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Speech generating technology to support
request responses of persons with
intellectual and multiple disabilities

Carlo Riccit, Orazio Miglino?, Gloria Alberti3, Viviana Perilli3, Giulio E. Lancioni*

Walden Institute of Rome, Rome, Italy, 2Department of Humanistic Studies, “Federico II” University of Naples,
Naples, Italy, 3Lega F. D’Oro Research Center, Osimo, Italy, “Department of Neuroscience and Sense Organs,
University of Bari, Bari, Italy

Objective: This study assessed a new Speech Generating Device (SGD) for supporting request responses in
five participants with intellectual and multiple disabilities.

Methods: The technology involved a smartphone, a series of mini objects or of cardboard chips with pictures,
and special software. When the participants placed one of the mini objects or chips with pictures (that they
carried at their waist) against the smartphone (that they had at their chest), the smartphone emitted a verbal
request concerning the activity indicated by the mini object or chip. The study was carried out according to a
non-concurrent multiple baseline design across participants using sessions of 20 min.

Results: During the baseline, the participants’ mean frequencies of requests were zero or close to zero. Following
the 11-15 intervention sessions, all participants were successful in making requests (i.e. their mean request
frequencies were between about five and 12 per session). Three participants showed clear preferences (i.e.
more requests) for some of the activities. The other two participants were rather varied in their requests within
and across sessions.

Conclusions: The new SGD seems very useful for people with multiple disabilities who are blind or have poor

control of their fine motor responses.

Keywords: Speech generating device (SGD), multiple disabilities, requests, staff interviews

Introduction

Persons with intellectual and multiple disabilities may fail
to develop speech and to acquire functional use of non-
verbal expressive communication means such as manual
signs (Chung et al. 2012, Light and McNaughton 2012,
Tacono et al. 2013, McNaughton and Light 2013, Cockerill
etal. 2014). As a consequence, they tend to remain passive
or to be inadequate or unsuccessful in their communica-
tion (e.g. they may fail to make requests even when they
have an apparent interest in specific stimulation events)
(Tacono et al. 2013, Snodgrass et al. 2013, Cockerill et al.
2014, Roche et al. 2014, Sigafoos et al. 2014, Sutherland
etal.2014).

Given the negative implications of such a situation,
extensive research has been directed at helping these
people acquire ways of communicating their needs and
desires (i.e. of making requests successfully) (Ramdoss et
al. 2011, Sigafoos et al. 2011, 2014, Couper et al. 2014,
Lidstrom and Hemmingsson 2014). The means for mak-
ing requests have typically involved: manual signs, a
picture exchange communication system (PECS) and
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speech generating devices (SGDs) (Lancioni et al. 2007,
van der Meer et al. 2012, Gevarter et al. 2013a, 2013b,
Sigafoos et al. 2013, Bracken and Rohrer 2014, Lang
et al. 2014). Communication via manual signs consists of the
person making requests through specific hand movements.
Communication via PECS consists of the person making
requests by handing the therapist specific picture cards.
Communication via SGDs consists of the person making
requests by touching specific sensors or specific pictures
causing a device to emit related verbal utterances/requests.

The use of SGDs can be considered more practical/
functional than the use of other means due to the fact that
(a) SGDs can be operated via simple responses and (b)
the verbal messages emitted by SGDs can be immediately
recognized/understood by any communication partner
(Kagohara et al. 2010, 2013, Rispoli et al. 2010, Sigafoos
etal.2011,2013,2014). A number of studies has reported
successful application of SGDs as communication means.
For example, Schepis and Reid (1995) used a SGD with a
23-year-old woman, who was affected by profound intel-
lectual disability as well as extensive motor impairment.
The SGD was programmed for four verbal requests con-
cerning preferred activities (e.g. looking at a magazine and
using a keyboard). The woman could activate any of those
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requests by pressing the matching picture on the device’s
front panel. Data showed that there was an increase in the
woman’s request frequency that was maintained over time.
Lancioni et al. (2011) reported the use of a SGD with a
33-year-old woman who presented with severe intellectual
disability and respiratory problems. The woman used the
SGD to request for five leisure activities (e.g. listening to
music/songs and watching videos). Pictorial representa-
tions of those activities were visible on the SGD’s front
panel. The participant could activate the request message
for any of the activities by touching the matching rep-
resentation. Data showed that she made requests consist-
ently during the sessions.
van der Meer et al. (2012) reported the use of SGD tech-
nology with four children who had a diagnosis of autism
spectrum disorder and intellectual/developmental disabil-
ities and were between 5 and 10 years of age. Their SGD
(i.e. an Apple iPod Touch with Proloquo2Go software)
showed three graphic representations concerning requests
for snacks, play, and social interaction. The children were
taught to target only one of the representations (i.e. snack
or play) with the other two serving as distractors. All par-
ticipants learned to use the SGD to make requests.
While the positive results reported in the literature sug-
gest that SGDs are functional communication means for
persons with intellectual and multiple disabilities, excep-
tions to their usability and effectiveness may exist. For
example, largely common SGDs, such as iPads and iPods,
may be unsuitable for persons whose disabilities include
blindness or severe visual impairment (Lancioni et al.
2016) and, noticeably, also for persons with poor control
of fine motor responses (e.g. screen touching/stroking)
needed for operating those devices (Flores et al. 2012, van
der Meer et al. 2012, 2015, King et al. 2014). To deal with
the aforementioned problems, specifically those of per-
sons with blindness or severe visual impairment, Lancioni
et al. (2016) have developed an alternative SGD, which
replaces the picture cues with three-dimensional cues (i.e.
small objects or tabs with words in Braille) representing
the activities the persons can request. These objects and
tabs are attached to a box-like device placed on the per-
sons’ desk or wheelchair table. Each object/tab covers an
optic sensor. By choosing and detaching an object/tab,
the persons free an optic sensor and cause the device to
emit a verbal request related to that object/tab and sensor.
The present study was in line with the aforementioned
research work by Lancioni et al. (2016), and aimed to
extend the assessment of SGD technology for persons with
multiple disabilities who presented with blindness or had
serious problems producing accurate screen touching/
stroking responses (Kazdin 2011). Specifically, the study
assessed a new SGD that allowed the use of mini objects
or cardboard chips with pictures (as cues for preferred
activities) and was more easily portable than the one
developed by Lancioni et al. (2016). The five participants
included in the study had a smartphone at their chest and
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Table 1 Participants’ characteristics

Chronological Ages

Participants (years) General Diagnosis

Paul 11 Intellectual disability
and blindness

Sheila 19 Intellectual disability
and blindness

Tim 60 Intellectual disabil-
ity, blindness, and
deafness

Nick 13 Intellectual disability
and deafness

Carole 31 Intellectual disability

and deafness

a plastic pad (21 cm x 25 cm) with mini objects or chips
with pictures (i.e. photos) attached to it, at their waist.
The mini objects and chips were supplied with special
frequency-code labels (see Boesch et al. 2013). Placing a
mini object or a chip in contact with the smartphone caused
this to utter a verbal request for the related activity that
could be easily heard and promptly satisfied. The study
also included interviews of staff personnel to determine
their rating of the SGD.

Method

Participants

The participants (with the assigned pseudonyms of Paul,
Sheila, Tim, Nick, and Carole) were between 11 and
60 years of age and were affected by congenital encepha-
lopathy with multiple disabilities. Table 1 reports the par-
ticipants’ chronological ages and general diagnosis. The
first three participants were diagnosed with intellectual
disability and blindness, which could be combined with
spasticity or deafness. The last two participants were diag-
nosed with intellectual disability and deafness. The partici-
pants also presented with poor fine motor skills interfering
with accurate touching/pointing or stroking responses.
The levels of intellectual disability were considered to be
within the moderate to severe range by the psychological
services of the centers that the participants attended. Yet,
no formal intelligence testing had been carried out and
no 1Q scores were available given the participants’ com-
plex condition. The participants’ age equivalences on the
Vineland scales (i.e. reported by the same psychological
services) were (a) around 2 years (Paul and Tim) or below
that level (the other participants) for expressive communi-
cation and (b) close to 4 years (Carole) or below 3 years
(the other participants) for daily living skills (Sparrow
et al. 2005).

The participants understood a variety of simple ver-
bal instructions (Paul and Sheila) or gestures (Tim, Nick
and Carole) concerning daily activities, but had no speech
abilities except for Paul who could produce a number of
difficult-to-interpret utterances. Tim and, to a lesser extent
Sheila, could produce some level of gesturing that was
more a signal of their intention to communicate than the
formulation of specific messages/requests. The participants
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Figure 1
placed on it (right).

were known to have preferences for a number of activities
(i.e. based on staff reports and direct preference assess-
ments that relied mainly on single- or paired-activity
presentations; Virués-Ortega et al. 2014). For example, they
enjoyed eating specific foods, drinking specific beverages,
listening to songs or watching videos, playing with spe-
cific objects (e.g. a ball or a static bicycle), or walking with
familiar persons. They matched corresponding objects of
the same or different sizes, and Nick and Carole could also
match pictures and pictures with objects (i.e. as verified via
specific match-to-sample procedures; Nguyen et al. 2009).

Enabling the participants to make clear requests was a
basic goal for staff and families. This ability would provide
(a) the participants with the certainty of being understood
in their requests and (b) the caregivers with the power of
responding appropriately to the requests (Rispoli et al.
2010, Verdugo et al. 2012, Boesch et al. 2013, Sigafoos
etal. 2014, Lancioni et al. 2016). The participants’ condi-
tion did not allow them to provide formal consent for their
involvement in the study. Their legal representatives gave
such consent. The study complied with the 1964 Helsinki
declaration and its later amendments and was approved
by a relevant Ethics Committee.

Setting and technology

The study was carried out in activity and recreation areas
of the centers that the participants attended. The technol-
ogy involved (a) a smartphone (Samsung Galaxi A3, with
Android 4.4.4), (b) a series of mini objects (with sizes not
exceeding 7 cm) or of cardboard chips with pictures (of
sizes matching those of the mini objects), all of which were
provided with radio-frequency code labels, and (c) special
software. The mini objects (i.e. nine for Tim and 10 for
Paul and Sheila) and the chips with pictures (i.e. 10 for
both Nick and Carole) were related to activities considered
preferred for the participants (see Participants). For exam-
ple, a mini bottle or a chip with the picture of a specific
bottle served to represent ‘drinking a particular beverage’,
and a mini doll or a chip with the photo of a person served
to represent ‘walking/playing with a familiar person’. The
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Representation of the smartphone’s back with nothing on it (left) and with a mini object representing fruit juice

smartphone (a) read the code labels through a near-field
communication module and (b) contained dedicated soft-
ware which allowed the different code labels to activate
different verbal emissions, which had been previously
stored in its general memory (see Boesch et al. 2013). The
verbal emissions consisted of one- to three-word request
statements concerning activities related to the mini objects
or chips with pictures used by the participants.

In practice, during the intervention and post-
intervention sessions (see below), the participants had (a)
the mini objects or chips with pictures (all supplied with
frequency-code labels) attached to a pad that they wore at
their waist and (b) the smartphone fixed at their chest with
the display side facing their chest. To make a request, they
were to detach an object or chip from the pad and put it
onto the smartphone’s back (see Figure 1). This caused the
smartphone to emit a brief vibration and a verbal request
audible in the room. The research assistant then helped
the participant to access the activity requested (ensuring
that the object or chip used was returned to the pad). The
access time was of about 1-2 min except for Tim who had
an access of 2—4 min based on his habits. The access time
was shortened during the intervention phase to maximize
the request practice.

Measures and data recording

The measures were the requests (frequencies and types)
occurred per session as well as the mini objects or chips
with pictures withdrawn per session. A request was
recorded if the participant asked for one of the 9 or 10
activities programmed for him or her. Requests were to
occur (a) through recognizable gestures, verbalization,
or by handing a mini object or chip with picture to the
research assistant during baseline (i.e. when the SGD was
not available), and (b) via the SGD during the intervention
and post-intervention phases. A mini object or chip with
picture was recorded as withdrawn if the research assistant
removed it from a participant’s pad (i.e. after repeated
selections of it; see below). Research assistants familiar
with the participants and their contexts carried out the

NO. 4
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sessions, which typically lasted 20 min, and recorded the
measures. Inter-rater reliability was checked in over 25%
of the sessions. Percentages of agreement (computed by
dividing the number of sessions in which the two research
assistants reported the same number and types of requests
and of mini objects or chips withdrawn by the total number
of sessions used for reliability and multiplying by 100%)
exceeded 90 for all participants.

Experimental conditions

The study was carried out according to a non-concurrent
multiple baseline design across participants (Barlow ef al.
2009). Four to eight baseline sessions were pre-assigned
to the different participants with the stipulation that a par-
ticipant would receive extra sessions if his or her request
frequency showed an increasing trend. (This condition
never occurred.). The baseline sessions were followed by
11-15 intervention sessions, and 81—114 post-intervention
sessions. Following the end of the post-intervention phase,
20 staff persons working in a center for people with multi-
ple disabilities were interviewed about the SGD employed
in this study (see below).

Baseline

The participants were accompanied to a desk containing
the mini objects or chips with pictures to be used during
the intervention and post-intervention phases. The partic-
ipants could sit at the desk or move in the room (in which
they could find furniture/objects unrelated to the afore-
mentioned mini objects or chips). Requests would allow
access to the activities requested. In case of no requests,
the research assistant would simply allow the participants
to access one activity during the last 5 min of the session.

Intervention

This phase was to enable the participants to use the
technology and the mini objects or chips with pictures
independently. The phase started with three mini objects
or three chips with pictures on the participant’s pad. A
research assistant provided him or her with the least
amount of verbal and/or physical guidance needed (and
eventually/possibly no guidance) for using those objects
or chips on the smartphone, thus making requests that
allowed access to the corresponding activities. Five to
nine non-consecutive requests were scheduled with each
of the mini objects/chips. These requests were interspersed
with totals of six to nine trials in which the participant
was to make the request for an activity after he or she
had obtained brief access to such an activity (e.g. after
receiving a minimal dose of a preferred beverage, he or
she was to select the corresponding object/chip and so
obtain a further dose of that beverage). Guidance from the
research assistant was used if needed. This strategy made
the participant expand and modify the request practice (i.e.
moving from the activity to the object/chip). A procedural
sequence, such as the one described above, was repeated

Riccietal. Speech generating technology

with a second group of three mini objects or chips. Then
the two groups of mini objects or chips were presented in
combination (ensuring that each object or chip was used
two or more times). Eventually, the process was repeated
with the last group of three or four mini objects or chips,
which were in the end combined with all previous mini
objects or chips.

Post-intervention

During the post-intervention phase, the participants had
the SGD and the pad with all the mini objects or chips.
Every request would allow access to the activity requested.
No guidance from the research assistant was available. Yet,
a particular mini object or chip would be removed from the
participant’s pad after three consecutive (or a total of four)
requests involving it. This precaution was to foster atten-
tion to the various request options available and counter
possible concentration on only the most preferred one(s).

Staff interview

Twenty staff persons (e.g. teachers and physiotherapists)
working in a center for people with multiple disabilities
were interviewed about the SGD used in the study. The
staff persons were between 27 and 43 years of age and rep-
resented a convenience sample (Pedhazur and Schmelkin
1991). They were (a) shown the SGD and demonstrated
its functioning by a research assistant familiar with its
use and (b) asked to rate it in terms of its acceptability,
practicality, and possible benefits in a daily context. The
rating on each of the three questions was carried out via
a special score form and could vary from 1 to 5, which
represented the least and most positive values, respectively
(see Lancioni et al. 2016).

Results

The five panels of Figure 2 summarize the baseline and
post-intervention data for the five participants, respec-
tively. The bars and diamonds indicate mean frequencies
of requests made and of activities being requested (i.e.
activities targeted by those requests) per session, respec-
tively, over blocks of sessions. The number of sessions
included in each block (i.e. bar-diamond combination) is
indicated by the numeral above it.

During the baseline phase, the mean frequencies of
requests per session were zero or close to zero with no
positive trends. During the intervention phase, the partici-
pants practiced totals of 117 (Tim) to 168 (Sheila) requests.
During the post-intervention phase, the participants’ mean
frequencies of requests performed per session varied
between about five (Tim) and above 12 (Paul, Sheila, and
Carole). Tim’s lower request frequencies were largely due
to the fact that he had longer access to the activities chosen.
The mean frequencies of activities requested per session
(i.e. targeted by the requests made during the session)
varied between near four (Nick) and seven (Carole). In
practice, participants seemed consistent in making requests
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Figure 2 The five panels summarize the baseline and post-intervention data for the five participants, respectively. The bars
and diamonds indicate mean frequencies of requests made and of activities being requested per session, respectively, over
blocks of sessions. The number of sessions included in each block (i.e. bar-diamond combination) is indicated by the numeral
above it. The frequency values on the panels’ ordinates vary across participants.

(i.e. with generally limited frequency variations across
sessions). They also seemed to have clear preferences for
specific activities (e.g. getting specific foods or drinks,
and playing with specific objects), which were requested
more than once. All the other activities were also requested
across sessions but with relatively low frequencies particu-
larly in the case of Nick. The mean frequency of objects/
chips withdrawn per session (i.e. after three consecutive or
a total of four requests concerning it) was slightly above
zero for Carole and Tim, about one for Sheila and Nick,
and above two for Paul. The staff’s rating of the SGD
varied between 3 and 5 on each of the three questions
with means of 4.4, 3.9, and 4.5, respectively (i.e. values
suggesting a fairly positive view of the device).

International Journal of Developmental Disabilities 2017 voL. 63

Discussion

The results indicate that the five participants used the
new SGD successfully. That is, they showed relatively
high/consistent request frequencies across the entire post-
intervention period. Their session requests spread across
several activities while also showing clear preferences.
These preferences did not become excessive request con-
centrations, given the precaution of removing the overly
selected mini objects or chips. The encouraging evidence
provided by the participants’ data was corroborated by
the staff opinion about the acceptability, practicality, and
potential benefits of the technology in daily contexts. Taken
together, these findings can be considered an important
extension of the findings reported by Lancioni et al. (2016)
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with a SGD developed for persons whose multiple
disabilities included blindness or minimal residual vision.
In light of the above, a number of considerations may be
put forward.

First, the new SGD (a) seems suitable for supporting
communication requests of participants with multiple
disabilities who are blind or have poor control of their
fine motor (i.e. touch/stroke) responses, (b) can be easily
portable (i.e. the participants can carry the smartphone
and the mini objects or chips), (c) can include fairly large
numbers of mini objects or chips, and (d) allows different
groups of mini objects or chips to be used across sessions.
Given these positive features and the device’s overall sim-
plicity and affordability, one can argue that the new SGD
compares favorably with the one developed by Lancioni
et al. (2016). The new SGD represents a step forward
in the efforts to promote request making in persons with
multiple disabilities including blindness and/or poor fine
motor skills (Meder and Wegner 2015).

Second, while the participants used a simple pad for
carrying the mini objects and chips, it seems plausible
that more socially agreeable (normalizing) and practical
arrangements could be made with some, higher function-
ing participants (Cumming et al. 2014, Lang et al. 2014).
For example, one could provide the participants with pock-
et-like bags (belt-bags) and ensure that each bag contains
the mini objects or chips connected to a group of activities
(e.g. eating and/or drinking activities). Obviously, these
arrangements would need to be tested before any definite
recommendation can be made about their use.

Third, the scores provided by staff during their inter-
views on the acceptability, practicality, and potential ben-
efits of the SGD solution in daily contexts can be viewed
as largely relevant. That is, they may be taken as a posi-
tive signal for a possible, future adoption of such solution
within education and rehabilitation settings (i.e. settings
that the staff essentially represent) (Lamontagne et al.
2013, Achmand et al. 2015). With regard to this point,
it should be noted that the evidence on the effectiveness
of the SGD technology in improving participants’ per-
formance might not be sufficient per se to guarantee its
adoption within daily settings. Such an adoption, in fact,
might also depend on the way staff personnel perceive the
technology (Lenker et al. 2013).

Fourth, several limitations of the study may need to be
mentioned here. The first limitation is the small number
of participants. New studies should extend the assessment
process with additional persons with intellectual and mul-
tiple disabilities to determine the robustness of the pres-
ent findings (Barlow ef al. 2009). A second limitation is
the absence of any data on the participants’ appraisal of
the communication sessions with the technology. Given
the opportunity to request their preferred activities, the
assumption was that the participants enjoyed those ses-
sions and favored them over other forms of engagement
(Schepis and Reid 1995, Lancioni et al. 2013, Hagan and
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Thompson 2014, Sigafoos et al. 2014). Future studies
should clarify this point (Lancioni et al. 2016). A third
limitation concerns the staff interview. The number of
staff involved in the interview was small and the number
of questions posed to them was limited. Moreover, the
staff were not shown videos of the participants during the
request sessions, but rather were presented with the tech-
nology and a demonstration of its functioning. New stud-
ies would need to extend this research aspect and include
carefully arranged forms of social validation assessment
(Callahan et al. 2008, Luiselli ef al. 2010). A fourth limi-
tation concerns the fact that the length of the sessions and
the length of access to the activities requested were based
on brief, preliminary observations or general history of the
participants. Both aspects should probably be reconsidered
following a careful analysis of participants’ performance
and occupational conditions. A further limitation concerns
the lack of reliability checks on the research assistants’
performance. Although the extended experience of the
research assistants employed in this study was thought
to provide reasonable guarantee about their procedural
fidelity, those checks remain critically important.

In conclusion, the study presents encouraging evidence
on the usability and effectiveness of a new SGD for people
with multiple disabilities who are blind or have poor con-
trol of their touch/stroke responses. New research needs
to verify the reliability of these findings with additional
participants and address the aforementioned limitations of
the present study (Callahan et al. 2008, Barlow et al. 2009,
Kazdin 2011, Lamontagne et al. 2013, Makel and Plucker
2014). Research would also need to investigate ways of
upgrading the new SGD technology so as to improve its
usability and overall acceptability (Foley and Ferri 2012,
Lenker et al. 2013, Ndslund and Gardelli 2013, Allen and
Shane 2014, O’Rourke et al. 2014).
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