

  forests-14-01099




forests-14-01099







Forests 2023, 14(6), 1099; doi:10.3390/f14061099




Article



Effects of Deciduous Forests on Adolescent Emotional Health in Urban Areas: An Example from the Autumn Ginkgo Forest in Chengdu



Linjia Wu 1, Shixian Luo 2[image: Orcid], Di Li 3, Qibing Chen 4,*, Jingting Li 1 and Jiacai Wen 1





1



College of Art, Sichuan Tourism University, Chengdu 610100, China






2



Graduate School of Horticulture, Chiba University, Chiba 263-8522, Japan






3



Geophysical Exploration Brigade of Hubei Geological Bureau, Wuhan 430100, China






4



College of Landscape Architecture, Sichuan Agricultural University, Chengdu 625014, China









*



Correspondence: cqb@sicau.edu.cn







Academic Editor: Arne Arnberger



Received: 25 March 2023 / Revised: 17 May 2023 / Accepted: 18 May 2023 / Published: 26 May 2023



Abstract

:

Many studies have shown that urban green spaces can promote emotional health. Deciduous forest is an important landscape and ecological resource of the city. However, the emotional impact of different behavior patterns in this kind of natural space with obvious seasonal changes are rarely discussed. This study explores the emotional feedback of two typical behavior patterns within an urban landscape forest in autumn: sitting and walking. We recruited 80 volunteers and divided them into a sitting viewing group (group S) and a walking viewing group (group W). On the premise of gender balance, they were randomly assigned to a natural path under a Ginkgo biloba forest in autumn for 15 min of viewing. Physiological and psychological indicators were used for monitoring. Blood pressure, heart rate and electroencephalography (EEG) were used for physiological indicators, and a POMS questionnaire was used for psychological indicators. A paired t-test and one-way ANOVA were used to analyze the physiological parameters of the two experimental groups, and a paired Wilcoxon signed-rank sum test was used to analyze the differences in psychological indexes between the two behavior groups. The results showed that the diastolic blood pressure and pulse of the sitting group decreased significantly under the seasonal deciduous forest, and the walking group attained higher “Engagement”, “Excitement”, and “Relaxation”. In the absolute α and β waves, there were significant differences in the parietal P8 channels between the sitting and walking groups, and significant differences in the RAB indicators of the AF3, F7, P7, FC5, FC6, F3 and T7 channels. The two behavior patterns can effectively reduce negative mood, and the “Vigor” mood in the walking group was significantly increased, which was significantly better than that of the sitting group in reducing negative mood. These results enrich research on the influence on emotional health in the field of seasonal green-space restoration. The differences of different behavior patterns can provide guidance for planning urban landscape forest construction and activity facilities.
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1. Introduction


Emotional stress in urban environments is a constant, urgent problem in urban public health [1,2]. Neurological diseases and burnout from attention consumption and mental fatigue [3,4] are increasing among youths [5] in high-density physical environments. Teenagers are an active group in the city and are more likely to experience emotional disorders caused by academic and social pressures during their growth [6,7]. Effective emotional regulation strategies can help teenagers develop adaptive responses and reduce the risk of emotion-related physical and psychological diseases [8,9,10]. Research on urban green spaces and public health under the interdisciplinary trend of urban planning shows that green space plays an important role in health promotion and improving well-being [11,12]. Although the environment itself cannot cure a disease, spending time in natural environments may increase positive emotions [13]. Researchers have previously conducted empirical and differential explorations of the physiological and psychological improvement effects of experiencing green environments on adolescents, including studies on landscape categories [14], changes in structural elements [15], and different sensory stimuli [16,17]. In addition, studies on land restoration and preferences showed the significant influence of seasonal characteristics on the appearance of landscape structure [18], visual preference [19], and landscape stress recovery quality [20]. However, discussion on landscape forests, an important part of urban natural capital, is lacking, especially landscape forests affected by seasons [21,22]. In addition, i in terms of exploring the impact of the forest environment on health, previous studies have confirmed that terpene structures in forest environments may be the reasons for positive health effects [23]. Larger parks such as forests have better health outcomes [24], and further explored self-reported and simple physiological measurements of meditation behavior patterns. The complexity of landscapes necessitates more accurate measurement tools to study the effects of landscapes on emotions. Therefore, it is necessary to conduct more accurate measurements based on applied scientific test validation to provide more scientific and effective guidance for urban forest construction.



Behavior is an important link between humans and green space [25]. Positive emotions have important effects on human health and well-being, and the biological state of emotion is related to the nervous system [26]. There is a close relationship between participants’ behavioral responses and emotions [27]. Emotional activity is also a common aspect widely considered in green-space research [25]. Even in the same environment, different behavior patterns generate different emotional feedback [28]. Previous studies have used a combination of physiology [17,29] and psychology [30,31,32] to measure the emotional feedback of participants. For example, walking in the forest has a relaxing effect on young people [33], and observing nature can increase satisfaction [34]. Regarding emotional differences, there is a significant negative correlation between meditation, emotion and behavioral responses [27]. Walking in green space is more conducive to decompression, while sitting is more conducive to recovering attention [25]. Different behavior patterns in urban natural environments can induce or trigger emotions to some extent. However, most of these studies are based on the green and vibrant natural environment, and the influence of different behavior patterns on recreational benefits is not addressed. Because the season has been found to have an important impact on people’s mood in stress recovery experiments [35], especially in an urban natural environment with obvious seasonal changes, basic research on spontaneous behavior and health in seasonal green spaces is of great value in the construction of urban natural environments.



In addition, in the discussion of emotions in relation to urban forests, the healthy development of an urban landscape forest has always been considered conducive to human health, including the positive emotions obtained through contact with nature [36]. Seasonal trees can affect visual preferences [19], and these trees can undergo subtle to obvious visual changes throughout seasonal changes [37]. Some patients with psychosis show more positive facial expressions when viewing green trees than when viewing tree images with autumn colors [38], and golden leaves cause positive psychophysiological reactions [39], which may indicate the potential for seasonal urban landscape forests to improve moods as a public health resource. Although any behavior conducted while being exposed to such resources may have health promotion effects, it is still worth exploring the additional emotional promotion benefits obtained by determining different behavior patterns in urban seasonal landscape forests.



Purpose and Assumptions


The purpose of this study was to explore the influences and differences of two different behavior modes of experiencing seasonal urban landscape forests—sitting and walking—on emotional indicators in adolescents. This study aimed to provide a reference for seasonal behavior induction and a health basis for urban green-space construction. Based on existing studies, we used comprehensive physiological and psychological indicators to evaluate the emotional state of volunteers. The physiological indicators were blood pressure (diastolic and systolic), heart rate and EEG. We used three emotional indicators provided or calculated by Emotiv EPOC+. The first is the six neuroemotional parameters “engagement”, “excitement”, “stress”, “relaxation”, “interest” and “focus”. The second is the RAB index, which was found to be closely related to behavior in previous studies [40]. The third comprises 14 channels in which the characteristic parameters evaluated by specific stimuli [41,42] are presented as widely used α and β waves. The psychological indicators were calculated using the POMS scale. The key objectives of the study were (1) to explore the differences in different behavior patterns in seasonal urban landscape forests by comprehensively assessing physiological and psychological indicators; (2) to identify significant differences between the two behavioral patterns discussed in the study and the reasons for these differences; and (3) based on the above two issues, provide a theoretical basis for urban forest design, management and activity strategy planning.





2. Materials and Methods


2.1. Study Site and Participants


The experimental site is located in the largest ginkgo garden in Chengdu, Sichuan Province (103°86′44″ E and 30°58′50″ N). The ginkgo garden is part of an artificial plantation in which over 13.33 hectares of ginkgo trees of different ages are planted. Ginkgo biloba L. is a unique deciduous tree in China and a representative urban deciduous tree species in Chengdu. The leaf shape is beautiful, and its color changes from green to golden yellow in autumn. Ginkgo biloba L. is China’s most important and common urban greening material and can eliminate the effects caused by unfamiliar environments. Our experimental site is an important urban viewing place in the city. The research area provides a realistic experience since tourists and footpaths can be seen in the park. A forestland with a relatively uniform stand, a canopy density of 0.45 and a relatively quiet environment (noise value range: 59.91 ± 10.48–64.38 ± 5.82, noise meter CEN-TER322) was selected as the experimental site. Wheelchair accessibility [43] and general accessibility [44] can affect emotional responses in natural environments. To facilitate an emotional impression of the natural environment as a pure forest, we chose a common green space similar to downstream forest trails (general trail width 1.5–3 m) with ginkgo biloba trees on both sides as the candidate for the experimental site; such areas have been confirmed as effective in previous studies. The final section of the experimental site has a natural path. A U-shaped footpath with an average width of 3.2 m and a total length of 166 m was the experimental area used to assess emotional influence (Figure 1).



Since there is no specific sample size stipulated for EEG experiments, we referred to the minimum sample size requirement [15] and recruited 80 young adults (40 males and 40 females, average age (23.42 ± 1.03), from Sichuan Agricultural University through campus posters and online advertising. After the experiment, they received corresponding compensation (RMB 30). We divided the participants into the sitting (Group S) and walking (Group W) groups according to their behavior patterns, with twenty men and twenty women in each group. Before the experiment, the study staff sent the detailed experimental process to the volunteers. All subjects were required to be right-handed [45] and have no history of long-term drug and alcohol abuse, to prevent differences in brain hemispheres from influencing the results. Drinking alcohol, strenuous exercise and taking drugs were prohibited on the day before the experiment to ensure the accuracy of the experiment.




2.2. Measure


2.2.1. Physiological Measurement


Physiological indices: Blood pressure, pulse and EEG were used to observe the physiological differences between the two behavioral groups. Blood pressure, including systolic (mmHg) and diastolic (mmHg), and pulse rate (bmp) were measured using a sphygmomanometer (Omron, HEM-6322T, Omron, Tokyo, Japan). Systolic and diastolic blood pressure increase when a person is stressed and decrease when he or she is relaxed, while the pulse rate increases when the body is in motion or emotionally excited. EEG is a common method widely used to evaluate the effect of forest therapy [31,46,47]. EEG records changes in electrical waves during brain activity. The instrument is noninvasive and has the practical advantages of being low-cost and quick, without the need for conductive gel [48]. Wearing the EEG equipment provides data from four brain lobe regions (namely, i.e., the frontal, temporal, parietal and occipital lobes). Fourteen channels (AF4, AF3, F3, F4, F7, F8, FC5, FC6, T7, T8, P7, P8, O1 and O2) were recorded. The data were analyzed using Affective, the EEG equipment’s software suite, which assigns and defines six emotion parameter labels; each individual’s data can be standardized on a scale of 0 to 1 [45].




2.2.2. Psychometrics


The Profile of Mood States (POMS) psychological questionnaire was used to measure the participants’ psychological state. The abbreviated POMS is another reliable and valid instrument for measuring mentality, including 40 adjectives rated on a 0–4 scale (0 = not at all; 4 = extremely). These adjectives can be consolidated into seven effective dimensions: Tension-Anxiety (T-A), Depression (D), Anger-Hostility (A-H), Vigor (V), Fatigue (F), Confusion (C) and Self-esteem (S). Three psychological indicators can also be obtained: positive, negative, and total mood (TMD) [49].





2.3. Experimental Procedure


This research is divided into two stages. The first stage consisted of the indoor parts, where volunteers at Sichuan Agricultural University completed the questionnaire in a classroom (temperature 22–26 °C, humidity 49%–55%). The questionnaire included social demographic characteristics and an informed consent form provided to the volunteers after the staff transported them to the experimental site, which was a ~30 min drive away. Outdoor measurements (outdoor temperature: 15.44 ± 1.14 °C, outdoor humidity: 75.92 ± 4.40%) were then taken. After reaching the experimental site, the volunteers sat quietly with their eyes closed for 5 min to reduce external influences, such as artifacts. The volunteers were then led to the experimental path, where they would be fitted with the EEG device. The EEG instrument was installed on the volunteer’s head. While wearing the device, the volunteers were instructed to feel the environment quietly and were not permitted to talk, eat, or use mobile phones. The volunteers were instructed to sit or walk for 15 min in different groups wearing the emotiv-EPOC+. The staff left after turning on the emotiv-EPOC+ devices to record the EEG data. After the experiment ended, the staff removed the instrument and instructed the volunteers to rest for 5 min before returning to school (Figure 2). The staff grouped all subjects to conduct the experiment sequence, in which Group S and Group W participated simultaneously. The experiment took place in November 2020 over three days from 9 am to 6 pm each day. The experimental procedure was conducted in accordance with the ethical standards of the National Research Council and the Herkey Declaration and was approved by the local Ethics Committee of the College of Landscape Architecture, Sichuan Agricultural University.




2.4. Data Statistics and Analysis


Statistical and data analyses were conducted using Excel 2016 and SPSS 20.0 (IBM Corp., Armonk, NY, USA). Descriptive statistics and chi-square tests were used to test the differences in the sociodemographic characteristics of the study samples, and paired t-tests were used to compare the average physiological parameters of the two behavioral groups and explore their significance level. EEG data were processed under the conditions of normal distribution and compliance with normal distribution; a one-way analysis of variance (ANOVA) was used to evaluate the significance of the six mood indicators and RAB indicators. The paired Wilcoxon signed-rank sum test was used to analyze the difference in psychological indicators between the two behavioral groups.





3. Results


3.1. Physiological Results


3.1.1. Blood Pressure, Pulse Rate


Table 1 shows the changes in blood pressure and heart rate before and after the two behavior modes. As shown, no significant changes in systolic blood pressure were observed in Group S (113.80 ± 14.94 pre and 114.10 ± 13.64 post, p > 0.05). The diastolic blood pressure decreased significantly (78.02 ± 11.99 pre and 72.27 ± 10.06 post, p < 0.01) by 5.76. The pulse rate was significantly decreased (81.37 ± 14.77 pre and 77.44 ± 9.89 post, p < 0.05) by 3.93. There were no significant changes in diastolic (112.63 ± 15.80 pre and 111.75 ± 13.10 post, p > 0.05) or systolic (76.41 ± 9.94 pre and 74.86 ± 9.61 post, p > 0.05) blood pressure or pulse (77.68 ± 12.30 pre and 75.72 ± 11.38 post, p > 0.05) in Group W. As shown in Figure 3, no significant difference was observed between the two behavioral groups in diastolic blood pressure, systolic blood pressure, and pulse before and after viewing (paired t test, p > 0.05).




3.1.2. Emotional indicators


Figure 4 shows six emotional parameter values for two behavior patterns. As shown, the “engagement” and “excitement” (0.60 ± 0.08 and 0.32 ± 0.16, respectively) levels of Group S were significantly lower than those of Group W (0.67 ± 0.09; 0.44 ± 0.13). Among the “Relaxation” emotional parameters, the levels of Group W (0.40 ± 0.07) were significantly higher than those of Group S (0.28 ± 0.07; p = 0.000), and the levels of the “Interest” emotional parameter in Group S (0.58 ± 0.06) were significantly higher than those in Group W (0.53 ± 0.04; p < 0.01). No significant differences in the “Stress” and “Focus” emotional parameters were observed between the two groups.



Figure 5 shows the difference in RAB index values of the 14 channels in the four brain regions, mainly distributed in the frontal, temporal, and parietal lobes. Specific differences were observed in the AF3, F7 and P7 changes, which were significantly lower in Group S than in Group W (p < 0.01). The FC5, FC6, F3 and T7 channels showed significant differences between the behavior patterns (p < 0.01), and the RAB index values for Group S were significantly lower than those for Group W in the above four channels. There were no significant differences in the O1 and O2 channels of the occipital lobe.



Table 2 shows the absolute α and β waves for the 14 electrodes under different behavioral patterns in an urban seasonal landscape forest. As shown in the table, the O2 and P8 electrodes in the occipital and parietal lobes, respectively, showed significant differences in the absolute α wave (p < 0.05). In the absolute β wave, the FC6, F4 and P8 electrodes showed significant differences (p < 0.05). These electrodes were located in the frontal and parietal lobes. There was no difference between the two groups of electrodes in the temporal lobe region of the brain.





3.2. Psychometric Results


Pretest and posttest comparisons were made according to the seven emotional states in the POMS scale. As shown in Figure 6, Group S can effectively improve “Tension-Anxiety” (0.66 ± 0.56 pre and 0.37 ± 0.39 post, p < 0.05), “Depression” (0.36 ± 0.45 pre and 0.13 ± 0.26 post, p < 0.05) and “Fatigue” (0.92 ± 0.55 pre and 0.56 ± 0.57 post, p < 0.05) emotions. The mood of “depression” (0.57 ± 0.64 pre and 0.17 ± 0.32 post, p < 0.05), “Anger-Hostility” (1.38 ± 1.75 pre and 0.48 ± 0.46 post, p < 0.05), “Fatigue” (1.09 ± 0.78 pre and 0.59 ± 0.44 post, p < 0.05) and “Self-Esteem” (0.84 ± 0.78 pre and 0.29 ± 0.31 post, p < 0.05) in Group W decreased significantly, whilst the mood of “Vigor” (2.17 ± 0.70 pre and 2.65 ± 0.86 post, p < 0.05) increased significantly.



As shown in Figure 7, negative moods were significantly reduced in Group W (27.40 ± 14.66 pre and 11.70 ± 5.62 post, p < 0.05) in comparison with Group S (18.30 ± 15.99 pre and 10.70 ± 6.50 post, p > 0.05). The TMD of the two behavior groups decreased significantly before and after (Group S 98.90 ± 18.30 pre and 90.25 ± 7.30 post, p < 0.05, Group W 105.45 ± 16.25 pre and 85.90 ± 9.88 post, p < 0.05), and there was no significant change or difference in promoting positive emotion (p > 0.05).





4. Discussion


4.1. Physiological Index Influence


Adolescents are more likely to experience emotional problems characterized by emotional disorders in their daily lives [50,51]. Given the significant healthy-life-promoting effect of green space [52], it is of great significance to study the differences between emotion induction strategies in green spaces in terms of physiological responses. The results showed that the diastolic blood pressure and pulse of Group S decreased significantly (p < 0.01), while the systolic blood pressure, diastolic blood pressure and pulse of Group W did not change (p > 0.05). When excluding environmental differences, different behavior patterns produced different physiological feedback, consistent with the findings of Chorong, S [53], Ulrich [54] and others. In addition, compared with Group W, Group S demonstrated increased parasympathetic nerve activity and inhibited sympathetic nerve activity, and their heart rates tended to be flat, which is more conducive to the reduction of pulse and pressure symptoms. Previous studies have proven that observing nature can increase satisfaction, and walking can increase vitality [28]. We studied older adolescents; in comparison with younger people, this group shows more attention to and awareness of landscape changes, and the season significantly impacts the pressure-relieving effects of the landscape [35]. The behaviors participated in by Group W resulted in their exposure to a continuously changing landscape, while Group S remained in one place; Group W communicated the effects of the activity on their senses to the volunteers and described a positive relationship with the environment [55]. Some studies have shown that the possibility of conflict and social interaction while walking can reduce the stress-relieving effects. This potentially explains why the three physiological indicators in Group W did not significantly decrease in this experiment.



We analyzed behavioral differences across six emotional parameters. The results show that “engagement” and “excitement” were significantly lower in Group S than in Group W. In previous EEG studies, “engagement” was defined as directional attention and immersion or interest [56], and “excitement” was defined as high arousal [45]; thus, cognitive attention is higher when walking in a seasonal urban landscape forest than when sitting. This may be because walking provides more visual stimuli and changing landscape images. The emotional differences between the two groups are in contrast with the findings from a previous study [25], in which no significant difference in “engagement” or “excitement” were observed between walking and sitting in an urban green space. We found significant differences in the emotional parameters between Group W and Group S. We believe that this may be related to the experimental environment and the “completely green” environment in the city. Some studies have reported significant seasonality results using quantitative brain wave data [35], and the seasonality of leaves plays an important role in the perception of, and physiological states induced by, forest landscape aesthetics [57]. We chose autumn due to the obvious seasonal environmental variation; the plant used (ginkgo) undergoes significant leaf color changes in the process of changing to yellow; thus, the landscape’s spatial structure and color change. Volunteers in an environment with a high wavelength color (such as yellow) can experience more excitement [58]; thus, their brain functions are more active [59]. It follows that this explains the discrepancies in the findings of our study versus those of the aforementioned study.



In addition, in the study of spatial benefits, attention recovery theory (ART) emphasizes distance as a main component [60]. Group S occupied a relatively independent space without being disturbed, and Group W experienced a continuously changing space during walking. A stable and coherent space is conducive to attention recovery to obtain a sense of relaxation [25]; however, the boredom resulting from prolonged sitting can reduce spatial communication and relaxation. In our study, using a large area of yellow as the main landscape color is more likely to cause relaxation and vigilance [61]. This environment may trigger greater EEG sensitivity to emotion; thus, the “relaxation” emotional parameters in the walking group were significantly higher than those in the sitting group. In addition, the microscale landscape in the study was easy for participants to interact with [29], meaning that volunteers found it easy to observe and experience the surrounding environment. Volunteers in Group S were more willing to pay attention to a favorite part of the landscape in the experiment, which can explain the significantly higher “interest” emotional parameter of Group S versus Group W. Regarding the RAB index values, the two viewing behavior patterns showed significant differences in EEG channels AF3, F7, P7, FC5, FC6, F3 and T7. Because the decrease in RAB power induced by visual stimulation mainly occurred in the occipital lobe, and the decrease in RAB power induced by auditory stimulation mainly occurred in the parietal and temporal lobes, there was a negative correlation between the decrease in RAB ability and stimulus-specific information [40]. Our study revealed significant differences in the seven channels for the two behavioral patterns in the frontal, parietal, and temporal lobes but no differences in the occipital lobe. Hence, the information specificity of our experimental environment’s characteristics is insufficient to induce different RAB index values between the two groups. We also found that the O2 channel of the occipital lobe and P8 channel of the parietal lobe showed significant differences in the absolute α wave values, and the FC6 and F4 channels of the frontal lobe showed significant differences in the absolute β wave values. α waves indicate relaxation and β waves are expressions of positive thinking and attention [62]. Because teenagers’ brains are more susceptible to negative emotional stimuli and the β wave is more dominant in the relaxed state, Group W obtained a higher level of relaxation and greater thinking ability. The occipital and parietal lobes were involved in activation. Zanzotto et al. [63] found that α and β waves are most visible in the parietal and occipital lobes and are similar.




4.2. Psychological Index Influence


There is a close relationship between GSB and psychological feedback. The results revealed significant differences in some psychological indicators of negative emotions between the two behavioral groups before and after the test. Group S and Group W demonstrated improved “tension-anxiety”, while Group W showed improved “depression”, “anger-hostility” and “self-esteem”. We noticed that “vigor” (vitality and energy) increased significantly in Group W and was the only significant increase in the emotion index calculated from the self-report questionnaire. We speculate that this finding is related to the behavioral variables investigated by the research institute. The landscape stimuli that the experimenter is exposed to during walking and observing are more diverse than the relatively stable landscape observed while sitting. Some studies also show that the elements of natural change can arouse a sense of wildness, and walking and watching in nature can enhance vitality [28]. This visual psychological effect has been found to occur after five seconds [30]. The continuously changing visual stimulus feedback significantly increased the “vigor” mood in Group W. In addition, the research results showed that walking significantly reduced negative moods in comparison with sitting, while there was no significant effect on positive moods. Numerous cross-sectional studies have proven the positive effects of entering green space and walking [55], such as a reduction in negative emotions and anxiety [53], to be consistent with the results of this study, which further confirmed the mental health benefits of walking. It is believed that walking outdoors in nature has a greater impact on vitality and more effectively reduces negative emotions than sitting.




4.3. Suggestions for Urban Landscape Forest Planning Based on Different Emotional Feedback


The reduction in interaction time between humans and the natural environment has led to the need for effective green-space guidance to improve emotions [64]. The research results first further emphasize the impact of sitting and walking activities in seasonal landscape forests on the emotional health of adolescents. Our study showed that sitting in an autumn deciduous forest can help achieve better recovery, stress, and relaxation effects, manifesting as a significant decrease in systolic blood pressure and heart rate. Sitting in silence is more conducive than walking to generating “interest” emotions among adolescents. Understanding the promoting effect of spatial capacity building on human health [65], we can use landscape strategies to activate these conditions. First, the transformation of a space to provide environmental conditions and the reasonable use of different plant color combinations in landscape forests guide the generation of sitting, viewing, and staying behaviors, thereby achieving the goal of relaxation and interest activation. Studies have shown that golden plants trigger a warm and bright feeling in space [39], while red plants trigger high arousal [66]. These spatial landscape color combinations are used to increase landscape appeal and extend stay time.



The charm of forests lies in the unpredictability of the experiences they provide [67], especially the different landscape elements present during seasonal changes. These visual stimuli may induce users to engage in spontaneous activities, such as walking or sitting, and participants in the forest pay more attention to unique or interesting elements in the space [68]. In urban landscape forest planning, combinations of wild elements, such as berries, butterflies, and birds, are added. The creation of fish habitats enhances enjoyment of the area, and these naturally changing elements can also evoke a sense of wildness and friendliness [69], maximizing the benefits of biodiversity in the natural environment [70]. Second, abundant sitting facilities can be provided, including creating a quiet plant space and an appropriate number of recreational facilities, such as pavilions and chairs, to provide teenagers with a better interactive experience when observing the surrounding environment. According to the positive psychological and emotional feedback obtained from individuals engaging in the two behaviors in the autumn landscape forest environment in this study, the walking and viewing group showed a significant decrease in negative emotions and an increase in “vigor”. We advocate the construction of trails in landscaped forests to maximize the comprehensive health benefits; additionally, the function of the trails should be improved to support multiple active travel purposes, such as walking and cycling [71], in order to stimulate positive emotions, such as user vitality. Simultaneously, the planning strategy of increasing entry and contact makes it easier for individuals to use the trail and connect with other green space areas and promotes the right to the fair use of nature.





5. Limitations


This study has several limitations. Firstly, our experimental environment was a real environment, and the emotional feedback results generated comprehensively reflect various sensory stimuli that may be particularly sensitive to emotions [72]. Emotional regulation varies over time [6], and EEG analysis alone is insufficient to obtain an accurate explanation. Future studies should combine EEG with multiple indicators for a comprehensive analysis. Second, the multielement changes in natural environments are seasonal, and many studies have shown that the mechanism of environmental characteristics may be of great significance to the beneficial effects of bottom-up attention. Although selecting a pure forest path environment reduced interference, the differences in vegetation density, vegetation location [73], and vegetation composition [29] and structure [74] require further longitudinal analysis. In addition, we focused on only two behaviors in our sample of teenagers: sitting and walking. However, the findings cannot be generalized due to the small sample size. Moreover, the cross-sectional approach provides limited time observation feedback, and data were only collected from individuals in autumn landscape forests. In the future, in addition to expanding the sample size, it is necessary to consider cross-longitudinal experiments with multiseason comparisons, population age diversity, and behavioral variables, audiovisual environment variables [75] to promote research on outdoor spatial health activities. Finally, numerous studies have demonstrated the difference between typical urban spaces (such as commercial and square spaces) and green spaces in promoting health. This experiment only involves different behavioral pattern controls, and it is necessary to include urban environmental control samples for a more comprehensive empirical study.




6. Conclusions


Focusing on green space as a health intervention, this study obtained profound information about how different behaviors in seasonal green environments can promote adolescent emotional health. This study provides strategies and references for improving the spiritual and cultural effects of urban landscape forests through relevant guiding actions and plans for green space activities. According to the differences in the physiological and psychological indicators shown in the results, we believe that sitting in an urban forest can promote relaxation, recovery and calmness, and walking can promote “interest”, and “vigor” and decrease negative emotions. We further analyzed 14 electrode channel α differences from β waves and RAB indicators. The channel showed differences in the absolute α and absolute β waves in the P8 electrodes in the parietal lobe, indicating the activation of spatial processing in the corresponding parietal lobe of the brain. The O2 channel of the occipital lobe and FC6 and F4 of the right frontal lobe α and β waves showed significant differences. Group W obtained higher relaxation levels and thinking abilities than Group S. We suggest that urban environmental planning managers should use landscape strategies that activate corresponding behavioral conditions, paying attention to the guidance related to different behavioral patterns in the formed environment to achieve green spaces with better emotional impact. Considering the results of combining natural elements and different characteristics, recreational facilities and trails should be added to encourage natural viewing, participation, and interaction in scenic urban forests. Although the relationship between more diverse emotional needs and behavioral patterns in urban landscape forests remains to be explored, this study provides a research reference for urban green-space planners, namely, guidance related to behavioral patterns in green spaces, including the need for a focus on seasonal changes.
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Figure 1. Study site. (a) Map of the experimental location and of the studied sites. (b) Current situation map of the experimental site. 
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Figure 2. Experimental procedure. 






Figure 2. Experimental procedure.
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Figure 3. Difference test of Group S and Group W paired samples. (a) Differences in paired samples of pre−test between S and W groups. (b) Differences in paired samples of post−test between S and W groups. 






Figure 3. Difference test of Group S and Group W paired samples. (a) Differences in paired samples of pre−test between S and W groups. (b) Differences in paired samples of post−test between S and W groups.



[image: Forests 14 01099 g003]







[image: Forests 14 01099 g004 550] 





Figure 4. Six emotional parameter values of Group S and Group W (*** p < 0.001. ** p < 0.01. * p < 0.05). 
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Figure 5. The corresponding RAB index values of the 14 brain channels of the Group S and Group W participants (** p < 0.01. * p < 0.05). 
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Figure 6. Emotional states in Group S and Group W (T−A: T scores for tension-anxiety; D: depression; A−H: anger−hostility; V: vigor; F: fatigue; C: confusion; S, self−esteem; * p < 0.05). 
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Figure 7. Mood state values in Group S and Group W (* p < 0.05). 
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Table 1. Changes in blood pressure and pulse rate before and after in Group S and Group W.
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Group S




	
Physiological Indexes

	
Pre-Test

	
Post-Test

	
Rate of Change

	
p




	
Mean

	
S.D.

	
Mean

	
S.D.




	
Systolic blood pressure (mmHg)

	
113.80

	
14.94

	
114.10

	
13.64

	
0.29

	
0.897




	
Diastolic blood pressure (mmHg)

	
78.02

	
11.99

	
72.27

	
10.06

	
−5.76

	
0.008 **1




	
HR (bpm)

	
81.37

	
14.77

	
77.44

	
9.89

	
−3.93

	
0.024 *2




	
Group W




	
Variable

	
Pre-Test

	
Post-Test

	
Rate of Change

	
p




	
Mean

	
S.D.

	
Mean

	
S.D.




	
Systolic blood pressure (mmHg)

	
112.63

	
15.80

	
111.75

	
13.10

	
−0.88

	
0.925




	
Diastolic blood pressure (mmHg)

	
76.41

	
9.94

	
74.86

	
9.61

	
−1.55

	
0.374




	
HR (bpm)

	
77.68

	
12.30

	
75.72

	
11.38

	
−1.97

	
0.134








**1 p < 0.01. *2 p < 0.05.
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Table 2. Absolute α and β wave values in different behavior patterns.
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The Areas of Brain

	
Electrodes

	
α Wave

	
β Wave




	
Group S

	
Group W

	
Sig.

	
Group S

	
Group W

	
Sig.




	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD

	
Mean

	
SD






	
Occipital lobe

	
O1

	
7.98

	
1.90

	
13.27

	
3.00

	
0.55

	
1.70

	
3.35

	
3.32

	
1.68

	
0.39




	
O2

	
5.82

	
2.28

	
14.36

	
2.37

	
0.026 *

	
1.80

	
2.20

	
3.56

	
7.10

	
0.30




	
Frontal lobe

	
AF3

	
2.07

	
2.35

	
20.43

	
1.33

	
0.06

	
0.84

	
0.66

	
5.57

	
1.47

	
0.05




	
AF4

	
8.28

	
1.02

	
34.62

	
1.03

	
0.08

	
2.03

	
2.60

	
8.56

	
14.90

	
0.06




	
FC5

	
4.13

	
1.10

	
15.02

	
3.96

	
0.10

	
1.15

	
2.14

	
3.69

	
8.42

	
0.20




	
FC6

	
4.39

	
2.85

	
24.35

	
1.48

	
0.04

	
1.55

	
1.36

	
6.50

	
10.50

	
0.043 *




	
F3

	
1.94

	
1.18

	
10.46

	
2.85

	
0.13

	
0.81

	
0.86

	
2.75

	
5.46

	
0.13




	
F4

	
6.35

	
1.06

	
7.60

	
3.28

	
0.28

	
3.59

	
2.11

	
3.82

	
7.81

	
0.035 *




	
F7

	
4.68

	
2.85

	
14.14

	
2.43

	
0.14

	
1.35

	
1.96

	
3.77

	
5.81

	
0.09




	
F8

	
11.16

	
1.81

	
10.11

	
1.40

	
0.84

	
2.83

	
3.14

	
2.72

	
3.27

	
0.91




	
Temporal lobe

	
T7

	
2.49

	
0.03

	
18.00

	
3.19

	
0.08

	
0.83

	
0.68

	
4.93

	
9.48

	
0.06




	
T8

	
14.97

	
2.59

	
33.26

	
2.92

	
0.18

	
3.69

	
5.31

	
8.47

	
3.03

	
0.14




	
Parietal lobe

	
P7

	
1.06

	
1.99

	
11.28

	
2.82

	
0.10

	
0.39

	
0.64

	
3.05

	
6.17

	
0.06




	
P8

	
6.27

	
5.92

	
21.33

	
2.40

	
0.031 *

	
2.29

	
1.97

	
5.93

	
1.56

	
0.03 *








* p < 0.05.
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