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Abstract

The impending commercial release of affordable VR systems is likely to accelerate
both the opportunity and demand for VR applications that specifically target psychological
conditions. The aim of this study was to conduct a meta-analysis of outcomes associated with
VR psychological interventions and to examine the methodological rigour used in these
interventions. Literature search was conducted via Ovid, ProQuest Psychology Journals and
ScienceDirect (Psychology) databases. Interventions were required to: be published between
1980 to 2013; use a randomised controlled trial design; be published in a scholarly journal;
focused primarily on psychological/behavioural intervention; include validated measures;
include reported means and standard deviations of outcome measures; and include one group
with clinical/subclinical disorders, syndromes or distressing behaviours. Thirty-one eligible
studies were identified. Random effects meta-analysis found an overall moderate effect size
for VR interventions. Individual meta-analyses found an overall large effect size against non-
intervention wait-lists and an overall moderate effect size against active interventions. No
correlation was found between treatment outcomes and methodological rigour. Limitations
include limited study numbers, small sample sizes, and a need for more in-depth analyses.
The current review supports VR interventions as efficacious, promising forms of
psychological treatment. Use of reporting guidelines such as the CONSORT and CONSORT-
EHEALTH statements should promote greater emphasis on methodological rigour, providing

a firm foundation for the further development of clinical VR applications.
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Outcomes Associated with Virtual Reality in Psychological Interventions:

Where Are We Now?

Virtual Reality in Psychological Intervention

Despite several decades of research, use of virtual reality (VR) in psychological
interventions has only grown more recently (Gorini & Riva, 2008; Repetto & Riva, 2011).
Rise in the use of VR interventions is likely due to rapid advancements in underlying
technologies. Substantial improvements have been made in several areas, including computer
graphics, speed and processing power; head-mounted displays (HMD) and VR
glasses/goggles quality; and motion tracking technology (Gregg & Tarrier, 2007). Costs
associated with purchasing and maintaining VR systems have also dropped markedly,
resulting in the impending commercial release of affordable VR systems such as the Oculus
Rift and Sony HMZ-T2 Personal 3D Viewer (Gregg & Tarrier, 2007; Rougeau & Hawkins,
2013). Release of such systems into the general market is likely to accelerate both the
opportunity and demand for VR applications that specifically target psychological conditions.

Existing VR interventions provide a range of interactive systems, environments and
mechanisms by which psychological and behavioural change can be targeted in novel and
engaging ways. Often making use of similar if not identical hypothesized mechanisms of
action to traditional face to face interventions, VR interventions are now available to treat a
variety of psychological disorders and behavioural issues (Fox et al., 2009) while providing
greater flexibility in intervention timing, greater cost effectiveness, and an increased ability to
tailor interventions to individual preferences (Carlbring & Andersson, 2006; Clough &
Casey, 2011). Though the use of VR technology in the field is not yet widespread (Repetto &

Riva, 2011), the substantial increase in use of VR within psychological research has resulted
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in several recent meta-analyses (Opris et al., 2012; Parsons & Rizzo, 2008; Powers &
Emmelkamp, 2008).

Results have been promising: VR interventions demonstrate strong pre-post effect
sizes (Cohen’s d = 0.95, Parsons & Rizzo, 2008) and strong overall effect sizes when
compared to non-intervention wait lists (d = 1.12, Opris et al., 2012; d = 1.11 Powers &
Emmelkamp, 2008), although low effect sizes were observed across VRET and in-vivo
exposure/cognitive behavioural therapy comparisons (d = no effect, Opris et al., 2012; d =
0.35, Powers & Emmelkamp, 2008), However, these reviews have focused only on VR
exposure interventions (virtual reality exposure therapy: VRET) aimed at treating anxiety
disorders. It is unknown whether these findings can be generalised to VR interventions
overall.

Additionally, there has been little assessment of the methodological rigour of research
into VR interventions, despite the need for improvement in this area (Parsons & Rizzo,
2008). Sub-optimal methodology and methodological reporting can raise numerous concerns;
inadequate randomisation and blinding can lead to bias (Strech, 2012); and participant and
administration setting information can influence the generalisability of research findings
(Knuppel et al., 2013). To position VR research in clinical psychology to take advantage of
the potential expansion offered by current development in technology, it is timely to review
the outcomes associated across the available range of VR based psychological interventions
and to examine the methodological rigour used to substantiate these outcomes.

Defining VR

Definitions vary in what technological devices constitute VR systems. They may be
regarded as being strictly comprised of HMDs or VR glasses/goggles and 3D virtual
environments (Gregg & Tarrier, 2007), or may be used in a much broader sense, referring to

any technological system that immerses a user in a virtual environment (VE). Discrepancy in
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definitions may be due to the evolving nature of the technology itself, with rapid
improvements resulting in greater options in interactive technologies (Adamovich, Fluet,
Tunik, & Merians, 2009; Bohil, Alicea, & Biocca, 2011). Early images of bulky,
cumbersome and heavily wired headwear and peripherals in the 1980s have given way to the
promise of sleek, easily portable and relatively affordable VR systems that can be purchased
for home use (Fox et al., 2009). Despite variations in definition and technology, VR is
defined by its capacity to allow users to explore and engage with a VE, experiencing a sense
of presence (‘losing oneself) in a computer generated world (Bafios et al., 2011; Bordnick,
Traylor, Carter, & Graap, 2011; Botella et al., 2007; Fox, Arena, & Bailenson, 2009; Repetto
& Riva, 2011; Rothbaum et al., 2006).

Additional devices are often used to aid in recreating real life scenarios, thus fostering
a sense of presence, a factor seen by some as vital to successful immersion (Gorini & Riva,
2008; Gregg & Tarrier, 2007; Rothbaum et al., 2006). Though presence may be of greater
importance in the treatment of clinically anxious individuals via VR based exposure (Ling et
al., 2014). These devices may include delivery of tactile ( haptic) and aural sensation
(Bordnick et al., 2011; Krijn, Emmelkamp, Biemond, et al., 2004), as well as simulations of
real life steering wheels, gears and pedals in VR driving simulators (Cox et al., 2010), and
replica seats, windows and partial cabins in VR flight simulators (Muhlberger, Wiedemann,
& Pauli, 2003; Rothbaum et al., 2006).
Methodological Rigour in VR Research and the CONSORT Statements

A vital question in assessing outcomes is whether the methodology used to produce
these outcomes is of an appropriate standard. Transparent and detailed methodological
reporting can aid in replication, clarify generalisability and validity, identify and reduce
sources of potential bias, and promote confidence in research findings (Boutron, Moher,

Altman, Schulz, & Ravaud, 2008; Knuppel et al., 2013; Moher, 1998; Moher, Schulz, &
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Altman, 200; Strech, 2012). Accurate reporting of the conducting of randomised controlled
trials (RCTSs) is imperative to ensure that results are as free of bias as is possible (Boutron,
Moher, Altman, Schulz, & Ravaud, 2008; Moher, 1998; Moher, Schulz, & Altman, 2001). To
promote methodological rigour, a number of standardised reporting tools have been
developed: for example, the Critical Appraisal Skills Program (CASP): Randomised
Controlled Trial Appraisal Tool (CASP International Network, 2014) and the Physiotherapy
Evidence Database (PEDro) Scale (Centre of Evidence-Based Physiotherapy, 2014).

One of the most widely used of these tools is the CONSORT Statement, which was
designed as an essential items checklist and participant flow diagram to be included by RCT
study authors (Moher, 1998; Moher et al., 2010). Use of CONSORT guidelines provides a
concise method of systematically assessing methodological reliability and validity (Moher,
1998; Moher et al., 2010).

However, not all CONSORT inclusion recommendations are applicable to VR
intervention studies. Technologically based interventions include specific details and
challenges not yet fully addressed by existing RCT reporting guidelines (Eysenbach, 2002).
A need to address this rapid technological growth resulted in the development of an extension
to the CONSORT Statement: the CONSORT-EHEALTH Statement (Eysenbach &
CONSORT-EHEALTH Group, 2011). The CONSORT-EHEALTH Statement is a checklist
of items specific to web-based and mobile health RCT interventions (Eysenbach &
CONSORT-EHEALTH Group, 2011). Although the CONSORT-EHEALTH Statement
focuses primarily on web-based and mobile health interventions, its inclusion of
technologically related variables and information enables assessment of the methodological
rigour of studies using delivery platforms such as VR applications (Eysenbach &
CONSORT-EHEALTH Group, 2011).

Aim
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The aim of this study was to conduct a meta-analysis of outcomes associated with VR
psychological treatment across the range of mental health /psychological concerns. As effect
sizes can be influenced by comparison conditions (Furukawa et al., 2014), this analysis
looked at both wait and active treatment controls. Additionally, as outcomes can be
influenced by methodological rigour, the CONSORT and CONSORT-EHEALTH checklists
were used to establish methodological rigour and evaluate potential methodological bias.
Achievement of these objectives would serve not only to present the current state of VR
psychological treatment, but would also identify areas requiring further investigation and
advancement.

Method

This study was conducted and reported according to Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA; Moher et al., 2009) guidelines.

Selection of Articles

An extensive literature search was conducted via Ovid, ProQuest Psychology Journals
and ScienceDirect (Psychology) databases. Articles published from 1980 to 2013 considered
for inclusion. An additional manual search was conducted of referenced articles. The search
terms used for this literature search were ‘game’, “virtual’, ‘reality’, “*VR’, ‘Wii’, *Xbox’ and
‘PlayStation’. To be included in this review, VR based psychological interventions were
required to have used a randomised controlled trial design; to have been published in a
scholarly journal; focused primarily on psychological or behavioural intervention (as opposed
to assessment or education); include validated measures; and to have reported means and
standard deviations of outcome measures.

Additionally, interventions were required to have included one group with clinical or
subclinical psychological or neurological disorders, syndromes or distressing behaviours.

Disorders, syndromes and/or behaviours were required to have been identified via validated,
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standardised clinical measures or to have been made according to DSM IV-TR criteria. Sub-
clinical samples were defined as those partially meeting DSM IV-TR diagnosis or criteria
specified by standardised clinical measures. Single case studies, dissertations and preliminary
reports were excluded. Figure 1 displays selection and exclusion of studies at each stage of
review. Thirty-one eligible studies were identified (Appendix A), with descriptions of the
included studies displayed in Table 1.
Data Synthesis

Means and sample sizes for VR interventions and control groups were used in the
calculation of effect sizes. To control for upwards bias effects caused by small sample sizes,
Hedge’s adjusted g (g*) effect sizes were calculated for measures of improvement in
psychological/behavioural functioning. Effect sizes were calculated such that positive
outcomes reflected greater improvements in VR based intervention groups and negative
outcomes reflected greater improvements in control groups. Mean effect sizes were
calculated for each group comparison so as to reduce potential biases of study
overrepresentation.

Publication bias was assessed via funnel plot (Figure 2) and Rosenthal (1979) Fail-
Safe N value. Control types were coded as either non-intervention (wait lists control groups)
or active interventions. Active interventions were defined as comparative, established
interventions involving active, psychologically therapeutic mechanisms of action (e.qg.,
traditional exposure therapy, traditional cognitive behavioural therapy, and active non-VR
technological interventions).

Meta-analyses were conducted for overall effect sizes, as well as for effect sizes
specific to non-intervention and active intervention groups. Comparison between VR

interventions and all forms of controls was not desirable due to the variability in controls
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(e.g., nicotine replacement therapy, traditional face to face exposure therapy, and non VR
audio-visual distraction).

Additional moderator analyses were conducted to explore variability in effect sizes.
Potential moderators were grouped into relevant clusters: clinical/subclinical sample, form of
VR based intervention, form of control. Weighted meta-analytic multiple regressions were
used to evaluate the impact of the aforementioned categorical moderators, goodness of fit of
moderator variable sets, and estimates for fixed and random effects meta-analysis models
(Wilson, 2005).

In order to assess methodological rigour, included studies were evaluated according to
the CONSORT 2010 Statement and CONSORT-EHEALTH 2011 Statement (Moher et al.,
2010; Eysenbach & CONSORT-EHEALTH Group, 2011). Due to considerable overlap in
Statement items, CONSORT-EHEALTH 2011 items were only included when unique to
those presented in the CONSORT 2010 Statement. The combination of these two CONSORT
statements resulted in a total of 68 items for analysis.

Associations between treatment efficacy and methodological rigour were assessed via
Pearson product-moment correlation coefficients, with total met CONSORT and CONSORT-
EHEALTH checklist items used as measures of methodological rigour. Three correlation
analyses were conducted: total checklist scores and mean effect sizes; total checklist scores
and waitlist comparison mean effect sizes; and total checklist scores and active intervention
comparison mean effect sizes.

All analyses were completed via IBM SPSS Statistics for Windows, Version 22.0
(IBM Corp, 2013). Meta-analysis and meta-analytic weighted multiple regression macros
were used in accordance with Lipsey and Wilson (2000; Wilson 2005).

Results

Targets of Intervention
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Reported targets of intervention were treatment of specific phobias such as driving,
flying, heights, spiders, etc. (n = 15), pain management (n = 3), intellectual and
developmental disabilities (n = 2), cerebral palsy (n = 1), multiple sclerosis (n = 1), panic
disorder (n = 1), social anxiety (n = 1), traumatic brain injury (n = 1), post-traumatic stress
disorder, adjustment disorder, pathological guilt (n = 3), schizophrenia (n = 1), addiction (n =
1) and dementia (n = 1).

Type of Intervention

Interventions employed purely varied greatly, including purely behavioural VR based
exposure (n = 18), VR skills training (n = 6), VR cognitive behavioural therapy (nh = 2), VR
occupational therapy/physical rehabilitation (n = 3), and comparably more immersive forms
of VR exposure (n = 2).

Comparison Conditions

Comparisons were made against non-intervention wait-lists (n = 11), in-vivo exposure
(n = 8), imaginal exposure (n = 1), cognitive therapy/cognitive behavioural therapy (n = 4),
therapist led interventions (n = 2), and active technologically based interventions (e.g., non
VR audio-visual distraction and computer aided therapist run modules; n = 4). Comparisons
were additionally made against ‘treatment as usual’ (n = 8), consisting of interventions such
as person centred therapy (Ready et al., 2010) and nicotine replacement (Bordnick et al.,
2012).

Analysis of Effect Sizes

Table 1 displays the number of effect sizes (k) and mean effect sizes calculated for
analysis. Homogeneity analysis revealed significant results (Q = 134.66, p = <.001),
indicating heterogeneity in effect sizes. A random effects model meta-analysis was employed
to address heterogeneity, whilst inverse variance weighting was employed to afford larger

studies more analytical weight (Lipsey & Wilson, 2000).
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The mean effect size was 0.75, 95% CI [0.54, 0.96] and possessed a highly significant
z score (z = 7.06, p <.001). According to Cohen’s (1988) criterion, this figure indicates an
overall moderate effect size for VR interventions. However, as the stem-and-leaf plot of all
calculated effect sizes displayed in Table 2 indicates, there was considerable variability in
outcomes. Effect sizes were observed to cluster around 0 to 1.3, with some effect sizes
clustering around 2.0 to 2.8.

To understand the role that different comparisons may play in outcome levels,
separate stem-and-leaf plots of effect sizes were calculated for non-intervention and active
intervention comparison types (Table 3 and Table 4). Visual inspection of these effect sizes
suggested greater variability in intervention effect sizes, as well as larger effects for non-
intervention wait-list control comparisons. Individual meta-analyses were conducted in order
to identify differences in effect sizes, with VR based interventions obtaining significant effect
sizes against both non-intervention wait-list and active intervention controls (Table 5). VR
interventions were observed to possess an overall large effect size when compared to non-
intervention wait-lists, indicating greater outcomes via VR intervention than those observed
naturally over time. Comparisons between VR interventions and active interventions resulted
in an overall moderate effect size, suggesting that whilst VR interventions remained
advantageous, less difference was observed in comparison to outcomes from active
interventions.

A random effects meta-analytic multiple regression analyses was conducted for three
variables: clinical/subclinical sample, form of VR based intervention, and form of control.
Only form of VR based intervention was observed to significantly moderate observed effect
sizes (8 = .33, 95%, CI [.000, .323], p = .049).

Methodological Rigour

10
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Table 6 lists the degree to which included VR studies met both CONSORT and
CONSORT-EHEALTH Statement checklist items. Mean items meeting CONSORT
guidelines were observed to be 33.84 (SD = 8.42), or approximately 49% of checklist items.
Twenty-nine studies included a scientific background and explanation of their research, thus
justifying the purpose and need for their study (item 2a). Twenty-eight of the 31 studies also
described the eligibility criteria used to select participants, allowing readers to assess any
potential issues in target population validity (item 4a).

Encouragingly, 30 of the 31 studies described the interventions employed in sufficient
detail, allowing accurate replication and modification (item 5). Twenty-nine of the 31 studies
addressed potential trial limitations (item 20), as well as the generalisability of their findings
and accurately interpreting their results (item 21). However, few of the reviewed studies
detailed information regarding randomisation method (n = 5; item 8a), randomisation type (n
= 5; item 8b), who generated the random allocation sequence (n = 3; item 10), or the
mechanism used to implement random allocation (n = 5; item 9).

Twenty-four of the studies described how participants accessed the VR system, in
what context they accessed the system and whether they had to be members of specific
groups in order to access the intervention (item 5 vii). Twenty-seven of the 31 studies
described the mode of delivery employed and unique features of the utilised VR interventions
(item 5 viii). However, only four studies reported demographics associated with digital divide
issues including age, education, gender, socio-economic status, computer literacy, etc. (item
15 i), with 21 of the 31 studies also failing to include screenshots or sufficiently describe
technical details of graphical engines and VEs employed (item 5 v). Information pertaining to
conflict of interests (item 5 i), the display of institutional affiliations (item 4b ii) and the
relation of the study team towards evaluated systems (item 27) was similarly under-reported,

with 8, 0 and 10 studies (respectively) including this information.

11
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Treatment Efficacy and Methodological Rigour

Correlation analyses were conducted to test potential associations between reported
treatment outcomes and methodological rigour. Pearson product-moment correlation
coefficients were calculated between total checklist scores and mean effect sizes; total
checklist scores and waitlist comparison mean effect sizes; and total checklist scores and
active intervention comparison mean effect sizes. Overall, no significant correlation was
found between treatment outcomes and methodological rigour (r[36] =-.21, p =.213). VR
intervention and active control group comparison correlations were non-significant (r[25] = -
.03, p =.899), as were VR intervention and wait-list group comparison correlations (r[9] = -
49, p =.130). Methodological reporting appeared independent of mean effect sizes,
suggesting outcomes reported in the studies included in the meta-analysis provide a robust
gauge of VR treatment efficacy.

The impact of potential publication bias was examined via funnel plot and
Rosenthal’s (1979) Fail-Safe N value. Rosenthal (1979) suggests that findings can be deemed
robust if the Fail-Safe N value exceeds 5 times the number of studies included plus 10.
Subsequently, the Fail-Safe N number required to support the current study’s findings was
205. A Fail-Safe N analysis demonstrated that 2417 additional unpublished studies on VR
psychological interventions with effect sizes of zero would be required to lower the overall
effect size to that of non-significance. These results suggest that the current study’s findings
are indeed robust.

Discussion

The objectives of this review were three-fold: firstly, to determine the efficacy of

randomised controlled trials of VR based interventions via random effects meta-analysis;

secondly, to assess the methodological rigour of these VR based interventions according to

12



VR IN PSYCHOLOGICAL INTERVENTION

CONSORT 2010 and CONSORT-EHEALTH 2011 guidelines; and thirdly, to explore
whether methodological rigour was associated with treatment efficacy.

VR interventions demonstrated large and moderate effect sizes when compared to
non-intervention and active intervention control groups, respectively. Importantly, VR
interventions were more effective in ameliorating psychological disorders, syndromes or
behaviours than active interventions, a finding that remained unaffected via publication bias
analysis. As such, the current review clearly supports VR interventions as efficacious forms
of psychological treatment and as a promising addition to existing treatment options.

VR Based Intervention Effectiveness

Thirty-one studies were included in the meta-analysis. Despite a significant meta-
analytic multiple regression analysis, only form of VR based intervention was observed as an
individual moderating variables. Though this finding suggests that effect sizes may differ
depending on the form of VR intervention being employed, alternative explanations for these
effect sizes (e.g., weak active intervention responses, expectancy biases, allegiance effects
and outcome measure bias; Powers and Emmelkamp, 2008) cannot yet be ruled out.
However, the present findings nonetheless indicate that the relative effectiveness of VR
interventions are not simply limited to exposure based applications.

Methodological Rigour

No associations were found between treatment efficacy and methodological rigour,
with methodological reporting observed to be independent of effect size. This would suggest
that VR intervention outcomes remain significant and substantial in the face of sub-optimal
methodological reporting, and lend further weight to their use. However, continued
development in this field may be assisted by adoption of more stringent standards of

methodological rigour.

13
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Considerable variation existed in the level of detail reported across the reviewed
studies. Some variation may be due to differences in journal reporting criteria (Kane, Wang,
& Garrard, 2007; Ladd, McCrady, Manuel, & Campbell, 2010; Plint et al., 2006) and to
methodological developments made between 1995 and 2013 (Ladd et al., 2010).
Nevertheless, examination of the methodologies used to test and report VR interventions
clearly demonstrates that numerous relevant factors are still not being reported adequately.

Individual differences in computer and VR familiarity are often seen to act as
mediators or moderators of intervention efficacy and completion (Hamilton et al., 2011;
Schulz et al., 2010), yet went largely unreported. Subsequently, it is strongly recommended
that they be reported in subsequent VR intervention studies.

The replicability of several of the reviewed studies was unnecessarily hampered, with
studies failing to include screenshots or sufficiently describe technical details of graphical
engines and VEs employed. As differences in visual presentation may result in subsequent
study replications and extensions obtaining erroneously dissimilar results, this information
should be reported in future studies.

As numerous VR intervention studies are conducted in order to assess commercial VR
systems in which researchers themselves possess financial interests, omissions of information
regarding conflicts of interest should be avoided. If VR is to move into mainstream clinical
practice, it is important that clinicians are confident that VR interventions has demonstrable
benefit for clients. Reporting of potential bias by researchers will not only improve
transparency in research, but may serve to allay concerns regarding potential bias.

Use of CONSORT Statement and CONSORT-EHEALTH Statement items included
in our analyses checklists will aid subsequent replications and permit detailed evaluations of
reliability and validity, fostering a greater understanding, acceptance and knowledge of the

variety, effectiveness and efficacy of VR interventions.
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Associations between Treatment Efficacy and Methodological Rigour

Our finding that treatment efficacy was not associated with methodological rigour
was unexpected, and may raise questions concerning the importance and influence that
methodological rigour has on interpreting treatment outcomes.

However, there may be possible explanations for this finding. The potential bias of
researcher allegiance, a researcher’s belief in the superiority of their treatment (Munder et al.,
2013), may pose a substantial threat to internal validity. Researcher allegiance has been
regarded as a determinant of treatment outcome (Munder et al., 2013). This is concerning, not
least because several VR intervention studies are conducted in order to assess commercial
VR systems. Adoption of researcher allegiance minimisation strategies such as mixed
allegiance therapists would aid in negating potential bias (Leykin & DeRubeis, 2009;
Luborsky et al., 1999; and Munder et al., 2013), as would the use of trial registries,
declarations of conflicts of interest and affiliations (Moher et al., 2001).

Limitations

There are several limitations to this study. Firstly, these analyses were based upon the
limited number of studies that met the inclusion criteria of RCTs. More studies that meet the
gold standard of RCTS are required to further substantiate the effectiveness of VR based
psychological interventions. However, this may be in part due to a second limitation. Though
Ovid, ScienceDirect (Psychology) and Proquest Psychology provide substantial coverage of
literature in the field, databases such as Web of Science and Cochrane Central Register of
Controlled Trials were not utilised. Review of these and similar databases may result in a
more comprehensive analysis. Thirdly, assessment of methodological rigour was conducted
by only a single coder. As the use of multiple coders is necessary to ensure inter-rater
agreement over methodological rigour, the current study’s findings may not be free from

bias.
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Fourthly, variations in both the forms and number of VR interventions reviewed,
disorders targeted and active intervention control groups suggests a need for greater analyses
of these specific differences, as variations in mechanisms of action, treatment resistance,
delivery, cohort, and other factors may mediate outcomes (Kazdin, 2007). Fifthly, this review
purposely targeted a broad range of VR interventions in order to present a comprehensive
view of current research. As VR continues to develop, more specific areas within VR
intervention will need to be reviewed (e.g. specific clinical/subclinical samples, proposed
mechanisms of action, target populations).

Finally, the effect of ‘presence’, the extent to which VR feels realistic (Alsina-Jurnet,
et al., 2011; Hoffman et al., 2004), was not assessed. Although evidence supporting the role
of presence in improving outcomes is mixed (Powers & Emmelkamp, 2008; Riva et al.,
2011), its importance to VR intervention can only be determined if future studies routinely
incorporate measures of presence.

Conclusion

It is clear that VR psychological interventions show considerable promise, allowing
clients to engage in novel, highly interactive and effective adaptations of active face to face
interventions. However, larger sample sizes, more control intervention comparisons,
replication studies, and measures of potentially important variables such as presence are
required to develop the field of VR based interventions.

Reporting guidelines such as those outlined in the CONSORT and CONSORT-
EHEALTH statements will promote a greater emphasis on methodological rigour in the
reporting of RCT studies, adding further support to the development of VR applications in
clinical settings. With the imminent release of affordable VR systems, it is likely that the
future will see a new wave of VR intervention development. For this reason, it is timely to

consolidate and build on these promising results to guide future research.
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2.41,1.73

1.35,0.79

0.97, 2.26, 0.96,
1.35,0.14, 1.34,
0.51

0.63,0.61,0.24

0.10, 0.05, 0.08,
0.33,0.02

1.01

0.46

0.45

0.71

2.76

0.91

1.07

1.08

0.49

0.12
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Anderson, Price, Edwards,

Therapy

Obasaju, Schmertiz, Zimand & 221 Social Anxiety VR Exposure 32  Non-intervention 21 1.45, %5885’ 0.65, 0.88
Calamaras )
Anderson, Price, Edwards, 201
Obasaju, Schmertiz, Zimand & 3 Social Anxiety VR Exposure 26 In-vivo Exposure 24 0.69, 0.00 0.35
Calamaras
Gutiérrez, Galan del Rio, Cano

’ I 201 . , Treatment as 1.36, 0.58, 2.38,
dela Fuerda, Alguacil Diego, 3 Multiple Sclerosis VR OT-PT 24 Usual 23 2.29, 0.56, 1.04 1.37
Gonzalez & Page
Meyerbroeker, Morina, 201 - . 23- . 21- 0.27,0.22,0.10,
Kerkhof & Emmelkamp 3 Specific Phobia VR exposure ” In-vivo Exposure 9 0.01 0.15
Rus-Calafell, Gutierrez- 201 - . Imaginal
Maldonado, Botella & Banos 3 Specific Phobia VR Exposure 7 Exposure 8 0.42,0.09,0.78 0.43

k = number of effect sizes calculated per study.
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Total studies found via Ovid, ProQuest
Psychology Journals and ScienceDirect
(Psychology) databases.
n=27,533

4 )

Reviewed and rejected at title or
keyword level (n = 27,080)

- Did not include a VR based
psychological intervention.

- Not published in scholarly journals.
Not published in English.

Abstracts screened.
n =453

4 )

Reviewed and rejected at abstract
level (n = 316)

- Duplicate.

- Involved assessment, simulation or
education tool not focusing on
psychological change.

Full articles screened.
n=137

/ Reviewed and rejected at article \
level (n = 105)
- Involved assessment, simulation or
education tool not focusing on
psychological change.
- Did not include well defined measures or
detailed analysis of results. /

\_

Total articles included in literature
review.
n=32

Figure 1. Virtual reality intervention literature search and study selection.
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Potential publication bias funnel plot for reviewed studies.
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Table 2
Stem-and-Leaf Plot of All Effect Sizes
Stem Leaf
0. 0,1,1,1,1,1,1,2,2,2,3,4,4,4,4,4,4
0. 5,6,6,6,7,7,8,8,9
1. 0,01,1,1,2,3,3
2. 0,1,2
2. 8
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Table 3
Stem-and-Leaf Plot of Non-Intervention Wait-List Comparison Effect Sizes
Stem Leaf
0. 1
0. 5,6,7,8,8,9
1 1,1
2 0,1

36



VR IN PSYCHOLOGICAL INTERVENTION

Table 4

Stem-and-Leaf Plot of Alternative Intervention Comparison Types’ Effect Sizes

Alternative Intervention

Comparison Type Stem Leaf
Alternative Technology 0. 6,7
1. 3
2. 2
Cognitive Therapy 0. 1,1,1
/Cognitive Behavioural 0. 4
Therapy
Imaginal Exposure 0. 4
In-Vivo Exposure 0. 0,1,1,2,2,2
0. 3,4
Therapist Led Intervention 0. 4
1. 0
Treatment As Usual 0. 4,4
0. 6
0. 0,123
2. 8
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Table 5

Individual Random Effects Meta-Analyses by Non-Intervention and Comparative Intervention Forms
of Control

k Q g* 95% CI z
Non-Intervention 11 6.70 0.95 0.55,1.35 4. 71***
Comparative-Intervention 27 27.52 0.67 0.43,0.92 5.34%**

*** p <.001, one-tailed.
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Table 5. Reviewed Virtual Reality Studies Scored Against the CONSORT 2010 and CONSORT-EHEALTH
2011 Checklists

Studies
CONSORT Item Item Description including
item (N =31)

Item 1a Identification as a randomised trial in title 6

Structured summary of trial design, methods, results, and
Item 1b .

conclusions 28
Item 2a Scientific background and explanation of rationale 29
Item 2b Specific objectives or hypotheses 24

Description of trial design (such as parallel, factorial) including
Iltem 3a . .

allocation ratio 25
ltern 3b Important changes to methods after trial commencement (such as

eligibility criteria), with reasons 2
Item 4a Eligibility criteria for participants 28
Item 4a i’ Computer / Internet literacy 3
Item 4aii® Open vs. closed, web-based vs. face-to-face assessments 21
Item 4a iii Information given during recruitment 14
ltem 4b

Settings and locations where the data were collected 13
ltem 4b i@ Clearly report if outcomes were (self-)assessed through online

guestionnaires (as common in web-based trials) or otherwise 24
ltem 4b i Report how institutional affiliations are displayed to potential

participants (describe only if this may bias results) 0

The interventions for each group with sufficient details to allow
ltem 5 replication, including how and when they were actually

administered 30

If authors/evaluators are owners or developer of the software, this
ltem 5 i¢ needs to be declared in a “conflict of interest” section or

mentioned elsewhere in the manuscript 8
Item 5 ii® Describe the history/development process of the application 1
ltem 5 iii Revisions and updating 0
Item 5 iv® Provide information on quality assurance methods 4
Item 5 v° Ensure replicability (sourcecode, screenshots, flowchart, etc.) 10
Item 5 vi® Digital preservation (url, digital archive, etc.) 2

Describe how participants accessed the application, in what
ltem 5 vii? setting/context, if they had to pay (or were paid) or not, whether

they had to be a member of specific group 23
ltem 5 viii® Describe mode of delivery, features/functionalities/components of

the intervention and comparator, and the theoretical framework 27
ltem 5 ix? Clarify what instructions or recommendations were given to the

user, e.g., regarding timing, frequency, if any 20
Item 5 x? Clarify the level of human involvement 28
Item 5 xi® Report any prompts/reminders used 1
Item 5 xii” Describe any co-interventions (incl. training/support) 18

Completely defined pre-specified primary and secondary outcome
Iltem 6a . .

measures, including how and when they were assessed 28
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Item 6a ii?

Item 6aiii?

Item 6b

Item 7a

Item7ai
Iltem 7b
Item 8a

Item 8b

Item 9

Item 10

Item 11a

Iltem 11ai°

Item 11aii
ltem 11b

Item 12a

Iltem 12 a°

Iltem 12b

Item 13a

Iltem 13b

Item 14a
Item 14b

Item 15

Item 15 i°

Item 16

Item 16 i

Describe whether and how “use” (including intensity of
use/dosage) was defined/measured/monitored

Describe whether, how and when qualitative feedback was
obtained from participants

Any changes to trial outcomes after the trial commenced, with
reasons

How sample size was determined

Describe whether and how expected attrition was taken into
account when calculating the sample size

When applicable, explanation of any interim analyses and stopping
guidelines

Method used to generate the random allocation sequence

Type of randomisation; details of any restriction (such as blocking
and block size)

Mechanism used to implement the random allocation sequence
(such as sequentially numbered containers), describing any steps
taken to conceal the sequence until interventions were assigned

Who generated the random allocation sequence, who enrolled
participants, and who assigned participants to interventions

If done, who was blinded after assignment to interventions (for
example, participants, care providers, those assessing outcomes)
and how

Specify who was blinded, and who wasn't

Discuss whether participants knew which intervention was the
“intervention of interest” and which one was the “comparator”

If relevant, description of the similarity of interventions
Statistical methods used to compare groups for primary and
secondary outcomes

Specify how participants who did not use the application or
dropped out from the trial were treated in the statistical analysis
Methods for additional analyses, such as subgroup analyses and
adjusted analyses

For each group, the numbers of participants who were randomly
assigned, received intended treatment, and were analysed for the
primary outcome

For each group, losses and exclusions after randomisation,
together with reasons

Dates defining the periods of recruitment and follow-up

Why the trial ended or was stopped

A table showing baseline demographic and clinical characteristics
for each group

Report demographics associated with digital divide issues, such as
age, education, gender, social-economic status,
computer/Internet/eHealth literacy of the participants, if known
For each group, number of participants (denominator) included in
each analysis and whether the analysis was by original assigned
groups

Report N’s (and effect sizes) “across a range of study participation
[and use] thresholds”

27

14

11

10

16

29

17

24

27

28

21

13

27

24
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Iltem 16 ii®

Item 17a

Item 17b

Item 18

Item 19
Item 19 i

Item 19 i
Item 20

Item 21

Item 22

Item 22 i

Iltem 22 ii®
Item 23

item 24

Item 25

Item 27°

Primary analysis should be intent-to-treat; secondary analyses
could include comparing only “users”

For each primary and secondary outcome, results for each group,
and the estimated effect size and its precision (such as 95%
confidence intervals)

For binary outcomes, presentation of both absolute and relative
effect sizes is recommended

Results of any other analyses performed, including subgroup
analyses and adjusted analyses, distinguishing pre-specified from
exploratory

All important harms or unintended effects in each group

Include privacy breaches, technical problems

Include qualitative feedback from participants or observations
from staff/researchers

Trial limitations, addressing sources of potential bias, imprecision,
and, if relevant, multiplicity of analyses

Generalisability (external validity, applicability) of the trial findings

Interpretation consistent with results, balancing benefits and
harms, and considering other relevant evidence

Restate study questions and summarize the answers suggested by
the data, starting with primary outcomes and process outcomes
(use)

Highlight unanswered new questions, suggest future research
Registration number and name of trial registry

Where the full trial protocol can be accessed, if available
Sources of funding and other support (such as supply of drugs),
role of funders

State the “relation of the study team towards the system being
evaluated”

30

29

24

12

29
29

30

28
24

20

10

%= CONSORT-EHEALTH 2011 checklist specific item
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