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positive affect is determined by the level of sensory processing sensitivity 

Eimer Cadogan a, Francesca Lionetti b,c, Mike Murphy a, Annalisa Setti a,d,*,1 

a School of Applied Psychology, University College Cork, Cork, Ireland 
b Department of Neuroscience, Imaging and Clinical Studies, Gabriele D’Annunzio University of Chieti and Pescara, Italy 
c Department of Biological and Experimental Psychology, Queen Mary University of London, UK 
d Environmental Research Institute, University College Cork, Ireland   

A R T I C L E  I N F O   

Handling editor: Giulia D’Aurizio  

Keywords: 
Sensory processing sensitivity 
Green environment 
Virtual nature intervention 
Rumination 
Psychological wellbeing 
Mix-method 

A B S T R A C T   

Natural environments have positive effects in reducing rumination, improving affect and restoring depleted 
cognitive abilities, however individual differences in susceptibility to these positive effects are still understudied. 
Higher Sensory Processing Sensitivity (SPS) is a risk factor for mental ill-health and ruminative thoughts, 
however, those high in SPS are particularly connected with nature, therefore potentially more susceptible to 
nature-based interventions. In this pre-post study, we evaluated the impact of virtual nature exposure on affect, 
rumination, and executive functions in individuals with varying levels of SPS. 147 participants (53.1% female; 
Mage = 48.07) were characterised SPS, depression and anxiety, then they completed measures of affect, state 
rumination and performed the Stroop task before and after watching a nature or urban video. The study was 
conducted online. Changes in positive affect were predicted by the interaction between SPS and the type of 
environment viewed. A decrease in negative affect post exposure to the nature video, and rumination post both 
interventions were also found overall, but not on Stroop performance. A thematic analysis of qualitative follow 
up questions contributed to elucidate these results. In sum, a brief virtual nature intervention may be a feasible 
way of reducing negative affectivity and rumination and increase positive affect particularly in those with high 
SPS.   

1. Introduction 

Exposure to natural environments, defined as greenspaces and 
bluespaces, has a demonstrated beneficial effect in reducing symptoms 
of depression and anxiety, including negative affect and rumination 
both in the general population and individuals suffering of mental illness 
(Bratman et al., 2015; Kotera et al., 2020; Maund et al., 2019). 
Depression and anxiety are two of the most common mental health is
sues globally, with depression being ranked by the WHO among the 
largest contributor to global disability (WHO, 2022). However, 
responsiveness of specific populations to nature-based interventions for 
depression and anxiety, and related symptoms has yet to be fully 
explored (Sumner et al., 2022), in the present study we explore whether 
exposure to a short bout of virtual nature (or urban scenes) is beneficial, 
and more so for those who are highly environmentally sensitive. 

A group of people who are particularly at risk for mental health 

issues are Highly Sensitive Persons (HSPs; Aron & Aron, 1997). HSP 
individuals are defined by their high levels of the temperamental trait 
known as Sensory Processing Sensitivity (SPS), and are thought to make 
up a significant minority of the population, approximately 20–30% 
(Greven et al., 2019). SPS involves increased sensitivity of the central 
nervous system to stimulation offered by the environment (Acevedo 
et al., 2014). Recent research suggests that SPS is a continuum, but with 
three broad categories i.e., low, medium, and highly sensitive in
dividuals (Lionetti et al., 2018). 

High SPS individuals are identifiable by their heightened emotion
ality, empathy, and depth of processing; this trait also comprises a deep 
sense of beauty, and great empathy towards the suffering of others 
(Greven et al., 2019), which are also reflected in neuroimaging studies 
(Acevedo et al., 2014). Having high levels of the trait SPS can confer 
benefits and strengths for individuals (Nocentini et al., 2018; Pluess & 
Boniwell, 2015), however it is also a risk factor for mental health issues 
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such as anxiety and depression (Liss et al., 2005, 2008). High SPS is 
associated, in unfavourable environments, with a vicious circle of 
interaction between perception of aversive stimuli, strong emotions, and 
cognitive processing, particularly rumination (Brindle et al., 2015; 
Wyller et al., 2017). Rumination is key in this vicious circle as it focuses 
the individual on negative self-referencing thoughts, rather than 
engaging in more positive coping strategies, and can be both a state and 
a trait (Marchetti et al., 2018). The link between SPS, rumination, and 
mental health has been demonstrated in children (Lionetti et al., 2021) 
and adults (Bas et al., 2021). Given their propensity to ruminate, and 
difficulties in emotion regulation (Brindle et al., 2015), one could argue 
that those higher in SPS may have difficulty with inhibition and exec
utive control. Indeed, in the general population, people who have lower 
executive control in a Stroop task, reported to display less 
problem-focused responses to life stressors (Klein et al., 2017). 

In recent years, there has been significant growth in research around 
the benefits of interacting with natural environments for mental health 
and cognition. In a meta-analysis from Roberts et al. (2019) it was 
demonstrated that a significant reduction in depressive mood is found 
following nature exposure, while nature interventions have also been 
shown to aid anxiety (e.g., Reynolds et al., 2018) and rumination 
(Bratman et al., 2015; Bratman et al., 2021). In a study from Bratman 
et al. (2015), a walk in nature for 90 min decreased both self-reported 
rumination, and activity in the subgenual prefrontal cortex (sgPFC) as 
opposed to a walk in an urban environment. Similar results by Lopes 
et al. (2020) demonstrated that walking in an urban park for 30 min 
reduced ruminative thinking, whereas a 30 min walk along a part of the 
city devoid of nature did not. Walking in nature and viewing pictures of 
nature, have also been found to aid in improving executive functioning 
(Berman et al., 2008). Lab-based studies utilising virtual nature in
terventions, i.e., exposure to reproductions of nature with different 
levels of immersiveness, have also been found to be beneficial (MacIn
tyre et al., 2020). In a recent systematic review, Browning et al. (2021) 
found that in approximately 100 experiments, mood improvements 
were demonstrated, while in approximately 50 experiments, improved 
attention or other cognitive functions, stress reductions, increased pain 
tolerance, or perceived restoration were found. Browning et al. (2021) 
looked at virtual nature of many kinds: slideshows, pictures, videos on 
different kinds of media devices. Generally, the more immersive the 
experience the more effective. For example, in a study from Annerstedt 
et al. (2013), the inclusion of combined audio and visual nature ele
ments showed greater stress recovery than visual alone. The duration of 
exposure to obtain such improvements can be short, e.g. a study 
exploring 360 videos of nature finding 5 min was sufficient to lower 
negative affect in students with high exam anxiety (O’Meara et al., 
2020). Similarly, other research using virtual nature interventions have 
found 10 min of virtual nature to be effective (Reynolds et al., 2018). 
Therefore virtual nature allows to test the effects of natural environ
ments in controlled settings, and potentially opens the possibility to 
support nature-based interventions when real natural environments are 
difficult to access (Calogiuri et al., 2022), as it was the case during the 
Covid-19 pandemic for those living in urban areas. 

Those with higher levels of SPS show a greater disposition to feeling 
connected with nature (Setti et al., 2022). In two studies, Setti et al. 
(2022) showed that to higher SPS is associated with higher level of 
nature connectedness and affinity with animals, which is in line with 
previous qualitative findings (Black & Kern, 2020). This raises the 
question of how effective nature interventions may be for this cohort in 
reducing rumination, improving affect and executive functioning. This is 
especially pertinent given that this population appears to benefit more 
from intervention, while making up a significant proportion of those 
attending psychotherapy practices (Aron, 2011). A recent study showed 
that 1 h of walking in nature is associated with decreased amygdala 
activity in response to negative emotions and social stress (Sudimac 
et al., 2022). This is particularly relevant here, as those with high SPS 
have been shown to have higher activation in the amygdala in 

comparison with other sensory sensitive groups in response to social or 
emotional stimuli (Acevedo et al., 2018). 

The present study aims to explore the beneficial role of virtual nat
ural environments, i.e. nature videos, in decreasing rumination, and 
negative affect, in increasing levels of positive affect and in increasing 
executive function performance, as assessed by the Stroop task (Stroop, 
1935). The Stroop was chosen because has been found to be affected by 
the tendency to ruminate due to greater difficulty in ignoring irrelevant 
information (Philippot & Brutoux, 2008). We chose to use videos as they 
offer a dynamic and multisensory experience (audio-visual), while being 
easy to access. More immersive virtual reality is difficult to use in online 
settings and there is a high risk of attrition. In our recent study with 
immersive virtual reality, participants showed improvement on positive 
affect when viewing 360 videos of virtual nature through their phone 
with OCULARIS virtual reality glasses, however the number of partici
pants not completing the study was very high (O’Meara et al., submit
ted), therefore we opted for a more accessible, and yet multisensory, 
way to convey the nature/urban experience. 

It is hypothesised that, overall, participants will show improvements 
in executive functioning, in positive affect, decreased negative affect, 
and decreased rumination from exposure to a short virtual nature-based 
intervention, compared with an urban video. We also hypothesised that 
that the level of SPS, determined by the HSP scale, will predict the dif
ference between pre and post results, with higher benefits for highly 
sensitive individuals exposed to virtual nature. Given the recent hy
pothesis on the role of positive memories on restoration effects (Egner 
et al., 2020), a question on whether the videos used for the intervention 
evoked positive or negative memories was also introduced. The impact 
of general distress i.e., depression, anxiety, and stress, were be 
controlled for, considering the higher levels of psychological distress 
found in high SPS individuals. Finally, participants were also asked 
open-ended questions on the intervention and their relationship with 
nature to provide context to the experimental findings. 

2. Method 

2.1. Participants 

The sample consisted of 147 individuals (53.1% female), with a 
mean age of 48.07 years (SD = 16.44 years, range 20–80 years). A total 
of 150 participants completed the study, however data for 3 participants 
were removed as they noted they had not been exposed to the inter
vention due to issues with internet connectivity and internet browser 
type. The participants to predictors ratio was found to be adequate for 
multiple regression analysis using a G*power analysis (n = 138) (Faul 
et al., 2009) and the guidelines of Tabachnick and Fidell (2013). Par
ticipants were recruited through social media, and snowball sampling. A 
university-wide email was also sent to all University College Cork stu
dents with the link to the study. Informed consent was given prior to 
beginning the study via an online form, and participants confirmed that 
they were at least 18 years old at the time of study completion. Partic
ipants completed the study on Qualtrics which complies with GDPR 
regulations and is approved by University College Cork. Ethical approval 
for the study was received from the Clinical Psychology Research Ethics 
Committee of University College Cork. Participants provided informed 
consent by reading the information sheet provided and clicking “Yes” to 
consenting to take part in the study. 

2.2. Measures and materials 

2.2.1. Measures collected only pre-intervention (T1) 
Sensory Processing Sensitivity. The Highly Sensitive Person Scale 

(HSPS) (Aron & Aron, 1997) was used to measure SPS. The scale consists 
of 27 items and was found to have a Cronbach’s α of 0.87 by Aron and 
Aron (1997). In this scale, participants are presented with a series of 
statements - e.g. “I seem to be aware of subtleties in my environment”, “I 
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have a rich, complex inner life”, “I am deeply moved by the arts or 
music” and are instructed to answer each according to how they feel on a 
seven-point Likert scale. In the current study SPS was used as a 
continuous variable. Cronbach’s α was 0.90. 

Trait Negative Affectivity. In order to allow for the examination of 
trait negative affectivity, three items from Aron and Aron (1997) were 
utilised. The items are; “Are you a tense or worried person by nature,” 
“Are you prone to fears?” and “Are you prone to depression?“, answered 
on a seven-point Likert scale. 

Depression and Anxiety. The Depression, Anxiety and Stress Scale 
(DASS-21) (Lovibond & Lovibond, 1995) is a set of three self-report 
scales designed to measure the emotional states of depression, anxiety, 
and stress. In order to compare results with DASS norms, the scores from 
the DASS-21 are doubled (Beaufort et al., 2017). In the current study, the 
total DASS-21 score doubled was utilised as a measure of overall 
distress. Cronbach’s α in the current study was 0.92. 

2.2.2. Measures collected pre- (T1) and post-intervention (T2) 
State Rumination. The Brief State Rumination Inventory (BSRI; 

Marchetti et al., 2018) was used to measure state rumination. This is a 
short self-report scale which assesses the state of ruminative self-focus. It 
consists of 8 items, with these items being evaluated on a visual 
analogue scale (VAS) ranging from completely disagree to completely 
agree on a scale of 0–100. Items include; “. Right now, I wonder why I 
react the way I do” and “. Right now, I wonder why I can’t respond in a 
better way”. The scores are then summed such that higher scores indi
cate greater depressive rumination i.e., minimum of 0 and maximum of 
800. The scale has been shown to be reliable and have good convergent 
and discriminant validity and sensitivity to experimental manipulation, 
e.g. Marchetti et al. (2018). Cronbach’s α in the current study was 0.90 
at T1 and 0.91 at T2. 

Positive and Negative Affect. The Positive and Negative Affect 
Scale (PANAS) (Watson et al., 1988) consists of two 10-item scales that 
measure positive and negative affect. Items are rated on a 5-point Likert 
scale of 1 (not at all) to 5 (very much). In the literature, this is a widely 
used tool in both clinical and non-clinical populations. Cronbach’s αs in 
the current study were 0.91 and 0.95 for the PANAS Positive Affect scale 
at T1 and T2 respectively, and 0.89 and 0.86 for the PANAS Negative 
Affect scale at T1 and T2 respectively. 

Executive Functioning. The Stroop Color and Word Test (SCWT, 
Stroop, 1935) is a neuropsychological test used for both experimental 
and clinical purposes to measure cognitive control, selective attention, 
and processing speed. The current study utilised an online version of the 
Stroop Task based on the work of Puccioni and Vallesi (2012). The task 
included four colors (red, blue, green, and yellow). There were two 
states in the task, congruent and incongruent. A practice section of 16 
trials which included corrective feedback was first completed. If par
ticipants did not reach 10 correct answers within the allotted time per 
item a second practice was completed. If this was failed the participants 
moved on to the next part of the study, if not they moved onto the main 
Stroop task which consisted of 128 trials, with one quarter being 
congruent trials. No corrective feedback was given in the main task. The 
task was coded such that the color of the word would not be the same 
more than twice in a row, as this can cause bias in terms of manual 
response. A question was included following each Stroop task asking, 
“Did you encounter any specific difficulties while completing the pre
vious task? For example, technical difficulties or having trouble dis
tinguishing the different colors from one another etc.” to inform the 
results. 

2.2.3. Measures collected at T2 only 
Question on positive or negative memories. In order to ascertain 

if the participants’ personal relationship with the landscapes presented 
could be impacting on the restoration effect, a single Likert style ques
tion was asked; “Did the place you saw in the video resemble a place you 
have good or bad memories of?” and the answer options were as follows; 

“It resembled a place I have very good memories of, It resembled a place 
I have somewhat good memories of, It resembled a place I have neutral 
memories of, It resembled a place I have somewhat bad memories of, It 
resembled a place I have very bad memories of, It did not resemble a 
place I have any memories of”. 

Qualitative Questions. Two questions were asked to assess the 
participants’ experiences of watching the video clip, and their rela
tionship with nature in everyday life. These were: “In the middle of the 
study, you were presented with a video clip showing an outdoor scene. 
What was your experience of watching this clip? How did you feel while 
watching it? Please be as descriptive as possible in your answer” and 
“What is your relationship with nature like in your daily life? Describe 
this relationship in terms of the amount of time you spend in nature and 
how you find the experience of being in nature. Please be as descriptive 
as possible in your answer”. 

Video of Nature and Urban Scenes. The videos used in the study 
consisted of 6-min clips of nature scenes and urban scenes. The nature 
scenes included the beach, rivers, flowers, forestry, and foliage. The 
urban scenes included traffic, trains, buses, and industrial estates. Both 
videos were shot in the Munster region in Ireland. The nature video was 
made available via link at the end of the study for all participants such 
that those who had viewed the urban video would also have the op
portunity to experience the nature scene. In total, 70 (48%) participants 
viewed the nature intervention video, and 77 (52%) viewed the urban 
intervention video. The videos are available from the following links: 

Urban - https://ucc.cloud.panopto.eu/Panopto/Pages/Viewer.as 
px?id=e9fe87bf-8b93-4786-acd9-add400caa1ec. 

Nature - https://ucc.cloud.panopto.eu/Panopto/Pages/Viewer.as 
px?id=4c7a6618-9d33-4cf2-887a-add400caa1aa. 

2.3. Procedure 

The study was conducted entirely online. Participants received a link 
to complete the study on Qualtrics. On clicking the link participants 
viewed the information sheet and gave consent to take part. Participants 
completed questions on demographics, the HSP scale, the three-item 
trait negative affect scale, and the DASS-21. T1 measures were then 
completed i.e., the PANAS, the BSRI, and the Stroop task, in this order. 
Participants then viewed either the nature or urban video, this was 
randomised between participants such that approximately half would 
see each video via the Randomizer function in Qualtrics. Participants 
then completed the T2 measures i.e., the PANAS, the BSRI, and the 
Stroop task again. Following this they answered the two qualitative 
questions. Participants were presented with a closing screen which 
explained more about the study and offered a link to watch the nature 
video should they so wish. 

3. Data analysis plan and missing values 

Tests of Analysis of Variance assumptions were carried out in order 
to check if data met the necessary criteria for parametric testing, where 
data did not meet assumptions of normality, Wilcoxon Signed Ranks 
tests were used to assess the differences between outcomes at T1 and T2 
based on which intervention the participant had been exposed to, i.e., 
the nature video or urban video. A Bonferroni adjustment was used to 
adjust the p value to p < .0125 as multiple tests were being run, confi
dence intervals are reported for parametric analyses, effect size is re
ported for all analyses. A series of Spearman correlations (to ensure not 
normally distributed variables could be included) were run to assess the 
relationships between the variables of interest. Multiple regression an
alyses tested factors which were hypothesised to influence the changes 
in outcome scores between T1 and T2. Outcome scores were oper
ationalised as delta (change) scores, calculated by subtracting the T1 
score from the T2 score. Given the inclusion of an interaction effect in 
the model, centering was utilised to clarify the regression coefficients, 
see Iacobucci et al. (2017). Pairwise deletion of data was utilised. For the 
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Stroop task the data of 11 participants were removed for the Stroop 
Reaction Time (RT) at T1 and T2 as they noted being distracted during 
the task, had a type of colour-blindness which affected their perfor
mance. Participants with a score 3 SDs outside the mean were also 
eliminated for the Stroop Task. As the residuals for two outcome vari
ables (BSRI and PANAS NA) were found to be non-normally distributed, 
95% bias corrected and accelerated (BCA) bootstrapping was utilised, 
using 2000 bootstrap samples. In the current study, bootstrap corrected 
B values, confidence intervals, and p-values are reported and 
non-bootstrapped regression weights (β) are reported. 

Missing data analysis was carried out on the scales used in the study 
using Little’s MCAR test (Little, 1988), which indicated that data was 
missing completely at random (MCAR) for all scales, except for the BSRI 
at T1. Separate variance t-tests were utilised to assess if BSRI T1 missing 
data was related to other variables. All t-tests with BSRI T1 were 
non-significant at p < .05, which suggests it was not systematically 
related to the other variables and thus missing at random (MAR) can be 
inferred (Tabachnick & Fidell, 2013). All scale data was thus imputed in 
SPSS using Expectation Maximisation (EM) at a subscale level for the 
DASS and PANAS, and at scale level for the HSP scale and BSRI. EM is a 
principled, maximum likelihood based missing data method (Dong & 
Peng, 2013). It is considered to be unbiased and efficient when data is 
MCAR, as it is in the present study (Graham, 2003), it is also considered 
to be stable (Couvreur, 1997). Intervention type was coded as a dummy 
variable, such that 0 = urban video and 1 = nature video. Unless 
otherwise stated, the minimum p-value level of p < .05 was set for 
detecting significant differences for all statistical analyses, however 
Bonferroni corrections were applied as appropriate. Data was analysed 
using IBM SPSS V.28. 

Qualitative analysis for the open questions was carried out using 
qualitative conventional content analysis as described by Hsieh and 
Shannon (2005). Data was analysed at a semantic rather than latent 
level and aims to describe the experiences of participants as they present 
them. The steps described by Hsieh and Shannon (2005) were followed 
by the first author (EC); first reading through each of the participants’ 
answers to get a sense of the whole phenomenon. Next, re-reading them, 
making notes on first impressions and thoughts, and developing initial 
codes for each unit of meaning identified at the phrase level. Codes were 
examined and codes with similar meanings merged. Codes were then 
grouped into clusters of related meanings and developed into categories 
and subcategories. These were then defined and written up, including 
quotations from the participants to illustrate the phenomena being 
described. A known weakness of conventional content analysis is the 
potential for insufficiently capturing the context of the phenomena 
(Hsieh & Shannon, 2005). Thus, to aid with threats to validity, verifi
cation strategies were incorporated, as per Creswell (2013), namely, 
researcher reflexivity and maintaining a paper trail of analysis. 

4. Results 

4.1. Quantitative results 

The final sample for the Stroop task was n = 128. For information on 
demographics see Table 1S in Supplemental material. Data are available 
at https://osf.io/ct5b3/. 

Means for the outcome variables at T1 and T2 by intervention con
dition are presented in Table 1. For those exposed to the nature video, 
results indicated there was a statistically significant change in the 
PANAS NA scale (Z = − 3.25, p = .001) with a T1 mean of 13.10, and T2 
mean of 11.56, and a statistically significant change in BSRI score (Z =
− 4.35, p < .001) with a T1 mean of 212.80 and a T2 mean of 152.98. 
However, there was not a statistically significant change in the Stroop 
RT Difference (i.e., mean of incongruent trials RT minus mean of 
congruent trials RT) (Z = − 0.71, p = .478), or in the PANAS PA scale (Z 
= − 1.49, p = .135) between T1 and T2. 

For those exposed to the urban video, results indicated there was not 

a statistically significant change in the Stroop RT Difference (Z = − 1.55, 
p = .121), or in the PANAS NA scale (Z = − 2.10, p = .036) between T1 
and T2. However, there was a statistically significant change in the 
PANAS PA scale (Z = − 4.96, p < .001) with a T1 mean of 30.63, and T2 
mean of 26.92, and a statistically significant change in BSRI score (Z =
− 5.49, p < .001) with a T1 mean of 197.02 and a T2 mean of 131.78. 

HSP score centered was found to be significantly correlated with 
Negative Affectivity and the DASS Total score, which themselves were 
also significantly correlated. See Table 2. 

While there were not strong correlations between some of the 
outcome variables and independent variables of interest, it was decided 
to include all variables of interest in the analyses based on our a priori 
hypotheses, see also Feng et al. (2016). 

A series of four standard multiple regression analyses were run in 
order to examine whether HSP score, the intervention received (i.e., 
urban or rural video), and the interaction between HSP score and 
intervention received predicted the outcomes, while controlling for 
DASS Total score and Resemblance to an area with good or bad mem
ories. See Table 3 for the detailed results. 

The model for prediction of PANAS PA delta (N = 142) was found to 
be significant, F (5, 136) = 4.72, p < .001, and explained 15% of the 
variance (R = 0.38, R2 = 0.15, adj. R2 = 0.12). This had an effect size of 
Cohen’s f2 = 0.18, i.e., a medium effect size (Cohen, 1988). The question 
on the Resemblance of the video environment to an area with good or 
bad memories (β = − 0.24) was found to be significantly predictive, as 
was the HSP by Intervention interaction effect (β = 0.26). As HSP score 
centered increased, PANAS PA delta decreased for those in the urban 
intervention, and increased for those in the nature intervention (see 
Fig. 1). 

The model for prediction of PANAS NA delta (N = 142) was also 
found to be significant F (5, 136) = 6.47, p < .001, and explained 19% of 
the variance (R = 0.44, R2 = 0.19, adj. R2 = 0.16). This had an effect size 
of Cohen’s f2 = 0.23, i.e., a medium effect size (Cohen, 1988). The 
question on the Resemblance of the video environment to an area with 
good or bad memories (β = 0.26) was found to be significantly predic
tive, as were the HSP score centered (β = 0.27), and the DASS Total (β =
− 0.47). 

The model for prediction of BSRI delta (N = 142) was also significant 
F (5, 136) = 4.31, p = .001, and explained 14% of the variance (R =
0.37, R2 = 0.14, adj. R2 = 0.11). This had an effect size of Cohen’s f2 =

0.16, i.e., a medium effect size (Cohen, 1988). The DASS Total (β =
− 0.31) was found to be a significant predictor. 

The model for prediction of the Stroop RT Difference delta (N = 123) 
was not found to be significant, F (5, 117) = 1.93, p = .094, explaining 
only 8% of the variance (R = 0.28, R2 = 0.08, adj. R2 = 0.04). This had 
an effect size of Cohen’s f2 = 0.09 i.e., a small effect size (Cohen, 1988). 

4.2. Qualitative results 

The conventional content analysis of the open-ended question on the 

Table 1 
Means of outcome variables by intervention condition.  

Outcome Nature Intervention Group Urban Intervention Group 

T1 Mean T2 Mean T1 Mean T2 Mean 

PANAS PA 31.49 (7.96) 30.62 (9.26) 30.63 (8.94) 26.92 
(10.80) 

PANAS NA 13.10 (4.68) 11.56 (2.69) 13.02 (4.82) 12.23 (4.40) 
BSRI 212.80 

(190.87) 
152.98 
(141.39) 

197.02 
(168.44) 

131.78 
(153.84) 

Stroop RT 
Congruent 

1135.09 
(204) 

1037.96 
(169) 

1115.02 
(192) 

1037.69 
(169) 

Stroop RT 
Incongruent 

1237.63 
(207) 

1146.94 
(183) 

1241.87 
(213) 

1150.21 
(184) 

Note. Nature Intervention: N = 70 for all bar Stroop RT Difference where N = 56. 
Urban Intervention: N = 77 for all bar Stroop RT Difference where N = 72. 
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participants’ experience of the intervention resulted in three distinct 
categories, and eleven subcategories (Table 4). Quotes have been cor
rected for capitals and punctuation. For an example of coding, please see 
Supplemental Material Table 2S. 

Feelings and Emotions. For most participants, there was an expe
rience of positive emotions or feelings as a result of the video inter
vention, the nature, but also the urban videos. Participants noted feeling 
happy, relaxed, curious, and many other positive feelings. One partici
pant who viewed the nature video noted, “It was very pleasant and 
calming. It felt comfortable.“. However, for some participants, more 
negative emotions arose. Participants noted feeling bored, impatient, 
frustrated and other negative feelings: “I felt pretty bored and wanted it to 
be over as soon as possible”. Other participants noted a more neutral 
experience of the intervention, for example, a participant who viewed 
the urban video remarked, “The clip did not really trigger any emotions on 
my behalf, despite me being familiar with the locations.“. 

Role of memories and attention. Different cognitive aspects of the 
experience were noted by the participants. One particular aspect was 
memories being sparked of visiting similar places to those in the video, 
memories of their youth, pleasant life memories, memories linked with 

Table 2 
Spearman’s correlations between variables of interest.  

Variable 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 

1. HSP Score Centered –          
2. DASS Total .51** –         
3. Negative Affect Total .60** .70** –        
4. Resemblance Question .06 .21* .09 –       
5. Intervention .07 .01 .07 − .60** –      
6. HSP × Intervention Interaction Effect .67** .34** .39** − .04 .08 –     
7. PANAS PA Delta − .02 − .09 .03 − .34** .21* .08 –    
8. PANAS NA Delta − .11 − .34** − .22** .09 − .09 − .19* − .04 –   
9. BSRI Delta − .23** − .34** − .22** − .15 .07 − .19* .11 .18* –  
10. Stroop RT Difference Delta .05 − .05 .02 − .24** .14 − .04 .17 − .01 − .10 – 

Note. *p < .05, **p < .01. Correlations involving intervention are point-biserial correlations. 
The data for the resemblance question for those who noted the environment in the video did not resemble a place they had any memories of (N = 5) were not included 
in these analyses. 

Table 3 
Standard multiple regressions assessing predictive role of variables on outcomes.  

Outcome Predictor N T p B Std. Err. β 

PANAS PA HSP Centered 142 − 1.27 .206 − .04 0.03 − .16 
DASS Total − 0.87 .388 − .03 0.03 − .08 
Resemblance − 2.28 .024 − 1.52 0.66 − .24 
Intervention 0.94 .350 1.14 1.21 .10 
HSP × Intervention Interaction  2.19 .030 0.09 0.04 .26 

PANAS NA a HSP Centered 142  .042 0.05 [0.01, 0.09]b 0.02 .27 
DASS Total .002 − 0.11 [-0.17, − 0.04] b 0.03 − .47 
Resemblance .040 1.16 [0.15, 2.18] b 0.56 .26 
Intervention .440 0.66 [-0.82, 2.29] b 0.84 .08 
HSP × Intervention Interaction  .226 − 0.04 [-0.10, 0.02] b 0.03 − .15 

BSRI a HSP Centered 142  .759 0.17 [-0.90, 1.19] b 0.55 .04 
DASS Total .004 − 1.65 [-2.77, − 0.50] b 0.57 − .31 
Resemblance .888 − 1.43 [-22.69, 18.76] b 10.56 − .01 
Intervention .708 6.36 [-27.48, 39.98] b 17.57 .03 
HSP × Intervention Interaction  .289 − 0.82 [-2.33, 0.49] b 0.76 − .14 

Stroop RT Difference Delta HSP Centered 123 1.04 .300 0.51 0.49 .15 
DASS Total 0.59 .559 0.27 0.47 .06 
Resemblance − 2.56 .012 − 26.10 10.21 − .30 
Intervention − 0.51 .613 − 9.46 18.64 − .06 
HSP × Intervention Interaction − 1.45 .149 − 0.93 0.64 − .19 

Note. a Indicates 95% BCA bootstrapping used, b 95% BCA confidence intervals. 

Fig. 1. Scatterplot with Fit Line at Subgroups of PANAS PA Delta and HSP 
Score Centered by Intervention received. 
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nature and sounds, and memories of tasks that needed to be completed. 
Interestingly, this occurred for the nature and the urban video. One 
participant who viewed the urban video noted, “happy of memories of 
train station, bus station reminded me as a child. DIY stores reminded me of 
jobs I have to do at home”, while another who viewed the nature video 
related, “The plants and animals reminded me of warm, carefree summers 
when I was young.” Familiarity with the area presented also appeared to 
factor into the participants’ experience, with some participants noting 
their familiarity with the area in the video, and others noting their at
tempts to recognise it. One participant noted it was “Very relaxing and 
reminded me of places I have visited …“, while another related, “I wondered 
where the location was …“. A number of other cognitive processes were 
mentioned, including reflecting, processes of attention, as well as focus. 
For some they found themselves focusing, for example “I was concen
trating on the details”, while others noted having difficulty concentrating, 
“hard to concentrate while watching it”. The videos also appeared to spark 
some thoughts and intentions towards action in the participants, with 
some noting they wished to engage in activities in the areas of the video, 
“It made me think that I would love to be at that beach now going for a swim”. 

Quality of Video and Study Environment. One aspect of the videos 
often noted by participants was the audio component. Some had 
pleasant experiences, with the sounds of the water often being noted by 
those who viewed the nature video, “The sounds of waves, of running 
water and especially of the insects and birds had a calming effect on me.” 
Though some disliked this, “a bit of annoyance towards the sound of the 
water”. For some who viewed the urban scenes, the noise was noted to be 
overwhelming at times, “I didn’t like all the noise”. The visual component 
of the scenes was also commented on, with participants commenting on 
the sights they recognised, the beauty of the scenery, and the busyness of 
the scenes. One participant who viewed the nature scene noted that “The 
birdsong and watching the different views of flowers, birds, sheep, hedgerows, 
trees & sky all mingling with the different sounds of running water made a 
lovely 6 min interlude”. Participants also commented on the videos 
themselves, and how they found them repetitive, e.g., “It wasn’t very 
fascinating to watch and the same places being repeatedly shown”, and 
interesting or indeed not interesting, “I was interested initially because I 
recognised some of the scenes” and “I didn’t feel any pleasure in watching it. 
It was boring, noisy and uninteresting.” Another aspect brought up by a 
small number of participants was an expectation that they would be 
quizzed on the scenes contents. Those participants noted paying close 
attention, for example; “I was anticipating being asked series of random 
questions on details of the video”. 

The conventional content analysis of the open-ended question on the 
participants’ experience of nature in their day to day lives resulted in 
three distinct categories, and nine subcategories. 

What nature does for us and what we do for nature. Participants 
noted the benefits nature provides in terms of mental health and in 
inducing positive emotions, as well as being an opportunity for escapism 
and positive experiences. One participant noted that “when I do spend 
time in nature I do feel quite peaceful within myself as it is a form of escapism 
from life.” Many participants also related that they find nature to be a 
restorative factor in their life, as being “refreshing” and as “relaxing and 
rejuvenating”. Some participants noted having a strong and positive 
relationship with nature, with one describing themselves as “inter
twined” with nature. This relationship with nature was noted to be 
symbiotic for some, giving back to nature and animals. For example, one 
participant described keeping “the bird tables in the garden filled with nuts 
to feed the various species including the squirrels.” However, other partic
ipants noted they did not have a strong relationship with nature, “I have 
limited relationship with nature, being indoors most of the time.“. 

What is done in nature. Participants also discussed the various 
activities they do in nature in their daily lives. Some of these activities 
were general activities based in nature, such as going for a walk or run, 
or exercising. Others were nature-based activities such as gardening, 
hiking, playing with animals, watching wildlife including birdwatching. 
Participants also related the various aspects of nature that they enjoy, 
including scenery and sensory aspects of nature, such as smell and 
sound. For example, one participant described how they “enjoy the 
scenery around me, it makes me thankful for what I have and where I live, I 
can often lose myself in an horizon”, while another shared that they “go 
walking on a daily basis and enjoy the surrounding noises from wild life and 
animals in the fields and smells”. 

Time spent in nature and things which impact on this. Partici
pants also described the amount of time they spend in nature generally. 
Some participants noted spending time in nature daily, for example, “I 
try to spend time in nature at least once a day, it helps to ground me and helps 
me gain perspective when I’m feeling stressed”. Others related that they had 
more limited exposure to nature in their lives, for example, “I have 
limited time in my daily life with nature but I do prefer to run 5 km a week on 
the road than attend boring gym classes.” Some participants reported that 
they would like to spend more time in nature, but the impact of the 
demands of daily life prevent this, for example “I would love to see more 
nature but I live too close to the city centre and don’t have a car” and “I love 
nature, but time does not allow me to spend time there being a professional 
and a working mother”. Other participants did not express such wishes, 
for example, “I only spend time in nature sporadically and I am not a big 
lover, I much enjoy cities”. A number of factors appear to impact on nature 
exposure, such as being based in an urban area, the time of the year and 
day, and where one works. Some participants described viewing nature 
from indoors as a result of their environments, for example, “I work in an 
office so I don’t have much interaction with nature except when I look out the 
window at the river in the distance.”. 

5. Discussion 

This study examined the impact of virtual nature and urban in
terventions on positive and negative affect, rumination and executive 
functions, i.e. the Stroop task, of individuals with varying levels of SPS, 
while considering the level of anxiety and depression and their mem
ories evoked by the nature and urban videos. We also investigated 
qualitatively the participants’ experience of this intervention, and of 
nature in their day-to-day lives to provide interpretative context to the 
findings. 

Considering the effects overall, the results from the quantitative 
analysis showed that there were changes in negative affect, rumination 
but not the Stroop task (with a smaller sample) from T1 to T2 following 
the virtual nature intervention, as well as some changes following the 
urban video, which were not expected, particularly the positive effect on 

Table 4 
Categories and subcategories.  

Category Subcategory 

Experience of Intervention 
Feelings and Emotions Arise … or don’t Positive Emotions and Feelings 

Negative Emotions and Feelings 
Nothing Evoked, or Neutrality 

Cognitive Aspects of Experience Memories 
Familiarity 
Processes 
Inspiring Thought and Actions 

Quality of Video and Study environment Audio Component 
Visual Component 
Relative Magnetism of Scenes 
Expectations 

Daily Experiences of Nature 
What nature does for us and what we do for 
nature. 

Nature Aids Affect and Wellbeing 
Nature is Restorative 
Relationship 

What is done in nature. Activities in Nature 
Nature-Based Activities 
Enjoyed Facets of Nature 
Being in Solitude or with Others 

Time spent in nature and things which impact 
on this. 

Time and States 
Perspective from Where You are 
Based  
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rumination. In the nature intervention group, participants showed a 
decrease in negative affect and in rumination, while in the urban 
intervention group participants showed a decrease in positive affect and 
in rumination. The predicted interaction effect between SPS and the 
intervention received was found only for changes in positive affect, 
whereby the lower SPS there was higher decrease in positive affect be
tween T1 and T2 in the urban group, while this was not the case in the 
nature group. However, no interaction for negative affect and for 
rumination was found, nor for the Stroop effect. Overall, the decrease in 
negative affect is in line with our hypothesis and replicates the findings 
of O’Meara et al. (2020), who found similar decreases in negative affect 
following a virtual reality nature intervention with immersive virtual 
reality. 

Qualitatively, participants noted the virtual nature intervention was 
calming and relaxing. In line with the Stress Recovery Theory (SRT; 
Ulrich et al., 1991), when discussing their experiences of nature in their 
lives, some participants related their feeling of relaxation and connec
tion with nature, where nature was noted to provide benefits to partic
ipants. This would speak to a biophilia, that is, an innate human instinct 
to connect with living things and with nature (Kellert & Wilson, 1993). 
Participants reported their experience of feeling a familiarity with the 
place shown in the video they viewed, and others noted that it had 
sparked memories, often pleasant, of being in similar natural environ
ments. This is in line with Conditioned Restoration Theory (Egner et al., 
2020) where nature has become a conditioned stimulus which leads to a 
conditioned response of restoration. Participants reported a variety of 
activities they conducted in nature, several activities were specific to 
some environments e.g., sea-swimming, while others were activities 
which more generally related to natural environment e.g., walking. This 
highlights the associations between leisure activities, nature, and 
restoration, in line with Conditioned Restoration Theory. In line with 
these qualitative findings, the role of memories evoked by the videos 
was a significant predictor of positive outcomes. 

Unexpectedly, there was no effect on Stroop performance, despite in 
the qualitative data indicating that the nature scenes offered partici
pants an opportunity for effortless attention, and indeed participants 
reported to observe different aspects of nature. Participants often dis
cussed the facets of nature which they could see and hear in the video, 
such as the scenery or the sounds of nature, some stating that they were 
paying attention to them. The lack of impact on the Stroop task was 
unexpected, given the literature in the area (e.g., Berman et al., 2008; 
Jung et al., 2017). It is possible that the type of executive functioning 
measured in the present study differed from previous studies and was 
not as affected by the restorative effect of the virtual nature interven
tion. Indeed, in Jung et al. (2017), the Stroop was one of several neu
ropsychological tests utilised in the composite score for sustained 
attention, which may account for the differences in findings (but see 
Augustinova, 2022). Another possible reason for this lack of replication 
is order effects. Participants were presented with the PANAS and BSRI 
before the Stroop task at T2, therefore we can’t exclude that the negative 
connotations of some words could have impacted on participants’ per
formance on the Stroop task. However, should this be the case, it would 
call into question the relative strength of the intervention’s effects. In 
line with our results, a recent study on Attention Restoration Theory and 
the Stroop effect also failed to find any restoration effects (Augustinova 
et al., 2022). It should be noted that the number of participants for the 
Stroop was lower than for the other tests. 

That the 6-min video had an impact on rumination and affect is an 
important finding which could have clinical implications. This in line 
with Bratman et al. (2015) and Lopes et al. (2020) who demonstrated 
that in vivo nature exposure decreased rumination. While there was also 
a decrease in rumination in the urban intervention group, which is a 
positive finding in terms of the possible benefits, it is important to note 
the accompanying decrease in positive affect, which speaks to the ben
efits of virtual nature in comparison. 

Findings from previous studies comparing exposure to nature and 

urban environments in the literature have found that the urban envi
ronment did not show positive impacts on outcomes in rumination 
(Bratman et al., 2015; Lopes et al., 2020). It is possible that the partic
ipants found the urban environment to be restorative due to the elici
tation of positive memories. It is also possible that the urban video acted 
as a distraction, taking the participants’ minds off their ruminations 
although their attention could be more depleted than in a natural 
environment according to Attention Restoration Theory. Although no 
differences in the Stroop tasks were found, the decrease in PA could 
potentially support the idea that urban environments are both dis
tracting and depleting. 

The qualitive data support the explanation in terms of Conditioned 
Restoration Theory. Considering the positive comments of participants 
about their experience of the virtual urban environment, their famil
iarity with it and the pleasant memories it aroused, it is possible that the 
urban environment is a conditioned stimulus, with the virtual urban 
environment being a generalised conditioned stimulus, resulting in a 
conditioned response of restoration in line with Conditioned Restoration 
Theory (Egner et al., 2020). Adding further credence to this explanation, 
participants often listed the activities they completed in urban envi
ronments which they found enjoyable or brought back pleasant mem
ories. The neural mechanisms behind the role memory plays in the 
benefits obtained with nature exposure are yet to be elucidated. It is 
possible that, while our participants were exposed to a relatively static 
(audio-visual) experience of nature, the videos evoked more embodied 
experiences, including being active and exercising in nature (Rogerson 
et al., 2019). These embodied experiences are also more likely to provide 
mental health benefits, which could be evoked here by the nature video 
as memory cue. In fact, it has been argued that green exercise has 
additional benefits, including potential therapeutic effects for mental 
health (Nigg et al., 2022). Similarly, it is possible that the urban video 
acted as a cue for the social stress experienced in urban environments 
(Lederbogen et al., 2011), explaining the decrease in PA. 

5.1. Role of SPS in moderating the effect of the interventions 

The interaction between SPS and intervention type was a predictor 
for positive affect, such that higher levels of SPS greater benefits in terms 
of positive affect from the nature intervention and higher losses in the 
urban condition. PA decreased more in high SPS people in the urban 
condition, but not in the nature condition. This could be in part due to 
their higher levels of nature connectedness (Setti et al., 2022), or the 
type of sensory input from this environment may be more suitable than 
that of the urban environment, which they may find more overwhelming 
due to their sensory sensitivity (Aron & Aron, 1997). This is pertinent 
given the relationship between SPS and mental health outcomes (e.g., 
Liss et al., 2005). This information could be used in the formation of 
future interventions for this group, as it suggests that those high in SPS 
would benefit more from a virtual nature intervention when trying to 
increase positive affect. Furthermore, as SPS increased, positive affect 
decreased for those viewing the urban environment, which would sug
gest such environments may be more aversive for those with higher 
levels of the trait. 

These findings are an important addition to the literature, as those 
with higher levels of SPS are also found to struggle more with their 
mental health and also benefit more from interventions (e.g., Nocentini 
et al., 2018; Pluess & Boniwell, 2015). The reason why benefits on 
rumination are not enhanced by a nature intervention in SPS remain to 
be determined and could be due to the effectiveness of both types of 
videos in occupying participants reducing opportunities for rumination. 

Given the findings of the present study and that those with higher 
SPS are reporting to be more connected with nature (Setti et al., 2022), 
and are more exposed to the negative impact of urban environments, 
future research could assess in more ecological ways mental health 
benefits for high SPS and other populations at risk of lower well-being 
when immersed in nature. For example, using paradigms such as 
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ecological momentary assessment and geolocation, which has been 
suggested as useful diagnostic and prevention tools for people suffering 
from mental health issues or psychiatric disorders (Reichert et al., 
2021). 

5.2. Limitations 

It is important to note some limitations of the study; the data were 
collected at two timepoints just before and after the interventions, 
therefore it is not possible to establish how long lasting are the effects; 
given that the study was done online, the time taken to perform the 
study depends on participant’s compliance and cannot be easily 
controlled, however a further analysis utilising time taken as covariate 
did not show relevant differences in the results. The mean scores for SPS 
from the current participants were not as high as those reported in other 
studies (e.g., Lionetti et al., 2018), although it is to note that SPS was 
used as a continuous variable in the analyses presented here. The pop
ulation were mainly Irish in the present study, a population who are 
under-researched in the area of SPS, it is possible that cultural differ
ences play a role. Furthermore, the participants’ mean age was in middle 
age. Considering the results of Ueno et al. (2019) it is possible that SPS 
was lower due to the generally older age of the participants in this study 
compared with others with university students samples. More research is 
needed in this area. However, it is important to note the pattern in terms 
of correlation with negative affect and distress was as expected from this 
population i.e., SPS showed a strong correlation with negative affect as 
measured by the three-item scale, and with distress as measured by the 
DASS. It should be also noted that a more immersive virtual nature 
experience could have led to stronger results (MacIntyre et al., 2020). 

6. Conclusion 

First there are useful findings relating to the whole sample: There 
were significant reductions in rumination and negative affect in par
ticipants following a 6-min virtual nature intervention, indicating that 
changes in these outcomes can be brought about quickly using virtual 
nature. Exposure to a virtual urban intervention resulted in decreased 
rumination, but also decreased positive affect. Thus, it appears that 
virtual nature interventions would be preferable. Memory also plays an 
important role in the beneficial effect of virtual exposure to natural 
environments. The results point to the potential for short nature videos 
as an immediately available intervention particularly when the person 
does not have available access to nature, as highlighted by some par
ticipants who reported not having nature nearby. This could also be used 
to then encourage people to a more extensive nature contact (Calogiuri 
et al., 2022) or to act as complement boosting the effect of positive 
memories of past nature contacts (Egner et al., 2020). 

As to SPS, those higher in SPS benefitted more in terms of their 
positive affect when exposed to a nature video than those with lower 
SPS, relative to exposure to an urban video, which decreased PA in high 
SPS people. This is an important result as it shows for the first time in an 
experimental context that SPS level are associated with positive effects 
of a virtual nature intervention, and that this is a potential avenue for 
short ‘bouts’ of nature restoration as well as showing the potential 
negative effects of urban exposure. 
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