EXPLORING THE IMPACTS THAT VIRTUAL NATURE EXPOSURE CAN HAVE ON HEALTH AND WELL-BEING AND THE MECHANISMS INVOLVED: A SYSTEMATIC REVIEW


ABSTRACT 

Exposure to nature can improve health and well-being. However, numerous populations have restricted access to outdoor environments. Reviews show virtual nature exposure can provide benefits for a range of health and well-being outcomes. There is space for a systematic review that provides an overview of all outcomes impacted by virtual nature exposure, as well as underlying mechanisms. This systematic review searched databases; PsycINFO, MEDLINE, SCOPUS, Web of Science, and Google Scholar. Searches results in 9948 articles, with 66 studies included in the review. Findings showed virtual nature exposure can increase levels of mood, motivation, restorativeness, and cognitive functioning, whilst reducing anxiety, depressive symptoms, stress, and perceived pain. Presence and perceived restorativeness mediated improved positive affect after exposure, whilst connectedness to nature mediated improved positive affect and ability to reflect after exposure, and perceptions of safety mediated the extent to which enclosure of an environment predicted perceived restorativeness. There is support for virtual nature to be used in general and clinical settings for improving health and well-being, in addition as a tool for populations with limited mobility. Future studies should investigate long-term virtual exposure and conduct statistical analyses to understand the mechanisms linking virtual nature exposure with health and well-being outcomes. 


I. INTRODUCTION

A. Natural environments

Exposure to natural environments can have numerous benefits for health and well-being, including reduced stress, increased positive affect (experiencing positive moods), and improved cognitive development (van den Berg et al., 2018; McMahan & Estes, 2014; Maes et al., 2021). Two theoretical frameworks underpin these impacts: Attention Restoration Theory (ART) (Kaplan & Kaplan, 1989), and Stress Recovery Theory (SRT) (Ulrich et al., 1991). ART posits that exposure to a natural environment can be restorative, allowing directed attention to rest and recover, and restore from mental fatigue (Kaplan, 1995). Moreover, SRT states that exposure to natural elements can aid in recovery from stressful situations (Ulrich, 1981). Being in an unthreatening environment can activate a positive emotional response and sustain attention which in turn impedes negative emotions. These frameworks are well-known and have informed policies and practice. 

There are policies with the aim to improve green space access, including considering local natural spaces as essential ways to maintain health and well-being, ensuring local policies are informed by evidence of the need for access, and prioritising access to green spaces for communities where access is deprived or unequal (Public Health England, 2020). However, many populations cannot access the outdoors. Roughly 56.2% of the global population live in cities and have fewer options for visiting local natural environments (Buchholz, 2020). Additionally, people may have access but avoid visiting due to lack of time, poor weather, or avoidance of unattractive features. Further, the COVID-19 pandemic has impacted the ability to go outdoors with enforced stay-at-home orders. 

B. Immersive virtual environments

People can be exposed to natural environments without going outdoors, by using simulated alternatives such as images, videos, 360° videos, augmented and virtual reality (VR). VR environments, otherwise known as Immersive Virtual Environments (IVEs), are commonly shown through head-mounted displays (HMDs) which block the vision of external reality and project a 360° virtual world. Virtual HMDs are more affordable and accessible for the public which allows IVEs to be viewed from home. Conversely, some argue that they require a fairly high level of computer proficiency which may instead make the technology less accessible (White et al., 2018). One of the main downfalls of using IVEs is cybersickness. Consideration still needs to be taken regarding cybersickness and how this may hinder health outcomes. 

C. Current literature reviews

The impact of virtual nature on attention restoration and affect have been explored in recent systematic reviews. One review and meta-analysis focused on attention restoration after exposure to real and simulated natural environments (Ohly et al., 2016). Although informative through the synthesis of many study designs, it was difficult to conclude which types of simulations and populations benefited from attention restoration. Another systematic review by Browning et al. (2021) focused on the methodological choices made by studies measuring health and cognitive outcomes after simulated nature, which included simulation methods, landscape features and controlled human factors. The review included all types of simulations. Furthermore, Browning et al. (2020a) compared the impacts of simulated nature and real nature on affect. They demonstrated that being outdoors in real natural settings is more beneficial for mood than viewing simulated natural environments, and that going outdoors should be favoured over being indoors. Overall, it is mostly agreed that the best form of exposure to nature is through real settings, however VR can be used as an effective alternative if going outdoors is not feasible.

It is imperative to understand the pathways that explain the links. Pathways linking health outcomes and being in urban green spaces have been outlined by the World Health Organisation (2016). These include improved relaxation and restoration; improved social capital; improved functioning of the immune system; enhanced physical activity, improved fitness, and reduced obesity; anthropogenic noise buffering and production of natural sounds; reduced exposure to air pollution; reduction of the urban heat island effect; enhanced pro-environmental behaviour; optimized exposure to sunlight; and improved sleep. However, the mechanisms linking outcomes and exposure to virtual nature are less understood. 

D. Impact 

A systematic review outlining how virtual nature has been used to impact health and well-being outcomes would be beneficial for all fields using virtual technologies and exposure to environments. A review outlining the mediators underlying virtual nature effects would be beneficial for informing practice and therapeutic interventions. Beneficial outcomes could encourage a new form of social prescribing, similar to ‘green social prescribing’ and prescriptions for nature exposure. It is also important to outline results which have shown negative effects and the underlying mediators. One can then advise individuals to avoid certain exposures or technology that may be detrimental to their health. Outcomes of exposure to simulations have been reported, however, they have been focused on individual outcomes, rather than broad overviews. Furthermore, reviews are predominantly quantitative including experimental designed studies (Ohly et al., 2016; Browning et al., 2020a). This leaves a gap for a review that encompasses both quantitative and qualitative, as well as all study designs. There is a need for the health and well-being outcomes from current studies to be presented in one paper. This reference paper is an up-to-date overview of the field and provides a clear trajectory for how future research should be conducted. 

E. Objectives

In this review, the health and well-being outcomes associated with virtual nature exposure are synthesized. There are two aims: firstly, to investigate which health and well-being outcomes can be affected by exposure to virtual nature, and to synthesis the mechanisms that explain why, and how, virtual nature can impact health and well-being. An overriding objective of this review is to bring together the vast literature surrounding the effects that virtual nature can have. Literature from the previous 21 years needs to be concisely displayed, alongside explanation of the mediators which underlie the published effects. These aims led to the following research questions: 

RQ1: “What are the impacts of virtual nature exposure on health and well-being?”

RQ2: “What are the mechanisms involved that underlie the effects on health and well-being gained from virtual nature exposure?” 

II. METHODS

This systematic review followed the guidelines for the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher et al., 2009; Page et al., 2021). Ethical approval was received from the University of Bath.

A. Eligibility criteria

Criteria for inclusion was any study whereby participants had exposure to virtual nature/natural environment. This included simulations such as 360° videos, VR, or augmented reality. Still photographs, images, or pictures of natural environments were not included. Natural environments were any type of green or blue space and included biophilic elements. Studies using urban environments, or real environments, were included if a comparator condition to a natural virtual environment was used. The studies also needed to include at least one health or well-being outcome. The outcomes were kept broad (memory, attention, executive functioning, creativity, cognitive functioning). The most recent literature was searched from January 2000-July 2021. Sources needed to be written in English. Country of publication was not restricted. There was no restriction to populations studied; general or clinical. Quantitative and qualitative studies were included. 

B. Information sources and search strategy

The databases searched were; PsycINFO, MEDLINE, SCOPUS, and Web of Science. All databases were last searched 27th July 2021. Grey literature was searched through the first 40 pages of Google Scholar. The first 40 pages were only searched due to the extensive results, lack of time available, and the lack of relevance in titles after the first 40 pages. Searches were conducted using three concepts: simulation strategies (e.g. simulation OR VR OR virtual etc), nature and natural environments as the exposure (e.g. green OR natur* OR “blue space” etc), and health and well-being measured outcomes (e.g. health OR well-being OR “mental health” etc). Search terms regarding mechanisms, pathways, and mediators were also included in the search strategy. Trial searches were conducted to identify if search terms were suitable and inform NOT terms. 

C. Selection process

After database searches, results were exported into Mendeley reference manager and duplicates were removed. Title screening was then carried out by one researcher. If it was not apparent by the title whether the source was relevant, the abstract was screened, and a decision was made. After title screening, the full texts of relevant sources were screened. Relevant sources were included as the final studies in this review. A detailed data extraction form was populated for each study, and variables of importance were extracted, including; population, sample size, study design and comparators used, technology/type of simulation used, exposure/environment used, outcomes, main results, and information regarding mediators or causal pathways. 

D. Quality assessment

The Effective Public Health Practice Project’s (EPHPP) Quality Assessment tool for Quantitative Studies (Thomas et al., 2004) was used to assess the quality of the studies. The EPHPP rates studies on six components: selection bias, study design, controlling for confounders, blinding methods, data collection method, and withdrawals/dropouts. Each individual component section is rated as ‘Strong’, ‘Moderate’, or ‘Weak’, and a global rating is calculated. The quality assessments of studies were not used to exclude studies from this review, however, the quality assessment ratings given for each study were cautiously interpreted in the synthesis of results. The decision to not remove weakly rated studies was made so to capture results from a broad range of study designs. 

III. RESULTS

A. Study selection

A total of 9948 records were sourced (Figure 1). After deduplication, a final 6819 sources went through title screening. 177 sources were eligible for full text screening which resulted in 66 individual studies included in this review. Reasons for exclusion when screening included: no access to full text, exposure was not simulated, exposure was not nature, outcome not in scope, or the source was a proposal or protocol. Literature reviews were excluded but are recognised in discussion with the results. 

Figure 1. Flow-diagram based on Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
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B. General characteristics of sources

1.Locations and quality

No included studies had been conducted in low-middle income countries. Studies were predominantly conducted in the Global North, with the majority in Europe (Figure 2). 

The studies included were assessed for quality using the EPHPP. Most studies included in this review were assessed as being weak (Figure 2). Only some studies were considered as strong quality (6%). In sum, the general quality of the studies included was poor and therefore the results should be interpreted with caution.

Figure 2. Pie charts showing the distribution of publication locations (left) and the quality of included studies (right). 
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2.Source type

Included studies were predominantly represented by between subject’s designs and RCTs (Figure 3). No study used solely qualitative methods.

Figure 3. Bar chart representing the study designs of included studies. 


3.Samples

A broad range of populations and sample sizes were represented. The smallest sample size was 4 participants, and the largest was 444. The median sample size was 60. The studies broadly varied in ages of participants. Almost half of studies used an entirely adult (18+ yrs), non-student population or had a majority. Twenty-four studies consisted of university students, and five involved both university students and staff. One study involved a child population and five studies involved older adults or a sample where older adults (65+ years) were the majority. 

4.Simulation

Thirty-five of the studies used VR HMDs as the simulation method. Five studies used VR glasses, one used VR goggles, and one used a VR viewer not requiring HMD. After VR HMDs, the second most commonly used simulation method was videos (excluding 360°) displayed as videotapes, on televisions, and on desktop computer screens. Two studies used 360° videos. Eight studies used projector screens. Two studies used a combination of methods (videos and VR HMDs). Duration of simulation varied. Most studies reported a simulation duration of 5 minutes or less. Twenty-two studies reported exposure length 6-10 minutes. Six studies reported 11-15 minutes, and three studies reported 16-20 minutes. Some studies had longer duration lengths; ten studies reported over 20 minutes. One study did not report duration length, and one study reported that participants were self-paced. 

5.Nature exposure

A broad range of natural environments were represented. Most reported exposure to nature through scenes of forests, including woods, and bamboo forests. Seven studies used natural elements in or outside buildings. Other environments included views of coastal paths/scenes, arboretums, gardens, parks, underwater scenes, and beaches. Most studies used several environment exposures. Five studies used a combination of scenes of beaches and greenspaces. Eleven studies used scenes of multiple green spaces. These included open green spaces, gardens, walkways, nature reserves, meadows, hillsides, forests, mountains, parks, roadside vegetation, valleys, and tree canopies. Sixteen studies reported using ‘nature scenes’ which varied in green (forests, mountains, parks, trees, fields, nature island) and blue spaces (bodies of water, riversides, streams, brooks). 

C. Narrative synthesis - outcomes

Eight studies measured mood as an outcome and seven found beneficial impacts. Some examples are now described. One study investigated exposure to 360° videos and mood (Mostajeran et al., 2021). Viewing a forest helped decrease feelings of fatigue, and mood was more disturbed by urban environment exposure. Gao et al. (2019) measured mood before and after virtual nature exposure. They found an alleviation in negative mood after exposure, but positive mood did not significantly improve. Wang et al. (2020a) exposed a positive association between positive mood scores and a neat undergrowth landscape of the forest. Additionally, positive mood effects have been found after exposure to indoor environments with biophilic elements (Yin et al., 2018). Positive effects have also been found in prison populations (Nadkarni et al., 2021). Incarcerated men felt less anxious and depressed, and calmer after viewing nature videos. Similarly, chemotherapy patients have been found to feel more relaxed, calmer, and more content after viewing VR nature scenes (Wilson & Scorsone, 2021). 

Affect after virtual nature exposure was also measured. For example, positive affective states increased after viewing a virtual natural landscape (Reese et al., 2021). Valtchanov et al. (2010) found increased positive affect after using VR. Two studies also found increases in positive affect after participants viewed videotapes of an arboretum, compared to an urban environment (Mayer et al., 2009). However, this positive impact was more substantial after exposure to a real natural environment. Some studies measured levels of affect in participants with depressive symptoms after viewing a forest and a built environment video on a computer (Meuwese et al., 2021). Viewing the forest video reduced negative affect for participants with depressive symptoms, compared to viewing the built environment. McAllister et al. (2017) found increased positive affect and decreased negative affect after viewing a nature video compared to no nature. Calogiuri et al. (2018) measured affect after participants experienced a real nature walk and a virtual comparison. Increased affect was associated with the nature walk, whereas poorer affect was associated with the virtual environment. Calogiuri et al. (2018) attributed this to cyber sickness. 

Other studies measured self-reported and physiologically measured anxiety. Wang et al. (2020) found that patients with generalized anxiety disorder (GAD) showed lower galvanic skin responses (a physiological indicator of stress), after exposure to a virtual nature environment compared to a control. Further, Zabini et al. (2020) measured perceived anxiety after exposure to a virtual forest compared to an urban environment. Short term effects for reduced anxiety were seen for those exposed to the virtual forest environment. 

Several studies measured multiple outcomes. For example, depressive symptoms of older women were lowered after participation in a group-based programme involving viewing a virtual therapeutic garden (Szczepanska-Gieracha et al., 2021). Browning et al. (2020) found being outdoors in a natural environment and viewing a 360° VR video of nature proved beneficial for increasing arousal and positive moods compared to an indoor environment without nature. One study focused on state social motivation (Castelblanco, 2019). Participants experiencing virtual nature exposure, compared to controls, reported higher levels of state social motivation. Anderson et al. (2017) found reductions in negative affect after VR exposure to natural settings. When comparing 2D nature to VR simulated, participants reported greater levels of positive affect and satisfaction when viewing VR nature (Frewen et al., 2020). Also, when viewing an underwater environment on a computer screen compared to VR, lower levels of anxiety are observed for VR, whereas there is a decline in positive affect for computer screen (Liszio et al., 2018). Moreover, one study measured affect and boredom of participants during exposure to nature through three simulations: 2D video on HD TV, 360-degree VR HMD, or computer-generated VR (Yeo et al., 2020). Negative affect and boredom levels reduced, and positive affect increased across all conditions. 
 
Some studies measured stress and/or relaxation. One study found that virtual nature stimuli evoked a decrease in stress levels in incarcerated individuals (Nadkarni et al., 2021). Further, participants reported lower levels of self-reported stress after a VR nature experience (Reese et al., 2021). Another found that viewing VR nature can also be a distraction at work and significantly reduce GSR and heart rate (Ahmaniemi et al., 2017). Kim et al. (2017) found that higher levels of perceived tranquillity were shown after exposure to environments with more pastoral (quiet, not urban) features. Further, Kim and Lee (2018) reported higher levels of calmness after exposure to a virtual nature environment, compared to an urban or indoor environment. In addition to these studies, other research focuses on restoration from stress (Yin et al., 2020; Yin, 2019; Valtchanov et al., 2010; Schebella et al., 2020; Meuwese et al., 2021; Wang et al., 2019a; Hedblom et al., 2019; Li et al., 2020; Liszio et al., 2018; De Kort et al., 2006).  

Two studies found virtual nature to act as a buffer against stress. Chan et al. (2021) investigated exposure to virtual vertical greenery and found that exposure prevented stress, whereas Blum et al. (2019) found that viewing virtual nature to implement immersive heart rate variability biofeedback acted as a buffer to stress compared to a non-VR condition. But some studies found different results. Snell et al. (2019) measured recovery from stress after viewing a perceived live video of nature, a recorded video or control. The results showed stress recovery was similar for the perceived live and recorded video conditions. Further, when compared to 360° videos, photos of urban and forest environments were more effective in reducing stress (Mostajeran et al., 2021). 

Further, six studies focused on attention capabilities after virtual nature. Crosson and Salmoni (2021) found significant improvements in directed attention performance after viewing a forest on a 180° projector screen whilst walking on a treadmill. Another study found positive restorative effects on attentional fatigue when viewing natural spaces with VR glasses (Gao et al., 2019). A further two studies showed attentional capacity and the ability to reflect increased for participants viewing a natural environment (Mayer et al., 2009). Snell et al. (2019) measured attention recovery and reported improvements on the Necker Cube Pattern Control task after watching a perceived live video of nature compared to a recorded and control video. One study found significant results with cognitive performance (Mostajeran et al., 2021). Participants made fewer errors on a cognitive task after viewing a virtual forest compared to an urban area. Three studies measured creativity as an outcome; scores on a creativity test improved after viewing virtual indoor office environments with biophilic features environments (Yin et al., 2019). 

Self-reported restorativeness was a common outcome. One study involved looking at levels of self-reported presence after viewing virtual nature (Chung, 2018). Participants scoring higher in self-reported presence perceived the environment as more restorative. Further, Chung et al. (2018) showed a negative association between restorativeness scores and fronto-central region P3a amplitudes, a biomarker of attention, after virtual nature exposure. Three studies compared perceived restoration after virtual nature exposure. Virtual nature was rated as more restorative than virtual urban environments (Yu et al., 2020), and this was similar for adults on an ICU (Gerber et al., 2019). Similarly, McAllister et al. (2017) found greater perceived restorativeness after viewing wild nature and urban nature videos. Two studies compared exposure to virtual and real forests (Mattila et al., 2020; Browning et al., 2020). In Mattila et al.’s (2020) study, levels of perceived restorativeness was the same after viewing a virtual forest and being in a physical forest. Similarly, Browning et al. (2020) found that participants rated virtual and physical nature exposure as both being restorative, compared to an indoor control. Finally, Wang et al. (2020) reported increased levels of restorative quality when viewing virtual nature, whereas Tabrizian et al. (2018) found that restorativeness was inversely affected by the spatial arrangement and permeability of the park setting. 

Finally, some studies measured walking function in clinical populations after exposure to VR natural environments. Walking ability improved after VR nature exposure (Biffi et al., 2015; Cho et al., 2015). Additionally, pain and exertion were outcomes of some studies. Perceived and experienced levels of pain improved after virtual nature exposure (Gromala et al., 2015; Tanja-Dijkstra et al., 2018), and higher levels of exertion after a virtual nature experience were recorded (Calogiuri et al., 2018).

D. Mediators

Overall, five mediators and one moderator were statistically analysed and found to be significant. These included: 

· Presence as a mediator for improved positive affect after virtual nature exposure (p < 0.01) (Yeo et al., 2020).
· Presence as a mediator for virtual experiences and emotions (p < 0.05) (Riva et al., 2007). 
· Perceived restorativeness as a mediator for improved positive affect after virtual nature exposure (p < 0.001) (McAllister et al., 2017). 
· Connectedness to nature as a mediator for improved positive affect and ability to reflect after virtual nature exposure (p < 0.001) (Mayer et al., 2009). 
· Perceptions of safety as a mediator for the extent to which enclosure of environment predicts perceived restorativeness (p < 0.001) (Tabrizian et al., 2018). 
· Depressive symptoms as a moderator for increased stress reduction after virtual nature exposure (p < 0.001) (Meuwese et al., 2021).

IV. DISCUSSION

A. Summary and interpretation

This paper systematically reviewed the literature on the impacts that exposure to virtual nature can have on health and well-being, and aimed to answer two research questions: “What are the impacts of virtual nature exposure on health and well-being?”, and “What are the mechanisms involved that underlie the effects on health and well-being gained from virtual nature exposure?” 

The results support that virtual exposure to natural environments could be particularly useful for improving health and well-being for people who cannot access outdoor environments, which supports White et al.’s hypothesis (2018). Virtual nature can act as a practical way to deliver a therapeutic intervention without over-exerting patients or exposing them to the risk of allergic reactions or accidental injuries (Jennings et al., 2019). Prison populations were also highlighted in this review, showing that virtual nature can be an alternative for those in long-term confinement. Afterall, the environment and experience of prison is very influential on prisoner’s ability to rehabilitate afterwards (Söderlund & Newman, 2017). However, physical biophilic elements, such as indoor potted plants, can also be beneficial for health (Nieuwenhuis et al., 2014) and this would be a more cost-effective option to implement in prisons and health care facilities. The results of this review are not consistent with Browning et al.’s (2020a) meta-analyses, which showed that being outdoors in a real setting provides more benefits to mood than viewing a simulated virtual setting. Meta-analyses are a strong analysis method which provide objective and generalisable results, however Browning et al.(2020a) only included experimental data in their review. This may be why the results are inconsistent. 

This review also briefly identified five mediators and one moderator that were statistically analysed by some included studies, answering research question 2. Presence was found to be a mediator of improved positive affect after virtual nature exposure, as well as for general virtual experiences and emotions. Presence refers to the feeling of experiencing an illusion of being in a virtual environment without knowing for sure whether you are there (Slater, 2018). Feeling present and in the illusion of the virtual environment can lead to improved positive affect. Perceived restorativeness was also found to be a mediator for improved positive affect. This finding was in line with ART (Kaplan & Kaplan, 1989) and supports a link between restoration and virtual nature. When viewing a natural environment, the extent to which enclosure and feelings of being enclosed predicted perceived restorativeness was mediated by perceptions of safety. Previous literature shows that open space is key as to whether an environment is perceived as safe (Loewen et al., 1993).

The mechanisms described by WHO (2016) are mostly different to the mechanisms regarding virtual nature and health and well-being outcomes presented here. Although one similar mechanism refers to increased restoration and restorativeness can mediate the increases seen in positive affect after exposure to real and virtual natural environments. There are some suggestions for the differences. Firstly, several mechanisms reported by WHO (2016) relate to being physically outdoors. It is likely that these were not found as mechanisms specific to virtual nature due to them not being recognised outcomes with being indoors. Some studies in this review did combine physical activity on treadmills whilst viewing virtual nature (Biffi et al., 2015; Cho et al., 2015), however they did not conduct mediation analyses. 

B. Limitations

One limitation was that no studies were conducted in low-middle income countries. This may be due to the development of immersive technologies in predominantly high-income countries, but it is essential to know whether virtual nature can have an impact in low-middle income countries, especially as these countries have limited mental health services (Saxena & Maulik, 2003). Another limitation is that only short-term effects of virtual nature exposure were investigated. Many of the studies only used one short dose of virtual exposure. While it is important to understand the short-term impact, if health care practices and therapeutic interventions are going to use virtual exposure as a tool, it is essential to investigate long-term exposure. Furthermore, limited studies conducted mediation or moderation analyses. This highlights the lack of research that has provided an explanation through a mechanism/pathway and provides no structure for practice/policies to use. 

The methodology of this review also has limitations. The majority of studies were rated as ‘weak’ in quality, and so should be interpreted with caution. Although the aim was to provide an overview of the various study designs that have been used, this means that the methods used are not reliable. In addition, while qualitative studies were searched for, none were eligible for this review. There is a gap to investigate qualitatively how different populations experience virtual nature exposure. 

C. Implications

It is imperative that future research incorporates mediation analyses into their methodologies so to explain the links between health and well-being outcomes and virtual nature exposure. There may be more mechanisms that explain outcomes which are known due to the lack of analyses conducted. Also, future research needs to qualitatively investigate the same field. Researchers could understand more about how participants think/feel whilst experiencing virtual nature. This review can be improved by following a more rigorous methodology and presenting a statistical synthesis of results and formally assess trustworthiness of results reported in included studies. Furthermore, there are new methods in health care practices that involve ‘green social prescribing’ (NHS, 2021). This is a prescription for patients to go outdoors and have physical engagement with nature for physical and mental health benefits. Virtual nature could follow a similar trajectory, and if consistently found to be beneficial for patients with limited mobility, it has potential to become a prescription for mental health. This research has further importance especially in relation to the recent COVID-19 pandemic when stay-at-home orders were enforced. Virtual nature exposure could be especially helpful in these situations, and similar, when access to real environments is limited.  


V. CONCLUSION

There is extensive support for exposure to nature being beneficial for health and well-being, and some studies advocate real nature as irreplaceable exposure. However, literature is showing virtual nature exposure to be a beneficial alternative exposure for populations with limited mobility. This review presented studies which have shown beneficial impacts on a broad range of outcomes. This synthesis has shown potential to use virtual nature exposure in general settings, as well as clinical and therapeutic interventions. Immersive technologies can be integrated into a range of settings where they can be used to benefit physical and mental health. But some studies have shown no impact or negative impacts of virtual exposure namely due to the risks of technology usage (e.g. cybersickness) which should be taken into consideration. Furthermore, caution should be taken with extensive use of these technologies as long-term impact is unknown. 

This review provides a beginning for future studies to investigate the long-term effects of exposure, and the underlying mechanisms. This could inform policy and allow for these technological methods to be used to their optimum in improving health and well-being. 
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