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Abstract

Background: Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental condition characterized by
attention problems, excessive physical activity, and impulsivity. ADHD affects not only the patients but also their fami-
lies. The development and use of technologies such as virtual reality (VR), augmented reality (AR), and mixed reality
(MR) for ADHD has increased over recent years. However, little is known about their potential usefulness. This over-
view aimed to clarify the current knowledge about the use of these three innovative technologies for the diagnosis
and treatment of children with ADHD.

Methods: This overview was conducted using the PubMed, Web of Science, and Scopus databases until January
24th, 2021. The following descriptive information was compiled from the identified studies: country, year of publica-
tion, sample size, study design, ADHD diagnosis methods, applied technology, hardware equipment, clinical target,
and main findings.

Results: The initial database searches yielded 409 articles, but 103 were removed as duplicates. Eventually, 30 eligible
studies remained for analysis, the majority of which were case-control (n =22, 73%). Regarding the applied technol-
ogy/hardware equipment, VR (n = 27; 90%), head-mounted displays (n =19, 63%), VR-based continuous performance
tests (VR-CPT) (n =21, 70%) were most frequently used. Most studies (n =21, 70%) used the DSM criteria for the
diagnosis of childhood ADHD. They primarily evaluated the utility of these technologies in assessing ADHD symptoms
(n=10, 33%) and improving the ADHD diagnostic process (n =7, 23%).

Conclusion: This comprehensive overview evaluated the studies on the use of VR, AR, and MR technologies for
children with ADHD. These technologies seem to be promising tools for improving the diagnosis and management of
ADHD in this population.
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a
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[2]. ADHD affects approximately 4—12% of school-aged
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children worldwide [3, 4]. It is a syndrome characterized
by a short attention span, impulsivity, and hyperactiv-
ity that often lead to multiple behavioral problems [5].
ADHD is classified into three categories of combined
ADHD (highest prevalence), impulsive/hyperactive
ADHD, and inattentive/distractible ADHD [6].

ADHD causes primary and secondary complications
such as a lack of self-confidence, relationship malad-
justment with friends, and incompatibility with social
and academic environments [7, 8]. It is also associated
with heavy healthcare costs since it increases the risk of
major disorders such as depression, bipolar disorder, and
anxiety in the patients [9]. ADHD can also contribute to
hypertension, obesity, diabetes, asthma, migraine, epi-
lepsy, and dyslipidemias [10]. Therefore, it is essential to
properly diagnose the symptoms of this disorder and take
effective measures to ameliorate the main symptoms and
other clinical comorbidities [11].

Medication and cognitive-behavioral therapy (CBT)
[12] are the primary treatment options for ADHD. Psy-
chopharmacological treatment such as the prescription
of methylphenidate is not always effective and may have
serious side effects [13]. Low medication adherence is
another common problem among children diagnosed
with ADHD [14]. CBT involves targeted cognitive and
behavioral therapeutic measures used for the treatment
of multiple psychosocial disorders. In effective CBT,
patients must have several sessions with a therapist who
specializes in ADHD [15]. Other treatment options such
as memory, speech, and family therapy are also effec-
tive in diminishing the adverse impact of ADHD symp-
toms on children [16, 17]. Unfortunately, these primary
treatment options have potential limitations, such as
medication side effects, lack of behavioral improvement,
high costs, and major time commitments [18, 19]. In the
treatment of children with ADHD, it is essential for the
children to learn self-control and how to make and keep
friends while developing a good sense of self-esteem [20].

Recently, technological advancement has enabled the
use of mobile phone applications, telemedicine, com-
puter/mobile games, continuous performance tests
(CPT), virtual reality (VR), and augmented classroom
simulators for ADHD diagnosis and treatment [21-23].
VR is a state-of-the-art, technologically advanced system
that simulates three-dimensional (3D) environments in
which an individual can become fully immersed and have
a realistic experience [24—26].

Augmented reality (AR) is a subset of VR consisting
of real-world features, digital information, and elements
that enable users to interact with virtual objects and view
the physical environment [27, 28]. VR transmits infor-
mation from the physical environment to an entirely
virtual world, whereas AR merges virtual objects into a
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real-world environment [29]. Consequently, VR allows
users to feel psychologically immersed in a virtual envi-
ronment, while AR provides an environment to let users
interact with virtual objects in the real world [30]. Mixed
reality (MR) falls somewhere between AR and VR as it is
a mixture of actual and virtual reality whereby the user
can observe the real world as in AR and observe realis-
tic virtual objects as in VR [31, 32]. In other words, MR
allows the users to interact with virtual elements within
their real-world experience [33].

Several studies have indicated that VR and AR tools are
remarkably effective in the promotion of general health,
mental health treatment, and diagnosis [34, 35]. VR, AR,
and MR have been integrated into the treatment of vari-
ous mental disorders. For instance, a study by Smith et al.
[36] demonstrated that VR could be used for the reha-
bilitation of patients with schizophrenia. Mclay et al. [37]
reported the application of VR for the management of
posttraumatic stress disorder (PTSD). Lee et al. [38] and
Magrini et al. [39] also employed AR and Liu et al. [40]
used MR to improve the symptoms of children with the
autism spectrum disorder.

These technologies provide a virtual environment that
allows individuals to experience various situations that
may be difficult or even impossible to deal with in real-
ity; as such, they are more effective and safer than tradi-
tional treatments [41]. In these environments, users can
develop different skills and a greater understanding of
their problems, which helps them to better control their
behavior in similar real-world situations [42, 43].

VR, AR, and MR technologies are particularly effective
with the design of attractive virtual environments that
engage and increase users’ attention. Several studies have
explored the use and effectiveness of VR, AR, and MR
technologies in the treatment and diagnosis of children
with ADHD [44—46]. This study aimed to compile and
describe these studies.

Materials and methods

First, we searched for relevant articles on ADHD pub-
lished until January 24th, 2021, and available on PubMed,
Web of Science, and Scopus. The articles were retrieved
using various keywords, including ((virtual reality) OR
(augmented reality) OR (mixed reality)) AND ((attention
deficit hyperactivity disorder) OR (ADHD)). The terms
included in the search based on the PICO guideline are
presented in Table 1.

Articles were selected in accordance with the PICO
guidelines as follows: P-population (children and adoles-
cents aged 4-18years diagnosed with ADHD), I-inter-
vention (using VR/AR/MR for ADHD diagnosis and
management), C-comparison (VR/AR/MR intervention
group vs. control group or groups before and after VR/
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Table 1 Key Search Terms

PICO Key Search Term

Population (attention deficit hyperactivity disorder) OR (ADHD)

Intervention (virtual reality) OR (augmented reality) OR (mixed reality)
Comparison Based on the inclusion and exclusion criteria

Outcome Based on the inclusion and exclusion criteria

AR/MR intervention), and O-outcome (the main out-
comes of VR/AR/MR interventions).

The inclusion criteria were being written in English,
with a focus on VR, AR, or MR in ADHD patients, and
recruiting patients younger than 18years. Publications
were excluded if they reported no data on VR, AR, and
MR outcomes, if they were unavailable in full text, and if
they were reviews, abstracts, notes, protocols, letters, or
editorials,

Quality assessment

Two independent reviewers (Saeideh Goharinejad and
Samira Goharinejad) assessed the methodological qual-
ity of the studies based on the Joanna Briggs Institute
(JBI) [47]. The JBI has different checklist items for each
study design, i.e., case-control, cross-sectional, case stud-
ies, and randomized controlled trials. It also evaluates
the extent to which a study addresses the potential biases
in different aspects of research (e.g., sample size, study
design, study procedure, confounding factors, and data
analysis) [48].

Results

Initially, 409 articles were retrieved from the afore-
mentioned databases. After eliminating 103 duplicates,
306 articles remained, the titles and abstracts of which
were screened by two authors independently (Saeideh
Goharinejad and Samira Goharinejad). Disagreements
were resolved by consulting a third author (Sadrieh
Hajsmaeel-Gohari). At this stage, 250 articles were also
eliminated as they did not meet the inclusion criteria.
Following that, the full texts of the remaining 56 articles
were screened by two authors independently (Saeideh
Goharinejad and Samira Goharinejad), and 26 articles
were eliminated based on the exclusion criteria. Finally,
30 articles were selected for the final review (Fig. 1),
and the same two authors independently compiled the
descriptive data collected from these articles. This data
included the first author’s name, year of publication,
country of publication, sample size, study design, ADHD
diagnosis methods, clinical target, type of applied hard-
ware technology, type of applied VR, AR, or MR technol-
ogy, and significant findings.
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Twenty-five articles were published after 2010 (83%),
10 (33%) in 2020, four in 2018 and 2019 (13%), and three
between 2009 and 2016 (10%) (Fig. 2). In terms of coun-
try, the most articles were published in Spain (n=7;
23%), the United States (m=4; 13%), and Israel, Korea,
and China (all with n=3; 10%) (Fig. 3).

In total, 2378 participants were enrolled in the selected
studies with ages ranging from 4 to 18years. The majority
of the participants were male (n=1687; 73%), while two
studies did not specify the gender of the participants. The
number of the studied patients varied from case studies
(n=2;7%) to larger samples of > 100 patients (n="7; 23%)
(Table 2).

Twenty-two studies (73%) were case-controls, three
(10%) were cross-sectional, two (7%) were case studies,
two (7%) were quasi-experimental, and one (3%) was a
randomized controlled trial (Table 2).

As for the method of ADHD diagnosis, patients had
been diagnosed based on the diagnostic criteria of differ-
ent versions of the DSM (DSM5 and DSM-IV) in most
of the studies (n=21; 70%). Three studies (10%) did not
mention the method of ADHD diagnosis. In the remain-
ing studies, inclusion in the ADHD group was based on
interviews with parents and children, parental confir-
mation, or psychiatrists’ and clinical centers’ diagnoses
(Table 2).

With respect to hardware, most of the studies utilized a
head-mounted display (HMD) (n=19; 63%), while others
used different 3D glasses, computers, headsets, motion
sensors, and robots (Table 2). In terms of the applied
technologies, from the 30 studies (n=27; 90%) utilizing
VR, two studies used AR (n=2; 7%) and only one study
employed MR (n=1; 3%). Notably, these studies used a
VR classroom continuous performance test (VR-CPT)
(n=21; 70.0%), a VR classroom (VRC) environment
(n=3; 10%), games (n=2; 7%), web-based VR (n=3;
10%), and an AR robot (z=1; 3%) (Table 2).

The clinical objective of 10 studies (33%) was to evalu-
ate the utility of these technologies in assessing ADHD
symptoms, while seven studies (23%) focused on improv-
ing the ADHD diagnostic process (Fig. 4). In the current
review, we found several studies that employed various
types of VR, AR, and MR technologies, such as VR-CPT,
VRC, web-based AR, and MR games, for the manage-
ment of ADHD symptoms (n=12; 40.0%). These studies
included improving concentration (n=38; 27%) by cog-
nitive therapy [44, 62, 76], eye contact training games
[46], memory training [57], and controlling a robot’s
movements [45], These studies also focused on the use
of VR technologies to improve academic achievement
[54, 77], and in improving reading and spelling skills of
children with ADHD [73]. In addition, some research-
ers attempted to assess the effects of medication (n=2;
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Records identified in
PubMed: 77
Web of Science: 152
Scopus: 180
(n=409)

A

Records after removing
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A

Title and abstract
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AR and MR, review or
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screening (n=306)
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overview
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Fig. 1 Flow Chart of Data Collection and Analysis

A 4

Without VR, AR and MR,
without published full text

6%) [68, 72] and memory capacity (n=1; 3.%) using these
technologies [72] (Fig. 4).

Significant findings

Most of the reviewed studies (n=28; 93%) reported
that using VR/AR/MR tools helped meet at least one
of the clinical objectives of the study. Six of the seven
studies (86%) regarding the efficacy of VR/AR/MR
technologies in diagnosing ADHD found these tech-
nologies to be helpful. Similarly, eight of the nine stud-
ies (83%) assessing the ability of these technologies to

manage ADHD symptoms found they were beneficial.
Using VRC technology, Blume [54] found no differ-
ence between proximal and distant seat location on
learning outcomes. Tosto [73] reported that training
with and without AR had the same outcomes in terms
of improving the spelling and reading skills of children
with ADHD.

Quality of evidence
Additional file 1 contains the critical appraisal of the
reviewed studies. Overall, most of the studies (7 =28; 93%)
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had a fair quality, and only two studies (7%) implied low/
moderate quality. On the other hand, most of the studies
(n=24; 80%), especially case-control and cross-sectional
studies, had limitations such as not evaluating the con-
founding factors and strategies to manage these factors.

Discussion

Recently, VR, AR, and MR technologies have become
increasingly accessible to medical researchers seeking to
improve diagnostic, therapeutic, and preventive meas-
ures for patients with mental disorders [78, 79]. In par-
ticular, there has been a growing interest in the use of

these technologies for the diagnosis and management of
children with ADHD. We conducted a systematic search
of the literature focusing on this topic.

According to our findings, VR-, AR-, and MR-based
tools can be developed to improve the diagnosis and treat-
ment of children with ADHD. Most of the reviewed studies
(90%) revolved around the use of VR. Since MR technology
is still in the developmental stages, most of the studies con-
cerning its use are generally descriptive and published in
lower-ranking academic journals as opposed to the studies
concerning VR and AR [80]. Overall, VR appears to be a
more promising technology than AR and MR for clinical



Page 6 of 13

(2022) 22:4

Goharinejad et al. BMC Psychiatry

-aWal SAINUB0D YA YL

'saInseaw (lll-1dD)

1dD PIBPUEIS YlIM 31|2110D
So|qeleA | dD-DYA swil
J3A0 UONUS)IE UlRIsns 01
AJ|Ige Y3 SSasse 01 poyiaul
S|qell e st | dD YA
‘Aoeindoe 9468

0} duewlloylad [euonuane
Pa2UBYUS JUSWUOIIAUD

1dD DHA
/AWH

1dD DHA
/AWH

10G0Y 'Yy/10q0Yy
uun Buissadold uun

uoneilusouo)

swordwiAs
AHQVY JO 1UBWISsassy

syuased pue
UIP[IYD UM SMIIAIDIUL-
AI-WSd-

(S4dD) 3|eas bul

-1eY 1USJed SISUUOD) Y-
syuased pue

UIP[IYD UM SMIIAISIUL-
AIFNSQ-

QL=u

:dnoib AdesayroydAsd
‘9] =u :dnoib arepiuayd
-|Ay1owl) uosiledwod

(9L =u:gHay yum
ualp|iyd) [eruswiiadx3y
[BLI] [0J3UOD) pazZILIOpURY

QL=u

]013U0D) uospeduwio)
(0z=Uu gHay pim
u1p|Iyd) [eruswiadxg
|01IUOD) BB

AHAY Yyam uaipiiyd

124 HO0L ‘W L)
o/A(L1=2)"1§=U

(W9€)
0/k(01-2) 9 =U

Tyl
30Ul ‘8107 e 12 dejnolg

es]
ddUuRI4 ‘710T “[e 19 DB[NOIg

syl

yY Ue ul10qoi e bul||oauod) uonIsINbOY ‘sasse|5/yy UOI38JIUDUOD) payluspl 10N Apnis aseD) o/k(8-9) y=u A|e11 ‘020z '|e ‘1o erecy
"A2BINDDR %4t/ YUIM SWIIY
asuodsal pue ‘Adeindde 9408
UM SIOLI3 UOISSILILIOD
‘A5RINJDE 9498 YIIM SIS
UoISSILO | dD-YA s1d1paid 1dD™YA/sauoydpeay 0SL=u
9|BDSQNS UOIIUSIBUI UOIL  PUP SIOSUSS UOOW YIIM swordwiAs :gHAY yum uaipjiyd (H9¢ 'WL1) [zs)
-eAIDSQO QHQY HYA3 paddinba sasse|b (g€) QHQY JO 1UBWISSasSY S-INSQ- [BUOI1935-5501) 0/K(91-5) 0GL=U  uleds ‘0z0T “|e 12 Sedauy
‘dnoib 8s=u
AHQYV 241 10} 968 pue |03Uu0D) uosuedwod
dnoib [013u0d By} 10§ %99 (06 =U:gHQAV Yyum
40 91kl uonesyIsse|d e pey 1dD YA uaIp|iud) [EIUSWILRAXT (HTT'W99) L8]
1dD-YDA UO SIOLID UOISSILQ /s9sse|b [enuIA Q€ aHay Jjo sisoubeig S-INSa- |0J3U0D) ‘35eD) 0/K(91-9)88=U  UIedS‘g|0T e 13 sadauy
‘A322.1102 syuedidipied
pauIquod HAY JO %05 (87 :]011u02) uospedwod)
pue |011U02 JO %09 Payls (ce=u‘pauiquod gHaY
-Sed | 4D plepuels ‘A[1da1i0d 67 =U:aQHQAV H/I
syuedidpled pauiquiod 1dD DYA /sauoyd gr=u
AHAY J0 %/S pue [01U0S - -peay pue siosuss uonow ‘dHAy sAnuUseul) (el (4£2T'W06) [0s]
0 96/9 PaYISSeP LdD DYA Yum paddinbs gwH dHay jo sisoubeig S-WSQ-  -uswuadxg joluo) ‘ased 0/ (91-G) ZLL=U  uledS9l0Z “[e 13 sedary
OL=u
(%69 SNSIDA uofewIyuod Juaied- {|0J3u0D) uosieduwod)
9%88) LdD piepuels ueuy el LdD DHA suepisAyd oelpad 61 =U'QHAV Ym
uonedyIsse gHAY Ja1sq /losuas bupydei-peay 10 sjeuolssajoid uaIp|Iyd) |eruswadxgy (NSE) 6¥]
||BIDA0 UB SBY | 4D DYA "WR1SAS SWOp suawin|g aHay Jjo sisoubeig Yi|eay |eaus pasuad||- |0J3u0D) ‘3seD) '0/K (#1-8) S€ VSN ‘600¢ '|e 19 swepy
ABojouyday jo adAy SpPoYIdN ‘x3s ‘aby
sbuipul4 Juesyiubis ‘ABojouy>3} asemp.ieH 19b4e] [R21LID sisoubeiq gHAv ubisag Apnis  ‘syuedidiried Jo ;aquiny ERTEIETEN|

dHQY Yum u1piyD J0j pasn YN PUB g YA T 3lqeL



Page 7 of 13

(2022) 22:4

Goharinejad et al. BMC Psychiatry

1dD DHA Buunp
SUONIPUOD UOIDRIISIP OU
pUB UOIDRAISIP Ul S|0JIUOD
UBY] SIOLIS UOISSIWO 2J0W
el HAVY YiMm sjusiied
$3102S 3|gelI_A ISI¥IRYD
loineyag pliyd pue ‘sjess
Buiiey 1uaied SISUUOD YL
‘LdD pJepuels Ylm 91e|2410D
$91025,539|CBLEBA | 4D DYA
'$101DBJISIP SB S9ND [B1DOS
pUE J3y2ea) 9y} JO 9duasaid
9Y1 Ul | dD™DYA UO SodueWl
-lopiad 9|qesedwod UgIyYxa
sdnoib j0iuod pue gHAQY

“Jusuleal) |edibojodeweyd
INOYIM PUB YIM UIP|IYD
Bunenuaiagip ut 1dD ple
-puels Uey14anaq sl [dD YA
“UOJIUDIIE PaUIRISNS Ul
sjuawaAoidwl [erueIsgns
01 P3| YA buisn

Buluies Alowaw BUBIOM

'S|0J3U0D Y1
Se sUoIsl||0d Auew se 9dIM}
pue A134es JO uibieu Jamo|
€ pey aHAVY Yim sjusiied

1dD

PJePURIS 941 UO SDURWIOJ
-1ad s1uaiied ay1 panoidul
Buuel) SAIUDOD YA

1ayoea)
9Y3} WO JURISIP 'SA 01 350|D
p31e3s 950U 10} 121197 J0u
2le QHQY Yam syuapnis

JO S3W02IN0 Bujules| 3y

1dD YA

LdD>™HA/A95pRaY YA
pua-ybiy e pue Jaindwod

1dD YA
/AWH

1dD DYA
/AWH

L1dD YA
/AWH

JdA
/AWH

1dD YA
/AWH

DdA
/AWH

swoldwiAs
AHQAY JO 1USWISSIssy

swordwiAs
AHQVY JO 1UBWSsassy

swoldwiAs

AHAY JO 1UBWISSIssy

swoldwiAs

AHAVY JO 1UBWISSIssy

UOI1RIIU3dUOD

swordwiAs
AHQVY JO 1UBWISSIssy

uolenuaduo)

uonesnp3

Hes [eojuld Ag pasoubelq

S-WSd-

AI-WSA-

d1-AFNSA-
w0y Jayoea)] pue

1Ualed ‘S9|eDS SIBUUOD)-
S-INSd-

w0y Jayoea| pue
1U3Ieq ‘S3|eDS SI2UUOD) -
d1-AI-WSA -

payNUaP! 10N-

3|edS buriey sIsUUOD) 3y -

(oL=u

‘JouoD) uospedwio)
(0L =u:gHay yum
ualIpIyD) [eruswiiadxgy
|043U0D) ‘958D

(€9=u

{Jo13u0D) uospedwio)
(£/=u usaip|yd
aHAv) [eauswiiadxy
|013U0D) ‘958D

(gL=u

101U0D) uosuedw o)
(Oz=u:gHav yum
uaIp|IyD) [eruswiadxy
|0J3U0D) ‘358D

AHAY Yim usipjiys
[PUOI1295-5504D)

usipiiyd dHAy
[eruswWRdX3-Isen)

(Fe=u

{02U0D) uosiiedwod
(bz=Uu:gHavy yum
ualp|IyD) [erusuwiiadxg
|0J3U0D) ‘aseD

(01 =U:joluoD

0l =gdnoib

ogeaoe(d ‘0| = |sdnoib
ogade|d) uospedwod

(0L =uzdHAV Yyum usip
Y2 ‘0L =U:LQHAY Ym
uaIp|Iyd) |eruswiadxgy
|0J3u0D) ‘3seD)

‘swoydwiAs

QHQV Jo Ausuaul ybiy
01 MO| WOl 3buUes apIm
e SI9A0D 3|duwles ay |
_chEuwm-mmOLu

{L'WEL
o/A(L1-9)0z=U

(H7E'Wo0l)
o/k(81-9) OvL=u

(HS'Wes)
0/A (L1-9)8E =U

/§=U:UaIp|Iy> QHAY
"ASLWTP)
0/A(9199) LG=U

He'wel)
o/A(g1-9)5L=U

o/A(L1-€1)8y=u

o/A(8l-¥1) 05 =U

(4SE'WP)
‘O/K(LTLI) YW 'L8=U

119] uteds 600z ‘e 19
‘OpeUOP|eA-Z21121IND

[09]
eUIYD ‘610T '|e 38 buey

"[6G] B210Y ‘6107 '€ 32 W03

‘[8s] ureds
"¥10Z “[e 38 BIdNIO-Z8I]

e8]
VSN '610C [ 32 uBW|0D

[96] puejesz
MIN 9107 “|e 1@ Aoue|)

[561_UIYD 200 e 12 0YD

TrS] Auew
-199) ‘g 10T '[e 12 swn|g

sbuipul4 uesyiubis

ABojouyday jo adAy
‘ABojouyda) asempieH

196ue] [e31U1D

spoYyla
sisoubeliq gHAV

ubisaqg Apmis

‘X3S ‘aby

‘syjuedidilied Jo ;aquiny

EaIVESETE)]

(panunuod) g ajqey



Page 8 of 13

(2022) 22:4

Goharinejad et al. BMC Psychiatry

(VAOL) LdD prepuers (L=U QHQV Yyum
33 01 pasedwlod | 4D ualpjiyd ogadeid ‘gl =u
-4/ 941 UO 1Ua1Xa J91ealb AHAVY Yyum uaipjiyo
e 0} SIoLID 1dD YA Aoedyja ogaoe|(d) |pruswadx] 4LL'wol) [89]
UOISSIWO Padnpal HAW /AWH  UOIEJIPIW JO JUSWISSISSY AIFNSQ- |0u0) ‘9sed o/K(L1-11) Lc=U [oRIS|"0LOC '[e 13 >e|jod
"9)eds oL=u
Bulres Joineysq uaied pue 10U0D) uosuedw o)
S2INSeaW (14D ,s4auuo)) 3|ed5 Bupiey SIBUU0D) 3y - (01 =U:gHQVY Yyum
1dD piepuels yim o1ejol 1dD DUA swoidwiAs IPPaYD u1p|1yD) [eIUSWLISAX] (Wo02) 291
-I02 SaINSeIW |dD™ YA /AWH AHAY JO JUSUISsassy J0IABYSg NVMS- |ouo) ‘958D o/k (T1-8)or=u VSN 00T “|e 12 suosied
‘uoeUSdUOD Sweb-yA AHAY Yim uaipiiyd HTwWl) 199]
sanoidull sawen-y buikeld /ieabpeay YA UO[1RJIUSDUOD) [SETIMUEToTRIINE Apnis ase) o/A(z1-8) e=uU uemiel ‘0z0Z 18 1@ 'NO
'sasuodsal 1231100 [e10) pue
"UOISSILIO ‘UOISSIUILIOD JO (tr=u
SI0MI3 UO | 4D plepuels pue }|0J3u0D) uosueduwod
1dD DY/ Usamiaq eduais) (€=U aHAVY Yrm
-JIp JuedYIUBIS OU sem 1oyl 1dD YA uaIp|iyD) [eauswiadx3 (H0€'WSP) [59] ey
‘AHAY Yum uaipjiyd Jo4 /AWH dHay jo sisoubeiq dL-AIFWSA- |ouo) ‘9sed O/A(€l~/) G/ =u  -BuwOY '9L0T "[e 1 INBaN
Fe=u
}|0J1u0D) uosiedw o)
(89=u
:dHQYV paieipawiun
'S109)J9 UM ualp|iyd ‘oz =u
UOo11eDIPAW pUE SWOoIdWAS ‘AHAVY Yim usipiiys
AHAY JO Uoi>319p ay) LdD YA swoiduiAs pajedipaw) [euswuadx3 (48€ 'W06) r9] Auewsan
10} SAISUSS SI 1 dD™ DYA /AWH AHQAY JO JUsUISSassy AIFNSQ- [011U0D ‘ase) o/A (8l-¥) 8L =U ‘00T "|e 12 J9B13gIyniy
“UOIIUS1Ie P3SN0} Ul SHOYIP
pue swoldwAs aaisindu
-9AIIDeIRdAY UaMIDg (0= U :Jo3uoD) uosped
AUl 9Y3 ute|dxa uoIsiA -WoD(Gh = U ‘gHAV Ym
4O P9y 943 Ul sYIys eyl L1dD DYA ua1p|IyD) [eIUSWLISCXT HeTW29) [€al vsn
a1edIpul sNsal 1dJ” DYA /AWH UonuUa1e Pasnd04 S-NSa- [013U0) ‘9se) o/A(T1-9)58=U  '0T0T "e 32 nwijebuepy
(0z=u:@HaV yum dnoib
sweb-uou) uosiedwod)
"1dD piepueis (0z=u:gHaY yum dnoib
91 UO SIOMS UOISSILIO QueD-YN sweb) [eruswiadxg (45 W SE)
pasnpas dnoeid awes-yin JAWH(EIN) uone;uaduo) S-NSa- |011U0) 'ase) o/K (01=-8)0r=U  [9¥] B2I0Y (0TOT [ 32 Wi
6L=u
{01U0D) uosueduwod)
‘AHAY yum uaipjiys jo (Lg=Uu:gHay yum
UO[1BJ1USDU0D ay) dnroidull YA ualp|iyD) [eauauliadxgy (46 W L€) [z9]
01 |00) SAI1D3YD U SI YA JAWH UOI38J3UdUOD) G-ISQa- [N [epRENp) o/K(L1-6) Oy =Uu ©310Y ‘| 70T “|e 32 buoH
ABojouyday jo adAy SpPoYyId N ‘x3s ‘aby
sbuipul4 uesyiubis ‘ABojouyda) asempieH 19b6.e] [e21UI)D sisoubeig gHAVv ubisag Apnis  ‘syuedidinied jo ;aquiny ERTEIETEN|

(panunuod) g ajqey



Page 9 of 13

(2022) 22:4

Goharinejad et al. BMC Psychiatry

Ke|dsip pajunow-peay gH ‘A3ljeas paxiw Yy ‘Aujeas pajuswbne yy
‘wooisse[d Aljeal [eNLIA YA ‘1591 9duewoiad snonunuod |4 ‘Alljeal [enLIA Y, ‘sI9pIosiq [BIUSA JO [enuely [ed1s1Iels pue dlisoubelq s ‘9be ueaw v ‘9jewsy 4 ‘ojew py 19pIosip AlandesadAy 1dyap uonualie gHay

‘gHQay buisoubelp

Ul 989 JO ALAISUSS pue
'9%SG/ JO A1dyDads e yum
swordwiAs gHQY ssasse 01
|00 9ANI3YS U S| | 4D DYA
%€¢8

JO ASRINDDE UOIeDLISSE]D |
UO[1BPI[BA-SSOID UPSW B pey
e1ep a|eds bupes Joineysq
pue | 4D YA buneiodiodul
S|opow Bujuies| auIydey

‘aHay yam

uaJp|Iy Jo s||s buipeas
pue Buljjads ay1 buiroidul
Ul S}NSal JejiulIs sey Yy

ou pue yy buisn buturel|
‘dnoib

|013U0D a3 01 pasedwiod
AHAY Yim siuspnis ul
uonouny Alowsw paroidudl
uoned

-Ipaw pue Adelayi YA yiog

‘uonuane anoidwil

1dD YA
/sasse|b g¢ ay3 ul pade|d
1OSUDS JUDUIBAOIN /YA

1d)7 YA
/13]|01UO2 YA ‘ANH YA

gV Poseq-gom
/Rejdsip au

3|puey 01 abedgem-yy
"91BMYOS YA

/eiauled

X0g YA Y1 Ul p2101S Sem
SIEMYOS 9YL U P|ING
0} eJawed YA bunswieg
.09¢

pururen YA

/|llupeal} ‘ua3Ids e uo

syualed Jlsyy pue

USIP[IYD YIM SMBIAISIUL-
wioy syualed

9|eas buney sisuuod) ay] -
AI-WSQ-

(61 =U :j013UOD)
uosiedwod
E€l¢=UuaHay yum
uaIp|IyD) [eruswadxy

AHQV Jo sisoubeiq |03U0D) ‘as5eD)

(uosiiedwod sjdwis)

(L€ =u:j0nuoD) uosued

-WoD/E = U QHQY Yum

uIp|IyD) [eruswadxy

AdHay Jo sisoubeiq C-WSa- lonuon ‘s
(wetboud IAMM

01 559228 AU INOYIM
1011U0D) uosueduw o)
(Y- IMM

Ul gHAay yum usipjiyo
YY-TMM UL HAY Yum
uaIp|IyD) [eruswadxg
|011U0D) ‘958D

(9L=u

101U0D) uosueduwod)

9L =U:aHQY pa1ed
-IpaW ‘9| = U gHAY Yum
ua1p|IYD) [eauswpedxy
|013u0D ‘9seD

uonesnp3y payliuspl 10N-

Adelay] Aloway  sisuielydAsd Aq sisoubelp-

AHAV yum usipiiy

(4S€L'WTLD) [s/]
0/A(91-9) L0Fb=U  UledS ‘81T “|e 18 €13N|NZ

(492 ‘W)
0/A(Z1-9)89=U ‘[#/]_UIYD'0ZOT 2 13 Y3A

Apnis 1ojid
(HET'WP6) el
0/ (6-8) LLL=U  pueI|‘0Z0T “[e 12 0150

(491 ‘Wee)
o/k (¢-£) 8y =u ‘[z/] ue1|'0Z0T "[e e 1ZuqgeL

HEWLL) TLz]19eis1’610¢C

10U pIp Buules) paseg-yA  pa1dafoid S| UORRINWIS YA UO[BIUDUOD) S-INSa- |eauswWRdxX3-Isen) o/ (Z1-8) vl =U “1e 12 AjzZaelIyS-eways
(%05
'SA 9%/ G) dnoib pauiquiod
aHQay ay3 buikyissed pue (lor=u
(909 SA %99) dnoJb |013u0d }041U0D) uospeduwod)
23 BulAjisse|d A122110 Ul /€7=U QHQVY Yyum
(VAOL) 1dD piepuels ueyy 1dD DYA ua1p|IyD) [erUSWLISCXT HL6'W LD) [0/] uteds
191199 ApybIIs st 14D DYA /AWH dHay jo sisoubeig S-NSd- |ouo) ‘aseD o/k(91-9)gee =u '8L0C '[e 19 zanbupoy
'SUdYIP uon
-uayie bunoa1ep ul (VAOL) (LL=u
1dD plepuels 03 pasedwod {041U0D) uosueduwod)
(%¥6 Yy10q) A1dynads jenba 07 =U:QHQV Ysm
pUe (9659 "SA %6.£) ANAIS 1dD DYA swoydwiAs uaIp|iyD) [eIUSWLISCX] WZzg) [69]
-U9s 19119 PeyY 14D YA /AWH AHAY JO 3UswWssassy AIFWSA- |ouo) ‘aseD o/R (£1-6) L€ |9®IS| '600C"[e 19 %e||0d
ABojouyday jo adAy SpPoYyId N ‘x3s ‘aby
sbuipul4 uesyiubis ‘ABojouyda) asempieH 19b6.e] [e21UI)D sisoubeig gHAVv ubisag Apnis  ‘syuedidinied jo ;aquiny ERTEIETEN|

(panunuod) g ajqey



Goharinejad et al. BMC Psychiatry (2022) 22:4

Page 10 of 13

improving the ADHD diagnostic

Improving Concentration

assessing ADHD symptoms

Fig. 4 Clinical Target

Clinical Target
Assessment of medication efficacy r—
Memory Therapy r—
Focused attention r—
Education —

purposes. On the other hand, AR and MR integrate virtual
and real-world components that might prove helpful in the
assessment and management of ADHD and, therefore, fur-
ther investigations are warranted.

In total, 21 of the reviewed articles (70.0%) focused on
the use of VR-CPT, with the first study published in 2007.
In contrast, the studies regarding the application of AR
and MR for this population have mostly been published
in 2020. VR has been incorporated in some neuropsycho-
logical tests. Notably, VR-CPT is the most widely used
non-traditional tool to diagnose and manage the symp-
toms of ADHD [52, 69]. In particular, this technology
offers better ecological validity since patients’ sustained
attention is evaluated in more realistic settings [52, 68].

Given the subjectivity of ADHD interviews and ADHD
behavior rating scales, additional and more objective
assessment of childhood ADHD has been recommended
[81]. Unfortunately, multiple studies concerning the
improvement of the ADHD diagnostic process in chil-
dren have found inconsistent results when it comes to
employing both objective and subjective measures [82—
84]. It is, however, encouraging that according to some
studies, compared to traditional CPT instrumentation,
VR-CPT has superior efficiency and greater validity for
ADHD diagnosis in children [58, 67, 85].

Several studies have concluded that VR-CPT technol-
ogy is more efficient than traditional CPT in the treat-
ment of children with ADHD [45, 55, 57]. This is partly
because VR-CPT evokes more enjoyment in children
[69]. VR-CPT technology could reportedly improve con-
centration for a longer period by training the patient to
pay less attention to distractions [49]. Behavior therapy,

which encompasses cognitive therapy and social skills
training, is also reportedly effective in the rehabilita-
tion of children with ADHD [42]. VR-enhanced behav-
ior therapy might further ameliorate ADHD behavioral
symptoms, while also enhancing treatment adherence
and motivation in the patients [71]. Several studies have
indicated that VR, AR, and MR technologies could incor-
porate effective instructional strategies to help children
with ADHD learn to better manage their symptoms [86,
87]. VR-, AR-, and MR-based applications could also
help these patients learn daily life skills and other helpful
behaviors, while also improving their concentration and
memory [88].

VR-based treatments may also have additional advan-
tages over traditional interventions [89]. For instance,
they offer a safe environment for patients and therapists
and allow therapists to follow up and evaluate patients’
behavioral changes. Based on the objectives of an inter-
vention, it is possible to modify VR-based treatments for
single- or multiple-user applications. In addition, VR-
based treatment options could be self-directed or carried
out under a therapist’s supervision. Further research in
this regard should examine the success of VR, AR, and
MR technologies in the rehabilitation therapies con-
ducted at the homes of children with ADHD as well as in
clinical settings.

Based on the findings, cost-efficient HMDs are the
most frequently used hardware with VR, AR, and MR
technologies [90]. Compared to the traditional visualiza-
tion technology, HMD has more potentials to improve
the attention, general behavior, and learning ability of
children with ADHD [91, 92].
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Besides the merits of the reviewed studies, some of
them mentioned limitations as well. First of all, the
sample size of patients with ADHD in studies must be
expanded to draw more accurate conclusions about the
effectiveness of these technologies [50, 51, 58]. Further-
more, studies suggested that it is better to recruit two
groups in such interventions to compare and acquire
more reliable results [52]. Moreover, the nature of the
main treatment (e.g., the time of receiving the medication
and its dosage) should be taken into account since they
may alter the outcome of intervention [49, 62]. Therefore,
future investigations can address these limitations and,
thus, improve the quality of research.

Limitations of the study

As the search strategy was mainly focused on the titles
and abstracts of relevant articles, some relevant studies
may have been missed. In addition, it was not possible to
access the full text of six articles, and they were excluded
from the study. Potentially relevant non-English articles
were excluded as well.

Conclusion

According to the results of the reviewed studies, VR and
AR technologies could be used as effective assessment
tools to better assess ADHD symptoms and to improve
the diagnosis of ADHD in children. Ample evidence also
suggests that VR technology could augment traditional
treatment options, thereby promoting their effectiveness
in the management of ADHD symptoms.
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