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Purpose: The purpose of this study is to examine the validity and usefulness of virtual
reality (VR) for speech therapy by bibliometrically analyzing a large body of research
literature on the application of VR in rehabilitation-related treatment fields. Additionally, it
aims to provide guidelines for future VR speech therapy.

Methods : The bibliographic information of 37,522 and 5,040 articles extracted from Web of
Science (WoS) and Korea Citation Index (KCI) databases, respectively, was bibliometrically
analyzed using VOSviewer. We searched WoS and KCI for articles containing virtual reality
or ‘virtual-reality’ in the title, keywords, and abstract. For rehabilitation, international
sources were searched with the category option ‘rehabilitation,” while domestic sources were
searched using keywords such as ‘rehabilitation’ or ‘intervention’ or ‘therapy, resulting in
1,336 and 340 bibliographic records, respectively. The collected bibliographic information was
analyzed and visualized for keyword co-occurrence frequency using VOSviewer.

Results: In international VR research related to rehabilitation, the keywords VR,
‘rehabilitation,” ‘stroke,” ‘balance,” and ‘upper-limb’ appeared with the highest frequency.
In Korea, the most frequent keywords were VR, ‘stroke, ‘upper-limb function, ‘ADL’
‘AR,” ‘balance, and ‘depression,” in that order. Both international and domestic VR-related
research showed an increasing trend. In international research, studies on education and
rehabilitation accounted for a large portion. Both domestically and internationally,
research on VR related to language rehabilitation was relatively scarce compared to other
rehabilitation domains.

Conclusions: In the future, VR will be more integrated with speech therapy areas,
following current trends, related research will be more abundant and enhanced.
Subsequently, dedicated VR apps for speech therapy will need to be developed and their
effectiveness verified.
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7P AA(virtual  reality: VR 9m & AEFolA
(Brunner et al., 2016; Kim et al., 2005), X]&(Carragher et
al., 2021; Kim & Park, 2013; Marshall et al., 2018, 2020),
W2{Lorenzo et al., 2013; Strickland et al., 1996) ¥ o
Hopo] E#H(Kelly et al, 2023; Park & Ma, 2022)& 95t
E9% EHE(immersive platform} AFgch. VRS AEA
o off 7 HE B AP 97 A=Y Fefold H
ofubAl AARto®E 7MY} A ARAEE o e EEE A
F3it.
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VR HIEQY dAIF yaEdolRE EUE wE Bz
Y tfAZFo|(head mounted display: HMD)7HA] theFslA 1
£ 4 =, H2 EAE qudd AECEE HMDE oE
o 209 AP H(mixed reality: MR) 7171Q1 HER FHAE
3(Meta Quest 3, Meta Platforms, Inc., 2023)3} ofiZAre] H]
A ZZ(Vision Pro, Apple, 2024)7} Qltt. &9& VR A2
< AA A A4 9 HZ dES HiAlteS AAE
HMDE &oi4 o5 #7F fuws Algsiay 52 A 7|5
< ol AR R TME AlAIRE deEeE E
Q=E &K Bryant et al., 2019).

EQF VRS ASAE wHAlof met 7ol Aol AlgH
o2y ASAEsH= 190 7MISH(single-user  virtual
environment: SVE)# ¥ 9 oldat FAlo| HTAES Sh=
o0s AR 7MY (multi-user  virtual
MUVE)eE s 4 SQthPackman & Meredith, 2011;
Rutten et al., 2003). & 98 EFolA A9 omlels 7MY

environments:
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A2 HA(H33H H23)

oA EHFog Aojsl, &4, 24Y, B3 52 59
mg ot AREAeE A ABSHA EckRutten et al,
2003). 59l tE AMA IEHOIAQl MUVE 49l VR
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T S MRS AgciH, tE AREE T dsEEsia
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Ze As5AE(nteraction) 71& 59 WHOE VRS ARA
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1998)21 A presence) AARITH
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(Snider et al, 2010), FIAR, UAAXZE(Manera et al.,
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(Kandalaft et al., 2013; Manivannan et al., 2018, Rutten et
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BHE etoly] $ote] =9 B2 Web of Science(WoS)
g FHE HolHHelAE, FU 282 F=gheX el
(Korea Citation Index: KCI) do]ElHo]AS o]gslo] A|Z]A

S 77t £-01990 WoSe AAIFeR 71 Al=ib:= e
45 dolgHo|ARA AFARTY AolA 3] ol&En
ATHLi et al, 2023). HTh 9435 =RES AHMslr| Qo)A
AX  dolgWo]lA  REE  SCIE(Science Citation Index
Expanded),  SSCI(Social  Sciences Citation Index),
ESCI(Emerging Sources Citation Index), A&HCI(Arts &
Humanities Citation Index)Z HHsI¥Y £319 4L sh&
=R (article) 22, loj= FolE ARt £99 AL, 7]
=, 2E9 virtual reality T ‘virtual-reality & ZE3ol=
THEY MAFEE 5] Aol HM FHZ Topic o2
Aot A Ak 37,5229 =7 AAHEI} FEEU
o} o] FoA Y Eolo VR AT TS AWHET] gt &
Aoz WoS9 #HM ZAnpEAMolx 7iH|1l2lE ‘Rehabilitation’
o=z Mesto] Ay TAH 1,336HY MAFERE HEz F
Z5M¥ HFigure 1).

Fublications identified Web of Science database searching
(SCIE, SSCI, ESCI, A&HCI)

1. Retrieval mode: Advanced Search

2. Retrieval strategy: (TS={virtual reality}) OR
TS=(virtual-reality)

3. Retrieval time 2024/03/01

1. Retrieval timespan: 1987 ~ 2024/03/01
2. Documet types: Articles
3. Language: English

37,522 publications were preliminarily identified for
further screening

1,336 publications | the ‘Rehabilitation’ category
(WOSviewer keyword network analysis)

Figure 1. The specific data retrieval process of this study
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= <total link strength),
yean @2 E-&sto] EASITH

{occurrences), <(Avg. pub.

. ¢ Zm
1. 290 JHAKA B FI9IE HEYT 24

1987WRE 2024E7HA] WoS tloJgf#o]A] VR AT =&
9] A BERE Figure 20 AASIGTE VRO #3t A4 =
79 4= 198740 AAE 18 AZCR 20199 2,853W
71do® §435] F7IsSith. 1 mo] FolE AuEd W AF
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R =2 A9 107019 S9AEE 7I19EE Table 19 Al
Alstgitt. 7Fg 2ol &g A9 3719 7195+ ‘metaverse
(B4 2022.8¥), ‘covid-19(F+ 2021.84), ‘engagement(d
& 2021.19)old, 7Rg oF"  s9 3HY AT
‘operating-room(¥+ 2013.24)’, ‘acquisition(Hw 2014.7
), ‘simulator(FvF 2014.84) o] ct.

AT =2 AY 101749 ZI1¥=Eo] ‘speech’9}
‘language’s EFEA| AQtOoH ‘communication’'d 7|¥=7}
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Table 1.

Cluster of keywords
occurrences (all VR-related WoS data)

and

total

strength,

Cluster Keyword Total link strength Occurrences
Virtual reality 43,208 18,913
Environments 7,451 2,031
Reality 4,853 1,767
Perception 4,114 1,473

| Experience 4,081 1,215
Behavior 2,778 896
Visualization 2,189 881
Virtual environment 2,577 878
Information 2,179 753
Navigation 1,966 735
Anxiety 4,389 1,157
Children 4,629 1,136
Exposure therapy 3,494 1,010
Therapy 3,374 808

) Pain 2,411 682
Health care 2,453 659
Management 2,059 649
Stress 1,872 520
Metaanalysis 1,970 501
Fear 1,654 476
Rehabilitation 7,141 1,713
Games 4,994 1,304
Stroke 5,462 1,276
Balance 3,127 707
Reliability 2,890 658

3 Exercise 2,584 564
People 2,159 497
Recovery 2,238 479
Upper-limb 2,199 478
Working 2,021 477
Augmented reality 6,962 3,279
System 4,556 1,530
Design 3,876 1,478
Technology 4,838 1,414

4 Impact 3,839 1,123
Mixed reality 1,886 752
Students 1,841 529
Communication 1,479 492
Framework 1,336 438
Internet 844 408
Simulation 7,419 2,776
Performance 8,662 2,499
Education 7,152 2,321
Validity 5,455 1,428

5 Training 3,886 1,157
Surgery 3,321 1,078
Skills 3,240 893
Feedback 1,564 450
Simulator 1,462 442
Acquisition 1,426 402
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12 VRY EA(virtual reality(7,9063]), ‘augmented
reality(1,0343]),  ‘environment(9343]),  ‘reality(9093]),
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Qct. WhH, 20209 o]Fole A 12 WE(virtual
reality(11,0073])’, augmented reality(2,2453]),
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children(6872))  5), Z#2H 32 VRY EA
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perception(8262]) 5)2& & 3719 SHAEV} TECF.
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Table 2. Cluster of keywords and total link strength,
occurrences (WoS data related rehabilitation)

Cluster  Keyword Total link strength Occurrences
Rehabilitation 3,285 597
Stroke 2,680 465
Upper-limb 1,231 200
Recovery 1,033 165

1 Therapy 977 165
Reliability 1,043 162
Arm function 485 75
Movement 409 74
Feedback 317 51
Hand function 303 51
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A2 HA(H33H H23)

Virtual reality 4,535 937
Children 883 168
Individuals 701 112
Cerebral palsy 670 110
) System 478 83
Technology 354 74
Adults 362 72
Adolescence 396 67
Autism 253 59
Exposure therapy 247 52
Balance 1,278 204
Exercise 1,075 177
Games 1,023 165
Working 740 121
People 717 119
3 Walking 461 83
Postural control 470 78
Older-adults 442 71
Physical-activity 325 62
Program 365 58
Performance 714 125
Validity 669 113
Environments 627 111
Reality 490 93
Impairment 405 71
4 TBI 317 55
Attention 196 42
Brain-injury 254 42
Efficacy 255 42
Task 228 39
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Figure 11. Map based on KCI VR article’s bibiliographic data
related rehabilitation or intervention or therapy with VOSviewer
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Table 3. Cluster of keywords and total link strength, occurrences,
average publication year (KC| data related rehabilitation or
intervention or therapy)

Cluster Keyword 1:;2;;1;11( Occurrences Avie ;)rub
Metaverse 6 9 2022.3
Artificial intelligence 8 8 2021.2
4th industrial revolution 9 6 2020.2
Psychotherapy 6 6 2018.3
Special education 16 6 2017.3
Disabled student 5 3 2020.3

1 Rehabilitation exercise 5 3 2017.7
Virtual 3 2 2017.5
Consulting 2 2 2019.0
Reality 3 2 2017.5
Speech therapy 5 2 2019.5
Recognize 4 2 2017.5
Intervention research 4 2 2020.0
Cognitive function 33 13 2020.5
Intervention 23 12 2019.2
VR therapy 1 8 2018.0
Digital therapeutics 8 6 2022.7
Occupational therapy 13 6 2021.5

2 Presence 3 4 2017.0
Dementia 4 4 2020.5
Anger control 6 3 2018.3
glc;grr;g;ve behavioral 5 3 2019.0
Mixed reality 3 3 2022.7
Balance 40 17 2017.4
Rehabilitation 22 8 2016.5
Mild cognitive disorder 11 6 2018.8
Disorder 4 2015.8

3 Content 3 2018.0
EEG 2 2019.0
T s
Convergence 4 2 2017.5
Autistic disorder 16 8 2018.4
Intelligence disorder 13 8 2020.3
Communication skills 8 4 2020.5

4 COVID-19 2 4 2020.5
Virtual environment 5 2 2015.0
Body function 4 2 2017.0
Executive function 6 2 2018.0
Stroke 134 61 2017.9
Hi‘(’;ron extremity ¢, 24 20184

5 Activities of daily living 53 20 2019.1
Cognitive 14 7 2020.3
Hand function 2 2019.0
Clinical usefulness 2 2016.0
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Older-adults 10 8 2016.9
Cognitive rehabilitation 12 5 2020.0
VR content 1 4 2021.5
° Fall 7 2 2016.5
Image recognition 3 2 2018.0
Episodic memory 1 2 2020.5
Therapy 12 8 2018.4
Mental health 8 4 2021.5
Adolescence 8 4 2019.3
7 ADHD 3 2 2019.5
Virtual space 3 2 2015.5
Self-identity 3 2 2015.5
Depression 28 15 2019.5
Quality of life 21 8 2020.1
8  Art therapy 3 4 2019.8
Virtual reality program 6 2 2019.5
Human relationship 2 2 2016.0
Hmd 6 5 2016.4
Exposure therapy 5 4 2017.3
? Presentation anxiety 4 4 2020.0
Treatment 3 2 2020.5
Virtual reality 263 180 2018.9
Radiation therapy 2 2 2019.0
0 Visual feedback 2 2 2021.5
Drama therapy 1 2 2018.5
Game 25 12 2015.6
1 Immersion 4 2 2019.
Stress 2 2016.5
Physical disability 3 2 2017.0
Developmental disability 10 4 2021.3
Realistic content 8 4 2022.5
= Job training 7 2 2022.0
Behavior analysis 7 2 2022.0
Simulation 7 6 2020.2
13 Nurse education 8 5 2021.4
Education 4 3 2021.7
Augmented reality 32 18 2017.0
14 Walking ability 15 8 2012.6
Learning disability 2 2 2019.0
Usability 3 2 2016.5
P Emotion 1 2 2014.5
Rehabilitation treatment 6 4 2017.5
10 Brain lesion 2 2 2017.0
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Figure 12. Overlay visualization based on KCI VR article’s
bibiliographic data related rehabilitation or intervention or therapy
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