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Abstract

Background: People with intellectual and multiple disabilities tend to engage in very low levels of physical activity.

Objective: This review paper aims to provide a comprehensive picture of intervention programs using stimulation-regulating
technologies to promote forms of physical activity in people with intellectual and multiple disabilities.

Methods: Following the PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for
Scoping Reviews) checklist, a scoping review was conducted to identify and provide a synthesis of eligible studies published in
English between 2010 and 2021. Studies were identified by searching PubMed, Web of Science, PsycINFO, ERIC, and CINAHL
as well as by using Google Scholar and manual searches. Studies were included if they involved individuals with intellectual or
multiple disabilities, used stimulation-regulating technology systems to help participants engage in physical activity, and reported
data on the impact of the intervention.

Results: A total of 42 studies met the inclusion criteria. These studies were divided into 2 groups based on whether they pursued
the increase in physical activity through technology-aided delivery of brief periods of preferred stimulation contingent on specific
responses or the use of video games (exergames) and related auditory and visual stimulation. Subsequently, a narrative synthesis
of the studies was provided.

Conclusions: The evidence reported by the 2 groups of studies is encouraging. However, further research is needed to compare
the overall applicability and impact of the intervention strategies proposed by these groups of studies.

(JMIR Rehabil Assist Technol 2022;9(2):e35217) doi: 10.2196/35217
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Introduction

Background
People with intellectual disabilities or multiple disabilities, such
as combinations of intellectual disability and motor or sensory
impairments, tend to have low (minimal) levels of physical
activity compared with their typical counterparts [1-6]. Some
of the more frequently reported consequences of people’s
reduced levels of physical activity include (1) curtailment of
their interaction with the surrounding environment and of their
opportunities to learn new associations and (2) weakening of
their health condition in areas such as breathing, muscle tone,
and blood circulation [7-11]. Lack or reduced levels of physical
activity may also create a sense of dependence and helplessness,
which seriously interferes with people’s acquisition of initiative
and self-determination and thus with their development and
social achievement [12-15].

In light of this, there is a consensus on the need to develop
intervention strategies to help people with intellectual and
multiple disabilities increase their level of physical activity and
hence reduce or even prevent the aforementioned consequences
of low physical activity levels [16,17]. Different types of
intervention programs have been suggested for this purpose. A
number of those programs, for example, were based on the use
of staff, parents, or caregivers’ supervision and prompts for
guiding the participants through various forms of activity, which
could also involve the use of exercise devices (eg, treadmills
and stationary bicycles) [18-23].

Other programs have relied on the use of stimulation-regulating
technologies. Such technologies generally involve sensors linked
to computers or virtual reality systems that monitor the
participants’activity engagement and respond to the engagement
by delivering specific forms of stimulation aimed at motivating
and enhancing it. In essence, these technologies are designed
to facilitate participants’ engagement in a pleasant and
motivating manner and, to a large extent, independent of staff
direct and consistent guidance [24-28]. Programs based on these
technologies, which have received increasing recognition over
the years [29-32], seem to represent a relevant intervention
option for several reasons [10,33-37].

First, ensuring stimulation delivery may be critical to promote
activity motivation in people who, owing to their intellectual
disabilities, (1) may fail to understand the importance of
engaging in physical activity (the positive impact that engaging
in physical activity may have on one’s physical condition,
appearance, and well-being) and thus (2) may lack such
motivation [27,38,39]. Second, the possibility of resorting to
stimulation-regulating technologies to manage the intervention
approach, that is, response monitoring and appropriate
stimulation delivery, would (1) avoid extra demands on staff
time and (2) create practical and affordable conditions for
facilitating and supporting physical activity in people who need
improvement in this area [26,40]. Third, programs based on
stimulation-regulating technologies do not force the individual
to engage in activity, but rather promote the individual’s
self-determination and ultimate choice of engaging in activity
[27,39,41]. This last point may be considered important because

it emphasizes the programs’ respect for individual freedom
while supporting the individual’s rights to rehabilitation
opportunities and well-being. Moreover, free (self-determined)
activity engagement is likely to prevent any experience of stress
and anxiety, which could materialize in the case of strict staff
supervision and repeated prompting [42-45].

Perspective
An overview of studies that have assessed intervention programs
based on stimulation-regulating technologies to promote
physical activity in people with intellectual and multiple
disabilities could provide practically relevant information with
regard to (1) the characteristics of the participants involved in
the programs, (2) the technology arrangements used to monitor
the participants’ activity responses and deliver stimulation, (3)
the measures used to determine the impact of the programs, and
(4) the overall impact findings. Although a recent effort was
reported to synthesize the evidence in this area [46], such an
effort (1) focused exclusively on studies assessing the impact
of programs relying on video games and (2) included only 7
studies directed at people with intellectual disability over the
2010-2021 period.

This paper provides a comprehensive picture of intervention
programs that use stimulation-regulating technologies to
promote forms of physical activity in people with intellectual
and multiple disabilities by reviewing studies carried out
between 2010 and 2021 (ie, a period of relevant innovations in
the field of stimulation-regulating technologies [47-49]). Such
a picture would be expected to help professionals working in
the area gain a clear appreciation of (1) the applicability
(potential and limits) of intervention programs based on
stimulation-regulating technologies and (2) the importance of
exploring new intervention options and pursuing new research
initiatives.

Methods

Search Strategy
A systematic search was conducted following the PRISMA-ScR
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews) [50] to identify
studies that reported intervention strategies based on
stimulation-regulating technologies to promote physical activity
in persons with intellectual and multiple disabilities. A scoping
review approach was used, as our aim was to portray the
technology options being used in the area and their overall
applications and reported outcomes [51]. The systematic search
for articles was conducted using the following databases:
PubMed, Web of Science, PsycINFO, ERIC, and CINAHL.
The last 3 databases were searched using the EBSCO platform.
The same free-text terms were used for each database and
combined by means of Boolean logical operators (and, or) to
reduce the number of nonpertinent results. The resulting search
syntax for all databases was as follows: “mobility” OR “physical
activity” OR “exercise” OR “passive” OR “sedentary” OR
“obesity” AND “technology” OR “computer” OR “mobile” OR
“digital” OR “smart” OR “wearable” OR “game” OR
“exergame” AND “learning disability” OR “intellectual
disability” OR “developmental disability” OR “multiple
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disability.” Databases and search terms were chosen based on
consensus among the authors.

In an attempt to possibly find additional suitable material, the
systematic search of the databases was supplemented with hand
searches and a Google Scholar–based cited by search of the
references of the articles identified through the systematic search
and other literature sources dealing with stimulation-regulating
technologies and physical activity in people with disabilities.

Inclusion and Exclusion Criteria
Three basic inclusion criteria were used to select the studies for
the review. First, the studies involved individuals with
intellectual disability or multiple disabilities, that is, a
combination of intellectual disability with additional disorders,
such as sensory and motor impairments. Second, the studies
used stimulation-regulating technology systems aimed at helping
the participants engage in forms of physical activity such as
arm or leg stretching, walking, jogging, dancing, and bicycle
pedaling. All these forms of engagement required a certain level
of physical exertion and thus could be viewed as physical
activity or exercise. Third, the impact of the intervention with
the technology systems on (1) the level of activity (frequency
of responses) performed or (2) some parameters of physical
functioning, such as resting heart rate and balance or leg
strength, was documented through specific data. There were no
restrictions in the inclusion criteria with regard to the age and
level of intellectual disability of the participants or the settings
in which the studies were conducted. Studies were excluded if
they (1) did not meet one of the aforementioned criteria (eg,
focused on participants with autism spectrum disorder [52-54]),
(2) were aimed at correcting the participants’ inappropriate or
problem behaviors during their activity engagement [55-57],
or (3) indicated the performance of occupational and functional
tasks as the primary goal of the intervention, relegating the issue
of physical activity to a subordinate position with no specific
attention to it [58].

Data Extraction and Coding
A data charting form was developed by the first author (GEL)
and iteratively reviewed by all authors until a consensus was
achieved. In line with this form, the data extracted for each
study included (1) the year in which the study was published
and the country in which it was carried out, (2) the participants
involved, (3) the technology and stimulation conditions
available, (4) the design and sessions used (the protocol followed
to assess the impact of intervention), (5) the responses
(measures) recorded, and (6) the outcome. Finally, following a
consensus-based approach among authors, codes were created
to group the studies included in the review into 2 categories.
The difference between categories was based on whether the
studies pursued the increase in physical activity through (1) the
delivery of brief periods (eg, 10 seconds) of preferred
stimulation contingent on (occurring immediately after the
performance of) specific responses, or (2) the use of active video
games (exergames) with related auditory and visual stimulation
(see the Results section).

Interrater Agreement
Interrater agreement was checked between the first (GEL) and
the last (LD) authors (1) on scoring the eligibility of the 92
full-text articles, which were downloaded after the initial
screening of titles and abstracts and (2) on reporting the data
extracted from the articles reviewed (see the Results section).
The percentage of interrater agreement on the 92 full-text articles
was 92%; that is, the authors agreed (provided the same score
included or excluded) on 85 of the 92 articles. Consensus
between the authors on the 7 articles with initial disagreement
was then achieved after a brief discussion. The percentage of
interrater agreement on reporting the data extracted from the
articles reviewed (which was checked over the data extracted
from 10 articles) was 100%.

Results

Overview
The database search resulted in 2756 papers. The number of
papers was reduced to 2215 after duplicates and papers that
were not in English were removed. Figure 1 illustrates the search
process and outcomes. Initially, the titles and abstracts of the
2215 papers were screened. When the titles and abstracts were
judged to be in line with the inclusion criteria, the corresponding
full-text articles were downloaded. Following this process, 92
full-text articles were downloaded. The full-text articles were
then read by the first (GEL) and last (LD) authors, and 30 of
them were found suitable for inclusion in the review. The
supplementary searches led to the finding of 12 additional
articles, which were considered suitable for the review;
consequently, 42 articles were finally included in the review
(Figure 1).

The 42 studies (Tables 1 and 2, Multimedia Appendix 1
[10,12,27,28,32,35,37,59-78], and Multimedia Appendix 2
[26,33,34,36,47,79-88]) were conducted in Italy (n=15, 36%),
Taiwan (n=14, 33%), the United States (n=5, 12%), Chile (n=1,
2%), Egypt (n=1, 2%), France (n=1, 2%), Hong Kong (n=1,
2%), Israel (n=1, 2%), New Zealand (n=1, 2%), Portugal (n=1,
2%), and the Netherlands (n=1, 2%). A total of 465 participants
were included in the studies. This number concerns persons
who were exposed to the intervention conditions (and excluded
persons exposed to control conditions). The studies were divided
into 2 groups (see the Data Extraction and Coding section).
The first group includes studies that focused on promoting
specific physical activity responses through
technology-regulated delivery of preferred stimulation
contingent on those responses (eg, promoting arm stretching,
ambulation, or pedaling responses by delivering brief periods
of preferred stimulation immediately after the performance of
those responses [27,35,37]). The second group includes studies
that focused on promoting physical activity through the use of
video games (exergames) and related auditory and visual
stimulation (eg, Wii- or other system-supported video games
involving activities such as dancing or playing sports
[33,79,80]).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.
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Table 1. Studies based on the use of response-contingent stimulation.

OutcomeResponses (measures)DesignTechnologyParticipants, n
(age in years)

Studies and coun-
tries of origin

PositiveWalker-aided step responsesSingle-subject (ABAB; base-
line-intervention-baseline-inter-
vention) design

Optic or pressure sensors
linked to a control system

5 (5.6-11.4)Lancioni et al [59],
Italy

PositiveArm and leg movementsSingle-subject (ABAB) designWii remote control devices
linked to a mini computer
and television

2 (17 and 19)Shih et al [60],
Taiwan

PositiveChange of standing postureSingle-subject (ABAB) designA Wii balance board linked
to a mini computer and tele-
vision

2 (9 and 11)Shih et al [61],
Taiwan

PositiveWalking from one Wii bal-
ance board to the other

Single-subject (ABAB) design2 Wii balance boards linked
to a mini computer and tele-
vision

2 (17 and 18)Shih [62], Taiwan

PositiveWalking across all Wii bal-
ance boards

Single-subject (ABAB) design3 Wii balance boards linked
to a mini computer and tele-
vision

2 (17 and 18)Shih et al [35],
Taiwan

Mainly positiveArm-hand and head move-
ments

Single-subject (multiple probe)
design

Pressure sensors linked to
electronic devices

6 (38-48)Tam et al [63],
New Zealand

PositiveWalking across the Wii bal-
ance boards

Single-subject (ABAB) designTechnology was as in Shih
et al [35]

4 (14-17)Shih et al [64],
Taiwan

PositiveRight and left leg-foot liftingSingle-subject (multiple probe)
design

Optic sensors linked to a
computer system

3 (22-42)Lancioni et al [12],
Italy

PositiveWalker-aided ambulationSingle-subject (ABAB) designTechnology was as in Lan-
cioni et al [59]

3 (10.5-34)Lancioni et al [65],
Italy

PositiveBody movementsSingle-subject (ABAB) designA gyration air mouse linked
to a mini computer and tele-
vision

2 (16 and 17)Shih et al [10],
Taiwan

PositiveObject manipulation, walker-
aided ambulation, indices of
happiness, and stereotypies

Single-subject (multiple probe)
design

Wobble and optic sensors
linked to a control device

2 (12 and 17)Stasolla and Caffò
[66], Italy

PositivePedalingSingle-subject (ABAB) designTechnology was as in Shih
et al [10]

2 (16 and 17)Chang et al [67],
Taiwan

PositiveIn-place walkingSingle-subject (multiple probe)
design

A dance pad linked to a mini
computer and television

2 (16 and 17)Shih and Chiu
[68], Taiwan

PositiveFeet liftingSingle-subject (ABAB) designA sensor area, a webcam,
and a computer

2 (3.9 and 4.1)Lin and Chang
[69], Taiwan

PositiveWalkingSingle-subject (ABAB) designTechnology was as in Shih
et al [10]

4 (10-18)Chang et al [70],
Taiwan

PositiveArm-hand stretching and
standing

Single-subject (extended
ABAB) design

Optic, wobble and pressure
sensors linked to a computer

2 (19 and 38)Lancioni et al [71],
Italy

PositiveArm-hand and body stretch-
ing

Single-subject (ABAB or multi-
ple probe) design

Technology was as in Lan-
cioni et al [71]

9 (10-29)Lancioni et al [72],
Italy

PositiveWalker-aided ambulation and
indices of happiness

Single-subject (extended
ABAB) design

An optic sensor linked to a
control system

2 (5 and 6)Stasolla et al [37],
Italy

PositiveLeg or hand pedaling, step-
ping movements, and heart
rates

Single-subject (ABAB) designOptic sensors linked to a
computer

11 (18-50)Lancioni et al [27],
Italy

PositiveHead, arm-hand and leg-foot
responses

Single-subject (ABAB or multi-
ple probe) design

Technology was as in Lan-
cioni et al [71]

6 (16-40)Lancioni et al [28],
Italy

PositiveWalker-aided step responses
and indices of happiness

Single-subject (extended
ABAB) design

Technology was as in Stasol-
la et al [37]

5 (13-17)Stasolla et al [73],
Italy

PositiveArm and body stretching and
indices of satisfaction

Single-subject (multiple base-
line) design

A smartphone and cards
with code identification tags

7 (27-52)Lancioni et al [74],
Italy
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OutcomeResponses (measures)DesignTechnologyParticipants, n
(age in years)

Studies and coun-
tries of origin

PositiveArm, leg, and head responses,
heart rates, and indices of
happiness

Single-subject (multiple probe)
design

A smartphone and a small
panel

7 (9-42)Lancioni et al [75],
Italy

PositiveAmbulation responses, in-
dices of positive participation,
and self-injurious behavior

Single-subject (extended
ABAB) design

Technology was as in Stasol-
la et al [37]

6 (5.8-9.6)Stasolla et al [32],
Italy

PositiveArm and body stretching,
heart rates, and indices of sat-
isfaction

Single-subject (multiple base-
line) design

Technology was as in Lan-
cioni et al [74]

7 (30-74)Lancioni et al [76],
Italy

PositiveWalking or running responsesSingle-subject (multiple probe)
design

A dance pad linked to a mini
computer and toy cargo train

3 (17 or 18)Shih et al [77],
Taiwan

PositiveIndependent or walker-aided
ambulation

Single-subject (multiple base-
line) design

A smartphone4 (24-39)Lancioni et al [78],
Italy
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Table 2. Studies based on the use of video games (exergames).

OutcomeResponses (measures)DesignTechnologyParticipants, n
(age in years)

Studies and coun-
tries of origin

PositiveStanding balancePre- and posttest plus comparison
with a control group

Wii Fit with balance
games

15 (10-13)Abdel Rahman
[81], Egypt

PositiveHeart rates at restPre- and posttest plus comparison
with a control group

GestureTek GX single
camera-based video cap-

ture VRa system

20 (37-58)Lotan et al [80],
Israel

PositiveMotor proficiency, visual inte-
gration, and sensory integration

Pre- and posttest plus compar-
isons with 2 control groups

VR using Wii gaming
technology

52 (7-12)Wuang et al [82],
Taiwan

PositiveCoordination, dexterity, bal-
ance, and motor proficiency

Pre- and posttest assessmentVR using Wii gaming
technology

1 (12)Berg et al [83],
United States

PositiveMuscle strength and agility
performance

Pre- and posttest plus comparison
with a control group

VR using Wii gaming
technology

46 (mean
15.6)

Lin and Wuang
[84], Taiwan

Partially posi-
tive

Gait speed, balance, walking,
and grip strength

Pre- and posttest plus comparison
with a control group

Wii Fit and Wii sports20 (3.3-4.8)Salem et al [85],
United States

DDR more ef-
fective and Wii
preferred

Heart rates and self-reported
preferences

Cross-over designSony Play Station’s Dance
Dance Revolution and
Nintendo’s Wii sports

23 (19-54)Coyle et al [26],
United States

PositiveStatic balance, dynamic bal-
ance, and speed strength index

Pre- and posttest plus compar-
isons with 2 control groups

Wii Fit balance games8 (mean 17.5)Hsu [79], Taiwan

PositiveBalancing, running, dancing,
and others

Pre- and posttest plus comparison
with a control group

Wii Fit balance board with
strength and other games

12 (18-60)Silva et al [36],
Portugal

PositiveGross motor development, bal-
ance, locomotion, and manipu-
lation

Pre- and posttest plus comparison
with a control group

Wii Fit balance board with
a variety of sport related
games

9 (6-12)Gómez Álvarez
et al [86], Chile

Mainly positiveHeart rates, perceived exertion,
and enjoyment

Alternation of control and video
games

Just Dance 3 in connection
with the Xbox 360 and
Kinect

7 (mean 20.3)Ryuh et al [34],
United States

PositiveBicycle pedaling, heart rates,
and calories burned

Single-subject (multiple probe)
design

VR exercise gaming head-
set, stationary bicycle, and
computer

4 (14-21)McMahon et al
[87], United
States

InconclusiveBody composition, physical
activity level, and motor profi-
ciency

Pre- and posttest plus comparison
with a control group

Active video games (Sport
series) and the Xbox 360
Kinect

121 (8-18)Lau et al [33],
Hong Kong

PositivePhysical activity, happiness,
and well-being

Single-subject (multiple baseline)
design

2×3-m Light Curtain de-
vice with light-emitting
diodes and Kinect

9 (38-68)Enkelaar et al
[47], The Nether-
lands

Mainly positiveMuscular endurance, physical
fitness, and cognitive function-
ing

Pre- and posttest plus comparison
with a control group

Wii exercise games includ-
ing Wii Sports and Wii Fit
Plus

6 (mean 49.3)Perrot et al [88],
France

aVR: virtual reality.

Tables 1 and 2 provide preliminary information about the studies
conducted within the 2 groups. Multimedia Appendices 1 and
2 include brief summaries for all these studies. Finally, the text
presents a more detailed description of some studies. More
detailed descriptions are aimed at helping the reader (1) acquire
a more accurate view of the intervention strategies implemented
and outcomes obtained and (2) develop ideas for new research
and intervention strategies that would advance the level of
knowledge available in the area.

Studies Based on the Use of Response-Contingent
Stimulation
Of the 42 studies, 27 (64%; including 112 participants; Table
1 and Multimedia Appendix 1) were conducted to promote

physical activity via technology-regulated delivery of preferred
stimulation contingent on specific participants’ responses
[10,12,27,28,32,35,37,59-78]. The reasoning at the basis of
these studies was that (1) the possibility of helping people with
intellectual and multiple disabilities engage in physical activity
may largely depend on the context’s ability to motivate them
to do so and (2) an effective way of motivating them could
involve the use of preferred stimulation contingent on responses
considered functional for their physical activity [10,27,35].

As shown in Table 1 and, more specifically in Multimedia
Appendix 1, the studies adopted technology solutions, which
included, among others, sensors (microswitches) linked to an
electronic control system and stimulation devices, and dance
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pads or Wii balance boards linked to a mini computer and a
television set. The preferred stimulation available for the single
responses targeted during the studies could include auditory,
visual, and vibrotactile events. The single events could last
between approximately 2 and 12 seconds [10,27,71,72,74], with
the possibility of producing a continuous stimulation input if
responding occurred with consistency [12,37,65,68].

For example, Lancioni et al [59] worked with 5 children aged
5.6 to 10.1 years who presented with severe to profound
intellectual disability and motor and sensory impairments and
tended to be passive and sedentary. The study aimed to promote
walker-aided ambulation (step) responses and was conducted
according to an ABAB design (a single-subject design
alternating A-baseline and B-intervention phases) for 4
participants, whereas it only included an AB sequence for the
fifth participant. The stimulation-regulating technology consisted
of pressure sensors fixed to the children’s shoes or optic sensors
fixed to the walker and an electronic control system. This
system, which was linked to the sensors and stimulation devices,
monitored the participants’ performance of step responses
throughout the A and B phases of the study and regulated the
delivery of preferred (auditory and vibrotactile) stimulation
contingent on those responses during the B phases. The
stimulation events set for these responses typically lasted from
3 to 5 seconds. The participants’ mean frequency of step
responses during the first baseline varied between approximately
7 and 26 per 5-minute session. During the first intervention
phase of the study, the frequency showed more than a 3-fold
increase over the baseline levels. The frequency declined during
the second baseline phase and increased again during the second
intervention phase.

Shih [62] investigated the possibility of increasing the physical
activity of 2 participants aged 17 and 18 years with moderate
or profound intellectual disability and sedentariness. One of
these participants was also obese. The technology involved 2
Wii balance boards and a control system consisting of a mini
computer linked to the balance boards and a television set. The
participants were to walk from one balance board to another
and stand on it. This study was conducted according to an
ABAB design. During the A phases, the system only recorded
the number of responses (walking to and standing on a balance
board) the participants performed during the 3-minute sessions.
During the B phases, the system also provided the participants
with 6 seconds of preferred videos and music contingent on
each response. During the first baseline phase, participants had
a mean of approximately 3 responses per session. During the
first intervention phase, their response means increased 4 to 5
times, reaching nearly 13 and 15 per session. The frequency
decreased during the second baseline and increased again during
the second intervention.

Chang et al [67] worked with 2 participants aged 16 and 17
years with mild to moderate or severe intellectual disability and
excessive body weight. The aim of this study was to promote
the participants’ effective use of a stationary bicycle. The
technology system included a sensor (air gyration mouse) fixed
to a pedal of the bicycle and a mini computer linked to the air
mouse and a television set. The television set served to present
participants’ preferred videos and music. The study was carried

out according to an ABAB design and included sessions of 3
minutes. During the baseline, the technology simply recorded
the participants’ pedaling time. During the B phases, the
technology also activated the participants’ preferred stimulation,
contingent on their pedaling behavior. An interruption of ≥1
second in pedaling led to the interruption of the stimulation.
During the first A phase, the participants’ pedaling accounted
for approximately 48% and 10% of the session time. During
the first intervention phase, pedaling showed a nearly 2-fold or
9-fold increase, reaching approximately 90% of the session
time. The percentages decreased during the second baseline and
increased again above the 90% level during the second B phase.

Stasolla et al [32] carried out a study with 6 children aged 5.8
to 9.6 years who were characterized by severe to profound
intellectual disability linked to the Cornelia de Lange syndrome.
The aim was to promote walker-aided ambulation in the
participants. The technology system included (1) an optic sensor,
which served to detect the participants’ step responses
throughout the study, and (2) a control system that counted the
step responses and their execution time and regulated the
delivery of preferred stimulation events (eg, music, lights, and
voices) during the intervention phases of the study. During these
phases, the control system was set to activate one or more
stimulus devices for a period of 4 seconds every time the
participant completed 6 step responses within a 4-second
interval. In addition to a basic ABAB design, the study also
included control phases in which the stimulation was available
during the sessions noncontingently; that is, independent of the
participants’ step responses. The sessions lasted 5 minutes.
During the first baseline phase, blocks of 6 step responses
occurring within 4-second intervals averaged between
approximately 3 and 6 per session. During the first intervention
phase, the mean frequency of the blocks increased to
approximately 24 to 30 per session. The frequency declined
during the second baseline phase and increased again during
the second intervention phase. During the intervention phases,
the participants also experienced a reduction in problem
behaviors and an increase in positive (eg, alertness and
happiness) behaviors. Moreover, the data improvements
observed during the intervention phases were largely lost during
the control phases, in which the stimulation was freely available
rather than contingent on blocks of steps performed within
4-second intervals.

Lancioni et al [75] worked with 7 participants aged 9 to 42 years
who presented with moderate or severe to profound intellectual
disability, motor impairments confining them to a wheelchair,
and blindness or minimal residual vision. The aim was to help
the participants perform responses that were functional from a
physiotherapeutic standpoint and relevant in terms of physical
activity. Two responses, which included arm stretching to reach
and push a ball and leg-foot forward moving to push a box,
were selected for each participant. A multiple probe across
responses was the single-subject design used to conduct the
study for each participant. Accordingly, the intervention for
these responses occurred at successive times. The technology
involved a smartphone whose functioning was automated via
MacroDroid so that it could detect (via its proximity sensor)
the participants’ responses and present a variety of auditory
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stimuli (eg, music and familiar voices) contingent on those
responses during the intervention phases of the study. Each
stimulation event lasted 10 seconds, and the sessions lasted 5
minutes. The results indicated that baseline levels of zero or
near zero increased for both target responses during the
intervention, reaching mean frequencies that ranged between
approximately 15 and 22. During the intervention sessions, the
participants also showed an increase in heart rate and in indices
of happiness.

Studies Based on the Use of Video Games (Exergames)
Of the 42 studies, 15 (36%; including 353 participants; Table
2 and Multimedia Appendix 2) were conducted to promote
physical activity through the use of video games (eg, games
varying from dancing to sporting events and based on systems
such as Nintendo Wii and virtual reality) and the auditory and
visual stimulation involved in those games
[26,33,34,36,47,79-88]. Video games are considered a relevant
tool that can provide adaptable, inclusive, and modifiable
physical activity options to people who may be unable to access
sophisticated exercise equipment and may also have low
exercise motivation [46,89].

As shown in Table 2 and, more specifically, in Multimedia
Appendix 2, the studies carried out in this area varied in terms
of the games used, the length of time those games were played,
and the type of responses (measures) they relied on to determine
the impact of the games. For example, Hsu [79] investigated
the capacity of Wii Fit balance games to improve the balance
abilities of students with mild intellectual disabilities. Three
groups of 8 participants were included in the study; that is, a
Wii Fit balance game training group, a physical education group,
and a sedentary activity group. The Wii Fit game training group
(experimental group) received two 40-minute Wii Fit balance
game sessions per week over a period of 8 weeks. The same
number of sessions and weekly schedules were available for
the other 2 (control) groups. The mean age of the different
groups ranged from 17.4 to 17.8 years. The dynamic and static
balance parameters of the experimental and control participants
and their speed strength index were dependent measures. Data
for the Wii Fit balance game training group showed significant
pre- to postintervention differences in the duration of standing
on 1 leg with the eyes closed, anteroposterior movement speed,
swing area per unit time, and speed strength index. The physical
education group showed significant pre- to postintervention
differences in the speed strength index. The sedentary activity
group did not show any significant pre- to postintervention
difference.

McMahon et al [87] investigated the use of an immersive virtual
reality game as a means to increase the duration and intensity
of pedaling on a stationary bicycle for 4 participants with
moderate intellectual disability, which in one case was combined
with autism spectrum disorder. The virtual reality exercise
gaming platform consisted of a Virzoom exercise bicycle and
an HTC VIVE virtual reality headset. In essence, the participants
could use the bicycle as a means to master various games. For
example, the faster the participants pedaled on their bicycle, the
faster race cars, helicopters, or other objects would move for
them. They could see all these objects moving through the

headset they wore during the activity sessions. The study was
conducted according to a multiple probe design across
participants, which meant that the baseline was extended over
different periods for different participants. Sessions were set to
last up to 30 minutes, but the participants could stop them at
any time. The participants increased their pedaling time from
approximately 3 to 6 minutes per session during baseline to
between approximately 17 and 29 minutes per session during
the intervention. During the intervention, the participants also
(1) showed large increases in heart rate and calories burning
and (2) were reported to enjoy the games available.

Lau et al [33] conducted a study involving an experimental
group of 121 participants and a control group of 73 participants.
The participants presented with mild intellectual disability and
were aged between 8 and 18 years. The technology consisted
of an Xbox 360 Kinect, and the participants in the experimental
group were exposed to the intervention sessions in pairs. The
sessions lasted 30 minutes and were implemented twice per
week for 12 weeks. A variety of games were involved in each
session, and participants could choose among those available
(eg, boxing, volleyball, football, baseball, and skiing). Body
composition, physical activity level, and motor proficiency were
used as the outcome measures. The data showed significant
changes in BMI and body fat percentage within both groups of
participants during the posttest. The same trend was observed
for motor proficiency. However, the effect of the intervention
(after adjustment for the intervention group relative to the
control group) was not statistically significant for any of the
outcome measures.

Discussion

Principal Findings
This paper provides an overall picture of studies involving the
use of stimulation-regulating technologies to promote physical
activity in people with intellectual disabilities and multiple
disabilities. The results of the 2 groups of studies included in
the review suggest that the technologies used for the intervention
programs were suitable for the participants involved and
generally effective in helping them increase their physical
activity or improve their physical condition. In light of the
reported results and technologies, several points may be
discussed. These points concern (1) the strength and
characteristics of the evidence available, (2) the foundation and
applicability of the intervention strategies, and (3) the
practicality of the intervention strategies and related
technologies. Future research directions to advance the present
knowledge in this area and some limitations of the paper may
also be examined.

Strengths and Characteristics of the Evidence
Three considerations can be made with regard to this point.
First, the studies using preferred stimulation contingent on
participants’ responses relied on single-subject designs to
determine the impact of the intervention on the level of
responding (physical activity). The ABAB design (a design in
which A-baseline conditions are alternated with B-intervention
conditions; Table 1 and Multimedia Appendix 1) was the most
frequently used. Multiple probe and multiple baseline across

JMIR Rehabil Assist Technol 2022 | vol. 9 | iss. 2 | e35217 | p. 9https://rehab.jmir.org/2022/2/e35217
(page number not for citation purposes)

Lancioni et alJMIR REHABILITATION AND ASSISTIVE TECHNOLOGIES

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


participants designs (designs in which the participants’baseline
phase includes different numbers of sessions or spreads over
different time periods) were also used. The studies using video
games mostly relied on group (randomized controlled) designs.
Comparisons were carried out between the pre- and
postintervention data of the experimental group, as well as
between the experimental group’s data and the data of 1 or 2
control groups. On the basis of the designs used, one could
argue that the evidence on the impact of the intervention
reported by the studies may be considered reliable.

Second, notwithstanding the overall methodological adequacy
of the studies, it may be difficult to compare and contrast the
results obtained by the 2 groups; that is, the group based on
response-contingent stimulation and the group based on video
games. In fact, the studies in the first group typically focused
on assessing whether the intervention was effective in increasing
the responses targeted with contingent stimulation, assuming
that this increase would in turn have beneficial effects on the
participants’ physical and health conditions. The studies in the
second group (except for those by Enkelaar et al [47] and
McMahon et al [87]) did not assess the extent to which the
intervention increased the participants’ responses. Rather, they
concentrated on determining whether the intervention period
would bring about benefits to participants’ physical condition
(eg, balance, BMI, and muscle strength).

Third, comparisons of the results of the 2 groups of studies are
difficult also because of the differences in the length of the
intervention sessions and the characteristics of the participants.
The length of the sessions varied between 2 and 10 minutes in
the first group of studies and between 10 and 60 minutes in the
second group of studies (Multimedia Appendices 1 and 2). The
participants in the first group of studies often presented with
severe to profound intellectual disability, which could be
combined with severe and extensive motor impairments. The
participants in the second group of studies were generally
reported or presumed to be in the mild or moderate intellectual
disability range and did not present with specific motor
impairments.

Foundation and Applicability of the Intervention
Strategies
The intervention strategies used by the first group of studies
were designed to deliver preferred stimulation contingent on
participants’ specific activity responses, and this stimulation
was assumed to (1) motivate the participants to reproduce those
specific responses and thus (2) increase their activity level.
Within this type of framework, the efficacy of the stimulation
in promoting the acquisition and maintenance of responding is
linked to its contingency value and attractive (reinforcing) power
[90,91]. The more attractive the stimulation, the higher the
probability that the participant would be motivated to produce
the response for which the stimulation is available.

Intervention strategies based on the use of video games are also
assumed to work through motivation and enjoyment. In essence,
the game-specific prompting and stimulating images and
auditory events are expected to facilitate the participants’ initial
engagement. The additional game-related stimulation events or
stimulation variations connected to the participants’engagement

are considered relevant or critical to strengthen and maintain
such engagement and thus bring about an increase in the
participants’ physical activity. In light of this reasoning, the
game-related stimulation seems to play a role similar to that
attributed to the contingent stimulation used in the first group
of studies. However, notwithstanding this reasoning no
assessment was reported by the second group of studies of the
participants’ stimulation preferences or of whether the
participants perceived the stimulation variations occurring in
relation to their game engagement as truly enjoyable.

With regard to the issue of applicability, the strategies based
on contingent stimulation for specific responses may be viewed
as largely suitable for people with severe or profound intellectual
disabilities and extensive motor or sensory impairments as well
as for people with mild to moderate intellectual disabilities. For
example, these strategies could be applied to help participants
with different levels or combinations of disabilities to perform
responses such as arm stretching and walker-supported
ambulation responses or use exercise devices (1) without the
need for external prompting (pressure) and (2) with apparent
enjoyment of their activity engagement [27,37,68,72,74,75].

The use of video games may not be suitable for participants
with severe to profound intellectual disabilities and extensive
motor impairment. These participants, in fact, may possess only
a narrow range of responses, which is insufficient for playing
most games. Moreover, the same participants may be attracted
to (motivated by) only a few types of stimuli, and these stimuli
may not be included in a variety of games and should be
identified through careful stimulus preference screening before
the beginning of the intervention. Finally, participants with
severe to profound intellectual and multiple disabilities may
have serious difficulties in finding strong motivation to respond
in a game situation in which much of the stimulation is available
noncontingently (independent of participants’ responding)
[37,73].

Practicality of the Intervention Strategies and Related
Technologies
Two considerations may be in order with regard to the
practicality issue. First, the use of intervention strategies aimed
at providing preferred stimulation contingent on specific
participants’ responses is typically based on a multistep plan
that involves (1) the identification of the responses that are
feasible for the participants to perform and suitable for
promoting relevant forms of physical activity, (2) the
identification of stimulation events that the participants prefer
(apparently enjoy), (3) the selection of sensors adequate to detect
the responses and trigger a control system, and (4) the
programming of the control system to deliver a brief segment
of preferred stimulation any time it is triggered (any time the
target responses occur). Working out this plan may be relatively
demanding in terms of staff time and skills as well as technical
devices. Despite its possible costs, such an approach may be
critically relevant, particularly when working with people with
severe to profound intellectual and multiple disabilities (see the
Studies Based on the Use of Response-Contingent Stimulation
section and Multimedia Appendix 1).
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Second, the use of video games to promote physical activity
might be perceived as a relatively simple approach given the
availability of a wide range of games. However, in reality, it
may not necessarily prove easier to arrange or more practical
to manage than the use of strategies based on contingent
stimulation [36,47,92]. Moreover, the fact that a variety of
games are commercially available does not automatically imply
that they can be considered equally suitable for all participants
and that they can be implemented in any context in which the
participants live [33,47].

Future Research Directions
Future research should address several relevant issues. First,
studies could be conducted to clarify different aspects of
interventions using video games, such as (1) the implementation
conditions (ie, the level and characteristics of staff support
required to get participants involved in the games), (2) the
measurement of the participants’ activity level (eg, range and
frequency of responses they display during the games), and (3)
variability or consistency in the activity level during the
intervention period. Clarifying these aspects would help
determine the procedural conditions and time costs required for
the application of those games, as well as the immediate and
long-term functions of the games. This information could also
serve to estimate the practicality and applicability of game-based
interventions in daily contexts.

Second, studies comparing interventions based on the delivery
of preferred stimulation contingent on specific participants’
responses with interventions based on video games might be
very important to enhance our knowledge in the area. These
studies may be instrumental to determine (1) the relative value
of the 2 intervention approaches with different groups of people
(particularly people in the moderate range of intellectual
disability) and (2) the relative cost of the approaches in terms
of technology and staff involvement.

Third, in addition to measuring the increases in the participants’
levels of physical activity and related health benefits, new
studies may also be focused on assessing the participants’ levels
of satisfaction (indices of happiness) during the intervention
sessions with the 2 types of approaches. Although some data
on this issue are available [37,47,73,75], additional evidence is
important to determine whether and how much these approaches
can help participants experience a positive emotional condition
during their activity engagement.

Fourth, social validation studies would be important to determine
the opinion of staff, families, and service providers about the
usability and potential of the different approaches (thus adding
to early data in the area [32,73]). Social validation could be
carried out by (1) showing staff, families, and service providers
a few segments of the intervention sessions carried out with the
2 approaches and (2) asking them for their ratings of those
segments and the technology solutions used in terms of
perceived efficacy, friendliness, and overall applicability across
participants and contexts [32,93].

Fifth, encouraging different research groups from different
countries to be involved in new research initiatives in the area
could constitute a meaningful objective to increase the generality

and representativeness of the findings. This objective might be
particularly relevant for studies focusing on the use of
stimulation contingent on specific participants’ responses, given
that the research thus far available was almost exclusively
concentrated in 2 countries (Italy and Taiwan).

Limitations
This review paper has 3 limitations. First, one might argue that
a literature search restricted to articles written in English may
have prevented the detection and inclusion of relevant studies
published in other languages. Indeed, we have no knowledge
of whether or how many potentially relevant studies were
published in other languages and were not included in this
review. Second, the use of free-text terms (rather than specific
indexed terms) for the search of different databases might have
made the search process slightly less precise (less effective in
identifying all relevant articles in the area). Third, one might
consider the exclusion of studies involving people with autism
spectrum disorder as another limitation of this review paper. In
fact, the inclusion of studies involving the participation of people
with autism would have provided (1) a more comprehensive
picture of the use of stimulation-regulating technologies for
promoting physical activity and (2) a wider amount of evidence
to determine the overall applicability and impact of those
technologies within services for people with special needs.
Notwithstanding the aforementioned limitations, this review
paper presents a picture of the technologies and their
applications and effects based on a relatively large number of
studies (ie, 42 studies). This may provide credibility for the
picture presented here. At the same time, it may also be a prompt
for (1) extending the search to non-English articles and (2)
reviewing the studies that focused on people with autism
spectrum disorder and comparing their results with those
obtained from people with intellectual and multiple disabilities.

Conclusions
People with intellectual and multiple disabilities need to increase
their level of physical activity, and intervention programs have
been developed to help them reach this goal. This paper provides
a picture of 2 groups of studies that relied on the use of
stimulation-regulating technologies to work toward that goal.
One group of studies sought to promote physical activity via
technology-regulated delivery of preferred stimulation,
contingent on specific participants’ responses. Another group
of studies sought to promote physical activity through the use
of video games and the auditory and visual stimulation involved
in those games.

Both groups of studies reported encouraging results; however,
these results cannot be easily compared and contrasted. In fact,
the studies of the first group were typically focused on assessing
whether the intervention was effective in increasing the
responses targeted with contingent stimulation, whereas the
studies of the second group mainly focused on whether the
intervention would bring about benefits on the participants’
physical condition.

Future research will need to address a number of issues,
including (1) the identification of the procedural conditions
required for the implementation of video games; (2) comparisons
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between the 2 strategies in terms of impact, accessibility,
practicality, and participants’ satisfaction; and (3) social

validations of the 2 strategies.
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