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Part I: 

Lay Summary 

Wellbeing is a broad construct that includes having a good quality of life, being happy, thriving 

in our day to day lives and having good relationships with others. Wellbeing in adolescence is 

important because it can have lasting impact on the rest of our lives. Previous studies have found 

that wellbeing influences many areas of our lives including our mental health, physical health, 

school success and employment. Therefore, it is important to support adolescents and help them 

develop themselves and learn skills so that they can take care of their mental health.   

Projects to support adolescents and teach them wellbeing skills exist and these often take 

place in schools. However, these can sometimes be difficult for staff to teach, as these topics 

may be unfamiliar to them. Some students who may be more at risk of having poor wellbeing or 

having mental health problems may also struggle to learn through typical classroom-based 

teaching.  

As children nowadays grow up with technology, they may find it more fun and interesting to 

learn through technology, and may actually learn better this way as they pay more attention. One 

of the new technologies that has been developed is extended reality, which includes virtual 

reality and augmented reality.  

• Virtual reality: Users wear headsets that show them an entirely computer generated 

world, that they can interact with. (e.g. Oculus Rift) 

• Augmented reality: Users use smartphones to see computer generated elements in their 

present environment. (e.g. Pokemon Go) 

Previous researchers have used these technologies to improve teaching in schools and 

have found that students learn well this way. Researchers have also used these technologies in 
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therapy and have found that they can help treat mental health problems, like depression or 

anxiety. In my study, I wanted to test whether these technologies can be helpful to improve 

wellbeing knowledge and skills in adolescents.  

My study had two parts. Firstly, I searched the literature to see if any other researchers 

had used extended reality technologies to improve wellbeing in adolescents, to understand how 

they used it and whether these attempts were successful in improving wellbeing. My search 

showed that there were only ten studies looking at this topic. Although more than half of these 

studies showed that participating in these extended reality projects can be good for wellbeing, it 

was difficult to be certain about these results due to research limitations. Most studies got 

participants to play regular games or watch videos and did not focus specifically on teaching 

wellbeing skills. Each study was very different from another and therefore, it was not possible to 

say whether we would find the same results if we were to apply the same project elsewhere with 

different adolescents. Also, most studies only measured wellbeing immediately after the project 

and did not look at what happens to wellbeing in the long term, which would be more helpful. 

There were only two studies that used augmented reality, meaning that there was not enough 

research on this topic to comment on its use with adolescents and benefits to wellbeing. 

For the second part of my study, I tested a newly developed augmented reality project 

(called Dragons of Afterlands) in schools to see if it is successful in improving wellbeing. 

Dragons of Afterlands is a board game, using augmented reality, that adolescents play together in 

class. While playing the game, adolescents complete challenges that are designed to teach them 

wellbeing skills, such as recognizing emotions or handling conflict with others. Adolescents 

played the game once a week for five to six weeks and I assessed their wellbeing using 

questionnaires at the beginning and end of the study and one month later. I then compared these 
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wellbeing scores to those of adolescents who did not play the game to see if there were any 

differences.  

The results showed that there were no differences in wellbeing of adolescents who played 

the game and those who didn’t, showing that the game was not successful in improving 

wellbeing in this study. I also asked adolescents to complete another questionnaire on how 

motivated they were to attend these game sessions and found that those who played the game 

were less motivated than those who attended regular classes at school, which was unexpected. 

Some possible explanations for these findings could be that there may have been a mismatch 

between what adolescents already knew about wellbeing and what the game was aiming to teach 

(the content may have been too easy), the features of the game may not have been as engaging 

(e.g. there were technical glitches), the adolescents may have had other priorities (e.g. 

schoolwork).  

Although the current version of the game was not successful, the learning points from 

this study will be helpful in guiding future versions of the game, as well as the field of extended 

reality wellbeing research overall. Some learning points and future directions include working 

more collaboratively with adolescents and schools to better meet their needs, adjusting the game 

content to skills and knowledge of players, and the advantages and challenges of testing 

extended reality projects early on in schools. 
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Part II: The Systematic Review 

The Use of Extended Reality Interventions to Improve Wellbeing in Adolescents and 

Young People 

 

Abstract 

Wellbeing plays an important role in mental health and quality of life for individuals, particularly 

during developmental periods like adolescence. Many interventions have been developed to 

promote wellbeing in adolescents, with the literature shifting towards interventions that benefit 

from technological enhancements. The aim of the present study was to review effective extended 

reality (XR) (immersive technologies, including virtual reality and augmented reality) 

interventions that have been used to improve wellbeing in adolescents. American Psychological 

Association (APA) PsycINFO, Institute of Electrical and Electronics Engineers (IEEE) Xplore 

and Web of Science were searched for articles using XR interventions with individuals between 

the ages of 10-24 and assessing pre-post changes in wellbeing outcomes. Findings were 

evaluated based on participant characteristics, study characteristics, and study outcomes and 

synthesized narratively. Risk of bias was assessed using the Cochrane Risk of Bias Tool and of 

the ten papers assessed, three were found to have low risk of bias, three had some risk of bias 

and four had high risk of bias. The results of the review were mixed with the majority of studies 

(60%) reporting at least some improvements in wellbeing post intervention. The review 

highlighted gaps in the literature, such as the lack of longitudinal interventions, lack of studies 

with younger populations, lack of AR studies which indicated that further research is needed for 

conclusive and generalizable outcomes. 
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Introduction 

Mental wellbeing is conceptualized as more than just the lack of mental illness and 

focuses on individuals feeling good and functioning well in their lives (World Health 

Organisation [WHO], 2004b;  Department of Health, 2014). Wellbeing has been a topic of 

interest in psychology for decades and multiple definitions have been developed for it over time, 

with each definition slightly altering our understanding of the construct.  

A comprehensive definition of wellbeing is one developed by Ryan and Deci (2000), 

which defines wellbeing as a construct that comprises of both hedonic and eudaimonic aspects. 

Hedonic or subjective wellbeing refers to the influence of positive and negative emotions on 

individuals’  mental state and focuses on happiness, satisfaction and pleasure attainment; 

whereas eudaimonic or psychological wellbeing refers to positive functioning in daily life, 

positive relationships with others, meaning-making and self-realization (Keyes et al., 2002; Ryan 

& Deci, 2001; Bolier et al., 2013; Diener, 1984). Optimal wellbeing, then, indicates high levels 

of hedonic and eudaimonic wellbeing (Keyes et al., 2002) and includes positive affect and 

cognitions towards life, a global sense of satisfaction, positive mental health and a good quality 

of life (Ben-Zur, 2003). 

Wellbeing plays an important role in individuals’ lives as it is linked to physical health 

and longevity (Diener et al., 2017), employment, social relationships and mental health 

(Department of Health, 2014). Wellbeing in childhood and adolescence is particularly important, 

as wellbeing in early years can have lasting impact into adulthood (Department of Health, 

2013c). However, wellbeing often declines during adolescence, reaching its lowest point at 

around age 14-15 (Department of Health, 2013b). According to the World Health Organization, 

an important component of prevention of mental health problems is the promotion of 
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individuals’ strengths and skillset to reduce their susceptibility to future mental health difficulties 

(WHO, 2004a). Promotion of wellbeing and mental health is most effective when it takes place 

in youth (WHO, 2013), highlighting the importance of developing interventions for this 

particular age group.  

Wellbeing Interventions for Children and Adolescents 

Considering the need for mental health and wellbeing support in adolescence, several 

interventions have been developed to target these issues. Wellbeing interventions for children 

and adolescents have often targeted skills development in relation to mental health disorders and 

have been reactive to problems in school rather than taking a preventative approach (Vostanis et 

al., 2013). One meta-analysis, taking a symptom focused approach, found that resilience focused 

interventions, building skills and resources based on CBT principles for depressive symptoms, 

anxiety symptoms and general psychological distress have shown the most promise in improving 

mental health outcomes (which were assessed based on internalizing and externalizing 

symptoms) (Dray et al., 2017). Mindfulness based interventions and interventions using 

Acceptance and Commitment Therapy (ACT) principles were also shown to lead to positive 

mental health outcomes (van Agteren et al., 2021). 

More recently, there has been a shift towards positive psychology interventions that focus 

on building on strengths and capacities as preventative factors rather than solely taking a 

symptom-focused approach. A range of positive psychology content was used in previous 

interventions, with most of these interventions focusing on social and emotional learning 

(Kuosmanen et al., 2019). One systematic review found promising results for life skills training 

interventions targeting social and emotional competences, attitudes about self, others and about 

going to school (Sancassiani et al., 2015). An example of such a positive psychology 
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intervention targeting these areas was a large scale study where students participated in activities 

and discussions, read stories and watched videos on themes, such as gratitude, optimism, self-

concordant goal setting and developing flexible mindsets, which led to increases in self-esteem, 

self-efficacy, optimism and interpersonal resilience (Shoshani & Steinmetz, 2013). Although 

reviews on this topic have generally found positive effects overall for these interventions, 

challenges exist in the literature around low quality of evidence (van Agteren et al., 2021), 

heterogeneity in characteristics of interventions, recruitment of student populations across 

developmental stages, use of outcome measures preventing direct comparisons (Sancassiani et 

al., 2015) and lack of long term interventions (Adi et al., 2007). 

The majority of existing wellbeing interventions offered to adolescents are based in 

schools, with digital or community based interventions lacking (Kuosmanen et al., 2019). 

Interventions commonly target adolescents directly (rather than taking a systemic approach 

around training for school staff or parents) (Vostanis et al., 2013). Whilst most of the available 

interventions have utilized face to face delivery methods, digital interventions taking a school-

based positive psychology approach may be more equitable and accessible for students to help 

them learn about wellbeing (Francis et al., 2021). Administering face to face wellbeing 

interventions in schools can be challenging, as adequate staff training and supervision needs to 

be provided to ensure fidelity in the delivery of interventions (Gee et al., 2021). Most 

interventions in the literature are not evidence based and open to adaptations by staff depending 

on changing circumstances in schools (Vostanis et al., 2013), which makes it difficult to evaluate 

them and build an evidence base. Technologically driven interventions have the advantage of 

being more standardized, as they often do not require as much staff input as face to face teaching 

based interventions. Online computer and smartphone based positive psychology interventions 
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for adolescents, focusing on flourishing of individuals, have been shown to decrease anxiety and 

depression and increase wellbeing, however there is a need for more technologically enhanced, 

controlled, longitudinal studies that are developed specifically for target populations and settings 

(Baños et al., 2017). 

Extended Reality Technology 

One rapidly developing area of technological innovation is the field of extended reality 

(XR). Extended reality (XR) encompasses augmented reality (AR), virtual reality (VR) and 

mixed reality (MR) technologies. As described by Ventura et al. (2018), VR creates a fully 

immersive virtual environment, where users feel as if they are inside the virtual world and 

experiencing it in first person point of view, usually through a headset, such as the Oculus Rift, 

that provide interactive three dimensional visuals and audio. AR, on the other hand, enhances 

user experiences by building on the existing real world environment in which the users find 

themselves, by adding computer generated virtual elements to it. A prime example of AR is the 

mobile app game, Pokémon Go, where users continue to experience real world (e.g. walking in 

the park) with the addition of superimposed app generated three dimensional visuals (Pokémons) 

that appear as if they exist in the real world. Mixed reality is a developing field that combines 

both AR and VR elements, such as the Microsoft HoloLens; however there is very limited 

research on mixed reality at present. As the field of extended reality rapidly grows, new 

definitions and categorizations emerge.  

XR is a rapidly growing field with applications across many industries (Parekh et al., 

2020). The advantage of XR technologies, such as VR, over non-XR technologies is the 

immersion and sense of flow (Csikszentmihalyi & Csikzentmihaly, 1990)  it can create for its 

users (Pallavicini & Pepe, 2019). This immersion and sense of flow allows for higher levels of 
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concentration in tasks and absorption in the experience (Michailidis et al., 2018), which can 

increase intrinsic motivation for the activity (Csikszentmihalyi & Csikzentmihaly, 1990). XR can 

have use in mental health through the imagery it creates, which can capture attention and amplify 

emotional effects of interventions.  

Use of XR with Children and Adolescents 

XR technology has been used to deliver several mental health interventions across 

populations, settings and conditions since its development. With adult populations, therapeutic 

techniques have been successfully applied to VR and these interventions have been found to 

have clinically significant effects in the treatment of mental health problems such as stress, 

phobias, anxiety, eating disorders, depression and PTSD and have been used to aid 

neurocognitive assessments, pain management interventions and rehabilitation (Carl et al., 2019; 

Kothgassner et al., 2019; Parsons et al., 2017; Spiegel et al., 2019; Tong et al., 2015; Opris et al., 

2012). Research on efficacy of these interventions for child and adolescent populations; 

particularly using controlled trials, are lacking compared to adult literature (Kothgassner & 

Felnhofer, 2021); however, there is a growing body of evidence to suggest that similar positive 

effects can be observed in younger people around the treatment of anxiety, depression, phobias, 

interventions to alleviate pain (Eijlers et al., 2019; Halldorsson et al., 2021; Bouchard, 2011). XR 

interventions have also been used in hospital settings and were deemed to be safe, engaging and 

accessible for reducing pain and anxiety of adolescent inpatients (Ridout et al., 2021). XR 

interventions have been developed to teach social skills to children with autism by helping them 

visualize concepts (Lorenzo et al., 2019; Chung & Chen., 2017) and have been found to be 

effective in improving social interactions, communication skills, attention skills and functional 

skills in children and adolescents with autism (Berenguer et al., 2020). AR and VR technology 
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have also been used within the exergaming framework of promoting exercise and improving 

physical health in adolescents and was found to be appealing and acceptable (Farič et al., 2021) 

and lead to increases in physical activity (Ni et al., 2019; Benzing & Schmidt, 2018). 

Use of XR in the Context of Wellbeing Promotion 

There is emerging evidence with non-clinical populations that digital technologies can 

have a positive impact on positive mental health and wellbeing overall (Collins et al., 2019). XR 

has mostly been used in the context of treatment of mental health disorders; however, there is a 

growing body of evidence around its use in adult and older adult populations in relation to 

wellbeing (Carroll et al., 2021; Montana et al., 2020).  

Use of VR to promote wellbeing has been a focus on investigation within the workplace 

context. Studies have found that delivering VR interventions at work improves affect (increased 

happiness, decreased anxiety, anger and sadness), promotes relaxation and reduces stress overall 

using a range of intervention contents (Naylor et al., 2019; Adhyaru & Kemp, 2022; Naylor et 

al., 2020; Riches et al., 2021). These interventions were shown to be acceptable, with 

participants reporting that there could be significant benefit to making these wellbeing 

interventions more widely available (Naylor et al., 2019; Riches et al., 2021). VR wellbeing 

interventions were also delivered to adults to promote the development of their emotion 

regulation skills, and these interventions were found to promote wellbeing as well (Montana et 

al., 2020). Interventions in these studies included relaxation techniques, using biofeedback to 

regulate physiological arousal, behavioral activation and social skills development. The 

wellbeing outcome measures were taken broadly and included scales for anxiety, mindfulness, 

depression and coping. Although the diversity in the intervention contents and the outcome 

measures posed methodological concerns in relation to building a robust evidence base in the 
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literature, it also demonstrated the flexibility of XR as a delivery tool that is adaptable to various 

intervention approaches. 

The use of XR technology to promote wellbeing in clinical and non-clinical older adults 

also found some promising results for psychological and social wellbeing, particularly around 

environmental mastery, social interactions (Lee et al., 2019), mood and apathy (D'Cunha et al., 

2019). Similar methodological issues as the adult studies were present in the literature regarding 

heterogeneity in range of interventions and designs, small sample sizes and technological 

challenges (such as difficulties using technologies independently, system errors and these leading 

to frustration).  

Existing literature on the use of XR interventions in the context of wellbeing with adult 

populations shows that XR interventions can be beneficial as wellbeing interventions. It is 

important to note that research on XR is predominantly on VR technology, with very limited 

evidence around AR interventions. VR interventions provide a sense of enjoyment and 

engagement, presence in the moment and an activation of affective motivational states which 

contribute to wellbeing (Hatta et al., 2022). Evidence also suggests that VR interventions can 

help increase self-compassion, leading to an increase in self-care behaviors and meditation by 

facilitating the construction of positive mental images in participants (Cebolla et al., 2019). VR 

interventions can potentially modify emotional responses through reappraisals of emotional 

stimuli and give sense of personal growth and autonomy (Montana et al., 2020). XR technology 

can also enhance the effectiveness of the interventions being delivered by engaging participants 

to attended more sessions (Hadley et al., 2019; Bosworth, 2016; Marsch & Borodovsky, 2016; 

Bruijniks et al., 2020). Considering the promising findings on the use of XR in adult literature 

around wellbeing, and the fact that XR has already been successfully applied within treatment 
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context with adolescent samples, the application of XR technology to promotion of wellbeing in 

adolescents holds potential.  

Current Review Aims 

Although there is a growing body of literature on the use of XR interventions in mental 

health, to our knowledge, there have been no systematic reviews looking at the use of XR 

interventions for adolescent wellbeing. The present review aims to outline the types of extended 

reality interventions that have been offered to adolescents and young people to improve their 

wellbeing and to evaluate the effectiveness of these interventions. Specifically, the review aims 

to answer the following question: What are effective XR interventions that have been used to 

improve wellbeing in adolescents and young people?  

 

Methods 

The present study is a systematic review using narrative synthesis. It was conducted in 

line with the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) 

2020 guidelines (Page et al., 2021).  

Eligibility Criteria 

The eligibility criteria for the present review are outlined using the PICOS framework in 

Table 1.  The search focused on identifying research looking at the impact of XR technologies on 

the wellbeing of adolescents and young people. The age range for adolescence was selected as 

10-24 years of age in line with Sawyer et al., (2018)’s conceptualization of adolescence, which 

takes into account earlier onset of puberty and delayed role transitions into adulthood 

(completion of education, marriage, parenthood, financial independence etc.) in modern society, 

as well as an improved understanding of continued neurological developments into early 
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twenties. This age range was used in other similar reviews and literature of adolescent mental 

health (Best et al., 2014; Orben et al., 2020; Morrish et al., 2018; Blakemore, 2019). The search 

was not limited by publication date as the availability of the technology created a natural limit 

for this.  

Table 1 
 
Eligibility Criteria 
 
 Inclusion Criteria Exclusion Criteria 
Population Participants should be between the ages 

of 10 and 24.  
• Ages 10  and 24 were taken as 

absolute cut-off points.  In cases 
where mean ages were reported, 
age range of participants were 
calculated using standard 
deviations and samples with 
participants that fell outside of 
the 10-24 years range were 
excluded from the review.  

 
Participants can be males and/or 
females. 
 
Participants can be from any ethnicity, 
country and socioeconomic 
background. There are no language 
restrictions, as long as the intervention 
materials and outcome measures are 
accessible to the sample population and 
the findings are reported in English. 
 

Studies that do not report age of 
participants. 
 
Studies that include any participants 
who fall outside of this age range.  
 
Studies that are aimed at participants 
with learning disabilities.  

Intervention Interventions must use immersive 
virtual reality, augmented reality, 3D, 
visuohaptic or extended reality 
technologies.  
 
Interventions can be delivered in group 
or individual formats.  
 

Interventions only focusing on 
remote healthcare provision or health 
education.  
 
Interventions that only use serious 
gaming, gamification or apps 
without immersive extended reality 
qualities (e.g. computer based video 
games, mobile game apps).  
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Interventions can use any content 
aimed at improving mental health and 
wellbeing. 

Papers that do not include 
interventions tested on participants 
(e.g. papers describing new tools 
without delivering the intervention).  
 

Comparators There are no restrictions on 
comparators. Studies are not required 
to have comparison or control groups 
as long as they meet the outcomes 
requirements and follow a pre-post 
intervention design that allows for 
within groups comparisons.  
 

 

Outcomes Studies must measure at least one 
wellbeing outcome.  
 
Studies must have baseline measures 
and at least one post intervention 
measure related to the wellbeing 
outcome measure (if quantitative).  
 
Outcome measures can be qualitative 
or quantitative. Outcome measures are 
not required to be standardized, 
although this will be taken into 
consideration as a strength or limitation 
in the interpretation of the findings.  
 

Studies only reporting on mental 
health symptoms and diagnoses (e.g. 
anxiety, depression). 
 
Studies that only collect post 
intervention measures of wellbeing.  
 
Studies only assessing acceptability 
or usability of interventions.  

Study 
Design and 
Types of 
Study 

There are no restrictions on settings. 
Studies can include samples obtained 
from the community, schools, hospitals 
or inpatient settings.  
 
There are no restrictions on type of 
study. Studies can include 
observational or experimental studies, 
cross-sectional or longitudinal studies.  
 
There are no restrictions around grey 
literature and theses. These were 
accessed via the databases (outlined 
below) and not searched for separately. 
 
Studies must be available in English. 
There are no restrictions on publication 
date. 

Studies where full text is not 
available in English.  
 
Studies where only protocols or 
abstracts are available, book 
chapters, reviews (narrative reviews, 
systematic reviews, literature 
reviews, meta-analyses), 
commentaries.  
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Information Sources 

Scoping searches were conducted to determine suitability of databases and to select 

appropriate search terms. The scoping searches included testing the search terms on various 

databases to determine their suitability, as well as identifying similar reviews on PROSPERO to 

inform decision making. The review was registered on PROSPERO (CRD42021261196).   

The topic of the present review is interdisciplinary, relating to psychology (mental health 

and wellbeing, child development, psychological interventions), computer science (extended 

reality technologies) and potentially education or healthcare depending on the setting of research 

projects. The following three databases, American Psychological Association (APA) PsycINFO, 

Institute of Electrical and Electronics Engineers (IEEE) Xplore and Web of Science, were 

selected to provide a comprehensive cover of the fields of interest. PsycINFO was chosen as a 

database of publications in psychology, while IEEE Xplore was selected as a database of 

publications in computer science, electrical engineering/ electronics and allied fields. Web of 

Science provides access to databases from a range of academic disciplines and was included to 

capture any papers that may have been published outside of the remit of the other two databases. 

Other databases like PubMed and Education Resources Information Center (ERIC) were 

considered; however scoping searches did not yield useful results from these and the decision 

was made to exclude these databases. The final selection of databases was supported by similar 

reviews that were previously published in the field (Kavanagh et al., 2017; Halldorsson et al., 

2021). Following scoping searches and the selection of databases, the full search was conducted 

in November 2021.  
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Search Strategy 

The search terms that were used in this review are outlined below. A librarian within the 

School of Life Sciences at Royal Holloway University of London was consulted to obtain 

feedback on the search strategy and the selection and application of search terms to relevant 

databases. Boolean operators were used to combine search terms and truncation was applied and 

adjusted depending on the algorithms of the databases used. Reference lists of relevant reviews 

and research papers identified were searched to identify any other articles of relevance.  

Search terms: 

("augmented reality") OR ("virtual reality") OR (immersive) OR ("alternate reality") OR 

("extended reality”) OR ("3D") OR (visuohaptic)) AND ((well-being) OR (wellbeing) OR 

("mental health")) AND ((teen*) OR ("young people") OR (child*) OR (adolescen*) OR 

(student*))  

Selection Process 

Databases were searched and the results were uploaded to Zotero, where duplicates were 

removed. The remaining papers were screened based on their title and abstracts. A grid of 

eligibility criteria was created to assist in the decision making process regarding inclusion and 

exclusion of papers. A second reviewer independently screened 10% of papers for eligibility 

based on their title and abstracts. There was 92% agreement among the papers screened by both 

reviewers. Full text articles of papers fitting screening criteria were then obtained and these were 

reviewed for their eligibility. The second reviewer reviewed 15% of the full text articles and 

there was 85% agreement at this stage. Disagreements were resolved via discussion among the 

reviewers and both thesis supervisors were consulted where resolution could not be reached.  
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Seven of the papers identified at the initial screening stage were research protocols. The 

authors of these papers were contacted to ascertain whether there were any publications resulting 

from these studies at the time of the review that may have been missed by the search. Authors 

were also asked whether they had any unpublished data they would be interested in contributing 

to the present review. This did not result in any papers or data that could be included in this 

review and these protocols were removed from the search list.  

Data Items and Collection Process 

The following information was extracted from the selected papers: 1) author and year of 

publication, 2) type of study (RCT, case studies etc.), 3) intervention delivery method (headsets, 

phones etc.), 4) intervention content, 5) duration of intervention, 6) comparators, 7) follow up, 8) 

wellbeing related outcome measures, 9) demographics (population of study, age, gender, 

ethnicity), 10) sample size, 11) drop out, 12) location and setting of the study and 13) results. 

The content of the collected data focused on wellbeing related measures, where applicable, as 

these were the topic of interest for the present review (e.g. outcome measures, results and follow 

up information was only extracted and reported in relation to the wellbeing measures if the 

studies explored multiple domains). Missing or unclear information was extracted and labelled as 

such and results were interpreted accordingly. Data extraction was conducted independently by 

the researcher by hand.  

Study Risk of Bias Assessment  

The original quality assessment strategy devised at the start of the study was the 

following:  
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a) The Cochrane Revised Risk Bias Tool (Sterne et al., 2019) was planned to be used for 

randomized controlled trials, to assess methods of randomization, recruitment of participants, 

deviations from interventions, outcome measures, missing data and reported results;  

b) The Integrated Quality Criteria for the Review of Multiple Study Designs (Zingg et al., 2016) 

was planned to be used to assess other types of studies (e.g. case studies) for bias in recruitment 

and allocation, outcome measures and blinding, follow up, analytical rigor and reporting and 

ethical considerations.  

As the result of the study selection only yielded randomized controlled trials, only the 

Cochrane Revised Risk Bias Tool was used for quality assessment. Papers were rated as Low 

Concern, Some Concern or High Concern using the appropriate version of the assessment tool 

based on the study design (individually randomized parallel group trials, cluster randomized 

trials or crossover trials). Quality assessment was conducted by the main researcher for all 

papers. 25% of the papers were also assessed by the second reviewer. There was one minor 

disagreement regarding one of the papers that did not affect the overall rating of the paper. This 

disagreement was resolved through a discussion and the paper was retained in the review. 

Judgements on risk of bias were presented in tables and taken into consideration in the analysis.  

Effect Measures and Synthesis Methods 

Analysis of selected papers included a consideration into the effectiveness of the 

interventions in improving participant wellbeing, types of technology used, content of 

interventions, participant characteristics and study design. To achieve this, included studies were 

grouped based on participant characteristics (population, age, gender, ethnicity, location), study 

characteristics (study design, intervention content, comparators and delivery method), and study 

outcomes (outcome measures used and results). The findings were presented in tables and 
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synthesized narratively. These tables of PICOS factors were also used to assess the heterogeneity 

of studies included. 

Due to heterogeneity in included studies, a similar approach to effect measurements was 

taken as a recent systematic review by Haldorsson et al. (2021). Similar interventions were 

grouped and compared directly where possible. In cases where heterogeneity prevented direct 

comparisons, effect sizes for different interventions on the wellbeing of participants were 

considered. Within and between group effect sizes were calculated, where possible and 

meaningful, using the mean scores of the wellbeing outcome measures at baseline and post 

intervention and the standard deviations. Effect sizes that were reported by authors were 

extracted directly. Where multiple outcome measures were used, measures most in line with the 

review aims (i.e. wellbeing related outcome measures) were selected and reported. Frequencies, 

means and standard deviations were reported, where appropriate and possible depending on the 

data made available in the selected studies. An online tool was used to assist with effect size 

calculations (Lenhard & Lenhard, 2016). 

A meta-analysis was not conducted due to the high heterogeneity between selected 

studies (in intervention content, design, outcome measures) and the small number of studies 

included that were assessed to have low risk of bias. Instead, data was synthesized narratively. 

Studies that were rated as having lower concerns for quality of bias were considered to hold 

more weight in certainty of evidence and strengths and limitations of the review were taken into 

consideration when drawing conclusions. 

 

 

 



 23 

Results 

Study Screening and Selection 

Selection process was outlined using the updated PRISMA Flow Diagram (Page et al., 

2020) in Figure 1.  Initially 999 studies were identified through the databases PsycINFO, IEEE 

and Web of Science. Following the removal of duplicates, 913 papers remained, which were 

screened jointly with the second reviewer as described above. 93 papers were selected for full 

text review and all were able to be retrieved. Following full text review, 83 papers were excluded 

due to reasons detailed in the PRISMA diagram and the remaining 10 papers were included in 

the review. 

Citation searching was conducted in the reviews excluded at the initial screening stage to 

identify relevant papers and eleven potential papers were identified through this process. These 

papers were screened against the inclusion criteria and none were deemed to be suitable for 

inclusion in the review. 
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Figure 1. 
 
PRISMA Flow Diagram 
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Study Characteristics 

The selected 10 studies were summarized according to their participant characteristics 

and study design and intervention details in Tables 2 and 3. 

A total of 1049 participants were included in the studies, with participant sizes ranging 

from five to 203. Most participants were students recruited from universities (651 students, 62% 

of overall participants and seven out of 10 studies). Two studies recruited participants from 

schools and one study recruited from a summer school (total of 398 students, 38% of overall 

participants). Participant ages ranged from 11 to 24, with a majority of  the sample representing 

the older end of the range due to university samples used (seven out of 10 studies with mean age 

over 18).  All studies had mixed gender participants with seven of the studies including 

predominantly female participants (51.2% to 80% of the sample). Most studies took place in the 

USA (seven of the 10 studies) and the remaining studies took place in the China, Taiwan and 

Spain. Ethnicity was not reported for five of the studies and of the remaining studies, two had 

samples consisting of predominantly white individuals  (75.4% and 70.4%) while  the other three 

had relatively mixed ethnicity samples. Study drop out was not reported in four of the papers and 

was less relevant for these studies as they tested one off interventions without follow up. Of the 

studies that reported dropout rates, these ranged from 4-40%.
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Table 2.  
 
Participant Characteristics 
 
Author and 
Year 

Population Number of 
Participants 
(included in 
analyses) 

Drop 
Out 

Age Gender 
(%Female) 

Ethnicity Location 

Browning 
et al., 2020 

University students 
 

82 16 
(16%) 

Mean = 20 
SD = 1.2 

47 Non-Hispanic White (35%), 
Asian/ Asian American 
(54%), African American/ 
Hispanic/ Mixed (11%) 
 

USA 

Crosswell 
& Yun., 
2020 

University students 
at a midsize 
northwestern 
university 
recruited through 
subject pool 
 

5 1 (20%) 
(partial 
data) 

Age range  
18-20  
 
(means not 
reported) 

80 Caucasian (n = 2), Hispanic 
or Latino (n = 1), African 
American (n = 1), Other (n = 
1) 

USA 

Hadley et 
al., 2019 

Student recruited 
from urban public 
middle schools 
 

85 4 (4%) Mean = 13 
SD ranges from  
0.91- 0.82 in 
both arms 

55 African American (33%), 
Mixed race (30%), Other 
(29-18%), Caucasian (10-
18%) Hispanic (42-34%) 
 

USA 

Hsieh & 
Chen, 2019 

Fifth and sixth 
grade students 
recruited through 
cluster sampling 
 

123 21 
(15%) 

Mean = 12.53 
SD = 1.03 

51.2 Not reported Taiwan 

Liu et al., 
2020 

University students 
at a public 

60 Not 
reported 

Mean = 20.38 
SD = 2.16 

50 Not reported China 
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university 
recruited through 
WeChat 
 

Rupp et al., 
2019 

University students 
from a large 
university 
recruited through 
participant pool 
 

136 Not 
reported 

Mean = 19.8 
SD = 2.44 

48.5 Not reported USA 

Ruiz-Ariza 
et al., 2018 

Summer school 
students 
 

190 63 
(25%) 

Mean = 13.32 
SD = 1.07 
 

49.5 Not reported Spain 

Richesin et 
al., 2021 
 

Undergraduate 
psychology 
students 
 

44 Not 
reported 

Mean = 21 
SD = 2.26 

81.8 White (70.4%), Hispanic 
(4.1%), Asian (8.2%), Black 
(4.1%) 
 

USA 

Plante et 
al., 2003 

Undergraduate 
introduction to 
psychology 
students 
 

121 Not 
reported 

Mean = 18.58 
SD = 1.12 

59.5 Not reported USA 

Pratscher, 
2021 

University students 
recruited through 
participant pool 
 

203 162 
(40%) 

Mean = 18.88 
SD = 3 

59.6 White (75.4%) USA 
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All included studies were randomized controlled trials (RCT) and took place at the 

location of recruitment. Six of the studies only looked at the effects of single session 

interventions, measuring effects of intervention on wellbeing immediately after the intervention. 

In these single session studies, the intervention durations lasted between five to 30 minutes, with 

a majority of the interventions (four out of six) lasting under 10 minutes.  Studies reporting on 

longer interventions (four out of 10 included studies) lasted between four to 10 weeks (two four 

week long studies, one eight week long study and one 10 week long study). Most studies did not 

have follow ups (eight out of 10) with only one four week long study including a three month 

follow up and one five minute intervention reporting on one week follow up.  

The extended reality element of the included studies heavily focused on VR technology 

(eight out of 10) with only two studies using augmented reality. Both studies that used 

augmented reality were similar in design and content, looking at the effects of playing the 

augmented reality mobile app game Pokemon Go on wellbeing compared to no treatment control 

groups of students attending regular school classes (Ruiz Ariza et al., 2018; Hsieh & Chen, 

2019). The remaining eight interventions using VR technology relied on a range of VR headsets 

and devices of varying degrees of immersiveness. The intervention contents and comparators of 

these studies showed large amounts of variation, which can be grouped into the following three 

broad categories,  

a) participating in activities in real life compared to participating in VR: Five studies compared 

the effects of engaging in real world activities vs immersive virtual reality activities. These 

included experiencing forest scenery (Browning et al., 2020), participating in meditation 

(Crosswell & Yun, 2020), practicing didactically learned safety and emotion regulation skills 
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(Hadley et al., 2019), engaging in drawing (Richesin et al., 2021), engaging in mountain biking 

(Plante et al., 2003).  

b) watching videos in non-immersive vs immersive conditions: Two studies (Rupp et al., 2019; 

Liu et al., 2020) examined whether watching the same video (scenic sights of China or an 

astronaut floating in space) on smartphones compared to varying degrees of immersive VR 

technologies had an impact on wellbeing immediately afterwards.  

c) impact of the content of immersive videos: One study looked at the impact of the content of 

the immersive videos watched and compared whether watching an amusement inducing video 

has a differential effect on wellbeing than watching an awe inducing video on VR (Pratscher, 

2021). 

Due to  the large amount of  variation in the included studies, this grouping was based 

broadly on similarities in aims and intervention contents of the studies.
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Table 3.  
 
Study Design and Intervention Details 
 
Author 
and Year 

Setting Design Intervention Content Intervention Comparison Delivery 
Method 

Intervention 
Duration 

Follow Up 

Browning 
et al., 
2020 

Educational 
centre in 
the forest 

RCT Being exposed  to 
nature via audio and 
visuals of the forest. 

Group 1: Exposure to nature 
outdoors in the forest. 
Participants were asked to sit 
outside in the forest and 
observe the nature. 
 
Group 2: Watching a 360 
degree video of the same 
forest as the outdoors 
condition on a VR headset  
 
Group 3: Sitting indoors in 
front of a white wall (no 
treatment control) 
 

Group 2: 
2015 
Samsung 
Gear VR 
headset with 
Galaxy Note 
5 smartphone 
inserted 

6 Minutes 
(single 
session) 

Single 
session 
intervention. 
No follow 
up 

Crosswell 
& Yun, 
2020 

University RCT  Watching and/or 
listening to  
mindfulness videos 
filmed in scenic and 
tranquil settings with 
university counsellor 
guiding through 
mindfulness 
techniques designed 
to enhance stress and 

Group 1:  
Unguided self-meditation 
(Participants did not receive 
any guidance or mindfulness 
content (video or audio) and 
were asked to meditate on 
their own.) 
 
Group 2: 
audio guided meditation 
(Participants listened to a 

Group 1:  
No device 
 
Group 2: 
Mobile 
phone 
 
Group 3: 
Google 
Daydream 
VR headset 

4 Weeks 
(once a day 
for 12 min) 

No follow 
up 
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anxiety management 
skills 

specific YouTube video sent 
by the researchers) 
 
Group 3: 
VR guided meditation 
(Participants watched a 
specific YouTube video sent 
by the researchers on VR. 
This is the same video as 
Group 2 but with VR 
components).  
 

Hadley et 
al., 2019 

School RCT All participants 
attended a group 
intervention aimed to 
enhance emotion 
regulation skills and 
reduce poor decision 
making. This group 
intervention lasted 4 
weeks, once a week 
and included 
didactical teaching 
followed by role play 
(in the form of Group 
1 or 2) to teach sexual 
and substance use risk 
information and 
emotion regulation 
skills. Topics 
included relationship 
between emotions and 
behaviours, 

Group 1: 
Participants used role plays 
in an immersive virtual 
reality environment 
following the didactic 
workshop to practice skills 
covered in the teaching (e.g. 
assertive communication). 
 
Group 2: 
Participants role played the 
same scenarios as Group 1 
following didactic 
workshops, however these 
were done in person in 
groups of their peers. 
 
 

Group 1: 
VR headset 
(details not 
reported) 

4 weeks 
(once a 
week for 2 
hours 
including 
1.5hrs of 
didactic 
teaching 
and 0.5hr of 
virtual 
reality or 
role play) 

3 Months 
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identifying emotional 
arousal and triggers, 
coping skills, 
influence of peer 
relationships and risk 
taking.  
 

Hsieh & 
Chen, 
2019 

Primary 
school 

RCT Playing Pokemon Go 
(a popular AR mobile 
app game where 
players catch and 
interact with 
“Pokemons” by 
completing various 
tasks and going to 
different locations. 
Players can interact 
with each other 
during gameplay and 
encouraged to walk 
more to level up.) 
 

Group 1: 
No treatment control. 
(Participants did not play 
Pokemon Go and were not 
asked to participate in any 
particular activities) 
 
Group 2: 
Participants played Pokemon 
Go (leisurely, unsupervised, 
monitored through in-app 
data) 
 
 

Group 2: 
Pokemon Go 
app and 
smartphone 

10 Weeks 
(daily, 
average of 
40 min per 
day, ranging 
from 13-68 
min per day, 
dependent 
on 
participant 
preferences) 
 

No follow 
up 

Liu et al., 
2020 

University RCT Watching a 360 
degree video called 
“VR China”, 
produced by National 
Geographic, 
containing sceneries 
from Chinese natural 
and cultural 
attractions 
 

Group 1: Participants viewed 
the uplifting 360 degree 
video on iPhone once 
 
Group 2: 
Participants viewed the  
uplifting 360 degree video on 
VR once 

Group 1: 
iPhone 8 with 
UtoVR app 
 
Group 2: 
Pico 4K G2 
VR goggles 
 
 

8 Minutes 
(single 
session) 

Single 
session 
intervention. 
No follow 
up 
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Rupp et 
al., 2019 

University RCT Watching a 360 
degree video of an 
astronaut floating 
along the 
International Space 
Station and listening 
to an audio track 
describing different 
modules and history 
of the International 
Space Station 

Group 1:  
Participants watched 360 
degree video on smartphone 
in 3D format  
 
Group 2: 
Participants watched 360 
degree video on Google 
Cardboard  
 
Group 3: 
Participants watched 360 
degree video on Oculus Rift 
DK2 
 
Group 4: 
Participants watched 360 
degree video on Oculus Rift 
CV1 
 

Group 1: 
Smartphone  
 
Group 2: 
Google 
Cardboard  
 
Group 3: 
Oculus Rift 
DK2  
 
Group 4: 
Oculus Rift 
CV1 

6.25 
Minutes 
(single 
session) 

Single 
session 
intervention. 
No follow 
up 

Ruiz-
Ariza et 
al., 2018 

Summer 
school 

RCT Playing Pokemon Go 
(a popular AR mobile 
app game where 
players catch and 
interact with 
“Pokemons” by 
completing various 
tasks and going to 
different locations. 
Players can interact 
with each other 
during gameplay and 

Group 1: 
No treatment control 
(Participants did not play 
Pokemon Go and were not 
asked to participate in any 
particular activities) 
 
Group 2: 
Participants played Pokemon 
Go (leisurely, unsupervised, 
monitored through in-app 
data) 
 

Group 2: 
Pokemon Go 
app and 
smartphone 
 
 
 

8 Weeks 
(daily, 
average of 
40 min per 
day) 

No follow 
up 
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encouraged to walk 
more to level up.) 
 

Richesin 
et al., 
2021 

University RCT VR controls 
interacted with an 
office room in the 
simulation, 2D and 
3D  groups were 
instructed to draw 
freely. 

Group 1: 
VR active control. 
Participants were told to 
move freely in the VR 
simulation and interact with 
objects such as stapler, 
drawers etc. 
 
Group 2: 
Participants engaged in 2D 
regular drawing using 
crayons, markers and pens on 
paper. 
 
Group 3: 
Participants engaged in 3D 
VR drawing. 
 

Group 1:  
HTC Vive 
headset for 
the VR 
control group 
 
Group 3: 
Oculus Quest 
headset and 
Google Tilt 
brush app  
 
 

15 Minutes 
(single 
session) 

Single 
session 
intervention. 
No follow 
up 

Plante et 
al., 2003 

University RCT Engaging in “Trek 
Extreme Mountain 
Biking” VR video 
game or VR biking 
experience using 2000  
Cycle FX 

Group 1: 
Watching a non-XR video 
about biking (active control)  
 
Group 2: 
Playing a mountain biking 
VR video game  
 
Group 3: 
Riding a stationary exercise 
bike only  
 

Not reported 30 Minutes 
(single 
session) 

Single 
session 
intervention. 
Follow up 
same day at 
bedtime 
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Group 4: 
Riding a stationary bike 
while engaging in a VR 
biking experience 
 

Pratscher,  
2021 

University RCT Awe condition: 5 min 
video of a drone 
flying over the Alps 
in 4k definition 
(landscapes, 
panoramic views of 
nature) 
 
Amusement 
condition: 5 min 
video of animals 
acting like humans 
(e.g. walrus playing a 
saxophone) 

Group 1: 
Participants watched an awe 
inducing video on VR once  
 
Group 2: 
Participants watched an 
amusement inducing  video 
on VR once 

Groups 1 & 
2: 
Oculus Go 
VR headset 

5 Minutes 
(single 
session) 

Single 
session 
intervention. 
Follow up at 
1 Week 
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Quality Assessment 

The quality of bias assessments for included studies using the appropriate version of the 

Cochrane Revised Risk Bias Tool were summarized in Tables 4, 5 and 6. Eight studies were 

assessed using the Cochrane Risk of Bias Tool for Individually Randomized Parallel Group 

Trials, one study was assessed using the Cochrane Risk of Bias Tool for Crossover Randomized 

Controlled Trials and one study was assessed using the Cochrane Risk of Bias Tool for Cluster 

Randomized Controlled Trials. 

Of the eight studies assessed using the Cochrane Risk of Bias Tool for Individually 

Randomized Parallel Group Trials, three were found to have low risk of bias, two had some risk 

of bias and three had high risk of bias. All three of the studies deemed to have high risk of bias 

were assessed to be so mainly due to issues with the selection of reported results, particularly 

related to results being likely to have been selected from multiple eligible analyses of the data 

and due to results being likely to have been selected on the basis of multiple eligible outcome 

measurements. For one of these studies, issues were also highlighted around baseline differences 

between intervention groups suggesting a problem with the randomization process and large 

amounts of missing data. Other difficulties identified with the studies rated as having some 

concerns for risk of bias were related to lack of clarity around the randomization process, 

significant amount of missing data and its impact on the findings and issues with selection of 

reported results.  
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Table 4.  
 
Risk of Bias Assessment for Individually Randomized Parallel Group Trials 
 
Author and 
Publication 
Date 

Randomization 
Process 
 

Deviations 
from 
Intended 
Interventions 
 

Missing 
Outcome 
Data 
 

Measurement 
of Outcome 
 

Selection 
of 
Reported 
Results 
 

Overall 
Risk of 
Bias  
 

Browning 
et al., 2020 

Low Low Low Low Some Some 

Hadley et 
al., 2019 

Low Low Low Low High High 

Liu et al., 
2020 

Low Low Low Low Low Low 

Plante et 
al., 2003 

Low Low Low Low High High 

Pratscher,  
2021 

Some Low Some Low High High 

Richesin et 
al., 2021 

Low Low Low Low Low Low 

Ruiz Ariza 
et al., 2018 

Some Low Some Low Low Some 

Rupp et 
al., 2019 

Low Low Low Low Low Low 

 
One study was assessed using the Cochrane Risk of Bias Tool for Crossover Randomized 

Controlled Trials and was found to show high concern for risk of bias. This was mainly due to 

carryover effects, with the participants alternating between treatment conditions randomly 

throughout the intervention. This did not allow sufficient time to pass to eliminate any carryover 

effects of learned skills and raised queries in the data analysis. There were also some concerns 

identified in relation to measurement of outcomes as individuals rating their subjective outcomes 

could have been influenced with their knowledge of the treatment conditions and their beliefs 

regarding their effectiveness.  
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Table 5.  
 
Risk of Bias Assessment for Crossover Randomized Controlled Trials 
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Crosswell 
& Yun, 
2020 

Low  High Low Low Some Some High 

 
The remaining study was assessed using the Cochrane Risk of Bias Tool for Cluster 

Randomized Controlled Trials and was deemed to show some concerns for risk of bias. This was 

due to lack of information on whether the allocation sequence was concealed until clusters were 

assigned to interventions (whether schools were told they would be control vs intervention) and 

baseline differences in groups (evidently more boys in experimental group and more girls in 

control group) that may suggest differential recruitment of participants as the authors may have 

expected boys to react more positively to the AR game based on previous literature.  

 
Table 6. 
 
 Risk of Bias Assessment for Cluster Randomized Controlled Trials 
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Hsieh & 
Chen., 
2019 

Some Some Low Low Low Low Some 
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Study Outcomes 

The outcome measures used to assess wellbeing and the findings of the studies were 

outlined in Table 7. Results of the studies were analyzed based on the presence of within groups 

effects (whether XR interventions are effective in improving wellbeing) and between groups 

effects (whether they are more effective in improving wellbeing compared to non-XR controls). 

Whilst improvements in mean participant wellbeing scores were reported in most of the studies, 

these changes were often not statistically significant. It should be noted that only two of the 

included studies reported their a-priori power analyses (Browning et al., 2020 and Hadley et al., 

2019) and the lack of significant findings could be attributed to small sample sizes and lack of 

sufficient power to detect changes as statistically significant, as effect sizes associated with these 

changes were often small. 

Outcome Measures 

A range of outcome measures were used to assess wellbeing in the included studies. Most 

measures used in the selected studies focused on emotional/ hedonic aspects of wellbeing, such 

as PANAS and Affect Dysregulation Scale (six out of 10 studies). Cohen’s Perceived Stress 

Scale was used by two studies and covers an explicit element of positive functioning 

(eudaimonic wellbeing). One study (Pratscher, 2021) used a non-standardized measure of 

wellbeing that was composed of different items from various questionnaires assessing subjective 

wellbeing, autonomy, environmental mastery, personal growth, positive relations, purpose in life, 

self-acceptance and self-actualization. The lack of standardization was a limitation of this study.  
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Effect of Participating in Activities in Real Life Compared to Participating in VR 

Five studies explored the effect of participating in activities in real life compared to in 

XR (Browning et al., 2020; Crosswell & Yun, 2020; Hadley et al., 2019; Richesin et al., 2021; 

Plante et al., 2003) and assessed the impact of participating in these activities on wellbeing.  

Four of the five studies (Browning et al., 2020; Hadley et al., 2019; Richesin et al., 2021; 

Plante et al., 2003) found improvements in wellbeing in the immersive condition but these 

improvements were not better than the improvements observed in the real life activities 

conditions. 

Browning et al. (2020) found significant reductions in negative affect in all XR and non-

XR experimental conditions but did not find any differences between conditions. Results 

indicated that being outdoors had a positive impact on wellbeing, with participants in this group 

experiencing a significant improvement in their positive and negative affect. Results for VR 

group were less robust as there was no change in positive affect which is a stronger indicator of 

wellbeing and a significant but small reduction in negative affect. The results showed that the 

VR and the outdoors conditions lead to more positive affect compared to the indoor control 

condition; however, the VR condition did not have an added benefit over experiencing nature in 

the real world. The VR condition had better wellbeing scores compared to the indoors no-

treatment control group, but this was also due to reduction in positive affect in the control group. 

As the study used an adapted version of the PANAS scale, it was not possible to comment on the 

clinical significance of these changes. The a-priori power analysis indicated that a sample size of 

90 was required for the analyses to be sufficiently powered. This was not achieved (N = 82) 

suggesting that the study is slightly underpowered.  
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Hadley et al., (2019) reported that participants in both experimental conditions became 

more emotionally aware after the interventions, where they received a didactic information on 

emotion regulation followed by practice sessions in VR or via role plays. The groups did not 

significantly differ in relation to affect dysregulation, emotional self-efficacy and emotional 

awareness. The a-priori power analysis conducted by the authors suggested a sample size of 85 

to detect moderate effect sizes, which was met by the recruitment and retained by the follow up. 

Many analyses in the study yielded small effect sizes (e.g. emotional self-efficacy and affect 

dysregulation), where the sample may not have been sufficiently powered to detect differences. 

Nevertheless, the clinical significance of such changes is unclear. The main difference between 

groups was due to a deterioration in the role play condition in their ability to access emotion 

regulation strategies, whereas the VR group remained stable. Overall, the findings did not 

suggest an advantage of using VR above and beyond the role play method. This study had a 

younger age group (mean age =  13) compared to the other studies in this category (mean ages 

ranging from 18.5 to 21). There were no outstanding differences with regards to wellbeing 

effects between Hadley et al (2019) and others in this category, although comparisons were 

challenging due to differences in the outcome measures used (Hadley et al (2019) was the only 

study that used emotion regulation related measures).  

Plante et al. (2003) observed an improvement in energy levels and tiredness in the 

experimental conditions (VR only, exercise with VR and exercise only), whereas the control 

group experienced a deterioration on those measures at the end of the intervention. There were 

no significant differences between the VR and the non-VR exercise intervention groups.  

The authors concluded that while exercise seemed to have a positive effect on wellbeing, there 

didn’t seem to be an added benefit of VR. There was a positive effect for females in their energy 
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and tiredness levels in the exercise with VR condition at bedtime, which the authors reported 

could be due to the intervention or Type 1 error. Whilst this group had more positive scores 

compared to the other conditions at the bedtime follow up assessment, their results indicated 

more tiredness and less energy levels compared to their baseline assessment. The study also 

found that individuals in the experimental conditions experienced less calmness and more 

tension after the intervention, whereas the control group had the opposite effect. The findings on 

these variables were unexpected to the authors and suggested a mixed intervention effect on 

wellbeing.  

Richesin et al. (2021) found that all experimental groups experienced improvements in 

their wellbeing scores; however, there were no significant differences between or within groups. 

All participant groups experienced improvement in mean scores in relation to their mood and 

perceived stress, showing that as a single session intervention, participating in VR, drawing by 

hand or drawing in VR does not differentially influence wellbeing. The power analysis was not 

reported, however authors commented on the likelihood of the small sample size leading to low 

power and higher risk of Type 2 error.  

Crosswell & Yun (2020) was the only study in this category that did not find 

improvements in wellbeing for the immersive condition. The study reported that there was no 

improvement in participants’ stress levels overall at the end of the trial. The mean changes 

reported in the study were in the positive direction, suggesting an increase in perceived stress in 

all groups throughout the trial, as higher PSS scores indicate higher levels of perceived stress. 

However, this was not clarified in the report. The methodological issues in this study caused 

challenges in the interpretation of its findings, as there were significant carryover effects that 

need to be taken into consideration. The mindfulness and mediation knowledge and skills gained 
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over the course of the trial from various experimental conditions could hinder any meaningful 

comparisons between experimental conditions. A-priori power analyses were not reported but the 

study only had four participants and is likely to be underpowered. The authors reported the small 

sample size and lack of power as limitations and reported that more sensitive outcome measures 

could have been used. This study was included in the review to illustrate different approaches 

that have been used applying XR technology to wellbeing in adolescents and young people to 

date; however, due to significant methodological issues it is not possible to draw conclusions 

with regards to intervention effectiveness. 

Overall, studies did not find evidence to suggest that participating in activities on VR 

lead to better wellbeing outcomes than doing activities in real life. VR intervention groups lead 

to better wellbeing outcomes compared to no-treatment control groups and non-XR active 

treatment control groups, but did not outperform “real life” activities intervention groups or 

active VR controls. Participants in the VR intervention groups reported better wellbeing after the 

interventions compared to baseline in all studies except for Crosswell & Yun (2020), which was 

deemed to have a high risk of bias due to crossover effects.  

The Effect of Watching Videos under Non-immersive vs Immersive Conditions 

Two studies compared the effects of watching videos on immersive and non-immersive 

devices (Rupp, 2019; Liu, 2020) and assessed impacts on affect. Liu et al (2020) found that both 

the immersive and the non-immersive conditions significantly increased positive emotions and 

decreased negative emotions within groups.  The improvement in positive affect was more 

prominent in the immersive (VR) group, with the analyses indicating a medium size effect within 

the VR group pre to post intervention (d = 0.56, compared to d = 0.35 in smart phone group) and 

a medium size effect difference between both experimental groups at post intervention (d = 
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0.35). In the Liu et al (2020) study, watching videos using immersive devices improved 

wellbeing significantly more than watching videos on non-immersive devices.  

Similarly, Rupp et al (2019) also found an increase in positive affect and a decrease in 

negative affect, but only for the XR conditions, showing that watching videos on immersive 

devices led to improvement in wellbeing whereas doing so on non-immersive devices did not 

change self-reported wellbeing. The increase in positive affect in the XR conditions showed a 

small effect size and was significant (b =  0.19, p = 0.01). Both studies did not find any 

significant differences in negative emotions between groups. Power analyses were not reported 

for either study; however, Liu et al (2020) listed their small sample size as a limitation that may 

have affected the randomization process. Both studies were RCTs with low risk of bias and used 

the same outcome measure (PANAS) under different cultural contexts, suggesting that these 

results may be more robust for this research design. 

Overall, these results showed that watching the same videos on immersive devices lead to 

improvements in wellbeing (as measured by affect) immediately after the viewing, whereas same 

wellbeing effects were not observed when participants watched videos on non-immersive 

devices.  

The Impact of the Content of Immersive Videos 

Pratscher (2021) was the only included study looking at the impact of the content of 

immersive videos on wellbeing, comparing the effects of watching awe-inducing or amusement-

inducing videos using VR. The results showed some statistically significant differences within 

groups on some domains of wellbeing, such as a decrease in personal growth and an increase in 

self-actualization and purpose in life domains; however, these differences were small (effect 

sizes ranging from 0.13 to 0.29). The author concluded that these VR interventions did not lead 
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to any sustainable and meaningful changes in hedonic and eudemonic wellbeing of participants 

in either experimental group. The power calculations were not reported in this study, however, 

there was significant attrition in the sample, which could have altered the findings. The findings 

of the study were reported for the different domains of wellbeing rather than for a composite 

wellbeing measure overall. This, as well as a lack of standardized measures in this study posed 

challenges to the interpretation of the effects on wellbeing. 

The Effect of Playing Immersive Games 

Two studies (Ruiz Ariza et al., 2018 and Hsieh & Chen, 2019) examined the longitudinal 

effect of playing immersive games, specifically the mobile AR game Pokemon Go, on wellbeing 

of school students. There were no significant changes on the TEIQue-SF wellbeing scale within 

the AR groups or between AR groups and control groups of students for both studies, suggesting 

that solely playing AR games for a period of time did not lead to improvement or deterioration of 

wellbeing in adolescents and young people. A limitation of these studies was that both trials used 

the same intervention and the same outcome measure, limiting the generalizability of these 

conclusions to other AR games.  

Key Findings 

• There is evidence to suggest that doing activities in VR leads to improvement in 

wellbeing compared to not engaging in a particular activity; however doing activities 

using VR does not lead to better wellbeing than doing activities in real life.  

• There is evidence to suggest that watching immersive videos leads to improvement in 

wellbeing. 

• Playing regular AR games (that were not purposefully developed as wellbeing 

interventions) does not lead to changes in wellbeing.  
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Table 7.  
 
Study Measures and Outcomes 
 
Author and 
Year 

Wellbeing Measures  Wellbeing Results 

Browning 
et al., 2020 

Positive and 
Negative Affect 
Scale (PANAS) 
(adapted version) 

Within Group Effects 
Group 1 (outdoors condition) showed slightly statistically significant improvement in positive 
affect (mean increased from 3.37 (SD = 0.49) to 3.54 (SD = 0.66), t(21) = 2.14, p = 0.04, d = 
0.29) and decrease in negative affect (mean decreased from 1.23 (SD = 0.20) to 1.17 (SD =  
0.23), p = 0.034, d = -0.28).  
 
Group 2 (VR condition) did not show changes in positive affect (mean not reported, t(29) = 
0.28, p = 0.78) and showed statistically significant reduction in negative affect (mean decreased 
from 1.32 (SD = 0.37) to 1.24 (SD = 0.46), p = 0.03, d = -0.19).  
 
Group 3 (indoors control) showed statistically significant reduction in positive affect (mean 
decreased from 3.00 (SD =  0.68) to 2.42 (SD = 0.71), t(29) = -4.94, p < 0.001, d = -0.83) and 
reduction in negative affect (mean decreased from 1.38 (SD =  0.27) to 1.20 (SD = 0.57), p < 
0.001, d = -0.40).  
Between Groups Effects 
Stepwise regression models were used to assess differences in affect between groups. These 
showed that VR and outdoors conditions resulted in higher positive affect compared to indoors 
control condition. There were no differences between groups in changes in negative affect.  
 
 

Crosswell 
& Yun, 
2020 

Cohen’s Perceived 
Stress Scale (PSS) 

Within Group Effects 
There seem to be increases in perceived stress within groups, but this is unclear in the report. 
Between Groups Effects 
There were non-significant differences between the VR (DMean = 3.80, SD = 0.86), sound only 
(DMean = 4.00, SD = 0.66) and self-guided (DMean = 3.92, SD = 0.64) groups (F(not reported) 
= 0.33, p = 0.72).  
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Hadley et 
al., 2019 

a) Affect 
Dysregulation 
Scale 

 
 

Within Group Effects 
There were small non-significant increases in affect dysregulation in the VR group (d = 0.21, p 
= 0.35) and moderate non-significant increases in the role play group (d = 0.36, p = 0.10). 
Between Groups Effects 
The difference in affect dysregulation between groups was non-significant (d = -0.13, p = 0.59). 
 

 b) Difficulties in 
Accessing 
Emotion 
Regulation 
Strategies 
Scale 

 

Within Group Effects 
The VR group did not show any significant changes in their difficulty in accessing emotion 
regulation strategies (d = 0.06, p = 0.74). The role play group showed moderate increases (d = 
0.71, p < 0.01). 
Between Groups Effects 
There were moderate size differences between VR and role play groups on accessing emotion 
regulation strategies (d = -0.46, p < 0.05) due to a deterioration in the role play group.  
 

 c) Emotional 
Self Efficacy 
Scale 

 

Within Group Effects 
There was a small non-significant improvement in emotional self-efficacy in the VR group (d = 
0.26, p = 0.23). 
Between Groups Effects 
There were small non-significant differences between groups in emotional self-efficacy (d = 
0.20, p = 0.36). 
 

 d) Difficulty in 
Emotional 
Awareness 
Scale 

Within Group Effects 
Both the VR group (d = -0.50, p < 0.05) and role play conditions (d = -0.61, p < 0.01) became 
more emotionally aware. These changes were moderate in size.  
Between Groups Effects 
Differences between groups in emotional awareness was non-significant (d = 0.09, p = 0.67). 
 
 

Hsieh & 
Chen, 
2019 

Trait and Emotional 
Intelligence Scale 
(TEIQue) (wellbeing 
subscale) 

Within Group Effects 
Both the AR group (p = 0.901) and the control group (p = 0.12) did not show any significant 
changes in their wellbeing. 
Between Groups Effects 
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The differences between AR and control group on the wellbeing measure were not significant (p 
> 0.05).  
 
 

Liu et al., 
2020 

Positive and 
Negative Affect 
Scale (PANAS)  

Within Group Effects 
The VR group experienced an increase in positive emotions (M(baseline) = 30.2 (SD = 7.14) to 
M(end) = 34 (SD = 6.55), F(1, 29) = 21.93, p < 0.001, d = 0.56) and a decrease in negative 
emotions (M(baseline) = 17.93 (SD = 7.90) to M(end) = 13.80 (SD = 5.15), F(1, 29) = 22.96, p 
< 0.001, d = -0.62).  
 
The smart phone group also experienced an increase in positive emotions (M(baseline) = 29.27 
(SD = 5.22) to M(end) = 31.53 (SD = 7.49), F(1. 29) = 4.746, p = 0.038, d = 0.35) and a 
decrease in negative emotions (M(baseline) = 18.73 (SD = 8.16) to M(end) = 14.10 (SD =5.01), 
F(1, 29) = 25.07, p <0.001, d = -0.68). 
Between Groups Effects 
VR group reported more positive emotions compared to the smart phone group (d = 0.35, p = 
0.037) at the end of the intervention, but there were no significant differences between groups 
with regards to negative emotions. 
 
 

Rupp et al., 
2019 

Positive and 
Negative Affect 
Scale (PANAS)  

Within Group Effects 
There were small increases in positive affect and decreases in negative affect for all three of the 
immersive conditions (Cardboard condition: DM(positive affect) = 0.22, DM(negative affect) = -
0.03; DK2: DM(positive affect) = 0.11, DM(negative affect) = -0.13; CV1: DM(positive affect) 
= 0.40, DM(negative affect) = -0.08) but not for the phone condition (DM(positive affect) = -
0.07, DM(negative affect) = 0.01).  
Between Groups Effects 
There was a main effect of immersion (XR interventions) on positive affect showing significant 
pre to post change (t = 2.24, p = 0.01), which was reported to indicate a small effect size (b =  
0.19). There were no significant results for pre to post change for negative affect (p = 0.33). 
Immersion led to greater positive affect, but there was no linear increase in positive affect as 
level of immersion increased.  
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Ruiz-Ariza 
et al., 2018 

Trait and Emotional 
Intelligence Scale- 
Short Form 
(TEIQue-SF) 
(wellbeing subscale) 

Within Groups Effects 
Wellbeing scores did not change over time (p > 0.05). 
 
Between Groups Effects 
There were no significant differences in wellbeing scores between control and experimental 
condition at post intervention (p= 0.90).  
 
 

Richesin et 
al., 2021 

a) Positive and 
Negative 
Affect Scale 
(PANAS)  

 
 

Within Group Effects 
Changes in wellbeing scores were uniform across groups (positive affect: F(2, 41) = 0.21, p = 
0.82, d = 0.20; negative affect: F(2, 41) = 1.03, p = 0.37, d = -0.45) and all groups showed 
improvement in wellbeing (control group: positive affect (DM = 0.94, SD = 4.33), negative 
affect (DM = -2.44, SD = 2.90); 2D group: positive affect (DM = 0.77, SD = 3.24), negative 
affect (DM = -4.39, SD = 5.25); 3D group: positive affect (DM = 1.60, SD = 3.31), negative 
affect (DM = -3.73, SD = 2.92). 
Between Groups Effects 
There were no significant differences between experimental groups for positive affect (F(2, 41) 
= 0.12, p = 0.88, d = 0.16) or negative affect (F(2, 41) = 0.76, p = 0.47, d = 0.39).  
 

 b) Cohen’s 
Perceived 
Stress Scale 
(PSS) 

Within Group Effects 
Changes in wellbeing scores were uniform across groups for perceived stress (F(2, 41) = 1.01, p 
= 0.38, d = -0.44) and all groups showed improvement in perceived stress (control group: DM = 
-1.31, SD = 2.41; 2D group: DM = -1.46, SD = 3.05; 3D group: DM = -0.13, SD = 2.90). 
Between Groups Effects 
There were no significant differences between experimental groups for perceived stress (F(2, 
41) = 0.38, p = 0.69, d = 0.27).  
 
 

Plante et 
al., 2003 

Activation 
Deactivation 
Adjective Checklist 

Within Group Effects 
Participants in the experimental conditions (VR exercise, non-VR exercise and VR only) 
experienced more energy (F(6, 13) = 8.97, p < 0.05) and less tiredness (F(3, 113) = 4.21, p < 
0.05) after the intervention compared to baseline than the control group (video only). 
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Between Groups Effects 
There was a main effect of experimental group for energy scores (F(3, 113) = 4.68, p < 0.05), 
with participants in the two exercise conditions (exercise with VR and exercise without VR) 
reporting higher energy levels compared to the control and the VR alone conditions (p < 0.05). 
 
A main effect was also found for tiredness (F(3, 112) = 6.01, p <0.05), with all three 
experimental conditions (exercise with VR, exercise without VR and VR only) reporting feeling 
less tired compared to the control group (p < 0.05).  
 
Participants in the experimental conditions reported less calmness and more tension, or no 
difference, after the intervention. The control group reported more calmness after the 
intervention. Further analyses were not conducted on these variables as the authors reported that 
these variables failed to pass the manipulation check. 
 
 

Pratscher, 
2021 

Hedonic and 
eudaimonic 
wellbeing measured 
by composite 
measures of different 
items from non-
standardized 
questionnaires  

Within Group Effects 
The awe group experienced a decrease in personal growth (M(baseline) = 6.25 (SD = 0.92) to 
M(FU) = 5.96 (SD = 1.07), p < 0.05, d = -0.29). The amusement group experienced a decrease 
in personal growth (M(baseline) = 6.21 (SD = 0.88) to M(FU) = 5.99 (SD = 1.18), p < 0.05, d = 
-0.21) and an increase in purpose in life (M(baseline) = 5.24 (SD = 1.18) to M(FU) = 5.39 (SD 
= 1.15), p < 0.05, d = 0.13) and self-actualization (M(baseline) = 3.62 (SD = 0.50) to M(FU) = 
3.75 (SD = 0.60), p < 0.05, d = 0.24). 
Between Groups Effects 
There were no significant differences between groups (repeated measures ANOVA results not 
reported).  

 
Note. P values were reported as they were reported in the original articles. Exact values were reported where these were made 

available. Effect sizes were either taken from the original articles or calculated, where sufficient data was available. 
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Discussion 

Effectiveness of XR Interventions for Adolescent and Young People’s Wellbeing 

The present review investigated the effectiveness of XR interventions on improving 

wellbeing of adolescents and young people. Participants of the included studies were between the 

ages of 11 and 24, with most of the studies (70%) recruiting from university samples. The 

majority of the interventions (80%) used VR technology, which was similar in reviews with 

older populations and may be due to the AR literature on wellbeing and mental health being in 

its early stages (Carroll et al. 2021). The intervention contents focused on participating in 

activities in real life compared to in VR (50%), watching videos in immersive or non-immersive 

conditions (20%), playing AR game (Pokemon Go) (20%) and comparing content of immersive 

videos (10%). Results were mixed; ten controlled studies were identified, of which two found 

statistically significant improvements in wellbeing (Liu et al., 2020; Rupp et al., 2019), four 

found minor improvements (Richesin et al., 2021; Browning et al., 2020; Plante et al., 2003; 

Hadley et al., 2019) and four did not find any improvements in wellbeing (Crosswell & Yun, 

2020; Hsieh & Chen, 2019; Ruiz Ariza et al., 2018; Pratscher, 2021) for their participants 

following the XR intervention.  

Studies that compared participating in wellbeing activities in the real world as opposed to 

on VR (Browning et al., 2020; Hadley et al., 2019; Richesin et al., 2021; Plante et al., 2003) 

found some trends to suggest minor improvements in wellbeing of participants in the VR groups; 

however, these interventions did not outperform engaging in activities in real life. Except for one 

study (Crosswell & Yun, 2020) that had significant methodological issues, none of these VR 

interventions lead to decreases in self-reported wellbeing scores of participants. Considering that 

participating in leisure activities improves wellbeing (Kuykendal et al., 2015), these VR 
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interventions mimicking real world leisure activities, can be used as short term strategies to 

improve mood when needed. Individuals, who lack the opportunity or ability to participate in 

leisure activities in the real world, such as patients in inpatient settings or individuals who have 

disabilities or health conditions can use VR alternatives to experience wellbeing benefits of these 

activities. 

The most consistent findings were observed for the two studies that compared the effects 

of watching videos on smartphones compared to watching the same video on immersive VR 

headsets (Liu et al., 2020; Rupp et al., 2019). Both studies found that watching videos on VR 

lead to significant improvements in mood and hedonic wellbeing, particularly in improving 

positive affect, immediately following the intervention, indicating that using VR can be an 

enjoyable experience that may potentially be more engaging and impactful. The short duration of 

these interventions, the lack of follow up assessments and the focus of the selected outcome 

measure (PANAS (Crawford et al,, 2004)) on purely immediate effects on affect makes it 

difficult to conclude whether these interventions can be used as wellbeing interventions in 

clinical or non-clinical settings. Nevertheless, the results indicate that these interventions can 

provide ad hoc emotional benefit to its users and that VR as a mode of delivery is compatible 

with wellbeing content and can potentially play an enhancing role. 

Ruiz Ariza et al. (2018) and Hsieh & Chen (2019) were the only studies using AR 

technology and were similar in their study design with regards to the intervention used, duration 

of the study, sample population and outcome measures. There were no changes in wellbeing of 

participants in either study. This replication of findings in different cultural contexts (Spain and 

Taiwan), where relationship of adolescents and young people to technology and its availability 

may differ, indicated that the Pokemon Go AR intervention was unlikely to lead to lasting 
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changes in wellbeing, with follow up over eight to 10 weeks. As sense of presence and 

immersiveness have been found to be linked to the positive effects observed in VR interventions 

(Rupp et al., 2019), the limited opportunities for these in AR interventions could potentially 

explain the lack of effect in the AR studies in this review. However, the small number of AR 

studies and the lack of diversity in their content limit conclusions being drawn on the 

effectiveness of AR-based interventions at this stage. Further research using a wider range of 

interventions and outcome measures is needed to draw conclusions on the use and effectiveness 

of AR based interventions in wellbeing overall.  

The content of the interventions varied significantly in the included studies and included 

interventions that were specifically developed for the trials as well as those that were simply 

tested or adapted. Of the studies included, only two studies used psychologically informed 

content in their interventions, one for practicing mindfulness (Crosswell & Yun, 2020) and the 

other for applying emotion regulation strategies (Hadley et al., 2019). Hadley et al (2019) found 

some positive effects on emotion awareness and emotional self-efficacy but the results were 

mixed overall.  

Limitations of the Literature  

The questionnaires used by the included studies mostly focused on hedonic aspects of 

wellbeing, measuring immediate effects on mood (e.g. PANAS). Such outcome measures, 

measuring current affect, run the risk of emphasizing valence and intensity of emotional 

experiences in the moment and measuring experiences too narrowly to capture an overview of 

general subjective wellbeing (Rice & Shorey-Fennell, 2020). Wellbeing outcome measures, 

assessing wellbeing in a broader and more comprehensive way were not utilized by the studies 

included in the review. One example from the adolescent wellbeing literature to illustrate the 
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difference in comprehensiveness of outcome measures is the Leventhal et al (2015) study, that 

used a well validated psychological wellbeing scale and a social wellbeing scale (KIDSCREEN-

52 Psychological Wellbeing Subscale and Social Support and Peers Subscale) in conjunction 

with two resilience scales (Connor-Davidson Resilience Scale-10 and Child and Youth 

Resilience Measure-28) (alongside self-efficacy, depression and anxiety measures) to assess the 

impact of a resilience based intervention on wellbeing. Instead, questionnaires in the included 

studies focused on the immediate effects on affect, which was appropriate for the study designs 

of the majority of the studies in this review, as they were short interventions without follow up 

assessments. This choice of outcome measures, however, limited conclusions that could be 

drawn on wellbeing overall as a concept, consisting of both hedonic and eudaimonic wellbeing 

beyond transient mood effects. Further information is needed on any changes in thoughts, 

behaviors and attitudes related to wellbeing to assess the clinical meaningfulness of these XR 

tools as wellbeing interventions.  

Clinical significance of results was often challenging to comment on due to the nature of 

wellbeing outcome measures. The outcome measures included, often used gradients to describe 

wellbeing of participants (e.g. higher scores showing better wellbeing) rather than utilizing cut 

off scores or categories, as they are not clinical measures. The review focused on statistical 

significance; however, this does not always manifest clinically meaningful changes for the 

participants. Clinical meaningfulness of findings were often not commented on by authors.  

Most of the studies in the present review lacked follow up measurements. Thus, it is 

unclear whether the positive effects found in some of the studies would lead to any lasting 

impacts. Considering that XR technology is not widely consumed by the general public at this 

time, the research designs of several of the included studies are insufficient to distinguish true 
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effects of interventions compared to novelty effects of having gained a new experience. The 

novelty effect, noted as a potential factor contributing to positive wellbeing changes in included 

studies (e.g. Richesin et al. 2021), is likely to wear off as individuals become more used to the 

XR technology, whether through repeated exposures in trial settings or through exposures to the 

technology as it becomes more widely available in the society (Merchant et al., 2014). 

Longitudinal studies are needed to determine if XR interventions can lead to changes in 

wellbeing above and beyond the initial enjoyment of participating in a new experience.  

The novelty effect can also impact sampling and recruitment. Findings of research in this 

field should be interpreted with caution as the study designs are prone to self-selection biases. 

The majority of the studies employed an opportunistic sampling strategy by advertising their 

study on university student platforms (e.g. social media platforms (Liu et al., 2020); subject pool 

(Crosswell & Yun, 2020)). This sampling strategy is more likely to lead to self-selection bias 

compared to random sampling (Tyrer & Heyman, 2016), as students interested in the topic of 

research would be the ones volunteering to participate. Studies investigating immediate mood 

and wellbeing effects after experiencing VR technology (e.g. Liu et al., 2020 and Rupp et al., 

2019) are likely to attract individuals who are keen to participate in these interventions, leading 

to the self-selection bias. These individuals may have an affinity for technology or similar 

experiences and may be more likely to enjoy these interventions, or may have never experienced 

XR and may have a particularly strong novelty effect reaction. Similarly, individuals who 

volunteer for these studies and end up in the control groups, may feel disappointed, which may 

explain some of the decreases in wellbeing in these groups. Blinding and concealment of 

allocations has been highlighted as a requirement to achieve good quality research in VR 

(Greenleaf et al., 2019).  
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In addition to affinity, familiarity and competence in relation to the technology could 

potentially influence outcomes, with individuals who are more familiar with navigating these 

devices finding it easier to immerse themselves in the content or show higher motivation to 

continue engaging with the interventions. These factors were not assessed or commented on in 

the included studies. Although gaps in competence with XR technology are likely to decrease as 

technology becomes more widely available, particularly in younger populations, a better 

understanding of how these factors affect engagement and intervention outcomes at present, 

could inform further adaptations (e.g. inclusion of training sessions) and would therefore be 

valuable to examine in future studies.   

Exclusion criteria of the included studies around suitability for XR (e.g. motion sickness 

(Hadley et al., 2019)) can reduce their generalizability and skew findings, as individuals who get 

excluded for these reasons are unlikely to experience positive effects. The present review did not 

identify any studies involving participants with physical disabilities that fit the inclusion criteria 

of this review. Trials using XR with individuals with physical disabilities (Singh et al., 2017; 

Wille et al., 2009) as well as intellectual and developmental disabilities (Lotan et al., 2010; Butti 

et al., 2020) have shown that these technologies can be adapted for individuals with different 

needs; however, it is possible that individuals with certain conditions or disabilities (such as 

visual impairment) may struggle to or may not be able to use these technologies. Further research 

is needed to understand which populations could benefit from these XR interventions and 

whether advances in technology could help overcome any existing barriers.  

The majority of included studies consisted of participants recruited from universities. 

University student samples are likely to be similar overall with regards to familiarity with 

technology, academic achievements/cognitive capacity and health, which are likely to be 
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different from the general population. University students also represent the older end of the 

adolescence period and are likely to respond differently to XR interventions compared to 

younger children. The small number of studies on younger age groups (only three out of 10 

studies with mean age under 18 years) in the present review prevented meaningful comparisons 

across developmental stages to determine differences in the effectiveness of XR interventions. 

There were no notable differences in the findings that could be attributed to age. Two of the three 

studies with younger samples (Hsieh & Chen, 2019 and Ruiz Ariza et al., 2018) did not report 

improvements in wellbeing, although both studies were very similar in their design and used the 

same intervention (AR Pokemon Go game), which meant that factors other than age could have 

contributed to these findings (design, content etc.). Therefore, to develop a comprehensive 

understanding of the impact of XR interventions on wellbeing of adolescents overall as a group, 

further studies are needed for younger age groups.  

The majority of the research included in this review originated from the USA (seven out 

of the 10 studies), meaning that further research is needed to establish the generalizability of 

these findings in a global context. There is some evidence to suggest that cultural norms impact 

on how individuals react to and interact with virtual scenarios (e.g. preferred distance to avatars 

or reluctance to engage with certain scenarios) (Galina et al., 2018; Almog et al., 2009), meaning 

that cultural validity of future XR wellbeing interventions should be taken into consideration 

when administering to users. As the included studies were mostly focused on efficacy rather than 

effectiveness in real world settings, possible implications of applying these interventions in the 

community, where barriers around accessibility and socioeconomic considerations are unknown. 

As investment in the field of XR grows, more affordable versions of the technologies have 

started to become available. XR interventions have been regarded as “low cost” and accessible 
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alternatives to other available interventions (e.g. reducing the need for in person delivery of 

physical rehabilitation with children) (Demers et al., 2020) and there is a move towards using 

this technology to reduce societal disparities by making treatments available to those living in 

rural areas or coming from disadvantaged backgrounds (through affordability, portability, 

flexibility and ease of use) (Zirbel et al., 2018). It is important that future research into XR 

wellbeing interventions maintain this focus on preventing inequalities to access and explore and 

report on any challenges with regards to this. 

The selection of control interventions in the studies was highlighted as a limitation by 

several of the authors of included studies. In some instances true controls were not used, while 

other studies did not have control groups at all. These study designs were vulnerable to the 

novelty effect not being accounted for and raised queries around true effects in between groups 

analyses. Future studies can account for novelty effects by including XR control groups and 

exploring affinity to similar technologies as potential confounders.  

The limitations of the literature identified by the present review, such as small sample 

sizes, lack of diversity in samples, issues with selection of control groups or lack thereof, short 

length of interventions, lack of theoretical support and psychological underpinnings in 

study/intervention designs, were issues echoed in previous similar systematic reviews with older 

populations on XR use in wellbeing (Carroll et al., 2021). These reviews jointly highlight the 

need for better quality of research designs as the evidence base continues to grow. 

Limitations of the Review Process 

The present review examined wellbeing as its outcome variable, which is a broad 

construct with varying definitions in the literature, as outlined previously in the Introduction. 

Due to the breadth of the construct, broad search terms (“well-being", “wellbeing” and “mental 



 59 

health”) were used when identifying relevant articles in the databases. Identified articles were 

then screened to determine if they included a wellbeing outcome measure in line with the 

definition of wellbeing selected for the present review (comprising of hedonic and eudaimonic 

aspects, as stated in the Introduction). A challenge of this process was deciding which outcome 

measures would fall under the construct of wellbeing, as the lack of agreement in the literature 

on the definition of this construct also prevented from the development of clear comprehensive 

guidelines around recommended use of outcome measures. The approach taken in the present 

review was examining each outcome variable used by the potential studies and matching them 

with the concepts mentioned in the definition adopted at the start (e.g. positive affect, positive 

functioning), with disagreements discussed among the research team. Although the definition of 

wellbeing selected for the present review was aimed to be a comprehensive one, it is possible 

that variations in selected studies exist in other similar reviews depending on wellbeing 

definitions used (for instance, the present review excluded studies with only mental health 

symptom questionnaires). A more systematic selection of outcome measures could have included 

using a previous systematic review on young people’s wellbeing outcome measures as a guide 

(such as Croudace et al., 2014); however, this would have also been limiting due to differences 

in definitions of the construct and the significant variety in the identified/ suggested outcome 

measures in reviews of this topic (e.g. compared to the review by Kwan & Rickwood, 2015). As 

there was a significant scarcity of research on the topic of interest for the present review (only 10 

studies selected) a limiting approach would not have been appropriate. The present review only 

had three wellbeing related search terms and these were similar to some other systematic reviews 

looking at similar topics (e.g. Cheng et al. (2019) and Johnson et al., (2016) with the addition of 

mental illness terms). The aim for this was to keep the search broad, however, this strategy could 
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have missed out some other studies using adjacent terms without mentioning “wellbeing” or 

“mental health”. Based on other reviews on wellbeing, additional search terms in line with our 

definition of wellbeing could have included “quality of life”, “happiness”, “life satisfaction”, 

“wellness”, “emotional health”, “psychological health”, “functioning” and “flourishing” (Daykin 

et al., 2018; Pollard & Lee, 2003; Houlden et al., 2018; Zhang et al., 2020; Rose et al., 2017) and 

the inclusion of these terms may have led to a more comprehensive search. 

The aim of the review was to evaluate effectiveness. As the use of XR in wellbeing is a 

relatively new field, the majority of the included studies were RCTs that took place under 

controlled laboratory settings. This provided limited information on real world use and 

effectiveness, and rather provided more information on potential efficacy. The quality of the 

included studies was assessed using a risk of bias tool that was appropriate for the evaluation of 

RCTs; however, as lab-based studies occurred under more controlled circumstances than other 

studies and often lacked follow up assessments, they were more likely to obtain better quality 

scores compared to studies that took place in more naturalistic settings. Whilst methodological 

issues in these less controlled studies affect their analyses and conclusions, these studies may be 

more similar to real world applications of these interventions and a closer representation of 

effectiveness. 

The present review used the Cochrane Risk of Bias Tool to assess the quality of the 

included RCTs. The appropriate version of the tool was applied depending on the design of the 

study being assessed (individually randomized parallel groups, crossover randomized or cluster 

randomized) in line with tool usage guidelines. As the different versions of the tool slightly differ 

in the domains they assess, the overall quality assessment for the review had to be divided into 

different sections based on study designs rather than be presented in one table. Various other 
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quality assessment tools exist in the literature and tools such as the Quality Assessment Tool for 

Quantitative Studies (Thomas et al., 2004) or the Jadad Scale (Jadad et al., 1996) could have 

allowed for all included studies to be evaluated using the exact same criteria, potentially making 

direct comparisons across studies easier. Nevertheless, the decision was made to proceed with 

the Cochrane Risk of Bias Tool for the following reasons; 1) The possibility of using different 

versions of the tool specifically designed for the study type being assessed was an advantage, as 

it allowed for the assessment criteria to form a perfect fit with the trial designs, rendering the 

assessment questions more applicable and relevant. 2) Different versions of the tool were able to 

capture important nuances about study designs and therefore, were more informative than using a 

general broader scale, where details such as carryover effects (which significantly contributed to 

the high risk rating for the Crosswell and Yun (2020) study) could have been lost in the 

assessment or unclear to the reader. 3) Although different versions of the Cochrane Risk of Bias 

tool were designed to be used for different study designs, these versions only differed on one 

marking criteria from another (addition of Period and Carryover Effects for the crossover trials 

or Timings of Identification or Recruitment of Participants for cluster trials), meaning that direct 

comparisons could be made on other individual marking criteria across all included studies. 

Furthermore, all versions of the tool used the same quality labels (low, some or high), making 

interpretation of results across all versions easy to follow. 4) The Cochrane Risk of Bias Tool is 

significantly more commonly used compared to other tools in systematic reviews of RCTs, 

possibly due to it being recommended in institutional guidelines, like the Cochrane Handbook 

(Farrah et al., 2019). Therefore, using the same tool that other researchers may already be 

familiar with, reduces heterogeneity in the field and improves accessibility of the findings. 
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The heterogeneity in the included studies contributed to several limitations of the present 

review. There were only two studies using AR technology and the rest of the studies used VR 

interventions, meaning that the findings of this review are skewed towards the effects of VR 

interventions. Within the VR interventions, a range of devices were used to create virtual or 

immersive environments. These are likely to differ in their usability, create different user 

experiences and lead to varying levels of immersiveness (Bird, 2020). These technological 

differences between devices were not explored or taken into consideration in the analyses, as 

these were often not commented on in the included studies and there was significant variation 

within the small number of studies included that prevented meaningful groupings. It is possible 

that technological differences could have affected the delivery of the interventions and 

influenced their effectiveness. Similarly, heterogeneity was observed in the number of outcome 

measures used and the differences in the content covered within those measures, as well as in the 

content of the interventions themselves, which made comparisons between studies challenging.  

Effect sizes of the present review were calculated using variables available to the 

researcher. For within groups effect sizes, Morris and DeShon (2002) recommended correcting 

for dependence among means, so that comparisons to between groups effect sizes could be made. 

Since correlations between means in within groups samples were not available to the researcher, 

Cohen’s (1988) method was used to calculate effect sizes instead, and direct comparisons of 

within and between groups effect sizes were avoided.  

Implications for Future Research 

XR technology is a relatively new and developing field, and devices using XR are likely 

to become more widely available to the general public in the upcoming years with costs 

decreasing and technologies becoming more user-friendly (Davies and Bergin, 2021). XR 
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interventions can be applicable in schools, outpatient and inpatient care settings as well as be 

used by individuals as self-help tools to aid in the treatment or prevention of mental health 

difficulties. This can be particularly helpful for individuals who may not have access to or may 

struggle to engage with traditional psychological support (talking therapies, self-help resources). 

The small number of studies that fit the inclusion criteria for this review is indicative of the need 

for more extensive research in this field. 

XR interventions that have been developed according to therapeutic principles to target 

psychological disorders have been reliably proven to have effectiveness across a range of 

psychiatric conditions (Park et al., 2019). This review has highlighted that existing research in 

the field of XR use in wellbeing for adolescents and young people has mostly utilized non-

psychological content in the interventions (e.g. exercising, drawing, watching scenic videos). 

Further research in this field can investigate whether therapeutic interventions specifically 

designed to improve wellbeing have an added benefit on mental health of participants in clinical 

and general populations. This line of research could focus on experimenting with different 

psychologically based intervention content, as well as practical aspects around its use to improve 

its effectiveness as treatment or prevention with regards to when, where and how these 

interventions are best placed to be used.  

The present review did not identify any qualitative studies on the effectiveness of XR 

interventions on adolescent and young people’s wellbeing. Considering the subjective nature of 

wellbeing, qualitative research can improve validity, reliability and generalizability of findings in 

this field (Ma et al., 2015). Specifically, this can include aiding in the selection of appropriate 

wellbeing outcome measures for XR interventions, as well as capture more nuanced individual 



 64 

experiences to shed light on why some studies did not yield positive results and the changes that 

can be made to address these issues. 

Future research should focus on methodological improvements, such as increasing the 

number of participants in studies to achieve sufficient power, lengthen intervention duration and 

trial duration to examine long term effects and include more diverse demographic samples. Non-

XR wellbeing interventions for adolescents have been delivered in studies that have addressed 

these methodological concerns (e.g. N =  2308, resilience-based intervention duration = five 

months (Leventhal et al., 2015); N = 508, physical activity-based intervention duration = 10 

weeks (Smith et al., 2018a)); however, similar methodological rigour is lacking in the field of 

XR wellbeing interventions for adolescents and young people at present. Application of 

interventions in more diverse settings in clinical and non-clinical contexts can provide 

information on real world performances of these interventions, highlight any barriers to their use 

and effectiveness and inform clinical decision making.  

Conclusion 

The present review found that there are some positive effects of XR interventions on 

wellbeing of adolescents and young people; however, the findings are mixed overall and 

methodological issues exist in the literature, such as a lack of comprehensive assessments of 

wellbeing over extended periods of time. Whether XR interventions lead to clinically meaningful 

changes or have lasting impacts on adolescent and young people’s wellbeing is unknown and 

further research is needed, with one potential area of research focusing on theoretically driven 

and psychologically informed interventions.  
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Part III: The Empirical Study 

Non-Randomized Controlled Trial of an Augmented Reality Board Game on Adolescent 

Wellbeing 

Abstract 

Promoting wellbeing plays a protective role in mental health of adolescents and there is a need 

for mental health support for this age group. Schools, which are ideal settings for community 

wide preventative interventions due to their reach, have been struggling to meet the increasing 

mental health needs of their students. Although previously developed wellbeing interventions 

exist, engagement with such interventions and their effectiveness could be enhanced through 

gamification and the use of XR technology. However, wellbeing interventions that use XR 

technology and are based on psychological theories and therapeutic approaches are lacking. A 

new wellbeing intervention was developed that aims to teach wellbeing skills to adolescents 

through completing challenges while playing an augmented reality board game. The intervention 

was tested for its effectiveness and engagement benefits in a school setting with participants 

between the ages of 13 and 17. The study followed a longitudinal non-randomized controlled 

design and assessed wellbeing outcomes pre- and post-intervention and at one month follow up. 

The results showed that there were no differences in self-reported wellbeing of adolescents 

between those who participated in the intervention and those in the control group, who continued 

to attend their regular classes as usual. Participants were less motivated to attend the intervention 

than attending regular classes. Limitations and implications for theory and practice will be 

discussed. 
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Introduction 

Wellbeing is a multidimensional construct consisting of hedonic and eudaimonic 

concepts of happiness, satisfaction, self-realization and positive functioning and quality of life 

(Ryan & Deci, 2000). Although factors positively associated with psychological distress are 

negatively associated with wellbeing (e.g. having low income), wellbeing and mental 

distress/mental health problems are not opposite ends of the same continuum (Winefield et al., 

2012), with wellbeing representing more than just absence of distress (Bech et al., 2003). Aside 

from mental health, wellbeing impacts on various areas of life including physical health, 

employment, interpersonal relationships and educational attainment (Department of Health, 

2014). Wellbeing is particularly important in adolescence, which is considered to be a critical 

developmental period due to the significant amount of changes individuals go through in this 

period and the lasting impact these changes can have if the challenges they bring exceed the 

coping abilities of individuals (Department of Health, 2013b). Due to the importance of 

wellbeing in this period, several wellbeing interventions have previously been developed with a 

large majority of them taking place in schools and utilizing face to face delivery methods 

(Kuosmanen et al., 2019). Whilst these school-based interventions have generally shown 

effectiveness, challenges have been highlighted in the delivery of these interventions (e.g. around 

fidelity) (van Agteren et al., 2021). XR technologies have utility in mental health research as 

seen by treatment studies (Halldorsson et al., 2021), can contribute to the development of novel 

wellbeing interventions and provide added benefits via increasing engagement and potentially 

amplifying intervention content; however, available XR wellbeing interventions for adolescents 

have reported mixed results (as seen by the systematic review). The literature on XR wellbeing 



 67 

interventions is a very recent and rapidly developing. The effectiveness of these interventions 

can potentially be enhanced by combining them with other evidence based methods.  

The context of mental health and wellbeing of adolescents within schools will be 

reviewed to pinpoint areas of need that new interventions can target. The role of technology 

within the educational system will be discussed with a particular focus on use and benefits of XR 

as a teaching delivery method. Evidence based psychological approaches and gamification will 

then be suggested as possible ways of enhancing XR wellbeing interventions to improve their 

effectiveness. Finally, the novel wellbeing game intervention that combines these approaches 

will be introduced.  

Mental Health and Wellbeing in Schools 

Adolescence is a critical developmental period for mental health and wellbeing, as young 

people experience neurological changes affecting their cognitions and behaviors (Steinberg, 

2005). These changes can often be difficult for adolescents, who may struggle to adapt and lack 

the coping skills to do so. First onset of mental illnesses commonly (62.5%) occurs in 

adolescence with the peak age of onset occurring at age 14 (Solmi et al., 2022) and suicide is the 

leading cause of death in young people in the UK (Office for National Statistics (ONS), 2014). 

Aside from its links to mental health, children and adolescents’ wellbeing also impacts on their 

cognitive development and educational attainment (Durlak et al., 2011; Public Health England, 

2014), as well as their physical health and social life in adulthood (Department of Health, 2013a; 

National Institute for Health and Care Excellence [NICE], 2008; NICE, 2009).  

Providing adolescents with knowledge and skills to improve their wellbeing is important 

during this period, as it can promote better mental health, prevent psychological problems and 

improve their quality of life overall. School settings are ideal and well-placed for preventative 
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wellbeing interventions, as students attend school full time and spend significant amounts of time 

at school during important developmental ages of childhood and adolescence (Šouláková et al., 

2019). This is recognized by the NHS Long Term Plan (2019), which aims to embed mental 

health support for children and adolescents in schools, building on existing support available and 

focusing on prevention and early intervention. Improving wellbeing of students and taking steps 

to prevent mental health problems can also reduce behavioral problems in schools, increase 

school attendance and build resilience and confidence (Department for Education, 2018a). 

School support around mental health and wellbeing of students has been a particular need 

over the past couple of years due to the effects of the coronavirus pandemic. UK-wide surveys 

revealed that adolescents’ mental health deteriorated over the course of the pandemic, with the 

reports showing increases in levels of experienced stress, worry, depression and loneliness, and 

decreased life satisfaction (Pascual-Sanchez et al., 2020; Department for Education, 2022). 

Students who had pre-existing mental health conditions, had lower socioeconomic status or were 

females experienced disproportionately negative impact of the coronavirus pandemic on their 

wellbeing (Public Health England, 2021a). These reports highlighted the need for more mental 

health support in schools, including more lessons and resources on mental health. The reports 

also made recommendations for co-produced wellbeing campaigns for children and adolescents 

to equip young people to be able to better support themselves, prioritizing prevention and early 

intervention in schools (Young minds report, 2020). However, a survey of UK secondary school 

teachers found that nearly half of respondents did not feel confident in addressing the mental 

health needs of their students (Early Intervention Foundation, 2021) and 65% of schools reported 

that there is a need for teaching materials for delivery of PSHE content (Department for 

Education, 2018b), indicating that the existing systems in place may not be well equipped to 
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meet the current mental health needs of students, further emphasizing a need for programmes to 

support teachers in the delivery of mental health content. 

Use of Technology in Education 

One way of improving the delivery of mental health content in schools is through the use 

of technology. Technology progresses rapidly and children are becoming exposed to it at much 

younger ages. As exposure to technology is likely to influence how children learn, the argument 

was made that the use of technology should be a key component when designing educational 

curriculums to meet student needs (Bruno, 2019). Since the coronavirus pandemic and the shift 

from face to face teaching to home schooling, schools have adapted to using blended approaches, 

supplemented by an increasing use of technology in teaching of core subjects. Building on this, 

similar approaches could be applied to education around wellbeing and mental health. 

Learning not only depends on the content of the information but also on how that 

information is acquired (Drummond et al., 2017). Intrinsic motivation to engage in learning tasks 

in schools can be fostered when teachers encourage autonomy in classes by supporting and 

empowering students to take initiative, explore and come up with solutions for problems 

(Niemiec & Ryan, 2009). One way of achieving is through the use of XR by allowing students to 

navigate digital environments. Using augmented reality and digital story telling has been shown 

to promote autonomy, creativity and self-directed learning, with the aim of improving 

engagement with educational material (such as history content) in classrooms (Rammos & 

Bratitsis, 2019). Augmented reality games can also increase willingness to engage with 

educational material by  promoting socialization through increased interaction with others in 

game play (Prithwijit et al., 2018). One study found that even though students attending XR 

supplemented classes learned just as well as students attending traditional classes, they reported 
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higher engagement and more positive emotions when learning, suggesting that using XR in 

education can be beneficial by increasing interest in learning (Allcoat et al., 2021).  

There is growing evidence that the use of immersive XR tools (such as VR learning 

environments) can increase student engagement and improve learning of content (Cobb et al., 

2009; Lee et al., 2010; Webster, 2016; O'Brien & Toms, 2008; Snelling, 2016; Prithwijit et al., 

2018) and there is an increasing focus on incorporating technological tools into teaching in 

secondary schools for these reasons (Santos Garduno et al., 2021). Digital interventions can be 

accessible and can provide additional support in schools alongside what is already offered 

without requiring additional staff time or input. Whilst the general consensus is that integrating 

technology in education would be beneficial, limitations in the literature exist around 

generalizability of findings due to costs associated with technology use and tech-savviness of 

school staff impacting on their willingness and ability to implement such tools (Al Farsi et al., 

2021). Furthermore, XR technology’s effectiveness in improving learning content in relation to 

wellbeing was only tested in one intervention (included in the systematic review) (Hadley et al., 

2019), which specifically focused on emotion regulation and reported mixed findings, suggesting 

that further research is needed.  

To build on this existing literature on the use of XR in wellbeing promotion in schools 

and to enhance these interventions, it may be beneficial to refer to literature on 1) psychological 

approaches to adolescent mental health and wellbeing, and 2) the impact of games/gamification 

on mental health.  

Evidence Based Psychological Interventions in Adolescent Mental Health and Wellbeing 

Mental health interventions can be grouped into three broad categories of prevention, 

treatment and continuing care (Mrazek & Haggerty, 1994). According to Mrazek and Haggerty’s 
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model (1994), prevention interventions include three levels, universal, selective and indicated 

depending on how broad or specific to at risk target population the interventions are. School 

based programs that do not target specific at risk student groups, but rather the entire cohort, fall 

under universal interventions and aim to provide population level education around mental 

health. As previously outlined in the systematic review, these interventions are often informed by 

psychological approaches, such as ACT or positive psychology; however, to date, there have 

been no interventions that have attempted to combine the evidence base around psychologically 

informed universal interventions and XR technology, to our knowledge. This is a gap in the 

literature around XR use in mental health, as the effectiveness of these wellbeing interventions 

could potentially be improved when they are guided by evidence based psychological approaches 

used in adolescent mental health.  

Psychological approaches that are commonly used in the adolescent mental health 

context are cognitive behavioral therapy (CBT), systemic therapy and narrative therapy. These 

three approaches have established effectiveness in the treatment of mental health problems in 

adolescents and can each make unique contributions to interventions around prevention of 

mental health problems and promotion of wellbeing.  

Systemic therapy focuses on interpersonal interactions within groups and aims to create 

change within the system as a whole rather than focusing on a single individual. Systemic 

interventions have been found to be effective for children and adolescents, with studies showing 

small to medium effect sizes for interventions with adolescents experiencing a range of mental 

health disorders (Cottrell & Boston, 2002; Riedinger et al., 2017). As positive relationships with 

others plays an important role in wellbeing of adolescents (Mertika et al., 2020), systemic 
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interventions focusing on interpersonal aspects are important to consider in the development of 

interventions targeting wellbeing.  

CBT, on the other hand, is often focused on the individual and aims to create positive 

changes in thoughts and behaviors to address mental health difficulties. CBT techniques can be 

adapted to developmental stages of adolescents (Holmbeck et al., 2006) and interventions using 

CBT have been shown to be effective in significantly reducing symptoms of mental health 

disorders in controlled trials (Klein et al., 2007; Waldron et al., 2004; Dalle Grave et al., 2013). 

CBT has been shown to be compatible with technological delivery formats and gamification (has 

been integrated into a computer game format for adolescents for the treatment of mental health 

disorders) and has been found to be acceptable and effective in this context, enhancing 

motivation for therapy and therapeutic alliance (Brezinka, 2014; Coyle et al., 2011). 

Narrative therapy addresses appraisals of mental health problems and aims to create 

change through focusing on areas, such as language and internalization. Narrative therapy for 

adolescents can lead to improvements in disorder specific outcomes (as well as CBT on some 

measures) (Lopes et al., 2014). Narrative therapy interventions can aid the development of 

emotional and interpersonal skills to support present functioning and to build resilience (Gudiño 

et al., 2017). One longitudinal controlled narrative intervention using storytelling and creativity 

to promote wellbeing in a primary school, found that the intervention led to lasting increases in 

wellbeing and decreases in depression, anxiety and somatization (Ruini et al., 2020). The study 

found that narrative techniques helped students identify personal resources and assimilate the 

concept of eudaimonic wellbeing. 

Although the systematic review did not identify any studies combining psychologically 

informed approaches with XR technology for wellbeing, similar approaches were adopted for 
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treatment of mental health disorders. Using techniques from CBT, systemic therapy and narrative 

therapy can enhance interventions in a theoretically driven way. 

Games, Gamification, Mental Health and Wellbeing 

Aside from using psychologically enhanced content in XR interventions targeting 

wellbeing of adolescents, one further way of improving the effectiveness of new interventions in 

this field could be through the use of games and gamification. The systematic review identified 

some studies that used games as their interventions; however these were not purposefully 

developed to target wellbeing. Several of the studies in the systematic review were also single 

session interventions, where the authors reflected on the possibility of reduced effects over 

repeated administrations of the interventions. One way of maintaining engagement is through 

gamification, for which there is extensive research on its applications in mental health.  

Over the years, digital games have continuously increased in popularity and the global 

gaming industry is now a multibillion dollar business, appealing to more diverse groups of 

individuals every year (Accenture, 2021). As a result of this, there is growing interest in the use 

of digital technologies and gamification in the field of mental health and wellbeing across 

various participant demographics. Games that are developed for specific purposes other than 

purely for entertainment are called serious games, which include subgenres such as exergames 

(games that promote health by requiring players to be physically active and exercise while 

playing the game). 

Game based interventions have multiple benefits. Serious games in mental health can 

reach populations that wouldn’t usually access mental health content and can keep users 

motivated and engaged (Fleming et al., 2017), increasing the accessibility of interventions using 

these strategies. Digital gamification has been incorporated into interventions around skills 
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development in children and young people, including teaching facial recognition skills to 

children with autism (Tanaka et al., 2010) and teaching problem solving skills and 

psychoeducation to children with diabetes, improving their treatment adherence and clinical 

outcomes (DeShazo et al., 2010). These studies have shown that the use of serious games is 

compatible with mental health content and can facilitate delivery of such interventions. 

Another benefit of games on wellbeing is in relation to the social component. Loneliness 

has been found to be one of the main factors contributing to emotional skills deficits in a sample 

of British adolescents (Wols et al., 2015) and has been identified as a mental health area of 

concern overall. Research has shown that the social interaction element of video games can 

provide significant psychosocial benefits for its players (Granic et al., 2014) and that children 

and adolescents enjoy playing multiplayer serious games due to the social interactions these 

games provide (Chin et al., 2008). Similar findings were observed in an AR intervention, 

Pokemon Go, where adolescents reported that they preferred to play with each other rather than 

alone and experienced an improvement in their relationships with their peers through the game 

play, compared to those who did not play the game (Hsieh & Chen, 2019). Considering the role 

social interactions play in maintaining wellbeing of adolescents (Orben et al., 2020), using 

gamification in wellbeing interventions may enhance wellbeing through the process of gameplay 

(via increasing interpersonal interactions with peers), in addition to the content of the 

interventions.  

Previous studies have found positive effects of serious games on mental health. Gaming 

and exergaming interventions have been found to have a positive impact on sense of self and 

wellbeing (Joronen et al., 2016) and to increase satisfaction with life, positive emotions and 

sense of emotional balance (Azevedo et al., 2014). One systematic review (Fleming et al., 2017) 
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on serious games for mental health found that therapeutic principles can be applied to games and 

that games may lead to therapeutic change even without being based on traditional therapies (e.g. 

Tetris for PTSD). Previous studies indicate good potential for use of game based interventions in 

mental health, but research into this is in its early stages (Fleming et al., 2017; Shah, 2018). 

Whilst it is believed that gaming interventions may be more attractive and engaging that non-

gaming interventions, further research is needed for trials longitudinally comparing game based 

and non-game based interventions for mental health (Fleming et al., 2017). The game based XR 

interventions identified in the systematic review were not serious games and were not 

psychologically driven in their approach, suggesting an untapped potential for these 

interventions. As an additional layer to engagement benefits provided by XR interventions, 

which might wear off as the novelty of the technology decreases over repeated use, gamification 

in combination with XR can promote prolonged and recurrent use and potentially longer term 

engagement with interventions (Lindner et al., 2019). Therefore, psychologically driven XR 

wellbeing interventions can potentially be made more engaging and effective through combining 

these with gamification.  

The Wellbeing Game- Dragons of Afterlands 

AR games, based on evidence-based psychological principles, have the potential to 

provide psychoeducation and aid in the development of knowledge and skills to improve 

wellbeing within an immersive format. Immersive games are likely to increase engagement with 

the content of the game, leading to potentially increased learning and longer lasting effects. 

Previous studies have pointed out the need for research on the ecological validity of XR 

interventions for children and adolescents and for studies to focus on co-produced, user centered 
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products, using study designs that prioritize user needs to optimize uptake, efficacy and cost 

effectiveness (Parsons et al., 2017; Badawy et al., 2017). 

With the aim of addressing this need, we designed an intervention to improve wellbeing 

in adolescents using a newly-developed board game, grounded in well-established psychological 

models and theory (CBT, narrative and systemic approaches). The wellbeing game Dragons of 

Afterlands aims to improve wellbeing through various wellbeing tasks. It is novel, as it combines 

social elements of a multiplayer board game with AR technology to create an immersive 

experience to improve engagement with the wellbeing tasks (see Intervention Content and 

Intervention Materials and Technology sections under Methods for more details). To our 

knowledge, no study has tested the impact of psychologically informed AR games on youth 

wellbeing. 

Aims 

The purpose of the present study is to investigate if Dragons of Afterlands is successful in 

improving wellbeing in adolescents in a school setting and how it compares to usual teacher-

delivered wellbeing education in schools in terms of engagement and effectiveness. The aims 

and hypotheses of the present trial were the following: 

Aim 1:  a) To test whether participating in the Dragons of Afterlands intervention improves self-

reported wellbeing of adolescents compared to those attending regular classes over the course of 

the intervention, and  

b) whether any effects of the wellbeing intervention can be maintained over the one 

month follow up period. 
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Hypothesis 1: Adolescents, who play the AR game, will report higher wellbeing on standardised 

wellbeing outcome measures at the end of intervention and at the one month follow up 

assessment compared to those, who attend regular classes.  

Aim 2: To test whether Dragons of Afterlands can improve engagement and motivation of 

students towards classes that cover wellbeing content.  

Hypothesis 2: Adolescents, who play the AR game, will report higher engagement with the 

process (score higher on the motivation outcome measure), compared to those, who attend 

regular classes.   

 

Methods 

Design 

The study was a non-randomized controlled trial following a longitudinal pre-post 

experimental design. A non-randomized design was selected following requests from 

participating schools (e.g. due to staff availability). The AR wellbeing game intervention took 

place during class hour and lasted five to six weeks, which was followed by a one month follow 

up period. The control group attended regular classes as usual. 

Power Analysis and Sample Size Calculation 

As there were no previous studies looking at the effectiveness of psychologically 

informed AR interventions on adolescent wellbeing, the power analyses for the calculation of 

sample size could not be guided by effect sizes in previous literature. The studies included in the 

systematic review on VR interventions to improve wellbeing in adolescents found small to 

medium effects, where effects were found and reported. Of the studies included in the systematic 

review, the closest studies in similarity to the present study in terms of the use of AR and 



 78 

longitudinal design (Ruiz Ariza et al.,  2018 and Hsieh & Chen, 2019) did not find any effects on 

wellbeing; although the interventions they used were solely game based and not psychologically 

informed. Literature on non-XR psychological interventions to improve wellbeing show low to 

moderate effect sizes (van Agteren et al., 2021). In light of these findings, we opted to base our 

analyses on a medium effect size. Sample size was determined based on a-priori power analyses, 

which showed that 86 participants are needed in total (alpha=0.05) to have sufficient power (0.8) 

to detect medium effect sizes (Cohen, 1988). The required sample size was determined using the 

G-Power software.  

Recruitment  

333 secondary schools in London were contacted via emails addressed to SENCOs and 

headteachers (see Appendices F and G). The study was also advertised on a UK-wide teachers 

Facebook group and on the South East Research Network for Schools (SERNS) website and 

bulletin. Following advertisement, thirteen schools expressed interest, two of which (one state 

funded academy in London and one private international school in Surrey) proceeded with their 

participation in the study. Drop out reasons for other schools included high staff turnover in 

schools, difficulties in organizing practical components of participation, pressures on schools 

during the pandemic and lack of willingness to commit to longitudinal interventions.  

Following confirmation of participation and approval from schools, lead teachers 

facilitating the project identified students who were approached to take part in the trial (n = 483, 

control and intervention groups combined). In the state funded academy, participants for the 

intervention group were selected by the lead teacher from various classes across year groups. 

The lead teacher was advised on the importance on selecting a representative sample and aimed 

to do so by basing their selection on internal reports of students. A random selection method was 
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offered to the school whereby the researcher would attend to randomly select students from a list 

using a random number generator; however, this offer was declined by the school. The remaining 

students in the year groups (those not selected to participate in the intervention group) were 

invited to participate in the control group. In the private international school, all of the students 

who were attending the lead teacher’s class were asked to participate in the intervention group 

and students attending a separate class (similar in lesson content) were asked to take part as the 

control group. Recruitment and retention of participants was outlined in the Consort Flow 

Diagram in Figure 1. Parents of identified students were contacted by school staff with 

information and consent forms, and had the opportunity to opt their child out of participating in 

the trial by filling out the form and returning it to their teacher (Appendix H). Students, who 

were not opted out by their parents, were then provided with Qualtrics links, containing 

participant information and consent forms, which they were asked to sign if they wished to enroll 

into the trial (Appendix I).  A shopping voucher prize draw was used to incentivize participation. 

Five parents withdrew their children from the study. Of the students contacted, 396 declined to 

participate. While students were not obliged to provide reasons for not wishing to participate, 

some reasons reported were pressures of academic work at school and wanting to attend regular 

classes, not finding the game intervention interesting and not wishing to fill out questionnaires.  

Students who were excluded, withdrawn or those who chose not to participate in the trial 

or dropped out after enrolment continued to do their usual coursework, either by attending 

regular classes with the control group students or by independently working on their coursework 

in the classroom or at the library under the supervision of a school teacher. 
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Figure 1.  
 
Consort Flow Diagram 
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Participants 

Eighty one students were recruited to participate in the study (n= 41 in the intervention 

group and n= 40 in the control group). Forty six of these eighty one participants were recruited 

from the private school and thirty six were recruited from the state school. Following drop out 

(63% overall), 30 remained in the study at follow up (n= 15 in the intervention group and n= 15 

in the control group). Participants were between the ages of 13 and 17. Exclusion criteria for 

participation were blindness and lack of proficiency in written and spoken English, as the game 

included visual and auditory components in English language.  

Intervention Content 

Dragons of Afterlands was selected to be tested in the present trial as it is the first 

intervention of its kind to combine XR, gaming and psychological content, all of which 

individually have been shown to positively impact wellbeing (as outlined in the Introduction), 

opening up the possibility of further increased intervention effects while being fun and engaging 

for young people. The game intervention was developed using cognitive behavioral, systemic 

and narrative approaches, and is presented as an AR board game to create a multisensory 

immersive serious game experience. The wellbeing challenges in the game are based on 

Personal, Social, Health and Economic education (PSHE) teaching on wellbeing intended to 

address the four domains of wellbeing in adolescents; physical, social, cognitive and emotional, 

as defined by Lippman et al. (2011) and in line with the WHO conceptualization of wellbeing 

(WHO, 2004b). The content of the vignette challenges are outlined in Appendix E. The topics 

and skills covered in the game intervention included cognitive topics, such as developing an 

awareness of one’s thoughts and how these impact on views of self and influence behaviors, 

developing alternative thinking styles and becoming more flexible with thoughts. Emotion 
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related topics focused on identifying emotions and developing language around them as well as 

strategies of handling difficult emotions (like anxiety or low mood). Social topics included 

reflecting on challenging situations (like facing criticism or bullying), the emotions these bring 

up and developing ways of coping with these situations (like assertiveness) as well as improving 

communication skills overall by reflecting on different communication styles. Finally, physical 

topics covered factors that contribute to maintaining physical health (like nutrition, exercise) as 

well as developing an awareness around addictions. Through completing the challenges, 

participants learn about wellbeing and apply these knowledge and skills in the form of 

storytelling and roleplay with other participants in the game. Throughout the game, players work 

with other players, promoting self-reflection (e.g. trying to understand what their avatars may be 

experiencing in the vignettes by reflecting on their own similar experiences), communication 

skills (e.g. by trying to explain challenge prompts to each other succinctly and effectively), 

problem solving skills (e.g. coming up with solutions to dilemmas presented in the vignettes by 

weighing up various options presented), collaborative working skills (e.g. challenge taker and 

ally working together to problem solve vignettes) and empathy. The intervention relies on Self 

Determination Theory principles of autonomy, competence and relatedness (Ryan & Deci, 2000) 

to motivate players to continue engaging with the content and developing their skills, whereby 

players are active participants in the learning process (rather than passive listeners in a lecture), 

can build on and evaluate their skillset through completing challenges and receiving feedback on 

these and work jointly with others on common goals and difficulties. 

Psychological skills training has been shown to lead to improved wellbeing in various 

contexts with young people (Golby & Wood, 2016; Steyn et al., 2016) and have been shown to 

increase resilience (van Agteren et al., 2018). The present intervention was designed to target 
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core skills identified by the educational system (PSHE curriculum) and by the main therapeutic 

interventions for this age group. The challenge vignettes provide psychoeducation around coping 

strategies, which include introducing ideas such as behavioral activation. Research has shown 

that education around coping strategies is important, as utilizing helpful coping strategies, like 

problem focused coping, leads to better wellbeing whereas others do not (Mayordomo-Rodriguez 

et al., 2015). The game presents vignettes that allow for problems to be deconstructed into more 

easily understandable and solvable problems. These vignettes are followed by multiple different 

perspectives on the scenario, which get discussed between participants with the aim of solving 

the challenges. The presentation of multiple perspectives is meant to help participants become 

aware of thinking errors and engage in thought challenging and cognitive reframing around 

common life struggles. The cognitive flexibility that these skills bring has been shown to have a 

positive relationship with wellbeing of individuals (Polat et al., 2022) and predicts the use of 

coping strategies when faced with difficult situations (Asici & Sari, 2021). Working 

collaboratively on challenges on interpersonal scenarios, participants are intended to become 

aware of unhelpful patterns of relating to one another and the circularity of effects in these 

scenarios. Through completing challenges via avatars and immersing themselves in the fantasy 

world of Dragons of Afterlands via the AR elements and the storytelling, participants are able to 

externalize problems, gain new perspectives on them and trial different ways of handling 

situations without having to face scrutiny or stigma about their own mental health. This is based 

on narrative theories (Madigan, 2011) that propose that individuals make sense of themselves 

and their difficulties through the stories they (and society) create around them and therefore, 

engaging in the same storytelling process is a natural and effective way of re-authoring these 

narratives where needed. 
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Intervention Materials and Technology 

A newly developed AR game called Dragons of Afterlands was used as the wellbeing 

game intervention in the present study. The game is played through the interaction between the 

smart phone app and the physical materials of the game, which include a game board, challenge 

taker and ally cards, monster cards, tokens and dices (Figure 2). 

 
Figure 2.  
 
The Game Materials 

 
Note. Materials include game board, challenge taker and ally cards, monster card, tokens and 

dices. 

 
The game allows players to personalize their experience by selecting their own avatars 

and starting terrain points. Wellbeing challenges (Figures 3 and 4) get triggered when players 

land on specific tiles, which prompt players to work through vignettes with their allies (other 

players), using verbal clues and acting skills. The game provides feedback and reinforces correct 
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ways of problem solving vignettes by giving points. AR components of the game become visible 

when players hold their phones towards the board (Figures 5, 6 and 7). 

 
Figure 3 
 
Example of Wellbeing Challenges 

 
Note. One of the challenge vignettes. 
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Figure 4.  
 
Example of Wellbeing Challenge  

 
Note. Ally prompt of the challenge vignette. This promotes discussions between challenge taker 
and ally, facilitates joint problem solving and suggests an alternative thinking style. 
 
Figure 5 
 
Example of AR design in the game 

 
Note. AR terrain of the Volcano. 
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Figure 6 
 
Example of AR design in the game 

 
Note. AR terrain of the Whirlpool. 
 
Figure 7 
 
Example of AR design in the game 
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Note. AR character, the Dragonwitch. 
 
 
Procedure  

Trial Timeline 

The trial lasted 10-11 weeks and took place between September 2021 and April 2022. 

Baseline questionnaires and consent forms were collected one week prior to the start of the 

intervention. The intervention lasted five to six weeks (depending on school term length to 

minimize disruptions over term breaks). During this time, the intervention group attended weekly 

sessions to play the wellbeing game during their class hour in groups of three to four players. 

The control group continued to attend their regular classes. End of intervention questionnaires 

were completed at the end of this period and follow up questionnaires were completed one 

month after (Figure 8). 

 
Figure 8  
 
Trial Timeline 
 

 

Intervention 
Group

Completion of 
baseline measures

Weeks 1-6: Play 
Dragons of 

Afterlands once a 
week in class

Week 6: 
Completion of end 

of intervention 
measures 

One month later: 
Completion of 

follow up 
measures

Control Group

Completion of 
baseline measures

Weeks 1-6: Attend 
regular classes

Week 6: 
Completion of end 

of intervention 
measures

One month later: 
Completion of 

follow up 
measures
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Intervention Group 

The study design accommodated for structural differences in both schools to ensure 

recruitment. In the state school, a randomly selected group of students across three year groups 

(selected by the school) was allocated to the intervention group, with volunteers from the 

remaining students from those year groups serving as controls. In the private school, two classes 

from the same year group were selected by the school to participate in this project, with one class 

serving as the intervention group and the other as the control group.  

Protocol for Gameplay 

Participants allocated to the intervention group played the game at school during class 

hour. Instructions on how to download and install the game app were circulated a week before 

the start of the intervention and students were instructed to do so prior to the first intervention 

session.  

Participants played the game in small groups consisting of three to four participants. 

Participants complete challenges in the game by landing their tokens on challenge tiles, selecting 

one ally from the rest of the players (ally selected only for the duration of the challenge and can 

be switched for the next challenge). Challenge takers are then asked a multiple choice question 

and the allies are given prompts (which they act out or explain to the challenge taker) to promote 

thinking.  

The classrooms where the game play took place were set up at the beginning of each 

session to allow for participants to be seated with their groups. Necessary materials to play the 

game (e.g. game boards) were provided. In cases where students did not have access to smart 

phones or could not play on their own devices (e.g. due to compatibility issues with the 
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technology) phones were provided by the research team. A WiFi dongle was provided by the 

research team to resolve any issues around internet connection with school WiFis.   

In the first intervention session, participants were guided through the app registration 

process to create their accounts. They were then given written and verbal instructions on how to 

play the wellbeing game and were instructed to start playing. Participants had the opportunity to 

ask questions or raise difficulties with the researcher throughout the game play. 

The engagement of students with the wellbeing game was ensured and monitored by the 

researcher. The researcher and a class teacher were present during the game sessions and 

oversaw the game play. A register was kept by the school teacher to record attendance of 

participating students.  

Data Collection 

Data collection took place at three time points; baseline (collected following allocation 

and one week prior to the start of the intervention), end of intervention and one month follow up. 

Baseline and end of intervention questionnaires were completed in class for the intervention 

group, with the latter taking place immediately following the last game session. The control 

group received the questionnaire Qualtrics links via email in the same weeks as the intervention 

group and were given a week to complete the measures. Participants were contacted one month 

after the end of the intervention via email and asked to complete the follow up questionnaires. 

Email prompts were sent to maximize data completeness.  

Outcome Measures 

Data on demographics, including age, school year group, gender, ethnicity, history of 

mental health problems, history of interventions for mental health problems, long term physical 

illnesses, socioeconomic status (via obtaining information on parental education level and 
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occupation) were collected at baseline for descriptive purposes. These demographic variables 

were selected, as they were indicated as protective or risk factors for child and adolescent 

wellbeing according to an England-wide survey (NHS Digital, 2017). Office for National 

Statistics demographics questions were used as a guide to ensure that the categorizations were 

appropriate and meaningful.  

Participants were asked to complete the Strengths and Difficulties questionnaire (SDQ) 

as a baseline measure to characterize the sample (see Appendix B). Strengths and Difficulties 

Questionnaire (SDQ) is a commonly used self-report emotional and behavioral screening 

questionnaire for children between the ages of 11 and 17. It is used for identifying internalizing 

and externalizing problems in children and adolescents. This measure was selected as a baseline 

measure to examine potential differences between groups at baseline in relation to mental health 

problems, as these may influence the effectiveness of the wellbeing intervention and may need to 

be controlled for between groups. The SDQ includes 25 items rated on a three point Likert scale 

(Appendix). The total difficulties score ranges from zero to 40, with 0-15 classified as normal, 

16-19 as borderline and 20-40 as abnormal for the self-report UK version. It is a well-

established questionnaire that has been shown to have good interrater reliability (scales ranging 

0.51 < r < 0.64), acceptable cross informant consistency (r > 0.30), acceptable test-retest 

reliability (self-report scales ranging 0.60 < r < 0.73), acceptable specificity (≥ 70%) and 

acceptable negative predictive value (≥ 70%) (sensitivity and positive predictive value deemed 

unacceptable) according to a recent systematic review (Bergström & Baviskar, 2021). 

Participants completed wellbeing outcome measures at baseline, end of intervention and 

at one month follow up. The wellbeing questionnaires used in the present study as main outcome 

variables were the following:  
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• WHO-5 is a measure of overall subjective wellbeing, covering aspects of physical and 

mental health, developed by the World Health Organisation (1998). It can be used with children 

over the age of nine and consists of five items that participants rate based on their frequency on a 

six point Likert scale (Appendix). The raw score is calculated by totaling the figures of the five 

answers. The raw score ranges from zero to 25, zero representing worst possible and 25 

representing best possible quality of life (scores can be multiplied by four for percentages). The 

questionnaire has been shown to have high reliability cross culturally (ρ = .83-.93) (Philipp et al., 

2020) and good construct validity in adolescent samples (correlation with Beck Depression 

Inventory (BDI-6) r = -0.49 (p=0.0001), coefficient of homogeneity = 0.52, unidimensionality p 

> 0.05) (Blom et al., 2012). It was deemed to be an appropriate tool to measure wellbeing over 

time and between groups in research trials by a comprehensive systematic review (Topp et al., 

2015) (see Appendix A).  

• Warwick Edinburgh Mental Wellbeing Scale (WEMWBS) is a positive mental wellbeing 

scale consisting of 14 items rated on a five point Likert scale (Appendix). WEMWBS includes 

affective-emotional aspects, cognitive and psychological functioning and can be used with 

individuals over the age of 11. A higher score on WEMWBS indicates better mental well-being, 

reflecting more positive thoughts, behaviors and feelings. WEMWBS has been shown to have 

high internal consistency (Cronbach’s alpha = 0.87, 95% CI [0.85; 0.88]), acceptable test-retest 

reliability (Intraclass correlation coefficient (ICC) 0.66 (95% CI [0.59; 0.72] n = 212)) and 

construct validity (r = 0.59 for psychological wellbeing domain of the Kidscreen-27 (95% CI 

[0.55; 0.62]); r = 0.65 for the Mental Health Continuum Short Form (MHC-SF) 95% CI [0.62; 

0.69]; r = -0.44 for the SDQ 95% CI [-0.49; -0.40]) in a UK based sample of adolescent school 
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students (Clark et al., 2011). WEMWBS shows a normal distribution in the general population 

avoiding floor and ceiling effects (Clarke et al., 2011; Tennant et al., 2007) (see Appendix D).  

This combination of measures was selected due to their fit with intervention content and 

their comprehensive assessment of wellbeing, indicating that any improvements are likely to be 

meaningful. WHO-5 and WEMWBS have been deemed appropriate for positive psychology 

studies due to their strengths focused language and have been recommended to be used in studies 

with this population (Taggart & Stewart-Brown, 2019). Both of these wellbeing scales combined 

allow for an assessment of optimal wellbeing, covering hedonic and eudaimonic aspects of 

wellbeing, as well as subjective appraisals on the four domains of wellbeing in adolescents 

(physical, social, cognitive, emotional) that the intervention aims to address.  

Participants in the intervention and the control group also completed the Intrinsic 

Motivation Inventory (IMI) (Ryan, 1982) at end of intervention as a measure of their 

engagement. Participants rate their subjective experience of participating in an activity using a 

seven point Likert scale and IMI scales can be customized depending on the area of study. IMI 

has been shown to have good internal consistency and adequate reliability (α = 0.85) and validity 

(convergent, discriminant and face validity) (McAuley et al., 1987; Ostrow & Heffernan, 2018). 

For the present study, the value/usefulness and the interest/enjoyment scales were used. Items 

from both scales were presented to participants in alternating order and the wording was adapted 

to the research topic (e.g. “I think that doing this activity is useful for….(fill in the blank)” was 

presented as “I think that doing this activity is useful for my wellbeing.”) (see Appendix C). The 

interest/enjoyment scale is considered to be the primary measure of intrinsic motivation and the 

value/usefulness scale has been associated with internalization (Deci et al., 1994). Together, 

these scales aim to measure the degree to which participants find the tasks rewarding to engage 
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with and can adopt and integrate the concepts they cover. Furthermore, the IMI was selected to 

understand the willingness of participants to play the game and whether they feel it meets their 

needs to make inferences about the acceptability and usefulness of the intervention.  

Ethical Approval 

The study received ethical approval from Royal Holloway University Research Ethics 

Committee  on 19 April 2021 (REC ProjectID: 2566). Applications for minor amendments were 

made to collect email addresses for the distribution of prize draw vouchers and to extend 

participant sample group by age to include older students.  These were approved on 20 

September 2021 and 11 October 2021 (see Appendices J-M). 

Service User Involvement 

Two participants were selected from the intervention group to provide feedback on their 

experience of the game. These youth advisors were selected from the group of participants, who 

volunteered to provide feedback at the end of the trial, and the selection was made using an 

online random name generator. Participants were verbally informed about their participation 

(topics that will be covered, information around time commitments and use of data) and provided 

verbal informed consent. Parental consent was obtained via consent forms sent to parents of 

selected students (Appendix N). The feedback covered topics, such as the content of the game, 

the acceptability and usability of the technology, as well as their opinions on the research design, 

such as playing the game in class hour, duration of the trial and any factors that they believed 

might have impacted on the analysis of the results. The selected participants were consulted 

regarding efficient ways of disseminating the findings within their age groups and schools. These 

feedback interviews were conducted with co-production principles in mind, to empower young 

people to have a say in interventions aimed at them and influence various stages of research 
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development, which has been highlighted as an area of importance (Durose et al., 2012; Norton, 

2021; Shamrova & Cummings, 2017). Through these interviews we were able to gain insights 

into their experiences and reflections of taking part in this project to aid in the improvement of 

the product and interpretation of our findings, as well as identify key areas for our population of 

interest, so that the research conducted can be of value and meaning to our stakeholders.  

Informal feedback was gathered throughout the study, including at recruitment meetings 

with teachers and during game sessions from students. These were passed onto the developers of 

the game or future improvements.  

Data Analyses  

Data was analyzed using IBM SPSS Statistics version 25. Intervention group participants 

were considered to have completed the intervention if they attended at least four sessions of 

game play. Those who completed less than four sessions were excluded from the dataset. 

Descriptive statistics were calculated for demographic variables and SDQ outcomes at baseline 

using χ2 tests and independent samples t-tests to determine and address any significant 

differences for demographic variables between intervention and control groups at baseline and to 

assess the need to control for these differences in future analyses. Differences between 

intervention and control groups on motivation scores were assessed using an independent 

samples t-test. Separate two-way mixed ANOVAs were used to analyze differences between 

intervention and control groups in relation to wellbeing outcome measures (WHO-5 and 

WEMWBS) at baseline, end of intervention and follow up assessments. Change scores were 

calculated for the wellbeing outcome measures to aid in the interpretation of the findings.  
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Results 

Missing Data 

At the end of the trial, 30 participants remained in the study, meaning that the statistical 

analyses proposed were underpowered based on a priori power analyses. As previously 

mentioned (see Methods), multiple avenues of recruitment were explored to recruit the proposed 

sample size, including contacting 333 secondary schools in London multiple times and 

advertising on social media and on research networks. The recruitment period was extended past 

the proposed timeline to allow for more schools to participate. Unfortunately, it was not possible 

to recruit sufficient schools within the timeframe of this doctorate. 13 schools expressed interest 

and all of these schools were given opportunities to discuss their participation. 11 of these 13 

schools were not able to participate eventually due to organizational and covid related factors 

(e.g. staff turnover (including staff who are interested in participating leaving their posts), 

reluctance from staff and management due to pressures on delivering curriculums, lack of 

interest in longitudinal interventions, lack of classroom availability due to spaces being used for 

vaccinations). As there were no remaining potential schools to recruit from at the end of the 

extended recruitment period, decision was made to end recruitment even though participant 

numbers were low.  

Although recruitment was limited to only two schools, we were able to enrol 81 students 

from these schools into the trial, which meant that the study was initially only underpowered by 

five participants. Unfortunately, a significant number of participants dropped out of the trial, 

which was caused by a variety of factors, including staff level challenges (e.g. facilitating teacher 

leaving her post and loss of contact with some participants due to this, difficulties in getting staff 

on board to facilitate control group data collection in class hour to increase participation and 
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ensure data completeness), participant level challenges (e.g. increasing academic pressures 

following covid and students wanting to prioritize their curriculum work, students not finding the 

game interesting) and technical challenges (e.g. initial difficulties with WiFi access in one school 

and glitches in the game app). These challenges were informative with regards to gathering real 

world application data, however led to difficulties in progressing the study with a sufficient 

sample size.  

To manage missing data following high numbers of drop out, Little’s Test of Missing 

Completely at Random (MCAR) (Little, 1988) was conducted to assess if data was missing 

completely at random and missingness was not dependent on observable or unobservable 

variables. The results were non-significant (χ2(7) = 4.41, p = 0.73) indicating that the data 

missing from the end of the intervention and follow up assessments happened randomly. 

Therefore, the results of the statistical analyses were unlikely to be biased by missing data. 

Listwise deletion of missing cases (where participants with missing data are removed from the 

statistical analyses) was applied, as this is the recommended method for unbiased estimates and 

conservative results when MCAR assumptions are satisfied (Kang, 2013). Imputations were not 

considered for missing data, as aside from MCAR assumptions being met, there were large 

amounts of missing data (39% loss between end of intervention and follow up), which could 

have led to erroneous results after imputations (Jakobsen et al., 2017). Instead, analyses were 

conducted on complete cases and data missingness was noted as a limitation of the findings and 

interpretations. Participants who only provided data at baseline were removed from the analyses. 

Forty nine participants had complete data at end of intervention and thirty participants had 

complete data at follow up.  
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Demographics  

Participant demographics were outlined in Table 1 and Figures 9, 10, 11 and 12. 

Descriptive analyses indicated that participants in the intervention and control groups did not 

differ in their composition on demographic variables in terms of participant age (t(47) = 1.63, p 

= 0.11), school site (χ2 (1) = 0.12, p = 0.73), school year (.χ2 (3) = 5.54, p = 0.14), ethnicity χ2(4) 

= 3.71, p = 0.45), gender (χ2(3) = 1.19, p = 0.76), history of mental health diagnoses (χ2 (5) = 

3.39, p = 0.64) or history of mental health treatment (χ2 (5) = 4.97, p = 0.42), current long term 

physical illness (χ2 (5) = 4.66, p = 0.46), parental qualification (χ2 (3) = 1.72, p = 0.63) or 

profession of highest earning parent (χ2 (5) = 6.00, p = 0.31).  

Participants were asked to complete SDQ at baseline as a descriptive measure of their 

mental health at the start of the trial. Participants in the intervention and control groups did not 

differ in their overall mental health as measured by their total SDQ scores (t(47) = -0.45, p = 

0.66) and their SDQ categories (normal, borderline or abnormal) (χ2 (2) = 0.77, p = 0.68). As 

such, there were no demographic or baseline factors identified that could have led to differences 

between groups in relation to their wellbeing. 
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Table 1 
 
Demographics of the Participant Sample (n=49) 
 
Demographics Control Group  

(n = 17) 
Intervention Group 

(n = 32) 
Statisticsa 

 Mean (SD)  
Age 
 

16.2 (1.2) 15.6 (1.5) p = 0.11 

 Number of Participants  
School site (Private school) 13 23 p = 0.73 

 
School Year (Year 12) 13 23 p = 0.14 

 
Gender (Female) 12  20 p = 0.76 

 
Ethnicity (White) 10 13 p = 0.45 

 
History of Mental Health Diagnoses   p = 0.64 
     Anxiety 2 1  
     Depression 1 2  
     Autism 0 1 

 
 

History of Mental Health Treatments    p = 0.42 
     Antidepressants 1 1  
     Talking therapies 2 3 

 
 

Current long term physical illnesses    p = 0.46 
     Epilepsy 0 1  
     Hip dysplasia 1 0  
     Scoliosis 0 2 

 
 

Highest Parental Qualification 

     (At least one has degree level 
qualification) 
 

16 27 p = 0.63 

Profession of Highest Earning Parent 

     (Senior managerial or 
administrative role) 

8 12 p = 0.31 

a Statistics shows p-values of χ2 tests or independent samples t-tests, depending on data 

properties.  
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Figure 9 
 
Gender Distribution in the Sample 

 
 
 
 
Figure 10 
 
School Year Group Distribution in the Sample 
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Figure 11 
 
Parental Profession Distribution in the Sample  

 
 
 
Figure 12 
 
Ethnicity Distribution in the Sample 
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Assumptions and Analyses 

The distribution of continuous variables were assessed for normality by plotting the 

graphs and assessing for skewness and kurtosis. z scores were calculated and all scores were 

between -1.96 and 1.96 (p > 0.01) indicating that the variables were normally distributed (Kim, 

2013). 

Data were plotted using boxplots to identify outliers. Three outliers were identified in the 

control group at the follow up measurement for the WEMWBS questionnaire. These values 

deviated more than three standard deviations from the mean of WEMWBS at follow up for the 

control group (Dave & Varma, 2014). Analyses were conducted with and without the outliers, 

which did not lead to differences in outcomes. The decision was made to include these outliers in 

the reported analyses. No other outliers were identified at baseline or in the intervention group. 

Usability and Engagement- Differences in Motivation  

Differences between control and intervention groups on how motivated they were to 

attend their allocated classes (intervention - game sessions or control -regular classes) were 

assessed to test whether students who played the game in the intervention group were more 

engaged with the process and more motivated to attend classes compared to the control group. 

Motivation was assessed and analyzed via the IMI scores collected at the end of the intervention 

period, which asked participants to rate their experience of attending either intervention or 

regular classes in relation to interest/enjoyment and value/usefulness of the tasks. Groups were 

compared using an independent samples t-test. Levene’s test indicated that equal variances could 

be assumed (F = 1.04, p = 0.31) and the results showed that there were significant differences 

between groups (t(47) = 2.50, p = 0.02), with the control group (mean: 68.35, standard deviation: 

17.40) reporting higher levels of motivation compared to the intervention group (mean: 53.06, 
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standard deviation: 21.74). The highest possible score on this measure was 98, with higher scores 

indicating higher levels of motivation.  

Effectiveness of the Wellbeing Intervention- Changes to Wellbeing Outcomes  

Changes to wellbeing scores were analyzed to test 1) whether participants who received 

the wellbeing game intervention reported higher wellbeing compared to the control group at the 

end of the intervention and 2) whether any improvements in wellbeing were maintained at the 

follow up assessment. Baseline wellbeing scores of control and intervention groups were 

compared using independent samples t-tests. There were no significant differences between 

groups in WHO-5 scores (t(47) = 0.54, p = 0.59) or WEMWBS scores (t(47) = 1.26, p = 0.21) at 

baseline and therefore these were not controlled for in the analyses. 

Changes Between Baseline and End of Intervention 

To test if the wellbeing game had a positive effect on wellbeing pre- and post-

intervention, changes in wellbeing scores on WHO-5 and WEMWBS measures were analyzed 

over time and across the control and intervention groups using mixed ANOVAs. These analyses 

were conducted on all 49 participants who had complete data at end of intervention. Wellbeing 

scores at baseline and end of intervention for these participants were outlined in Table 2. 

Table 2 
 
Wellbeing Scores at Baseline and End of Intervention 
   

Baseline  
(n = 49) 

End of Intervention  
(n = 49) 

Control WHO-5 
 
WEMWBS  

14.53 (5.44) 
 
49.71 (9.33) 

14.29 (4.97) 
 
48.12 (6.85) 

Intervention WHO-5 
 
WEMWBS 

13.72 (4.81) 
 
46.09 (9.63) 

13.66 (5.23) 
 
46.81 (9.74) 

Note.  Values show means and standard deviations. 
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A mixed ANOVA for WHO-5 scores between baseline and end of intervention across 

groups revealed that there were no significant main effects for time (F(1, 47) = 0.05, p = 0.82) or 

for group (F(1, 47) = 0.28, p = 0.60) and no significant interaction effects (F(1, 47) = 0.02, p = 

0.90). Similar results were observed in the mixed ANOVA for WEMWBS scores between 

baseline and end of intervention, where there were no significant main effects for time F(1, 47) = 

0.12, p = 0.73) or for group (F(1, 47) = 1.00, p = 0.32) or for group x time interaction (F(1, 47) = 

0.83, p = 0.37). These results indicated that attending the wellbeing intervention group did not 

lead to any significant differences in the wellbeing of participants at the end of the intervention 

period compared to those attending regular school classes.  

Changes Between Baseline and Follow Up 

Further analyses were conducted to assess if there were any differences between groups 

at the follow up assessment. The following analyses were conducted on cases with complete data 

at follow up (n = 30) after listwise removal of missing data. Wellbeing scores of these 

participants were outlined in Table 3. 

 
Table 3 
 
Wellbeing Scores at Baseline and Follow up 
   

Baseline 
(n = 30) 

End of Intervention 
(n = 30) 

Follow up 
(n = 30) 

Control WHO-5 
 
WEMWBS  

14.53 (1.32) 
 
49.14 (2.58) 

14.53 (2.32) 
 
47.79 (1.87) 

15.40 (1.07) 
 
50.14 (2.17)  

Intervention WHO-5 
 
WEMWBS 

12.00 (1.32) 
 
42.47 (2.49) 

12.47 (1.16) 
 
45.20 (1.81) 

13.80 (1.07) 
 
45.53 (2.09) 

Note. Values show means and standard deviations 
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A mixed ANOVA was used to examine changes over time on the WHO-5 wellbeing 

questionnaire across control and intervention groups. Mauchly’s Test of Sphericity was 

significant (p = 0.04) and therefore sphericity was not assumed and Huynh-Feldt analyses were 

taken into consideration. There were no significant main effects for time (F(1.79, 50.27) = 1.54, 

p = 0.23) or for group (F(1, 28) = 2.35, p = 0.14) and no significant interaction effects (F(1.79, 

50.27) = 0.16, p = 0.83). Therefore, participants in the wellbeing game intervention group did not 

differ from the control group at the end of intervention or at the follow up assessment with 

regards to their self-reported wellbeing (Figure 13).  

 
Figure 13 
 
WHO-5 Scores Across Time in Intervention and Control Groups  

 
 
 

A second mixed ANOVA was used to examine changes over time on the WEMWBS 

wellbeing questionnaire across control and intervention groups. Mauchly’s Test of Sphericity 

was not significant (p = 0.20) and therefore sphericity was assumed. There were no significant 
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main effects for time (F(2, 54) = 0.83, p = 0.44) or for group (F(1, 27) = 3.79, p = 0.06) and no 

significant interaction effects (F(2, 54) = 0.81, p = 0.45), indicating that  participants in the 

wellbeing game intervention group and the control group rated their wellbeing similarly at the 

end of intervention or at the follow up assessment on this wellbeing measure as well (Figure 14).  

 
Figure 14 
 
WEMWBS Scores Across Time in Intervention and Control Groups 

 
 
 

Change scores were calculated by subtracting baseline scores from end of intervention 

scores and follow up scores to allow for a clinical interpretation of the findings. These change 

scores are depicted in Table 4. Mean WEMWBS scores of the participants in the intervention 

group increased by 2.73 points by the end of intervention and by 3.07 points between baseline 

and follow up (compared to a decrease of 1.2 points at end of intervention and an increase of 1 

point by follow up in the control group). A difference of three points on this measure is needed 

to meet the threshold for minimally important level of change (Maheswaran et al., 2012), with 
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higher scores indicating higher levels of wellbeing. Similarly, WHO-5 scores showed some small 

positive trends in the intervention group (0.47 point improvement by end of intervention and 1.8 

point improvement by follow up) compared to the control group. A 2.5 point difference in the 

raw score of this measure (equivalent to 10% change) is considered to be a clinically relevant 

improvement on this measure (Bech et al., 2007), with higher scores indicating higher wellbeing. 

However, independent samples t-tests conducted on these change scores confirmed previous 

analyses that these small differences between groups were not statistically significant. 

 
Table 4 
 
Changes in Wellbeing Scores Over Time 
 

Wellbeing 

Measure 

Group Change between Baseline 

and End of Intervention 

Change between 

Baseline and Follow up 

WHO-5  Control Group 0.0 (4.90)  

(95% CI [-9.60, 9.60]) 

0.87 (5.64)  

(95% CI [-10.18, 11.92]) 

 

 Intervention Group 0.47 (4.34)  

(95% CI [-8.04, 8.98]) 

1.80 (4.66)  

(95% CI [-7.33, 10.93]) 

 

 Independent samples t-test p = 0.78 p = 0.63 

 

WEMWBS Control Group -1.20 (7.39)  

(95% CI [-16.28, 12.68]) 

1.00 (12.34)  

(95% CI [-23.19, 25.19]) 

 

 Intervention Group 2.73 (8.93)  

(95% CI [-14.77, 20.23]) 

3.07 (7.05)  

(95% CI [-10.74, 16.89]) 

 
 Independent samples t-test p = 0.20 p = 0.58 
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Note. This table includes data from only the participants, who had complete data at follow up. 

Values show change scores (calculated by subtracting baseline scores from end of intervention or 

follow up scores), standard deviations and 95% confidence intervals of these change scores. 

Independent samples t-tests shows differences between intervention and control groups with 

regards to their change scores. 

 
 

Discussion 
 
Summary of Findings 

The present trial assessed the effectiveness of a newly developed intervention in 

improving wellbeing and examined whether it improved motivation and engagement compared 

to regular classes.  

Wellbeing scores for those young people who used the game were not significantly 

different to their peers, who participated in regular classes. This finding was consistent at the end 

of the intervention and at one month follow up. There were some non-statistically significant 

trends in the wellbeing scores which suggested that participants using the game intervention may 

have experienced some small positive changes in their wellbeing over the course of the trial. The 

changes in WHO-5 scores were larger for the intervention group but still under 2.5 (as a raw 

score, or equivalent to 10%), which is considered to be the clinically relevant change on this 

outcome measure (Bech et al., 2007). On the other hand, a three point difference, observed in the 

intervention group between baseline and follow up, met the lower cut-off for minimally 

important level of change on the WEMWBS (Maheswaran et al., 2012). These findings should 

be interpreted with caution due to the small sample size and high rates of attrition and potential 

biases of students remaining in the trial at the follow up assessment. Overall, it can be concluded 
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that there was not sufficient evidence to suggest that the intervention reliably improved 

wellbeing in this cohort of adolescents.  

Unexpectedly, participants in the control group reported significantly higher levels of 

motivation to attend their regular classes than participants attending the intervention classes. The 

IMI does not utilize clinical cut-offs, which prevented a categorical interpretation of the findings. 

Interpretation of Findings on Motivation and Engagement 

The findings of this study showing a lack of engagement and motivational benefits of this 

AR game contradict with general consensus around the effectiveness of AR (Drljević et al., 

2022) and VR interventions (Huang et al., 2021) in increasing engagement. Although 

engagement is perceived as a central argument in favor of digital and XR interventions, evidence 

around whether technology enhances engagement is limited and mixed due to variations in 

research design (Fairburn & Patel, 2017). Evidence is often confounded by novelty effects and 

lack of longitudinal interventions (Martin, 2014). The present trial took a longitudinal approach 

and measured engagement, as recommended, for digital intervention studies for children and 

adolescents (Georgeson et al., 2020) to explore this relationship and failed to find positive 

effects. Whilst this can be due to various trial specific factors, it is also possible that 

technological interventions are not as unique as they were thought to be for generations that grew 

up with technology. This is supported by the Hopp & Gangadharbatla (2016) study, which found 

that higher levels of technological self-efficacy was negatively associated with motivation to 

engage with AR content. The findings of the present study highlight the need to maintain a 

critical approach towards potential engagement benefits of XR and indicate the need for more 

longitudinal research in this area. 
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Nevertheless, there were also trial specific factors in the present study that could have led 

to the lack of motivation of participants. Discussions with youth advisors revealed that students 

felt under pressure to succeed academically due to important upcoming assessments and may 

have perceived attending regular classes as more useful and valuable towards achieving higher 

grades. These attitudes may have also been influenced by the impact of the coronavirus 

pandemic. A recent UK-wide survey revealed that many students felt that they fell behind in 

their school work during the lockdowns and school closures, felt unprepared for exams and 

worried about not getting good grades (Young minds report, 2020). Intrinsic as well as extrinsic 

motivation play roles in maximizing the effectiveness of serious games (Drummond et al., 2017) 

and it is possible that competing demands reduced the extrinsic motivational aspect.  

Youth advisors reported getting a sense that participants enjoyed the game overall and 

enjoyed playing with their classmates; but noted some discrepancies between the lack of 

complexity of some of the wellbeing tasks and the participants’ developmental stage as a 

potential contributor to lower usefulness ratings. Using the value/usefulness scale in the IMI was 

beneficial in highlighting these concerns, which will be important targets of change for future 

versions of the game. It is possible that the assessment of motivation using only the 

value/usefulness  and interest/enjoyment subscales of the IMI may not have been able to capture 

motivation as comprehensively within this context and it is possible that including additional 

scales, such as relatedness, could have provided a more rounded picture of engagement.  

Lastly, motivation scores could have been influenced through the self-selection bias in 

trial participation in the control group, as these students were approached more broadly unlike 

the intervention group participants who were targeted to participate by their teachers (either 

cluster randomized based on their classes or individually selected). It is possible that the control 
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group consisted of more motivated or conscientious students to begin with. Baseline scores were 

not collected for the IMI as it was designed to assess engagement based on having participated in 

a specific activity. Nevertheless, it is possible that the lack of motivation and engagement in the 

game intervention hindered performance and persistence in the wellbeing challenges and 

prevented the content from being internalized, contributing to the lack of effects on wellbeing 

outcome measures in the intervention group (Ryan & Deci, 2000). 

Interpretation of Findings on Effectiveness 

The research literature on wellbeing interventions with adolescents are generally positive 

in their findings, although there is evidence of mixed effectiveness highlighted in some reviews. 

One systematic review looking at school based wellbeing interventions (including digital 

interventions) in a global context, found that 56% of the included trials reported improvement in 

wellbeing of adolescents and 28% reported deterioration, with mindfulness and positive 

psychology interventions particularly showing effectiveness (Cilar et al., 2020). However, only 

7% of the included studies were deemed to be high quality, further emphasizing the lack of 

conclusiveness in the literature. Our systematic review looking at the effectiveness of XR 

wellbeing interventions in adolescents also found mixed results on effectiveness (60% of studies 

showing some improvement in wellbeing and 40% showing no improvement or decline), with 

the two AR-based interventions (both using Pokemon Go) not reporting changes in wellbeing. 

The present findings of the empirical study fit within this context. Although statistically 

significant differences in wellbeing measures were not found in the present trial, there was 

evidence of some positive trends in wellbeing scores of the intervention group, which shows 

promise for future versions of the game intervention.  
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Interestingly, positive trends in wellbeing scores of the intervention group occurred 

despite participants reporting feeling less engaged or motivated towards the task compared to the 

control group. One possible explanation is that the process of playing the game contributed to 

small improvements in wellbeing by consolidating wellbeing skills. Participants in the study 

likely had some knowledge around wellbeing (e.g. through the lectures they attended at school 

around mental health) and the game intervention may have provided them with an opportunity to 

apply this knowledge in a practical way as they were solving the wellbeing challenges in the 

game. The alternate reality created in XR interventions may partially lead to a depersonalization 

of game performances, allowing participants to be more truthful in their answers and explore 

different strategies without social pressures (Hadley et al., 2019). The storyline, use of avatars 

and immersive elements would have contributed to this effect, but these could be further 

developed in future versions of the game by making them more salient and visible. A further 

benefit of the gameplay process was the social gains of playing a collective game that 

encourages communication among peers and the sharing of common thoughts and interests. This 

may have helped by normalizing some difficulties or providing an opportunity to socialize and 

de-stress by engaging in a non-school work related activity.  

Several factors could explain the lack of effectiveness of the game intervention overall. 

The lack of power is a potential explanation for the non-significant findings, increasing the risk 

of Type 2 error and reducing the chances of finding true effects where there might be one. A 

priori power analyses indicated that 86 participants were required for the study to be sufficiently 

powered, meaning that, due to recruitment difficulties and drop out, the analyses conducted for 

end of intervention and follow up data were underpowered. Underpowered studies are more 

likely to lead to biased conclusions, such as incorrectly retaining the null hypothesis and 
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suggesting that interventions tested were not effective. Although the findings of the statistical 

analyses in the present study were non-significant, it is possible that these findings may not be 

reliable and valid representations of treatment effects and larger, sufficiently powered studies 

may find significant differences pre and post intervention. As unknown biases or sampling errors 

may also have larger effects on outcomes in smaller samples, it is possible that the findings may 

have been skewed. It is well known that running underpowered trials is not advised (due to using 

up participant time without being able to deliver desired outcomes, contributing to replicability 

issues and creating discrepancies in the field) (Button et al., 2013), however, these studies are 

common in the field as seen in the systematic review due to reasons outlined previously. As the 

field of XR wellbeing interventions for adolescents is newly developing, it can be argued that 

analysis of data from small studies, such as the present trial, can still contribute to the 

accumulation of knowledge in the field, be meaningfully collated as meta-analyses in the future 

and may contribute to more precise overall estimates of outcomes by representing a diversity of 

findings (Turner et al., 2013; Lilford & Stevens, 2002), as long as the results are reported with an 

explicit reference to statistical power (Abbott, 2014), which we have aimed to convey throughout 

the report.  

There were non-statistically significant differences in baseline scores for wellbeing 

outcome measures between the control and experimental groups. Although participation was 

voluntary for all participants, the control group had a more optional approach to participation, as 

the control group consisted of students, who opted to repeatedly engage with data collection over 

a period of time at their own will (introducing a self-selection bias), whereas the intervention 

group was selected by the participating schools, either by individually selecting students or by 

allocating a whole class for the intervention. Therefore, the control group may have consisted of 
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individuals with different characteristics (perhaps higher functioning in ways not measured by 

the scales collected in the trial, more conscientious or responsible students, who felt able and 

willing to complete multiple questionnaires), who may have had different motivations or 

attitudes towards participating, whereas participants in the intervention group may have felt more 

obliged to stay in the trial due to staff involvement around their participation. The control group 

had slightly higher wellbeing scores on both wellbeing outcome measures compared to the 

intervention group at baseline and these remained higher throughout the trial. Further possible 

explanations around this could be that the control group consisted of more agreeable student 

more likely to score positively, whereas some members of the intervention group may have felt 

unsure about their participation (e.g. due to stress around academic achievement and competing 

demands as outlined previously), which may have influenced how they scored on these outcome 

measures. The analyses that were used aimed to account for these differences by calculating 

change scores, whereby the focus of the investigation was the improvement or deterioration in 

wellbeing and the findings were less influenced by baseline scores. 

Another possible explanation for the lack of intervention effectiveness is that the novelty 

of the game wore off by the end of the intervention through repeated sessions of gameplay. One 

way researchers testing a VR intervention in physical rehabilitation overcame this was 

introducing more challenging tasks as users became used to the game, which helped them 

maintain engagement and motivation (Elor et al., 2022). In the present version of the game, the 

challenges were presented in random order; however, they can be presented with increasing 

difficulty to maintain engagement. A challenge in developing serious games for populations, 

such as adolescents, who are exposed to commercial games that have high specs, is developing 

and maintaining comparable interventions (Fleming et al., 2017), as individuals who are used to 
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high-tech computer games and visuals and may require more advanced stimuli to capture their 

attention (Cowan, 2000). It is possible that the game intervention was not as engaging as the 

games adolescents are used to playing in their spare time. Finally, the game intervention was 

designed with skills development and learning in mind. It is possible that ceiling effects existed 

in the sample with regards to wellbeing knowledge, which was not assessed, and that the game 

therefore could not contribute to further improvements.  

Strengths 

This study was the first trial of Dragons of Afterlands, which is the first AR serious game 

intervention that is psychologically informed and specifically designed to target wellbeing in 

adolescents. As the field of XR technology is rapidly growing, rapid testing of new XR 

interventions is encouraged to prevent interventions from being outdated or unappealing by the 

time they are made available to the populations of interest (Fleming et al., 2016). Therefore, the 

choice was made to test the intervention in schools, in a naturalistic setting to explore ecological 

validity of the game as well as understand barriers and improvements that need to made to the 

game to improve its effectiveness. This trial design did not allow for an evaluation of the 

contribution of the various aspects of the game interventions to our findings; however allowed 

for us to highlight different areas needing improvement in a more time efficient way (e.g. 

difficulties in recruitment, sampling from a younger population, improvement on the technical 

glitches).  

Despite difficulties in recruitment and the lack of power associated with the final sample 

size, being able to recruit for and run a longitudinal trial in a school setting for an intervention 

that had not been trialed previously was an ambitious goal that was achieved in the present study. 

There is a need to develop an evidence base for interventions embedded in school contexts, in 
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line with the NHS Long Term plan (2019), which aims to make mental health support more 

accessible in schools. Studies, such as the present trial, testing a novel intervention, contribute to 

the development of this evidence base. 

Effective digital health interventions are iteratively longitudinally developed, are a 

product of collaborative working with stakeholders and professionals across different disciplines 

and adapt to technological advances (Davies & Bergin, 2021). A strength of the game 

intervention was the collaborative working aspect. The game itself was a product of 

interdisciplinary collaborations between professionals from psychology, education and computer 

science backgrounds to ensure that advances in each field were reflected in the prototype. 

Collaborative working with young people was central to the development of the 

intervention. Meeting young people’s needs is an important component of developing new 

digital interventions and research has highlighted that young people often do not feel that these 

interventions are relevant to their mental health needs (Halldorsson et al., 2021). Children and 

adolescents can meaningfully co-produce all aspects of wellbeing research and often find these 

experiences enjoyable and valuable (Ben-Arieh, 2005; Moltrecht et al., 2021). The present study 

had two youth advisors recruited from the participating schools, who provided feedback and 

ideas for all stages of the trial design and interpretation of findings. The consultations with the 

youth advisors helped shed light on processes within these schools that the researcher would not 

have been aware of and significantly aided the interpretation of findings and the identification of 

future directions for research.  

Limitations 

Participants were not randomized to ensure engagement and retention of participating 

schools following difficulties around recruitment. Randomization would have strengthened this 
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study design and improved the reliability of its findings by eliminating accidental biases 

(including selection biases) and provided a basis to apply the probability theory on (Lim & In, 

2019). Selection biases in the present study could have been introduced by the influence of 

teachers in the decision making on allocations (e.g. they may have selected students who they 

think might benefit more from the intervention because they struggle more with their mental 

health, or chosen students who they think are more cooperative and therefore would engage 

better with the intervention). Self-selection bias could have also been present in the control 

group, who were asked to sign up to complete questionnaires around their mental health (e.g. 

those struggling might have not opted to participate). Rationales behind allocation to intervention 

and control groups in non-randomized trials such as the present one can be varied and unknown 

and randomization would have reduced any systematic selection biases (Reeves, 2008). A further 

challenge of non-randomized trials is confounding, where the intervention and control groups 

may differ on prognostic factors that can lead to differences in intervention effects and increase 

heterogeneity in the data and treatment effects (Higgins et al., 2022). This can be caused by a 

number of factors and it is not possible to measure and account for all of these factors in a non-

randomized design. The demographic data collected at baseline did not lead to an identification 

of any observable differences between intervention and control groups; however, due to lack of 

randomization, it is possible that factors that were not identified at baseline could have been 

unequally distributed between groups and potentially affected results of the study. One such 

factor that was not controlled for was existing wellbeing skills and knowledge at baseline. 

Another factor that was not controlled for and could have potentially influenced motivation to 

engage with the AR game, was previous gaming experience of participants, which could have 

had a positive (participants feeling more eager to engage as they already find gaming enjoyable, 
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are excited to try out new games and are more inclined to learn through gaming) or negative 

effect (participants being used to higher level computer gaming systems and being 

underwhelmed in the trial). Future research should aim to take these factors into account.  

Whilst trials that take place in real world settings are unavoidably less controlled than 

laboratory settings, it is important to understand and address barriers to recruitment for future 

trials of similar interventions. It is possible that attitudes and skepticism in education settings 

towards game based teaching or interventions prevents uptake of such trials. A further possibility 

is additional demands put on schools during and following the coronavirus pandemic, which 

likely contributed to lack of support from school staff around scheduling and planning aspects of 

the study and retention of participants.  

Retention of participants was a limitation of the present study as drop out between 

baseline and follow up assessment was 63%. Dropout rate was similar in both control and 

intervention groups and the Little’s MCAR (1988) analyses showed that drop out was 

completely at random. Nevertheless, drop out in the sample meant that the sample size was 

smaller, lowering the power of the statistical analyses and the conclusions drawn were based on 

the reports from a subset of the original sample. Students were not obliged to provide rationale 

for dropping out; however, some reasons for drop out reported in the intervention group were 

around wishing to attend regular classes to succeed academically. Opinions of participants 

regarding the game itself likely influenced decisions to drop out as well, which need to be 

explored further in qualitative studies. Recruitment and retention was particularly challenging in 

the control group despite efforts to motivate participants with incentives (vouchers). Reasons for 

these difficulties are unknown, as contact with this group was limited and only over email. 

Recruitment and retention in the control group could have possibly been improved through more 
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staff support (e.g. collection of outcome measures in class hour for the control group); however 

this was challenging to negotiate with schools due to it being perceived as an additional burden. 

The exclusion criteria for participation in the trial was kept to minimum to increase 

applicability and generalizability of findings. Nevertheless, the following limitations with 

regards to applicability and generalizability should be noted. The participants of the present 

study were selected from a community sample of students. Whilst this allowed for conclusions to 

be drawn on the use of the intervention in school settings, the findings are not sufficient to shed 

light on possible therapeutic applications of the intervention with clinical populations.  

The majority of participants in the study (73.5%) were attending Year 12 in a private 

international school, representing a narrow and specific demographic within the UK population. 

Children, who come from low income families, are more likely to have mental health problems 

and worse mental wellbeing (NHS Digital, 2017), indicating a higher need for research and 

interventions for these populations; however, diversity in socioeconomic status is lacking in 

research on preventative digital mental health interventions (Bergin et al., 2020). In this regard, 

the present study is lacking in demographic diversity as well. Children from underprivileged 

backgrounds may be more likely to benefit from such psychoeducational interventions; however, 

barriers to research with these populations were evident in the present trial’s recruitment and 

retention process. In addition to this, the majority of the students in the study had had several 

lectures dedicated to mental health and wellbeing by Year 12, which likely provided them with a 

better baseline understanding of psychoeducation around wellbeing. This has implications on the 

generalizability of findings as well as on the size of the effects found, as students without similar 

levels of wellbeing input may have experienced more benefits. Schools that put more emphasis 

on wellbeing are more likely to participate in trials on wellbeing, and therefore, may be more 



 120 

represented in the research literature, potentially skewing findings. Similarly, a younger cohort 

of students who had less mental health input may have found the intervention content more novel 

and engaging and potentially benefited more from it. Younger children can navigate and make 

use of XR interventions on psychoeducation and emotional literacy (Flujas-Contreras et al., 

2020), suggesting that the technological components of the present AR game are unlikely to 

present a barrier to its application in younger populations in future trials.  

The game app requires a higher level operating system in smartphones, functional 

cameras and a reliable connection to the internet. This may not be accessible to all adolescents, 

particularly those coming from underprivileged backgrounds, who may benefit from wellbeing 

interventions. Data and smartphones were made available throughout this study to ensure that 

participation of students was not constrained by this; however, consideration needs to be given to 

equal access, should this intervention be rolled out on a larger scale.  

Although the majority of the participants in this study played the game using 

smartphones provided by the research team (to overcome barriers to participation in relation to 

battery levels, compatibility of processing systems with AR), some participants opted to use their 

own devices. These students’ devices were compatible with AR; however, minor differences in 

performance of the software on different smartphone models could have existed, potentially 

contributing to some of the glitches experienced during gameplay sessions, and impacting on the 

level of immersiveness of the game (which could in turn potentially influence intervention 

effectiveness). These challenges could have been overcome by ensuring that all participants 

played the game on identical devices that had been previously performance tested by the 

developers. The use of different devices in this study was helpful in providing information on 

challenges that would be faced in real world delivery of this intervention, as well as information 
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for the developers to improve the software to increase its compatibility where needed. Based on 

researcher observations during delivery of the gameplay, there were no obvious or particularly 

disruptive differences in individual participants’ experiences of the game that could be attributed 

to the smartphone model used.  

As this was the first trial of the intervention, several learning points and limitations were 

around practical elements of the trial. In retrospect, running an initial feasibility or pilot study 

could have helped with anticipating and potentially problem solving some of the challenges that 

occurred in the implementation of the trial. These preliminary trials could have helped identify 

recruitment issues (and potentially problem solve this by building relationships with schools), 

understand concerns around randomization and selection of groups, estimate resource needs (like 

smartphones), develop protocols for the delivery of the intervention in schools, inform selection 

of participant age groups and understand concerns around acceptability (e.g. competing demands 

with academic work) and dropouts (Abbott, 2014). Having these data would have informed 

product development, improved methodological rigor and trial design (Ismail et al., 2018). At the 

time of the development of the research questions and trial protocol, the longer term impacts of 

covid on the educational system were unknown and previous trials on digital wellbeing 

interventions (although not using AR or gaming) in schools had been successfully conducted by 

other researchers within the research team. Therefore, an effectiveness trial felt feasible to run at 

the time and the trial was designed with this aim in mind. At baseline, the sample size recruited 

was nearly sufficiently powered; however, by the end of intervention assessment the impact of 

organizational level challenges compounded by covid, became apparent and contributed to high 

dropout rates. As  the initial study design, the outcome variables collected and the aim of 

assessing effectiveness were not aligned with aims of a feasibility or pilot trial (Whitehead et al., 
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2014), the decision was made to proceed with the original trial design that the school and 

participants agreed to take part in. Feasibility and study design related data were collected along 

the way in addition to inform future trials. Although the initial decision to pursue the present trial 

design was led by beliefs around the possibility of successfully completing the trial, feasibility or 

pilot trials are not commonly conducted due to system level issues in the field, such as the short 

lifespan of startups and the need to establish working products swiftly (particularly in the field of 

XR with rapidly evolving technologies), the reluctance of journal editors to publish studies 

labelled as “pilot” (Arain et al., 2010) and the encouragement from journals in the retrospective 

labelling of articles with inadequate sample sizes, inconclusive findings or uncertainty around 

generalizability as “pilots” (Shanyinde et al., 2011). This, coupled with the fact that pilots do not 

guarantee success of future effectiveness trials, particularly in dynamic and constantly evolving 

situations, such as covid, as well as due to individual school or participant level differences, 

prevented the utilization of the more conservative route of initial feasibility and pilot testing in 

the present trial. Overall, this highlights the need for systemic changes in research, as feasibility 

and pilot trials have the potential to increase efficacy of trials and interventions (Eldridge et al., 

2013) and could have led to higher retention of participants and more conclusive and valid 

findings in the present trial. 

Future research  

The present trial has highlighted the need for further collaborations with stakeholders 

with a focus on usability and effectiveness. Convergent mixed methods design, where multiple 

cycles of qualitative and quantitative data collection and analysis takes place throughout the 

development of a product, is one of the recommendations to guide innovation in the development 

of digital health interventions (Alwashmi et al., 2019). A next step for the development of 
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Dragons of Afterlands could include formal qualitative interviews with adolescents, which can 

provide valuable information on improving engagement as well as understanding barriers and 

needs and attitudes towards this topic of research (Eysenbach et al., 2019). 

Joint discussions with youth advisors revealed that some areas to explore with 

stakeholders could include: 1) when the intervention takes place (ad hoc in wellbeing related 

classes rather than a long term intervention, or made available by the school mentors when 

needed), 2) which age groups would benefit most from it (considering that children are exposed 

to technology at much younger ages and receive mental health and wellbeing input in schools as 

part of PSHE earlier on in their education, and considering added pressures of the education 

system (e.g. exams) at different stages in school), 3) whether the game could have different 

utility at different developmental stages (relaxation and distraction for older adolescents and 

skills development for younger students and adapting research designs to test for these (e.g. pre-

post affect assessments for ad hoc use in older adolescents)), 4) improvements that can be made 

to the delivery and content of the game to improve engagement (addressing technological 

glitches, making storyline more salient, adapting the complexity and phrasing of the wellbeing 

tasks to developmental stages of participants). 

Additional steps to improve the effectiveness of the intervention can involve in-app data 

collection on participant use of the app. These were not included in the present analyses due to 

technological challenges experienced during the implementation of the trial (e.g. app glitches, 

lack of battery on phones). Future trials, having addressed these issues, can utilize in-app data on 

success in wellbeing challenges and engagement with the game to explore different trajectories 

and potential mediators and moderators of change in wellbeing of participants. In-app data can 

also be used to personalize the game to each player’s developmental level and target their 
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specific needs by customizing the complexity of the wellbeing game challenges based on their 

entry level scores in the first game play session. This would address issues around lack of 

engagement due to a mismatch between developmental level of participants and the difficulty of 

wellbeing challenges as well as increase learning and skills development by presenting students 

with challenges that are within their capacity to learn. Research has shown that effectiveness and 

acceptability of wellbeing interventions is heavily dependent on their age appropriateness, 

perceived helpfulness and engagingness (Francis et al., 2021).  

The majority of participants in the trial overall (and in the intervention group, 62.5%) 

identified as female. Whilst there is evidence that both boys and girls benefit from educational 

games (Papastergiou, 2009), it was historically found that there were gender differences in 

gaming preferences, with adolescent boys being more motivated by achievement and drawn to 

games with action and competition, whereas girls preferring games with logic, puzzle solving or 

skills training and being motivated by the social interactions these games provide (Romrell, 

2013). It was believed that these preferences were the result of a male dominated gaming 

environment (with boys having significantly more gaming experiences at earlier ages), where 

sexism and hostility towards girls in certain gaming genres may have created a discrepancy in 

experiences and preferences (Fox & Tang, 2014). It was also believed that preferences were 

changeable and based on access, experience and knowledge of gaming (Vermeulen et al., 2011). 

Recent research has shown that the previous gender differences around gaming motivations may 

no longer be present as a result of shifts in gaming culture and gender stereotypes over the past 

decade, making gaming more accessible and socially acceptable to individuals from different 

genders (Wohn et al., 2020). One study evaluating an educational iPad based AR game found 

that girls outperformed boys, suggesting that the lack of gaming experience girls may have had 
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due to reasons, such as cultural norms, may not necessarily pose barriers to their performance 

(Atwood-Blaine & Huffman, 2017). Although gaming is becoming more prevalent overall in the 

society, gender and cultural norms are socially construed and may impact students from various 

sociodemographic backgrounds differently. Accessibility of gaming and the extent and variety of 

previous experience can also be dependent on other factors, such as affordability. Gender 

differences in experiences of participating in the game intervention were not explored in the 

present trial; however, future versions of the trial with qualitative assessments may benefit from 

investigating this topic to ensure that the game is designed to cater to all genders. There were no 

gender differences in those who dropped out of the present trial. In the present game 

intervention, considering historically held beliefs around gender influences, it is possible that 

boys may have enjoyed the goal-oriented/competitive challenges and the girls may have 

appreciated the social component with allies. Better understanding differential preferences, if 

there are any, could lead to design developments whereby more choice could be offered to 

individual players throughout the game to increase enjoyment and engagement.  

The present trial was pragmatic and limited by resource constraints. Further developed 

versions of the intervention could eventually be tested in a larger, multisite, cluster randomized 

trial to gather more conclusive evidence of its effectiveness across settings and populations. The 

present trial and intervention design provided learning points for future larger longitudinal trials. 

Delivering an intervention that requires two to four players to interact within school lesson time 

over an extended period poses some challenges, such as ensuring that students remain focused on 

the game tasks when they may feel tempted to interact with each other. In the present trial, 

engagement with the intervention was maintained through supervision and prompts from the 

researcher and facilitating teacher. Supervision by facilitating teachers must be made part of the 



 126 

game delivery protocol in future deliveries of the game intervention. A further challenge is that 

same students may not always be present to play the game together over extended periods of 

time (e.g. due to sickness absence) or may not continue to wish to play with each other (e.g. due 

to interpersonal conflicts in friendships). The present game was designed so that each session is a 

new session rather than a continuation of the previous week, meaning that different groups of 

students can play together at different times and continue to benefit from the intervention. 

Furthermore, the game can be played with two, three or four participants each time to account for 

smaller groups due to uneven class sizes or missing students. The game intervention in the 

present trial was delivered in groups of four, as this allowed for more challenges to be completed 

by each player group (as each participant had to complete a certain number of challenges each 

game play session) during each game play session, increasing opportunities for social learning. 

This flexibility in the intervention design limited disruptions to game play in the present trial and 

is an invaluable feature for other similar trials in the field.  

Clinical Implications 

The present study tested a universal wellbeing intervention aimed at promoting wellbeing 

and preventing mental health decline in an adolescent sample within schools. According to the 

THRIVE Framework that is being implemented across England, supporting adolescents around 

usual challenges of life through wellbeing interventions during this critical developmental stage 

can help them thrive and empower them to cope better when faced with systemic or individual 

adversities (poverty, abuse, inequality, physical health problems as well as adjusting to changes 

in life circumstances or mild/temporary difficulties) (Wolpert et al., 2019). Universal wellbeing 

interventions, such as Dragons of Afterlands, can contribute to the evidence base around the 

development of these strengths-based skills development interventions at the community level. 
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The game-based depersonalized approach of Dragons of Afterlands can help improve 

accessibility of these interventions by appealing to harder to reach adolescents, who may be less 

likely to receive help through traditional pathways until problems develop. The contents of the 

intervention can also help reduce stigma around talking about emotions and mental health, 

although this was not assessed in the present trial.  

The findings of the present trial provided insight into novel and innovative ways of 

embedding mental health support in schools, in line with NHS Long Term Plan (2019). Research 

has shown that implementation of such interventions, can help streamline access to mental health 

support by reducing waiting times in NHS services as seen by data provided by trusts where 

similar interventions were implemented (Tavistock and Portman NHS Foundation Trust, 2022) 

and therefore have impact on personal- and wider system levels.  

Policy Implications 

School based research is valuable as it can provide access to large cohorts of samples. 

Research evidence and policy around mental health and wellbeing interventions in schools 

strongly recommend “whole school approaches” to promoting wellbeing in schools, where all 

parts of the school work together coherently and committedly, creating a culture of change 

(O'Reilly et al., 2018; Public Health England, 2021b; NICE, 2008; NICE, 2009, Department for 

Education & Department of Health, 2017). The present study highlights challenges and shortfalls 

of school based interventions when whole school approaches are not taken and parts of the 

school may have conflicting attitudes towards the proposed intervention. These challenges 

included difficulties around recruitment (e.g. difficulties recruiting and retaining control group 

participants due to lack of staff facilitating contact with this group, staff not wishing for their 

students to miss classes to attend intervention), students feeling that participating in the 
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intervention is a conflict of demands put on them by the school (and this potentially affecting 

their motivation) and practical difficulties in the implementation of the intervention (e.g. staff 

availability for co-facilitation of intervention, room availability). It became evident in the 

recruitment for this study that attitudes and beliefs held by teachers and school administrators 

can significantly facilitate or hinder recruitment and retention of participants.  

The role of leadership and management in schools in supporting efforts to promote 

wellbeing is central to success in ensuring changes are embedded and accepted (Public Health 

England, 2021b). Developing connections with schools can allow for researchers to have regular 

consistent access to schools and develop interventions that are context specific and in line with 

needs, although requiring longer involvement and more commitment from the staff (Moltrecht et 

al., 2021). It is, therefore, important to understand the views of staff to address any barriers and 

to ensure that the research conducted can be guided by the needs of the systems that it aims to 

work with. For the present intervention, qualitative studies can be used to explore these beliefs 

and attitudes of school staff and particularly focus on 1) their approach to game or XR based 

interventions and their perceived benefits, 2) any challenges they anticipate when participating in 

such trials (including organizational challenges), and 3) any contexts that they would find 

beneficial to have access to such interventions (content of interventions, their use and fit into 

existing teaching plans, ideas around implementation in schools).  

Whilst digital health apps are held to high standards prior to being approved for public 

usage (e.g. NICE, 2021; Public Health England, 2017), there is a lack of guidance around the 

development stages of these apps. This is particularly an issue in XR, considering the push 

towards early testing of prototypes with client populations to avoid outdated technologies. Steps 

need to be taken to ensure that adverse effects on vulnerable populations are avoided. In the 
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present trial, these included managing expectations of participants at the beginning of the trial by 

informing them that technological glitches as well as issues with the gameplay can be expected 

as it is pilot testing. A psychologist (the researcher) was present during testing sessions to 

monitor emotional wellbeing of participants and manage disappointment or frustration should 

technical failures occur during the gameplay. This highlighted the importance of support from 

mental health clinicians at testing and development stages of mental health apps to minimize risk 

to participants. Further guidelines around safety and usability of prototypes in developmental 

stages of digital mental health apps are needed. 
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Part IV: 

Integration, Impact and Dissemination Plan 

Integration 

The overall aim of this thesis was to contribute to the literature on wellbeing 

interventions for adolescent populations using XR technology. The topic of this project drew my 

attention, as it moved away from problem focused thinking that is common in mental health, and 

towards flourishing of young people and equipping them with skills to allow them to live their 

best lives. Children and adolescents are often referred to mental health services once problems 

have developed and often have to wait significant periods of time on waiting lists, leading to 

deterioration of their mental health (Smith et al., 2018b). Prevention in mental health is 

important and has a valuable impact (Durlak & Wells, 1997) and innovative interventions, such 

as this one, can potentially empower adolescents to thrive (according to the THRIVE 

Framework, explained previously in Introduction) (Wolpert et al., 2019). I found it particularly 

meaningful and enjoyable to work on a project that embraces creativity and playfulness when 

trying to create change, as these qualities often get lost or neglected in the seriousness of clinical 

psychology, despite their therapeutic benefits (Berger & Lahad, 2010).  

The Systematic Review 

The systematic review and the empirical study topics were closely linked and integrated 

well together. The systematic review explored the current state of the evidence with regards to 

available XR interventions for adolescents and their effectiveness in improving wellbeing. It 

identified a significant gap in the literature around the lack of XR wellbeing interventions overall 

and particularly around psychologically driven interventions, which then the empirical study 
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contributed to. The aim of choosing this particular systematic review topic was to use its findings 

to guide the design of the empirical study and to provide a basis for comparison.  

Most studies in the systematic review looked at immediate effects of interventions on 

wellbeing (mostly in relation to emotions) and were not psychologically driven in content, but 

were rather interested in examining the effects of XR technology on wellbeing. Although 

identifying this gap in the literature was helpful in highlighting the uniqueness and originality of 

our empirical intervention, the findings of the systematic review did not provide much guidance 

for the design of the empirical study. A small number of studies met the inclusion criteria of the 

systematic review and 70% of these were deemed to have at least some risk of bias in their 

designs.  

The systematic review could have been helpful in the identification and selection of 

outcome measures for the empirical study; however, most of the outcome measures used in the 

included studies assessed for immediate effects of interventions on wellbeing, which were not 

suited for our longitudinal design. Furthermore, the systematic review highlighted that outcome 

measures assessing wellbeing in a more global sense, rather than focusing on specific aspects 

(e.g. stress, positive affect etc.), were lacking in XR literature. As the systematic review was not 

helpful in the selection of outcome measures, further searches on literature around assessment of 

wellbeing in children and adolescents were conducted and WHO-5 and WEMWBS were 

identified, as the use of these together could assess wellbeing in a well-rounded manner.  

Similarly, the lack of previously conducted studies meant that medium effect sizes were 

used in sample size calculations for the empirical study. Although in retrospect, small effect sizes 

would have been the more likely outcome of our intervention, the fact that the final recruited 
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sample was too small to be sufficiently powered to detect medium effects, suggests that aiming 

to recruit for small effects would not have been feasible.  

The inclusion criteria for the systematic review were kept broad to capture an overview 

of the field. XR interventions in mental health are common; however, the majority of these focus 

on disorder-specific treatments for children and adolescents rather than on wellbeing. The XR 

interventions that were developed to be used as- or in conjunction with treatments were often 

developed under the influence of psychotherapeutic principles, which was lacking in the field of 

XR wellbeing interventions, as shown by the systematic review. These treatment interventions 

could have been interesting to examine as part of the systematic review, considering that we 

were aiming to evaluate a psychologically-driven intervention as part of the empirical study. 

However, scoping searches in the early stages of the systematic review revealed that previous 

systematic reviews had already reviewed interventions looking at mental health disorder related 

outcomes (Mesa-Gresa et al., 2018; Eijlers et al., 2019; Romero-Ayuso et al., 2021). Therefore, 

the scope of our systematic review was limited to wellbeing outcomes only to avoid duplication.  

Wellbeing as a Construct 

Searching the selected systematic review databases for wellbeing interventions revealed 

that wellbeing, as a construct, was defined using different definitions and assessed using a range 

of outcome measures in previous studies. This impacts the quality of the evidence base in the 

literature and posed challenges for the selection of measures in the empirical study and the 

inclusion criteria for the systematic review. As the focus of this project was primarily around 

promotion of wellbeing and prevention of mental health difficulties in the future rather than 

treatment, we opted for a positive psychological approach and avoided disorder or symptom 

oriented outcome measures for the empirical study and excluded studies using these in the 
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systematic review. In the empirical study, we used the definition of optimal wellbeing (described 

previously in Introduction) as a guide for the selection of outcome measures and aimed to select 

measures that would capture hedonic and eudaimonic aspects, as we felt that a comprehensive 

approach like this would be more meaningful. In the systematic review searches, several studies 

reported that they were measuring “wellbeing” but only including physical health outcomes or 

mental health disorder specific measures. Discussions with the second reviewer and supervisors 

were particularly helpful in this context in determining what can constitute as wellbeing 

interventions and outcome measures. 

Although wellbeing is well defined within specific schools of psychology, lack of 

cohesion between these definitions prevents it from being a well-defined construct (Dodge et al., 

2012; Baldwin et al., 2021). Whilst reviews of wellbeing outcome measures exist (Bentley et al., 

2019), good practice guidelines are not available unlike for depression and anxiety (Wolpert, 

2020, Funders agree first common metrics for mental health science). This is a need in the field 

to ensure that findings can be compared across studies and standards can be developed around 

effectiveness.  

Recruitment 

Recruitment and retention difficulties are common in school based research and lack of 

understanding around interventions offered, requirements for scientific rigor (randomization, 

sample sizes), competing demands on schools for delivery of curriculums as well as lack of 

contacts within schools to facilitate interventions are common reasons for these recruitment 

challenges, as experienced in the present trial (Smith & Petosa, 2016). Multiple recruitment 

avenues were explored to increase sample size; however, the number of participants recruited did 

not provide sufficient power for the analyses, as detailed previously in the empirical study. 
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Several factors hindered recruitment including the coronavirus pandemic and changing 

guidelines for schools around provision. Several of the schools that were approached for 

recruitment purposes experienced high staff turnover during the pandemic, which made building 

and maintaining connections with schools challenging. Staff changes hindered recruitment and 

retention, as some schools, that initially showed interest, were no longer reachable following 

staff members leaving their posts. Similarly, one of the schools that participated in the trial 

became less responsive after the facilitating teacher’s contract ended, leading to difficulties with 

data collection and retention of participants. Engaging schools earlier on in the trial and co-

producing the intervention and trial design together to meet their needs could have been a more 

effective way of recruiting (Smith & Petosa, 2016). 

It is likely that the game itself may have been perceived with skepticism due to beliefs 

and attitudes around the possible effectiveness of game based interventions, the lack of previous 

trials proving the specific intervention’s effectiveness, and the novelty and unfamiliarity of 

school staff around AR technology. Teacher attitudes when faced with novel technological 

game-based interventions is a determining factor of uptake and success (Yam et al., 2015). One 

of the ideas for service user involvement in the present study was asking a couple of participants 

to make a short video of their experiences of playing the game, as well as short instructions on 

the gameplay to demonstrate AR components. This video could have been a helpful way of 

explaining what an AR boardgame looks like, as well as provide information on the learning 

content and offer reassurance to school staff that it was well-received by previous participants. 

The video would have been used as part of recruitment efforts when reaching out to schools to 

briefly inform them of the trial in a more engaging way than study flyers. Research on 

recruitment and retention on participants in schools has shown that recruiting representatives in 
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schools who take ownership of projects and promote them within schools can help facilitate 

recruitment, retention and delivery of interventions (Smith & Petosa, 2016). Using these videos 

could have helped identify interested teachers, who could have then been appointed as members 

of the research team to co-produce and facilitate the trial together. Unfortunately, due to 

scheduling difficulties with schools around the filming of the video, it was not possible to 

proceed with this plan.  

One challenge of the empirical study was balancing recruitment efforts and requests from 

schools regarding the details of their participation in the study, while maintaining research 

integrity and upholding best practice principles as much as possible. An example of this was 

when schools were not keen on randomization for their students. Following discussions with 

schools and attempts to problem solve any challenges, it was not possible to proceed with 

randomization of participants, which may have introduced biases. Schools wished to select the 

students that would participate in the intervention group and made attempts to make sure that 

group is representative where possible. This was a compromise that had to be made to retain the 

two interested schools.  

Participation in the trial was skewed towards the private school, as many students from 

the state-funded school did not opt into the trial and several dropped out during the trial (86% 

drop out compared to 46% drop out in the private school). Majority of students in the state-

funded school were from ethnically diverse backgrounds. Difficulties in engaging these students 

in mental health research could be related to higher prevalence of stigma around mental health 

(Gary, 2005) or skepticism and mistrust towards research within the context of inequalities in 

mental health care (Alvidrez & Arean, 2002). Coming from a diverse background myself and 

believing in the importance of extending mental health research beyond traditional Western 
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principles, this was a disappointing outcome for me. Co-production with adolescents from 

diverse backgrounds in earlier stages of future studies, particularly around methods of 

advertisement and sharing of relevant study information (e.g confidentiality, anonymity) can 

help address these barriers (The two youth advisors in present study reported their ethnicity as 

“white other”.). One way that we could have engaged the student body better could have been 

through advertising the study in schools more by attending assemblies, events or putting up 

posters to familiarize students with the intervention (Smith & Petosa, 2016), which could have 

helped ease potential worries around participation. 

Lack of power was common in the literature on XR interventions as shown by the 

systematic review and the empirical study was similarly affected by this issue as well. A further 

possible explanation, aside from recruitment difficulties detailed above, could be around the need 

for physical materials and equipment for these studies (e.g. headsets in VR studies or game board 

in ours), which limit the reach of participants compared to fully online interventions that can be 

circulated on social media platforms. Although the present empirical study’s sample size is 

smaller compared to other studies included in the systematic review, this is likely influenced by 

its longitudinal design compared to the mostly short intervention studies included in the review. 

One systematic review on longitudinal digital mental health interventions for children and young 

people found that a third of the included RCTs (10 out of 30) had sample sizes smaller than 30 

(the empirical study’s sample size) (Hollis et al., 2017), showing that small sample sizes are a 

challenge for the field overall. 

Service User Involvement 

Service user involvement was achieved through the recruitment of two youth advisors. 

These advisors provided insight into all stages of the empirical study and their views were used 
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to interpret the findings and evaluate the strengths and weaknesses of the trial overall. Feedback 

gathered from the youth advisors was passed on to the researchers working on the next iteration 

of the Dragons of Afterlands project. Unfortunately, due to difficulties engaging the school staff 

of one of the participating schools, both youth advisors were recruited from the same year group 

in the private international school, which likely limited the breadth of input we received. Service 

user involvement was conceptualized as involvement of the target population of the intervention 

(i.e. adolescents); however, experiences of recruiting and delivering the intervention also 

revealed that this should have perhaps been conceptualized more broadly to include school staff 

and potentially parents. Teachers aiding in the facilitation of the intervention sessions had 

valuable insights by observing students play (e.g. concerns around age-appropriateness of 

phrasing of some of the wellbeing tasks) and these were noted as informal feedback and passed 

on to developers and the rest of the research team. Teachers also reported openness to 

participation as advisors or participants of qualitative studies in the future. These reflections were 

outlined to be kept in mind for future school based trials. 

Impact 

Wellbeing is important and has been associated with better physical health and healthier 

aging (Steptoe et al., 2015), better quality of relationships with others (Goswami, 2012) and 

academic success (Douglass & Islam, 2009).  

Both the systematic review and the empirical trial covered original and novel content. 

The empirical study reported on the first trial of Dragons of Afterlands, the first known 

psychologically informed XR intervention that was specifically developed to improve wellbeing 

in adolescents. Similarly, the systematic review study was the first review on the topic of XR 
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wellbeing interventions for adolescents. The impacts of these studies on academic and non-

academic fields are discussed below.  

Academic Impact 

The wellbeing intervention was influenced by three evidence based psychological models 

(CBT, narrative and systemic). These therapeutic approaches were integrated into an AR game 

both in relation to its psychoeducational and self-reflexive content but also in relation to the 

design of the game (e.g. depersonalization using avatars to aid externalization of problems) and 

in relation to the process of gameplay (e.g. playing in groups with allies and learning from each 

other).  

The empirical study discussed the process of developing a new intervention, which 

provided valuable insights into research methods and approaches in the field, such as trialling 

early effectiveness testing of prototypes, co-production with adolescents and barriers to 

administration of such interventions in schools. It also contributed to the discussion in the XR 

literature regarding the motivational benefits of such interventions in longitudinal trials; although 

this could not be taken as definitive conclusions due to potential influences of choice of outcome 

measures and selection of participants. 

The field of XR is rapidly growing, with various ongoing projects with varying 

similarities. Future research needs to build on what has been done to develop effective and 

acceptable interventions. Reflections reported in the present empirical study on what went well 

and didn’t go well, as well as learning points and actions for future iterations of the trial, can be 

used as a guide for other researchers in the field to build on our experiences.  

The development of the wellbeing intervention was the result of interdisciplinary 

collaborations between professionals from computer science, education and psychology 
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backgrounds, which has been pointed out as a significant need in the literature (Davies & Bergin, 

2021). The process was an example of how storytelling and technology can be used creatively 

and cohesively to enhance the delivery of psychological techniques. The findings of the study 

highlight learning points for not only the field of mental health, but also for education and 

computer science as well and therefore has cross-disciplinary impact academically.  

This experience of an interdisciplinary collaboration also demonstrated the different 

responsibilities psychologists can take on in these dynamics. For the present trial, these roles 

included leadership, consultation, as well as providing mental health containment and support 

during testing of the intervention. The beneficial use of transferable skills in this context, beyond 

the traditional role of mental health provision with clients in clinical settings, broadens the range 

of domains psychology can be applied within a leadership framework (British Psychological 

Society, 2010) 

While interdisciplinary collaborations are encouraged in the field, one barrier that was 

identified in the scoping searches for the systematic review was that different disciplines utilize 

different platforms to disseminate their research, limiting collaborative development of ideas. 

For instance, when searching for XR wellbeing interventions for adolescents, using PubMed did 

not yield many relevant findings; whereas IEEE, a database not commonly used by 

psychologists, delivered much more useful articles to include in the review. This has highlighted 

the need to improve communication of ideas and findings between disciplines working on XR 

interventions to increase the impact of research in this area, potentially leading to faster growth, 

more innovation and higher likelihood of beneficial collaborations. Researchers working in the 

field should maintain an awareness that research content may be published in a wider range of 
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journals and research conferences should be circulated more inclusively of professionals from 

different backgrounds.  

Non-academic Impact 

This trial contributes to the development of future versions of the game, which if 

successful, can be implemented in schools. There is increasing focus on mental health in schools 

as reflected in government policies (Department for Education & Department of Health, 2017), 

emphasizing the importance of prevention and raising awareness of mental health and wellbeing, 

and recognizing the crucial role that schools play in this regard. The intervention, if successful, 

has the potential to improve mental wellbeing by increasing the effectiveness of wellbeing 

education in schools, and play a protective role in maintaining mental health, potentially 

reducing the need for mental health support in schools. The delivery of the intervention requires 

minimal staff input, as the game is played independently by groups of students. Therefore, the 

game would not compound existing responsibilities of school staff, who have been facing 

increasing burdens especially following the coronavirus pandemic (Gottenborg et al., 2021), and 

potentially reduce some of their workload (around teaching mental health content), which is a 

priority for the Department for Education (Department for Education, 2018b). The game 

intervention could potentially be scheduled into regular curriculum around wellbeing (e.g. as part 

of PSHE classes) or be made available as an extra-curricular activity for students to engage with 

in their free time (e.g. used by substitute teachers, or during breaks).  

The recruitment difficulties with the empirical study highlighted barriers that need to be 

addressed in schools to improve access to research. Schools are uniquely placed to make 

wellbeing interventions accessible on a larger scale and target students who are at risk of 

experiencing mental health difficulties and poor wellbeing (Swick & Powers, 2018). However, 
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given the recruitment challenges and the consequences of low powered trials, alternative settings, 

where participants may be more readily accessible, can be considered in early stages of product 

development to gather evidence of effectiveness. These could potentially include youth centres 

or charities. Even though populations in these settings and their needs may differ from school-

based cohorts, the impact of providing a wellbeing intervention, that is game based, 

depersonalized and hopefully easier to engage with can be significant in these settings as well. 

These trials can then provide evidence of effectiveness that can be used to broaden recruitment.  

The use of the game is associated with some initial costs around the purchasing of the 

board, smartphones and access to data. If future versions of the game demonstrate effectiveness, 

it could be a cost-effective prevention intervention in the long term due to lack of ongoing 

running costs for the game and reduced burden on school staff in relation to mental health 

promotion. Prevention of mental health problems can also provide economic benefits, as the 

economic and social costs of mental health problems are estimated to be £105 billion each year 

in England (Knapp et al., 2011). It is important to ensure that any future interventions made 

available in the community, do not compound existing health inequalities in underprivileged 

populations who may not be able to afford the initial costs or have access to data or smartphones 

(Radovic & Badawy, 2020). Research with schools across a range of settings is necessary prior 

to rolling out this intervention in the future to ensure that any financial concerns are understood 

and addressed. 

The process of conducting the study also highlighted some gaps in policies and 

implementation of policies, such as the difficulties in the implementation of whole school 

wellbeing interventions, the lack of guidance on early stage development and testing of mental 

health apps. These gaps were detailed in the reports of the study and can be used to guide the 
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development of future policies. As the field is rapidly growing, the need for such policies and 

guidelines will become more evident.  

Dissemination Plan 

The findings of the empirical study were presented virtually to first, second and third year 

trainee clinical psychologists at Royal Holloway University of London on 6th May 2022. The 

empirical study, with references to the systematic review findings, will also be presented as part 

of a continuing professional development (CPD) session on adolescent wellbeing and the use of 

AR interventions at the Chelsea and Westminster Hospital and South Kensington & Chelsea 

Mental Health Center, where the researcher is currently on placement. The CPD session will take 

place on 29th June 2022 and will be attended by clinicians working across disciplines.  

Although the findings of the studies were inconclusive or non-significant, both studies 

addressed a significant gap in the literature that could benefit future research in the field. The 

publication bias has been identified as a significant concern in mental health and calls were made 

for researchers to publish non-significant findings to address failures to replicate and provide 

insights into validity of theories (Mehler et al., 2019; Munafò & Neill, 2016). Therefore, both the 

systematic review and the empirical study will be submitted for publication following the viva. 

Journals, such as JMIR Serious Games, which has a multidisciplinary audience in health, 

education, medicine, sociology and computer science, or International Journal of Wellbeing will 

be considered, as similar research was previously published on these platforms. We will also 

consider disseminating the findings at The International Society for Research on Internet 

Interventions (ISRII) conference, which focuses on the use of information and communication 

technologies in mental health. 
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The findings will be disseminated to the two participating schools, students and their 

families. Youth advisors were consulted on best methods of disseminating the study findings 

within their schools and age groups. The suggestions included asking staff to share findings in 

advisory assemblies in school and sharing findings on social media. They felt that it would be 

important to disseminate the findings to the school administrators as well as the students, so that 

the school administration would be open to participation in similar future trials. Following from 

these discussions, a lay summary of the study findings will be shared with the schools and 

addressed to the facilitating teachers as well as school administrators. An age appropriate child-

friendly version of the lay summary will also be sent and school staff will be asked to share this 

as they see appropriate, with a suggestion to disseminate as part of the assemblies and via emails 

to students and parents. A lay audience blog summary will be posted on social media. 
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Appendices 

 
Appendix A. Outcome Measure for Empirical Study 1 
 
WHO-5 Wellbeing Index 
 
Please respond to each item by 
marking one box per row, 
regarding how you felt in the last 
two weeks.  

 

All of 
the 
time  

Most of 
the 
time 

More 
than 
half the 
time 

Less 
than 
half the 
time 

Some 
of the 
time 

At no 
time 

I have felt cheerful and in good 
spirits.  
 

5 4 3 2 1 0 

I have felt calm and relaxed. 
 

5 4 3 2 1 0 

I have felt active and vigorous. 
 

5 4 3 2 1 0 

I woke up feeling fresh and 
rested. 
 

5 4 3 2 1 0 

My daily life has been filled with 
things that interest me. 

5 4 3 2 1 0 
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Appendix B. Outcome Measure for Empirical Study 2 
 
Strengths and Difficulties Questionnaire (SDQ) 
 
For each item, please mark the box for Not True, Somewhat True or Certainly True. It would 
help us if you answered all items as best you can even if you are not absolutely certain or the 
item seems daft! Please give your answers on the basis of how things have been for you over the 
last six months. 
 
 Not True Somewhat 

True 
Certainly 
True 

I try to be nice to other people. I care about their 
feelings. 

   

I am restless, I cannot stay still for long.    
I get a lot of headaches, stomach-aches or sickness.    
I usually share with others (food, games, pens etc.)    
I get very angry and often lose my temper.    
I am usually on my own. I generally play alone or keep 
to myself. 

   

I usually do as I am told.     
I worry a lot.    
I am helpful if someone is hurt, upset or feeling ill.    
I am constantly fidgeting or squirming.    
I have one good friend or more.    
I fight a lot. I can make other people do what I want.    
I am often unhappy, down-hearted or tearful.    
Other people my age generally like me.    
I am easily distracted, I find it difficult to concentrate.    
I am nervous in new situations. I easily lose confidence.    
I am kind to younger children.    
I am often accused of lying or cheating.    
Other children or young people pick on me or bully me.     
I often volunteer to help others (parents, teachers, 
children). 

   

I think before I do things.    
I take things that are not mine from home, school or 
elsewhere.  

   

I get on better with adults than with people my own age.    
I have many fears, I am easily scared.    
I finish the work I am doing. My attention is good.    
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Appendix C. Outcome Measure for Empirical Study 3 
 
Intrinsic Motivation Inventory (IMI) 
 
 Not at all 

True 
Somewhat 

True 
Very 
True 

 1 2 3 4 5 6 7 
I enjoyed doing this activity very much. 
 

       

I believe this activity could be of some value to me. 
 

       

This activity was fun to do. 
 

       

I would be willing to do this again because it has some 
value to me. 
 

       

I thought this was a boring activity. 
 

       

I believe doing this activity could be beneficial to me. 
 

       

This activity did not hold my attention at all.  
 

       

I think this is an important activity. 
 

       

I would describe this activity as very interesting. 
 

       

I think that doing this activity is useful for my 
wellbeing.  
 

       

I thought this activity was quite enjoyable.  
 

       

I think this is important to do because it can teach me 
skills. 
 

       

While I was doing this activity, I was thinking about 
how much I enjoyed it. 
 

       

I think doing this activity could help me look after my 
mental health. 
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Appendix D. Outcome Measure for Empirical Study 4 
 
Warwick Edinburgh Mental Wellbeing Scale (WEMWBS) 
 
Below are some statements about feelings and thoughts. Please select the answer that best 
describes your experience of each over the last 2 weeks. 
 
 None of 

the Time  
Rarely Some of 

the Time 
Often All of 

the Time 
I’ve been feeling optimistic 
about the future. 
 

1 2 3 4 5 

I’ve been feeling useful. 
 

1 2 3 4 5 

I’ve been feeling relaxed. 
 

1 2 3 4 5 

I’ve been feeling interested in 
other people. 
 

1 2 3 4 5 

I’ve had energy to spare. 
 

1 2 3 4 5 

I’ve been dealing with 
problems well. 
 

1 2 3 4 5 

I’ve been thinking clearly. 
 

1 2 3 4 5 

I’ve been feeling good about 
myself. 
 

1 2 3 4 5 

I’ve been feeling close to other 
people. 
 

1 2 3 4 5 

I’ve been feeling confident. 
 

1 2 3 4 5 

I’ve been able to make up my 
own mind about things. 
 

1 2 3 4 5 

I’ve been feeling loved. 
 

1 2 3 4 5 

I’ve been interested in new 
things. 
 

1 2 3 4 5 

I’ve been feeling cheerful. 1 2 3 4 5 
Warwick-Edinburgh Mental Well-Being Scale (WEMWBS) © University of Warwick 2006, all 
rights reserved. 
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Appendix E. Content of Wellbeing Challenges  
Content of Wellbeing Challenges  
 
Wellbeing Domain Topics and Skills Covered 
Cognitive • CBT based approaches to understanding thoughts and feelings 

• Recognizing the effects of others’ judgements on self-confidence 
and self-esteem 

• Recognizing the effects of media on body image 
• Promoting cognitive flexibility by generating alternative 

explanations for a series of situations (e.g. friend said they would 
call but didn’t)  

• Perceptions- focus on what you have rather than what you don’t 
have 

• Perceptions- how do others see you? 
• Reframing and cognitive reappraisal 
• Antecedent, Behavior, Consequence 
• Reflecting on actions and alternative ways of behaving 
• Ambiguous stimulus- identifying the dragon’s thoughts, feelings 

and behaviors 
 

Emotional • Recognizing emotions (in self and others focusing on range of 
cues including facial expressions, body language etc.) 

• Labelling emotions 
• Being able to describe emotions to others 
• Learning how to manage emotions 
• Strategies for managing stress, anxiety and depression 

 
Social • Understanding the difference between constructive feedback and 

unhelpful criticism 
• The effects of peer pressure and ways of resisting it 
• Harassment and ways of managing it 
• Bullying and cyberbullying 
• Consent and boundaries 
• What healthy and unhealthy relationships look like 
• Ways of dealing with an issue online (e.g. sexting) 
• Ways of preventing online issues 
• Becoming a better listener 
• Ways of questions 
• Open vs closed questions 

 
Physical • Nutrition 

• Exercise and its physical and mental benefits 
• Wellbeing in relation to place and nature 
• Body image 
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• Puberty and changing bodies 
• The effects of smoking (first and second hand), understanding 

the terms “habit”, “dependence” and “addiction” 
• Alcohol and drugs 
• Screen time and screen addiction 
• Gambling and gaming 
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Appendix F. Recruitment Email Template for Schools 
 
Dear SENCO/ Wellbeing Lead, 
 
 
We would like to invite you to take part in an exciting opportunity to support young people's 
wellbeing. Our research team, consisting of clinical psychology experts and educational games 
developers, have created an innovative board game using augmented reality technology. The 
novel game aims to provide adolescents with valuable skills to improve their wellbeing in 
schools in an effective and engaging way. Please find the attached leaflet for information on our 
trial for this wellbeing game. 
  
Please do not hesitate to contact us if you have any questions about the wellbeing game trial. We 
look forward to hearing from you. 
 
Idil Kilinc 
 
Trainee Clinical Psychologist 
Royal Holloway University of London 
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Appendix G. Recruitment Flyer 

 

AUGMENTED REALITY BOARD GAME
TO IMPROVE ADOLESCENT WELLBEING
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Appendix H. Information Sheet and Consent Form for Parents 

 

Providing teenagers with knowledge and skills to improve their
wellbeing is important, as it can promote better mental health and
prevent psychological problems. Research shows that playing games
is good for wellbeing (Ruiz-Ariza et al., 2018; Koivisto et al., 2019).
We designed a board game specifically to support your teenager's 
 wellbeing skills in a fun and engaging way using augmented reality
technology. Teens will play the game with their friends and complete
various tasks that improve their learning. The game tasks are based
on wellbeing curriculum and are designed by clinical psychologists
with over 20 years of experience in adolescent psychology, in
collaboration with a company designing educational games to
improve mental health.  In this trial, we aim to evaluate if this game is
successful in improving wellbeing of teenagers in a school setting.
 

The wellbeing game trial will take place during regular class hour at
school and will run over six weeks. Participating students will be
divided into two groups, with one group attending their regular
lessons and the other group playing the game in groups of four during
their lecture hour. Both groups will be asked to complete
questionnaires about their wellbeing at the beginning and end of the
study and one month later. This will help us track any changes in
their wellbeing  over time to test if the game is effective. 

A U G M E N T E D  R E A L I T Y  B O A R D  G A M E  T O  I M P R O V E  W E L L B E I N G

I N F O R M A T I O N  S H E E T  F O R  R E S E A R C H  S T U D Y
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Appendix I. Information Sheet and Consent Form for Adolescents (Participants) 
 

DRAGONS OF AFTERLANDS
A U G M E N T E D  R E A L I T Y  B O A R D  G A M E  T O  I M P R O V E  W E L L B E I N G

WHAT IS DRAGONS
OF AFTERLANDS?

Learning about ways of taking
care of our mental health is
important, as it can help us live
better lives and achieve our
goals. We wanted to explore
whether it is possible for people
to develop these skills through
playing a game with their friends.
We came up with a board game
called Dragons of Afterlands, that
uses augmented reality
technology. In this wellbeing
game trial, we want to test if
playing this game can improve
wellbeing in schools.

PARTICIPATING IN
THE GAME TRIAL

We are looking for young people
between the ages of 13 and 18 to join
our trial. The game trial will take
place at school. Half of the
participating students will attend
their regular classes, whereas the
other half will play the game during
their class hour for six weeks. We will
ask everyone to complete
questionnaires about their wellbeing.

Participating in this project is
optional and you can decide if you
would like to participate or not. If
you decide to participate, you can
choose to stop at any time as well.  
    

WHAT HAPPENS TO
QUESTIONNAIRES? 

We will keep the information  from
your questionnaires safe and
private for up to 4 years. Only the
researchers will see your answers.
You will fill out the questionnaires
anonymously, meaning that your
information will not be linked to
your name. 

WHO ARE WE? 

Idil Kilinc is a trainee clinical
psychologist from Royal Holloway
University of London (RHUL). Helen
Pote is a clinical psychologist and a
professor at RHUL. Dr Sarah
Campbell is CEO of educational
games company, Play Well For Life. 
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Appendix J. Ethics Application 
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Appendix K. Ethics Application Approval 
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Appendix L. Ethics Application Amendment  
 

 

Amendment request form 
 

Name: Idil Kilinc, PI: Prof. Helen Pote    Department: Psychology 

Project ID: 2566                  School: Life Sciences and the Environment 

Project Title: A cluster randomised controlled trial to evaluate the effectiveness of an 
augmented reality (AR) board game for adolescent wellbeing 

Amendment request: 
☐Extension request 

☐Change in team members 

☒Change to participant groups 

☐Change to research methods 

☐Change to research summary 

☐Change to data collection 

☐Change to participant documents (e.g. recruitment documents, information sheet, consent form 
or debrief form) 

Other Click here to enter text. 

Details of Amendment: 
(List each proposed change and its reference in the original application) 

The original ethics application stated that we were intending to recruit 13-16 year olds. We would 
now like to extend this to include 16-18  year olds as well (13-18 year olds overall).  

Please provide an explanation for the requested amendment: 
Our initial proposal of recruiting from 13-16 year old students did not yield sufficient 
numbers for our study. We have been made aware that some A-level students may be 
interested in participating in research. We want to extend our inclusion criteria to include 
students between the ages of 16-18 to be able to contact them regarding our study.  

Additional information: 
(Please list and attach tracked copies of amended documents) 

Click here to enter text. 

Signed Idil Kilinc     Date: 08/10/2021 



 202 

 
Appendix M. Ethics Amendment Approval 
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Appendix N. Parental Consent form for Youth Advisor Participation 
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