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Abstract
Background: Adolescents with physical disabilities have higher rates of mental health conditions and issues than adolescents
without disabilities, and this disparity was exacerbated by the onset of the COVID-19 pandemic. They also have limited access
to on-site programs and nearby peers.
Objective: This pilot aims to investigate the potential effects of a low-dose multiplayer virtual reality telegaming program on
depression, socialization, and loneliness among a cohort of children with physical disabilities. A secondary aim is to describe
feasibility metrics, namely, recruitment and adherence rates and perceived program enjoyment and satisfaction. The tertiary aim
is to describe behavioral mechanisms that affect participant adherence and social participation in the classes.
Methods: This study is a single-group pre- and posttest–designed trial. A single cohort of 12 children with physical disabilities
will pilot a 1-month program that includes 2 supervised 1-hour sessions per week of group-based exergaming. Participants will
complete questionnaires before and after the program. The primary aim measures will include the Children’s Depression Inventory
2 Short Form, a measure of feelings of depression, and the UCLA Loneliness Scale, a measure of both loneliness and social
isolation. Secondary aim measures will include three posttest Likert scale questionnaires: perceived program enjoyment, program
satisfaction, and satisfaction with multiplayer experiences. At postintervention or dropout, participants will undergo semistructured
interviews to identify behavioral mechanisms that underlie participation. Data will be reported descriptively and be supported by
t tests as appropriate.
Results: Recruitment procedures started in July 2022. All data are expected to be collected by January 2023. Full trial results
are expected to be published by March 2023. Secondary analyses of data will be subsequently published.
Conclusions: This trial tests a peer-to-peer virtual reality telegaming program that includes a completely remote enrollment,
assessment, and intervention protocol. This program is accessible and short in duration and frequency, allowing it to be integrated
into other interventions. Knowledge obtained from this study will inform the development of a larger trial for improving the
mental health and well-being of adolescents with physical disabilities.
Trial Registration: ClinicalTrials.gov NCT05259462; https://clinicaltrials.gov/ct2/show/NCT05259462
International Registered Report Identifier (IRRID): PRR1-10.2196/42651
(JMIR Res Protoc 2022;11(10):e42651) doi: 10.2196/42651
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Introduction
For people with physical disabilities, adolescence is a critical
period for school educators and health professionals to provide
quality education and health services. In adolescence, people
with disabilities build their self-identity and adopt vocational
skills and health behaviors that increase the likelihood of living
healthy independent lifestyles as they transition into early
adulthood [1-3]. Prior to COVID-19, adolescents with
disabilities lagged behind in the development of adult life skills
[4] and experienced alarmingly higher rates of mental health
disorders such as depression and isolation than peers without
disabilities [5]. They were also far less likely to engage in socialand health-enhancing physical activities [1,6-8]. Physical
activity is a critical behavior for improving gross motor function
[9] and health conditions (eg, cardiovascular disease, pain, and
fatigue) [10-12], and developing meaningful social relationships
with peers in this population.
Disappointingly, reports from the COVID-19 era have found
that stress, depression, isolation, and physical activity
participation have substantially worsened since the outbreak of
COVID-19 among adolescents with disabilities [13-17]. A local
report in the southeast United States found that basic needs were
met for most of the families [13]. However, 32.7% of
adolescents felt down or depressed, 47.5% felt little pleasure
in doing things, and 64.4% felt isolated after COVID-19.
Moreover, 74.3% reported decreased socialization, and 51.5%
reported reduced exercise participation.
In April 2020, one author (BL) and an adapted fitness instructor
conducted a home-based community virtual reality program for
adolescent members of a fitness facility for people with
disabilities. The program included low-cost virtual reality
equipment, and people could participate from home during the
height of the COVID-19 pandemic amid social distancing
mandates, occupancy limits, and facility closures. The program
was 1 month in duration and included two 30-minute sessions
per week of synchronous group exercise. The program included
a total of 10 participants, completed in two intervention waves
(n=5 per wave). Since this project was not a research study, the
anecdotal resultant themes were COVID-19–created barriers
to physical activity opportunities; virtual reality group
exercise-filled voids in exercise participation and human
connectedness that were created by the COVID-19 pandemic;
and the virtual reality headset fostered immersion, which
increased their motivation to game. In summary, group virtual
reality gaming provided an accessible opportunity for
adolescents with disabilities to build new friendships with peers,
which enhanced their mental health. There is a need to start
confirming these benefits through quantitative investigation,
particularly among adolescents living in the Southeast, a
geographic region with some of the lowest rates of health care
access across the United States (as reported by the United Health
Foundation) [18].
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This study has 3 purposes. The first purpose is to examine the
effects of a home-based virtual reality multiplayer gaming
program on depression, socialization, and loneliness among 12
adolescents with physical disabilities (ages 13-19 years). The
second purpose is to describe the acceptability of the program
as measured by participant adherence, total play time, exercise
time, and perceived program satisfaction and enjoyment. The
third purpose is to describe behavioral mechanisms that affect
participant engagement. We will qualitatively explore
participants’ perceptions of barriers and facilitators that affected
their adherence and social participation in the classes.

Methods
Study Design
This study is a single group pre-to-post design trial that will last
1 year and include 2 waves (n=6 per wave). Participants will
be recruited from the medical and billing record databases at
the Children’s Hospital, as well as through the collaborative
network of the university and an adapted fitness facility for
people with disabilities (Lakeshore Foundation, Homewood,
Alabama). We plan to recruit a convenience sample of 12 people
to satisfy minimum recommendations for a feasibility study
that aims to inform sample size considerations for a larger trial
[19].

Ethics Approval
The protocol and informed consent and assent forms were
approved by the Institutional Review Board for Human Use of
the University (IRB-300008913) on May 23, 2022. Prospective
participants and their caregivers will be mailed a consent and
assent form, along with the study questionnaires. Participants
will be instructed to review the consent and assent forms
carefully, sign them, and then complete the study questionnaires.
Once completed, they will be instructed to mail the documents
back in a return envelope to research staff. Should the
participants not want to participate, no action will be needed.
Consent and assent documents will be written in English.

Eligibility Criteria
Eligibility criteria will include self-reported mobility disability
(eg, use of a mobility device or presence of a mobility
impairment), between the ages of 13-19 years (World Health
Organization definition of adolescence and the minimum age
of 13 years as recommended by the manufacturer of the virtual
reality headset), access to a Wi-Fi internet connection in the
home, and a caregiver to support the child if <18 years of age.
The exclusion criteria will be as follows: physically active
(defined as >150 minutes/week of moderate-to-vigorous
intensity exercise), cannot use their arms for exercise or operate
the controller buttons using their fingers, and complete blindness
or deafness.

Procedures
Before starting the intervention, participants will be mailed
consent/assent forms and baseline surveys. Once the forms are
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received by research staff, participants will be mailed the
intervention equipment. Post intervention (week 5), participants
will be mailed another packet of surveys to complete and return
to research staff. Participants will then be asked to participate
in a one-on-one semistructured interview via phone call or Zoom
(Zoom Video Communications, Inc) with the principal
investigator, which will be audio recorded and transcribed for
qualitative analysis. Participants will receive an electronic US
$40 gift card for each packet of surveys returned (total of US
$80 for completing the study).

Home-Based Intervention
The program will last 4 weeks and include two 1-hour sessions
per week of supervised peer-to-peer gaming. Further details of
the program prescription are shown in Multimedia Appendix
1. Participants will use an Oculus Quest 2 headset to meet peers
and 2 coaches (a gaming coach and a mindfulness coach) in an
online virtual private party. Each session will include
participation in one of several games, including RecRoom (a
massive online multiplayer game with countless social and
active gaming experiences), VRChat (a game focused on
building social relationships), Beat Saber (a rhythmic
music-to-movement game), and After the Fall (a cooperative
first-person shooter). Each session will include a 5-minute
introduction that will include behavior change and mindfulness
coaching to promote autonomy, competence, and relatedness
through a respectful, cohesive, and positive atmosphere
(strategies framed by the self-determination theory [20-22],
learned from the mindfulness coaching workshops hosted by
the National Center on Health, Physical Activity and Disability).
Some of the mindfulness-based strategies will include guided
breathing focused exercises, body scanning, meditation, and
acceptance of social anxiety and shyness. Game order
prescriptions (ie, duration, intensity, time, and type) will be
conducted on a learn-as-you-go approach based on participants’
preferences.

Outcomes
Baseline participant characteristics will include age, sex, and
ethnicity. Aim 1 measures will include the Children’s
Depression Inventory 2 Short Form, a measure of feelings of
depression with strong psychometric properties among
adolescents with and without disabilities [23,24], and version
3 of the UCLA Loneliness Scale 20 items (UCLA-20) [25-27].
The UCLA-20, version 3, is a measure of both loneliness and
social isolation with strong psychometric properties among a
variety of age groups and disability groups [27,28]. These
measures will be completed at baseline and post intervention
(week 5).
Aim 2 will be evaluated through feasibility metrics: recruitment
rates, implementation and resource management issues,
participant attendance in class (percent of classes attended
divided by the total) and outside of class (play time not within
the scheduled class sessions), and program satisfaction and
enjoyment. Two components of satisfaction will be measured,
namely, satisfaction with program delivery and satisfaction with
playing with others. Both components will be measured by
Likert scale surveys (Multimedia Appendix 2). Survey questions
for program delivery will ask participants how satisfied they
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were with social interactions, online gameplay, and how classes
were conducted by the instructors. Survey questions for “playing
with others” will ask participants if and how often they played
with both peers and people outside of class, and the strength of
the friendships or relationships that were created. Overall
enjoyment of the program will be measured in a similar manner
with a single Likert scale question (Multimedia Appendix 2).
Aim 3 will be measured through one-on-one semistructured
interviews of participants’ perceptions of the program.
Interviews will be conducted via phone call with the participant
and principal investigator (BL). Interviews will last up to 30
minutes and contain 10 general questions, examining barriers
and facilitators to adherence, likes and dislikes with the program
and equipment, and recommendations to improve the program
(Multimedia Appendix 3). General questions will include
follow-up questions that probe underlying behavioral
mechanisms to participation and perceived benefits to
participation. The interviewer (BL) has completed over 400
interviews related to disability and exercise. Interviews will be
audio recorded and then transcribed for analysis. The qualitative
component will be published in a secondary analysis publication.

Analyses
The research team’s philosophical assumptions will align with
dialectical pluralism [29]. This paradigm posits that the research
team should hold separate theoretical perspectives for the
quantitative and qualitative methods. The research team will
conduct the quantitative component of the study under the
conventional positivism perspective, while the qualitative
component will be conducted under an interpretivist perspective.
As a preliminary study, the study is not powered for efficacy.
Instead, the findings will provide outcome estimates that will
inform sample size and design considerations for a larger trial.
Descriptive statistics for all quantitative outcomes will include
means, SDs, effect sizes, box and whisker plots, and 95% CIs
as appropriate. Aim 1 will include t tests to compare pre-to-post
changes in survey scores. Aim 2 feasibility metrics will be
reported in a descriptive manner with no a priori criteria for
acceptability.
Aim 3 will be analyzed using a qualitative 6-step process of
thematic analysis [30] by two members of the research team.
In summary, two analysts will generate codes from segments
of the transcribed interviews. The codes will be organized into
representative subthemes. The analysts will repeat this process
for each transcription. The subthemes will then be merged into
higher order themes, which will be reported. The analysts will
use a relativist approach of enhancing the quality of the
qualitative research findings [31]. First, the research findings
will aim to provide a substantive contribution [32], that is, the
findings will aim to understand how participants interact with
the program to inform other investigators who develop similar
interventions. Second, coherence will be sought by ensuring
that qualitative study procedures throughout the project align
with the goals of the study [33]. Third, transparency will be
maintained throughout the study by receiving in-depth feedback
from a critical friend [34]. The qualitative researchers of the
study will scrutinize matters including the theoretical
preferences, qualitative procedures, and resultant findings to
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encourage reflexivity and alternative explanations and
interpretations of the data.

Results
This study was approved by the university institutional review
board on May 23, 2022. The study was initiated in February
2022, and the first participant was enrolled in July 2022.
Recruitment of the last participant is anticipated in October
2022.

Discussion
Anticipated Findings
This study will investigate the preliminary benefits of a
home-based mindfulness program that is combined with
peer-to-peer virtual reality gaming on mental health among
adolescents with disabilities. A program that is beneficial toward
depression, anxiety, and isolation, and connects peers remotely
at the home using low-cost equipment could greatly benefit this
population, which has experienced poorer mental health since
the outbreak of the COVID-19 pandemic [5]. The quantitative
study component will provide outcomes estimates of the effects
of the program on depression, social isolation, and loneliness,
and the results will be used to inform sample size considerations
for a large clinical trial. The qualitative results will aid in
understanding behavioral mechanisms that underlie successful
participation, which will help us operationalize implementation
procedures in a future trial and explain changes in quantitative
outcomes.
In addition to concerns of poor mental health among adolescents
with disabilities, health professionals are often concerned with
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maintaining or improving physical function [35,36] or
alleviating and preventing a variety of other health conditions
that arise from sedentary behavior (eg, pain, obesity, pressure
ulcers, and low bone mineral density) [37]. There is evidence
to suggest that physical health concerns can be addressed by
combining health-enhancing interventions with the latest
immersive virtual reality technology [38,39], but to the best of
our knowledge, there is no peer-to-peer group-based intervention
for improving mental health. Given the multifaceted nature of
health promotion among this population, this study will test a
brief low-dose program so that it can be easily integrated within
clinical practice and disseminated with other health-enhancing
interventions.

Strengths and Limitations
An innovative component of the study is that it incorporates
remote study procedures. Due to difficulties with allocating
transportation, a remote study procedure increases accessibility
by eliminating the need for on-site visitation. This study has
limitations. The sample size is small, and the results will need
to be confirmed with larger clinical trials. Additionally, this
study requires participants to be able to use the handheld
controllers and view the screen of the virtual reality headsets,
which may not be appropriate for some people who have
functional or visual impairments.

Conclusions
Should the findings of this study suggest a potential benefit
toward some aspects of mental health, the study may discover
an innovative and, most importantly, scalable method for
addressing mental health among children with physical
disabilities.

Acknowledgments
Research reported in this publication was supported by the Center for Engagement in Disability and Rehabilitation Sciences at
the University of Alabama at Birmingham. The content is solely the responsibility of the authors and does not necessarily represent
the official views of the center or university.

Data Availability
The data sets generated or analyzed during this study are available from the corresponding author on reasonable request.

Authors' Contributions
BL, JHR, and DD contributed to the design of the study. All authors contributed to the second draft of the manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Intervention plan.
[DOCX File , 13 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Study survey questions for program satisfaction and enjoyment.
[PDF File (Adobe PDF File), 84 KB-Multimedia Appendix 2]

https://www.researchprotocols.org/2022/10/e42651

XSL• FO
RenderX

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e42651 | p. 4
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Lai et al

Multimedia Appendix 3
Interview questions.
[PDF File (Adobe PDF File), 98 KB-Multimedia Appendix 3]

Multimedia Appendix 4
Peer review report from the Center for Engagement in Disability Health and Rehabilitation Sciences (CEDHARS) Pilot Grant
Funding Program: Addressing Health Disparities in Adults or Children with Disabilities - University of Alabama at Birmingham
(USA).
[PDF File (Adobe PDF File), 295 KB-Multimedia Appendix 4]

References
1.
2.
3.
4.

5.

6.

7.

8.
9.
10.
11.

12.
13.

14.

15.

16.

17.

18.

Waltersson L, Rodby-Bousquet E. Physical activity in adolescents and young adults with cerebral palsy. Biomed Res Int
2017;2017:8080473. [doi: 10.1155/2017/8080473] [Medline: 29423412]
Chamberlain MA, Kent RM. The needs of young people with disabilities in transition from paediatric to adult services.
Eura Medicophys 2005 Jun;41(2):111-123 [FREE Full text] [Medline: 16200026]
Hallum A. Disability and the transition to adulthood: issues for the disabled child, the family, and the pediatrician. Curr
Probl Pediatr 1995 Jan;25(1):12-50. [doi: 10.1016/s0045-9380(06)80013-7] [Medline: 7720408]
Donkervoort M, Wiegerink DJHG, van Meeteren J, Stam HJ, Roebroeck ME, Transition Research Group South West
Netherlands. Transition to adulthood: validation of the Rotterdam Transition Profile for young adults with cerebral palsy
and normal intelligence. Dev Med Child Neurol 2009 Jan;51(1):53-62. [doi: 10.1111/j.1469-8749.2008.03115.x] [Medline:
19021680]
Downs J, Blackmore AM, Epstein A, Skoss R, Langdon K, Jacoby P, Cerebral Palsy Mental Health Group. The prevalence
of mental health disorders and symptoms in children and adolescents with cerebral palsy: a systematic review and
meta-analysis. Dev Med Child Neurol 2018 Jan;60(1):30-38. [doi: 10.1111/dmcn.13555] [Medline: 28914445]
Shkedy Rabani A, Harries N, Namoora I, Al-Jarrah MD, Karniel A, Bar-Haim S. Duration and patterns of habitual physical
activity in adolescents and young adults with cerebral palsy. Dev Med Child Neurol 2014 Jul;56(7):673-680. [doi:
10.1111/dmcn.12394] [Medline: 24506509]
Carlon SL, Taylor NF, Dodd KJ, Shields N. Differences in habitual physical activity levels of young people with cerebral
palsy and their typically developing peers: a systematic review. Disabil Rehabil 2013 Apr;35(8):647-655. [doi:
10.3109/09638288.2012.715721] [Medline: 23072296]
Blackman JA, Conaway MR. Adolescents with cerebral palsy: transitioning to adult health care services. Clin Pediatr (Phila)
2014 Apr;53(4):356-363. [doi: 10.1177/0009922813510203] [Medline: 24275216]
Ryan JM, Cassidy EE, Noorduyn SG, O'Connell NE. Exercise interventions for cerebral palsy. Cochrane Database Syst
Rev 2017 Jun 11;6:CD011660 [FREE Full text] [doi: 10.1002/14651858.CD011660.pub2] [Medline: 28602046]
Hallal PC, Victora CG, Azevedo MR, Wells JCK. Adolescent physical activity and health: a systematic review. Sports
Med 2006;36(12):1019-1030. [doi: 10.2165/00007256-200636120-00003] [Medline: 17123326]
Slaman J, Roebroeck M, van der Slot W, Twisk J, Wensink A, Stam H, LEARN 2 MOVE Research Group. Can a lifestyle
intervention improve physical fitness in adolescents and young adults with spastic cerebral palsy? A randomized controlled
trial. Arch Phys Med Rehabil 2014 Sep;95(9):1646-1655. [doi: 10.1016/j.apmr.2014.05.011] [Medline: 25067790]
Vogtle LK, Malone LA, Azuero A. Outcomes of an exercise program for pain and fatigue management in adults with
cerebral palsy. Disabil Rehabil 2014;36(10):818-825. [doi: 10.3109/09638288.2013.821181] [Medline: 23924251]
Lai B, Wen H, Sinha T, Davis D, Swanson-Kimani E, Wozow C, et al. The impact of COVID-19 on the lifestyles of
adolescents with cerebral palsy in the Southeast United States. Disabil Health J 2022 Apr;15(2):101263 [FREE Full text]
[doi: 10.1016/j.dhjo.2021.101263] [Medline: 35000878]
Cacioppo M, Bouvier S, Bailly R, Houx L, Lempereur M, Mensah-Gourmel J, ECHO Group. Emerging health challenges
for children with physical disabilities and their parents during the COVID-19 pandemic: the ECHO French survey. Ann
Phys Rehabil Med 2021 May;64(3):101429 [FREE Full text] [doi: 10.1016/j.rehab.2020.08.001] [Medline: 32818674]
Lebrasseur A, Fortin-Bédard N, Lettre J, Bussières EL, Best K, Boucher N, et al. Impact of COVID-19 on people with
physical disabilities: a rapid review. Disabil Health J 2021 Jan;14(1):101014 [FREE Full text] [doi:
10.1016/j.dhjo.2020.101014] [Medline: 33158795]
Theis N, Campbell N, De Leeuw J, Owen M, Schenke KC. The effects of COVID-19 restrictions on physical activity and
mental health of children and young adults with physical and/or intellectual disabilities. Disabil Health J 2021
Jul;14(3):101064 [FREE Full text] [doi: 10.1016/j.dhjo.2021.101064] [Medline: 33549499]
Varengue R, Brochard S, Bouvier S, Bailly R, Houx L, Lempereur M, et al. Perceived impact of lockdown on daily life in
children with physical disabilities and their families during the COVID-19 pandemic. Child Care Health Dev 2021 Dec
28:10.1111/cch.12952. [doi: 10.1111/cch.12952] [Medline: 34964148]
2017 Annual Report. America's Health Rankings. 2017. URL: https://www.americashealthrankings.org/learn/reports/
2017-annual-report [accessed 2022-09-29]

https://www.researchprotocols.org/2022/10/e42651

XSL• FO
RenderX

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e42651 | p. 5
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS
19.
20.

21.

22.
23.
24.

25.
26.
27.

28.
29.
30.
31.
32.
33.
34.
35.
36.

37.
38.

39.

Lai et al

Julious SA. Sample size of 12 per group rule of thumb for a pilot study. Pharm Stat 2005 Oct;4(4):287-291. [doi:
10.1002/pst.185]
Saebu M, Sørensen M, Halvari H. Motivation for physical activity in young adults with physical disabilities during a
rehabilitation stay: a longitudinal test of self-determination theory. J Appl Soc Psychol 2013 Feb 21;43(3):612-625. [doi:
10.1111/j.1559-1816.2013.01042.x]
Bentzen M, Malmquist LK. Differences in participation across physical activity contexts between adolescents with and
without disability over three years: a self-determination theory perspective. Disabil Rehabil 2022 May;44(9):1660-1668.
[doi: 10.1080/09638288.2021.1894489] [Medline: 33721549]
Walsh R. Lifestyle and mental health. Am Psychol 2011 Oct;66(7):579-592. [doi: 10.1037/a0021769] [Medline: 21244124]
Kovacs M. Children's Depression Inventory (CDI and CDI 2). In: The Encyclopedia of Clinical Psychology. Hoboken, NJ:
John Wiley & Sons; 2014:1-5.
de la Vega R, Racine M, Sánchez-Rodríguez E, Solé E, Castarlenas E, Jensen MP, et al. Psychometric properties of the
short form of the Children's Depression Inventory (CDI-S) in young people with physical disabilities. J Psychosom Res
2016 Nov;90:57-61 [FREE Full text] [doi: 10.1016/j.jpsychores.2016.09.007] [Medline: 27772560]
Russell D, Peplau LA, Ferguson ML. Developing a measure of loneliness. J Pers Assess 1978 Jun;42(3):290-294. [doi:
10.1207/s15327752jpa4203_11] [Medline: 660402]
Weeks DG, Michela JL, Peplau LA, Bragg ME. Relation between loneliness and depression: a structural equation analysis.
J Pers Soc Psychol 1980 Dec;39(6):1238-1244. [doi: 10.1037/h0077709] [Medline: 7205551]
Alsubheen SA, Oliveira A, Habash R, Goldstein R, Brooks D. Systematic review of psychometric properties and cross-cultural
adaptation of the University of California and Los Angeles loneliness scale in adults. Curr Psychol 2021 Nov 12:1-15
[FREE Full text] [doi: 10.1007/s12144-021-02494-w] [Medline: 34785877]
Balandin S, Berg N, Waller A. Assessing the loneliness of older people with cerebral palsy. Disabil Rehabil 2006 Apr
30;28(8):469-479. [doi: 10.1080/09638280500211759] [Medline: 16513580]
Johnson RB. Dialectical pluralism: a metaparadigm whose time has come. J Mixed Methods Res 2016 Jul 08;11(2):156-173.
[doi: 10.1177/1558689815607692]
Braun V, Clarke V. Using thematic analysis in psychology. Qualitative Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706qp063oa]
Smith B, Sparkes AC, editors. Routledge Handbook of Qualitative Research in Sport and Exercise. London, UK: Routledge;
2016.
Denzin NK, Lincoln YS, editors. The Sage Handbook of Qualitative Research, 3rd ed. Thousand Oaks, CA: Sage;
2005:959-978.
Lieblich A, Tuval-Mashiach R, Zilber T. Narrative Research: Reading, Analysis, and Interpretation. Thousand Oaks, CA:
Sage; 1998.
Tracy SJ. Qualitative quality: eight “Big-Tent” criteria for excellent qualitative research. Qualitative Inquiry 2010 Oct
01;16(10):837-851. [doi: 10.1177/1077800410383121]
Shortland A. Muscle deficits in cerebral palsy and early loss of mobility: can we learn something from our elders? Dev
Med Child Neurol 2009 Oct;51 Suppl 4:59-63. [doi: 10.1111/j.1469-8749.2009.03434.x] [Medline: 19740211]
Hanna SE, Rosenbaum PL, Bartlett DJ, Palisano RJ, Walter SD, Avery L, et al. Stability and decline in gross motor function
among children and youth with cerebral palsy aged 2 to 21 years. Dev Med Child Neurol 2009 Apr;51(4):295-302. [doi:
10.1111/j.1469-8749.2008.03196.x] [Medline: 19391185]
Rimmer JH, Schiller W, Chen M. Effects of disability-associated low energy expenditure deconditioning syndrome. Exerc
Sport Sci Rev 2012 Jan;40(1):22-29. [doi: 10.1097/JES.0b013e31823b8b82] [Medline: 22016146]
Ravi DK, Kumar N, Singhi P. Effectiveness of virtual reality rehabilitation for children and adolescents with cerebral palsy:
an updated evidence-based systematic review. Physiotherapy 2017 Sep;103(3):245-258. [doi: 10.1016/j.physio.2016.08.004]
[Medline: 28109566]
Lai B, Davis D, Narasaki-Jara M, Hopson B, Powell D, Gowey M, et al. Feasibility of a commercially available virtual
reality system to achieve exercise guidelines in youth with spina bifida: mixed methods case study. JMIR Serious Games
2020 Sep 03;8(3):e20667 [FREE Full text] [doi: 10.2196/20667] [Medline: 32880577]

Abbreviations
UCLA-20: UCLA Loneliness Scale 20 items

https://www.researchprotocols.org/2022/10/e42651

XSL• FO
RenderX

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e42651 | p. 6
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Lai et al

Edited by T Leung;This paper was externally peer reviewed by the Center for Engagement in Disability Health and Rehabilitation
Sciences (CEDHARS) Pilot Grant Funding Program: Addressing Health Disparities in Adults or Children with Disabilities - University
of Alabama at Birmingham (USA). See Multimedia Appendix 4 for the peer-review report; Submitted 14.09.22; accepted 30.09.22;
published 13.10.22.
Please cite as:
Lai B, Davis D, Young R, Swanson-Kimani E, Wozow C, Chaviano K, Rimmer JH
Group Telegaming Through Immersive Virtual Reality to Improve Mental Health Among Adolescents With Physical Disabilities: Preand Posttrial Protocol
JMIR Res Protoc 2022;11(10):e42651
URL: https://www.researchprotocols.org/2022/10/e42651
doi: 10.2196/42651
PMID: 36194864

©Byron Lai, Drew Davis, Raven Young, Erin Swanson-Kimani, Cynthia Wozow, Kelli Chaviano, James H Rimmer. Originally
published in JMIR Research Protocols (https://www.researchprotocols.org), 13.10.2022. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.researchprotocols.org, as well as this copyright and license information must be included.

https://www.researchprotocols.org/2022/10/e42651

XSL• FO
RenderX

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e42651 | p. 7
(page number not for citation purposes)

