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Abstract

:

The paper presents an integrated methodology to assess psychological and physiological responses of people when exposed to forests, with the main objective of assessing the suitability of different stands for stress recovery on the basis of tree species and density. From the methodological viewpoint, the study applies both a Restoration Outcome Scale (ROS) questionnaire and a neuroscientific technique grounded on electro-encephalographic (EEG) measurement. Results show different outcomes for conifers and broadleaves as well as a statistical significance of density in the evaluation of an individual’s emotional state. A forest with a high density of conifers and low density of broadleaves seems to be the proper combination for stress recovery. The differences among psychological stated preferences and EEG trends highlights potential conflict among “needs” and “wants” of people in the topic of stress relief. Potential applications of the research for health care and territorial marketing operations are suggested.
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1. Introduction


The Millennium Ecosystem Assessment [1] highlights how the constituents of the well-being of individuals (safety, raw materials, health, good social relations, freedom of choice and action) are closely correlated with the ecosystem services provided by natural environments. Among these constituents, the analysis of the psycho-physical wellness component is becoming increasingly important for a sustainable and responsible management of natural and semi-natural ecosystems. The therapeutic effects of natural environments, including urban green spaces and gardens, is well-known and extensively reported in the literature. Several cities have been equipped with healing gardens for restoration from stress [2], because people tend to associate urban environment with stress and relaxation with natural environments [3]. Horticultural therapy is also gaining popularity to improve mental well-being [4].



As recently underlined in Marušáková and Sallmannshofer [5] the industrialized society in general and the European society in particular are influenced—especially in urbanized areas—by global trends and demographic changes, a cause of mental stress and associated physical diseases. The contribution of natural environments for stress relief is a topic of growing interest in the scientific literature, because of the increasing people’s need to slow down from the frenetic and stressful city life [6]. As a result, the issue of providing an adequate supply of green spaces within cities and more natural areas for leisure close to cities has become an important topic in urban and regional planning [7,8]. Stress has both psychological and physiological effects on human body and therefore there are multiple indicators that can be used to study restoration effects of nature. Bowler et al. [9] carried out a systematic review to assess whether an association exists between health and exposure to natural environments, finding that almost all papers suggested a positive relationship although they concluded that more research is needed. The benefits of green spaces have been studied using a large set of indicators. One of the most common methods to test individual effects of exposure to nature is to use self-reported measures, for example Hazer et al. [10] used self-rates for stress in a study in Baltimore. Self-rates were also used to assess the effect of surrounding greenness on well-being and the connection with social relations [11].



Hansmann et al. [12] proposed a study on stress reduction caused by forests in Switzerland using self-assessed measures of well-being, headache and stress, suggesting that positive effects increase with the time spent in forest. Their study was based on three subjective measures of well-being that did not belong to any particular scale proposed in the literature. Among the set of scales for stress self-reporting the Psychological Stress Measure PSM-9 [13], composed of nine items, and PANAS, which uses ten descriptors [14], are often used in empirical studies. The Restoration Outcome Scale (ROS) is another popular choice for analysists [15], which is also the scale causing the least effort for respondents as it is composed by only six items; an empirical use of ROS for stress assessment in environmental settings is provided by Tsunetsugu et al. (2013). The analysis of individual self-reported measures is often accompanied by indicators to detected stress via physiological status. For example, the examination of cortisol levels in saliva samples [16,17], blood pressure, nervous activity and heart rate measurement [18,19] are used. Data are collected through lab experiments in which the recruited sample is exposed to a particular type of environment during which psycho-physiological measurements occur. In addition to lab experiments, sample examination in real forests can be performed. This total immersion in woodland is often known as “forest bathing”, “forest therapy” [20,21,22] or Shinrin-yoku, a Japanese term that indicates taking the atmosphere of the forest for restoration. Shinrin-yoku has been extensively studied by Park et al. [23,24,25] in different case studies involving comparison of salivary cortisol, cerebral activity and heart rate between urban and forest exposure. Results indicated lower cortisol levels, lower heart rate and increased cerebral activity in forests and a general positive effect of forest visit on relaxation. A literature review by Bratman et al. [26] shows how decreased exposure to nature causes changes in psychological functioning. Bratman et al. [27] investigated the role of nature experience on affect and cognition assessing changes in anxiety, rumination and negative affect.



More recently, tools of virtual reality (VR) are implemented in research and therapy. VR has the considerable advantage for analysts to reproduce natural environments and manipulate stimuli directly in the lab [28] allowing for a valuable trade-off between simplicity of stimuli presentation and effective immersion in forest. Bratman et al. [23] also review the latest advances in VR technology and its applications in neuroscience research for both natural and social analysis. Annerstedt et al. [29] proposed a stress assessment exposing respondents to VR. The indicators used to measure stress levels were saliva sample analysis and cardiovascular data. During the experiment, stress was first induced to participants using stress tests, then the sample was split into treatments in which recovery to stress was assigned using virtual built environments, natural environments and natural environments plus sounds of nature. Their main conclusion was that the most effective stress recovery potential was experienced when natural environments were accompanied by sounds of nature. The valuable influence of forest on physiological status of people, compared with urban area, is rarely not confirmed [30] (Yu et al. 2018); however, this fact seems to be related to the dose–response effect [31] or quality of virtual environment. De Kort et al. [32] conclude that immersion enhances the restorative potential of a mediated natural environment but an interaction between screen size and restorative phase exist. An interesting investigation based on VR is the effectiveness of virtual nature in respect to real visit [33]. The authors affirmed that indirect nature experience also provided positive psychological and physiological effects, except for parasympathetic nerve activity.



Despite the growing scientific literature on this topic, a few studies focus on the correlation between forest characteristic (e.g., dendrometric parameters and silvicultural treatment) and the level of stress. Ulrich et al. [34]. undertook a pioneer study on the differences between urban and natural environments on stress recovery, using self-rated scales, measures of muscle tension and blood pressure. Chiang et al. [35] concentrated on forest density analysis stressing how forest interior condition induced significant stress recovery. Seasonal variation was evaluated in Bielinis et al. [36] through the effect analysis of spring and winter forest bathing on psychological relaxation. Tyrväinen et al. [16] compared the effectiveness of natural and built environment for stress recovery in Finland. Self-reported stress measures and saliva samples were collected in each environment. Self-reported stress was significantly lower in natural environments while saliva sample did not evidence differences in cortisol levels. A similar non-significance in cortisol was also experienced by Beil and Hanes [17] in the USA. Both authors suggested that failure in finding differences may have been caused by the short length of the trips (20 min); in fact, it is demonstrated that health benefits from nature environments increase with dose [37].



Following the stream of literature on the association between stress recovery and natural environments, this paper describes a lab experiment that has been carried out to investigate the association between different forest types and stress levels. The study collected both physiological and self-rated measure of stress that were compared across different treatments, represented by exposure to a built environment and four different types of forest. A novel aspect of the proposed approach is the use of electro-encephalogram (EEG) data to test physiological effects of different environments, compared to most frequently used saliva samples, heart rate and blood pressure. The main objective of the study was to identify whether some forest stands are more effective than others for stress relief from both the physiological and perceived point of view. We concentrate on monospecific stands (high forest) of broadleaves (Turkey oak and European beech) and conifers (black pine and Douglas fir). Two levels of density are used in the study (low and high). The density level derives from the compartment classification of Forest Management Plan—FMP—of Rincine located in the study area (see Section 2.1). This parameter is qualitative (no specific level of number of trees per hectare is defined in the FMP). While most of the previous studies focused only on differences between natural and built environments, to the best of the authors’ knowledge this is the first study that attempts to identify differences across forest stands, which might be useful for forest planning, marketing and management. As an additional objective of this study, we contribute to the stated preferences literature testing the convergence of EEG analysis with preferences of respondents for different forest types and their willingness to visit (WTV) forests for stress recovery. Results from this study are useful to tailor effective management and marketing strategies for tourists seeking restoration.




2. Method


2.1. Stimuli Registration and Presentation


Stimuli were recorded as videos—including audio—through a spherical video camera. Stimuli were presented to the individuals through a VR experience using the HTC VIVE headset.



The stress trend across different landscapes was evaluated comparing EEG in artificial vs. natural area. In total, one video was recorded in an urban area and served as artificial landscape (city) while eight videos showed natural environments (forests). The study area is located in the Metropolitan City of Florence, with the artificial video recorded in the centre of Florence city and forest samples placed in the territory of Municipality Union of Arno and Sieve Valleys. The videos were recorded in winter (at the end of February), during the vegetative rest condition (Figure 1).




2.2. Sample Recruitment and Interviews


In order to facilitate recruitment and obtain a homogenous sample to calibrate the method, 20 subjects, 60% female and 40% male and between 21 and 28 years of age were interviewed. Studies have shown that students can represent the public on research involving visual stimuli [38]. The limited number of interviewed is in line with similar studies in the topic of VR application and EEG analysis [39,40]. The recruitment occurred within the Territorial, Urban and Environmental Planning course of the University of Florence and the sample included millennials that did not attend forestry science classes, in order not to affect preferences and perceptions of forests.



The sample was split into two gender-balanced sub-samples (T1 and T2) of equal size and each sub-samples received the following order of stimuli:




	-

	
T1: urban, Turkey oak (high density), Black pine (low density), European beech (high density), Douglas fir (low density);




	-

	
T2: European beech (low density), Douglas fir (high density), Turkey oak (low density), Black pine (high density), urban.









A questionnaire was used as a tool to collect the self-assessed stress levels with the ROS scale and the WTV data (Appendix A). The questionnaire included a first section that was administrated before showing the videos, with questions that captured socio-demographics such as age, gender, work situation and residence. Another section was administrated after the end of each video, where respondents had to answer to ROS scale, so that 5 different ROS scales were collected. This section was preceded by an introductory text that explained the questions and invited people to concentrate while filling in the scales. After the 4 videos showing forested area, respondents were also invited to express their WTV, thus giving 4 stated WTV for each respondent. A total of 5 treatments (or stimuli, 1 video of city and 4 videos of forests) were administered to each individual. The survey lasts approximately 15 min. Every stimulus has a length of 30 s. It was also included a target scene of 7 s after each treatment that was useful to reset the brain activity and bring the EEG levels back to normality (Figure 2). The questionnaire was administered in a neutral place (room) to guaranteed both full immersion and very low external interferences.




2.3. EEG Record


The behavioural science has a long history of contributions to economics, for example with the identification of the heuristics used by respondents to simplify their decision making process [41,42] and with the study of context-dependence of the decisions [43,44,45]. However, inputs from neuroscience are still at their first stage and few papers analyse decisions with the aid of brain screening tools. For example, in two papers Sawe [46,47] applies functional magnetic resonance (fMRI) to assess cost-benefit to solve issues of interest in environmental valuation as well as the application in energy policy. Sawe and Knutson [48] proposed the use of neuroimages to evaluate respondents’ willingness to donate money for natural parks’ conservation.



The most applied technique is however EEG due to simpler and affirmed tools. EEG is the most common non-invasive brain sensing modality within Brain Computer Interface (BCI). EEG measures the electrical activity of brain around the scalp using electrodes [49]. With EEG, the user is able to read brainwaves oscillation in response to particular stimulus. The scientific literature classifies waves in five categories: alpha, beta, theta, gamma and delta. Each category is associated to a specific frequency (measured in hertz) and, indirectly, to a status of the individual. For the purpose of stress assessment, alpha and beta waves are the most suitable indicators [50]. We concentrated on beta waves because they are more reactive to short videos, while alpha need more exposure time to react to stress relief treatments [35]. The EEG stimuli were registered using the MuseBrain device, a wearable headband configured to analyse signals in TP9, AF7, AF8, TP10 scalp positions located in the frontal temporal lobe of the brain, according to 10–20 system EEG classifications [51].




2.4. Statistical Analysis


The impact of the five stimuli on brain activity is assessed with ANOVA techniques, which is carried out to test differences between groups with same sample sizes. Our data had some missing values generated by the EEG tool which makes the computation of ANOVA degrees of freedom problematic, so differences between the means were evaluated with the homologous OLS linear model, in which brain waves were regressed against dummy variables for each treatment. The two sub-samples T1 and T2 received videos with different tree densities, therefore we tested intra-specific differences on brain waves caused by density using t-tests. Stated answers for the ROS scale and WTV were analysed using ANOVA and Kruskal Wallis, as is common in the literature [16,17].





3. Results


3.1. EEG Analysis


Table 1 shows the means of brain absolute beta waves as well as the results of statistical tests for the five treatments. The tests highlighted that the four waves that we analysed (position AF7, AF8, TP9 and TP10 of MuseBrain electrodes) through the EEG screening were statistically different, with few exceptions. The urban environment treatment was found to give a non-statistically different activity of the wave AF7 compared to Turkey oak and a non-statistically different series of TP9 wave compared to pine and European beech. All other comparisons were significantly different and suggests that the urban environment is processed differently compared to other environments. With respect to forest treatments, Turkey oak showed an AF7 and AF8 activity non-statistically different to Black pine; the Black pine forest was also found to have a non-statistically different TP10 wave series compared to European beech.



The t-tests that were used to test whether tree density had an effect on brain activity between the two subsamples returned a significant result for all the four waves (p-value = 0.000), suggesting that tree density is important for relaxation. Table 2 reports the means of absolute beta waves for species as well as density. Density has a strong correlation with EEG trend. Turkey oak and European beech show high value of absolute beta waves in case of high density, and vice versa for Black pine and Douglas fir.




3.2. ROS Scale Analysis


Table 3 reports the means of the ROS items. The average values collected after the urban environment were lower than answers collected after forest environments, meaning that respondents indicated to feel more stressed after being exposed to videos showing urban areas compared to the stress levels after forests.



Significance of differences is tested using ANOVA and the Tuckey test for binary comparisons as post hoc test. Results are reported in Table 4. Before the test, the Cronbach’s α is calculated as a measure of internal consistency of the ROS questions. The ROS scale collected after the Turkey oak forest had a Cronbach α of 0.66 and a level of 0.71 after deleting question number 6, all other values were above 0.70 and suggested adequate levels of internal consistency.



The ANOVA performed on the overall mean differences across treatments returned a F statistic of 4.62 and a p-value of 0.0018, therefore indicating that differences across the five ROS scales were greater than the interval variability of each scale. The Tuckey post hoc test for binary differences revealed that mean answers of ROS after the urban environment was statistically different from the ROS collected after all forest type. The mean values of ROS were instead not statistically different across forest stands. A test on whether the answers to ROS were statistically different across the two sub-samples (T1 and T2) and based on socio-demographics was also performed. While T1 and T2 were statistically different at 1% confidence level, no variation of ROS based on socio-demographics are detected.




3.3. Willingness to Visit the Forests


The last investigation regarded the stated probability of visiting the proposed forests to recover from stress and the maximum distance that respondents were willing to travel to reach a forest with the shown characteristics. The mean results obtained are reported in Table 5. Among the four forest types, the Douglas fir cover reported the largest probability of being visited and the longest distance that respondents were willing to travel, followed by Black pine, European beech and Turkey oak. We investigated whether these values were associated to EEG data but found no statistical evidence that beta waves are associated with stated WTV. The correlation coefficient between the mean wave values and the mean WTV data were very close to zero and non-significant, indicating statistical independence. The WTV was also not associated to socio-demographic variables, therefore we concluded that it is not possible to retrieve systematic patterns of WTV variation based on brain activity or individual characteristics.





4. Discussions


As a general comment, our results on EEG waves confirmed the available literature on the association between stress relief and exposure to natural environments [17,19]. We found that beta waves that were generated during the video on forests were significantly lower from the waves of the urban environment. At the same time, we found that the series of waves generated after each stimulus were also different within forest stands, therefore suggesting that different forest stands have different potential in stress relief, with Douglas fir stands to be the most effective. Conifers were found to be more appropriate for stress recovery compared to broadleaves. With respect to density, high density in conifers and low density in broadleaves resulted useful forest covers to improve the emotional status.



Interestingly, the output from ROS scales and WTV provided consistent results for what concerns differences between natural and built environments, suggesting that stated answers partially reflect the waves analysis. However, despite psychological responses were in line with the trend of EEG waves, differences across stands are not statistically significant for the self-rated stress items. This suggests that respondents understood that urban environments were more stressful than forest environments and—in winter conditions—conifers could be preferred in respect to broadleaves, but they were not fully able to provide self-assessments that reflect the underlying brain activity. This was even clearer for what concerns the stated WTV, which was proved to be totally uncorrelated to EEG results.



The study confirms the scientific literature on the topic showing the short-term restorative benefits of a visit to forests (also in VR environment). This effect is evident even in very short presentation time (thirty seconds per stimulus in our case study). Our results evidenced a good statistical significance of absolute beta waves. Other contributions found an association between relaxation treatments and alpha waves [35] and this may represent a topic of future investigation, provided that the treatment is long enough to allow alpha waves to react. An interesting further investigation could be related to the dose–response effect [17] between stimuli presentation and EEG value as suggested in Marušáková and Sallmannshofer [5]. Despite similar studies indicating that small samples are suitable for a reliable EEG analysis [50], it is difficult to generalize these findings and more research is required. Future improvements of the work can include a sample with larger age brackets and varying working conditions, which may be useful to detect correlation patterns among psycho-physiological trend and personal characteristics, as well as to focus on individual differences in nature exposure.



Spending time in nature is associated with good health outcomes, in particular when patients undertake activities such as gardening, which are useful for well-being and neuro-rehabilitation [52,53]. Some hospital are now equipped with healing gardens to stimulate the contact of patients with nature [54] and horticultural therapy has been found to be a successful activity to alleviate dementia [55]. Within this context, forests may be important not only for prevention but also for rehabilitation and stress relief. Results from this study could be used and possibly deeper investigated to understand which parts of forested areas can be dedicated to healing, stress relief and prevention. Forest can be represented as a complex system [56], therefore there is not a unique approach to assure multi-objective management. Many quantitative and qualitative variables should be included to analyse stress relief effects. The present work introduces in a unique framework the evaluation of even-aged high forest characterised by different species and density but the registration of stimuli in winter season suggests repeating survey in vegetation condition. In fact, foliage can influence both psychological and physiological responses of respondents, giving a sense of more natural environment [57]. This assumption is confirmed by results related to density: in winter, higher density of conifers in respect to broadleaves seems to be better for stress recovery. In general, evidences about forest density perceptions are mixed. Jiang et al. [58] suggested that a medium vegetation level is associated with best performance in stress relief. On the other hand, Chiang et al. [35] demonstrated how forest interior induced best physiological outcomes in people although density seems not influence stress recovery. For this reason, future research on the effect of forest density on stress relief is important and, in particular, an improvement of our approach may consist in treating the density as a continuous variable instead of a simple binary. The colour of foliage in broadleaves forest should also has a weight on perception and physiological status suggesting an analysis in different vegetative seasons (e.g., spring/summer and fall). For example, our results suggest how EEG seem to improve in high-density conifer stands as well as low-density broadleaves. The evaluation of greenness indexes [59] in an intra-annual dynamic assessment could explain this finding. The presence of scrubs and other dominated vegetation plan should be also analysed.




5. Conclusions


This paper proposed a method to evaluate the suitability of different forest stands for stress recovery and for the improvement of mood status. A combination of revealed preferences with EEG analysis has been proposed. The main innovation of our work is the simultaneous analysis of two variable (species and density) to evaluate forests in the perspective of complex systems, which were found to be important to model the stress recovery capacity from urban to forest visualisation.



Results confirmed that natural areas are important for stress relief. The winter survey denoted a preference for conifers, and in particular for Douglas fir, compared to broadleaves from both a psychological and physiological viewpoint. Forest density was strictly correlated with EEG data, which suggests that vegetation is relevant to alleviate stress levels and seasonality may impact the stress relief capacity of forests. The assertion of Norwood et al. [50] that affirms how “the positive effect of natural environments on mood is likely to occur via a brain-mediated process” is supported by our findings related to stated-preferences and EEG data. The statistically null correlation between EEG levels and willingness to visit indicates a difference between “wants” and “needs” of individuals. Despite being aware that our sample was too small to draw conclusions (in terms of number of interviewed categories), this findings was similar to previous research in the marketing field [60,61,62] and we believe that it is an interesting avenue for further research in environmental valuation.



The major implication of the work can be depicted in the assessment of forest variables important for stress recovery. Our preliminary results suggest how—for the winter season—high density conifers should be preferred for the promotion of the above ecosystem service. Future studies should investigate the amount of “greenness” during the different seasons to allow for dynamic forest management.



Future research may also focus on the analysis of uneven-aged forest, coppices, dendrometric variables (e.g., diameter of trees), presence/absence of renovation/scrubs to furnish useful information for forest managers aiming at adequate stands for forest therapy [63]. The integration of traditional (e.g., ROS questionnaire) and neuroscientific approach can be useful for the analysis of forests for people’s well-being. In the framework of mix-method applications, future works could consider multi-criteria methods to investigate the association between forest stands and stress recovery. Combining these results with social, economic and logistic variables represents an innovative territorial marketing approach to promote close-to-city or inner-city areas. Based on the proposed method, a categorisation of forest for health promotion and disease prevention, mindfulness and forest bathing, outdoor and tourism as well as promotion of green jobs based on forest ecosystem services could be a future relevant issues to investigate.
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Appendix A


QUESTIONNAIRE



Section A – Socio-demographics (BEFORE the video)



- Male  □    female  □



- Age_________________



- Starting year of the Academic Career_________ delayed graduation □



- Are you a working student?



   □ Yes, I work on weekends



   □ Yes, part-time



   □ Yes, full-time



   □ No



- Do you regularly practice one of the following?



   □ Competitive sport



   □ Average-intensity physical activities



   □ sport activities on a regular basis (e.g.: dance classes)



- Do you own a personal mean of transport?



   □ I own a car



   □ I can use a car owned by one of my relatives any time I want to



   □ I can sometimes use a car owned by one of my relatives



   □ I own a motorbike/scooter that I exclusively use within the city



   □ I own a motorbike/scooter that I use for medium to long distances



   □ I do not have access to a private mean of betweennsport



   □ I do not have a driving licence



- Are you a member of an environmental association?  Yes  □  No  □



- Come descriverebbe il luogo dove risiede regolarmente?



   □ Big city (More than 100.000 inhabitants)



   □ Small City/town (between 25.000 and 100.000 inhabitants)



   □ Village (between 2.500 and 25.000 inhabitants)



   □ Small village (less than 2.500 inhabitants)



   □ Hamlet/ rural area



- How often do you go to natural areas such as forests and parks for recreational activities (e.g., hiking, walking, picnicking)?



   □ Almost Never (less than once per year)



   □ Rarely (1-2 per year)



   □ Sometimes (Once a month)



   □ Often (3-4 times per month)



   □ Very often (1-2 times per week)



Introduction (To show BEFORE videos)



It is well-known that natural areas have a relaxation and restorative function and some areas are better than others.



We will now show you some spherical videos that display different types of landscape. We ask you to carefully watch the videos and answer to six questions related to your psychological mind state. There are NOT right or wrong answers! We only ask you to answer naturally and as honestly as possible.



This is an example of question set:













	To what extend to you agree with the following sentences?
	Strongly disagree
	Disagree
	Not agree nor disagree
	Agree
	Strongly agree



	I feel healthy and relaxed
	
	
	
	
	



	I feel calm
	
	
	
	
	



	I feel powerful and ready for the daily routine
	
	
	
	
	



	I feel attentive and careful
	
	
	
	
	



	I can forget the daily problems
	
	
	
	
	



	My thoughts are clear
	
	
	
	
	






After each video we will ask you to consider visiting a similar forest to recover after a stressful period (e.g., after an examination or after a period full of commitments) and what is the probability that you choose it. The probability to choose the forest is also affected by its accessibility, with distant forests being less likely to be chosen because time and cost to reach it increase and vice versa. Assuming that the forest is close to your home enough to be visited with your own car (or public transport), we will also ask you the maximum distance that you are willing to travel to reach the forest for a daily excursion.



As before there are no right or wrong answers, we are only interested in understanding your preferences.



SECTION B – To be presented after each VR video



Card with ROS questions













	To what extend to you agree with the following sentences?
	Strongly disagree
	Disagree
	Not agree nor disagree
	Agree
	Strongly agree



	I feel healthy and relaxed
	
	
	
	
	



	I feel calm
	
	
	
	
	



	I feel powerful and ready for the daily routine
	
	
	
	
	



	I feel attentive and careful
	
	
	
	
	



	I can forget the daily problems
	
	
	
	
	



	My thoughts are clear
	
	
	
	
	






Willingness to visit – To show after the video of forests (urban landscape excluded)



What is the probability that you choose this forest to recover after a stressful period?





	Very low
	low
	Not high nor low
	High
	Very high



	 
	 
	 
	 
	 






- Assuming that you have easy access to this forest, what is the maximum distance (in Km) that you are willing to travel for a day trip?





	
5

(5–10 min)

	
10

(10–15 min)

	
15

(15–20 min)

	
20

(20–25 min)

	
25

(25–30 min)




	
30

(30–40 min)

	
35

(35–45 min)

	
40

(40–50 min)

	
45

(45–55 min)

	
50

(50–60 min)




	
60

(60–70 min)

	
70

(70–80 min)

	
80

(80–90 min)

	
90

(90–100 min)

	
100

(100–110 min)




	
120

(120–140 min)

	
140

(140–160 min)

	
160

(160–180 min)

	
180

(180–200 min)

	
300

(300+ min)




	
I Don’t Think I Will Visit This Forest
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Figure 1. Screenshot from the applied VR video. 
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Figure 2. Sequence of stimuli presentation, EEG recording and interviews for first (T1) and second (T2) samples. 
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Table 1. Mean values of beta waves and p-values of mean difference tests.
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Absolute Beta Waves

	

	
Mean Difference Test






	

	
af7

	
af8

	
tp9

	
tp10

	

	
af7

	
af8

	
tp9

	
tp10




	
Urban

	
0.659

	
0.561

	
0.960

	
0.901

	
Urban vs. Turkey oak

	
0.530

	
0.000

	
0.000

	
0.000




	

	
(0.413)

	
(0.348)

	
(0.363)

	
(0.441)

	
Urban vs. Black pine

	
0.050

	
0.050

	
0.600

	
0.000




	
Turkey oak

	
0.600

	
0.569

	
0.915

	
0.964

	
Urban vs. European beech

	
0.000

	
0.000

	
0.220

	
0.000




	

	
(0.454)

	
(0.390)

	
(0.316)

	
(0.321)

	
Urban vs. Douglas fir

	
0.000

	
0.000

	
0.000

	
0.000




	
Black pine

	
0.636

	
0.545

	
0.974

	
0.866

	
Turkey oak vs. Black pine

	
0.190

	
0.120

	
0.000

	
0.000




	

	
(0.492)

	
(0.409)

	
(.473)

	
(0.329)

	
Turkey oak vs. European beech

	
0.000

	
0.000

	
0.000

	
0.000




	
European beech

	
0.608

	
0.614

	
0.980

	
0.893

	
Turkey oak vs. Douglas fir

	
0.000

	
0.000

	
0.000

	
0.000




	

	
(0.419)

	
(0.526)

	
(0.324)

	
(0.279)

	
Black pine vs. European Beech

	
0.000

	
0.000

	
0.080

	
0.770




	
Douglas fir

	
0.566

	
0.473

	
0.983

	
0.940

	
Pine vs. Douglas fir

	
0.000

	
0.000

	
0.000

	
0.000




	

	
(0.381)

	
(0.419)

	
(0.339)

	
(0.371)

	
European Beech vs. Douglas fir

	
0.000

	
0.000

	
0.000

	
0.000











[image: Table] 





Table 2. Mean of absolute beta waves for species and density.
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	Turkey Oak
	Black Pine
	European Beech
	Douglas Fir
	Average





	High density
	0.8237
	0.5892
	0.8964
	0.6527
	0.7405



	Low density
	0.7167
	0.9825
	0.6865
	0.8472
	0.8082



	Average
	0.7702
	0.7858
	0.7914
	0.7499
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Table 3. Mean answers to Restoration Outcome (ROS) items after each EEG treatment.
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	Urban
	Turkey Oak
	Black Pine
	European Beech
	Douglas Fir





	Item 1
	2.5
	3.2
	3.45
	3.4
	3.55



	Item 2
	2.8
	3.45
	3.65
	3.3
	3.5



	Item 3
	3.1
	3.45
	3.6
	3.2
	3.3



	Item 4
	3.45
	3.4
	3.55
	3.5
	3.45



	Item 5
	2
	3.15
	3.15
	2.75
	3.15



	Item 6
	3.05
	3.3
	3.6
	3.65
	3.75



	Total
	2.82
	3.33
	3.50
	3.30
	3.45
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Table 4. ANOVA and Tuckey tests for differences in the ROS answers among the treatments.
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Sample

	
ANOVA

	
Tuckey Test for Binary Comparisons






	

	
F stat

	
p-value

	
Test

	
diff

	
lwr

	
upr

	
p adj




	
Full

	
4.62

	
0.0018

	
Turkey oak-urban

	
0.508

	
0.007

	
1.01

	
0.045




	

	

	

	
Black pine-urban

	
0.683

	
0.182

	
1.185

	
0.002




	

	

	

	
European beech-urban

	
0.483

	
−0.018

	
0.985

	
0.064




	

	

	

	
Douglas fir-urban

	
0.633

	
0.132

	
1.135

	
0.006




	

	

	

	
Black pine-Turkey oak

	
0.175

	
−0.326

	
0.676

	
0.868




	

	

	

	
European beech -Turkey oak

	
−0.025

	
−0.526

	
0.476

	
1




	

	

	

	
Douglas fir-Turkey oak

	
0.125

	
−0.376

	
0.626

	
0.957




	

	

	

	
European beech - Black pine

	
−0.2

	
−0.701

	
0.301

	
0.801




	

	

	

	
Douglas fir- Black pine

	
−0.05

	
−0.551

	
0.451

	
0.999




	

	

	

	
Douglas fir- European beech

	
0.15

	
−0.351

	
0.651

	
0.92




	
T1 vs. T2

	
6.89

	
0.01

	

	

	

	

	




	
male vs. female

	
2.1

	
0.15

	

	

	

	

	




	
workers vs. non-workers

	
1.46

	
0.23

	

	

	

	

	




	
residence

	
1.41

	
0.24

	

	

	

	

	




	
Childhood residence

	
0.37

	
0.82
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Table 5. Probability to visit forests for stress recovery and willingness to visit (WTV) in km.
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	Turkey Oak
	Black Pine
	European Beech
	Douglas Fir





	WTV
	2.65
	3.25
	2.75
	3.35



	(st. dev)
	(1.09)
	(0.91)
	(1.12)
	(0.99)



	WTV (km)
	33
	45
	42.25
	54.75



	(st. dev)
	(20.42)
	(28.38)
	(33.50)
	(30.88)











© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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