, subjects
were classified in the categories of intellectual disability
(ID) according to DSM-5 criteria. The family education
level (measured as the higher attained level between
parents) was also recorded.

As use of technology is currently allowed in health
service for habilitation programs, review by an ethics
committee was not mandatory for this kind of study
(observational study). However, as stated above, we in-
formed and asked for consent all subjects followed for
habilitative intervention, and enrolled only those that
accepted to participate.

MATERIALS AND SETTING

The study took place in the CASA center, in two com-
parable sized ambulatory rooms (about 3m x 4m), each
room assigned to a treatment (PA or TA protocol). Both
rooms were stimuli free, and furnished with only two
chairs and one table. The TA protocol was administered
individually by a multi-touch tabletop. The touch-table
used in the study was part of CASA provision since
2010. It was suitable for compulsory schoolers/adoles-
cents/adult children, while it was inappropriate for chil-
dren under 5, due to the table height (25”) and to the
very large screen (47”). Indeed, to be comfortable in
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Table 1
Description of the subjects participating to the study

TOT AD
n %> %P
Sex
Male 55 87.3 54.6
Female 8 12.7 250
Age range
PS 9 14.3 66.7
cs 34 54.0 44.1
NCS 9 143 55.6
AU 11 17.5 54.5
Diagnosis
AD 32 50.8
NOS 22 349
AS 4 6.3
na. 5 79
Intellectual disability
No 9 143 1.1
Mild 31 49.2 452
Severe 23 36.5 739
Family educational level
Elementary/Middle 19 30.2 526
High 31 49.2 484
University 13 20.6 53.8

Diagnosis Intellectual disability
NOS AS n.a. No Mild Severe
0/°b %b 0/°b %b O/Ob %b
327 7.3 55 164 49.1 34.5
50.0 0.0 25.0 0.0 50.0 50.0
333 0.0 0.0 0.0 88.9 11.1
41.2 59 8.8 11.8 529 353
333 1.1 0.0 333 1.1 55.6
18.2 9.1 18.2 18.2 364 454
3.1 438 53.1
22.7 59.1 18.2
75.0 25.0 0.0
0.0 60.0 40.0
55.6 333 0.0
419 32 9.7
174 0.0 8.7
36.8 53 53 10.5 474 42.1
323 6.5 129 129 54.8 323
385 7.7 0.0 23.1 385 385

Age range: PS = preschoolers (4-6 years), CS = compulsory education schoolers (7-15 years), NCS = non-compulsory education schoolers (16-18 years), AU = adults

(19-32 years).

Diagnosis: AD = autistic disorder, NOS = pervasive developmental disorder not otherwise specified, AS = Asperger syndrome, n.a. = ICD10 F84 subcategory not

available.
#Percentage computed on the total of subjects (n = 63).

bPercentage computed on the subjects belonging to the category indicated in the corresponding row heading.

looking at a screen the subject should sit at a distance
where the screen fills 30° of subject’s horizontal field
of view. Since children under 5 must sit at a maximum
distance of about 1.3 ft to be able to perform activities
on the touch screen, the resulting optimal screen size
should be under 20”. Therefore, we used a 17" multi-
touch screen in subjects younger than 5yrs. Although
all the enrolled subjects were familiar with computers
and/or touch devices (such as tablet, IPad, IPod, touch-
screen phone), no one of them had previously seen and
used the multi-touch tabletop.

Autism specialized operators administered the PA
protocol by set of cardboards specifically made for this
study using ARASAAC (Portal Aragonés de la Comu-
nicacién Aumentativa y Alternativa, http://arasaac.org/
index.php) pictograms and uppercase letters. The op-
erators supervised and assisted both TA and PA proce-
dures and provided specific helps when necessary (see
procedure description).

Both PA and TA protocol included four activities: (1)
visual discrimination (VD), (2) classification (CL), (3)
word-picture pairing (WPP), and (4) picture-picture
pairing (PPP) (see Table 2A for a detailed description).

Activities included in the protocol were chosen based on
two main considerations: the activities are those usually
delivered during ambulatory intervention; they can be
implemented on touch screen support. Indeed, they are
structured and almost self-explaining, they require and
utilize only visual (CL, PPP) or visual and auditory sen-
sory channels (VD, WPP), and they can be organized
according to different level of complexity, thus prevent-
ing the occurrence of challenging behaviours due to
boredom and/or annoyance possibly linked to the skill
intensity demand. Four levels of complexity tailored on
subject’s age and 1Q were defined for each activity: a)
low (administered to n = 21 subjects), b) medium-low
(administered to n = 21 subjects), c) medium-high (ad-
ministered to n = 10 subjects) and d) high (administered
ton = 11 subjects). Complexity levels and sample distri-
bution according to complexity level, ID and age range
are described in Table 2A and 2B.

Procedures

Activities were presented to all subjects in the follow-
ing order: VD, CL, WPP, and PPP. VD, CL, and WPP
were delivered on both PA and TA, while PPP was pre-
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Table 2A

Task

VISUAL
DISCRIMINATION (VD)

CLASSIFICATION (CL)

WORD-PICTURE pairing
(WPP)

PICTURE-PICTURE
pairing (PPP)

Description

Verbal prompt: touch and give images
corresponding to the operator request.

One half of the picture cards lie on the table and
the subject must associate each card with the
image presented by the operator.

Number and type of categories differ throughout
trials.

Verbal prompt: touch the image corresponding

to the operator request. The complexity of verbal
prompt differs through the trials. (‘Dog’, “Touch the
dog";“Touch the barking animal”; “Touch the animal
that gives a hearty welcome to its owner”).

The subject must overlap images that are equal.
The number of and similarity between images that
must be paired increases through the trials.

PA: paper activities; TA: touch activities

Table 2B

Classification and description of activities included in the PA and TA protocols

Complexity level

The four levels differ for number and size of objects that
must be discriminated (the smaller the object, the more
difficult the level)

Low level - two classification categories, in each category
proposed pictures are equal. Basal trial: pictures are

very different each others; Intermediate trial: pictures are
different in colour; Advanced trial: pictures represent very
similar objects.

Medium-low level — three classification categories based
on the geometric shape. Colour works as disruptive
stimulus. Basal, Intermediate, and Advanced trials employ
increasingly similar shapes.

Medium-high level - three classification categories. Basal
trial: home objects classification; Intermediate trial: food
classification; Advanced trial: animals classification.

High level — Classification of abstract categories. Basal trial:
pictures and emotions; Intermediate and Advanced trials:
abstract concept images.

Images are increasingly similar to each other.

Images are increasingly similar to each other.

Frequency of subjects according to the complexity level of the activity, ID and age range

Complexity level

Low

Medium-low

Medium-high

High

TOT

Age range

PS cs NCS AU
ID 4-6 years 7-15 years 16-18 years 19-32 years Tot
No 0 0 0 0 0
Mild 9 0 0 0 9
Severe 0 11 0 1 12
Tot 9 11 0 1 21
No 0 0 0 0
Mild 0 16 0 0 16
Severe 0 1 4 0 5
Tot 0 17 4 0 21
No 0 2 0 0 2
Mild 0 2 1 0 3
Severe 0 0 1 4 5
Tot 0 4 2 4 10
No 0 2 3 2 7
Mild 0 0 0 4
Severe 0 0 0 0
Tot 0 2 3 6 11

9 34 9 11 63

PS = preschoolers; CS = compulsory education schoolers; NCS = non-compulsory education schoolers; AU = adults

sented only on the activity support (either PA or TA)
chosen by the subjects. Before starting each trial, the
operator displayed to the subject how to perform the
specific activity. The visual and auditory prompts fore-

seen for VD and WPP activities were supplied during
PA modality by the operators, and during TA by a syn-
thetic voice. During both activities, protocol permitted
the following prompts: proximal indication, display of
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the task, and physical guidance. At the end of each ac-
tivity, visual (smile emoticon) and/or auditory stimulus
(synthetic voice) were provided to the subject on the
TA, while on the PA the visual and auditory reinforce-
ments were provided by the operator.

Treatment sessions were recorded by a video record-
ing system and then the videos were analysed and
scored by two operators. Frequencies of the following
behaviours were collected (see Table 3): Uncooperative-
ness, number of non-collaborative behaviour episodes
(Uncoop); Stereotypies, number of stereotyped, repeti-
tive or sensory behaviours (Stereo); Helps, number of
helps (i.e. pointing at the correct answer, modelling,
physical guidance, verbal help) needed to accomplish
the activity (Help); and Communication ability, num-
ber of spontaneous communication acts (Ca). Behav-
ioural quantitative scoring was performed by means of
a preset scoring form by each operator. Time needed
to complete the activity (Duration) was also recorded,
using a chronometer.

Design

The study followed a crossover design. Each subject
performed the first three activities (1s: VD, 2nd: CL, and
3<: WPP, same sequence for all subjects) both on PA
and TA supports. To control for learning effects, both
sequences of treatment administration were considered
(PA followed by TA, PA-TA; TA followed by PA, TA-
PA). Each subject was randomly assigned either to PA-
TA or to TA-PA sequence. The whole group of subjects
was thus partitioned in two subgroups, namely the sub-
group of subjects randomly assigned to the sequence
PA-TA (n = 33, 53.4%) and those assigned to TA-PA
(n =30, 46.6%). The two subgroups did not differ with
respect to sex, diagnosis, presence/degree of mental
retardation and complexity level of the task (data not
shown).

Statistical analysis
Quantitative variables are synthesized by mean and
standard error of the mean (SE), median and range

Table 3

Behavior’s category and examples
Category Example
Uncooperativeness Go away from the task

(Uncoop): number of non-  Push away the object
collaborative behaviour Problem behavior
episodes Adult intervention

Stereotypies (Stereo):
number of stereotyped,
repetitive or sensory
behaviours

Stereotypies that interfere with
the task execution Stereotypies
that don't interfere with the task
execution

Sensory interest

Repetitive behaviors

Helps needed (Help):
number of helps needed
to accomplish the task

Helps allowed: Pointing at the
correct answer, modelling, physical
guidance, verbal help

Communication Ask for help
ability (Ca): number Make questions
of spontaneous Share
communications Comment

(minimum, maximum), while categorical variables by
absolute and percentage frequencies.

The binomial test was used to evaluate if the propor-
tion of subjects choosing TA support in performing the
PPP activity was significantly different from the chance
level (0.50, i.e. 50%), in the overall group of subjects
and within each subgroup based on sex, autism diag-
nosis, intellectual disability, and order of support ad-
ministration. A logistic regression analysis was also
performed to determine which factor(s) among sex, age
class, autism diagnosis, intellectual disability, and order
of support administration was/were independently as-
sociated to the choice of TA support for the picture-
picture pairing activity.

As for the behaviours collected through the scoring
form during the card-based and the computer-based
activities, the Intraclass Correlation Coefficient (ICC)
was used to measure the interrater reliability between
the operators that collected data. Coefficient up to 0.20
was interpreted as slight/poor agreement, from 0.21
to 0.4 as fair agreement, from 0.41 to 0.6 as moder-
ate agreement, from 0.61 to 0.8 as substantial/strong
agreement, and from 0.81 to 1.0 as almost perfect
agreement (Landis & Koch, 1977). The ICC between
the two operators was always high (strong to perfect)
when considering stereotyped behaviours, duration
of the activity, helps needed and communication abil-
ity, while it was lower (moderate to substantial) when
evaluating the uncooperativeness (Figure 1, panels A-C).
Due to the overall good level of concordance, data from
the two operators were averaged for each behaviour in
each activity, and the averages were used in the follow-
ing analyses.

Differences in the behaviours collected during the
card- and the computer-based activities were analysed by
multivariate analysis of variance (MANOVA) followed
by Student paired t test. Specifically, in order to assess
the effect of activity support on the overall behaviour
within each activity we used a MANOVA model includ-
ing activity support (PA vs TA) as within-subject factor
and the whole set of variables (Uncooperativeness, Du-
ration of the activity, Stereotypies, Helps needed, Com-
munication ability) collected within the specific activity
(VD, CL, WPP) as multivariate outcome. Secondly, at
the aim of assessing the effect of activity support on
the specific behaviour across all the activities performed
we applied a different MANOVA model, including ac-
tivity support (PA vs TA) as within-subject factor and
the specific behavioural score collected in the differ-
ent activities (VD, CL, WPP) as multivariate outcome.
When a significant effect of activity support was found,
the paired t test was performed to compare PA vs TA
separately within each activity and for each dependent
variable; Bonferroni’s correction was applied to control
for multiple testing (15 comparisons, pairwise alpha =
0.0033). Cohen’s d (or d, in case of paired t test) was
computed as a measure of the observed effect size (val-
ues for d or d, around 0.20 can be roughly interpreted
as a small effect, around 0.50 as a medium effect, and
around 0.80 as a large effect). MANOVAs were also re-
peated including sex, age (pre-schoolers, 4-6 years; CS
= compulsory education schoolers, 7-15 years; NCS =
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a. Visual Discrimination b. Classification c. Word-Picture Pairing
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Figure 1

Intraclass correlation coefficient (ICC) between operators on the behaviours collected during visual discrimination, classification,

and word-picture pairing activities (Panels a-c)

non-compulsory education schoolers, 16-18 years; AU
= adults, 19-32 years), autism diagnosis (AD = autis-
tic disorder, NOS = pervasive developmental disorder
not otherwise specified), and intellectual disability (no,
mild, severe), as between-subject factors, to assess the
interaction of such characteristics with activity support,
on subjects’ behaviour during the activities.

For all statistical tests p values < 0.05 were consid-
ered statistically significant. Differences whose signifi-

cance level was 0.05 < p < 0.10 were mentioned if they
were coherent and in agreement with other statistically
significant results.

RESULTS
Support preference (TA vs PA)

Table 4 describes the results from binomial test per-
formed on the preference of support for the PPP ac-
tivity. Overall, subjects showed a preference towards

Table 4

Preference between PA and TA support in the Picture-Picture pairing activity, according to sex, age range, administration turn,
intellectual disability, and ASD categories. Binomial test is reported

Group
OVERALL 63
Sex
Male 55
Female 8
Age range
PS 9
(@ 34
NCS 9
AU 11
Administration turn
PA-TA 33
TA-PA 30
Intellectual disability
No 9
Mild 31
Severe 23
Diagnosis
AD 32
NOS 22

PA = paper activity; TA = touch activity
Age range: PS = preschoolers (4-6 years), CS = compulsory education schoolers (7-15 years), NCS = non-compulsory education schoolers (16-18 years), AU = adults

(19-32 years).

PA

24

%
38.10

34.55
62.50

66.67
41.18
11.11
27.27

39.39
36.67

0.00
5161
3478

46.88
27.27

TA Binomial test
n % p (two tails)
39 61.90 0.0769
36 65.45 0.0300
3 37.50 0.7266
3 3333 0.5078
20 58.82 0.3915
8 88.89 0.0391
7273 0.2266
20 60.61 0.2962
19 63.33 0.2005
9 100.0 0.0039
15 4839 1.0000
15 65.22 0.2100
17 53.13 0.8601
16 72.73 0.0525

Diagnosis: AD = autistic disorder, NOS = pervasive developmental disorder not otherwise specified.
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Table 5
Logistic regression analysis on Picture-Picture pairing activity
Independent factors  OR 95% CI P
lower upper
Sex
Males 1
Females 0.18 0.03 1.07 0.059
Diagnosis
AD 1
NOS 3.17 0.87 11.55 0.081

OR = odd ratio; Cl = confidence interval; p = level of statistical significance
Diagnosis: AD = autistic disorder, NOS = pervasive developmental disorder not
otherwise specified.

TA support (61.9% »s 38.1%, p = 0.077), significant
in males (65.5% »s 35.5%, p = 0.030), in compulsory
education schoolers (88.9% vs 11.1%, p = 0.039) and in
subject ts with typical intellectual functioning (100% vs
0%, p = 0.004). PDD-NOS subjects too show a prefer-
ence towards TA support that just felt short of statistical
significance (72.7% vs 27.3%, p = 0.052). In parallel, the
remaining subgroups of subjects did not show a signifi-
cant preference towards either PA or TA support. Inter-
estingly, the sequence of treatment administration did
not affect the preference towards TA support, chosen
by 60.6% of the TA-PA subjects and by 63.3% of the
PA-TA subjects (p > 0.20 for both).

The logistic regression, performed to determine which
factors were independently associated to the preference
towards TA support in the PPP activity, confirmed the
role of sex and autism diagnosis in affecting TA prefer-
ence, even if the corresponding p-levels just missed sta-
tistical significance (p = 0.059 and 0.081, respectively)
(Table 5).

Table 6

Bebavioural response

The MANOVA performed within each activity
showed a significant effect of the support on the overall
subject’s behaviour in the CL. and WPP activities, while
no effect was observed in the VD activity. The MANO-
VA performed on each behaviour across activities
pointed out significant increase due to TA support in
non-collaborative acts (Uncooperativeness), Duration,
Helps needed, and a decrease in Communication abil-
ity, while Stereotypies do not appear to be significantly
affected by the support. Specifically, based on paired
t test results, TA support appeared to significantly in-
crease non-collaborative acts (Cohen’s d, = 0.42) and
Helps needed (Cohen’s d, = 0.83) during CL activity,
and Duration (Cohen’s d, = 1.12) during WPP activity
(for statistical details, see Table 6).

The effect of activity support was not significantly
affected by sex, age, autism diagnosis and intellectual
disability.

DISCUSSION

Our study contributes to the evaluation of touch-
screen technology as teaching support during cogni-
tive-behavioural intervention for persons with ASD. We
enrolled a large number of subjects representative of
the population usually attending Italian ASD special-
ized local health units, that included both sexes, and
belonged to the main ASD sub-categories as defined by
DSM-1V, and to different levels of intellectual impair-
ment. Finally, we used a crossover design to compen-
sate the lack of a control group, and though this may
still impair generalization of the results, it appears to
improve the methodological approach in this research
field.

The evaluation of multi-touch screen technology, in-
cluding tabletop, should necessarily take into account
the value of this device in supporting educational ac-

Results of multivariate (MANOVA, first line and first column) and univariate (t test, body of the table) analyses on behaviors ob-
served during activities provided on PA or TA support (overall group)

VD
PA TA Effect
size
meantSD meantSD ¢4
2
MANOVA
across across w(,61) = p=0.1834
activities  behaviors 0.8790
Uncooperative- W(1,61)= p=0.0137  0.19+0.70 0.20 +0.70
ness 0.8358 t(62) = 0.0887 p=0.9296 0.01
Stereotypies W(,61) = p=0.5689 217 £5.21 235+6.21
0.9667 t(62) = 04387 p=06624 0.06
Duration W(1,61)= p<0.0001 6452+3633 6521+4155
0.4185 t(62) = 0.1357 p=08925 0.02
Helps needed W(1,61)= p<0.0001 1.75 + 295 205+292
0.5690 t(62) = 0.9795 p=03311 0.12
Communication  W(1,61)= p=0.0489 169 +2.11 1.02 + 148
ability 0.8762 t(62) = 2.2901 p=00254 0.29

CcL WPP
PA TA Effect PA TA Effect
size size
mean+SD meanxSD d, mean+SD meantSD d,
W(1,61)= p <0.0001 w(1,61)= p<0.0001
0.5179 0.3063
0.29+0.70  0.75*1.20a 0.26 £0.72 0.35+0.92
t(61)=3.3281 p=0.0015* 042  t(61)=08763 p=03843 0.11
483+943 4.89+11.25 2.13£381 3.05+6.74
t(61)=0.0758 p=0.9399 0.01 t(61)=1.2965 p=0.1997 0.16
1875+£63.58 2088 +104.4 61.26+18.08 102.5+37.06
t(61)=1.8320 p=00718 023 t(61)=9.0780 p<0.0001**  1.15
2.02+3.52 4.87 £5.41 162 +256 214 £351
t(61)=6.5444 p<0.0007** 0.83 ((61)=1292] p=02012 0.16
6.23 +10.86 423+623 260+4.39 245+363
t(61) = 1.5855 p=0.1180 0.20 t(61)=0.2663 p=0.7909 0.03

VD = visual discrimination; CL = classification; WPP = word-picture pairing. PA = paper activity; TA = touch activity. Duration= total duration of the task from
assignment up to completion. SD = standard deviation; MANOVA = multivariate analysis of variance; W = Wilks' lambda; t = t test statistics; p = significance level; * p
< 0.05 and ** p < 0.01, with Bonferroni's correction. For more detail, see the Methods section.

157

ORIGINAL ARTICLES AND REVIEWS . . .



Francesca Brunero, Aldina Venerosi, Flavia Chiarotti and Giuseppe Maurizio Arduino

tivities by a low-cost, shareable (home, school, ambula-
tory), and adaptable intervention strategy that may also
be able to reduce stigma among peers. However, this
advantage from a social and ‘economic’ point of view
should parallel the advantage at the individual level in
supporting activities and reducing challenging behav-
iours that are widely reported to affect completion of
learning trials.

The use of technology for children on ASD is sup-
ported by the idea that these children have a natural
affinity for technologies that can support learning and
social interactions [6, 15, 45, 46]. In our study, when
the subjects had to choose PA or TA to perform the
picture-picture pairing activity, more than 60% of them
chose TA, but the preference was significantly evident
only in high functioning male subjects, and, as a trend,
in individuals with a PDD-NOS diagnosis.

One further point assessed in the present study is
whether in a ASD population sample TA elicits aspects
of behaviour that can be considered positive for and/
or coherent with the accomplishment of the task. We
used duration of the activity as a proxy of the ability
to fulfil the task, and oppositional and avoiding behav-
iours and helps needed to carry on the activities as a
measure of the level of cooperation elicited by the sup-
port during the activity session. Our results show that
TA negatively affects duration of WPP activity that is
almost twofold with respect to PA. A lower compliance
with TA support was also suggested by the increase of
uncooperative behaviours and helps needed to fulfil
the task during CL activity. Finally, present data sug-
gest that the use of PA and TA in delivering activities
is not influential on the number of stereotypies emit-
ted. However, demographic and diagnostic character-
istics did not appear to influence behavioural response
to TA. This suggests that individual dimensional traits
(i.e.: temperament, motivation, etc.), rather than cate-
gorical, could be more important in moderating the be-
haviours elicited by the two activity supports. Recently,
it has been emphasized that skills and environment for
which technology-based intervention has the potential
to serve as support, as well as preference of both users
and professionals, have to be taken into consideration
(47, 48].

Communication, and in particular spontaneous
communication, represents a domain of behavioural
impairment that needs to be empowered in the major-
ity of people on ASD. Indeed, results from the present
study do not definitely support the facilitative role of
TA showing, in same case, a negative effect on spon-
taneous communication. However, the TA procedure
used in the present study appears insufficient to elicit
a different quality of learning compared to PA. It is
possible that the tasks on which the TA vs PA rela-
tive efficacy was assessed here are intrinsically weak
in eliciting spontaneous communication. TA technol-
ogy could be advantageously used to support other
learning strategies such as collaborative learning [38,
46, 49], or in different activities such as leisure or so-
cial interaction [12, 31, 37]. Some studies, performed
on the use of multi-touch tabletop in session of aug-
mentative alternative communication (AAC) learning

[31] or multiplayer activities [38, 49-51], appear to
demonstrate that increase in social interaction is one
of the main goals attained from interactive session
around the tabletop. Furthermore, the role of rewards
or visual strategy applied appears relevant in terms of
child engagement. A recent study compared “mand”
acquisition (following Applied Behavioural Analysis
techniques “mand” is an operant that describes the
ability to ask for what you want), in three preschool-
aged males with ASD, across three different displays
in two iPad AAC applications. Interestingly, the study
evidenced that AAC display and design elements may
influence “mand” acquisition, as preschoolers did not
performed equally across different AAC displays and
configurations, but also that these elements should be
chosen taking into consideration individual propensity
and learning characteristics [52].

Implications

Although provisional and based on a short-term
evaluation, our results show that multi-touch screen
tabletop is attractive, but only for selected subsets of
participants. In addition, results do not confirm the hy-
pothesis that touch screen presentation improves activ-
ity completion and behavioural performance for each
individual with ASD, discouraging an indiscriminate
use of these devices. The individual variability in re-
sponse to CAT technology, confirmed in our study, may
account for the inconsistency among results published
in the scientific literature, besides the heterogeneity
among aims, protocols, and CAT applications.

An important limitation of our study is the cross-sec-
tional design that does not allow assessing differences
in learning progression between activities presented on
TA vs PA supports. Prospective long-term studies are
required in order to evaluate the long-lasting effects of
multi-touch screen use on preference of the subjects
and on changes in their behavioural outcomes during
learning session.
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