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Abstract: The study assessed a new interactive technology system for helping six people with
intellectual and visual disabilities exercise relevant physical responses embedded within a fairly
straightforward activity (i.e., placing objects in containers). Activity responses consisted of the
participants taking objects from the floor or a low shelf and placing those objects in a container high
up in front of them (thus bending their body and legs and stretching their arms and hands). The
technology involved a portable computer, a webcam, and three mini speakers whose basic functions
included monitoring the participants’ responses, delivering preferred stimulation contingent on the
responses and verbal encouragements/prompts for lack of responses, and assisting in data recording.
The study was conducted following a non-concurrent multiple baseline design across participants.
During baseline (i.e., when the system was used only for data recording), the participants’ mean
frequency of responses per session varied between zero and nearly 12. During intervention (i.e., when
the system was fully working), the participants’ mean frequency of responses per session increased
to between about 34 and 59. Mean session duration varied between nearly 10 and over 14 min. The
new system may be a valuable tool for supporting relevant physical activity engagement in people
with intellectual and multiple disabilities.

Keywords: interactive technology; physical activity; intellectual disability; visual impairment;
preferred stimulation; encouragement; prompts

1. Introduction

A large number of studies have shown that people with intellectual or multiple dis-
abilities (e.g., combinations of intellectual disability and motor or sensory impairments),
tend to have low levels of physical activity compared to their typical peers [1–5]. A low
level of physical activity is generally considered responsible for a variety of adverse effects.
Among those effects, one may include (a) a limitation of people’s interaction with their
environment and a consequent reduction of their opportunities to learn new associations,
(b) an increased level of passivity and sedentariness interfering with initiative and lim-
iting stimulation input, (c) a decline in the health condition in areas such as breathing,
muscle tone, and blood circulation, and (d) a proneness to be overweight and develop
cardiovascular diseases [6–11].

In light of the above, there is a consensus on the need to help people with intellectual
and multiple disabilities get involved in physical activity [6,12,13]. Various intervention
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programs have been suggested for reaching this goal. Many of those programs were based
on the use of staff supervision and prompts to support the participants’ activity engage-
ment with or without the involvement of exercise devices (e.g., treadmills and stationary
bicycles) [14–19]. Other programs were based on the use of interactive technologies, that is,
technologies monitoring the participants’ activity engagement and responding to it with
the delivery of positive (potentially motivating) stimulation [7,20–23].

Programs utilizing interactive technologies may be considered a useful resource for
three reasons. First, through the use of positive stimulation, they motivate independent
activity engagement of participants who may benefit from enhanced personal appreciation
of the importance of engaging in physical activity [7,24,25]. Second, by promoting the
participants’ spontaneous (self-regulated) activity engagement, they (a) ensure respect for
the participants’ self-determination and choice, and (b) counter any experience of stress
and anxiety, which could occur in the case of strict staff supervision [7,25–30]. Third, by
automatically monitoring the participants’ engagement and regulating stimulation, they
limit the demands on staff supervision time and thus make the intervention relatively
feasible within daily contexts [8,31,32].

Two main groups of studies have been reported with the use of interactive technolo-
gies. The first group includes studies that were aimed at fostering participants’ performance
of specific physical activity responses (e.g., arm stretching and leg movements) through
technology-regulated delivery of brief periods of preferred stimulation contingent on those
responses [23,33–40]. The second group includes studies that were aimed at fostering
participants’ engagement in physical activity responses (e.g., performing sport-related
movements) with the help of video games (exergames) and the auditory and visual stimu-
lation connected to those games [41–45].

While both groups of studies have reported satisfactory results, there is a difference
in the characteristics of the participants involved in the studies. The studies based on
contingent stimulation for specific responses have typically involved people with severe
or profound intellectual and multiple disabilities [8,25,40,46]. The studies based on video
games have typically involved people with mild-to-moderate intellectual disability and/or
autism [8,42,43,47,48]. Video games, in fact, may not suit participants with severe-to-
profound intellectual disabilities and visual or motor impairment (i.e., for participants who
generally lack the prerequisites for playing those games).

The present study extended the research work carried out with the use of contingent
stimulation for specific responses and included six participants who presented with severe
or severe-to-profound intellectual disability and visual impairment. The responses selected
for the participants to perform/exercise (a) were part of a fairly straightforward activity,
which was meaningful and adaptive for them (i.e., taking objects from the floor or a low
shelf and placing those objects in a container high up in front of them), and (b) involved
motor schemes (i.e., bending and stretching sequences) whose exercise was considered
highly beneficial for them. The use of a meaningful activity was seen as a practical and
advantageous condition for helping the participants understand and organize the responses
and related motor schemes targeted within the study (i.e., responses and motor schemes
that would be difficult to explain and perform in abstract).

The technology used for the study did not involve sensors/microswitches physically
connected to the participants’ body or their engagement material (as typically occurred
in previous studies in the area [8,28,33,36,38–40]). Rather, it entailed a webcam linked to a
portable computer, which monitored from a distance the participants’ response engagement
in three successive activity stations, regulated the delivery of brief periods of positive stim-
ulation contingent on each response, guided the transition from one station to the next, and
provided encouragements/prompts when there was no responding. The new technology
system was seen as advantageous over previous systems using sensors in two respects,
that is, it was non-intrusive (while still totally adequate for monitoring responses and
delivering stimulation) and included the encouragements/prompts option. The authors’
hypothesis was that the combination of a meaningful activity and the new technology sys-
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tem would prove effective in helping the participants increase and consolidate functional
physical responses.

2. Method
2.1. Participants

Table 1 provides the chronological age and the Vineland age equivalents for Daily
Living Skills (personal sub-domain) for the six participants, who are referred to via their
pseudonyms. Their chronological ages varied between 24 and 56 years. Their Vineland
age equivalents measured via the second edition of the Vineland Adaptive Behavior
Scales [49,50] ranged between 2 years and 7 months and 3 years and 2 months. Five partici-
pants (i.e., all except Vance) were totally blind. Vance had a minimal residual vision that
allowed him to see large objects in his proximity. The visual impairments (i.e., blindness
and minimal residual vision) were linked to the participants’ congenital cerebropathy.
All participants attended rehabilitation and care centers in which they were involved in
simple occupational activities (e.g., sorting objects, putting objects away, and washing
fruit items), typically under staff supervision. Given their condition, no formal testing
had been conducted with them. Estimates of their level of intellectual disability made
by the psychological services of the centers they attended ranged between severe and
severe-to-profound.

Table 1. Participants’ chronological age and Vineland age equivalents for Daily Living Skills (personal
sub-domain) (DLSP).

Participants (Pseudonyms) Chronological Age (Years) Vineland Age Equivalents 1,2

(DLSP)

Dexter 36 2; 8

Norah 37 2; 7

James 24 2; 9

Patty 56 2; 11

Vance 46 2; 10

Gavin 48 3; 2
1 The age equivalents are based on the Italian standardization of the Vineland scales [49]. 2 The Vineland age
equivalents are reported in years (number before the semicolon) and months (number after the semicolon).

The participants were included in the study based on various conditions. First, they
were known to engage in occupational tasks involving mild physical activity (e.g., putting
away objects) under staff supervision. Second, they responded to verbal prompts (e.g.,
started or resumed their occupational responses in relation to the prompts) and appeared
interested in environmental stimulation. Staff and our preliminary observations had
indicated that the participants showed seemingly positive reactions (e.g., smiles, orienting,
head, and hands movements) in relation to forms of stimulation such as specific music
pieces and combinations of music and staff praise. Third, physiotherapists had pointed out
the importance that the participants’ physical activity would include responses, which were
rarely exercised within typical occupational tasks (e.g., going down to reach the ground
or a low shelf with their hands, raising to a standing position, and stretching arms and
hands upward). Fourth, staff were highly supportive of a program that would include the
aforementioned responses within an occupational (meaningful/functional) activity. Staff
also considered the use of an interactive technology system to support the participants’
activity engagement (i.e., to make it independent of their strict/direct supervision) essential
to make such engagement feasible within the daily context.



Technologies 2023, 11, 120 4 of 13

2.2. Ethical Approval and Informed Consent

Being involved in a program that would provide preferred stimulation for the perfor-
mance of occupational activities containing relevant body movements was considered to be
a positive experience for the participants (i.e., an experience that they could find beneficial
and also enjoyable given the stimulation available during the program). While staff readily
agreed on this point, the research team did not feel confident that they could provide
the participants with accessible information about the study or that they could assess the
participants’ capacity to consent to the study. Given the low-risk nature of the study, it was
therefore deemed acceptable that legal representatives would be involved in providing
consent on the participants’ behalf. The study complied with the 1964 Helsinki Declaration
and its later amendments and was approved by an institutional Ethics Committee.

2.3. Setting, Sessions, Activity Stations and Responses, Stimuli, and Research Assistants

The setting for the baseline and intervention sessions consisted of rooms in the reha-
bilitation and care contexts that the participants attended. Every room contained three
activity stations. The stations were arranged along two contiguous walls of the room
(distributed across the angle the two walls made) and separated from one another by a
distance typically exceeding 2 m. Each station involved a series of objects that were on
the floor or a low shelf in front of a cupboard or cabinet and a container, which was on
top of the cupboard or cabinet. The position/height of the container could vary across
participants based on the participants’ height. The participants’ responses consisted of
taking the objects on the floor or low shelf and putting them into the container on top of
the cupboard/cabinet. Taking objects from the floor or shelf required them to bend their
knees or body and putting the objects in the containers required them to straighten their
shoulders and stretch their arms and hands upward (i.e., to execute the motor schemes
recommended for them by physiotherapists; see Section 2.1). The objects available varied
across stations and sessions (e.g., water bottles, salt and pasta packages, and soap). The
weight of the single objects was typically 1 Kg. The number of objects available at each
station ranged between 9 and 21 depending upon the participants’ response speed. The
length of the sessions was planned to range between about 10 and 15 min.

The stimuli available for the participants contingent on their responses involved music
and songs, which could be combined with short verbal praise from staff. Those stimuli
were selected following a stimulus preference screening in which different segments of each
specific stimulus (e.g., three 10 s segments of a particular song) were presented to determine
the participants’ reactions to them. Every segment was presented about 10 non-consecutive
times. A stimulus was used during the study if the research assistants who carried out
the screening agreed that the participant had positive reactions (e.g., smiles and vocal
emissions) during 50% or more of the segment presentations.

The research assistants were four psychology graduates. All of them had work expe-
rience with people with intellectual and multiple disabilities and had previously been in
charge of technology-aided intervention programs.

2.4. Technology System

The technology system included a portable computer, a webcam, and three mini
speakers. The computer was fitted with a Windows 11 operating system and specific
software and contained a large selection of music stimuli considered to be preferred by
the participants as well as verbal encouragements/prompts and calls to move to a new
station (see below). The webcam, which was linked to the computer, was fixed on a camera
tripod so as to monitor from a distance the three activity stations available during the
sessions. The mini speakers were located at the activity stations (one per station) and
served to deliver stimulation for the responses and encouragements/prompts after preset
intervals of no responding, and to call (guide) the participants from one station to the
other. The specific software, which is available to the reader (https://osf.io/kd9gx/?view_
only=6be9eafdc61d4613adad0368bf02f0bb accessed on 6 September 2023), was developed

https://osf.io/kd9gx/?view_only=6be9eafdc61d4613adad0368bf02f0bb
https://osf.io/kd9gx/?view_only=6be9eafdc61d4613adad0368bf02f0bb
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with Python programming language and was based on two widely used open-source
libraries: OpenCV for image processing and MediaPipe Pose for detecting human body
landmarks in 3D space. Based on the software, the system was able to fulfil a number of
functions critical for the intervention. First, it monitored, via the webcam, the participants’
movements and in particular the position of their arms/hands in relation to the top edge
of the containers where they were to place the objects collected from the floor or low
shelf. Once the participants’ hands were spotted in that area, the system assumed that
the participants were performing a response. Second, it provided the participants with a
12 s period of preferred stimulation (typically music and songs, which could occasionally
be combined with recorded verbal praise from staff) contingent on each response. If the
participants performed a new response while the stimulation for the previous response was
still on, the system automatically started a new stimulation period. Third, it provided the
participants with verbal encouragements/prompts to put an object in the container after a
specific time period had elapsed without response (see below). Fourth, it called, via the
mini speaker, the participants to the next activity station (i.e., from the first to the second
and from the second to the third) after the participants (a) had used all the objects available
in the previous station or (b) had used most of the objects available (i.e., a number of objects
that was preset for the different participants) and were not immediately responding to
the computer’s encouragements/prompts. In the latter case, the system assumed that the
participants had problems finding the last objects of the series to put in the container and
acted to limit participants’ failure and frustration. Fifth, it assisted in data recording (see
below). The first and the last of the aforementioned functions were also enacted during
the baseline.

2.5. Data Recording

Data recording concerned (a) the number of responses performed in total (i.e., the
number of times the participants raised their arms and hands to the cupboard/cabinet
containers to put objects in those containers), (b) the number of those responses that
occurred following system encouragements/prompts, and (c) the duration of the sessions.
All three measures were recorded automatically via the technology system.

2.6. Experimental Conditions and Data Analysis

The study was implemented in line with the rules of a non-concurrent multiple
baseline across participants design [51,52]. The participants received different numbers
of baseline sessions before the start of the intervention phase. During this phase, the
technology system was available to provide the participants with preferred stimulation
after each response, verbal encouragements/prompts after preset periods of no responding,
and calls to move from a station to the next so as to continue the engagement. To ensure a
high level of procedural fidelity during the study (i.e., to ensure that the research assistants
would be accurate in implementing the baseline and intervention conditions [53]), regular
feedback was provided to them about their performance. Feedback was delivered by a
study supervisor who had access to video recordings of the sessions.

The percentage of non-overlapping data method (PND [54]) was used to assess the
effects of the intervention with the technology system on the participants’ response perfor-
mance. This method served specifically to determine the percentage of intervention data
points that showed a response frequency higher than the highest baseline frequency score
for each participant.

2.7. Baseline

During the baseline phase, the system was available, but it only served to monitor the
participants’ responses and record the data. The setting was equipped with three activity
stations and related objects as in the intervention phase (see Section 2.3). At the start of each
baseline session, the research assistants guided the participants through the three stations
making them touch the objects to be placed in the containers and then accompanied them
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to the first of the three stations and verbally instructed them to put the objects displayed
on the floor or low shelf in the container on the cupboard/cabinet. The research assistants
would repeat the instruction after intervals of about 2 min of no responding. The sessions
ended after 10 min if the participants had performed no responses for at least 30 s. At
the end of the session, the participants were provided with about 30 s of their preferred
music stimulation.

2.8. Intervention

The intervention phase, which was preceded by four to six practice sessions, involved
the use of the technology system that worked as described in Section 2.4. During the practice
sessions, the participants (a) familiarized with the technology system (i.e., with its stimula-
tion deliveries for the responses, calls to a new station, and encouragements/prompts), and
(b) could receive research assistants’ verbal or verbal and physical prompts in combination
with the system encouragements/prompts. During the regular intervention sessions, which
followed the practice sessions, research assistants’ prompts were no longer available. At
the start of each session, the research assistants accompanied the participants to the first
activity station and told the participants that they could put the objects in the container. The
system provided 12 s of preferred stimulation after each response detected (see Figure 1). In
case of no responding (i.e., after an interval of 22 s had elapsed from the previous response),
the system delivered a verbal encouragement/prompt to put an object in the container (see
Figure 1). The encouragement/prompt was automatically repeated at 10 s intervals until a
response was detected.
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The number of objects available at each station varied across participants and over
sessions based on the participants’ performance. In essence, the number of objects, which
varied between 9 and 21 per station, was adjusted to ensure that the sessions would be
adequate (in terms of duration and occupational engagement) for the different participants.
Once the participants had performed the last response of each of the first two stations
(used the last object available at that station), the system activated the mini speaker of the
following station. The speaker called the participants to move to the next station/activity.
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The calls were repeated until the system detected the first response at the new station. If
the participants required encouragements/prompts for responding, the mini speaker of
the following station could be activated early, that is, once the participants had used most
of the objects available (see Section 2.4 and Figure 1). In case the participants moved to a
new station independent of any calls and started responding there, the system provided
regular stimulation for their responses at the new station.

3. Results

The six panels of Figure 2 report the baseline and intervention response data for the
six participants. Black diamonds represent the mean frequency of responses performed
per session over blocks of baseline and intervention sessions. Asterisks represent the mean
frequency of the responses recorded during the intervention blocks that were performed
following system encouragements/prompts. The blocks, which are used to simplify the
graphic presentation of the data, include two sessions during the baseline and three sessions
during the intervention. Blocks with different numbers of sessions are marked with a
numeral specifying the sessions included. The figure does not report the practice sessions
used at the start of the intervention phase.

 
Figure 2. The six panels report the participants’ baseline and intervention response data. Black
diamonds represent the mean frequency of responses performed per session over blocks of baseline
and intervention sessions. Asterisks represent the mean frequency of the responses recorded during
the intervention blocks that were performed following system encouragements/prompts. The blocks
include two sessions during the baseline and three sessions during the intervention. Blocks with
different numbers of sessions are marked with a numeral specifying the sessions included. The
values on the ordinate axes vary across participants. The boxes with numerals indicate the number of
intervention sessions available.



Technologies 2023, 11, 120 8 of 13

During the baseline, which included 5 to 10 sessions, the participants’ mean frequency
of responses varied between zero (Dexter, Norah, and James) and nearly 12 (Patty) per
session. The participants who failed to perform any responses tended to be passive or
wander in the room. The participants who performed a number of responses were typically
using the objects available at the first activity station and seemed mostly unable to move to
the other stations and continue their response engagement using the objects available at
those stations. The mean session duration was slightly above 10 min.

During the intervention, which included 69 to 102 sessions, the mean frequency
of responses performed by the participants increased to between about 34 (Vance) and
59 (Patty) per session. The differences were due to the fact that the participants were
provided with varying numbers of objects at the three stations based on their response
speed. It should also be noted that the number of objects available at the stations was
increased over time for Norah, Patty, and Vance based on their increasing response speed.
The mean frequency of responses that followed system encouragements/prompts varied
from less than one per session (Gavin) to about five per session (Vance). Occasionally, it
occurred that participants could move to a new station before receiving a call to that station
from the system (i.e., before they had used all the objects of the previous station). The mean
session duration varied between nearly 10 min (Patty) and over 14 min (James). The overall
mean duration across participants was about 12 min.

The percentage of non-overlapping data method (PND) showed indices of one for
all participants. In fact, all intervention data points were above the highest baseline
data point for each of the participants. While these indices confirm the strong impact of
the intervention with the technology system, one has to take into consideration that the
intervention sessions lasted somewhat longer than the baseline sessions for four participants
(i.e., Dexter, James, Vance, and Gavin).

4. Discussion

The results suggest that a technology-regulated intervention using preferred stimu-
lation contingent on specific activity responses was effective in helping participants with
severe or severe-to-profound intellectual disability and visual impairment increase the level
of their responses. These results confirm previous findings on the effectiveness and applica-
bility of such an approach with people with severe and multiple disabilities [7,8,33,34,40,46].
The same results also show the possibility of (a) having the participants engage in a func-
tional/meaningful activity rather than in abstract responses without specific links within
the context, and (b) using a technology system that does not involve sensors/microswitches
physically connected to the participants’ body or their engagement material (as typically
occurred in previous studies in the area) and also includes an option to provide encourage-
ments/prompts. In light of the above, a number of considerations may be put forward.

First, increasing the physical activity of people with severe-to-profound intellectual
and multiple disabilities is a valued objective of rehabilitation and care contexts that may
have important health implications [5,6,12]. Pursuing this objective through the use of
interactive technology may be considered profitable and convenient for at least two basic
reasons. The first reason is that the participants are not forced to engage in activity responses
through staff guidance, but rather motivated to do so through the availability of preferred
stimulation and simple encouragements/prompts [8,46]. An intervention program that
relies on participants’ motivation and promotes self-determination and independence
is more likely to be perceived as respectful of the participants (i.e., the participants are
essentially in charge of their responses) and less likely to create stress and anxiety to
the participants [8,29,30]. The second reason is that the use of technology to support
the participants’ activity engagement saves staff time. An intervention program whose
application requires little staff time is more likely to be suitable for daily contexts [8,32].

Second, the possibility of involving the participants in meaningful activities rather than
in isolated responses (i.e., with no links to the immediate reality) may be advantageous
for the participants and relevant for the context. For example, the request to exercise
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responses such as bending legs and body and stretching shoulders and arms might be more
difficult for the participants to understand and follow than the request to carry out the
same responses as part of a meaningful/practical task [25]. Within the task, those responses
are essentially instrumental to pick up the objects and to put the objects away, respectively.
Having the participants engage in meaningful occupational tasks may be considered by
staff more important and acceptable than asking the participants to exercise apparently
insignificant responses/body schemes [26,47,55].

Third, a technology system that does not require to be linked to the participants’ body
or the task material is much more practical and applicable than a technology system that
involves sensors connected to the participants or the material they use, as it was generally
done in previous studies [8,28,39,40,56,57]. The most immediate advantages of the new
system are that (a) the participants do not have to carry any foreign element interfering
with their freedom or appearance and (b) the technology can be set up more easily and
rapidly independent of the participants or material involved in the intervention sessions.

Fourth, while the use of the system brought about a positive change with all partic-
ipants, two of the differences characterizing the participants’ performance may be note-
worthy. One such difference concerned the response frequency/speed. Some participants
(i.e., Norah and Patty) performed a larger number of responses than all other participants
in sessions whose length was generally shorter than that of the other participants. The
other difference was the participants’ use of system encouragements/prompts. Four of
them (i.e., Dexter, Norah, Patty, and Gavin) used the encouragements/prompts at (very)
low rates with possible exceptions for the beginning of the intervention phase. The other
two participants (i.e., James and Vance) seemed to have a somewhat larger use of the
encouragements/prompts.

Limitations and Future Research

Limitations of the study may concern the small number of participants, the lack of
assessment of the participants’ satisfaction with the intervention, the lack of maintenance
and generalization data, and the absence of a social validation check. The use of a small
number of participants, albeit highly common in this research area [8,52], prevents one
from making definite statements about the robustness and generality of the data reported.
New direct and systematic replication studies will help gather the evidence necessary
to draw those statements [58–60]. An assessment of the participants’ satisfaction with
the intervention could be important from a theoretical and practical standpoint. The
assumption made in this study was that the participants would be fairly satisfied with the
intervention sessions because they allowed them consistent access to preferred stimulation
via their activity engagement [8]. Future studies could assess this aspect in two different
ways. That is, they could (a) observe the participants’ indices of satisfaction/happiness
during the sessions and during other daily situations or (b) have the participants choose
between the sessions and other daily occupational situations [61,62].

With regard to the maintenance and generalization issue, future studies would need
to include larger numbers of sessions as well as different contexts and activity situations in
the assessment process [63,64]. Notwithstanding the need for new research, the relatively
large and stable intervention data of this study and the fact that the technology system
may ensure stable across-settings conditions might be taken as relevant elements to foresee
positive maintenance and generalization outcomes. Finally, a social validation of the
technology system used for the intervention and the effects of the intervention would
be a relevant research step. Such a step could be accomplished with the involvement of
staff personnel working with people with intellectual and multiple disabilities in daily
contexts [65,66]. These personnel could be presented with video clips of the participants’
intervention sessions with the system and then asked to rate the system and its applicability
across contexts as well as the overall benefits of the intervention.
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5. Conclusions

The study has shown that the technology system used during the intervention sessions
was helpful for supporting the participants’ engagement in relevant physical activity and
increasing their responses. Indeed, the data reported appear quite promising and their
implications may be significant for daily contexts responsible for the rehabilitation and
care of people with intellectual and multiple disabilities. In spite of this encouraging
evidence, caution is required in drawing conclusions about the technology system used
and its general impact and applicability for two reasons. The first reason concerns the
limitations of the present study listed above. The second reason concerns the absence of
strategies (protocols) for verifying and weighing the specific benefits of moderate levels of
physical activity distributed over relatively brief intervention sessions [7,8,22,28]. Future
research would need to (a) address the limitations of this study, (b) investigate ways of
measuring the possible (physiological and psychological) benefits of different forms and
doses of physical activity for participants with severe-to-profound intellectual and multiple
disabilities, and (c) plan for possible upgrades of the present technology system to facilitate
its future use across participants and settings.
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