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Abstract

Objectives: This systematic review aims to explore virtual reality (VR) applications for rehabilitation
purposes among people with intellectual and developmental disabilities (IDD), identify their effects
on rehabilitation outcomes, explore themes to consider in VR intervention design, and provide guid-
ance for designers and researchers in creating therapeutic environments using VR technology.
Background: VR has gained increasing attention in healthcare settings to assist in achieving rehabil-
itation goals for people with IDD. VR is particularly advantageous since it simulates the real world
while providing controllable, safe, and versatile environments. It is necessary to expand the current
body of knowledge on VR intervention’s outcomes by synthesizing further information on VR appli-
cation characteristics as well as identifying design considerations regarding feasibility, usability, safety,
and other aspects that will benefit future VR intervention design and research. Methods: The
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framed the current
review. Multiple databases were searched to identify studies published between 2001 and 2023.
The review qualitatively organized VR environment design considerations according to three themes:
feasibility, usability, and safety. Results: This review included 27 articles and included 868 participants.
The overall findings indicated that VR interventions are promising in enhancing rehabilitation out-
comes among people with IDD, such as physical, cognitive, emotional, and functional independence
domains. Conclusion: This review provides design recommendations to create effective, usable,
and safe VR interventions for individuals with IDD. The suggested design implications should be
applied with the awareness that VR is a relatively emerging technology with rapidly evolving features.
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Introduction

IDD is a broad term that describes conditions
affecting cognitive functioning, adaptive behaviors,
and development (NIH, 2021). It is common
for individuals with IDD to have multiple
co-occurring conditions such as autism spectrum
disorder (ASD), attention-deficit/hyperactivity dis-
order (ADHD), cerebral palsy, Down syndrome,
intellectual disability, specific learning disabilities,
and others (Wills, 2014). A range of health condi-
tions that people with IDD exhibit are related to
various risk factors affecting their overall well-
being and quality of life. For instance, individuals
with IDD tend to experience worse health out-
comes compared to people without disabilities
(Magania et al., 2016), and they are vulnerable to
mental health conditions such as anxiety and
depression (Hsieh et al.,, 2020). Additionally,
sensory processing disorders (SPDs) are common
among individuals with IDD. SPDs cause individ-
uals to react to environmental sensory stimuli with
either hyper- or hyposensitivity, preventing them
from fully participating in society (Case-Smith
et al., 2015). Furthermore, research has also
shown lower levels of self-esteem and overall
quality of life in this population (Nota et al., 2007).

This empirical evidence demonstrates the
potential benefits of rehabilitation for people
with IDD. It is important to note that rehabilita-
tion is a process that helps people enhance essen-
tial abilities, foster independence, and improve
overall quality of life (Ryan Oakes, 2022). In con-
sideration of the unique needs associated with
IDD, rehabilitation interventions for this popula-
tion have aimed at improving their independent
living skills (e.g., activities of daily living,
sensory integration, adaptive strategies, and self-
care skills), physical abilities (e.g., gross motor
skills, mobility, coordination, strength, and
balance), behavioral challenges (e.g., positive
behavior reinforcement, and adaptive skills),
communication skills (e.g., speech and expressive

and receptive language), and vocational skills
(e.g., job skills and employment opportunities).

Environmental psychology has shown that the
rehabilitation and behavioral outcomes of people
with IDD can be better supported by providing an
adequate environment (Ellis & Yi, 2023; Yi,
2017, 2021; Yi et al., 2018; Yi & Ellis, 2023).
In addition to physical environments, VR has
received growing attention as a promising tech-
nology to foster rehabilitation goals (Ryan
Oakes, 2022). VR is particularly advantageous
for supporting rehabilitation purposes since it
simulates the real world while being controllable
and flexible (Yi & Heidari Matin, 2024).
Specifically, VR enables healthcare professionals
to repeat certain conditions as necessary to meet
therapeutic goals. In addition, VR can provide
personalized clinician plans controlling different
variables suited to the patient’s needs. VR has
the potential to create scenarios beyond real-life
limitations (Yi & Bhattacharjee, 2023). Also, it
is capable to be used as a starting point where
patients can safely practice certain scenarios
before engaging in the real world (Bryant et al.,
2020; Foloppe et al., 2018; McCleery et al.,
2020; Standen & Brown, 2005). Additionally,
VR has become significantly more affordable
and accessible fostered by technological advance-
ments. For these reasons, VR has been increas-
ingly used in healthcare settings such as
rehabilitation, pain management, surgery simula-
tion, and patient education and training (Chen
et al., 2022; Ryan Oakes, 2022).

Virtual Reality: Immersive Levels and Modes

This study defines VR as a computer-generated,
three-dimensional environment that provides
users with immersive and interactive experiences.
Compared to similar technologies such as aug-
mented reality (AR) or mixed reality (MR) in
which virtual information and reality co-exist,



214

Health Environments Research & Design Journal 17(4)

VR has the merit that users can be entirely
immersed in a simulated environment.

VR environments can provide different
degrees of immersion and interaction modes.
The degree of immersion ranges from immersive,
semi-immersive, to non-immersive (Bamodu &
Ye, 2013; Salatino et al., 2023). Non-immersive
VR uses computer or console game systems and
interface devices (e.g., mouse, keyboards, and
joysticks). In this immersion level, users are still
aware of the surrounding real world.
Semi-immersive VR is administered using a
large screen with advanced interface devices
(e.g., gloves, haptic feedback devices, and infra-
red cameras). Users typically experience partial
immersion and a sense of presence. Immersive
VR consists of head-mounted displays (HMD)
and 3D input devices (e.g., VR controllers and
haptic gloves). The user can be fully immersed
and interact with the virtual environment. This
study focuses on immersive and semi-immersive
VR to provide design information toward rela-
tively up-to-date immersive and semi-immersive
technologies.

VR also supports various modes of human—
environment interactions such as stationary
mode where users remain immobile, and move-
ment mode which allows users to navigate and
move around within a designated area. Figure 1
further illustrates the characteristics of the three

different degrees of immersion and the two inter-
action modes.

Related Literature

A growing body of research has explored VR
technologies used for people with IDD.
Previous systematic reviews have investigated
VR applications for IDD (Ryan Oakes, 2022) or
specific diagnoses, including ASD (Chen et al.,
2022; Mesa-Gresa et al., 2018), intellectual dis-
abilities (Standen & Brown, 2005), and ADHD
(Bashiri et al., 2017). However, a gap in these
previous reviews is that the extracted data primar-
ily focused on intervention outcomes and effi-
cacy. There has been little information about
VR intervention design considerations that
could benefit future interventions and research
design. There have also been previous efforts to
establish VR accessibility guidelines for people
with disabilities (Heilemann et al., 2021).
However, a gap still exists in identifying specific
VR intervention design implications for people
with IDD in therapeutic settings. For instance,
considering various methods (such as immersive,
semi-immersive, and non-immersive) and modes
(stationary or movement-based) can optimally
support rehabilitation purposes for this popula-
tion. Appropriate use of VR can reduce the need
for physical equipment and allow for repeated

Immersive VR

Semi-Immersive VR

Non-Immersive VR

Figure |. Immersion levels of virtual reality

Note. Adapted from Salatino et al. (2023) and Bamodu and Ye (2013). VR: virtual reality.
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practice without additional cost. This not only
makes the rehabilitation process more scalable
but can also enhance accessibility for patients
who might not be able to afford or access tradi-
tional treatment. To enhance our understanding
of VR interventions, expanding the current body
of knowledge about VR application features
(such as immersion levels, guardian mode,
session frequency, and duration) is necessary.
Additionally, identifying design considerations
related to feasibility, usability, safety, and other
aspects will contribute to better VR intervention
design and research.

Purpose

The purpose of this review is to synthesize design
considerations that can guide designers and
researchers in developing VR environments for
people with intellectual and developmental dis-
abilities (IDD). The presented systematic review
aims the following: (a) exploring the applications
of VR for rehabilitation purposes among people
with IDD; (b) identifying its effects on rehabilita-
tion outcomes, (c) exploring emerging themes to
be considered in VR intervention design; and
(d) providing recommendations for designers
and researchers in creating therapeutic environ-
ments using VR technology.

Methods

Procedure

PRISMA framed the current review (Moher et al.,
2010). The Effective Public Health Practice
Project (EPHPP) protocol also guided the pre-
sented systematic review process. The EPHPP
considered seven stages: question formulation,
searching and retrieving the literature, establish-
ing relevance criteria, study quality assessment,
data extraction and synthesis, report writing,
and dissemination (Thomas et al., 2004).

Search Strategy

In this study, the researchers conducted keyword
searches on November 13, 2023. Keywords were
selected considering the study’s population,

intervention, and setting: (disability*) AND
(virtual reality) AND (therap*) OR (rehabilita-
tion). Different combinations of the key terms
were searched using multiple databases using
EBSCO: MEDLINE, Academic Search
Complete, CINAHL, Health Source (Nursing/
Academic Edition), Psychology and Behavioral
Sciences Collection, PsycINFO, and ERIC. The
search was restricted to full-text, peer-reviewed
studies published between 2001 and 2023.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (a)
Population. People with intellectual and/or devel-
opmental disabilities; (b) Infervention. VR; (c)
Outcomes. Possible therapeutic outcomes after
using VR interventions such as improvement in
mental health, behavioral changes, and indepen-
dent living skills; (d) Context. Therapeutic
setting; (e) Language. English; and (f)
Publication dates. 2001-2023.

The exclusion criteria were as follows: (a)
individuals with disabilities other than IDD
(e.g., unilateral spatial neglect and physical dis-
abilities); (b) interventions using AR, MR, or
non-immersive VR; (c) settings other than health-
care (e.g., education); (d) studies written in lan-
guages other than English (e.g., Spanish); and
(e) studies published before 2001.

Selection Procedure and Data Extraction

After removing duplicates, the predetermined
inclusion criteria were used to screen the searched
studies’ titles and abstracts. Once the initial
abstract and title screening was completed, two
independent researchers screened the studies’
full texts against the same eligibility criteria.
Additionally, researchers reviewed the reference
sections of the selected articles and included rele-
vant articles after the title, abstract, and full text
screening process.

From the selected studies, researchers extracted
data using a matrix that included information on
study design, evidence level, participants (i.e.,
description, number, and age), comparison, inter-
vention (i.e., name; type—stationary, movement;
immersion degree—non-immersive, semi-immersive,
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Table 1. Levels of Evidence.

Level of evidence

1A Systematic review of homogeneous RCTs with or without meta-analysis

1B Well-designed individual RCT (not a pilot or feasibility study with a small sample size)

2A Systematic review of cohort studies or Level >2 and better studies

2B Individual prospective cohort study, low-quality RCT (e.g., <80% follow-up or low number of
participants; pilot and feasibility studies); ecological studies; and two-group, nonrandomized studies

3A Systematic review of case-control studies or Level > 3 and better studies

3B Individual retrospective case-control study; one-group, nonrandomized pre-posttest study; cohort
studies

4 Case series (and low-quality cohort and case-control studies); systematic review of Level >4 and

better studies

5 Expert opinion without explicit critical appraisal

Strength of evidence

At least one Level | A or Level |B high-quality study or multiple moderate-quality studies (Level 2A/

Strong Two or more Level |A/B studies
Moderate
B, Level 3A/B, etc.)
Low Small humber of low-level studies, flaws in the studies, etc.

Note. The levels and strengths of evidence are adopted from Center for Evidence-Based Medicine (2009), and the American

Occupational Therapy Association (2020).
RCT: randomized controlled trial.

immersive; and other descriptions—session
number, time, interval, etc.), and outcome.
Synthesized results were gained from the related
design strategies for the outcome behaviors.
Following the directed content analysis process
(Assarroudi et al., 2018), design considerations
were coded and categorized according to the three
domains: feasibility, usability, and safety. The
researchers added emerging themes under each cat-
egory while reviewing the full text and analyzing
word clouds and word frequency using NVivo
(Elliott-Mainwaring, 2021). Meta-analysis was
not conducted in this research because most quanti-
tative data involved small participant numbers.
Instead, the results were narratively summarized.

Quality Appraisal

For each study, three investigators independently
evaluated the study quality using the JBI critical
appraisal tools (Tufanaru et al., 2020). JBI tools
provide separate appraisal checklists according
to study types. The following tools were used to
assess the studies included in this systematic
review: JBI tools for randomized controlled
trials (RCTs), quasi-experimental studies, case
reports, qualitative studies, and systematic
reviews (Aromataris et al., 2015; Barker et al.,

2023; Gagnier et al., 2013; Lockwood et al.,
2015; Tufanaru et al., 2020). After completing
the checklist for each study, the overall quality
was determined using a domain-based approach
such as RoB2 or ROBIN-I (Barker et al., 2023).
Specifically, this study considered a low risk of
bias if 0-3 criteria are no or unclear, moderate
risk if 4-6 criteria are no or unclear, and high
risk if 7 or more criteria are no or unclear.
Additionally, the evidence levels of the studies
were also evaluated following the Oxford
Centre for Evidence-Based Medicine criteria
(American Occupational Therapy Association,
2020; Center for Evidence-Based Medicine,
2009). Table 1 describes the details. Any dis-
agreements between the two primary reviewers
were addressed by discussion.

Results

As reported by the PRISMA flow diagram
(Figure 2), the initial search identified 945
records from seven databases. After removing
duplicates, 939 studies were screened for their
titles and abstracts against the predetermined
inclusion and exclusion criteria. The remaining
21 studies’ full texts were screened and 10 articles
were included. In addition, 17 articles were
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Records identified through
database search (n=945) —>

Duplicate records were removed

Additional records identified
from references in related
reviews

(n=6)

Title and abstract screened >
(n =939)

Records excluded™*

(n=918)

v

Full-text articles assessed for
eligibility (n = 21) —> .

Records excluded, with reasons (n= 11)
Not therapeutic setting
e Non-immersive intervention

Eligible studies included
(n=17)

l

Eligible studies included (n = 10)

A

27 eligible studies included in this systematic review

Figure 2. Study selection process.

identified through a citation search. Finally, 27
studies were included in this systematic review.

The selected studies consist of nine RCTs,
seven quasi-experimental studies, one case
report, three qualitative studies, seven systematic
reviews, and one mixed-methods research that
used quasi-experimental and qualitative studies.
A total of 868 individuals with IDD were
involved in the empirical studies included in
this systematic review. Table 2 describes the char-
acteristics of the included studies by study design,
participants, VR interventions, and their
outcomes.

As a result of the quality appraisal, each of the
included studies was rated as acceptable with
minor methodological limitations (Tables 3-6).
Regarding the evidence level of the selected
studies, the review consists of nine RCTs of
Level 1B, seven quasi-experimental studies of
3B, and eleven empirical and review studies
of Level 4.

Applications of VR for IDD and
Rehabilitation Outcomes

For research aim one of exploring the applications
of VR for rehabilitation purposes among people
with IDD, this section focuses on VR interven-
tions in 21 empirical studies, excluding review
papers. While one study did not explicitly
describe intervention types, twelve utilized sta-
tionary modes where VR users remained seated
or standing in place and eight studies employed
the modes that facilitated participant movement.
In terms of immersion levels, twelve studies
implemented immersive interventions, and nine
used semi-immersive approaches. (Figure 3).

To address research aim two of identifying
VR’s effects on rehabilitation outcomes, the
selected studies investigated the feasibility and/
or effectiveness of VR uses for therapeutic out-
comes in areas such as physical, cognitive, and
functional independence domains.



(panunuod)

'sonbiuyo93 Surispua.
olpne |eneds ul paienwis
sand AJollpne ay1 apodsp

Apoaauod ued gsy
YaIm Bsoy) ‘san|ndiyip
Buissanoud Auosuas
paaeidosse anudsaq

(5] =u) | dnougy
(saeway 7 ‘safew
LT ‘61—6 BuiBued

‘(oipne [eneds ‘WTFp| =233 [CINEER)
paseq-[edneulq) SIUIAD A[ead [enaiA uesw ‘47 =u) ASVY udissp (6107)
Aaoaipne 193.4e) SpIemO) u| ASojouyda1 UM suadsajope dnoug jonuod ‘e 39
uonuane [eneds JaysSiH SIUAAS olpne [eneds g aAIsIaWW|  AJeuoneig olpne jeneds (| =u) 7 dnoug pue uauplyD  3sa13sod—3salaid uolsuyo[ ¢
(suonenus
pue suopows 1sidesayy e yum
AJ4epuodas Joy A|lenpiAlpul
7| ‘suonemis pue paw.ioiad (0L 1 F00°€01
suopows Asewrud Suluren =Q| ‘sajewd} §
Joj / ‘suopowsd [euonows ‘sojeW GT ‘€9°0
‘dnoJg Aaepuodas [eu F £6 =05 uesw
YA 93 J0j suonows  Joj 7| ‘uoniudods. 1z dnougy ‘o€ =u) | dnoug
Aaepuodas pue Aewiid jo uonows Aiead YozFereol /(09=1U) § WSA
uoniusodaJ ay1 Joj dwn Asewud oy [enLIIA JO 3sn =Q| ‘s9fewd}  Jo elIAIID dnsoudelp
uonisinboe us1loys ay | /) Swall 8€ yum ay1 Aq paureaqo y ‘sofew ay1 Aq palJodau se [CINEER)
'suopows Asewrid pauue|d sem 1531 Suiuren 9T ‘60 F ‘| [oAS] SV jo u3isap
Jo uonju3odau 3y Apjosm e ‘sypuow [euonows  }'¢ =o3e uesw sisougelp & paAladal dno.g |o.nuod (zzo0)
Joy awn uonisinboe swes € “]Pam/sawn ¢ SAISJBWW|  Je3PUN :] dnougy ‘pg =u) g dnoug pey oym senpiAlpu|  1sensod-isareud e I9 I[jod4 |
S[DIY P3J|0JIUOD PIZILIOPUDY
swomxnQ (239 “Aousnbauy ,$92433p sapouw sweN  (s4eylo uspusd (s4oyr0 uspuad ‘93e (,90USPIAS JO [9A9]) (4eeh) #
‘wn uoissas “8-9) uolstaww| ‘93e Ysaqwinu)  Yaquinu) syuedpnueq  uSIsap Youeasay Joyiny
uondLasap JayQ uostredwor)
uonuaAIRI|

'S3IpMI P21I9[3S Y3 JO SINSLISIdRIRYD) T d|qeL

218



(panunuod)

'syuedidnaed sawos Joy
9A1129YJ3 SI PUE SADIAIS
[e21U12 plIy> y3noayy

JoAIj9p 03 9|qeadedde suolIssas (JYA) (sojeWay
pue 3|qisea} s | gD JUSWUOUIAUD  ‘sojew 7|
Yum aunsodxa YA Jalig Aieas ‘stpuow /G|
“eiqoyd [eN3JIA Unoy pue 01 06 Suidue
pa19d.en )| [e2d JIPYD sanbiuyo: (1gD) seiqoyd ‘1§ 17=293e
ul syuswaAoadwl pamoys Adeaay [eJolaeyaq ouy12ads Joy ueaw ‘9| =u)
dno.3 jusunes.nn ayy sAnIu3od (19D) Adeasyp wsnine 3uidey
Ul UaJp[IYd Jo pAIy-auQ Supnpoau; Joieyaq  eiqoyd oyidads
“JOlABYaq 193481 Ul 93uUBYD)  UOISSS SUO ‘UIW G SAIsssww|  AJeuonelg aAnjusoD ym sjdosy
we.Soud
Suiureny
- (ox3dl)  (85-5T 3uiBued
wsAg ‘saeaf g
aspdJax] F|'6p=203e

uedW ‘47 =U)
aqi esspow
yum ajdoay
(saeway
[ ‘Ss[ew
8 ‘€9-4T
Suidued ‘g'g|
F9Ggp=>ade
ueaw ‘G| =u)
aqi esspow
—plw
YIM S[enplAlpu|

'ssoully H99M g Yeam
JB|NJSEAOIPJED paAoJdW| /SUOISSOS £—7 ‘UL OF DAISISWWI-ILUDS IUSWIAO|

SAnOEIAIU|
>3] 24msany

dnou3 [eyuswiiadxa
ay Suowe 9s: (DN 1)
o3 pue dn pawn ays Aq  ApjPam-iq 7| “eam
pa.Jnsesw ‘9ouejeq paACdW| /SUOISSIS OMI ‘UILU O DAISISWWI-IWIDG JUSWIDAO

Sulurey Suiwed
[enJIA—3|\]935

(so[eway ¢ ‘sajewr
€| ‘syuow y/|
—68 SuiBues ‘€8T
=93e ueaw ‘9| =u)
asy 3uowe eiqoyd
oy1dads yam ajdoay

(8s
—/¢€ 3uiuea ‘saeak
9'87F | '8y =23

uesw ‘gz =u) Aql
ajeJopow Yaim ajdoay

(soeway

8 ‘soew 8 ‘//

—0¢ 8uiBues ‘T | F

g'|G =93 ueaw ‘9|

=u) gq| desspow
—PlIW y3Im s[enplAipu]

(@1 Pr7)

udisop

dnoug jonuod
1sensod-ase19.d

(6100)
‘e 10 Aodjsel  §

(@1 1ere7)

udisop

dnou3 josuod
1sa11s0d—asa19.g

(1100
‘39 URlO]

(@1 re7)
usisap (1207)
dnou3 jos3uod SSIOAA

uwwwumOn_luwvuwgm pue uelo] ¢

awomnQ (239 “Aousnbauy ,$92439p  sapouw sweN  (s4eylo uspusd
‘wn uolssas “8-9) uolsaww| ‘a8e Yaquinu)
uondLidsap JayQ uostredwor)

uonudAIRI|

(s4oyr0 uspuagd ‘93e (,90USPIAS JO [9A9])

“aquinu) syuedidiaed

(4eeh) #

u3isap yoJeasay Joyany

(ponunuod) -z sjqeL

219



(panunuod)

(savD)

9[edg JolAeyag wsnny
Aoue|) pue (SyvD)
S[eds 3uney wsnny
pooyplyD ‘(Dav)
3IsIP|PaYD JolAeyag
wsnny 3ulpnpul ‘safeds
3uneu [esiuld ul sadueyd

(50 <9 I®)
90.39p Auass
aseas|p

pue ‘swn

DI ‘xas ‘o8e
ul sdnoug omy

(09 =u) | dnoug

‘(doineyaq pidii 91 UsaMIq (soeway
pUE ‘s159.493Ul MO.IBU CRIENCIT 7€ ‘solew gg ‘/ (CINEER))
uonepJelad ydvads A3ojouydan ueoyuSis  —g SuiBues ‘TEF 8P (1ovw)
‘UoIEBDIUNWIWOD [B1D0S) Aljesd [emuaiA— ou ‘(09 =a8e uesw ‘97| =  |Bl| P3jjoLau0D (1200
swoldwis [ea1dAy paroadu) Aep/a1ma ‘uiw g SAISJSWW| JUSWSAOL Sulurend aAniudoD) =N) g dnouny u) @Sy Yam uaipjiyd psziwopuey ‘eI ORyZ 8
‘dnoJ8 Q|
ay3 01 pasedwod dnoud S$H|SE] [eaJ pue
asy a2y2 u 3uswanoadwi [eNlJIIA USaMIDG
pasunououd asned ulw-g
SJow Yum Sjser [ead Yy uajsues) (so[eway
Jo aonodeud ausnbasgns e sadwene T ‘soew 8¢
ay) ul dduewopiad G pue ‘jsey ‘g1—/ Suiduea
J9119q 01 P3| Ing ‘(sdoddd |eSJ pue [enlIA YTFEI (soeway
aJow 8upnpoud) 3nouyp Joj uonuanal =2a3e uesw ‘0g 7| ‘solew g€ ‘G| —/ (CIREER))
9JOW SBM [SE} [BNlIIA 3Y3 e sadwene swes aemyos = u) [enplAIpul SuiBued pTF €| [el13 pajjo.3uod (6100
Ul 32139844 *S||D|S dARIUSOD G pue uonisinboe —s)jses Suidojansp =93e ueaw ‘0§ = J9AO-SS0.ID ‘e 19
pue Jojow padueyul e s3dwanle (o7 SAIsLPWWI-wag  Aseuonerg Suiwn 3uspiouiod) AeaidA]  u) SV Yyum [enpialpu| paziwopuey  saelOl 3 /
(saeway
(OW4) wea3oud 9 ‘sojew
ausnonb Jolow auy pue uone.gaiul 6 ‘syiuow (soeway
(Z -siWad) aess Joro} KJosuas SY6F /9% S ‘S9ew (] ‘syauow
[eauswdojpasg Apoqesy ;| dnouny =2a3e uesw 6ULFELLS (g1 eAe7) (2100
oY1 Aq paJnseaw ‘s||pjs syauow 9 oM ‘Buiuren ‘| =u) AsV =oa8e ueow ‘G| =  [el| P3JjoJAUCD)  WIIEY| puE
JOJOW BUlJ JO UONOWOI  /SUOISSSS € ‘Ul Of SAISISWWI-IWSS  AJeuonelg IIAA ] dnouy YUM UBUPIIYD  U) SV YaM udupliyD paziwopuey pawweyoly 9
awomnQ (232 “Aouanbauy ,$9239p sapou swen  (s4ayr0 uspuad (s4oyr0 uspuad ‘93e (,90USPIAS JO [9A]) (1eah) #
‘wn uolssas “8-9) uoisJaww| ‘93e Ysqwinu)  Yaquinu) syuedpnueq  uSIsap Youeasay Joyiny
uondLidssp JayIQ uostiedwo)
uonuaAIRI|

(penunuod) -z ajqeL

220



(panunuod)

(t-dALQ)

-uondaduay [ensip

40 159] [eauswdojprsg
sy Aq paJnsesw
‘uondaduad [ensiA [esauald
pue ‘uondaduad [ensia
pasnpaJ-iolow ‘paads
JO1OW-[BNSIA ‘UONE|

[eneds jo uoneJdanul swed
Jojow-ensiA paroadu) JoIndwod (sojeway
(z-109) seJ) 0D 9 ‘sojew 7 ‘saeak
7-Aousyo.d 4010} Jo J33uad pue swes /:] F7:6=93e uesw (gg 1Pre)
159] Ajs1949sQ-HjuluInIg uonell|iqeyad O03PIA YA IAA ‘€] =u) sanijiqesip  udisap 1s93-3sod
ay Aq paJnsesw Alunwwod pauiquos— [emd3|[aaul san-aud
uoppuny Jojow paroaduw| € SUOISS3S 7| dAIsJawwI-lwag Adeuonelg Adesayy saniusor VN YaIm uaJpjiyd dnou3-sj8uis  (]1707) U4y 0l
S3IpMS |DIUSWILIdGX-ISDNY)
(e-d3d)
uonIp3 pAIyL ‘3|yo.d
[euoneonpaoydAsd ayy
ui (50" > d) uonoeamul
[er>os pue uonjudod
JO seaUR Y3 Ul S|PA9) A3ojouyd=
s, dnoug joaauod ay3 ueyy Aj[ead [enldiA
191194 3J9Mm s|aAd| s, dnous ‘SHIIM —uonoeJanul (saeway
uonuaAsaul 3y) ‘sdnoud | O9dm/suolssas |e1os 9 ‘solew 9| ‘g
|0J3UOD PUB UONUIAIRIUI ¢ ‘(usamiaq ul pue ‘uopeywl  —¢ 3uiBued ‘G'¢ (sojewdy ¢ ‘sojewW [CINEER)
y30q ur uondeaAnul spolsad 3534 yum ‘uoniudod =o3e a8esone ¢ ‘G—¢ BuiBued ‘GHE (1ov)
[BI20S pue ‘uonew| ‘uiurens Jo ulw g ur Suluresy ‘TT=Uu) Asv =o3e a3eJoAe ‘T7T=  |Bl] Pd||0Lu0D) (zz02)
‘uoniuSod paroidw| jo saduEISUI £) UIW G| SAISISWW| JUSWISAO| uonel|iqeyay YIM USJIPIIYD  U) SV YIM UsJpliyD psziwopuey [e1S OBYZ 4
awomnQ (239 “Aouanbauy ,$92439p  sapouw swen  (s4ayro uspuad (s4oyr0 uspuad ‘93e (,90USPIAS JO [9A9]) (4eah) #
‘awn uoissas “8-9) uolsaww| ‘93e Yaqwinu)  Yaquinu) syuedpnueq  uSisap Youeasay Joyiny

uonduiassp JBYQ

uostiedwor)

UoRUaAJ31U|

(panunuod) -z ajqeL

221



(panunuod)

syyodau

[BQUSA J9Yyauny pue
saJreuuonsanb A3aixue
(D-SvDs) uois.ion

PIY> pue (4-S¥DS)
UOISJ9A JudJed-a[eds
ABIXuy s.usJpiiyD
9ouadg Aq paJnsesw
‘asy Yyum ajdoad Sunok
ul Jeajeiqoyd dy10ads Joy

JUsWIEDI) SARJAYS A|YSIH SUOISSSS § ‘Ul OE—0T

(SVIW) @28
u:wEwwmmw< >>w_>._muc_

oulel aya Aq paansesw

aAIsIaWW|  AJeuoneg

UoIsSas

JuswIes.)
riqoyd

—uwooJ an|g

‘uons|dwon e
pue Suiuuidaq

(auanyy Ajleqaan
‘Ajiqesip Suluaes|
Jo 110dau ou ‘sofew
6 ‘€1—L pade ‘6=
u) eiqoyd yum Qsy

VN [e2IU2 B 1A USJPIIYD

(gg ;A7)
u3isap 1s91-3sod

psa1-aud 100
dnou3-s|3uis je 19 Adjsely €|

3un3as malAIU 78 M3IAIRIU] (€51 =u) Joyr0
ue ul s||pjs paroadw) 9oe} 01-98) pUE ‘SWOJpUASs
3eds ‘SUO|SSOS AM-I9pedd “4sfed
ASeou3-413S JINQ-V.LIA (VLA [e4ge.22 AjiqesIp (g€ 19Aa7)
a1 Aq paJnseaw (jessuad syuady Sulured) [end9jPaul ‘qQy  uSisap 1sa3-1sod
pUE ‘SuoIsI>ap J93.ed SAnJEIAU| /AHAYV ‘@wo.puAs san-aud (1700
‘sypdua.as) Adedyye-49S SO9M TT DAISIBWWI-IWG  AJeuonelg [en3JIA Jnoq VN UMop ‘gSy Yyam sjdosy dnoug-s|8uis ‘e 19 ;jUng 7|
>10M35IN0D
PIm (sorewsy 7 ‘sojew
(SVIW) @[evs uopdunfuod uj STUEFEL=
JUSWISSISSY MIIAIDIU| suoissas (VL1IA) 93e a8eJane ‘T =U) (gg PAaT)
oulely aya Aq paJnsesw s1uaBy Sulured) sonliqesip Jaylo pue  udisap 1sa3-1sod
3umas malAIul ue weuSoud deam-| 9ANJEIRIU| ‘Aj1qesip [en123|[@1ul psor-aud (8102
ul s[|pfs [euoned0A paroadw| |99M/SUOISSDS 7 SAISIOWWI-IWSS  AJeuonelg [en3JIA SAl4 VN ‘asy yam sjdoay dnoug-s|3uis ‘e 19 djUNg ||
awomnQ (239 “Aouanbauy ,$92439p sapouw swen  (s4oyro uspuad (s4oyr0 uspuad ‘93e (,90UDPIAS JO [9A9]) (4eah) #
‘Qw uolssas “3-9) uolsaww| 28e Yaqwinu)  Yaquinu) syuedpdpaed  USISIp YdJaeasay Joyiny
uondLiasap JayQ uostredwon)
uonuaAISI|

(penunuod) -z sjqeL

222



(panunuod)

$HDPBQMEIP JO SIJOUq
—MB3IAJIIUI SAREYI[END
PaJn1on.as-1wag
(e-svav)

WoISAS JUSWISSISSY
Joineyag aandepy

sy Aq paJnsesw
IolAeYaq dAndepe u
S9DUSISYIP JUBdYIUSIS ON|
uonipa

P4€ ‘(IMd) Auniqesiq
[eN323[23ul—Xopu]
8uraq|[apA [euOsIad a1 Aq
paJanseaw ‘Buiaq-|[om ul
S92USIRYIP JUBdYIUBIS ON|
(dSYV) a1yo.d Auosuag
NPY 2UISI|OPY Y2

Aq paJnseaw ‘Buissadoud
AJosuas ul 3uswsAoadu)
(a1-sao) Auqesig
8ujurea yam afeds
uoissaudaq mo3se|n)

Aq paJnseaw ‘uoissaudap
u1 JuswaAoadwy
(arsvo)

Al yum ajdoay Joy afesg
Asixuy mo3se|n ays Aq
paJnseaw ‘sjaA3| A1aIxue

98esn umo

JI9Y2 pauIwIISp
syuedidpaey

SL

ul saduaJaKIp JuedIUSIS ON W 97—aSua| a3eaaAe

woo.
Kaosuas Aifead
SAISJOWIW| JUSWIAO|| [ENIIIA—SSIUUDAT

awomnQ

(239 “Aousnbauy
‘w uolssas “3-9)
uondudsap YO

,$92439p  sapouw sweN
uoistaww|

UonuUaAJ3lU|

(s4sya0 Uspusd
‘a8e Yaquinu)

(g€ ;PAe7)
udisep 3se3-350d
psa1-aud (€200)
(1e=u) asy dnou3-s|3uig ‘e 3
Jo/pue sanljiqesip udisap SIPPI
VN [enId3)|a3ul YIM s)npy poylow paxily ‘4As3ed| ‘S| |
(s4oyr0 uspuagd ‘93e (,90USPIAS JO [9A9]) (1eeh) #
gaquinu) syuedpnaed  udisop YoJeasay Joyiny

uostredwor)

(penunuod) -z ajqeL

223



(panunuos)

'sisidedsyy pue ‘syua.ed
‘USJp[IYy> wouy sasuodsau

(sTyFsal
:28e a3eJaAe ‘g| =
u) Ased [eagauad pue
‘2unzias ‘eids|diway
‘AydosasAp Jejnosnw
‘yeap punojoud
‘Aejop [eauswdojaAsp
‘Aanfur ureaq
JpewWne. ‘spiRAw (%
asJaAsuead Suipnjpul |9A97) sasAfeue

aanisod quawadedus uolssas Adesayy Aijesu sasougelp [edipaw [euoneAsasqo (0z02)
Adesayy paseasu]  UIW-QE ‘SUOISSIS 9 | SAISJOWIW| JUSWIAO| [enaiA dpenby VN SNOLIBA YIM UBJP|IYD pUE M3IAJIIU|  °[E 19 BISOD) g
(orew ‘97
Adeaayy =2a3e ‘| =u) riqoyd (y 1PAeT)
aJnsodxa 3|pasu jo AJoasiy u3isap ased (6100
>|sel MeJp poojq paiajdwor SUOISSas } | aAIsJaww|  AJeuonelg paseq-yA VN YaIm sy Yaim anpy 3j3uIs-ulIM Y e 39 [PUR /|
sajpnis aAnDy[pnbys10das aspH
pulw
Jo Auoay pue uoniugodau
uonows uj 3dueyd)
'$9402S [IELS)
(dS-sDv) uondaduag [emA—(LDS (serew g ‘safewsy
[e1205-suonnjog 'Suolssas YA) Bulures) T'68'€ ¥ 057 =98¢ (g€ 1pre7)
[ed1U1]D padueApY 3y 0] Jo |e101 B yum uoniugo uesw ‘7| =u) QSy  uSisap 1s:-1sod
JO swu) ul uoniugodau oam [e1>og Suuonouny-y3diy so1-aud (£100)
uonows paroadw] Jad SUOISSSS Y-| OMI SAISISWWI-IWSS  AJeuonelg Aljeay [enJIA V/N Yyam sanpe Sunoy dnous-sj8uig ‘le 30 Sueg 9|
'syiodau
1sidesayy Aq paunseaw "ulw G punode si (8— 9@8ueu
‘s||pjs [euonows  dwes Yoeg "ulw Of a3e ‘g =u) Auigesip (gg 1PAeT)
/|e120s pue ‘@Anjudod —0 Pa1se| UoIssas 128Ury-Xoqx SuiuJes| ‘skeppp  udisap 1sa3-1s0d
‘uopedIUNWWOd yoeg ‘yauow Yam sawed [eauswdojaasp nsa1-aud (s100)

“ojow paroaduw|

B JOAO SUOISSS g—f DAISIOWIWI-IWRG  AJeuonelg Aupeaa enlaip

VN ‘asy Yam uadpjiyd dnou3-s|3uis e 39 J9duUN}y G|

[2wolInQ

(239 “Aduanbauy ,$99439p  sopow SwieN
‘awn uolssas “8-a) uolsJaww|
uondlasap 4oy
uonuUIAIRIU|

(s4ayr0 uspuad
‘93 Yaquinu)
uosliedwor

(s4eyao Uspuad ‘98e (,92USPIAS JO [9A3))
usaquinu) suedpnaed  uBisop yoaessay

(4eeh) #
Joyany

(penunuod) -z ajqeL

224



(panunuos)

(239 ‘uonuene

‘s||fs 393ue3 ‘Buissado.d
[en1X21U0d ‘IoiABYSq
waqoud ‘sjipjs Buinl| Ajrep
‘loJauod g uonjusodad
uonRow’ ‘uoiEdIUNWWOD
‘uawagedus

3 9doueadadde ‘uondeJaiu yesysen asvy
[e120s “8-9) sawo2Ino pue (Yx) 3IM s3U9ds9|OpE (F 1oAeT) (zzoo)
JUSWIESIY UO 510943 Sulkdep Aaep Aaep Atep  Ajesa pspusixgy VN PUE USIP[IYD MB3IAS] DNBWSISAS [ 39 UYD TT
SUONE.ISPISUOD [B1Y3]
SUORNE.JISPISUOD A19jeS
sawodno
UONEDIUNWIWOD pue
‘[e2180joyoAsd ‘edisAyg Aijiqesip
S||P|S UOREDIUNWIWOD so|3o[ouyoa uonesIuUNWWod
uo 1093 Sulkiep Aaep SAISIoWIW| Aaep Aead [enaip VN Yum ajdoag (4 [9A9T) Malray (0200 A 1T
M3IABI DNDWBISAS
uonerusws|dwi 3undaye (g1 =u)
$.1010%} pUE $92.N0S3.! suonezjues.io
paJinbau :uopeiuswa|dw) JUBASRI
109y paAred.IRd wo.y Jaquiaw
‘SN [eNUNUOD papuaau JEIS € ‘sIo¥El DUed (£200)
‘uonoesies :Ajiqeadeddy woo. JI9ya pue saniigesip ‘e 39
asn [enul 1o} suoneAnow AJosuas Aesd yam a)doad g ‘yseN

pue suonualu| ;puewa
asy ym
S)|Npe pue SJUIJSI|OopE
uan|} A|[eq.aA Joy
3|qesn A|ySiy pue ‘9|qIsesy
‘9Jes S| YA SAIsdoww|

asn puow-9

poliad oam-9
‘SUOISSDG YA

SAISIOWW| JUSWSAO| [BNIIIA—SSIUUIAT
s|IbIs
uondeIUl
3uiyoean
Joy weuSoad—
a|npow A1aes

VN Suipnpul ‘suopjoyayeis (y [9A97) malassau]  4ded] ‘S|lIN 0T

(senpiaipur auanyy ¥
Al[eqIon ‘ge—7| paSe  [9AST) MalAIBIUI (0z0?)
‘09 =u) ASV Yam sAneenb ‘le1e

JeY) WIYUOD SINSIY  UIW-Gf 34U JO dUO aAIsJaww|  AJeuonelg ad1j0d oa.o|4 VN SINPe pue s1uadsajopy ‘adreuuonsand) K199 61
swomnQ (239 “Aduanbauy ,$99439p  sopow sweN  (s4ayro uspuad (s4eyao Uspuad ‘98e (,92USPIAS JO [9A3)) (4eeh) #
‘awn uolssas “8-a) uolsJaww| ‘98e Yaquinu)  Ysqunu) syuedidpaeq  uBisSp yoeasay Joyny
uondlasap 4oy uosliedwor
uonuUIAIRIU|

(penunuod) -z ajqeL

225



‘(Seqawied paJedyul pue ‘sadIASp >deqpady dndey ‘S9A0|3 “8'9) SIDIASP 9DBLI9IUI PIJUBAPE LM URUDs d3.e| B Suisn

pasJawiwi Aj[ened—aAIsIoWWI-IWSS (739 ‘s9A0|8 dndey ‘su9||0.3u0d YA “8-9) s9d1asp andul g€ pue (JIWH) SAe|dsIp pa3unow-peay Suisn pasaawiwl A||ny—aAlsJawwWI :$99.39p uoisiaww,
“(Ayr2ads Ap1oyjdxs 10u sa0p 1i0dau) Jesppun pue ‘(Ayjiqow siueddnaed suioddns) auswarow ‘(apiqowwr) Aseuonels :s3poj,

*(0707) uonenossy Adessy] [euonednadQ ueslswy ays pue (6007) SUIDIP3)y Paseg-92UsplA] o) 493U Byl UO paseq a.de Apnis Palda|as ay) JO S|9A3| 9JUSPIAT,

uapJosip AlAnoesadAypdysp-uonusne :qHAYV ‘JopJosip wnadads wsnne :qSy ‘sanijigesip [eauawdoaAsp pue [en1dajaul :qd| 910N

‘(‘Adowsw pue ‘Buluaes|
‘uofIduNy dANNDAXD

‘Buissadoud [emxa1uod uoney|iqeyad
‘uoneJo|dxs [eneds-jensia aAnIugod (zzoo)
‘uonuaie “8'9) saWodINo ui saidojouyda (CYad (p |PAe)  1Aezay pue
9ANIUS0D Uo $199Y8 Sulkaep Aaep Aaep Aaep Al[eau [enlaIp VN =U) SV Yyum o|dosq MmaIASY dNeWwISAS  IpeJowyeyS /7
'sjipfs SuiAl Aunwwod sanijiqesip
[eauswdojorsp
‘S||D|s [e120s ‘s||pjs saifojouydan Jojpue (¥ 19A97) (zz00)
[ea1sAyd uo s1days Suikrep Aaep Aaep Aaep Aead [enaip VN [EMD3[j23ul Yaim 3|dosd MIIASY dNBWRISAS SO UBAY 97
s||pfs
[e120s U0 s129Y3 Sulkaep Aaep Aaep Aaep Aipead [enaip VN asy Yim uaupjiyd  (p [oA) maiasy (8107) UOOW ST
SIS
Jeuonows ‘uonjuod
[BI20S “S||D|S M3IAIIUI Aiesd (zzo0)
‘UONEBDIUNWIWOD ‘s||Yfs pauswsne ‘30
[e120s U0 s129Y3 Sulkaep Aaep Kaep Auep  pue Ailjeas [emuip VN asy Yum ajdoaq (4 [9A97) malaay Sulsysag 7
“S||PJs [euOnOWS ‘s||pjs (1707)
UONEBDIUNWWOD ‘s||Xfs e
[e120s U0 s129)43 Sulkiep Aaep Aaep Aaep Ajl[eau [enlaip N AsSV YaIm uadpiiyd  (y [9A97) malnsy Sulsyseq €7
swoxanQ (239 “Aousnbauy ,$92439p sapouw sweN  (s4eyio Uspusd (s4oyr0 uspuagd ‘93e (,90USPIAS JO [9A9]) (1eeh) #
‘wn uolssas “8-9) uolsJaww| ‘93e YUsqwinu)  Ysquinu) syuedpnaeq  uSisap Youeasay Joyny
uondlasap JayQ uostredwor)
uonudAIRI|

(penunuod) -z ajqeL

226



‘el P3|[043U0D PIZIWOPUE. | )Y *(4ed]dun 1o ou g—/) seiq Jo st ySiy :H pue {(4esjdun 4o ou 9—) seiq JO sk
91eJ9POU (| {(JBS[2UN IO OU £—()) SEI] JO Y[SIJ MO| I T—IUSWISSISSE SBIq JO Sl [[BIDAO 10} BULIODS *(£70T *'[€ 39 JdjJeg) [psipiddp | )Y "d|qedijdde 10u tyN| pue ‘aeajoun i fou :N| ‘saK 1A 910N

1

A

1

A

1

A

1

IN

1

A

1

IN

1

A

1

A

1

A

selg Jo sy ||B43A0
i{[eL /Y1 jo
sisA[eue pue 15NpUOd 33 Ul 4O} PIUNOIJE
(sdnou3 jo|[eJed ‘uoneziwopued [enpiAlpul)
u3isop ] DY p-BpUBIS SY3 WO. SUOIBIASP

Aue pue eludoadde udisop el Y3 SBAA €|

iPasn sisAjeue [eonsnels ajeridoadde sepp ‘7|
{PZIWOpUEI 349M A3yl YdIym o3

sdnou3 aya u1 pazAjeue sauedidnaed suspA | |
iPazAjeue
pue paquidsap Aja1enbape dn mojjo} J1ay3
Jo swR) ul sdnou8 usamiaq sadUIYIP

aJam 9ou Ji pue 319|dwod dn Mo||o} SEAA "0
ikem

9|qel[S.J B U] PAJNSESW SIWOINO SUAA ‘6
isdnoug Juswiea.y Joy Aem

SWES 93 Ul PaUNSEaW SIWOIINO SUSAA '8
{Auswugisse Jusunea.)

01 pul|q SJOSSISSE SWOIINO SUSAA /.
{359J31U] JO UOIIUSAISIUI S UBY) JSYIO

Aj[eonuapl pareat sdnous Juswies.l SUsAA ‘9
{uswugisse Jusunea.] 01

Pul|q 2USWIES.I2 SY2 SULISAIISP 9SO JSAA 'S
Auswugisse

Juswaea.n 03 pullq sauedidnaed SUSpA b
jduljaseq

oy 1. Jejlwis sdnoud Juswies.a) SUSAA ‘€
iPo[Eadu0d

sdnou3 Juswneau 01 UoNEIO|[. SBAA ‘T
isdnoud
Jusuneasy o} syueddnaed jo Juswudisse

10} Pasn UONEZIWOPUERI SN.3 SBAA |

(zz00)
‘e 1

oeyz

(1207)
‘e 1

oeyz

(6100
‘e 1
saeJol 9

(£107) wiey
pue pawuweyol,|

(6107)
‘e 19
Avfsel

(1107
‘e 1
uejo

(1200
SSISAA
pue uejo

(6107) Te3@ (7200
uolsuyo[ ‘e e

o4

suonsand

‘S[eld] P3||OJIUOT) PIZIWOPURY USWSSISSY AUEnd °§ ajqel

227



*(Jeajoun Jo ou g—/) seiq Jo djsid Y31y :H pUe {(4eajoun Jo ou g—) SeIq JO sl SIBISPOW :|\] ‘(Jed]pun
10 OU £—()) SBIQ JO )[SLI MO| :]—3USLUSSISSE SBIq JO YSI |[eI9AO Joj SulI0dS *(0Z0T “'|& 39 NJeuRyn] ) (psipiddp saipms [plusiliadxa-1spn) o|qedljdde J0u iy N PUe f4esjaun i ‘ou :N S9A 1\ 910N

1 1 1 1 1 1 1 Selg Jo sy [[B49A0
A N A A A A A iPasn sisAeue [eonsnels aeladoadde sepp g
A n A A A A A iAeM 3|qeIjaJ B U] PRUNSESW SIWODINO AIIAA '8
iAem awes ay1 ul paunseaw suosisedwod
VN VN VN VN VN VN VN Aue u) papnjdoul sjuedidiiaed Jo SSWOIN0 YI SIIAA “/
iP9zA[eue pue paqlIdsap
Ajpaenbape dn mojjo} J19y Jo swua) ul sdnou8 usamiaqg
n A A A n n A S9DOUIJYIP 49M “J0u JI pue 3319|dwod dn MO||0) SBAA "9
jo4nsodxajuonuaaiaul ays 3sod pue aud
A A A A A A A 430Q SWO3IN0 3y} JO SjudWINSeaW d|dn|NW 34aYl SIIAA °§
N N N N N N N ¢dnoug jonuod & auaYy) SEAA b
{1S9493Ul JO UONUIAIRIUI JO
24nsodxa ay3 uey3 JIYIO ‘DUedJUSWIIEDA) JB|IWIS SUIAIDIDI
VN VN VN VN VN VN VN suostaedwod Aue ui papnpaul sjuedidnaed syl SUSAA °€
VN VN VN VN VN VN VN ejiwis suostiedwod Aue ui papnaul sjuedidiaed ays SUsAA T
(3sa1y sswod
9|qELIBA UDIYM INOGE UOISNJUOD OU S| 3J3Y3 “°1) 399,
A A A A A A A 33 SI JBYM pue asned, ays sl 3eym Apmis ay3 uj Jesd 3l s| °|
(10D (s100 (€200 100 (1200 (8100 (1200 suonsand
‘[e 30 Suey  "[e3d Jadunly ‘e 32 ‘S|ppry| ‘[e30 ADSEl [€32 NG |32 M}Ing uyy
‘Kased] ‘S|l

'saIpmg [eauswiiadx3-Isend) auswssassy AEnd p 9|qelL

228



*(Je3[ouN Jo ou g—/) SeIq JO Ysid Y31y :H pUe {(Jeajoun 4O Ou g—) SBIq JO ISl ABIIPOW :|\] {(JBI|2UN JO OU £—() SBIq JO dSII MO| :]—IUIISSISSE
SeIq JO Sl [[BU9AO J0j BUlI0dS (G107 “[e 39 poomypo7) [psipiddp Apms aanpupnd) (€107 “Ie 3° J4a1uspn) psipiddp 110das asp) "a|qedijdde 1ou 1N pue faespdauN i fou N s3h 1A 910N

1 1 1 selg Jo sy ||B43A0
{€Iep ay3 jo ‘uonelauduanul Jo ‘siskjeue ay3 wo.y
A A A Mo} 340dau yoJeasad 3yl Ul UMEIP SUOISN|2UOD 3yl o 0|
iApoq areludoudde ue Aq [eroudde
[EJ1Y3® JO SOUDPIAS 3JBL3 S| PUE ‘SDIPMIS IUSID. IO}
A A A 410 BLI33LID JUa.IND 0} SUlpJOdJE [B2IYID YDJeasad Y3 S| ‘6 | selqg Jo JIsiy [[e1RAQ
ipaluasaudau {SUOSS3| Aemead|el
A A A Ajorenbape ‘sed1oA Jiayy pue ‘syuedipnaed suy ‘g A apiroud 1iodau ases ay seoq g
{PaqlI3sop
{P3SSA.PPE ‘BSJIDA-IDIA pUE paliIuUap! SIUSAS pajedidiueun
n n n PUE ‘YdJeasal dY) UO J9YdJeasa] 3 JO ddUdNJUI 33 S| /£ A JO (SWJBY) SIUDAD ISIDAPE DUSAA '/
iA|[ean2a0ayy Jo {PaqLudsap AJJes|d> uonipuod
A A A A|leanajnd Jaydaeasau ay1 SUNEIO| JUSWISIEIS B U3 S| °9 A [ed1ul]> uonuaAJSIUI-ISOd U3 SEAA 9
iS3|nsaJ jo uonelaudusiul ayy pue iPaqlIasap Ajea)d (s)aunpasoud
A A A A3ojopoyraw youeasad ay3 usamiaq A1ni3uod auay s| °g A JUSWIEAI] JO (S)UONUIAIDIUL BYI SBAA °G
{P3ql1osap
{BIEp JO sisAjeue pue uonejuasaidas syl pue AJJea)> s3|nsa. ay3 pue spoyew
A A A A3ojopoyraw youeasad ay3 usamiaq Auniduod alay s| A JUSWISSISSE .10 1S3 D1ISOUSEIP USAA b
{P3ql3ssp
;EIBP 129]|0D O) pash SpoylawW 3yl pue Aj4ea]d uopejuasaid uo jusned sy
A A A A3ojopoyrsw yoJeasad 3y usamiaq A1naduod auay s| g A JO UORIPUOD [BDIUI[D JUSLIND Y3 SBAA '€
iS9An23[qo Jo uonsanb youessau ayy pue joulpPw e se pajuasaud pue paqlidsap
A A A A3ojopoyrsw youeasad aya usamiag A1nJduod aJsy s| g A Ajeapd Auoasiy sauaned syl sepp T
iA3ojopoyraw youeasau ayy pue aAndadsiad iP2qLIdsap A[Jes|d sonslialdeeyd
A A A [eo1ydosojiyd pasess ayy usamiaq A3InuSuod a4ays s| °| A o1ydeaSowsp sausned suspA |
(£200) (0207) e (0z02) suonsanb [esreadde Apnis saAneend (6102 suonsanb [esreadde 110dau ased
‘e 3@ ‘YseN FSEET iR ‘e 319 ‘e 39
‘haded] ‘S|l BISOD) VEIN

'saIpmg aAne[en) % 1ioday aseD) auswssassy Alend) °§ d|qeL

229



*(4e3]2UN U0 OU g—/) SeIq JO sl Y31y H PUE {(Je3|2UNn U0 OU 9—}) SBIq JO diSI4 eIPpOW |\ ‘(Jedpun
10 OU £—() SBIq JO Sl MO]| I]—IUDWISSISSE SBIq JO diSII [[BUIAC 40} BUlI0DS *(S] 0T “[e 39 Slerewo.y) |psiniddp mairau onpwiaisAs -a|qedijdde 1ou tyN pue fesjaun i ‘ou N ‘sak A 310N

1

N

W

A

W

A

W

N

W

IN

1

A

H

IN

SElg JO sy |[e1PA0
i91e1udoadde youessau

MBU 10} SOARDBIP d129ds B3 SUSAA | |
ieyep payodau ayy Aq paldoddns adnoead

Jojpue Ad1jod 1o} SUONEPUSWIWIOID] 3UIAA 0]
ipassasse

selq uonedl|qnd Jo pooy|a3l] dYa SBAA "6
;elidoudde

S9IPNIS SUIqWIOD O) PasN SPOLISW Y1 SUSAA '8
{uonde.nxs eyep

Ul SJO.LIS SZIWIUIW O3 SPOYISW 9.43Y3 SUSAA °/
iApuspuadapul siamaiAal duow

Jo om) Aq pa1onpuod [esieadde [ed131Id SBAA 9
;elidoudde

saipmys uisieddde Joj BLISILID SY3 SUIAA S
;91enbape saipnis oy youeas

01 Pasn $924N0S3J PUE S92UNOS SY) SISAA b

;91e1udouadde ASsre.aas yoJess sy SepA ‘€
juonsanb mairsu ayy

Joj a1erudoudde eius31ud UOISNPUI BYI DUBAA T
ipareas

Apidijdxa pue Ajuea|> uonsanb malaal aya S| °|

(zT07) Kezay
pue IpeJowyeys

(zz00)
sdeQ Ueky

(8100
uool,

(zzor)
‘e 32 Bulsyaaq

(1z07)
‘e 39 Bulsyasq

(zz00)
‘e 39 usyd

(0z00)
‘e 39 uedug

suonsanb [esreadde maiaaa dneWSISAS

"MBIADY DIIBWRISAS UBWISSIsSY Afend *9 a|qel

230



(panunuod)

uoneAnow
a1owoud o1 suaAISaued
9SNOY-Ul SA|OAU|
SIUSWIUOIIAUD

9jes ‘9|qe|[0J3u0d dY3 Ul
SOLIBUDDS djI|-|eaJ 9d1deId

.

o) O O SISDIUDAPD PAAIRDIDY
${se) o}
oping [enusnbas e Aojdwg .
dualiadxa pajeddnue
J0j SOND 9pINCI]
asn aARIN3UL 10}
J9]j0u0d YA daziwndo .
lo) [e) uonDZIDU0SIdd
O O o) o) asn aAnnadaud Aq asn jo aseg  Ajiqesn
sisidedayy 9yl SA[OAU| .
Adesayn
UOIIBZIJISUSSOP JOPISUOD) o
fe) o) saguapy> Auanisuas Aiosuas
‘SYIUOW § O) SWIN-UO 04
oam
/suoissas saayp o3 dn .
‘UOISSaS/UIW Gp—G|
O O 0O 0O O o0 o o o oo (@) O OO0 OO0 0O 0O 0O 0O O OoOOoOOoOOo oo “ousnbayfawn uoissag  Auiqiseay
w X =2 X 2 = =
2 2009 % 22292 F g2 EFfP2PrNNYLE oD
£ 5 90 g8 g 8 8 ¥ ¥ a2 3 25 5 ¥ = 2 2 3 B B > ~ 8 8 > £
3 5 55 35 2 4 5 08 a & 28 85 %5 2 o o 2 8 8 5 5 3 =
3 95 2 2 0 5 3 3 8@ @ o 8 2 3 5 o o ®g g 2 3 T e s 2z @
3 ~ © 5 5 c o 3 S O N 2 & 8 8 5 5 8 s s 8 3 2 5 2 8
mﬁmsgwwmxxwm.|e,.AeWW|.|.|mmewm“|
= o o ~ - @ . - - _ ~ o~ _ —
p N T A o S Vol IS — N NS S N N @ D o~ O s ~
2 B 2 2 S B £ 38 B 2833888 S S5 2832 =2 g
o g ¢ o @9 a - N —_ N 2 2 = N = N = T - Z o N
P IR SR ¥ e 7T 8o g o8 0 = 5 6 2 = = T " A~ w2
A W W = d N -~ G = SN S
5} SIS 2 o 9 o] o I S =
< N = = a = 3 X ©
= = = 2 2 2 = 2 = =
— : : ~
N
S BB S 5
S 5 S S S
=~ ¥« by J
& &
MBIADI DIBWIISAS salpms  1Jodau salpms [eauswiiadxa-isend) S[eli) P3)[0U0D PazZIWOpuURY
sAneyend - ase)

'sanifiqesiq [eauswdojeAasg pue [en1da|j2au] Yum djdoay Joj saiSarennsg uSisag UonuaAIau| Alljesy [enliA L d|qeL

231



"AjeaJ [enlUIA Ty A 'saIpnas aya Aq paisasd3ns Jo jparuswa|dwi auam sa1891eU1S USISIP Y JBYI SAIBJIPUL , O, "BION

SUOISSas Udam1aq
s)[eadq areaodiodu] .
"10JWOD S [ENPIAIPUI
a3 uo paseq asea.dul
AjlenpeJ3 pue saanujw
M3} UIM UOISSIS 1BNIU|  »

o) o) uoniusod
ERITN:1
ui sisA[eue Aijigeang .
yS1am 19speay Aq pasned
syu0jwodsIp Aue 33939p
o) uoisiagadns sisidesay) .
o 19SpDIH YA
JUSWISAOW JI9Y3 [OJIUOD
ApAnoe syuedpnaed 39 .
awn aJinsodxa
SNONUNRUOD UWIT  »
uonisod pajess
B Ul SOPOW YA d|qeuy
le) SSaUDIS UORO/ Ajes
juswagedus
aAnIsod ajowoud yoiym
SIUDWIDJD [BNIJIA 93BJ32IU| .
[e) O O UOIDDJSIIDS PIAIIDId
w X w X X = X 2 = w W X -
£S5 399232520 &2 g5 Fp €2y NPZXEEE T F
> 3 ] 3 3 ] g oo 2 a 3 ow o ~ =~ ~ 3 o0 o > X~ 8 S 5> 2
3 5 5 5 5 3 4 4 08 o 8 28 % 3 2 o 0o X 38 &8 5 5 3 =
° O ~ 2 2 o o 3 o o o ® @ 3 o o o N @ o o 3 o o a o
3 ¥ 855 5 & 5 2 & <« & O @ o g & o g & 2 5 3 @ & 3 0 O
B g g ® @ 2 2 g & 2 2 » F 45 2 p o2 2e2g3 22358
= o o : - o : -~ = L . ~ —
: 3 22832228 R B2Zs8% BR2:=:zBFELB
a 9 2 2 8 o ¥y o 2 g o = a s g ©° » a o 2 @ = B
5§ 288 &Egrg8 2 SEgEERZ BEe2iftz2wloE
rz L \v\v(/w..svl@“l\(nu.al.W“/w I\I\UWAI,W(\UM(
5} S S 2 o 3 o) S I S =
< N = TS a = 3 X ©
= = = 2 o =2 = X0 = <
Py : £ —
[ fre) o4
S S8 8 S
L S B B 3
- & &
M3IADI D13BWIRISAS salpnis  34odau salpnis [e3uswiiadxa-isend) S[El4) P3|[0JIUOD PIZIWIOPURY
sAneyend  ase)

(panunuod) °z ajqel m



Yi et al.

233

Physical (n=5)

m Stationary Movement = Unclear m Stationary

m Immersive Semi-immersive m Immersive

Cognitive & Emotional (n=12)

9

Movement

*dD

Semi-immersive

Functional Independence (n=8)

Unclear m Stationary Movement Unclear

m [mmersive Semi-immersive

Figure 3. Virtual reality application characteristics by rehabilitation goals.

Physical Domain. Within the included studies, five
studies were designed to improve physical reha-
bilitation goals; for example, balance (Lotan &
Weiss, 2021), fine motor skills (De Moraes
et al., 2020; Mohammed & Karim, 2017), and
engagement in physical therapy (Costa et al.,
2020; Lotan et al., 2011). The five selected
studies reported positive rehabilitation outcomes.
The studies implemented one immersive and four
semi-immersive VR systems. Regarding the VR
modes, three VR interventions used the mode
that assists users’ movement, while two studies
used the stationary mode.

Cognitive and Emotional Domain. This section
addresses cognitive and emotional rehabilitation
goals and considers cognitive behavioral therapy
which comprehensively involves thoughts, emo-
tions, and behavioral changes. VR interventions
in 12 studies aimed to improve cognitive and emo-
tional aspects such as perception and attention
(Ahn, 2021; De Moraes et al., 2020; Johnston

etal., 2019; Muneer et al., 2015), emotion recogni-
tion (Frolli et al., 2022; Yang et al., 2017), sensory
processing and well-being (Mills, Tracey, Kiddle,
et al,, 2023, Mills, Tracey, Nash, et al., 2023),
and coping with phobia and anxiety (Maskey
et al., 2014, 2019; Meindl et al., 2019). While
the majority of the studies showed improvement
in the above rehabilitation goals, one quantitative
research reported no statistically significant differ-
ences in pre- and post-VR intervention scores on
well-being, measured by the Personal Wellbeing
Index—Intellectual Disability (PWI), 3rd edition,
adaptive behavior, measured by the Adaptive
Behavior Assessment System (ABAS-3), and
anxiety level, measured by the Glasgow Anxiety
Scale for People with ID (GAS-ID) (Mills,
Tracey, Kiddle, et al., 2023).

Among the twelve studies relevant to the cog-
nitive and emotional domain, eight used immer-
sive VR goggles, and four studies employed
semi-immersive screens. Regarding the VR
modes, eight studies used stationary modes and
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three supported movement modes. The details of
the VR intervention mode in one study were
unclear.

Functional Independence Domain. Eight studies
mentioned rehabilitation goals relevant to the
functional independence of people with IDD.
The areas included social communication/interac-
tion (McCleery et al., 2020; Muneer et al., 2015;
J. Zhao et al., 2021, 2022), social skills (Frolli
et al., 2022; Yang et al., 2017), and vocational/
interview skills and self-efficacy (Burke et al.,
2018, 2021). There were four immersive, and
four semi-immersive VR systems. In terms of
VR modes, two employed movement modes,
five used stationary modes, and one was not
clearly described in the report.

VR Intervention Design Considerations

As for research aim 3 of exploring emerging
themes to be considered in VR intervention
design, the following sub-sections synthesize
the design considerations for VR environments
and interventions according to three main
themes: feasibility, usability, and safety.

Design Considerations for Feasibility. Feasibility
involves the viability of implementing VR for
people with IDD in healthcare settings and its
potential to achieve the intended rehabilitation
goals. Bowen et al. (2009) examined feasibility
by studying economic, technical, operational,
and ethical aspects. This theme also explores
any obstacles that potentially make VR use
impractical for people with IDD. To examine fea-
sibility, this study considered previous studies’
completion rates and identified any obstacles if
individuals with IDD could not complete the
study tasks.

Session time/frequency. According to the
selected studies, a substantial majority of people
with IDD who initiated the VR session completed
the entire session. The studies conducted VR ses-
sions with frequencies ranging up to three ses-
sions per week, and the intervention period
varied from one-time session to six months.
McCleery et al. (2020) highlighted that a single
immersive VR session is highly feasible for

people with IDD. Each session duration varied
within the range of 15 min to 45 min in the
reported cases. Mills, Tracey, Kiddle, et al.
(2023) revealed that the average length of
one-instance usage was 4 min and 32 s, ranging
from a few seconds to 45 min when people with
IDD were given autonomy to freely engage with
VR on their own agenda and timeline.

Sensory  sensitivity  challenges.  Despite
showing a high completion rate in VR intervention
studies, two studies reported that people with IDD
refused to wear VR goggles (Ryan Oakes, 2022;
Zhao et al., 2022). These instances aligned with
earlier findings that individuals with IDD declined
the VR headset due to sensory sensitivity chal-
lenges (Roberts-Yates & Silvera-Tawil, 2019).
Neurodivergent populations often exhibit SPD,
which causes them to react to environmental
sensory stimuli with hyper or hyposensitivity.
There are different patterns of sensory dysfunction,
and particular conditions of head-mounted VR
headsets can cause people with IDD to experience
sensory sensitivity challenges.

Responding to the sensory challenges, Zhao
et al. (2022) adopted desensitization therapy a
week before the intervention. Desensitization
therapy is a psychological treatment designed
to help individuals manage anxiety and reduce
emotional sensitivity. This process gradually
exposes individuals to the situation in a con-
trolled and safe environment and involves
trained therapists to guide these incremental
steps. For successful participation, Ryan Oakes
(2022) also emphasized the role of certified ther-
apeutic recreation specialists in clinical judg-
ment and skills to moderate sensory stimuli and
guide headset usage.

Design  Considerations for Usability. Usability
regards how easily and effectively people with
IDD can use VR technology to accomplish the
sessions and achieve specific goals. This theme
encompasses users’ perceptions and experiences
when interacting with technology, including
ease of learning, intuitiveness, satisfaction, effi-
ciency, minimal errors, and so on (Kaminska et
al., 2022). This study also considers users not
only people with IDD but also the involved stake-
holders such as therapists and caregivers.
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Ease of use. Previous studies have examined
the usability of VR technology both quantita-
tively and qualitatively. McCleery et al. (2020)
implemented immersive VR for safety training
and reported that the System Usability Scale—
Autism Spectrum Disorder (SUS-ASD) scores
averaged 83.58% (SD: 12.49%; range: 52.5%—
100%), indicating good usability for ASD. This
result corresponds with previous studies’ findings
of high usability among children with ASD
(Halabi et al., 2017; Ravindran et al., 2019).

Repeated use is beneficial for people with IDD
to efficiently use VR technology. Several studies
reported that people with IDD first displayed dif-
ficulty understanding immersive VR; however,
the individuals got familiar with the virtual envi-
ronments and tended to show increased outcomes
with repeated use (Costa et al., 2020; Maskey
et al., 2014, 2019).

Personalization. 1t is recommended to person-
alize each experience for individuals with IDD to
meet their specific needs (Ryan Oakes, 2022).
Incorporating therapists’ guidance is crucial for
the personalization process. Suggested adapta-
tions include optimizing the VR controller for
intuitive use, differentiating control types for
hand and foot motions, providing cues for antici-
pated experiences, and employing a sequential
guide for tasks (Costa et al., 2020; Ryan Oakes,
2022; Shaker et al., 2019).

Perceived advantages. Navigating challenging
scenarios in a virtual setting is notably more man-
ageable compared to real-life situations.
Therefore, this aspect potentially fosters novel
treatment approaches (Ahn, 2021). When thera-
pists expand the complexity of the world in con-
trolled and safe VR environments, people with
IDD can practice their underdeveloped skills
while improving their therapeutic goals (Ahn,
2021). One study, moreover, demonstrated that
in-house caregivers were able to motivate
people with IDD to participate in activities
using VR technology (Lotan et al., 2011; Ryan
Oakes, 2022). This finding widens the spectrum
of the usability of VR technology.

Perceived satisfaction. According to Costa
et al.’s (2020) interview analysis and engagement
scale, people with IDD demonstrated positive
engagement responses to the VR system. In

addition to verbally expressing their fondness
for the VR during interviews, the children dis-
played satisfaction through smiles and positive
reactions. Parents noted an enhanced engagement
of their children during VR therapeutic exercises.
Despite the extra time needed for VR introduc-
tion, therapists expressed satisfaction and per-
ceived benefits of the treatments with the added
virtual element.

Design Considerations for Safety. Safety considers
any unfavorable events that can occur during
the use of VR. McCleery et al. (2020) addressed
potential safety issues associated with VR, such
as motion sickness, prolonged use, addiction,
and psychological impacts. Although no serious
adverse events were reported across the selected
studies, it is still critical to review the safety con-
cerns raised by researchers, people with IDD,
and/or their caregivers.

Motion sickness. Ensuring balance is crucial
for the safety of people with IDD. Especially in
the use of VR, it is important to minimize the
risk of motion sickness that can cause nausea, diz-
ziness, headaches, and disorientation due to
visual-physical mismatch and disorientation
(Kim et al., 2018). Motion sickness, also called
cybersickness, refers to a condition arising from
conflicting sensory inputs during VR use; in
other words, a discrepancy between what the
eyes see and what the body senses. Strategies to
minimize motion sickness include using postural
supports, maintaining the participant in a seated
position, limiting continuous exposure time to
the VR environment, and allowing the participant
to actively control their movement within the
virtual environment (Bryant et al., 2020).

VR Headset. Safety concerns also exist regard-
ing VR headsets. Caregivers’ concerns were
reported regarding the weight of the headset that
might cause discomfort, and potential falls or col-
lisions due to obstructed real-world vision (Costa
et al., 2020). To ensure safety and prevent acci-
dents, it is advised that VR sessions be closely
supervised by therapists. Previous research also
noted that some models are prone to damage or
breakage (Roberts-Yates &  Silvera-Tawil,
2019), so therapists and researchers should
analyze the VR model’s durability in advance.
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Cognition. The individual is aware that the
computer-generated environment is not real, yet
their body and mind react as if it were real
(Ahn, 2021). On the positive side, these simula-
tions can offer a safe, controlled environment as
a starting point for training or therapy for
people with IDD. Unlike traditional settings,
virtual environments are predictable, repeatable,
and free from the complexities of social interac-
tion. While this is promising, controversial con-
cerns about the psychological well-being of VR
users exist. On the other hand, some concerns
about disorientation and psychological safety of
VR users also exist. Some users might experience
disorientation such as depersonalization or disso-
ciation from reality, especially after prolonged
exposure. It is crucial to limit continuous VR
exposure, initiating sessions with a few minutes
and gradually increasing based on the individu-
al’s comfort. Monitoring discomfort indicators
such as dizziness or nausea and incorporating
breaks  between  sessions is  essential.
Supervision by therapists or caregivers during
these sessions becomes pivotal for managing the
individual’s response to the VR experience
(Bryant et al., 2020).

Discussion

Existing evidence supports that VR interventions
are promising for enhancing rehabilitation out-
comes among people with IDD. VR technology
was implemented for the improvement in physi-
cal domains (e.g., balance, motor skills, and
engagement in physical therapy), cognitive/emo-
tional domains (e.g., perception, attention,
emotion recognition, sensory processing, and
coping with phobia and anxiety), and functional
independence domains (e.g., social communica-
tion, interaction, vocational and interview skills,
and self-efficacy). The previous studies provided
design considerations, which fall under the feasi-
bility, usability, and safety themes.

Design Implications

This study’s ultimate aim was to provide recom-
mendations for designers and researchers in creat-
ing therapeutic environments using VR

technology. The insights from previous research
are made into design implications that help
create effective, usable, and safe VR interventions
for individuals with IDD as shown in Table 7.

While these implications provide a starting
point for VR environment design, it is crucial to
acknowledge that the selected studies have limita-
tions. There is a limited number of RCTs, and
92% of empirical studies involved small sample
sizes of fewer than 50. To address these limita-
tions, future studies should conduct larger-scale
investigations to validate the inconclusive find-
ings related to VR effectiveness for people with
IDD.

Additionally, the suggested design implica-
tions should be applied with the awareness that
VR is a relatively emerging technology with fea-
tures fast changing. Its dynamic nature introduces
an additional layer of ethical considerations. For
instance, VR research must take into account
privacy and confidentiality because VR applica-
tions may collect sensitive information (Bryant
et al., 2020). During the informed consent
process, participants need to be sufficiently
informed about this aspect. It is important to
avoid creating unrealistic expectations that this
new technology may lead to complete recovery
of function.

It is also beneficial to acknowledge VR tech-
nologies’ heavy reliance on visual and auditory
information while supplementary support on
tactile information offers novel methods for stim-
ulation, enhancement, or augmentation. For
instance, haptic vests, gloves, and suits can
provide tactile feedback, allowing an alternative
dimension of environmental awareness for
patients with visual and hearing disabilities.
Further examples include non-invasive corneal
stimulation, transcutaneous stimulation, devices
like OrCam MyEye, and a haptic vision system
(Shull & Damian, 2015). Future studies can
further explore the application of these technolo-
gies to assist people with IDD associated with dif-
ferent types of sensory challenges.

Lastly, the design implications suggest involv-
ing therapists in diverse stages of VR application,
from inspecting the device to operating it with
people with IDD. It is important to emphasize
that therapists play a vital role in delivering VR
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applications and to counter any misconceptions
that VR can replace the expertise of qualified ther-
apists (Bryant et al., 2020).

Conclusion

As interest in VR technology continues to grow,
there is an undeniable need to integrate VR inter-
ventions into healthcare settings to enhance reha-
bilitation outcomes. This systematic review
provided a comprehensive summary of evidence
of VR’s effectiveness in improving physical, cog-
nitive, emotional, and functional independence
outcomes for people with IDD. This review also
identified key considerations for future VR inter-
vention design in terms of feasibility, usability,
and safety. While these findings offer promising
insights for future research, it remains imperative
to adjust recommendations as technology
evolves. Furthermore, considering the selected
studies’ quality and quantity in the current
review, conducting high-quality, larger-scale
investigations is beneficial to validate and gener-
alize the findings to a broader population.

Implications for Practice

1. VR interventions using immersive (e.g.,
VR goggles) or semi-immersive setups
(e.g., large monitors) have demonstrated
positive therapeutic outcomes for people
with IDD in previous studies.

2. Prior to implementing VR interventions,
therapists and researchers should conduct
a comprehensive analysis of the VR
model’s durability. Additionally, incorpo-
rating desensitization therapy, guided by a
therapist, is essential to address the
sensory sensitivity challenges of the
target population.

3. To enhance feasibility, it is recommended
to adhere to session time limits, not exceed-
ing reported durations (as observed in the
selected literature, typically up to 45 min).
Continuous exposure should be avoided
to prevent potential negative effects such
as discomfort or fatigue in participants.

4. To promote usability, consider repetitive
uses and personalization features to tailor

the VR experience to individual prefer-
ences and needs.

5. To ensure safety, VR modes should be
designed to allow individuals with IDD
to be seated while actively controlling
their movements in VR, all under the
supervision of therapists and/or caregivers.
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