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Chapter 1 – Plain English Summary
What is the key issue this study addresses?
Within recent years, students have been increasingly concerned about how well they may do in their higher education studies, as an increasing number of students have been taking on work outside of their studies, on top of other responsibilities which can cause more stress and anxiety. Past research on whether nature can have positive benefits for students have shown that being out in nature, or even viewing natural scenes can improve things like mood and performance. However, sometimes access to nature can be difficult, therefore other ways of delivering nature therapy were considered, such as virtual reality through the use of headsets, which are portable and easy to use.
Why is this study needed?
	We carried out a literature review exploring the effectiveness of nature therapy in virtual reality for improving performance and mood. The review found around sixty papers but only involved twelve papers based on inclusion and exclusion criteria, and overall, the outcomes implied that virtual nature is often effective for improving or stabilising mood, and usually effective for improving performance as well. However, research on the effectiveness of virtual nature for improving academic performance for students specifically is very scarce with only one existing study exploring this topic. Therefore, expanding on the knowledge base of this topic could prove to be useful in possibly developing a brief, easy to access intervention which students could use to improve mood and performance.  
What is the main point of the study?
	In this study, we have explored whether a brief six-minute virtual reality nature therapy video could improve students’ mood and performance, by measuring both aspects before and after viewing the nature video, which participants watched on a virtual reality headset. The measures involved one mood questionnaire, with the same version being used both before and after the nature video, and two performance tests, measuring memory and thinking ability, with two different versions of the performance test before and after the nature video. 
What was found?
	Thirty-one participants signed up for the study online and took part in the study in-person at a university psychology lab at the chosen time. The findings of the study showcased that positive mood was highly improved, while negative mood was greatly reduced for students after watching the nature video supported by previous literature. Meanwhile, performance did not improve on either of the two tests, and in fact scores were slightly lower on both tests after the video.
Implications and recommendations?
	This study indicates that, while virtual reality nature can be very effective for positively improving mood, the effectiveness for performance is not as clear when taking past research into account, as the current study showed no improvements in performance. Virtual nature would be recommended for students to use, as despite mixed performance improvements, it has still proven to be very good for improving mood, on top of being brief, easy to use and access. It is also recommended for future research to further examine different types of performance measures, and which are the most effective for measuring academic performance in students specifically, as well as whether virtual reality nature can provide long-term gains.
Chapter 2 – Systematic Literature Review

2.1 Paragraph of Context
Within the last five years, research on the psychological benefits of nature therapy grown exponentially. Nature therapy refers to an intervention which utilizes the positive effects of exposure to natural environments, such as forests, to improve several aspects of health and wellbeing (Kotera et al., 2022). Other terms are also sometimes used to refer to this intervention, such as nature-based therapy (Bonham-Corcoran et al., 2022) and ecotherapy (Rueff & Reese, 2023), which generally refer to the utilization of nature as an intervention for wellbeing. Research has showcased that the benefits that can come from nature therapy are diverse and can improve a range of aspects, including but not limited to: improved immune system function (Song et al., 2016), decrease in depressive symptoms (Son et al., 2004), improved motivation and social interaction (Parkinson et al., 2011), among a multitude of other health benefits.
Within recent literature, delivery of nature therapy through the use of virtual reality (VR), has been increasingly explored, for the possibility of positive benefits that may come with it. VR refers to technology, such as the Oculus Rift head mounted display (HMD), which can be used to create immersive experiences through simulating real-life environments (Lopes & Falk, 2024). Research into virtually simulated nature, and whether it can emulate the benefits of physically being in real nature has shown that virtual reality nature therapy (VRNT) can be just as beneficial to mental health and mood/affect as physically being in a natural environment (Browning et al., 2020).
Furthermore, nature therapy can also have restorative effects for mood/affect, as well as cognitive resources (Shin et al., 2022), according to the attention restoration theory (ART; Kaplan & Kaplan, 1989), which suggests that through interaction with the natural environment or being in the presence of foliage, for example, exhausted mental resources can be recovered and restored (Kaplan, 1995). 
Research has shown that both mood and cognition can be improved from viewing natural scenes in VR, although a lot of this research has focused on vulnerable populations, such as individuals with anxiety/depression (Li et al., 2021a) or older/elderly people, such as those with cognitive difficulties (Oliveira et al., 2016; Sadowski & Khoury, 2022). This is likely due to research which suggests that VR nature can be especially beneficial for vulnerable individuals, or those who have physical challenges when it comes to going out into nature (Browning et al., 2020; Li et al., 2021b). 
Given that most VRNT research has focused on vulnerable groups, the current review aims to explore existing literature on the effectiveness of VRNT for the student population, which has been seeing an increase in issues such as test anxiety (O’Meara et al., 2020), with recent UK statistics suggesting that overall, more students work alongside their studies, increasing worries regarding academic performance (Johnston & Westwood, 2023).
Therefore, based on the topic context discussed above, the aims and objectives of this literature review are to examine the effects of VRNT on affect and cognition/performance.






2.2 Aims and Objectives:
1. Explore and describe characteristics of the selected papers which report outcomes on cognition/performance and affect, as well as the format in which VRNT was delivered. 
2. Evaluate the methodological quality of the selected studies, through using the appropriate CASP checklists for each paper. 
3. Evaluate how effective VRNT is for improving positive affect and decreasing negative affect.
4. Evaluate how effective VRNT is for improving cognition/performance.


2.3 Method
2.3.1 Search Strategy
The strategy for the systematic literature search included multiple electronic databases which are accessible on the University of Wales Trinity Saint David (UWTSD) library system. A unique combination of key words and phrases was utilized, which would find as much relevant existing literature regarding the effects of VRNT on affect and cognition. The databases searched included Academic Search Premier, DOAJ Directory of Open Access Journals, IngentaConnect Journals, Oxford Journals Open Access Collection, ProQuest Central, Pubmed Central Open Access, Science Direct Journals (5 years ago – present) and Springer Nature OA Free Journals. 
The search terms consisted of nature or eco contained in the title, considering that nature therapy is sometimes referred to as eco therapy. In another bar, virtual reality or VR contained in the title was also inputted, as some papers use the acronym VR in the title instead of the full phrase. Finally, in a third bar, four terms were specified to be in any field, performance, restoration, cognition and affect. All of these terms except affect were utilized with an asterisk in the search, such as cogni*, in order to get as many variations of the term as possible, such as cognition, cognitive, cognitively, etc. The exact search strategy and the inclusion/exclusion criteria can be seen in Table 1.

Table 1: Search strategy outline
	Databases searched: Academic Search Premier, DOAJ Directory of Open Access Journals, IngentaConnect Journals, Oxford Journals Open Access Collection, ProQuest Central, Pubmed Central Open Access, ScienceDirect Journals (5 years ago – present), Springer Nature OA Free Journals.

Search terms: TITLE CONTAINS nature OR eco AND TITLE CONTAINS virtual reality OR VR AND ANY FIELD CONTAINS perform* OR restor* OR cogni* OR affect

Inclusion criteria: Primary research, quantitative research, use of VRNT intervention showcasing nature scenery, main outcomes of affect and/or cognition/performance, general population, papers published in English, peer reviewed, full text online. 

Exclusion criteria: Qualitative research, vulnerable populations, secondary data, systematic reviews. 





2.3.2 Review Process	
Following the data extraction process (Fig. 1), the papers which focused on VRNT were downloaded to read the abstracts and confirm relevance. The inclusion criteria for the review included any form of VRNT delivery as one of the main interventions used in the study, specifically for improving affect and/or cognition/performance, for the student population. Only quantitative studies were included in the review, such as randomized controlled trials and experimental/quasi-experimental studies, to examine whether affect and cognition can be improved by viewing/being immersed in VRNT. Exclusions based on the sample size, specific country/area, or study length were not made. If the methodology was still unclear after reading the abstract, then the method section was read briefly to confirm the study fits the inclusion and exclusion criteria. The full review process, explaining reasons for inclusion and exclusion for every identified paper can be seen in Appendix A.
The papers that were selected were then fully read multiple times to fully understand the studies, and once more determine if they fit the inclusion criteria. In the end, all 12 papers remained in the review and were fully examined.

Figure 1. Data extraction process.

Note: this figure showcases the steps that were taken to find and extract the relevant literature from the systematic search. The numbers on the left showcase the number of papers that remained after the action described to the right was completed.


2.3.3 Quality Assessment of Studies
The 12 selected studies were read and examined thoroughly multiple times and finally evaluated using the Randomized Controlled Trial CASP checklist (Critical Appraisal Skills Programme, 2023). The list was used for all study designs included in the review, with the design being stated at the beginning of each checklist. The VRNT intervention, methodology, measures, outcomes and implications were noted and evaluated on each checklist. Final outcomes were then synthesized together and discussed using a narrative summary approach. Some of most important characteristics of each study in regard to the aims of the review can be seen in Table 2.


Table 2: Important study characteristics.
	[bookmark: _Hlk166343851]

Study
	
Sample Size
	
Age Range (years)
	

Affect/Cognition Measurements
	

VR Nature Mode of Delivery

	
Blum et al. (2019)
	

60
	

M:33.5
	Cognition Measures:
1.Cognitive Interference Questionnaire (CIQ)
2.Computerized Modified Stroop Task
	1. 3D-CG generated scene of a beach at sunset, alongside seaside soundscapes, through the use of HMD.

	Browning et al. (2020)
	
87 & 60

	
18-27
	Affect Measures:
1.PANAS

	1. 360o video of the same natural landscape as the control group, through HMD. 

	Chan et al. (2023) (Study 1)
	
30

	
M:20.5
	Affect Measures:
1.PANAS

	1. CG-VR generated natural and urban scenes, involving walking along a path. Using a HMD (HTC VIVE), on treadmill.

	Jung et al. (2023)
	
63
	
20-39
	Affect Measures:
1.PANAS

	1. CG-VR generated scenes of a hospital room. 3 versions, control with no nature, plant wall, and digital nature wall.

	Leger & Mekari (2022)
	
78

	
20-25
	Cognition Measures:
1.Trail Making Test Part B
2.Digit Span Test
	1. 5m 360o video of the same forest walk as used in outdoor condition. Using a HMD (Oculus), on treadmill

	Leung et al. (2022)
(Study 2)
	
80

	
18-39
	Affect Measures:
1.PANAS

	1. Two sessions of VR nature and VR urban. 360o videos. 6m total exposure to each. Used HMD for videos. 

	Litleskare et al. (2022)

	
60

	
M:30
	Affect Measures:
1.PAAS
	1. 360o video, CG-VR generated area, both displayed on HMD (HTC), while walking on treadmill. 

	O’Meara et al. (2020)
	
40

	
18-24
	Affect Measures: 1.PANAS
Cognitive Measures: Non-Verbal Reasoning Test.
	1. 4m 360o videos of either a rural pine forest or an urban area. Filmed using GoPro, presented on HMD (HTC).

	Reese et al. (2022)
	
50
	
M:24.2
	Affect Measures:
1.PANAS
	1. Physical forest walk, compared to 3D forest recreated from the physical forest, in a game engine.

	Rodriguez-Rodriguez et al. (2024
	
39
	
19-25
	Cognitive Tasks (PsyToolkit)
1.Flanker Task
2. Attentional Blink Task
	1. 4K Nature video of Ireland, showcasing aquatic and terrestrial scenery, including relaxing music. HMD Oculus Quest 2 used. 

	Wang et al. (2024)
	
62
	
18-25
	Affect Measures: BPOMS
Cognition: 4 Cognitive Index Tests 
	1. Forest Nature VR videos on ‘VR glasses’.
2. Water Nature VR videos on ‘VR glasses’.

	Yeo et al. (2020)
	
96
	
18-75

	Affect Measures:
SPANE
	      1.   360-VR video.
3. CG-VR interactive environment.
4. 2D High-Definition TV video.


Note: M = Mean Age of the entire sample.


2.4 Results
In total, 12 studies met the inclusion criteria for the review. The details regarding the selection of studies are presented in Figure 1. All 12 studies utilized VRNT, either for exploring the effects on affect or cognition/performance, either as part of the main design, or adjacent to the main design and goals. Chan et al. (2023) had two separate studies in the paper, and only study one was eligible, thus was included, without study two.
Study Characteristics. The samples of the 12 included studies ranged from 30-96, while the age of participants for the included studies ranged from 18-75. One study had participants aged 19-75, however the majority of the sample was younger, thus deemed eligible for the review, considering the relevance of the content (Yeo et al., 2020). One study had two sets of sample sizes (Browning et al., 2020), as not all participants had completed all the measures, therefore separate data sample sizes were generated for affect (87) and skin conductivity (60). Leung et al. (2022) had two separate studies, however the review mostly focused on study two, as it expanded on the findings of study one. 
Seven studies had more females compared to males in their final sample (Chan et al., 2023; Jung et al., 2023; Leung et al., 2022; O’Meara et al., 2020; Reese et al., 2022; Rodriguez-Rodriguez et al., 2024; Wang et al., 2024), while five studies had an equal split between the genders (Blum et al., 2019; Browning et al., 2020; Leger & Mekari, 2022;  Litleskare et al., 2022; Yeo et al., 2020).
Seven studies involved studying university or higher education student populations (Browning et al., 2020; Chan et al., 2023; Leger & Mekari, 2022; Leung et al., 2022; O’Meara et al., 2020; Rodriguez-Rodriguez et al., 2024; Wang et al., 2024), and two papers studied the general working population (Blum et al., 2020; Jung et al., 2023), while three studies had a mix of the general and student populations (Litleskare et al., 2022; Reese et al., 2022; Yeo et al., 2020). The countries of where the studies took place, and where participant recruitment took place include Canada, China, Germany, Norway, Singapore, South Korea, Spain, and the United Kingdom.
Characteristics of Virtual Reality Nature Therapy Interventions and Delivery. All of the included studies involved utilizing a form of VRNT for exploring the effects on affect/cognition, however each study varied in their delivery of VRNT. There was a multitude of different VRNT delivery types utilized, and a couple studies involved various forms of VRNT delivery alongside each other, either as separate conditions/groups, or as a control. Seven studies used Head Mounted Displays (HMD) in order to display 360o nature videos showcasing natural scenery (Browning et al., 2020; Leger & Mekari, 2022; Leung et al., 2022; Litleskare et al., 2022; O’Meara et al., 2020; Rodriguez-Rodriguez et al., 2024; Wang et al., 2024). Five studies utilized 3D CG generated VRNT, which recreated a natural environment through the use of programming an area and presented through the use of HMD (Blum et al., 2019; Chan et al., 2023; Jung et al., 2023; Litleskare et al., 2022; Reese et al., 2022). The 3D CG generated VRNT scenery could either be interactive, such as walking through the generated area, or interacting with objects in the area (Chan et al., 2023; Yeo et al., 2020; Litleskare et al., 2022; Reese et al., 2022) or simply used for viewing the artificially generated natural scene (Blum et al., 2019; Jung et al., 2023). Yeo et al. (2020) focused on comparing 360o videos, and CG-VR, and 2D TV delivery. 
Exposure times to the VRNT content also varied in each study. One study exposed participants for two minutes (Jung et al., 2023), one for four minutes (O’Meara et al., 2020), three for five minutes (Chan et al., 2023; Leger & Mekari, 2022; Yeo et al., 2020), three for six minutes (Browning et al., 2020; Leung et al., 2022; Reese et al., 2022), two for ten minutes (Blum et al., 2019; Litleskare et al., 2022), and two for twenty minutes (Rodriguez-Rodriguez et al., 2024; Wang et al., 2024). 
Methodology and Quality Assessment Full details for the quality assessment for the 12 studies are presented in Table 3. Nine studies had randomized participants into groups (Blum et al., 2019; Browning et al., 2020; Jung et al., 2023; Litleskare et al., 2022; O’Meara et al., 2020; Reese et al., 2022; Rodriguez-Rodriguez et al., 2024; Wang et al., 2024; Yeo et al., 2020), however only four studies reported the exact method in which they were randomized, such as block randomization, random number generator, etc (Blum et al., 2019; Browning et al., 2020; Litleskare et al., 2022; Yeo et al., 2020). Two of the studies had only one group (Chan et al., 2023; Leger & Mekari, 2022).
Eight of the studies were randomized controlled trials (Blum et al., 2019; Browning et al., 2020; Jung et al., 2023; Leung et al., 2022; Litleskare et al., 2022; Rodriguez-Rodriguez et al., 2024; Wang et al., 2024; Yeo et al., 2020), while two of the studies were experimental (O’Meara et al., 2020; Reese et al., 2022), and two were quasi-experimental (Chan et al., 2023; Leger & Mekari, 2022). Of the randomized controlled trials, two had randomized participants into an intervention group and control group (Blum et al., 2019; Leung et al., 2022), while six of the studies had two intervention groups along with a control group (Browning et al., 2020; Jung et al., 2023; Litleskare et al., 2022; Rodriguez-Rodriguez et al., 2024; Wang et al., 2024; Yeo et al., 2020). The entire quality assessment procedure with CASP checklists can be seen in Appendix B.





Table 3: Methodology and Quality Assessment of Selected Studies
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Study
	

Design
	Groups Similar at Baseline?
	Participants Blinded to Intervention Given?
	Investigators Blinded to Intervention Given?
	Outcome Analysist/Assessor Blinded?
	Intent-to-Treat Analysis?

	Blum et al., 2019

	
RCT
	

	

	
   
	
   
	




	Browning et al., 2020

	
RCT
	
  
	
?
	

   ?
	

   
	




	Chan et al., 2023

	
QEX

	
     N/A
	
          N/A
	
   N/A

	
  
	


	Jung et al., 2023

	
RCT

	
     ?
	

	
   

	
  ?
	



	Leger & Mekari, 2022
	
QEX
	
  N/A
	
N/A
	
   N/A
	
  
	
         

	Leung et al., 2022

	
RCT
	
  

	
?
	
?   
	
?   
	




	Litleskare et al., 2022

	
RCT
	
?  
	

	


	
?  

	
?  

	O’Meara et al., 2020

	
EX
	

	
?  
	


	
?  
	
        ?

	Reese et al., 2022

	
EX
	
?
	

	

	
?
	
        

	Rodriguez-Rodriguez et al., 2024
	
RCT
	
?
	

	

	
?
	
     

	Wang et al., 2024

	
RCT
	

	

	
?
	
?
	
     

	Yeo et al., 2020

	
RCT
	

	
?
	

	
?
	
     


Note: RCT = Randomized Controlled Trial; EX = Experimental; QEX = Quasi-Experimental;  = Yes;  = No; ? = Can’t tell; N/A = Non-applicable.

Effects of Virtual Nature Therapy on Affect. Nine of the included studies involved self-reported outcomes and effects of VRNT on affect (Browning et al., 2020; Chan et al., 2023; Jung et al., 2023; Leung et al., 2022; Litleskare et al., 2022; O’Meara et al., 2020; Reese et al., 2022; Wang et al., 2024; Yeo et al., 2020). As for the affect measurements utilized, all studies used either the PANAS (Watson et al., 1988), the PAAS (Lox et al., 2000), the SPANE (Diener et al., 2010), or the BPOMS (Shacham, 1983), Six of the studies used the PANAS (Browning et al., 2020; Chan et al., 2023; Jung et al., 2023; Leung et al., 2022; O’Meara et al., 2020; Reese et al., 2022), one utilized the PAAS (Litleskare et al., 2022), while one utilized the SPANE (Yeo et al., 2020), while one study utilized the BPOMS (Wang et al., 2024), and found no significant differences between groups.
Effects of Virtual Nature Therapy on Positive Affect. Four of the studies found a significant increase in positive affect (PA) as a result of VRNT (Jung et al., 2023; Leung et al., 2022; Reese et al., 2022; Yeo et al., 2020), while four of the studies found no difference in PA (Browning et al., 2020; Chan et al., 2023; Litleskare et al., 2022; O’Meara et al., 2020). 
Effects of Virtual Nature Therapy on Negative Affect. Five of the studies found significant decreases in negative affect (NA) as a result of VRNT (Browning et al., 2020; Chan et al., 2023; Leung et al., 2022; O’Meara et al., 2020; Reese et al., 2022), while one indicated slight decreases in NA (Jung et al., 2023), and two found no difference in NA (Litleskare et al., 2022; Yeo et al., 2020).
Effects of Virtual Reality Nature Therapy on Affect. Overall, results on affect outcomes were mixed across each paper. Browning et al. (2020) saw no change in PA in the VRNT group compared to the outdoor and indoor control group (p = 0.78), although both the nature conditions were statistically significant for PA (p = <0.001), while indoor control decreased PA, meanwhile all three groups saw significant decreases in NA, including VRNT (p = 0.030), suggesting that overall both physical nature and VRNT is effective for maintaining PA. 
Chan et al. (2023) had one group taking part in both the nature and urban VR conditions and found that PA had no change in VRNT condition (p = 0.44), although VRNT did significantly decrease NA (p = 0.01), while urban scenery reduced positive affect significantly, suggesting that VRNT is more effective for reducing NA and maintaining PA compared to urban VR scenery. 
Jung et al. (2023) had one control group of the CG-VR generated hospital room, and two intervention groups of the same room, but with a plant wall or a digital nature wall. NA was found to be decreased after the plant and nature wall conditions compared to baseline (p = 0.05), and after control room (p = 0.05), meanwhile PA was found to be significantly increased after the plant and nature wall conditions compared to the no nature control (p = 0.01), overall suggesting that the addition of plant walls in a room can reduce NA, while adding a nature wall, such as even a window with a view of greenery, can significantly improve PA. 
Leung et al. (2022) carried out two studies. The first study found a significant decrease in NA, however no change in PA. Study two expanded on the first, involving an urban VR control group. The study found that, in the VRNT group, compared to the control, PA was significantly increased (p = 0.05), however NA had a far greater statistically significant reduction compared to PA increase (p = 0.01), suggesting that although both PA and NA can be improved by VRNT, it appears to be far more effective for reducing NA. Although, it must be noted that the control group also saw significant decreases in NA, possibly suggesting that confounding variables were at play.
Litleskare et al. (2022) consisted of three groups, 360o video, CG-VR, who both viewed the same scene of walking along a river, and a control, all of whom walked on a treadmill for ten minutes. A significant effect of time was found for both PA and NA (p = 0.001). However, no time by condition was found for any aspects of affect (PA: p = 0.102; NA: p = 0.255), suggesting that the beneficial affect changes may have been due more to the physical activity from the treadmill, rather than VRNT. 
O’Meara et al. (2020) had two conditions and two groups. For PA, no significant effects were found in condition (p = 0.07), meanwhile for NA, participants in the high anxiety VRNT group saw significant reduction in NA after intervention (p = 0.02), suggesting that only those with high anxiety had improvement in NA due to VRNT, reinforcing past findings of a connection between text anxiety and NA. 
Reese et al. (2022) consisted of two groups, one physical forest walk, and one CG-VR generated of the same forest. Both groups were found to have significantly reduced PA (p = 0.01), and NA (p = 0.01), suggesting that both physical and VRNT can significantly improve affect. 
Wang et al. (2024) consisted of three intervention groups (two VRNT groups, water and forest), and one control group, and used the BPOMS for measuring affect, which does not measure PA and NA like other affect measures. The outcomes for the BPOMS showcased no differences between groups, besides a significant anger value in the control group, suggesting that VR may simply stabilize affect, rather than changing it. 
Yeo et al. (2020) consisted of two intervention groups (360 and CG-VR) and a 2D TV control group. There was no changes in NA between the groups (p = 0.253), however NA was significantly reduced across all three groups (p = 0.001), meanwhile all three conditions significantly increased PA (p = 0.001), but CG-VR increased PA statistically more significantly compared to both the control (p = 0.015) and 360 groups (p = 0.017), suggesting that while VR may be slightly more effective at improving PA, all three forms of delivery improve affect at roughly the same effectiveness. 
Effects of Virtual Reality Nature Therapy on Cognition/Performance. Five of the studies involved outcomes and effects of VRNT on cognition/performance (Blum et al., 2019; Leger & Mekari, 2022; O’Meara et al., 2020; Rodriguez-Rodriguez et al., 2024; Wang et al., 2024). Three of the studies showcased significant increases in cognition/performance (Blum et al., 2019; Leger & Mekari, 2022; Wang et al., 2024), while two of the studies indicated slight or no increases in cognition/performance (O’Meara et al., 2020; Rodriguez-Rodriguez et al., 2024). 
Blum et al. (2019) specifically measured mind wandering, which is an aspect of attention, through the use of the Cognitive Interference Questionnaire (CIQ; Sarason et al., 1986), as well as through a modified Stroop Task. Mind wandering was shown to be decreased in the VRNT group compared to control (Task related: p = 0.024; Task irrelevant: p = 0.013), whereas on the Stroop task, the groups didn’t necessarily differ in most of the test as both groups improved in accuracy and reaction times, however there was a significant Time x Condition effect (p = 0.005), overall suggesting that the VRNT group had faster reaction times, indicating more attentional recovery because of VRNT.  
Leger and Mekari (2022) had a one-group pre-post test setup, where all participants did both the outdoor and VR nature walk conditions, and measured cognition through the Trail Making Test Part B (TMT; Arbuthnott & Frank, 2000), and the Forwards/Backwards Digit Span Test (Weschler, 1981, as cited in, Leger & Mekari, 2022). Although no difference was found between the two conditions, both conditions significantly improved the times on the TMT (p = 0.01), as well as the scores on the Digit Span Test (p = 0.01), suggesting that no matter the form of delivery, both real and VR nature equally improve cognition/performance.
O’Meara et al. (2020) involved a brief non-verbal reasoning test alongside affect measures, however found no significant improvements as a result of VRNT (p = 0.83), nor between anxiety groups and conditions (p = 0.26), suggesting that perhaps the test may have been too easy, or too different from the usual tests these students would usually take, and changes in NA may not have been correlated to the test scores. 
Rodriguez-Rodriguez et al. (2024) consisted of two intervention groups (VR Game, VRNT), and a control, as well as two cognitive tasks. For the flanker test, no significant improvement was found between groups (p = 0.853), and likewise on the attentional blink test, no significant improvement was found between groups (p = 0.077), although there were no significant group differences, both interventions improved scores equally, suggesting that VRNT is just as effective for improving certain aspects of attention and cognition as VR games. 
Wang et al. (2024) involved three intervention groups (two VR), and one control group, and four cognitive index tests. Significant improvements for VR were found in both the 2-back task for the forest group (p = 0.001), and Stroop task accuracy post-test for the water group (p = 0.020), suggesting that both the forest and water VR groups can significantly improve differing aspects of cognition, as effectively as a working memory training group. 

2.5 Discussion
	The purpose of this review was to systematically examine and summarise the evidence surrounding the effectiveness of VRNT interventions for improving affect and cognition/performance for the general student population. 
Overall, out of the twelve included papers, results on the effectiveness of VRNT have been mixed. When it comes to affect, the outcomes for effectiveness on increasing positive affect (PA) were mixed, out of the eight papers, half found significant increases, while half found no changes to PA. The outcomes for negative affect (NA) were mostly positive, with six out of the eight papers showcasing significant or slight decreases in NA, while two found no decreases or changes in NA. 
Litleskare et al. (2022) demonstrated that affect improved across both the VRNT and control conditions, suggesting that physical activity from the treadmill may have been the variable which improved affect. Though on the other hand, Reese et al. (2022) found that both the physical and VR nature group improved affect at the same rate, regardless of sitting or walking, suggesting that physical activity is not the mediating variable for affect in this situation, and that simply being out in nature of any kind, whether it be physical or virtual, is enough to elicit beneficial affect improvements. 
Furthermore, majority of the papers in the review which involved a real outdoor nature control compared to a VRNT condition found there were mostly no differences found, suggesting that both real and virtual nature are equally effective for improving affect/cognition, further reinforcing that simply being immersed in any form of nature is enough for beneficial outcomes. As shown by Jung et al. (2023), even small additions of nature into rooms can improve affect, and this benefit can be even more pronounced when rooms have outside views of nature, and this can likely be the case for urban areas as well. 
Out of the included papers, those which looked at urban area scenery compared to natural scenery, most of the outcomes for these studies showcased that while most of the time urban scenery has no change on affect, in some cases it can even reduce PA, as showcased in Chan et al. (2023), where urban scenery significantly reduced PA, suggesting that absence of nature in urban environments can have a negative impact on affect.
There were also multiple papers investigating the differences between different types of natural scenery, such as forest and water nature in VR (Wang et al., 2024; Rodriguez-Rodriguez et al. (2024), and showed no differences between different natural scenery types, once more reinforcing that any form of nature can result in beneficial outcomes, further shown by Yeo et al. (2020), which showed similar increases in affect, as well as increases in nature connectedness from only water nature interventions. Although Yeo et al. (2020) saw greater improvements to PA from water VRNT, this finding was partially mediated by presence and nature connectedness variables, suggesting that the increases in PA across all three conditions could be due to the novelty of the water coral reef environment, although both Wang et al. (2024) and Rodriguez-Rodriguez et al. (2024), who used both forest and water VR scenery, did not find big differences between those two, suggesting it may not be the novelty of water VR. It is important to note that the CG-VR interactive condition had the highest improvements in PA, which could very well be due to the novelty of interactivity with the environment in CG-VR. 
It is possible that, as the results of Browning et al. 2020 and Yeo et al., 2020 suggested, being metaphorically ‘sealed in’ to VR nature through a HMD, it may give access to a greater opportunity to escape thoughts and demands for a brief period of time, thus reduce negative affect and speed up the attentional recovery process, as well as provide a more complete attention recovery process. Although, it is also important to note that the bulkiness of HMD equipment can also have a negative effect on affect scores, as in some cases participants may feel the uncomfortable bulkiness of the equipment to outweigh the immersive benefits of the equipment, as hypothesised based on the affect outcomes of Yeo et al. (2024). 
When it comes to cognition/performance outcomes, these were also mixed. Three of the papers examining cognition found significant improvements, while two found no improvements. It appears that VRNT can mostly recover various aspects of attention, when compared to conditions with no VRNT, and this recovery can be just as effective for improving cognition/performance and attention as outdoor nature walks, and just like with affect, it appears that various types of nature, like forest/water nature, can improve cognition with equal effectiveness. 
There is some bias in some of the papers which must be acknowledged when it comes to measuring cognition. In Blum et al., (2019), there was a strong indication of a learning effect carried over from the first to the second Stroop task, as participants got more familiar with the task in the pre-test, which can be the case for many pre to post-test study designs utilizing cognitive tests. Likewise, the improved accuracy on cognitive tests in Rodriguez-Rodriguez et al. (2024) may have also been due to a learning effect, and on top of that, the cognitive tests may not have been demanding enough due to the lack of significant differences between the congruent and incongruent trials in the Flanker task, or possibly due to a ceiling effect.
It is also important to note that many of the studies involved participants who never used VR before, possibly creating a halo effect between conditions, as the fascination of a novel technology like VR could make participants more receptive and positive about the VR conditions, although this is not a problem in all papers included in the review, as some did not utilize non-VR conditions. 
As for the duration of exposure to VRNT, the majority of studies exposed participants to VRNT for roughly five to six minutes and showing that this duration is enough to elicit positive changes in affect and cognition/performance. It appears that this duration is the most appropriate when carrying out VRNT research, as too long could result in boredom, while too short could result in not eliciting any changes. 
2.5.1 Limitations
It is important to highlight that, although the current review specifically explored the outcomes of VRNT on affect and cognition/performance, in quite a few of the papers, affect was a secondary outcome rather than the main outcome, and in some cases was explored as a mediating variable, thus only looking at the outcomes for affect/cognition in this review could be seen as a limitation of the review, as it may not be taking the entire picture into account. Another limitation could be the methodological quality of some of the papers included in the review. Most of the RCT papers included did not do a lot of blinding, making them less methodologically sound. Out of the RCT papers, only Blum et al. (2019) and Litleskare et al. (2022) blinded their participants and investigators to the intervention being administered, which highlights the lack of methodological quality in the majority of the RCT papers included in the review, most of which can be seen in Table 3 as well as Appendix B for the CASP checklists.
Another possible limitation of the review which must be acknowledged is that it was carried out by only one individual for a postgraduate master’s dissertation paper, thus introducing a possibility of research bias, as this was an individual undertaking. However, it must also be acknowledged that the author has experience in writing both literature reviews and systematic reviews from past work and also carried out the review under the supervision of a doctoral-level psychologist.

2.5.2 Conclusions & Recommendations
In general, compared to the effects of VRNT on affect, the research on the effects of VRNT on cognition is far less common. To put into greater context, out of the 62 identified papers in the systematic search, which attempted to obtain as much relevant papers to the topic as possible, from some of the largest research databases, only 12 were considered eligible based on the inclusion criteria, and only five of these papers explored the effects of VRNT on cognition, and less yet, only two of the papers (O’Meara et al., 2020; Wang et al., 2024) explored both affect and cognition alongside each other, highlighting the significant lack of research for this specific subset of VRNT research. Although O’Meara et al. (2020) technically explored test scores, it did not really use any official cognitive tests which gave a clear quantitative outcome unlike Wang et al. (2024), which utilized cognitive index tests, providing clear quantitative data. The results between these two studies slightly differed, as both showed little to no changes in affect, however while O’Meara et al. (2020) found no improvements in cognition, Wang et al. (2024) found significant improvements in cognition across multiple tests, which may be due to the more robust nature of the cognitive tests used. Thus, more research investigating the possible links between both affect and cognition as a result of VRNT is warranted and should provide a larger body of literature to determine whether the two variables may be connected or even mediate one another. Furthermore, considering that affect and cognition are both aspects that can predict student academic performance (O’Meara et al., 2022), it would be worthwhile to investigate this connection, and whether VRNT can be effective for improving student academic performance. 
Finally, when it comes to the gaps in the literature, which can be seen based on the included studies in this review, there appears to be a lack of longitudinal research, especially such as ecological momentary assessments (EMA), which can provide greater ecological validity to longitudinal data by obtaining multiple timepoints of data from participants throughout their day, when they are no longer in the designated research area for the initial study. 
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3.1 Abstract
Background: The potential of virtual reality nature therapy for improving various aspects of wellbeing has been widely documented, such as improving mood, connectedness to nature, and lowering stress. Considering that virtual reality nature has the potential to restore attentional and cognitive resources, the possibility for improving academic student performance is explored.
Aims: This study aimed to examine whether a brief six-minute dose of virtual reality nature therapy, delivered in the form of a 360o nature video, could improve cognition and affect in a student population. 
Methods: Thirty-one participants were recruited via online advertisement to take part in a lab-based study at the university psychology labs, consisting of an affect questionnaire (PANAS), two cognitive tests, the Digit Span test and the Trail-Making Test, followed by watching a 360o VR nature video, and then repeated the questionnaire and tests once more. Paired samples t-tests were carried out for each dependent variable.
Results: It was found that while positive affect significantly increased, and negative affect significantly decreased after viewing the VR nature, the outcomes on cognition were not significant. In fact, both cognitive tests saw slightly worse performance overall post-test, with slightly longer time taken, and less correct trials recalled. 
Conclusions: While this form of delivering VR nature therapy can still be an effective way for students to improve affect, it appears that for certain cognitive tasks, and in turn certain academic tasks, VR nature may not be as effective in improving performance. Further implications, limitations and future direction are discussed within.

3.2 Introduction
	Within the past decade, research on the potential of virtual reality (VR) for improving psychological health has been growing exponentially, specifically when it comes to using VR for delivering interventions, such as nature therapy, which is based on the idea that exposure to natural environments, such as forests, can improve health and wellbeing (Kotera et al., 2022). In research, nature therapy can also be referred to as a multitude of other terms, such as eco-therapy, green therapy, nature-based therapy, which all generally refer to utilizing nature as an intervention to improve wellbeing, which can include benefits such as improved immune system function (Song et al., 2016), and decreased depressive symptoms (Son et al., 2004), among other health benefits. 
	The attention restoration theory proposes that nature therapy can also have beneficial psychological restorative effects, such as improving mood/affect and restoring attentional/cognitive resources through being present in and/or observing natural scenery (ART; Kaplan & Kaplan, 1989). The theory posits that the observer can restore their attention through the environment, as it can elicit a feeling of ‘being away’ from daily routines, and give space to breathe, so to speak, thus resulting in a sense of clear mindedness (Kaplan, 1995). 
When it comes to being out in a natural environment physically, compared to virtual reality nature therapy (VRNT), research generally shows that VRNT, which will be the main term used throughout the paper, can induce nearly equivalent psychological and physiological benefits to real nature (Browning et al., 2020; Leger & Mekari, 2022; Reese et al., 2022), suggesting that both forms of delivery can be equally efficient in improving wellbeing. 
Furthermore, recent research into VRNT has extensively explored the differences between forms of delivery (Li et al., 2021b), such as urban environments compared to natural environments, with the general trends suggesting that urban areas are less beneficial than environments with natural elements (Chan et al., 2023). Differences between various natural environments themselves has also been explored, such as ‘green nature’, such as forests, compared to ‘blue nature’, such as lakes, beaches, and underwater coral reefs. Only one recent study has explored whether there are differences between these two conditions, finding no differences between the two on adherence, preference, willingness, or on emotion or cognition, suggesting both can be equally beneficial for wellbeing (Wang et al., 2024).   
Computer generated (CG) VRNT is another form of delivery that has been explored in various ways, such as comparing CG-VRNT to 360o nature videos (Litleskare et al., 2022; Yeo et al., 2020), and even recreating natural environments, such as a physical forest trail (Reese et al., 2022), or a simulated beach environment (Blum et al., 2019). One study utilized CG-VR to create various versions of a hospital room, with varying amounts of nature in each version, with outcomes generally showing that the more nature in the hospital room, the greater the positive benefits (Jung et al., 2023). 
One study even compared CG-VR generated scenes of natural and urban landscapes to examine whether stress responses and affect would be improved, finding that both conditions improved affect and reduced stress (Chan et al., 2023), while one study compared six minute 360o VR videos of urban and natural scenes, to see if nature videos would improve connectedness to nature (CN) and affect, finding that while nature videos, compared to urban videos, improved CN to a greater extent, positive affect was improved slightly, while negative affect was significantly reduced (Leung et al., 2022), suggesting that nature is more effective at improving mood than urban scenes. 
	 Exposure times to VRNT within research vary anywhere from two minutes to twenty minutes, however majority of research suggests that around five minutes of exposure to nature is enough to actuate positive effects, and majority of VRNT research employs 5–6-minute VRNT doses, suggesting it is the most appropriate exposure time to bring about positive changes while avoiding boredom for participants.
Due to the portable nature of the VR equipment, such as the head-mounted displays (HMD), like the Oculus Rift, the majority of VRNT research has focused on examining vulnerable populations, such as, for example, the older population, who can often have mobility issues (Van Houwelingen-Snippe et al., 2021), or those with chronic pain, (Smith et al., 2025), or even those with mild-to-moderate anxiety/depression (Li et al., 2021a).
When it comes to the effects of VRNT on improving cognition/performance, outside of exploring the effectiveness for, once again, vulnerable populations with cognitive difficulties, such as the elderly (Oliveira et al., 2016; Sadowski & Khoury, 2022), the research for general population, such as students, is incredibly limited, with only a handful of studies examining cognitive effects of VRNT on the general population, with the majority of these studies showcasing significant increases in cognition (Blum et al., 2019; Leger & Mekari, 2022; Wang et al., 2024), while some showcased slight to no changes in cognition (O’Meara et al., 2020; Rodriguez-Rodriguez et al., 2024).
	Due to the increasing cost of living in the UK, student anxiety has been on the rise, as many students may need to take on additional work on top of studying in order to make ends meet, and data from the Office of National Statistics showcases that around 78% of students are concerned that this may affect how well they do in their studies (Johnston & Westwood, 2023). Considering this reality, and how much mental fatigue can come from these stresses accumulating for university students, the potential of VRNT for improving cognitive clarity and mood/affect for this group, which can often be overlooked, is worth exploring. 
Research into the effects of nature on academic performance, for example, has been examined in a handful of papers, showing mixed results. A literature review by Browning and Rigolon (2019) examined 13 papers, and out of the 122 findings, only 28% showed significant positive changes as a result of nature, while 64% were nonsignificant. The positive benefits in performance were found in the studies which exclusively involved trees near schools, and window views with nature, while negative or null findings were mostly found in conditions with agricultural, grass and shrub covers, and where the distance of nature was further away from the schools (3000m or more), suggesting that trees have some of the best positive outcomes when it comes to academic performance. Although positive changes are not as common, it could be due to the fact that majority of this research was observational, and not methodologically robust, while only one study was experimental and suggested a cause-and-effect relationship between nature and academic performance, encouraging further research into the topic. 
Since research suggests that VR nature can be as effective as real nature, it is worthwhile to examine whether VR could be an effective mode of delivery for improving academic performance, and out of the existing research on VRNT, only O’Meara et al. (2020) examined VRNT in the context of academic performance, specifically student test anxiety. The study examined whether VRNT could improve affect, considering that negative affect is associated with test anxiety and academic performance (Chin et al., 2017). Cognitive performance was also examined to an extent in this study, although no significant effect was found as a result of the VRNT intervention. It is also important to note that the test administered was not methodologically robust enough to be able to determine any significant improvements in academic performance, considering that the authors explained that the test may not have adequately simulated a ‘real’ exam scenario (O’Meara et al., 2020). 
Therefore, the goal of the present research is to expand on the knowledge base of utilizing VRNT for improving affect and cognition/performance through a six-minute 360o VR nature video, with the possibility of creating an intervention which students could use, for example during breaks between lectures, to improve their performance for the remainder of the day. The aims of the current research are to a) contribute to the literature exploring the effects of VRNT on cognition/performance and b) investigate the extent to which VRNT can improve affect after brief exposure to VRNT, and it is hypothesized that cognitive scores will improve after the intervention, while positive affect will increase and negative affect will decrease, based on previous literature. In order to explore the effectiveness of VRNT for improving cognition and affect, running paired samples t-tests for each dependent variable will be the chosen method of analysis.
3.3 Method
3.3.1 Participants
	The sample for this study consisted of 31 participants who were recruited through the University of Wales Trinity Saint David’s Experimental Management System (EMS), which consisted of the description and requirements for the study, to which participants could freely sign up for available time slots. The only requirement was normal-to-corrected vision. The gender split was 22 females, 9 males, with an age range of 18-59 (M: 29.90; SD: 11.50). 

3.3.2 Design
	The study was a quasi-experimental, within-subjects, one group pre-test post-test design, wherein participants were asked to complete an affect measure and two cognitive tests before and after the VRNT intervention, as well as providing some demographic information about their age and gender. 
In order to test the main hypothesis, paired samples t-tests were carried out for each dependent variable on the dataset obtained, using the Statistical Product and Service Solutions (SPSS, IBM), to examine if VRNT improved affect and/or cognition. Given the previous literature, it is hypothesized that a) the VRNT intervention will slightly or significantly improve cognition, and b) the intervention will increase positive affect and reduce negative affect. 



3.3.3 Materials
All the data for this study was collected in the UWTSD Swansea Waterfront Psychology Labs, and majority of the data was collected through the Qualtrics survey system, displayed on a designated laboratory laptop, while one cognitive test was carried out on paper. 
The affect measure utilized was the Positive and Negative Affect Scale (PANAS; Watson et al., 1988), which provides insights into an individual’s emotional state by assessing the frequency and intensity of specific positive and negative emotions, featuring 20 items, 10 positive affect items (interested, excited, strong, etc), and 10 negative affect items (distressed, upset, guilty, etc.), scored on a 1-5 Likert scale, with 1 indicating ‘very slightly or not at all’, and 5 indicating ‘extremely’ (Appendix D). 
The two cognitive tests utilized for the study were the Digit Span Forward and Backwards Test (Weschler, 1981) and the Trail-Making Test Part B (TMT; Arbuthnott & Frank, 2000). Both of these tests were inspired by one of the papers from the literature review, Leger and Mekari 2022, considering that out of all the research exploring VRNT in relation to cognition, it appeared as the most robust and appropriate cognitive test to employ for the current study in terms of duration and the different aspects of cognition measured, such as working memory and short-term memory with the Digit Span, and cognitive flexibility and executive function with the TMT. 
The Digit Span test was incorporated into the Qualtrics survey, following the instructions outlined by Weschler, 1981, as cited in Leger and Mekari, 2022. Individual audio clips of number string series’ were recorded using the Audacity software available on the lab computers, starting from two number long series, ending in nine number long series, with two different number strings in each series (e.g., 53 and 61, 792 and 813, 1873 and 4861, etc.), with different numbers for both the forward and backwards test, and pre-test and post-test Digit Span tests (Appendix E). The forward section required participants to write the number string they heard back down in the same order, while the backwards section required participants to write the number they heard back down, but in backwards order. The final score for each participant on the forward and backwards tests is measured as the number of individual trials correctly recalled, which are then added together as the final score for the test. 
 However, although the instructions for the Digit Span test state that the test ends only after two wrong answers, a problem was discovered far into the study development cycle, to where Qualtrics could not code the Digit Span test correctly. Therefore, the test had to be adapted from the original due to the limitations of Qualtrics. Therefore, to try and mitigate this to still be able to collect some data, a pilot test was run to test two different types of the Digit Span test, adapted for the current study. As a result of the pilot test, the adaptation involved the conditions for when the test ended, where in the original the test ends after two wrong recalls, while in the current study the testing ended after one wrong recall.
The Trail-Making Test Part B was implemented in the current study following the instructions of Arbuthnott and Frank (2000), as cited in Leger and Mekari (2022). The test consisted of 24 circled targets, with numbers from 1-12 and letters from A-L. The test begins with participants holding a blue pen at the circled number 1 and creating a trail to the next target in ascending order, while alternating between number and letter (e.g., 1-A-2-B-3-C). The participants were instructed to complete the test as fast as they could. Participants were asked for permission to be timed by the researcher and also informed that the researcher will point out any mistakes made, and allow for correction, which would be included in the final completion time, measured in seconds. Two versions of the test were created for both the pre-test and post-test (Appendix F). 
An appropriate VR 360o Nature video was identified on YouTube, with the six-minute exposure time criteria in mind. The video which was found to be the most appropriate for the purposes of this study was roughly six minutes not counting the credits, and featured a wide range of natural landscapes, such as forest waterfalls, lakes, beaches, canyons, and more (ECOVR, 2017). Each participant was assisted with equipping and adjusting the VR headset for optimal comfort, and once confirmed that the video was playing, was left to enjoy the video in the closed lab room. 

3.3.4 Procedure
This study was undertaken following a research proposal submitted to the research supervisor for confirmation of initial study idea being appropriate (Appendix H). The ethical considerations for the research were considered extensively, and ethical approval was given to conduct the study from the UWTSD ethics panel in November of 2024. Please refer to Appendix I for the ethics application form submission. 
Following ethical approval, the study creation process was initiated with a co-supervisor for creating the study design in the labs. Upon identifying the problem with the Digit Span test, a pilot test was carried out, and undergraduate students took part in exchange for a course credit. Six students completed the pilot test, which consisted of two versions of the digit span test presentation, one with skip logic and one without, and based on the outcomes of the pilot, it was determined that including skip logic was more appropriate, not only because errors on the first number string were unlikely, but also to reduce the tedium and completion time for the overall study, as well as deciding to hide the play button for the number strings and make them play automatically, as some participants played the audio clip and were writing down each number ahead of the recording finishing fully, causing them to get every trial correct.
Before commencing data collection, one more pilot test was carried out for the entire study with 3 participants. Only a couple writing errors and misplaced text were discovered as a result of this pilot test, as well as the fact that one of the participants did not see the instructions to call the researcher back in to complete the TMT and watch the 360o VRNT video and had moved on to the post-test PANAS and digit-span straight away, which was mitigated by making the instruction text bigger, bold and underlined, which pushed the forward button down the page enough to require scrolling, thus making it less likely for participants to ignore this instruction page. After correcting the mistakes and making some instructions stand out more, it was decided that the study was ready to proceed. Data collection commenced on January 25th, 2025, and concluded on February 28th, 2025. 
The study protocol consisted of the following steps: The study was set up and supervised through the Qualtrics dashboard, and each new participant had a brand-new survey ready to go before entering the lab, through the use of the anonymous link, which lead to the survey landing page, showcasing the information sheet (Appendix C). Prior to beginning the survey, participants read the information sheet, which explained the main aspects of the study, including the purpose, the measures and tests involved, and what will happen with the results of the study. Following the information sheet, participants then move on to provide informed consent, through clicking a tick box and submitting with the blue button to confirm response. 
Following consent, participants were asked to provide basic demographic information regarding their age and gender, after which they went on to complete the PANAS (Watson et al., 1988). After completing the PANAS, participants moved on to completing two cognitive tests, first the Digit Span Forward and Backwards Test (Weschler, 1981). Prior to the real test, participants completed a practice session before both the forward and backwards tests, explaining the instructions clearly and providing three test runs to allow participants to accustomed to the test prior to the real data collection. After completing the pre-test Digit Span test, participants called the researcher back into the lab room to complete the TMT (Arbuthnott & Frank, 2000). 
Following the completion of both the cognitive tests, participants were given the VR HMD, the Oculus Quest 2, which was preloaded with the six-minute VR 360o Nature video. After watching the VR video intervention, the PANAS was repeated once more for post-test, followed by the post-test versions of both the Digit Span Forward and Backwards tests and the TMT, following which, participants were thanked for participating in the study, provided with the debrief sheet containing the purpose of the study, and the researcher and research supervisor’s contact information (Appendix G), and reminded of their right to withdraw their data at any time. 
After concluding the data collection period, the data was exported to Excel to be screened and cleaned, then exported once more to SPSS on March 3rd, 2025. The dataset was screened for outliers, of which a few were identified, but were deemed to be natural variations, and remained in the final data. The raw and cleaned data, as well as the main SPSS outcomes can be seen in Appendix H.




3.4 Results
3.4.1 Paired Samples T-Tests.
Table 4: Means and Standard Deviations of Variables Pre and Post test.
	



	
Positive Affect

	
Negative Affect
	
Trail-Making Test (s)
	
Digit-Span Test

	

	
Mean

	
SD
	
Mean
	
SD
	
Mean
	
SD
	
Mean
	
SD

	
Pre-Test

	
27.90

	
6.99
	
14.06
	
3.28
	
50.46
	
14.03
	
15.26
	
4.93

	
Post-Test

	
31.29**

	
8.83
	
11.10***
	
2.18
	
50.85
	
17.26
	
14.03
	
6.00


Note: s = seconds; SD = Standard Deviation; * = p < 0.05; ** = p < 0.01; *** = p <0.001.

Upon completing normality tests on the data, a couple of outliers were found in both the Digit Span and the TMT, however all of these results were deemed as natural variations rather than errors, therefore remained for the final analysis of the data. 	
Mean scores of the entire group were calculated for each of the four dependent variables, measured pre and post VRNT intervention, in order to evaluate whether, as hypothesised, VR nature could improve positive affect, reduce negative affect, and improve scores in the Digit Span Test and the TMT. 
	A paired samples t-test was conducted to explore the effects of a VRNT intervention on positive affect. The results revealed a statistically significant increase in positive affect after the intervention (M = 31.29, SD = 8.83) compared to before the intervention (M = 27.90, SD = 6.99), t (30) = -2.80, p < .01.
	A paired samples t-test was conducted to explore the effects of a VRNT intervention on negative affect. The results revealed a highly statistically significant decrease in negative affect after the intervention (M = 11.10, SD 2.18) compared to before the intervention (M = 14.06, SD = 3.28), t (30) = 5.86, p < .001. The baseline pre-test negative affect mean score was 14 for the group, which in the context of PANAS was already considered a low negative affect, and it can be seen that after the VRNT intervention, negative affect was further reduced by another three points down to 11, suggesting that while negative affect was already very low for the group at baseline, the intervention served to reduce it even further,
A paired samples t-test was conducted to explore the effects of a VRNT intervention on Digit Span Test final scores. The results revealed no significant difference in Digit Span scores, and in fact showcased overall lower score after the intervention (M = 14.03, SD 6.00) compared to before the intervention (M = 15.26, SD = 4.93), t (30) = 1.10, p = 0.28. The mean number of correct trials at baseline for the entire group was 15 average correct trials, while post-test this average reduced by one, down to a mean score of 14.
[bookmark: _Hlk193304993]A paired samples t-test was conducted to explore the effects of a VRNT intervention on TMT time scores. The results revealed no significant difference in TMT time scores and showcased overall longer time taken to complete the test after the intervention (M = 50.85, SD 17.26) compared to before the intervention (M = 50.46, SD = 14.03), t (30) = -0.18, p = 0.86. 




3.5 Discussion
3.5.1 Main Findings
This study aimed to explore whether a brief six-minute dose of a VRNT intervention, delivered in the form of a 360o YouTube video, could improve affect and cognition and/or performance, potentially improving student academic performance, and in turn reducing academic stress for the student population. It was hypothesized, based off past literature, that a six-minute exposure time to VR nature would be sufficient to elicit positive changes in affect and cognition. As hypothesised, positive affect had significantly increased, while negative affect had significantly decreased post-test. 
In line with previous literature (Jung et al., 2023; Leung et al., 2022; Reese et al., 2022; Yeo et al., 2020), positive affect was improved for the group overall. To put into context, when looking at the mean score of positive affect pre and post-test, it can be seen that affect increased by roughly three points for the entire group, which was a significant increase. implying that VRNT is effective for improving positive affect.
Also, in line with previous literature (Browning et al., 2020; Chan et al., 2023; Leung et al., 2022; O’Meara et al., 2020; Reese et al., 2022), negative affect was significantly reduced, suggesting the VRNT intervention was very effective for reducing negative affect. Considering that negative affect has been linked with student anxiety and academic performance, this finding would suggest that the VRNT intervention would be effective for improving academic performance. 
Contrary to the hypothesis regarding cognition/performance being improved post-test, the opposite was found, to where cognitive performance was slightly worse post-test, which goes against the majority of recent literature exploring effects of VRNT on cognition, as most papers found slight or significant increases in cognition (Blum et al., 2019; Leger & Mekari, 2022; Wang et al., 2024), and some found slight increase or no changes (O’Meara et al., 2020; Rodriguez-Rodriguez et al., 2024), therefore it is interesting that this study found slight decreases in cognition.
For the Digit Span test, the number of correct trials reduced post-test. While this decrease was incredibly slight and not significant, it is nonetheless lower than the pre-test mean score, which does not align with previous literature. However, more so than this being an effect of the intervention, it may have been because of the Digit Span itself and its implementation in the current study.
When taken into context of previous research, unlike O’Meara et al. (2020), whose cognitive test was not methodologically robust, the Digit Span test is a commonly used test with good validity, however it was not possible to implement it according to the instructions of the authors, likely reducing validity of the test in the current study. This could possibly mean that the Digit Span test scores are skewed, and thus the findings for this test should be taken with a grain of salt, as generally in the Digit Span test a single mistake is often overlooked, as two trials need to be mistaken to end the test. 
Although the implementation of the test was not ideal, it may not be the reason for the results,  as this does not necessarily explain the lower scores post-test, as regardless of whether the test ends with one or two mistakes, if it is to be assumed that the learning effect took place, then it would have been expected to see slightly higher scores post-test, although it must be considered that steps were taken to avoid the learning effect from pre to post-test by creating different number strings for each Digit Span test, which makes the outcomes of this test very interesting, and it is possible that other confounding factors may have been at play to reduce cognition in the current study. It is also worth noting that some participants had commented that the lab laptop volume was not sufficiently high enough, even at full volume, thus it may be worthwhile to provide headphones and or other methods of mitigating this issue in the future.
When it comes to the TMT, this test, similarly to the Digit Span, showed worse scores overall, with higher completion times in the post-test. Although, similarly to the Digit Span, these increases in time taken were also slight, with only half a second difference, which could technically be considered as no change in time taken. Unlike the Digit Span, the TMT instructions were followed correctly, and both tests were created according to the instructions for the test as well. 
As mentioned previously, the TMT had a different version in pre and post-test, and interestingly, a couple participants had mentioned, in offhanded comments, that they had found the post-test version of the TMT harder than the pre-test. It could be possible that the post-test TMT had a target orientation of numbers and letters which perhaps demanded more task-switching ability, while the pre-test appeared more straight-forward and streamlined comparatively. 
It is possible that the time of day could have been a confounding variable in this study, considering that the available sign-up times for the potential sample group of Psychology students could be anywhere from 9am to 4pm, and not every day had the same available timeslots due to lab availability, as well as the researcher’s schedule and availability. It is possible that, the participants who had signed up and taken part in the experiment later in the day, for example from 3pm onwards, could have been more tired, and therefore presented lower scores on the cognitive tests. 
However, according to the ART theory, if participants were tired, then the VRNT intervention should have restored attentional and cognitive resources, and improved cognitive scores post-test, once again making the outcomes of this study very interesting. This could possibly imply that there could exist a threshold for the effectiveness of VRNT when it comes to restoring attentional/cognitive resources based on the severity of cognitive fatigue built over the course of the day, and it may be valuable to explore this aspect further in future research. 

3.5.2 Limitations
	In the interest of fairness, it is also important to highlight some of the limitations of this current research. Firstly, as mentioned before the most imperative limitation of this study was the inability to properly incorporate the Digit Span test, which limited the validity of half of the cognitive data in this study, as the procedure for this test had to be adapted to be useable on the Qualtrics website.
	One of the biggest limitations for the current study was the time and resource limitations, which are an inevitable part of a single student led dissertation project. Initially, the research question was slightly more developed, as the researcher was aiming to obtain longitudinal data in the form of an ecological momentary assessment (EMA), in the form of a third time-point after the post-test in the labs, which would have provided more robust data for how effective VRNT could be throughout the day, and whether the positive benefits, to for example affect, could have remained throughout the rest of the day, as some research suggests that academic performance is linked to the time of day (Beşoluk et al., 2011).
	Another factor that was a limitation in this study was the relatively small sample size. The chosen group of study for this research was the student population, however the uptake for the study was far slower than anticipated, with only 31 participants obtained throughout just over a month of data collection, which could have also been longer if not for the time restraints and deadlines for some of the aspects of the dissertation. 
3.5.3 Conclusions
	To summarise, the study has provided additional evidence for the effectiveness of VRNT 360o video interventions for not only improving affect, but also for improving cognition/performance, which is far less robust of a topic within the area of VRNT research. Despite some of the methodological limitations with the cognitive tests as discussed above, some interesting findings were identified from the results. It was found that affect was positively improved, with higher PA and lower NA post-test, while contrary to previous literature regarding positive outcomes for cognition, the current study found that cognition was slightly worse post-test, suggesting that the type of cognitive test utilized with VRNT may be important for future studies to consider more cautiously. It would be beneficial for future research to conduct more longitudinal research regarding the effects of VRNT, like the initial plan for the current study intended to, as well as looking into the possible effects of time of day, and its possible connection to the efficacy of VRNT interventions.









Chapter 4 – Reflective Chapter
	This chapter will serve as a reflective analysis of my Masters dissertation, the steps I took along the way and things I could have done or handled differently, with the benefit of hindsight. For the purpose of this chapter, I will be following the Gibbs reflective framework (1988), wherein I will strive to explore my thoughts and feelings regarding several aspects of this project and the journey throughout. I will also strive to explore and evaluate the positive and negative experiences, and how I can draw upon them to improve within my future research endeavours. 
	To provide context for this project, this dissertation was completed as part of my MSc Applied Psychology Course, undertaken at the University of Wales Trinity Saint David (UWTSD), on the Swansea Waterfront Campus. I was the primary researcher for the project, and was supported by my main academic supervisor, who assisted me with all parts of the project, providing feedback along the way, from the initial creation of the study idea to completion. I also received support from a co-supervisor, who helped me with the more technical parts of carrying out the study within the Psychology Department Labs, as well with the setup of the study. Having engaged with two supervisors for certain aspects of the project, it had really highlighted to me the importance for effective supervision, and how flexibility in these supervision situations is incredibly important, as supported by recent literature on effective supervision methods (Grohnert et al., 2024) The remaining people who took part in the study were the undergraduate students who took part in two pilot tests that I conducted prior to official data collection, and the participants in the study, who signed up through the Experimental Management System (EMS). 
My project was focused on nature therapy, specifically delivered through virtual reality, and how effective it could possibly be for students to improve their academic performance. I carried out a systematic literature review surrounding existing literature on the effects of virtual reality nature therapy on cognition and affect as the main focus. Based on the literature found and analysed, I decided on an appropriate design for the research, and created the study materials and protocol to collect data, after which I analysed my findings, wrote a research paper covering the entire research process and outcomes for submission as part of my dissertation, with the hopes of publication in a BPS journal later down the line.
With the description of the event outlined, it is important to also reflect on the thoughts and feelings I had throughout the project. Throughout my Master’s journey, I had been anxious about starting my dissertation, particularly due to uncertainty regarding my topic of choice. I had already carried out a dissertation during my undergraduate studies on a topic I was very interested in, however for my Master’s dissertation I wanted to challenge myself and research a different topic, to expand on my knowledge base, therefore I had paid extra attention during my lectures to identify any topics which would interest me, and eventually I had decided on exploring nature therapy. Although I never took part in actual nature therapy myself, I had always felt that being in and around nature, or even having a window view with greenery, has always contributed to improving my mood, and usually helped me clear my mind as well by simply stopping and observing nature for a brief time, which has been shown to be a possible benefit of this intervention (Jung et al., 2023).
Considering that I was carrying out an applied dissertation, when formulating my specific study idea, I had felt not only nervous to make sure that my topic of choice was appropriate for an applied study, but also the further I had read into the topic, I felt frustrated, as many of the ideas I had thought would be novel and exciting to do were already previously carried out in other studies, and the pressure of submitting multiple versions of research proposals in order to proceed with the next stages of the research process, such as ethics form, which had tight deadlines had started to weigh on me. However, the more I read, I had noticed a gap within longitudinal research within the area of virtual reality nature therapy, as well as a small amount of research exploring the effects on cognition. 
Upon discussing this observation with my supervisor, and relating these aspects to the real-world, we had discussed how a nature therapy intervention could be useful for, for example, students in the university, a lot of who have very busy schedules. Considering that nature therapy literature suggests that it can be effective for reducing stress, restoring attentional clarity and improving mood, it felt appropriate to explore the possibility of implementing this as a short intervention, which got me excited to continue on with this idea and iron out the details to proceed with creating the study. 
Brainstorming with my supervisor in this situation helped me tremendously in organizing my thoughts and identifying the appropriate specific gaps in the literature, and recent studies show that collaboration between academics, such as with a supervisor, serves to improve and enhance research skills, such as formulating research proposals (Mydin et al., 2021).
Throughout the rest of the dissertation, my thoughts and feelings were varying at certain times as I had encountered some issues throughout the process. Once I had finally clearly defined my topic, decided on the methods, and submitted the ethics form, I had felt a rush of confidence, as in my eyes this had marked completing the hardest part of the dissertation, considering the challenges that come with the ethics process to maintain integrity within research (Robishaw et al., 2020). However, upon starting the creation of the study, I began to feel concerned as to whether I would be able to obtain enough participants in order to have a representative sample, and enough power for my analyses of choice, considering that my initial plan for the study was to have a longitudinal aspect, measuring whether the intervention was still effective throughout the rest of the day, through the use of an ecological momentary assessment (EMA), on top of my already lengthy study which would take roughly thirty minutes, not including the longitudinal part, which I was planning on having participants complete twice after leaving the study through a phone application. When I was evaluating my protocol, and the expected completion time, it made me nervous that potential participants would be dissuaded from signing up, upon seeing how bulky the study was. 
Further down the line, when creating part of my study on the Qualtrics site, containing the majority of my measures, and my paper-based tests, when it came to creating the EMA, I had realized that the application I intended to use, SEMA3, was much more complicated to use, and to navigate effectively, than I had anticipated. Considering that I generally feel very confident in using a wide variety of applications, this had come as a bit of a shock, as I was pretty stumped on figuring the application out. After learning how to use the app, I had realized that, unfortunately, it was not possible to include the cognitive measures on the application, meaning I could only put my affect scales for the longitudinal data, which left me feeling very disappointed. 
After mulling it over and discussing with my supervisors, I had to make the decision to cut the EMA aspect of the study, in order to capture the best time to collect data, following the Christmas holidays. Having to remove the main aspect of my study which I was most excited about had left me feeling a bit despondent, although I still was looking forward to carrying out the research collection in-person, and likewise research exploring the lessons learned from project failure suggest that overtime, it is possible to gain a deeper understanding of the reasons behind certain failures within a project, and stimulate reflection to inform actions in future projects (Shepherd et al., 2011).
When it came to actually carrying out the data collection, initially with my first couple of actual participants, I felt a bit embarrassed at how I had forgotten my protocol and skipped over some key instructions due to the following stress, despite knowing the entire details of my protocol and study process. This was likely due to the increased responsibilities that were inevitably part of carrying out an individual project of this scale (Ayeni, 2014; He, 2024), as I had to be the one to ensure everything was proceeding smoothly and according to plan. However, the further I had gotten into data collection, the more comfortable I began to feel, and my confidence had built up immensely towards the end of data collection, to where I had felt very capable of properly carrying out each step of the data collection process, which is generally shown to be the case with research projects and students, with confidence increasing as time goes on (Whelan et al., 2022). Particularly when it came to doing my data analysis and writing up my report, I felt my confidence keep rising as I had drawn on all the things I learned throughout both my undergraduate and master’s degrees, to make sure I kept my work to a good standard throughout. 
Reflecting on my overall thoughts and feelings throughout the entire process, I generally feel very satisfied, and accomplished, that I was finally able to carry out an in-person research study in the university labs, which provided me an opportunity to experience not only being in a research environment with other researchers, but also to develop interpersonal communication skills (Deveci & Ayish, 2018; Whelan et al., 2022). However, I also acknowledge the regret I feel towards not being able to fully carry out my initial vision for the project, and that I could have made it a reality had I devoted some more time and diligence to the experience (Harrison & Whalley, 2008) and investigating more appropriate applications to use for my chosen methods.
When it comes to evaluating the process outside of my own personal feelings and thoughts, there were parts of the project that went well, and others that did not go too well. Firstly, some of the aspects that did not go well were the creation of the intervention materials. Initially, the plan was to use a 360o GoPro Camera to create the intervention, but unfortunately, the camera was not available for hire, and thus the intervention delivery had to be changed. To avoid this issue in the future, I think identifying possible gear I may need for the study ahead of time and putting in a notification to either the supervisor or the individual in charge of handling the rental, would be beneficial to avoid this type of issue, arising from tight deadlines, in the future. 
Similarly, one of the cognitive tests that I had utilized in the study, the Digit Span Test (Weschler, 1981), also had some issues with the implementation. Although I had attempted to rectify this setback by carrying out a pilot test to determine the best way to adapt this test for use in the current study on Qualtrics, it certainly hindered my progress considerably, as it took roughly a week to carry out the pilot test and make the necessary adjustments. Initially I had planned on creating majority of the study materials on the SuperLabs application, however decided to use Qualtrics, as it was the survey site I was most familiar with and could use most effectively. In the future, I would strive to go further out of my comfort zone and attempt to delve further into materials ahead of time, to accurately determine which platform is the most appropriate and effective for my planned design, and needs.  
Another aspect that did not go the best, was the recruitment of participants. My final study consisted of thirty-one participants, which is a decent sample size. This was largely in part due to how late the data collection commenced, considering that the planning stages took more time than expected, as well as the alterations that had to be made to the design and some of the materials, which could have been rectified with more effective time-management, and more careful planning in the future. It is worth pointing out that recruiting from student populations can be more difficult due to not only resource and time limitations for a project such as this, but also the infrequency with which students sign up due to differing lecture schedules and availability on campus.
As for the positive aspects of the project which went well, I feel that, as mentioned previously, my professional researcher conduct improved drastically towards the end of my data collection period, as I got more confidence after an extended period of implementing my prior training and preparation for this part of the project. I also think that maintaining my motivation and drive went really well, as when I reached the data analysis part of the project, I had realized I was already this far into completing the project and became determined to see it through to the very end, and to produce and present my work in a professional manner. When it came to analysing the data, I was able to download, screen and clean and analyse the data swiftly and accurately, largely due to all the previous experience I had accumulated with managing data throughout my higher education journey up to this point, as well as all the joint guidance from the academic team and my supervisors, who had helped me get this far by guiding and preparing me to become proficient in appropriately and effectively carrying out various research processes. 
To conclude, I think that there are several lessons I have learned as a result of this dissertation project. First of all, when it comes to idea formulation, I would avoid jumping to conclusions for certain methodologies and research questions, only to later find out that they had been done before following more in-depth reading of the literature. In the future, before jumping to conclusions, I would structure my initial literature searches to be more in-depth and focused, in order to identify gaps relevant gaps in current literature, as if I had done that, I would have saved a lot of time on creating several versions of the research proposal, before arriving at my final topic area to proceed with the systematic review.
I must also acknowledge that unforeseen circumstances, which resulted in adaptations to the methodology, indeed hindered my progress, although I think that this really showed me the importance of not only prior planning, but also having back-up plans in case a situation like this happens again in the future, such as preparing alternate study designs in the event time or resource restrictions happen to pop up throughout the research planning process. The importance of prior planning was a recurring theme throughout my dissertation journey, also exemplified through the realization that my chosen platforms were not fully appropriate for my chosen methods, and in the future, I will strive to plan ahead accordingly, to ensure methodological issues like this are avoided, and to assure future research proceeds smoothly. 
All in all, I am very pleased that I was able to end off my Master’s degree journey by finally being able to carry out an in-person research study in the university labs, as it provided me with invaluable experience in professional conduct in the context of a researcher role, which will no doubt prove to be invaluable experience for my future academic and professional endeavours. 
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Appendices
Appendix A – Paper Selection based on Abstracts
List of selected studies based on title, and if title was relevant then abstract reading, listed in the same order as it shows up on library system after inputting all the keywords and inclusion/exclusion criteria as stated in the methods section:
1. BENEFICIAL EFFECTS OF VIRTUAL REALITY-BASED NATURE EXPOSURE ON COGNITIVE PERFORMANCE IN CHEMOTHERAPY-TREATED BREAST CANCER SURVIVORS EXPERIENCING COGNITIVE DIFFICULTIES – excluded, vulnerable population. 
2. A Study of the Emotional and Cognitive Effects of Long-Term Exposure to Nature Virtual Reality (VR) Videos on Mobile Terminals. -  included, outcomes on cognition from VRNT, and general healthy population.
3. Comparison of Virtual Reality Exergames and Nature Videos on Attentional Performance: A Single-Session Study – included, student population, use of VR nature video, and outcomes on attentional performance.
4. Development and Feasibility of a Virtual Reality Task for the Cognitive Assessment of Older Adults: The ECO-VR. – excluded, not a Nature VR intervention + older population. 
5. Simulating the Benefits of Nature Exposure on Cognitive Performance in Virtual Reality: A Window into Possibilities for Education and Cognitive Health – included, VR nature walk intervention + outcomes on cognitive performance + student population.
6. Investigating effect chains from cognitive and noise-induced short-term stress build-up to restoration in an urban or nature setting using 360° VR – excluded, no outcomes on cognition/performance or affect.
7.  Exploring the Psychophysiological Effects of Viewing Urban Nature through Virtual Reality Using Electroencephalography and Perceived Restorativeness Scale Measures. – excluded, no outcomes on cognition/performance or affect.
8. Access to Nature via Virtual Reality: A Mini-Review. – excluded, literature review, not primary research.
9. Eco-friendly performance as a determining factor of the Adoption of Virtual Reality Applications in National Parks – excluded, no outcomes on cognition/performance or affect.
10. Virtual Reality to Evaluate the Impact of Colorful Interventions and Nature Elements on Spontaneous Walking, Gaze, and Emotion. – excluded, although has affect outcomes, it is not the main focus of the research, and the VR nature on display in the intervention is too limited to be considered the main focus of the research.
11. Can Simulated Nature Support Mental Health? Comparing Short, Single-Doses of 360-Degree Nature Videos in Virtual Reality With the Outdoors. – included, outcomes on affect, VRNT delivered through 360 video, and student population.
12.  Immersive virtual reality for learning about ecosystems: effect of two signaling levels and feedback on action decisions. – excluded, no outcomes on cognition/performance or affect.
13. FORUM: Neuroscience: Virtual reality explored. – excluded, not primary research.
14. Inverse design enables large-scale high-performance meta-optics reshaping virtual reality. – excluded, not relevant to the topic.
15. Using a Nature-Based Virtual Reality Environment for Improving Mood States and Cognitive Engagement in Older Adults: A Mixed-Method Feasibility Study – excluded, involves vulnerable populations as part of the participant sample. 
16. Virtual Reality Nature Experiences Involving Wolves on YouTube: Presence, Emotions, and Attitudes in Immersive and Nonimmersive Settings. – excluded, although there is outcomes on affect, the research is far more focused on attitudes towards wolves and the differences between immersion, rather than the direct effects of VR nature itself on affect. 
17. The Effect of Virtual Reality (VR) Settings on Nature Relatedness and Attitudes Towards Environment in Gifted Students. – excluded, no main outcomes on affect or cognition/performance.
18. Using multisensory virtual reality nature immersion as a therapeutic modality for improving HRV and cognitive functions in post-traumatic stress disorder: a pilot-study. – excluded, vulnerable population including participants with PTSD.
19. Digital shinrin-yoku: do nature experiences in virtual reality reduce stress and increase well-being as strongly as similar experiences in a physical forest? – included, outcomes on affect and VRNT intervention.
20. Heart Rate Variability Biofeedback Based on Slow-Paced Breathing With Immersive Virtual Reality Nature Scenery – included, outcomes on cognition, general population, virtually created nature following guidance from the ART theory.
21.  A virtual reality system to analyze neural activity and behavior in adult zebrafish. – excluded, non-human sample.
22. An olfactory virtual reality system for mice. – excluded, non-human sample.
23.  Immersive landscapes: modelling ecosystem reference conditions in virtual reality. - excluded, no main outcomes on affect or cognition/performance.
24. Impaired spatial selectivity and intact phase precession in two-dimensional virtual reality. – excluded, non-human sample.
25. Embodying nature in immersive virtual reality: Are multisensory stimuli vital to affect nature connectedness and pro-environmental behaviour? – excluded, no main outcomes on affect or cognition/performance.
26. Virtual Reality Nature Exposure and Test Anxiety. – included, VRNT and outcomes on affect.
27. A place for motion in mapping: a study finds that formation of a cognitive map for a virtual reality environment demands associating specific movement trajectories with views to the constellation of peripheral landmarks. – excluded, no main outcomes on affect or cognition/performance.
28. Low-cost headsets boost virtual reality’s lab appeal. – excluded, not relevant to review.
29. " It Makes You Feel That You Are There ": Exploring the Acceptability of Virtual Reality Nature Environments for People with Memory Loss. – excluded, vulnerable population.
30. Exposure to nature in immersive virtual reality increases connectedness to nature among people with low nature affinity. – included, outcomes on affect.
31.  Nature in virtual reality improves mood and reduces stress: evidence from young adults and senior citizens. – included, outcomes on affect and computer generated VR nature.
32. BEYOND THE SCREEN: HOW VIRTUAL REALITY SHAPES SUSTAINABLE BEHAVIOURS IN ECOTOURISM THROUGH USES AND GRATIFICATIONS THEORY. – excluded, no main outcomes on affect or cognition/performance.
33. A comparison of interactive immersive virtual reality and still nature pictures as distraction-based analgesia in burn wound care. – excluded, vulnerable population of burn wound victims. 
34. Nature-Based Virtual Reality Feasibility and Acceptability Pilot for Caregiver Respite. – excluded, no main outcomes on affect or cognition/performance.
35. Nature versus art as elicitors of the sublime: A virtual reality study. – excluded, although there is outcomes on affect, it is hard to tell the extent of the nature in the VRNT as no images/figures are shown to demonstrate it, as well as the largely primary focus of the study is on art and accompanying aspects rather than nature itself.
36. Soft, miniaturized, wireless olfactory interface for virtual reality. – excluded, no main outcomes on affect or cognition/performance.
37. Virtual reality in neuroscience research and therapy. – excluded, paper is a review, not primary research.
38. Designing and developing a nature-based virtual reality with heart rate variability biofeedback for surgical anxiety and pain management: evidence from total knee arthroplasty patients. – excluded, vulnerable population.
39. Virtual reality in research and rehabilitation of gait and balance in Parkinson disease. - excluded, vulnerable population.
40. Investigating the Mediation and Moderation Effect of Students’ Addiction to Virtual Reality Games: A Perspective of Structural Equation Modeling. – excluded, no main outcomes on affect or cognition/performance.
41. What is the best way of delivering virtual nature for improving mood? An experimental comparison of high definition TV, 360° video, and computer generated virtual reality. – included, outcomes on affect and different types of VRNT compared.
42.  Urban Green Spaces and Mental Well-Being: A Systematic Review of Studies Comparing Virtual Reality versus Real Nature. – excluded, systematic review.
43. Virtual Reality Representations of Nature to Improve Well-Being amongst Older Adults: a Rapid Review. – excluded, not primary research.
44. vLUME: 3D virtual reality for single-molecule localization microscopy. – excluded, not relevant to review goals.
45. From presence to consciousness through virtual reality. – excluded, no main outcomes on affect or cognition/performance.
46. Nature-based mindfulness-compassion programs using virtual reality for older adults: A narrative literature review.  – excluded, literature review.
47. Bringing nature into hospital architecture: Machine learning-based EEG analysis of the biophilia effect in virtual reality. – included, outcomes on affect, and computer generated VR nature aspects.
48. Virtual reality in behavioral neuroscience and beyond. – excluded, not primary research.
49.  FEASIBILITY OF VIRTUAL REALITY EXPERIENCE OF NATURE AS A NURSING INTERVENTION. – excluded, only a small piece of the article included.
50. A Virtual Reality Platform for Safety Training in Coal Mines with AI and Cloud Computing. – excluded, not relevant to the review.
51.  Virtual and augmented reality enhanced by touch. – excluded, no primary research.
52. The Nature of Reality: Human Stress Recovery During Exposure to Biodiverse, Multisensory Virtual Environments. – excluded, no main outcomes on affect or cognition/performance.
53.  Is virtual reality simulation an effective training method in surgery? – excluded, old paper, also no access to online article.
54. Shift-Life Interactive Art: Mixed-Reality Artificial Ecosystem Simulation. – excluded, no outcomes on affect or cognition/performance.
55.  Slow Ecocinema, the Forest, and the Eerie in Experimental Film and VR Nature Videos. – excluded, not a research study.
56. Virtual reality training for carotid intervention. – excluded, no online access to article.
57.  Virtual reality simulation in carotid stenting: a new paradigm for procedural training. – excluded, no online access to article.
58. Into the wild … or not: Virtual nature experiences benefit well-being regardless of human-made structures in nature. – excluded, no main outcomes on affect or cognition/performance.
59. A cross-platform application for the ecological and remote assessment of memory impairment in aging: ECO-MEMORY – excluded, vulnerable population.
60.  Co-creating and delivering personalized, nature-based VR experiences: Proof-of-concept study with four U.S. adults living with severe COPD. – excluded, no outcomes on affect or cognition/performance.
61. Taking real steps in virtual nature: a randomized blinded trial. – included, VRNT and outcomes on affect.
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B.12 – Yeo et al., 2020
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Appendix C – Information Sheet and Consent on Qualtrics
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Appendix D – PANAS Scale on Qualtrics
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Appendix E – Digit-Span Test on Qualtrics
E.1, Digit Span Qualtrics instructions and appearance.
[image: A white and black text on a white background

AI-generated content may be incorrect.]
[image: A screenshot of a test

AI-generated content may be incorrect.]
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[image: A screenshot of a test

AI-generated content may be incorrect.]







E.2 – Digit Span Audio Clips Folder
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Appendix F – Trail-Making Test Paper Copy
F.1 – Pre-test
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Appendix H – Raw and Cleaned Data + SPSS Outcomes
H.1 – Raw Excel Data, exported from Qualtrics
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H.3 – Final Excel Data, Prepared for SPSS Input
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H.4 – SPSS Data View and Variable View
[image: A screenshot of a computer

AI-generated content may be incorrect.]
[image: A screenshot of a computer

AI-generated content may be incorrect.]

H.5 – Paired Samples T-Test Outputs
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Appendix I – Ethics Form
APPLICATION FOR ETHICAL APPROVAL


	RESEARCH STUDENTS
This form is to be completed by the student within SIX months for full-time students and TWELVE months for part time students, after the commencement of the research degree or following progression to Part Two of your course. 

Once complete, submit this form via the MyTSD Doctoral College Portal at (https://mytsd.uwtsd.ac.uk).

This document is also available in Welsh.


	RESEARCH STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.


	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit this form (and receive the outcome) via systems explained to you by the supervisor/module leader.




In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  

SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Dominik Grunski

	2
	Tick all boxes that apply:
	Member of staff:
	☐
	Honorary research fellow:
	☐

	
	Undergraduate Student
	☐	Taught Postgraduate Student
	☒	Postgraduate Research Student
	☐


	3
	Institute/Academic Discipline/Centre:
	Institute of Education and Humanities


	4
	Campus:
	Swansea UWTSD Waterfront Campus 


	5
	E-mail address:
	1901751@student.uwtsd.ac.uk


	6
	Contact Telephone Number:
	07367626220


	
	For students:

	7
	Student Number:
	1901751

	8
	Programme of Study:
	MSc Applied Psychology

	9
	Director of Studies/Supervisor:
	Ceri Phelps





SECTION B: Approval for Research Activity
	1
	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	☒	NO
	☐
	
	
	Date

	2
	If Yes, please indicate source of approval (and date where known): Approval in principle must be obtained from the relevant source prior to seeking ethical approval
	Research Degrees Committee
	☐	

	
	
	Institute Research Committee
	☐	

	
	
	Other (write in)

	☒	Dissertation Supervisor



SECTION C:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, location-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines. You may add rows to this table if needed.

	1
	UWTSD Research Ethics & Integrity Code of Practice
	☒
	2
	UWTSD Research Data Management Policy
	☒

	3
	[List any other relevant documents here]
	☐



SECTION D: External Collaborative Research Activity
If there are external collaborators then you should gain consent from the contact persons to share their personal data with the university. If there are no external collaborators then leave this section blank and continue to section E.
	1
	Institution
	


	2
	Contact person name
	


	3
	Contact person e-mail address

	

	4
	Is your research externally funded?
	YES
	☐
	NO
	☐

	5
	Are you in receipt of a KESS scholarship?
	YES
	☐
	NO
	☐

	6
	Are you specifically employed to undertake this research in either a paid or voluntary capacity?
	Voluntary
	YES
	☐
	NO
	☐

	7
	
	Employed
	YES
	☐
	NO
	☐

	8
	Is the research being undertaken within an existing UWTSD Athrofa Professional Learning Partnership (APLP)?
	If YES then the permission question below does not need to be answered.
	YES
	☐
	NO
	☐

	9
	Has permission to undertake the research has been provided by the partner organisation?
	(If YES attach copy)
If NO the application cannot continue
	YES
	☐
	NO
	☐




Where research activity is carried out in collaboration with an external organisation
	10
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☐

	
	
If Yes, please attach a copy of any final approval (or interim approval) from the organisation (this may be a copy of an email if appropriate).




SECTION E: Details of Research Activity
	1
	Indicative title:
	Can brief doses of virtual reality nature improve affect and cognitive performance in an academic population? An ecological momentary assessment.

	2
	Proposed start date:
	1st November 2024
	Proposed end date:
	

	
	Introduction to the Research (maximum 300 words per section)
Ensure that you write for a Non-Specialist Audience when outlining your response to the points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge 
· How it addresses an area of importance. 

	3
	Purpose of Research Activity

The research on the topic of virtual reality (VR) nature therapy has grown tremendously within the past half a decade, with research showing that virtual nature can be just as beneficial to mental health and mood as physically being in a natural environment (Browning et al., 2020), as well as showing that VR nature can have restorative effects (Seiz et al., 2023; Shin et al., 2022).

Multiple studies have shown that both affect, and cognition can be improved/increased from viewing natural scenes in VR, although a lot of this research has focused on vulnerable populations, such as individuals with anxiety/depression (Li et al., 2021a) or older/elderly people, such as those with cognitive difficulties (Oliveira et al., 2016; Sadowski & Khoury, 2022), considering that research suggests that VR nature can be especially beneficial for vulnerable individuals, or those who have physical challenges when it comes to going out into nature (Browning et al., 2020; Li et al., 2021b). Therefore, the present study would focus on examining whether the same can be true for a commonly healthy population such as university students and provide benefits to cognitive performance and mood, considering that students have been shown to be largely affected by conditions such as test anxiety, which can be improved by VR nature, while also improving academic performance (O’Meara et al., 2020).

Although some longitudinal VR nature therapy research exists (Wang et al., 2024), there is also a lack of ecological momentary assessment (EMA) research when it comes to nature VR, with studies suggesting future research to carry out longitudinal research, such as EMA, which can track effects over the course of a day/multiple days in a row, and show whether beneficial effects carry over after viewing VR nature over the course of the day (Browning et al., 2020).


References:
Browning, M. H., Mimnaugh, K. J., Van Riper, C. J., Laurent, H. K., & LaValle, S. M. (2020). Can simulated nature support mental health? Comparing short, single-doses of 360-degree nature videos in virtual reality with the outdoors. Frontiers in psychology, 10, 2667.

Li, H., Dong, W., Wang, Z., Chen, N., Wu, J., Wang, G., & Jiang, T. (2021). Effect of a virtual reality-based restorative environment on the emotional and cognitive recovery of individuals with mild-to-moderate anxiety and depression. International journal of environmental research and public health, 18(17), 9053.

Li, H., Zhang, X., Wang, H., Yang, Z., Liu, H., Cao, Y., & Zhang, G. (2021). Access to nature via virtual reality: A mini-review. Frontiers in psychology, 12, 725288.

Oliveira, C. R., Lopes Filho, B. J. P., Sugarman, M. A., Esteves, C. S., Lima, M. M. B., Moret-Tatay, C., Irigaray, T, Q., & Argimon, I. I. L. (2016). Development and feasibility of a virtual reality task for the cognitive assessment of older adults: the ECO-VR. The Spanish journal of psychology, 19, E95.

O’Meara, A., Cassarino, M., Bolger, A., & Setti, A. (2020). Virtual reality nature exposure and test anxiety. Multimodal Technologies and Interaction, 4(4), 75.

Seiz, A., Kweon, B. S., Ellis, C. D., Oh, H., & Pietro, K. (2023). Exploring the Psychophysiological Effects of Viewing Urban Nature through Virtual Reality Using Electroencephalography and Perceived Restorativeness Scale Measures. Sustainability, 15(17), 13090.

Shin, S., Browning, M. H., & Dzhambov, A. M. (2022). Window access to nature restores: A virtual reality experiment with greenspace views, sounds, and smells. Ecopsychology, 14(4), 253-265.

Wang, X., Jin, Y., Li, X., Song, Y., & Pan, D. (2024). A Study of the Emotional and Cognitive Effects of Long-Term Exposure to Nature Virtual Reality (VR) Videos on Mobile Terminals. Forests, 15(5), 853.

(this box should expand as you type)

	4
	Research Question

Can a brief dose of virtual reality nature improve affect and cognitive performance immediately after viewing a nature video, and can these beneficial effects carry over for the rest of the day? 

1. Do participants report better scores on cognitive tests post-intervention?

2. Do participants report better affect/mood post-intervention?

3. Do participants report the same/similar self-report affect/cognitive performance throughout the course of the day as they did post-intervention?

(this box should expand as you type)

	5
	Aims of Research Activity

The aim of the current research is to explore the following:

1. The effects of a brief 10-minute VR nature video on affect and cognitive performance.

2. If any beneficial effects occur post-test, whether these effects also carry on throughout the rest of the day.

(this box should expand as you type)

	6
	Objectives of Research Activity

The objectives of the current research are as follows:

1. Identify levels of affect/mood and cognitive performance through validated scales and tests.

2. Identify whether levels of affect/mood and cognitive performance remain similar throughout the rest of the day through utilizing an EMA mobile app. 

(this box should expand as you type)

	
	Proposed methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. You do not need to justify the methods here, but should instead describe how you intend to collect the data necessary for you to complete your project.

	7
	
The study design will consist of a within-subjects, one group pretest-posttest intervention, as well as a real-time ecological momentary assessment survey, examining the daily fluctuation in perceived affect/mood, and cognitive performance across the course of the day. 

The intervention will consist of a brief 8m exposure to a nature VR video. A 360o video around the Swansea Bay will be recorded through the use of a 360 GoPro camera, and then be imported into an Oculus Rift VR headset to be used for the experiment. 

The target population will be students at the Swansea UWTSD campus, recruited through the Experimental Management System for Psychology.

The data collection method will involve cognitive performance data, gathered through two cognitive tests, inspired by a VR nature study (Leger & Mekari, 2022), which used the Digit Span Memory Test (Forward Digit Span and Reverse Digit Span), which measures short term memory and working memory, as well as the Trail-Making Test Part B (TMT; Arbuthnott & Frank, 2000), which measures cognitive flexibility and executive function. Self-report data will also be collected pre and post-test, as well as at multiple points throughout the rest of the day as part of the ecological momentary assessment, comprised of the Positive and Negative Affect Scale (PANAS; Watson et al., 1988).

Different versions of both the Trail-Making Test and Digit Span Test will be used in pretest and posttest, in order to avoid performance bias after the intervention. 

The digit span test will be created on UWTSD Psychology Lab computers software, along with the PANAS questionnaire, whereas copies of the Trail Making test Part B will be printed out for each participant to be completed physically. 

SEMA3 is the application used for carrying out the ecological momentary assessment, chosen for the capability to allow participants to complete the survey questions conveniently from any location. The Following the intervention at the UWTSD labs, the SEMA3 app will alert participants at three points throughout the day to fill out the PANAS scale once again, as well as some self-report questions to gauge cognition, in order to determine whether the positive effects (if any) of the nature therapy VR intervention persist throughout the day. The app will ping participants in 3-hour intervals, three times after completion of the study,

The planned analysis for the study involve a paired samples t-test for analysing the scores for the pre-test and post-test cognitive test scores and PANAS scores, as well as the EMA scores across the three time points of the ecological momentary assessment.

References:
Arbuthnott, K., & Frank, J. (2000). Trail making test, part B as a measure of executive control: validation using a set-switching paradigm. Journal of clinical and experimental neuropsychology, 22(4), 518-528.

Léger, M. T., & Mekari, S. (2022). Simulating the benefits of nature exposure on cognitive performance in virtual reality: A window into possibilities for education and cognitive health. Brain Sciences, 12(6), 725.

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief measures of positive and negative affect: the PANAS scales. Journal of personality and social psychology, 54(6), 1063.

(this box should expand as you type)

	

	Location of research activity
Identify all locations where research activity will take place.

	8
	
UWTSD Swansea Waterfront Campus Psychology Labs.

(this box should expand as you type)

	
	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural and/or legal sensitivities or vulnerabilities of participants. If you live in the country where you will do the research then please state this.

	9
	


(this box should expand as you type)



	10
	Use of documentation not in the public domain: Are any documents NOT publicly available? 

	NO
	☒

	
	
	YES
	☐

	11
	If Yes, please provide details here of how you will gain access to specific documentation that is not in the public domain and that this is in accordance with the current data protection law of the country in question and that of England and Wales.



(this box should expand as you type)



	
	Does your research relate to one or more of the seven aims of the Well-being of Future Generations (Wales) Act 2015?
	
YES
	
NO

	12
	A prosperous Wales
	☐
	☒

	13
	A resilient Wales
	☒
	☐

	14
	A healthier Wales
	☒
	☐

	15
	A more equal Wales
	☐
	☒

	16
	A Wales of cohesive communities
	☐
	☒

	17
	A Wales of vibrant culture and thriving Welsh language
	☐
	☒

	18
	A globally responsible Wales
	☐
	☒

	19
	If YES to any of the above, please give details:

	
	
By reducing stress/anxiety through the VR nature intervention, the wellbeing of students in Wales should be positively impacted and improved.

(this box should expand as you type)



SECTION F: Scope of Research Activity
	
	Will the research activity include:
	YES
	NO

	1
	Use of a questionnaire or similar research instrument?
	☒
	☐

	2
	Use of interviews?
	☐
	☒

	3
	Use of focus groups?
	☐
	☒

	4
	Use of participant diaries? 
	☐
	☒

	5
	Use of video or audio recording?
	☒
	☐

	6
	Use of computer-generated log files?
	☒
	☐

	7
	Participant observation with their knowledge?
	☒
	☐

	8
	Participant observation without their knowledge?
	☐
	☒

	9
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	10
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	11
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	12
	Investigation of participants involved in illegal activities?
	☐
	☒

	13
	Use of procedures that involve deception?
	☐
	☒

	14
	Administration of any substance, agent or placebo?
	☐
	☒

	15
	Working with live vertebrate animals?
	☐
	☒

	16
	Procedures that may have a negative impact on the environment?
	☐
	☒

	17
	Other primary data collection methods. Please indicate the type of data collection method(s) below.
	☐
	☐

	
	Details of any other primary data collection method:

Participant observation without knowledge: the trail-making test requires the researcher to point out any errors made while doing the task, and allow the participant to correct it, which is counted into the completion time. 

(this box should expand as you type)
	
	


If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 

SECTION G: Intended Participants
If there are no participants then do not complete this section, but go directly to section H.

	
	Who are the intended participants:
	
YES
	
NO

	1
	Students or staff at the University?
	☒
	☐

	2
	Adults (over the age of 18 and competent to give consent)?
	☐
	☒

	3
	Vulnerable adults?
	☐
	☒

	4
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☐
	☒

	5
	Prisoners?
	☐
	☒

	6
	Young offenders?
	☐
	☒

	7
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	8
	People engaged in illegal activities?
	☐
	☒

	9
	Others. Please indicate the participants below, and specifically any group who may be unable to give consent.

	☐
	☐

	
	Details of any other participant groups:



(this box should expand as you type)
	
	



	
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	10
	How many participants are expected?

	
Based on previous research, roughly 60-80 participants expected (Leger & Mekari, 2022).

(this box should expand as you type)

	11
	Who will the participants be?

	
1st to 3rd year Psychology students with access to the Experimental Management System (EMS)

(this box should expand as you type)

	12
	How will you identify the participants?
	
Participants will be identified through a unique participant ID from the Experimental Management System used by the Psychology department to schedule experiments.

(this box should expand as you type)




	
	Information for participants:
	
YES
	NO
	
N/A

	13
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	14
	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	15
	Will you obtain written consent for participation?
	☒
	☐
	☐

	16
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	17
	If the research is observational, will you ask participants for their consent to being observed?
	☒
	☐
	☐

	18
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	19
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☒
	☐
	☐

	20
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	21
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	22
	If NO to any of above questions, please give an explanation 

	
	


(this box should expand as you type)



	
	Information for participants:
	
YES
	NO
	
N/A

	24
	Will participants be paid?
	☐
	☒
	☐

	25
	Is specialist electrical or other equipment to be used with participants?
	☒
	☐
	☐

	26
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	27
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	28
	If YES to any question, please provide full details 

	
	
Oculus Rift Virtual Reality headset will be used with each participant in order to deliver the VR Nature intervention video, which will simply involve the participants equipping the headset while seated and viewing the video until completion. 

(this box should expand as you type)



SECTION H: Anticipated Risks

	
	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	1
	Full risk assessment completed and appended? 
	Yes 
	☐

	
	
	No
	☒

	2
	Risks to participants
For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	
	Risk to participants:

1. There is a risk of motion sickness when wearing a VR headset





2. Participants may be concerned about safety of their data that is collected throughout the study










3. Due to the nature of the PANAS scale, there is a possibility that the participant may feel discomfort or frustration due to the questions being asked.

















(this box should expand as you type)
	How you will mitigate the risk to participants:

1. Participants will be seated and observed while they are viewing the video, so in case motion sickness does occur, participants are safely in a seat and the researcher can help remove the headset if needed.

2. In order to minimise the risks of losing or leaking data obtained during the study, the researcher will follow the Data Protection Protocols and anonymise the data to prevent any distinguishing features that could be linked to the participants data. The participants will be informed about how their data will be stored and used for analysis, and that they can withdraw their data at any point during or after the study. 

3. The study will follow the UWTSD Research Ethics and Integrity Code of Practice, as well as the BPS Code of Human Research Ethics (2021), which outlines that the participant must be informed of what the study will consist of prior to taking part in the information sheet. Due to this, any participants that feel that they may be negatively affected due to the questions being asked can choose to not proceed any further and withdraw from the study before commencing or during the study with no penalties. They would have also been provided with the researcher and supervisors contact details before commencing the study should they wish to get in contact with any concerns.


(this box should expand as you type)

	3
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	
N/A

(this box should expand as you type)

	4
	Risks to the investigator
For example: personal health & safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to the investigator:

1. The researcher may be at risk of being accused of harm/impropriety.



















2. Due to the researcher providing their email for the participants, there is a minimal chance of the researcher receiving negative emails from participants. 




(this box should expand as you type)
	How you will mitigate the risk to the investigator:

1. In order to minimise the risks of such an event, the researcher will follow all of the BPS Code of Human Research Ethics (2021), UWTSD Research Ethics & Integrity Code of Practice including more ethical guidelines. Through following these codes, the researcher can carry out the study in a professional and safe manner to ensure participants are treated fairly. The participants will be provided with as much information possible to convey the true goals of the study in the information sheet. The debrief sheet will be thorough in describing the purpose of the deception and the reasons for the inclusion of deception, and it will include the researcher and supervisor contact details should any further queries arise.

2. In the case that the researcher receives a negative email, the dissertation supervisor will be informed. All participants, including the researcher, have to comply with the UWTSD Student code of Conduct and behave in a professional manner. 


(this box should expand as you type)

	5
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to the University:

1. The data collected throughout the study could potentially be leaked or used in a form that was unintended for the study, leading to adverse publicity, financial loss, and issues with data protection 






(this box should expand as you type)
	How you will mitigate the risk to the University:

1. In order to minimise risks of leaks or misuse, all of the data will be gathered and stored in line with the UWTSD Research Data Management Policy. The data will be used only for the intended purpose of the study in line with the BPS Code of Human Research Ethics. Password protected files will be used to collect and store the data in a safe manner using a private USB drive. 

(this box should expand as you type)

	6
	Environmental risks
For example: accidental spillage of pollutants, damage to local ecosystems

	
	Risk to the environment:

N/A

(this box should expand as you type)
	How you will mitigate the risk to environment:

N/A

(this box should expand as you type)



	
	Disclosure and Barring Service

	
	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	YES

	NO

	N/A


	7
	Does your research require you to hold a current DBS Certificate?
	☐
	☒
	☐

	8
	If YES, please give the certificate number. If the certificate number is not available please write “Pending”; in this case any ethical approval will be subject to providing the appropriate certificate number.
	



SECTION I: Feedback, Consent and Confidentiality

	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
	
After the study has been finished, and all conditions have been finished, the participant will be presented with a debrief sheet, which will contain the aims and purpose of the study. The debrief sheet will also contain the names and contact emails for both the researcher as well as the research supervisor, in the case that the participant has more inquiries regarding the research or wishes to withdraw their data from the study. 

(this box should expand as you type)

	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	
The details of what the study will entail, and how long the study will take to complete will be available on the EMS system as an advertisement available for students to sign up for, with different timeslots available. If participants decide to sign up, they will then attend the study in the labs, where informed consent will be taken (on the program before the PANAS + digit span OR on paper physically with a form)

(this box should expand as you type)

	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
	
Participants will only be identifiable by their unique EMS ID code, and all the data collected in the study will be password protected, and the EMS ID codes will be removed and replaced with separate unique IDs in SPSS. 

(this box should expand as you type)



SECTION J: Data Protection and Storage

	
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	1
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person. Any video or audio recordings of participants is considered to be personal data.
	☒
	☐

	
	If YES, provide a description of the data and explain why this data needs to be collected:

	2
	
Data relating to participants’ age and gender will be collected in order to provide descriptive statistics, which will allow for standard reporting measures required in psychological research. Once data collection will be completed, all of the age scores will be compiled and calculated into a mean age score, as well as providing a gender percentage split for the purpose of reporting. Data on age and gender will not be linked to participants names or EMS ID codes and will be stored on a secure password protected USB drive.

(this box should expand as you type)

	
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	3
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	☐
	☒

	
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	4
	
N/A

(this box should expand as you type)



	
	
Will data from the research activity (collected data, drafts of the thesis, or materials for publication) be stored in any of the following ways?
	YES
	NO

	5
	Manual files (i.e. in paper form)?
	☐
	☒

	6
	University computers?
	☐
	☒

	7
	Private company computers?
	☐
	☒

	8
	Home or other personal computers?
	☐
	☒

	9
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	10
	“Cloud” storage or websites?
	☒
	☐

	11
	Other – specify:

	☐
	☒

	12
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of backup procedures, password protection, encryption, anonymisation and pseudonymisation:

	
	
All study data will only be stored on password protected files, as well as password protected USB drive. 

(this box should expand as you type)



	
	Data Protection

	
	Will the research activity involve any of the following activities:
	YES
	NO

	13
	Electronic transfer of data in any form?
	☒
	☐

	14
	Sharing of data with others at the University outside of the immediate research team?
	☐
	☒

	15
	Sharing of data with other organisations?
	☐
	☒

	16
	Export of data outside the UK or importing of data from outside the UK?
	☐
	☒

	17
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	18
	Publication of data that might allow identification of individuals?
	☐
	☒

	19
	Use of data management system?
	☐
	☒

	20
	Data archiving?
	☐
	☒

	21
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and Data Protection Act (2018) (and any international equivalents, where appropriate):

	
	
Data collected will be anonymous and password protected. It will then be securely downloaded onto a password protected excel and SPSS files on the researcher’s university OneDrive account and password protected USB drive

The final version of the dissertation will be shared with the academic staff at UWTSD, which will be presented as a written report as well as a presentation with aggregated data.


(this box should expand as you type)

	22
	List all who will have access to the data generated by the research activity:

	
	
Dominik Grunski (Researcher) and Ceri Phelps (Dissertation Research Supervisor).
Examiners for the dissertation may also request to access the data during marking.

(this box should expand as you type)

	23
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	
Dominik Grunski (Researcher)

(this box should expand as you type)

	24
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	
	
Data will be stored in anonymised electronic form in the researcher’s password protected USB Drive until the completion of the degree. The data downloaded to excel, and SPSS will also be anonymous and stored under the researcher’s password protected university OneDrive account until the completion of the degree. Data will not be archived.


(this box should expand as you type)

	25
	Please indicate if your data will be stored in the UWTSD Research Data Repository (see https://researchdata.uwtsd.ac.uk/ ).   If so please explain. (Most relevant to academic staff) 

	
	
The data generated, at this stage of study will not be held in the UWTSD Research Data Repository.

(this box should expand as you type)

	26
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)
	YES
	☒

	27
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	YES
	☒





SECTION K: Declaration
	
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	1
	Signature of applicant:
	Dominik Grunski
	Date:
13th October 2024




For STUDENT Submissions:
	2
	Director of Studies/Supervisor:
	
	Date:

	3
	Signature:
	

	



For STAFF Submissions:
	4
	Academic Director/ Assistant Dean:
	
	Date:

	5
	Signature:
	

	



Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☒
	I confirm that the research activity has received approval in principle

	☐
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	I have attached a full risk assessment (where appropriate)  ONLY TICK IF YOU HAVE ATTACHED A FULL RISK ASSESSMENT

	☒
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Academic Director.



	RESEARCH STUDENTS ONLY
Once complete, submit this form via the MyTSD Doctoral College Portal at (https://mytsd.uwtsd.ac.uk).


	RESEARCH STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.


	STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit this form (and receive the outcome) via systems explained to you by the supervisor/module leader.







N = 65


N = 62


Inclusion and exclusion criteria applied: Peer-reviewed journals, Full Text Online, Articles, English Language, Year Range 2001-2024. 


N = 12 


Abstracts read for relevance, and methodology if needed.


N = 12


Electronic databases selected: Academic Search Premier, DOAJ Directory of Open Access Journals, IngentaConnect Journals, Oxford Journals Open Access Collection, ProQuest Central, Pubmed Central Open Access, ScienceDirect Journals (5 years ago – present), Springer Nature OA Free Journals.


Key words and phrases inputted.


Full text read in entirety, and included in the final review.
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« Was randomisation sufficient to eliminate systematic bias?
« Was the allocation sequence concealed from investigators and participants?.
3. Were sl participants who entered the study | [XJves [ o] Cant el
accounted for atits conclusion? -supplementary tables showcase outliers and.
total p numbers.
-ITT analysis sppears to have been
implemented
CONSIDER.

rondomisation accounted for?.
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treat analysis)?

Were parficipants analysed in the study groups to which they were randomised (intention-to-

Was the study stopped early? If so, what was the reason?

‘Section B Was the study methodologically sound?

& (o] Were the particpants Bind o e Il ol Cor'eTel
intervention they were given?
TWere the ivestigators Bind tothe | [lves LT No I Gane el
intervention they were giving to
perticipants?
Tc) Were the people assessing/analysing | [Jves DI NolLJ Can't Tell
outcome/s binded ?
5 Were the study groups similr 3t the start of | Iives Il oo L Gamevel
the randomised contrlled trial? ~descriptive stats ncluding mean values and SD
or outcomes varizbles pre and post were
calculoted for each grp and confirmed that
baseline levels were equnvalent.
CONGIDER.
+ Were the boseline characteritics of ach study group (9. age, sex,socic-economic group)
clearlyset out?
+ Were there any differences between the study groups that could offect the outcome/s?
5 Apart from the expermental mtervention, | Bves LT No ] Gae el
did each study group receive the same level
thatis, were they treated cauall)? | ~each condition has 6m of walking before their
conition, and each had 6m of either siting,
watching 360 video orlooking at wall
CONSIDER

Was there o clearly defined study protocol?
[ any addtional interventions were given (e.o
the study groups?

tests or treatments), were they similar between

Were the follow-up intervals the same for each study group?
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‘Section C: What are the results?

7. Were the effects of intervention reported
comprehensively?

ves I o cant Tell

conductivity, sstoratiysnsss, and affe
messured by the PANAS

~the control and outdoor condition both had
statistically significant changes in positive
affect, meanwhile the VR condition saw no
change, p = 0.75. The outdoor condition had an
incresse in positive affect, meanwhile control
had decreased positive affect.

-both nature conditions were positive and
statistically significant p < 0.001, suggesting
that both VR nature and real nature increased
positive affect scores compared to the control

~there was a statistcally sgnificant decr
negative affect in al three conditions. VR
group: 132 (D= 0.57) to 1.24 (SD = 0.48), p =
5,030

CONSIDER.
* Was a power calculation undertaken?

+ What outcomes were measured, and were they clearly specified?
« How were the results expressed? For binary outcomes, were relative and absolute effects

reported?
Was there any missing or incomplete data?
Were potential sources of bias identified?

Which statistical tests were used?
Were p values reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?

Was there differential drop-out between the study groups that could offect the results?

Wias the precision of the estmate of the
intervention or treatment effect reported?

ves I no L cant Tell

-5 of variance was reported with each model
and demographic_

~confidence intervals reported for each aspect

CONSIDER.
« Were confidence intervals (Cis) reported?
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

Wves oL cant Tell

“study 1 focused on positive affect, i  within
subjects study with two factors: condition
(nature vs urban) and time (pre post VR, young.
adults population studied. Mean sge of 20.5,
mostly female sample. 30 total sample.

“hypothesised that the nature condition
incresses positive affect and decreases
negative affect.

=5 minuite exposure in each VR condition.
utcomes measured included PANAS, nature

nnectedness, cardiovascular activity stress),
and prior VR experience + demographics.

~the intervention involved experiencing nature
and urban environments in VR, with ane week
in-between the two conditions,

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
* Population studied
Intervention given
Comparator chosen

« Outcomes measured?

7 Wes the sssignment of particpants ©o Dlves Il o CareTal
interventions randomised? /A
CoNSIDER:
" How was randomisation carried out? Wos the method agpropriate?
« Was randomisation suffient to climinate systematic bios?
+ Was the allocation sequence concealed from investigators and participants?
5 Were ol pariicipants who entered the study | [Jves I o L Came el
accounted for a its conclusion? In study 2, appears ITT was not employed, sssix
p's wha hid to suddenly drop ot wer not
included in the inal resuits
CoNSIDER:

Were losses to follow-up and exclusions after randomisation accounted for?.





image9.png
= Were participants analysed in the study groups to which they were randomised (intention-to-
treat analysis)?
« Was the study stopped early? If so, what was the reason?

‘Section B Was the study methodologically sound?

4. [3) Were the participants ‘blind to DlvesTINo M cant Tell
Intervention they were given? N/A

(6] Were the investigators blind to the Dves I No cant Tell
Intervention they were giving to N/A
participants?

(c) Were the people assessing/analysing | [Jves DI NolLJ Cant Tell
outcome/s binded ?

5 Were the study groups similer at the start of | [ves I o] Cameval
the randomised controlled trial? NA

CONSIDER.

o Were the baseline characteristics of each study roup (.. age, sex, socio-economic group)
clearly set out?

o Were there any differences between the study groups that could affect the outcome/s?

& Apart rom the expermental mtervention, | [Jves L] o L] Cant el
study group receive the same level | /A
that is, were they treated equly)?

CONSIDER.

o Was there a clearly defined study protocol?
f any additional interventions were given (e.g. tests or treatments), were they similor between

the study groups?
o Were the follow-up intervals the same for each study group?

Section C: What are the results?
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7 Were the effects of intervention reported | PRIes [ No LJ Can't Tell
comprehensively? “power calculation undertaken, with 2 sample
size estimate of 22 required for within subjects.

~the results supported the suthors hypothesis
1, wher although there was no significant
hange in positive affect after the nature
60->258, p=044) positive affect
decreased significantly in the urban condition.

“Negative sffect significantly decressed in
nature condition [1.54 > 1.32, p = 0.01),

“result discrepancies between study 1 and 2
could be due to age difference, however due to
differences in messurements, cannot come o
conclusions.

“heart rate was higher in urban condition
compared to nature, aligning with past findings
of lower stress in nature.

CONSIDER.

* Was a power calculation undertaken?

+ What outcomes were measured, and were they clearly specified?

« How were the results expressed? For binary outcomes, were relative and absolute effects
reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?

Was there any missing or incomplete data?

Was there differential drop-out between the study groups that could offect the results?

Were potential sources of bias identified?

Which statistical tests were used?

Were p values reported?

‘Was the precision of the estimate of the TIves LI No[J Can’t Tell
intervention or treatment effect reported? | ~confidence intervals reported.

CONSIDER.
« Were confidence intervals (Cis) reported?
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

Wves I no L Cant Tell

~yes, whether implementation of natural
aspects, such as plants, or a window with nature
in’s hospital room improves affect.

-population involved healthy young general
population from Seoul. Aged 20-35, total
sample of 75, 63 sfter exclusians and dropouts.
20m, 5.

-intervention invaled 3D, 350 panoramic
images recreating 2 university hospital room in
VR, involving 3 groups, one control group
featuring the normal room (C). The intervention
involved 3 different stimuli, one with just a
plant wall [P), one with a digital nature wall (D),
and one with the two stimuli combined (PD)
Each condition consisted of 2 minutes of
exposure

-outcomes involved the PANAS and STAI- at
three different timepoints: before first £EG
data for the control condition, after EEG for the
first nature condition, and after the second
nature condition.

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
* Population studied
« Intervention given
* Comparator chosen
« Outcomes measured?

7 s the sssgnment of particpants 1 Ve LI oI Carve el
interventions randomised? “paper states that 's were randomized, n that
each participant complated the contral
Stimulus and ane of the three nature stimuli
Fandomly assigned, however the method of
randomization was not stated.
CONSIDER
" How was randomisation carried out? Wos the method appropriate?
« Wos randomisation suffisent to elminate systematic bios?
*  Was the allocation sequence concealed from investigators and participants?
3 Were sl partcipants who entered the study | Dves IT ol Cone 7ol
accounted for at its conclusion? -yes, all participants who dropped out or could
ot complet the study were accounted for and
stated
“however,intent totreat not applied, 5 s who
dropped out or didn't complete the treatment
were excluded from the finaldata anaivis.
CONSIDER

Were losses to follow-up and exclusions after randomisation accounted for?
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treat analysis)?

Were participants analysed in the study groups to which they were randomised intention-to-

Was the study stopped early? If so, what was the reason?

‘Section B Was the study methodologically sound?

& (o] Were the particpants Bind o e RN Car'eTel
intervention they were given?
TWere the ivestigators Bind tothe | [lves I Wo ] Gane el
intervention they were giving to
perticipants?
(c) Were the people assessing/analysing | [Jves L Nol] Cant Tell
outcome/s binded ?
5 Were the study groups similr ot the start of | [lves I oo BRI Game vl
the randomised contrlled trial? “Daseline characteritics appeared to be
consistent across the sample, howeer specific
demographic differences were not st out, iy
aversges of the entire group.
CONGIDER.
+ Were the boseline characteritics of ach study group (9. age, sex,socic-economic group)
clearlyset out?
+ Were there any differences between the study groups that could offect the outcome/s?
5 Apart from the expermental ntervention, | Bves LT No L] Cae el
Gid each study group receive the same level | -each p comleted two canditions, randormly
Of care (that s, were they treated equall)? | assigned. Each group had the exact same
procedure with only the second stimulus
presented differing
CONSIDER

Was there o clearly defined study protocol?
[ any addtional interventions were given (e.o
the study groups?

tests or treatments), were they similar between
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Were the follow-up intervals the same for each study group?

‘Section C: What are the results?

7.

‘Were the effects of intervention reported | &IVes [ No LJ Can't Tell

comprehensively? “power calculation was done, desired power
level of .50, alpha probability error of 0.0,

effect size of 0.6, requiring 18 p's per condition.

Final study had 21 p's per group.

-paired samples ttests used to analyse the
data.

~decreased negative affect in plant room ()
compared to baseline (p<.01) and after the.
ontrol raom (C) (p<.05).

-increased positive affect after nature wall (D)
compared to contral room (C) (p<.05].

-negative affect decreased after plant and
nature wil (PD) compared to baseline (p<.05),
and positive affect increased significantly.
compared to contral room (p<.01),

~suggests the P room and PD room reduced
negative emotions compared to control room

~suggests the D and PD rooms increased
positive emotions compared to those in control

~suggests that the inclusion of plant walls can
reduce negative emotions, while addition of
digital nature window walls can improve
positive emotions, while combining both could
both reduce negative and improve positive
emotions.

CONSIDER.

Wos a power calculation undertaken?
What outcomes were measured, and were they clearly specified?

How were the results expressed? For binary outcomes, were relative and absolute effects
reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?
Was there any missing or incomplete data?

Was there differential drop-out between the study groups that could offect the results?
Were potential sources of bias identified?

Which statistical tests were used?

Were p values reported?

‘Was the precision of the estimate of the ves Wl no L Cant Tell
intervention or treatment effect reported? | -confidence intervals reported.
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

ves I no L cant Tell

-quasi-experimental desien, studying healthy
student populstion, 81 sample, 46f, 35m, 20-25
yrs. Final sample of 75,

-one group pre-test post-test intervention

~cognitive data collected through the use of
trail making test + digit span test.

~consisted of two experimental conditions, an
outdoor nature walk (5m) and a virtual reslity
nature walk (5m on trezdmill] of the same.
outdoor walk recordzd on the VR, and the two
were counterbalanced between participants to
provide more control over confounding
variables, and before taking part in the second
condition all participants waited 3 month time.

~treadmill speed was set st Skm/hr to match
average walking speed.

-cognitive tests carried out before and sfter the
nditions.

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
* Population studied
Intervention given
Comparator chosen
Outcomes measured?

2. Was the assignment of participants to DvesINo [ cant Tell
interventions randomised? /A

CONSIDER.

« How was randomisation carried out? Wos the method appropriate?

« Was randomisation sufficient to eliminate systematic bias?

« Was the allocation sequence concealed from investigators and participants?.

3. Were sl participants who entered the study | [Jves BRI o] Cane el

accounted for at ts conclusion?

“three students withdrew hal
study, however these three were not included
in data analysis
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I
CONSIDER:
* Were losses to follow-up and exclusions after randomisation accounted for?
*  Were participants analysed in the study groups to which they were randomised (intention-to-
treat analysis)?
* Wos the study stopped early? If so, what was the reason?

‘Section B Was the study methodologically sound?

4. [3) Were the participants ‘blind to DvesINo M cant Tell

Intervention they were given? WA

[b) Were the investigators blind to the DvesINo M cant Tell
intervention they were giving to /A
participants?

T Were the people sssessing/analysing | [Jves I o] Can't Tell
outcome/s ‘blinded?

5. Were the study 2roups similar at the start of | [JVes [LJ No [ Can't Tell
the randomised controlled trial? /A

CONSIDER.

o Were the baseline characteristics of each study roup (.. age, sex, socio-economic group)
clearly set out?

o Were there any differences between the study groups that could affect the outcome/s?

& Apart from the experimental intervention, | [Jves L] No[J Can't Tell
did each study group receive the same level | /A
of care [that is, were they treated squally)?

CONSIDER.

o Was there a clearly defined study protocol?

* Ifany odditional interventions were given (e.g. tests or treatments), were they similar betuween
the study aroups?
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© Were the follow-up intervals the same for each study group?

‘Section C: What are the results?

7 Were the effects of intervention reported | PiIes [ No LJ Can't Tell
comprehensively? “no power calculation

-ANOVA 2nd ttests Bonferroni
used for analysis

rrected were

~trail making test showed main effect of time (p
<0.01), where p's were faster at completing
the TMT after both walks. No difference
between outdoor and VR walk found.

~digit span also showed main effect of time (p <
0.01], where p's had higher scores after the.
walks. P's showcased higher scores in the VR
walk compared to outdoor walk.

-paired t-test Bonferroni corrected showcased
a significant difference between the walk
conditions {p < 0.02), however this significant
difference did not exist after both walk
conditions were completed (p = 0.08).

-oversll, cognitive performance improved
significantly after both walk conditions.

CONSIDER.

* Was a power calculation undertaken?

+ What outcomes were measured, and were they clearly specified?

« How were the results expressed? For binary outcomes, were relative and absolute effects
reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?

Was there any missing or incomplete data?

Was there differential drop-out between the study groups that could offect the results?

Were potential sources of bias identified?

Which statistical tests were used?

Were p values reported?

‘Was the precision of the estimate of the ves I no L cant Tell
intervention or treatment effect reported?

CONSIDER.
« Were confidence intervals (Cis) reported?

3. Do the benefits of the experimental EvesINo M cant Tell
intervention outweigh the harms and costs?
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

Wves CIno [ Can't Tell

-two studies conducted to examine whether a
small dosage of immersive VR nature would
enhance connectedness to nature (CN) and
affect.

~Study 1 consisted of examining the effect of 3
three-session VR nature intervention for p's
with low level of CN at baseline, CN (Nature
Relatedness Scale), enjoyment of natur,

erceived mtivation for
ange, and affect (PANAS] measures collected
pre and post intervention. 31 p's

~study 1 intervention consisted of three.
separate sessions of VR, selected from nine
different virtual environments. 360 videos,
3m20s each, played for 3 totsl exposure
process of 10m roughly, eventually playing al
Rine videos over the three sessions. There was
3 wait time between each session, which was
roughly 3.8 days apart

-study 2 expanded upon the results of study 1,
by including a control group with 3 irtual
urban environment. Number of sessions was
reduced to 2 from 3, and duration of each
Session to 6m. Measures were done the same,
pre and post intervention. 80 p's, 18-39yrs, 50f,
27m

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
* Population studied
« Intervention given
* Comparator chosen
« Outcomes measured?

2. Was the assignment of participants o
interventions randomised?

ves W o cant Tell

“study 2 randomly assigned p's to either VR
nature intervention group or VR urban
environment control group.

CONSIDER.

« How was randomisation carried out? Wos the method appropriate?
« Was randomisation sufficient to eliminate systematic bias?
« Was the allocation sequence concealed from investigators and participants?.
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3. Were all participants who entered the study | &ves I No [ Can't Tell
accounted for atits conclusion? -ITT specifically mentioned in study 1, data
analysis was carried out on all 31 9’5 Wwho
entered the study.
-ITT also carried out on the 50 p's who entered
study 2
CONSIDER.

© Were losses to follow-up and exclusions after.

treat analysis)?
Was the study stopped early? ifso, what was.

randomisation accounted for?

Were participants analysed i the study groups to which they were randomised (intention-to-

the reoson?

‘Section B Was the study methodologically sound?

4. [3) Were the participants ‘blind to ves I no B cant Tell
intervention they were given?
) Were the investigators blind to the, es o B cant Tell
Intervention they were giving to
participants?
[c) Were the people assessing/analysing es o B cant Tell
outcome/s ‘blinded?
5. Were the study 2roups similar at the start of | DRJVes [ No [ Can't Tell
the randomised controlled trial?
CONSIDER.
o Were the baseline characteristics of each study roup (.. age, sex, socio-economic group)
clearly set out?
o Were there any differences between the study groups that could affect the outcome/s?
& Apart from the experimental intervention, | [ves L] No[J Can't Tell

study group receive the same level
(that s, were they treated equally)?
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CONSIDER.
o Was there a clearly defined study protocol?

f any additional interventions were given (e.g. tests or treatments), were they similor between
the study groups?

o Were the follow-up intervals the same for each study group?

‘Section C: What are the results?

7. Were the effects of intervention reported | PXJves L] NolLJ Cant Tell

comprehensively?
-study 1 used ANOVA for dats analysis. Results
indicated that exposure to VR nature
significantly increased overall experience
dimension of CN, 25 well as significantly
decreasing negative affect pre to post session 3
(p<.001), whereas no significant difference
was found in positive affect between time
points (p = .07).

-suggests that only negative sffect gets
decreased, while positive affect stays the same.
after viewing VR nature. Also suggests that VR
nature can reduce negative affect n those who
are not naturally oriented towards the
outdoors, or do not care much for nature to
begin with.

-however no control group, thersfore could not
confidently attribute this effect to VR nature
Solely, which study 2 explored

~study 2 mentioned power calculation, which
was based on study 1 [Cohen's d = -1.03),
indicating 5 minimum sample of 46 p's required
to achieve power of 80% with two-tailed 5% sig
level. Study 2 had 80 9's in total

-Mixed ANOVA used for study 2, and results
showcased that CN scores were higher for
intervention grp compared to control grp.

~Effect on affect was mixed, 35  decrease in
negative affect was seen in the control group in
study 2, while postive ffect remained largely
unchanged, possibly suggesting tht there were
other confounding factors present In the area
the experiment took place in rather than the
conditions.

CONSIDER.

* Was a power calculation undertaken?

+ What outcomes were measured, and were they clearly specified?

« How were the results expressed? For binary outcomes, were relative and absolute effects
reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?

Was there any missing or incomplete data?

Was there differential drop-out between the study groups that could offect the results?

Were potential sources of bias identified?

Which statisticnl tests were used?
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

Wves EI o L cant Tell

-examining whether VR nature exercise could

elicit greater psychophysiclogical recovery and
physical engagement a3 compared with 2 non-
VR treadmill control. Total sample of 60. 32m,
25

~the three conditions involved: 350 VR video,
3D model VR, both of which reproduced the
Same environment of walking alang a river, and
the control non-VR treadmill condition.
However, every condition walked on a tresdmill
for 10m at 3 self-selected speed, while holding
onto handrail.

-messures included enjoyment, perceived

. cybersickness, presence,
walking speed, heart rate, blood pressure,
perceived exertion and affect, as well a5 some
qualitative data

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
Population studied

Intervention given

Comparator chosen

« Outcomes measured?

2. Was the assignment of participants to Dves LI nol Cant Tell
interventions randomised? -double-blinded study, randomly assigned.
~randomisation done by picking from a hat,
assigning into one of three groups, and the
randomization was done after the baseline as
well as pre-exposure assessments, o ensure.
both p's and researchers were blinded.
CONSIDER:
« How was randomisation carried out? Was the method appropriate?
* Wos randomisation sufficient to eliminate systematic bias?
* Was the allocation sequence concealed from investigators and participants?
3. Were a participants who entered the study | [ves [ No ] Cant Tell
accounted for at its conclusion?
CONSIDER:

treat analysis)?

Were losses to follow-up and exclusions after randomisation accounted for?
Were participants analysed i the study groups to which they were randomised (intention-to-

Was the study stopped early? if so, what was the reason?
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‘Section B Was the study methodologically sound?

4. [3) Were the participants ‘blind to ves o L cant Tell
intervention they were given?
6] Were the investigators Blind to the Dves I no Cant Tell
intervention they ware giving to
participants?
(c) Were the people assessing/analysing | [Jves L] NoD] Cant Tell
outcome/s ‘linded?
5. Were the study groups similar at the start of | [LJVes [ No B Can't Tell
the randomised controlled trial?
CoNSIDER:
o Were the baseline characteristics of each study aroup (<.. age, sex, socio-zconomic group)
clearly set out?
o Were there any differences between the study groups that could offect the outcome/s?
& Apart from the experimental intervention, | BlIves [ No[J Can't Tell
did each study group receive the same level | -sach group completed the same measures and
of care [that is, were they treated caually)? | were treated the same except for the.
randomized condition assignment.
CoNSIDER:

Was there o clearly defined study protocol?
[ any addtional interventions were given (e.o
the study groups?

tests or treatments), were they similar between

Were the follow-up intervals the same for each study group?

‘Section C: What are the results?

7. Were the effects of intervention reported

ves I no L cant Tell

comprehensively?
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“power calculation done based on the expected
effect size for negative affect, which was set 35
medium (7=0.25], alpha set t6 0.05 and power.
setto 90%, meaning optimal sample size was
545's,final study had 60 p's in total

-one way ANOVA used to assess effects of
condition, and a mixed between-within ANOVA
for the effects of time and time by condition for
affect and blood pressure.

“results showed a significant effect of time on
all components of sffect, however no
significant time by condition interaction was
found for any components of affect.

-affect findings suggest that since the VR
condition did not showcase any beneits, it may
be the case that the beneficial changes In affect
were more due to the physical activity than the
VR aspect.

CONSIDER.

* Was a power calculation undertaken?

+ What outcomes were measured, and were they clearly specified?

« How were the results expressed? For binary outcomes, were relative and absolute effects
reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?

Was there any missing or incomplete data?

Was there differential drop-out between the study groups that could offect the results?

Were potential sources of bias identified?

Which statistical tests were used?

Were p values reported?

Wias the precision of the estmate of the
intervention or treatment effect reported?

ves I no L cant Tell

~confidence intervals not reported.
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

Wves I o L cant Tell

-experimental study. Mixed within-between
design, with pre and post intervention
messures. Final sample of 40, 12-24yrs, 10m,
301

hether exposure to VR nature would improve
affect, and in turn improve test scores 2nd
reduce test anxiety.

~the VR condition was comprised of 360 4
minute video of a rural pine forest, while the
urban condition involved 360 £ minute video
of an alleyway in 3n urban town, mainly
comprised of buildings and a parked car. Videos
were filmed using 3 360 GoPro camers

flot tests were tan before the real study to
nfirm the validity of the VR conditions

~student population, split into two groups, high
and low aniety. Both groups were recruited in
similar but different ways, with tailored emals
for acquiring a sample of high aniety and low
anxiety samples respectively

-messures involved the PANAS and the test
performance scores (non-verbal ressoning test)
Gbtained pre and post intervention. Other
measures included demographics
questionnaire, nature connectedness and
motion sickness assessment,

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
* Population studied
« Intervention given
* Comparator chosen
« Outcomes measured?

7 Was the assignment of particpants 1o Ve I No L Can'e el
interventions randomised? -p's assigned to intervention (high anxiety) or
nirol group (low amwity) based on the results

Of the test smuiety questionnaire, howeer
participants wre randomly assignad to either
the nature or urban conditions

CoNSIDER:

" How was randomisation carried out? Wos the method agpropriate?

« Was randomisation suficient to liminate systematic bios?

*  Was the allocation sequence concealed from investigators and participants?

5 Were ol pariicipants who entered the study | [Jves LT o X Cane el

accounted for at ts conclusion?

o dropouts or withdrawals in the study.
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CONSIDER:
treat analysis)?
Was the study stopped early? ifso, what was.

Were losses to follow-up and exclusions after randomisation accounted for?
Were participants analysed i the study groups to which they were randomised (intention-to-

the reoson?

‘Section B Was the study methodologically sound?

4. [3) Were the participants ‘blind to es I no B cant Tell
intervention they were given?
(6] Were the investigators ‘blind’ to the Dves I no Cant Tell
intervention they ware giving to
participants?
(c) Were the people assessing/analysing | [Jves L] NoD] Cant Tell
outcome/s ‘linded?
5. Were the study groups similar at the start of | DRJes [ No Il Can't Tell
the randomised controlled trial? ~/es, bath the high and low anxicty group were
very similar in terms of age, 35 well as number
of years spent n higher education
CoNSIDER:
o Were the baseline characteristics of each study aroup (<.. age, sex, socio-zconomic group)
clearly set out?
o Were there any differences between the study groups that could offect the outcome/s?
& Apart from the experimental intervention, | BQIves [ No[J Can't Tell
did each stucy group receie the same level
of care (that i, were they treated equall)?
CoNSIDER:

o Was there a clearly defined study protocol?.
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17 any additional interventions were Given (&9 tests or treatments), were they similar between

the study groups?

o Were the follow-up intervals the same for each study group?

‘Section C: What are the results?

7. Were the effects of intervention reported
comprehensively?

ves I no L cant Tell

“power calculation carried out, with the analysis
requiring 40 p's per group for 3 tota! sample of
80, however specific calculations were not
reported. However, final study was only 2ble to
get total sample of 20

-Mixed ANOVA was used to analyse the results,
25 well a5 post-hoc pairwise comparisons using
independant samples t-test and paired samples
t-test, with Bonferroni correction (p = 0.012).

-Results for the PANAS showcased that only
those who had high anxiety and were in the VR
nature condition had significant reductions in
negative affect, although the high anisty group
had 2 significant differance in test scores at
baseline, therefore this finding may be limited
in its application, although a follow up test, a
factorial ANOVA was performed to adjust for
this baseline varience, and showed significant
moderate effects, suggesting the findings were
valid

-past research shows that negative affect is
correlated with test aniety, therefore the
significant finding of VR nature reducing
negative affect highlights the potential of VR
nature being used for 3 student population in
combatting test anxiety.

~several p's in high anxiety groups commented
after the study fesling refreshed, slthough
these comments were not used in any way for
analysis, multiple p's mentioning this in high
anxiety group suggests that, in line with the
ART theory, VR nature successfully restored
enitive resources resulting in the feeling of
ng refreshed and clear-minded.

~although no positive affect increase was found,

ntradicting past research, it could be the case
that positive sffect may not capture the
relationship between affect and test anxsty as
negative affect does
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

Wves I o L cant Tell

-experimental design study whether 3 VA forest
is a5 effective for well-being outcomes as
physical forest

~the VR condition recreated the aspects of the
physica! forest in 2 game engine, and allowed
P's to traverse the path with the VR controllers.

“both conditions self-paced by p's, with no time
limit, which may present an issue with the.
outcomes, 3s some o's may take far longer than
others to complete the walk.

—Physical walk time (minimum 3m, maximum
om, average 5.7m).

VR walk time not stated, though mesn was
6.93m.

-outcomes involved ffect (PANAS), perceived
stress, sublective vitalty and perceived
IRSARARNSASES:

52 p's, two dropouts, resulting in 25 p's in each
group (32 female, 19 male,

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
« Population studied
« Intervention given
* Comparator chosen
« Outcomes measured?

2. Was the assignment of participants to Wves EI o L cant Tell
interventions randomised? ~experimenta| dasign but did randomize p's

into either the physical forest or VR forest
condition

CONSIDER.

« How was randomisation carried out? Wos the method appropriate?

« Was randomisation sufficient to eliminate systematic bias?

« Was the allocation sequence concealed from investigators and participants?.

3. Were sl participants who entered the study | [Jves BRI o] Cane el

accounted for at ts conclusion?

-one p dropped out due to difficulties with the
VR experience, while one did not wish for data
£ be used for the research, however the
person that dropped out was not accounted for
In the analysis
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CONSIDER.

 Were losses to follow-up and exclusions after randomisation accounted for?

« Wers participants analysed i the study groups to which they were randomised (intention-to-
treat analysis)?

« Was the study stopped early? If so, what was the reason?

‘Section B Was the study methodologically sound?

4. [3) Were the participants ‘blind to ves B no L cant Tell

intervention they were given?

) Were the investigators blind to the, ves B no [ cant Tell
Intervention they were giving to
participants?

(c) Were the people assessing/analysing | [Jves L] NoD] Cant Tell
outcome/s binded ?

5. Were the study 2roups similar at the start of | [JVes L] No ] Can't Tell
the randomised controlled trial?

CONSIDER.

o Were the baseline characteristics of each study roup (.. age, sex, socio-economic group)
clearly set out?

o Were there any differences between the study groups that could affect the outcome/s?

& Apart from the experimental intervention, | [Jves L] NoDXJ Can't Tell
did each study group receive the same level
that is, were they treated equally)?

CONSIDER.

o Was there a clearly defined study protocol?
* Ifany odditional interventions were given (e.g. tests or treatments), were they similar betuween

the study aroups?





image28.png
Were the follow-up intervals the some for each study group?

‘Section C: What are the results?

7.

Were the effects of intervention reported | Pes L] No [ Can't Tell
comprehensively? -main effect of time on positive affect (p =

0.01]. in both conditions p's reported being
more positive after the nature interventions
compared to before, however there was no
main effect of condition.

-main effect of time for negative affect |
0.001].in both conditions p's reported being
less nagative after the nature interventions,
however, just like positive affect, there was no
main effect of condition.

-oversll, both forest experiences incressed
positive affect and reduced negative affect.

-oversll outcomes suggest that 2 VR nature
walk can yield roughly similar beneficial effects
compared to 3 physical forest walk.

~an important detail s that the physical forest
group were walking, while the VR group were
seated, which makes the similerity in the
beneficial outcomes very interesting, 35 it
suggests that simply being i nature is enough
to evoke beneficil effects,

—recommends future research to compare
seated VR to walking VR (on treadmill for sg)

CONSIDER.

Wos a power calculation undertaken?
What outcomes were measured, and were they clearly specified?

How were the results expressed? For binary outcomes, were relative and absolute effects
reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?
Was there any missing or incomplete data?

Was there differential drop-out between the study groups that could offect the results?
Were potential sources of bias identified?

Which statistical tests were used?

Were p values reported?

‘Was the precision of the estimate of the EvesINo M cant Tell
intervention or treatment effect reported?

CONSIDER:
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

Wves EI no [ Cant Tell

“RCT, whether 3 VR game, Beatsabar 2nd 2 2d
nature ak video displayed in VR would improve
attentional performance

39 participants (30 women,  men; 18-25yrs),
psychology students, randomly assigned into
three groups: VR game (14), nature video (13)
and control (12)

Both the VR game group and nature group
engsged in the intervention for 20 minutes,
while the control group spent 20m in the labs,
reading magazines and flyers sbout actiities in
the university. The cognitive tests were
administered pre and post condition. (5m for
flanker, 10-15m for attentional biink).

-messures included cognitive sttention tas

from Byigalki lbrary.

L. Flanker task, which measures inhibitory
control, response accuracy and selective
attention with two different types of stimul,
Task involves presenting 3 sequence of five
letters above 3 fixation point n the gepter of
the screen, requiring participants to fespond to
the central letter, which serves o5 the target.
The test involved congruent and incongruent
stimull with differing correct response keys for
each stimuli. Consists of 50 total trials, 25
congruent and incongruent, with participants
receiving fesdback after each trial whether they
pressed the correct key.

-the outcomes for the flanker task involved
accuracy, response time [congruent and
incongruent stimul], and interference
(difference in response times between the,
congruent and incongruent stimuli).

2. Attentional Blink task measures visual
attention, cognitive flexibility, and abilty to
recover attention after distractors. Participants
detect and identiy a target stimulus, which
appears as sither the first target or second
target, initiated by pressing the space key,
which presents participants with a blank screen
and fixation point, with four boxes indicating
where the target could be.

~the outcomes for attentiona blnk task
involved calculating the accurscy of identifying
the second target (T2) at different time
interals following the first target (1), 35 well
25 accuracy and response times.
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Was the study designed to assess the outcomes of an intervention?
Is the research question formulated n terms of

« Population studied

« Intervention given

* Comparator chosen

« Outcomes measured?

2. Was the assignment of participants to ves T no B cant Tell
interventions randomised? s randomized, but exact process not
specified
CONSIDER.

‘How was randomisation carried out? Wos the method appropriate?
« Was randomisation sufficient to eliminate systematic bias?

Was the allocation sequence concealed from investigators and participants?

3. Were sl participants who entered the study | [XJves [ o] Cane el
accounted for at its conclusion? -no withdrawals or dropouts, all p's analysed in
the group they were assigned to.
CONSIDER.

Were losses to follow-up and exclusions after randomisation accounted for?

Were participants analysed i the study groups to which they were randomised (intention-to-
treat analysis)?

« Was the study stopped early? If so, what was the reason?

‘Section B Was the study methodologically sound?
4. (a) Were the parficipants blind to Dves DI noL Cant Tell
intervention they were given?

6] Were the investigators ‘Biind to the ves I No I Can't el
Intervention they were giving to
participants?

] Were the people assessing/analysing es o B cant Tell
outcome/s ‘blinded?





image31.png
5. Were the study groups similar at the start of

the randomised controlled trial?

Eves I No R cant Tell

CONSIDER.

clearly set out?
Were there any diferences between the study.

Were the baseline characteristics of each study group (e.g. age, sex, socio-economic group)

aroups that could affect the outcome/s?

& Apart from the experimental ntervention, | BAves L] No L] Can't Tell
did each study group receive the same level | —all groups had same length of time spent in
of care (that s, were they treated equally)? | their conditions, a5 well as completing the same

CONSIDER:

o Was there o clearly defined study protocol?

* fany additional interventions were given (e.g. tests or treatments), were they similar between
the study groups?

® Were the follow-up intervals the same for each study group?

‘Section C: What are the results?

7. Were the effects of intervention reported
comprehensively?

ves I no L cant Tell

“power calculation undertaken, effect size 0.25,
alpha eror 0.05, and power of 0.95, requiring
sample of 27 for three groups. Final study had
390's

-post-hoc analysis showed the 4k nature video
significantly improved accuracy [messured in
mean % sccuracy - M) in the attentiona! blink
task (M = 0.82) compared to control group (M
0.68), especially in conditions with less tme
between the stimuli (SOA < 300ms), however
VR ideo group did not differ significantly from
VR game group M = 0.76), suggesting that
nature exposure can enhance sustained
attention and reduce cognitive fatigue,
resulting in better performance. VR video has
o significant effects on the Flanker task
however, suggesting that nature may enhance
general attention capacity, but not necessarily
improve selective sttention

-oversll, there was no significant differences
between the intervention groups a5 all groups
improved roughly the same amounts,
suggesting the intervention types did not have
differential eff





image32.png
“must be acknowledged that the Improvements
in response times and accuracy on both the
tests could be due to a traininglearning effect,
which can generally be the case with pre-past
test designs, where familiarization with the task
may lead to improved scores on the post test.

-even the control group showed better
performance in the post-test, which could
simply be due to the long rest/recovery period
in between the pre-past fest cognitive

lack of sig differences between congruent and
incongruent trisls in the Flanker task,
suggesting that all s across all groups were
capable of managing distractors, no matter the
intervention received, which may suggest that
the tasks were not cognitively demanding
enough to create an interference effect, or it
may indicate 3 ceiling effect.

CONSIDER.

Wos a power calculation undertaken?

What outcomes were measured, and were they clearly specified?

How were the results expressed? For binary outcomes, were relative and absolute effects
reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?
Was there any missing or incomplete data?

Was there differential drop-out between the study groups that could offect the results?
Were potential sources of bias identified?

Which statistical tests were used?

Were p values reported?

‘Was the precision of the estimate of the ves I no L cant Tell
intervention or treatment effect reported?

CONSIDER.

Were confidence intervals (Cis) reported?

B

Do the benefits of the experimental EvesINo M cant Tell
intervention outweigh the harms and costs?

CONSIDER:
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

ves I no L cant Tell

-ReT

-136 nitial 's recrited, 15-25r5. University
student population. Only 62 p's were valid
participants for the main study (26 male, 36
female).

-p's were randomly assigned to one of four
‘groups: working memory training (15), forest
VR (18], water VR (15] and control {13].

-messures included the brief profile of mood
states (BPOMS), and cognitive indlex tests, used
a5 the baseline pretest data. Following which »
month-long home treining session began.

-working memory group performed a dual
dimensional n-back working memory training
task for one month, taking roughly 20m per
session, three fimes  week, resulting in 12
total sessions over 4 weeks. The n-back task
was installed on the p's phone, and taught how
touseit

~the n-back memory training app consists of s
needing to determine whether the material of
the current tria s consistent with the materia!
of the nth previous trial. The dual dimension n-
backis 2 variant of the usual n-back, in that it
has two simultaneous tasks, which are
independent of saghether, and require dual
executive control. The task used in the study
consisted of a 3«3 box grid, with different gl
blocks appeared on different squares each
time. The 2pp allowed adaptive cognitive
training, s0 once p's scored 80 or more in two
sets, they could move onto the next level. The
task lasted 20mins per session as stated

~the forest and water VR groups received VR
glasses’_and taught how to use the glasses and
play videos, which were prepared in advance.
The p's were asked to do the sessions on site to
ensure all p's could use the VR glasses, like the
‘working memory group, sessions lasted 20m,
three times a week, for a total of 12 sessions in
4weeks

-the VR videos filmed using 2 UCVR EYE VR
mera, which fimed both the forest and water

Scenery. P's viewed the videos on their phones

Using USGMR 20p and the VR glasses duo lenses
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“the control group did not complete the
training, instead followed » WeChat account
and read the content, which tweeted three
times 2 week for a tofal of 12 times in 4 weeks.

-p'sin each group re-entered the labs after the
4 wesks period to once again complete the
BPOMS and a second set of cognitive tests
(running memory task, 2-back task, digital
Shifting task, and sigpeg task.J. At the end of
the training intervention, p's filld out some
questionnaires for willingness and future

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
* Population studied

« Intervention given
* Comparator chosen
« Outcomes measure
2. Was the assignment of participants to Wves I no L cant Tell
interventions randomised? ~©'s randomly assigned to one of 4 groups.
“specific method of randomization not
reported
CONSIDER.
« How was randomisation carried out? Wos the method appropriate?
« Was randomisation sufficient to eliminate systematic bias?
« Was the allocation sequence concealed from investigators and participants?.
3. Were sl participants who entered the study | [Jves BRI o] Cane el

accounted for at ts conclusion?

-only those with high enough sdherence were
included in the final study. Only 65.3% of
training sessions were completed more than
seven times, those who did not complete al
<ions were not counted 25 valid

CONSIDER.

treat analysis)?

Were losses to follow-up and exclusions after randomisation accounted for?
Were participants analysed i the study groups to which they were randomised (intention-to-

Was the study stopped early? If so, what was the reason?

‘Section B Was the study methodologically sound?

7 (3] Were the participants Ind ©o

intervention they were given?

ves B no L cant Tell
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] Were the investigators biind to the
Intervention they were giving to
participants?

es o B cant Tell

[c) Were the people assessing/analysing es o B cant Tell
outcome/s ‘blinded?
5. Were the study 2roups similar at the start of | D&JVes [J No [ Can't Tell

the randomised controlled trial?

~Kruskal-Walis H{K) non-parametric test
showed there was no difference between the
groups in age [p = 0.450) and gender (
0.851).

-3t baseline there was no significant
differences.

CONSIDER.

clearly set out?
Were there any diferences between the study.

Were the baseline characteristics of each study group (e.g. age, sex, socio-economic group)

aroups that could affect the outcome/s?

Apart from the experimental intervention
did e3ch study group receive the same level
of care [that is, were they treated squally)?

ves I o L Cant Tell
“both groups had the exact same measures and
length of conditions.

CONSIDER.

o Was there a clearly defined study protocol?

« Ifany additional interventions were given (e.0.
the study groups?

tests or treatments), were they similar between

Were the follow-up intervals the same for each study group?

‘Section C: What are the results?
7. Were the effects of intervention reported | PRIes [ No L Cant Tell
comprehensively? -no significant differences were found in

willingness, adherence or future willingness.

~for the BPOMS, there were no significant
hanges, except for anger dimension, which
was significantly higher i the control group. No
changes in emotions between the VR £roups or
‘working memory group.

Sugeests that VR may have the effect of
Stabilizing moods, rather than changing them.
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~the results for the cognifive tests showcased
that the forest VR group had significantiy higher
(p=0.001; n2 =0.157) levels of average.
accuracy on the 2-back. This outcome was very
similar to the significant outcomes of the
‘working memory training group (p = 0.000; n2 =
0.202), suggesting that forest VR may faciltate
2 positive effect on updating function, similar to
that of the working group.

—for the sjroeR task, the water VR group
baseline ccuracy to post-test was significantly
higher, which in the context of the sicoqR task
may imply faster automatic processing,
although the lack of significant changes in other
aspects of the sizpgg task indicates that not all
the training improved cognition.

CONSIDER.
* Was a power calculation undertaken?

+ What outcomes were measured, and were they clearly specified?
« How were the results expressed? For binary outcomes, were relative and absolute effects

reported?
Was there any missing or incomplete data?
Were potential sources of bias identified?

Which statistical tests were used?
Were p values reported?

Were the results reported for each outcome in each study aroup at each follow-up interval?

Was there differential drop-out between the study groups that could offect the results?

Wias the precision of the estmate of the
intervention or treatment effect reported?

ves T no [ Cant Tell
-85% confidence intervals reported as error
bars on graphs

CONSIDER.
« Were confidence intervals (Cis) reported?
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‘Section Als the basic study design valid for a randommised controlled trial?

T D1d the study a0dress  clearly formulated
research question?

WJves CI o L cant Tell

“RCT study, whether VR nature can improve
affect through different forms of delivery. Study
carried out in Exeter, UK.

<involved three groups, with two intervention
and one control 2roups: 380-VR group, CG-VR
group, and 3 2D TV control group.

~the 2D TV was chosen as the control, as t is
argued it is the least immersive mode of VRNT
delivery

~sample of 95 p's, ranging from 18-75 years,
aithough the majority of the sample were
younger and from the general/student
population, and p's with any self-reported
major heslih issues were excluded

~randomized inta one of the thres groups, using.
2 random number generator.

VR squipment involved 3 HTC VIVE VR headset,

for the control group a 17-inch high definition
LED monitor was used.

sl three groups focused on natursl
underwater scenes of a coral recf, while the
control group used videos from BEC Blue Planet
2 series, with permission from BBC, and was
edited to match content of other conditions.
The CG-VR condition meanwhile used an ‘off-
theshelf underwater VR experience TheBly:
Reef Migration, which allowzd p's to physically
move around and Interact with the
environment using the controllers and
physically moving around, with programmed
parameters to inform p's of reaching the edges
of the room, with the assistance of the
researcher.

Each of the conditions involved underwater
Sounds + documentary style narrative.

“before taking part in the condition, 3 boredom
was induced in p's prior to first messures and
exposure to the intervention. The exposure.
time involved 5 minutes for each condition

-the messures were done pre and post test,
including affect [SPANE), experienced presence,
boredom, and nature connectedness.

CONSIDER.

Was the study designed to assess the outcomes of an intervention?

Is the research question formulated n terms of
«_Fopulation studied
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« Intervention given
* Comparator chosen
« Outcomes measure

2. Was the assignment of participants to ves o L cant Tell
interventions randomised? “randomized into one of 3 groups, using

random number generator.

CONSIDER.

« How was randomisation carried out? Wos the method appropriate?

« Was randomisation sufficient to eliminate systematic bias?

« Was the allocation sequence concealed from investigators and participants?.

3. Were sl participants who entered the study | [XJves [ o] Cane el

accounted for at ts conclusion?

- withdrawals or dropouts in the study, all 96
P's data anzlysed.

CONSIDER.

treat analysis)?

Were losses to follow-up and exclusions after randomisation accounted for?
Were participants analysed i the study groups to which they were randomised (intention-to-

Was the study stopped early? If so, what was the reason?

‘Section B Was the study methodologically sound?

& (o] Were the particpants Bind o e Il ol Car'e Tl
intervention they were given?
(6] Were the investigators ‘blind’ to the Dves DI no Cant Tell
intervention they were giving to
perticipants?

Were the people sssessnglanalysig | [Ves IN oD CaneTal

outcome/s binded ?

5 Were the study groups similr 3t the start of | Iives LY o L Gamevel

the randomised controlled trial?

-no sig differences in demographics between
roups, hence demographics weren't used for

the main analyses.
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CONSIDER.

clearly set out?

Were the baseline characteristics of each study group (e.g. age, sex, socio-economic group)

Were there any differences betwezn the study groups that could affect the outcome/s?

& Apart from the experimental ntervention, | BAves L] No L] Can't Tell
did each study group receive the same level | -yes, each group had exact same procedure,
iatis, were they treated equally)? | and the conditions for each group were created
and edited to be as similar 25 possible in each
mode of delivery.
CONSIDER:
o Was there o clearly defined study protocol?
* fany additional interventions were given (e.g. tests or treatments), were they similar between
the study groups?
® Were the follow-up intervals the same for each study group?
‘Section C: What are the results?

7. Were the effects of intervention reported
comprehensively?

ves I no L cant Tell

“power calculation carried out - effect size of §
=03, 80% power, slphs error of 0.05, required
2 minimum sample size of 90. Final ssmple
included 96 p's.

—results showcased a significant drop in
negative affect across the three conditions
mbined (p < 0.001), however neither of the
VR conditions (regression beta-coefficients: 350
VR:B=0.49; CG-VR: B = 0.41] resufted in
significantly lower negative affect compared to
the control

“There was, however, a significant increase in
positive affect across the three conditions
combined (p < 0.001), and the CG-VR condition
particularly was associated with signficantly
greater positive sffect than the control [p =
0.015], and the CG-VR positive affect was also
significantly higher than the 360-VR condition
{p=0017)

-oversll, the results suggest that all three
nditions are equally effective for reducing
negative affect, wheress CG-VR is more
effective for improving positive affect
compared to the other two conditions

-important to note that the improvements in
positive affect in CG-VR group were partiaily
medisted by presence and nature
connectedness.





image40.png
incresses in positive sffect across all three
conditions could be due to the novel coral reef
environment, and furthermore in the CG-VR
due to higher interactivity, and in turn higher
fascination.

CONSIDER.

Wos a power calculation undertaken?
What outcomes were measured, and were they clearly specified?

How were the results expressed? For binary outcomes, were relative and absolute effects
reported?

* Were the results reported for each outcome in each study group at each follow-up interval?

*  Was there any missing or incomlete data?

« Was there differential drop-out between the study groups that could affect the results?

* Were potential sources of bias identified?

«  Which statistical tests were used?

+  Were pvalues reported?

8. Was the precision of the estimate of the Dves I ol Cant Tell

intervention or trestment effect reported? | -confidence intervals reported and discussed in
limitations.

CONSIDER:

Were confidence intervals (Cis) reported?
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Institite of Education

Prifysgol Cymru
Y Drindod Dewi Sant
University of Wales

Trinity Saint David

Study Information Sheet

Exploring virtual reality nature and the effects on mood
and performance

Why are we doing this study?

Research shows that virtual reality (VR) nature can have many
positive effects, including improving mood, improving different
types of performance, reducing stress, and much more. The aim
of this study is to explore whether brief VR nature exposure can
positively impact cognitive performance and affect. The study is
being carried out by a Masters student in the Centre for
Psychology and Counselling at the University of Wales Trinity Saint
David, Swansea.
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What does the study involve?

The study involves completing a short survey that asks a series of
questions about mood and affect, ranging across a variety of
different emotions, followed by two cognitive tests. This will then
be followed by a brief VR nature video on the Oculus headset,
after which the first tests will be repeated once more. Taking part
is voluntary. All data collected is anonymous and we will not be
able to link your responses to you. Completing the study will take
around 30 minutes of your time.

What will happen to the results of the study?

The results of this study may be published within a relevant
journal. All data will be anonymous and stored securely in line
with GDPR (2016). You can end the study without giving us a
reason at any time by simply informing the researcher, wherein
all your data collected will be deleted.

What do I need to do next?

If you would like to proceed with the study, please click the Next

Button’ and confirm that you are happy to consent. If you have

any concerns during or after the study, please let the researcher
know in the labs, or contact us using the details below if needed.

Thank you for your time.
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Research Student:

Dominik Grunski

Email: 1901751@student.uwtsd.ac.uk
Research Supervisor:

Dr Ceri Phelps

Email: ceri.phelps@uwtsd.ac.uk
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Yr Athrofa

Institute of Education

Consent Form

| have read and understand the information sheet and confirm
that | wish to take part in the study.

O I consent to taking part in the study

O I do not consent to taking part in the study
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Please select to what extent you feel the following emotions and
feelings right now, that is, at the present moment.

Excited

Upset
strong
Guitty
scared
Hostile
Enthusiastic

Proud

Very slightly
or Not atall

OO0OO0O0OO0OO0O0O0O0OO0

Alittle

OO0OO0O0OO0OO0O0O0O0OO0

Moderately

OO0OO0O0OO0OO0O0O0O0O0

Quite a bit

OO0OO0O0OO0OO0O0O0O0O0

Extremely

OO0OO0O0OO0OO0O0O0O0O0

I
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Iitable

Alert

Ashamed

Inspired

Nervous

Determined

Attentive

Very slightly

or Not at all

OO0OO0O0OO0OO0O0O0O0OO0

Alittle

OO0OO0O0OO0OO0O0O0O0OO0

Moderately

OO0OO0O0OO0OO0O0O0O0O0

Quite a bit

OO0OO0O0OO0OO0O0O0O0O0

Extremely

OO0OO0O0OO0OO0O0O0O0O0

I
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Digit Forward Test

Please read these instructions carefully before starting the
task.

During this first cognitive task, a string of number will be read out
to you. The first set will be two numbers long and will get
increasingly longer as you go.

The audio recording will play automatically for you, and you need
to remember the numbers you hear and type them into the box
provided below. You can then click on the blue arrow to continue
with the next string of numbers.

The task will end once you make a mistake so please ensure you
are happy with your response prior to clicking the blue arrow.

Before the real task begins, you will be given a chance to practice
to get acclimated to the task. These practice results will not be

included in the final results.

Click blue arrow to begin the practice session.
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Practice Session

For this first example, you can hear the numbers 7 and 6;
therefore, you are required to type the number 76 into the box
below.

Please do not put any spaces between the numbers you
type into the box.

You must listen to the full number being read out before
you start typing in your answer.

Once you have entered your answer, you can continue to the next
number string. Only click on the blue arrow when you have typed
in your answer and are ready to hear the next recording.

Please click the blue arrow to start the practice test.
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Please enter the number string you just heard.
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Thank you for completing the first part of the test.

For the next part of the test, called the Digit Backwards test, the
procedure is the same, except you must write down the numbers
you heard in reverse order.

Again, you must listen to the full number being_read out before
you start typing_in your answer.

Please click the blue arrow to continue.
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Practice Session

For example, if you heard 4567, the correct answer would be
7654.

Please do not put any spaces between the numbers you
type into the box.

Please remember, the task will end once you make a mistake so
please ensure you are happy with your response prior to clicking
the blue arrow.

Once you have entered your answer, you can continue to the next
number string. Only click on the blue arrow when you have typed

in your answer and are ready to hear the next recording.

Please click the blue arrow to start the practice test.
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Prifysgol Cymru Centre for Psychology and
Counselling

Y Drindod Dewi Sant

University of Wales
Trinity Saint David MSc Applied Psychology

Study Debrief Sheet

Investigating effectiveness of virtual reality nature for improving
cognition and affect.

Thank you for completing the survey and tests, your time is greatly appreciated. The
answers and data you have provided will help to better understand the effectiveness
and usefulness of virtual reality as a way to improve performance and mood, which
may in tun help to further develop interventions or ways of utilizing virtual reality for
improving daily functioning

Your participation in the study is voluntary and anonymous, and you may still
withdraw your data if you wish. Please be aware, as no personally identifiable
information has been collected, it will not be possible for us to remove your answers
once you have submitted your responses. If you no longer wish to take part in the
study, please inform the researcher.

If you feel you have have been affected by your participation, please contact one of
the research team by using the contact information below to discuss your concerns.

Dr. Ceri Phelps — Ceri phelps@uwisd ac. uk
Dominik Grunski — 1901751@student uwtsd ac.uk

Thank you once again for taking time to participate in this study.

Dominik Grunski
MSc Applied Psychology

University of Wales Trinity Saint David
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Name Tipe Wi Decimals Values  Missing  Columns Measure Role
1 P Numeic |14 0 None None N allordinal | Input
2 Age Numeric 31 0 None None. 7 & scale N Input
3 Gender  Numerc |25 o {1, Male). None 10 S Nominal | Input
4 PrePA Numeric 2 0 None. None. 10 & Scale N Input
5 PreNA  Numeric 2 0 None. None. 10 & Scale N Input
6 Pre_Foward Numeric 2 0 None. None. 14 & Scale N Input
7 Pre_Backw.. Numeric 2 0 None. None. 16 & Scale N Input
8  Digit_Score.. Numeric 2 0 None. None. 7 & Scale N Input
9 PreTMT  Numeic 5 2 None. None. i & Scale N Input
10 PostPA  Numeic 2 0 None None i & Scale N Input
11 PostNA  Numeric 2 0 None None i & Scale N Input
12 Post Forwa.. Numeric 2 0 None None 15 & Scale N Input
13 Post Back. Numeric 2 0 None None 16 & Scale N Input
14 Digit_Score.. Numeric 2 0 None. None. 18 & Scale N Input
15 PostTMT  Numeric 6 2 None None 12 & scale N Input
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» T-Test

Paired Samples Statistics

Mean N St Deviation St Error Mean
Pair1 Pre_PA 2790 3 6992 1256
Post PA 3129 El 85832 1586
Pair2 Pre_NA 1406 El 3276 568
Post A 1110 El 2181 392
Pair3 Pre_TMT 504568 31 1402874 251964
PostTMT 508477 31 1725624 309931
Pair4 Digit Score_Pre 1526 El 4933 886
Digit Score_Post __ 14.03 3 5997 1077
Paired Samples Correlations
significance
N Corelaion One-Sidedp Two-Sided p
Pair1_Pre_PA&POSLPA 3 659 <001 <001
Pair2Pre_NA&POStNA El 526 001 002
Pair3 Pre_TMT & Post THT. El 722 <001 <001
Pair4 Digit Score_Pre & E 675 <001 <001
Digit_Score_Post
Paired Samples Test
Paired Diftrences significance
95% Confidznce Interval of the
Difference
Mean  Std Deviation _Std.ErrorMean  Lower Upper t df  One-sidedp Two-Sidedp
Pair1_Pre_PA-Post PA 3387 6741 1211 -5.860 s4 -z 30 004 009
Pair2Pre_NA-Post NA 2968 2822 507 1933 4003 5855 30 <001 <001
Pair3  Pre_TMT- Post_TMT 39097 1204752 216380 -481003 402810 -181 0 429 858
Pair4  Digit_Score_Pre- 1228 4514 811 -430 2882 1512 30 o71 141

Digit_Scors_Post
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Paired Samples Effect Sizes

95% Confidence Interval

Standardizer® _Point Estimate__ Lower Upper

Pair1 Pre_PA-PosLPA Cohen's d 6741 502 873 125
Hedges'correction 6915 -490 -851 12

Pair2  Pre_NA- Post_NA Cohen's d 2822 1.082 605 1.486
Hedges'correction 2895 1.025 590 1.449

Pair3  Pre_TMT- Post_THT Cohen's d 12.04752 032 384 320
Hedges'corection  12.35954 032 -a18 312

Pair4  Digit_Score_Pre- Cohen's d 4514 272 -089 628
Bl o Hedges' correction 4631 265 -087 612

a.The denominator used in estimating the effect sizes.
Cohen's d uses the sample standard deviation of the mean difference.
Hedges' correction uses the sample standard deviation of the mean difference, plus a correction factor.




