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Abstract

:

The overall purpose of this study was to investigate psycho-physiological variations in human bodies by observing visual images of daytime and nighttime scenery to focus on restorative and recovery effects. Unlike previous studies that have focused on the natural versus built environments, this study aims to compare restorative and recovery potentials between daytime and nighttime. The experiment was conducted by showing a total of 12 images to 60 participants in order to measure the brain response with an electroencephalogram (EEG). As measures of the psychological impact of the images, perceived restorative and recovery scales were used. The self-reported data indicates that daytime sceneries are rated more positively than nighttime sceneries in terms of restorative and recovery effects. According to the EEG results, restorative and recovery feelings have negative relationships with the relative theta band, while positive relationships are shown with the relative alpha band. The correlation analysis between EEG bands and brain regions showed a significant correlation (p < 0.05) with 46 pairs for the daytime scenery stimuli and 52 pairs for the nighttime scenery stimuli. Through the results of the study, we conclude that daytime and nighttime scenery affect restorative feelings and the human brain response through both verbal and non-verbal methods.
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1. Introduction


1.1. Background


From an environmental aesthetics point of view, aesthetic gratification results in a positive emotional response. The preference for landscapes is understood as providing a strong incentive for human activity from an evolutionary perspective. The first reactions to the environment—emotional reactions—are essential to human survival and function [1,2,3,4].



This study explores the effects of perception of landscapes in daytime and nighttime scenery as a restorative quality. As an intriguing medium for peoples’ perceptions of a landscape, the aspects of environmental composition play an important role [5,6,7,8]. According to Partin et al. [9], integrated landscape assessments address the interdependent values that hold a direct relationship between co-analysis and other factors. The capacity of human cognition and thought is based on a process that is consistent with a particular environment, rather than a neutral or universal-purpose process. In other words, it has the characteristic of coordinating with the environmental influence in information processing by functioning efficiently in the material world [10].



Restorative and recovery characteristics of viewing landscapes can reduce a person’s psychological and physical stress and restore their health to its original state [11,12,13,14]. Landscapes with these characteristics can lead to recreational experiences, which recharge depleted concentration levels and lead to the reflection of an individual’s inner world [12]. The restorative and recovery characteristics are known to be inherent mainly in natural scenery. The argument that natural landscapes contain more restorative and recovery qualities than artificial landscapes can be understood in two dimensions: evolutionary and cultural perspectives [15]. From an evolutionary point of view, this is related to the fact that human information processing has evolved to suit natural environments, as long-term human evolution has mainly taken place in natural landscapes. Thus, while the information found in urban environments puts a strain on human information processing, natural environments relieve these burdens. From a cultural point of view, human civilization has all always relied on the destruction of nature, even though it began on the basis of its abundance. Thus, in any civilized society, the preciousness of nature is established through cultural awareness, and this cultural learning appears as a natural preference to the value of nature’s restorative and recovery characteristics. Both of the above aspects suggest that the restorative and recovery qualities inherent in natural scenery have a positive effect on human health, regardless of peoples’ personal or sociocultural differences. According to research studies to date, the restorative and recovery effects of natural scenery are experienced by various social and cultural groups, indicating that these characteristics have a universal and fundamental effect on the human experience of landscapes [3,15,16,17,18,19,20,21,22].



The question arises here of whether the effect found above is due to the restorative and recovery characteristics of landscapes in general or specific to the type of landscape (natural or artificial). This is not clear because most of the research to date has compared natural and artificial landscapes. In order to clarify this, Van den Berg et al. [23] controlled the effect of the type of landscape (natural or artificial landscape) and investigated the effect of the restorative and recovery characteristics of the landscape, and found that the greater the restorative and recovery characteristics of the landscape, the higher the preference for the landscape. These findings specifically demonstrate that restorative and recovery characteristics of landscapes create a positive landscape experience, regardless of the type of landscape or the sociocultural differences of human beings. Despite these implications, no study has been conducted to verify the effect of the restorative and recovery characteristics of landscapes at nighttime. If the restorative and recovery characteristics of landscapes are verified as measurement tools that can identify the characteristics of nighttime scenery, it is possible to understand the nighttime scenery from a multi-level point of view, and to come up with a variety of ways to develop design guidelines for nighttime landscapes.



Landscape preference and restorative quality evaluation methods can be divided into non-verbal and verbal evaluation methods. The non-verbal evaluation method analyzes external expressions of emotions, such as facial expressions, voices, and gestures, or measures physiological reactions using scientific experimental equipment. A verbal evaluation method is a method of describing one’s emotional state using self-reporting questionnaires or adjectives [24]. Environmental psychology researchers have consistently focused on the restorative potential of natural environments rather than urban environments and have often used verbal evaluation methods, such as video and photographic experiments that employ subjective measures in the laboratory [25]. There are several research studies on restorative and recovery effects of landscapes using both non-verbal and verbal evaluation methods. Ulrich [18] measured psychological and physiological changes to images of nature (green vegetation), water and nature, and urban environments. This study used psychological measurement tools, such as the “Semantic Scale” [26], which consists of 36 items grouped into four factors—dominance, wakefulness, attention or interest, and stability—and the “Zuckerman Inventory of Personal Reaction” [27] which groups emotions into five factors—fear and arousal, positive affect, anger or aggression, attentiveness, and sadness. Physiological measurement tools were used, such as alpha waves of electroencephalography (EEG), which is most sensitive to psychological changes, electrocardiographs (EKG), and blood pressure (BVP). In this experiment, Ulrich showed that the two scenes containing nature produced a positive psychological change compared to the urban scenery, and that the alpha wave also increased in the order of urban scenery, nature scenery, and lastly water scenery with nature. Similarly, Chan measured psychological and physiological changes using photographs of native landscapes that could potentially restore attention based on four factors of the attention restoration theory (ART) from a Kaplan et al. [12]. The perceived restorative scale (PRS), developed in Hartig et al. [28], was used as a psychological measurement tool, and EKG, EEG, and BVP were used as physiological measurement tools. Most of these studies adopted EEG measurement as a non-verbal evaluation method.



Regarding EEG usability as a landscape measurement tool, with the development of mobile EEG devices, research on architectural spaces or outdoor environments has started to be actively carried out. Previous studies using EEG in the field of space planning provided implications for architectural and outdoor environmental planning, focusing on environmental settings, specific building elements, and areas of user interest in the architectural field. These are classified into three trends: (1) measurement of user influence on specific elements of indoor environments [29]; (2) tools for determining specific architectural elements [30,31]; and (3) analysis of visual attention with the user’s areas of interest [32]. Many EEG studies on aspects of environments have shown the generally beneficial effects of green spaces or specific colors and environments in producing preference or restorative effects from natural landscapes. However, there have been no sufficient research studies involving a comparative analysis of daytime and nighttime scenery. Accordingly, this study used EEG to evaluate daytime and nighttime scenery related to the perceived restorative qualities and various environmental settings. Not only were the differences between daytime and nighttime scenery explored, but also the landscape types of each image were compared to verify the usability of EEG in landscape evaluation.



The purpose of this study is to investigate the effects of daytime and nighttime scenery on the psychological and physiological changes to the human body, focusing on restorative and recovery effects. To do this, we use a visual stimulus with a sensory perception ability of 87% of human senses. As a non-verbal evaluation method, we attempt to use EEG technology, which is directly related to peoples’ perceptions of an environment. Through this study, we intend to build fundamental data on what kind of invisible emotional benefits regarding restorative and recovery effects can be given to humans through psychological and physiological changes that occur when viewing daytime and nighttime images under the same conditions.




1.2. Landscape Preference and Landscape Restorative and Recovery Potential


Landscape preference, beyond aesthetic meanings, has a positive effect on physiological and psychological recovery and mental health [33,34]. Based on the commonality of landscape preferences, natural landscapes have been shown to be very high in aesthetic satisfaction and refilling effects [35]. In particular, Ulrich [11] showed that a nature-like environment with high visibility was related to positive emotions. Moreover, preferences related to behavior were explained by environmental psychologists, and attitude changes to landscape preference and behavioral induction were examined using socio-psychological theory [36]. That is, the study of landscape-to-human interaction can predict how the landscape is perceived and the relationship between intended behavior and experience in the specific landscape [37]. Ivarsson and Hagerhall [38] posited that the restorative effects of the landscape, which include recovery potential, are affected by preferences. Thus, landscape preference is adjusted by an internal assessment of potential restorative or recovery effects.



The theoretical background for the restorative and recovery characteristics of a landscape is the attention restoration theory (ART) [12] and the psychophysiological stress recovery theory (PSRT) [39]. PSRT describes stress release in various aspects, such as psychology and menstruation, whereas ART refers to the restorative and recovery effects of the landscape based on information processing and cognitive functions [38]. According to ART, the attention required in daily life is intentional and requires a lot of energy, resulting in a depletion of concentration that has a negative effect on human perception, emotions, and behavior, which can be restored by viewing a landscape or an activity with restorative and recovery characteristics. It can also be considered as an environment in which you can participate in activities without any specific intention. This implies that the restorative and recovery effects have positive relationships with staying in a preferred environment. Hence, the restorative and recovery qualities of landscapes can be measured with subjective indicators, such as aesthetics, attractiveness, and peacefulness [12,40,41]. A previous study [12] demonstrates that these qualities are subdivided into four elements: (1) “being away”; (2) “extent”; (3) “fascination”; and (3) “compatibility”. The higher the perceived intensity of these four factors, the greater the recreational and restorative effects induced by the landscape.



“Being away” refers to physical or mental distance from daily life that requires intentional concentrations and efforts. These feelings arise when new and unfamiliar landscapes are experienced. However, if the sense of responsibility and duty is not present, the feeling of being elsewhere does not occur. An escape from daily life is a prerequisite. “Fascination” is the most important element of the four factors as it causes involuntary attention of the landscape experience. Since involuntary attention does not require any mental energy, rest has an effect of recharging attention. “Extent” is related to the spatial margin of the landscape- the harmony with elements inside and outside the landscape. Overall, “extent” consists of scope and connectedness. Scope encompasses the perception of the spatial margin of experience and the person’s experience through movement. Connectedness refers to the perception that the elements of landscape are in coherence with each other and are connected without being heterogeneous to the environment. “Compatibility” entails the activities and functions of individuals that are predicted within the landscape. It is the perception of how the conditions, such as the characteristics and needs of the landscape, correspond with the purpose and intention of the experiencer. The general consensus on ART research demonstrates the effects of restorative and recovery of landscape in two dimensions: (1) a specific dimension, including psychology, physiology, and cognition; (2) a comprehensive dimension, focusing on landscape preferences. Existing research that examines the restorative characteristics and comprehensive landscape preferences reveals a positive relationship between restorative and recovery effects with preferences [4,23,42,43,44].



In contrast to ART, typical environments with a lot of recovery environmental factors are considered as natural environments in PSRT [12]. Several studies have shown that in environments where natural elements predominate over artificial elements, the recovery quality tends to be more prevalent [35]. Therefore, it is possible to draw more attention to natural environments than urban environments [23]. The achievement of attention recovery through recovery environments facilitate psychological benefits, such as stress relief and emotional enhancement [45,46].



Existing research on landscape preference and restorative potential have focused on confirming whether natural scenery has a higher preference rather than built-environment scenery [42,43,47]. Unlike previous studies that focused on the positive effects of the natural environment, this study identifies perceived restorative and recovery potentials between daytime and nighttime sceneries.




1.3. Research Hypotheses


In the current study, we aim to investigate the effects of viewing daytime and nighttime scenery by comparing EEG data and reported levels of perceived restorative and recovery scale. The specific research hypotheses in relation to the objective of this study goes as follows:




	
H1: Daytime scenes will be rated more positively than nighttime scenes in terms of self-reported perceived restorative and recovery scale.



	
H2: The signals and power spectrum of participants’ EEG will show significantly different results on daytime and nighttime sceneries.



	
H3: There will be a significant correlation between the EEG band depending on the region of the brain.










2. Methods and Data


2.1. Participants


A total of 62 participants (31 males and 31 females) with an average age of 31 took part in this study. The inclusion criteria for this study required participants on the following criteria: (1) no brain or psychiatric disorders; (2) no ophthalmic disease; (3) normal blood pressure without history of heart diseases; (4) no medication taken for any treatment during the study period; (5) physically and mentally healthy with no anxiety in enclosed areas. The data was collected from 60 participants (30 males and 30 females) excluding two participants who had noises in the brain waves due to movements during the measurement process. Our research protocol and survey instrument were approved by the Institutional Review Board of Virginia Tech.




2.2. Experimental Images


All photos for this study were taken during the same season on Virginia Tech’s campus. It consists of six sets. Each set has two photos of daytime and nighttime scenery. Photo set one depicts an enclosed setting near stairs, photo set two an open setting, set three an enclosed setting surrounded by building, set four an enclosed setting surrounded by trees, set five a crooked path setting, and set six an enclosed setting surrounded by architectural features.



All photos were intended for a natural environment where there is no expectation of deliberate negative or positive emotions. Table 1 illustrates the images that were used for the experiment.




2.3. Research Procedure


In order to measure the EEG data of the participants, we purposefully designed the laboratory in order to block any noises and external exposure. This was done in order to have the participants fully immersed in the experiment. To minimize the influence of surrounding colors, a white board was installed on three sides of the participants’ desks. Before starting the experiment, we encouraged participants to have mental stability in an experimental environment unfamiliar to them. The research team explained the entire experimental process in advance.



When participants calibrate their EEG devices, he or she adjusts their postures for five minutes, seats on the chair, and selects the breathing option. First, background brain waves—the spontaneous electrical activity of cerebral cortical neurons—were measured with eyes opened and recorded for 1 min and 30 s without external stimulation proceeded by a resting period. Second, after a two-minute break, participants observed six daytime scenery photographic stimuli for two minutes (appearing for 10 s after a 10 s interval for each photo) while the EEG captured their emotional response to the stimuli. The participants observed the nighttime scenery stimuli for two minutes- in the same way that participants observed the daytime scenery stimuli- after a two-minute break. Third, participants were asked to review all 12 slides and rate them on four dimensions (see below Figure 1). Each slide was presented for 20 s. Subjective responses were provided on a paper questionnaire. The EEG output was directly recorded by the computer. Finally, participants filled out a debriefing questionnaire indicating their demographic data.




2.4. Outcome Measures


2.4.1. Questionnaire for Subjective Preferences


Restorative and recovery potential, according to different landscapes, have been mainly studied by self-reporting methods [11]. We selected four subjective questions to capture the subjective preferences to photographic stimuli. First two items are questions related to Perceived Restorative Scale, which was developed based on ART [12]. As mentioned above, the restorative quality described by ART involves four dimensions: being away, fascination, extent, and compatibility [48]. Among them, we chose two concepts: (1) being away (“it is a place where you can think of exciting things while relaxing away from tired daily life”) and (2) fascination (“this place is wide enough to find new things that stimulate one’s curiosity.”), with both items ranked on a Likert-scale ranging from “Not at all (1)” to “Extremely likely (10)”. The scores of these two items were added together to calculate the perceived restorative scale score for each slide.



The two remaining items were designed to the dimensions of the recovery scale. To this end, we borrowed a questionnaire from [43] used to ask participants about the possibility of recovery of the scenes in the slides: (1) attention (“it feels like I can recover my attention when I’m here.”) and (2) relieve stress (“it is likely that all the tension will be released here.”). Again, both items were ranked on a Likert-scale ranging from “Not at all (1)” to “Extremely likely (10)”. The sum of these two items’ scores was used as the recovery scale score.




2.4.2. EEG outcome Measures


We selected the Emotiv EPOC EEG device for this study. It consists of 14 sensors that take readings from activation sites located on the surface of the brain. It also includes a two-axis gyroscope to detect the wearer’s head motion and orientation [49]. Visual stimuli were presented on a 19-inch LCD monitor. Two software, Emotiv Test Bench and OpenVibe, were used to capture raw EEG outputs from the headset (Figure 2).



In order to capture four main independent bands: (1) relative theta (4–8Hz), which indicates deep sleep, restfulness, and conversely excitement or agitation when delta waves are suppressed; (2) relative alpha (8–15 Hz), which indicates relaxed alertness, restful and meditative states; (3) relative beta (15–30 Hz), which indicates wakefulness, alertness, mental engagement and conscious processing of information; (4) relative gamma (from 30 Hz and up), which indicates creating a unity of conscious perception. EEG data of left and right prefrontal (Fp1, Fp2), left and right frontal lobe (F3, F4), left and right parietal lobe (P3, P4), and left and right occipital lobes (O1, O2) were extracted from data of 14 channels (Figure 3). The relative power value for each frequency were derived after calculating the absolute power of each frequency of each band using the power spectrum of each frequency.



The changes in the relative power values of each band were analyzed to examine the participants’ brain responses to day and night visual stimuli. The average EEG frequency in this study is the background EEG value (the average value of the primary EEG for white photo stimulation) minus the average of the EEG for photo stimulation.





2.5. Data Analysis


All of the data we tested were analyzed by using SPSS 20.0. We derived the descriptive statistics from the participants’ survey and EEG frequency results. A paired t-test was carried out to verify survey results and changes by frequency ranges of EEG depending on different environmental settings. A correlation analysis was used to investigate the brain regions that are synchronized to photographic stimuli.





3. Results


3.1. Subjective Preferences


Figure 4 illustrates the results of the self-reported level of perceived restorative and recovery scale for each photograph. For daytime scenery, the distribution of self-reported perceived restorative scale was between 13.28 (1. enclosed setting near stairs) and 14.97 (2. open setting) while the recovery scale ranged from 13.72 (3. enclosed setting surrounded by buildings) to 15.47 (5. crooked path setting). In contrast, the perceived restorative scales of nighttime were between 11.39 (1. enclosed setting near stairs) to 12.25 (4. enclosed setting surrounded by trees) while the recovery scale ranged from 12.73 (6. enclosed setting surrounded by architectural features) to 14.94 (5. crooked path setting). The highest mean in perceived restorative scale for daytime scenery was in photo set 2 (open setting). The highest mean in recovery scale for daytime scenery was in photo set 5 (crooked path setting).



Comparing the average between the two groups, the level of perceived restorative and recovery scales, in general, were higher in daytime scenery. The results of the paired sample t-test showed that both of the daytime scenery’s perceived restorative (t = 6.12, p < 0.01) and recovery scales (t = 5.11, p < 0.01) were significantly higher than the perceived restorative and recovery scales of nighttime scenery (Table 2). Beyond the daytime-nighttime comparison, the self-reported data indicates that natural scenes are rated more positively than urban scenes, which is consistent with the existing findings in the literature [52].




3.2. Activity of EEG Bands


There was a difference in the mean of all EEG bands (Table 3) but not all were statistically significant. The band with the most active average changes of EEG was the relative theta band. Daytime scenery stimuli activated theta band more than nighttime scenery stimuli. The relative alpha band was increased with the daytime scenery stimuli while it decreased with the nighttime scenery stimuli. In the case of the relative beta band, the average EEG for the nighttime scenery did not change much. However, the relative beta band’s average EEG decreased for the daytime scenery stimuli. For the relative gamma band, both daytime and nighttime scenery stimuli showed a tendency to decrease- therefore, not as active in comparison to other bands. The average EEG of the relative gamma band for the daytime scenery stimuli showed a greater decrease in comparison to the nighttime scenery stimuli.




3.3. Comparison of EEG Activity on the Brain Region


Table 4 and Figure 5 indicate changes in EEG activity and the statistical significance of EEG averages from the results of the paired sample t-test. Each electrode for measuring EEG was placed according to the brain region.



The average EEG of daytime scenery stimuli and nighttime scenery stimuli varied depending on the band and the region of the brain. The average EEG in the relative theta band of the daytime scenery stimuli decreased in the prefrontal (Fp1, Fp2) and occipital (O2) channel compared with the background frequency while the average EEG of the other channels increased. More specifically, we found EEG as most active in the frontal lobe region. The average EEG of the nighttime scenery stimuli showed an increase in all channels except for the occipital lobe (O2). Both daytime and nighttime scenery stimuli showed differences in EEG activation between the frontal lobe (F3, F4), parietal lobe (P3, P4), and occipital lobe (O1). Our results show a significant difference in the prefrontal lobe region (Fp1, Fp2), which tends to show activity when the subject is processing new information whereas the activity is significantly decreased when the subject is familiar with the task.



For the relative alpha bands, the average EEG decreased in the most channels. The mean EEG of nighttime scenery stimuli was lower than that of daytime scenery stimuli. In the case of daytime scenery stimuli, mean value of the relative alpha band was increased only in the frontal lobe (F3, F4) and occipital lobe (O1, O2). In the parietal lobes (P3, P4), the mean EEG of relative alpha waves were decreased in both daytime and nighttime sceneries. In contrast, the degree of activation was opposite in the occipital lobes (O1, O2).



For the relative beta bands, the degree of change tends to be insignificant compared to other EEG bands. Channels with opposite tendencies for the mean EEG between two stimuli were located in the frontal lobe (F3), parietal lobe (P4), and occipital lobe (O1). The mean of the frontal lobe (Fp1, Fp2) region increased, while the frontal lobe (F4), parietal lobe (P3), and occipital lobe (O2) channels decreased. The average EEG of nighttime scenery stimuli did not change in the occipital area.



In the case of the relative gamma band, the average EEG on both prefrontal (Fp1, Fp2) and occipital (O1, O2) regions simultaneously increased while the frontal regions (F3, F4) decreased. In particular, the mean of F3 channel in the relative gamma band showed greater decrease compared to the other band channels.



We found differences in the average value between the two stimuli in the occipital region (P3, P4). The mean of the daytime landscape stimuli decreased, and the average value of the nighttime scenery stimuli increased. Channels with significant statistical differences were Fp1 (t = 0.172, p < 0.1), F4 (t = 2.049, p < 0.5), and O2 (t = 3.858, p < 0.01) in the relative theta band, Fp1 (t = 0.172, p < 0.1), Fp2 (t = 0.172, p < 0.1), and F4 (t = 2.409, p < 0.5) in the relative alpha band, Fp2 (t = 1.962, p < 0.5) in the relative beta band, and F3 (t = 0.240, p < 0.5) in the relative gamma band.




3.4. Correlation Analysis of EEG Bands


3.4.1. Daytime Scenery Stimuli


To investigate the regions of the brain synchronized to process information on daytime stimuli, we analyzed the correlation between the EEG means measured in the prefrontal, frontal, parietal and posterior lobes of the EEG bands. We identified several areas that indicated a significant statistical correlation (|r| > 0.5).



There were three parts that had strong correlations at |r| > 0.9. Among them, two places indicate a negative correlation- which means when one part is activated, the other part is inversely inactivated: the prefrontal lobe of beta band—the prefrontal lobe of theta band (r = −0.982, p < 0.01) and the frontal lobe of gamma band—the prefrontal lobe of theta band (r = −0.922, p < 0.01). In contrast, the prefrontal lobe of gamma band and the prefrontal area of beta band (r = 0.959, p < 0.01) showed a strong positive correlation. They were activated simultaneously with any external stimulation. It is notable that the brain region with a strong correlation (|r| > 0.9) to the daytime scenery stimuli has generally appeared in the prefrontal and frontal lobe.



Among all the EEG bands, the relative alpha band has the most correlations of left—right side of the brain with a level of significance at |r| > 0.7: the parietal lobe of alpha band—the frontal lobe of alpha band (r = 0.701, p < 0.01), the occipital lobe of alpha band—the frontal lobe of alpha band (r = 0.708, p < 0.01), the occipital lobe of alpha band—the parietal lobe of alpha band (r = 0.793, p < 0.01). Among the occipital lobe of the EEG bands, the parietal lobe of alpha band—the occipital lobe of gamma band (r = −0.714, p < 0.01) showed a strong correlation with |r| > 0.7 in the daytime scenery stimuli. Finally, 46 of the 120 pairs showed statistically significant correlations (p < 0.05) with the daytime scenery stimuli (see detail in Table 5).




3.4.2. Nighttime Scenery Stimuli


There was only one area with a strong correlation at |r| > 0.9 in the nighttime scenery stimuli: the prefrontal lobe of beta band—the prefrontal lobe of theta band (r = −0.944, p < 0.01). The areas of high correlation with |r| > 0.8 were the prefrontal lobe of gamma band—the prefrontal lobe of theta band (r = −0.733, p < 0.01) and the prefrontal lobe of gamma band—the prefrontal of beta band (r = 0.812, p < 0.01). Among all the EEG bands, the relative alpha band had the most amount of statistical correlations. The correlation showed a significant level (|r| > 0.7) with the nighttime scenery stimuli the frontal lobe of alpha band—the prefrontal lobe of alpha band (r = 0.828, p < 0.01), the parietal lobe of alpha band—the frontal lobe of alpha band (r = 0.706, p < 0.01), and the occipital lobe of alpha band—the parietal lobe of alpha band (r = 0.778, p < 0.01).



The number of statistically significant correlations (p < 0.05) was higher for the nighttime scenery stimuli than for the daytime scenery stimuli. This implies that participants are more likely to need the various areas of the brain in order to process the nighttime scenery stimuli in comparison to the daytime scenery stimuli. Overall, 52 of the 120 pairs showed significant correlations (p < 0.05) with the nighttime scenery stimuli (see detail in Table 6).






4. Discussion


This study analyzed the relationship between daytime and nighttime scenery upon various environmental settings focusing on the restorative and recovery effect.



The results of both self-reported retroactive and recovery scales indicate that daytime scenery is rated more positively than nighttime scenery. Slides which include more natural environment composition tend to draw more attention than the built environment among the six photo-sets with different environmental settings.



Summarized results of participants’ EEG responses on daytime scenery and nighttime scenery stimuli are as follows. First, compared to other brain wave bands, activation of the relative theta band was more prominent. Generally, the theta band is related to emotional processing. Klimesch [53] and Hutchingson [54] reported that the theta band is involved in a deeply internalized, quiet state of physical, emotional, and mental activities while Levine [55] pointed out that it contributes to creativity and learning abilities. Based on these results, it can be inferred that both daytime and nighttime scenery stimuli act as a stimulant to invoke emotions. The relative alpha band was activated by the daytime scenery stimuli while decreased in activity with the nighttime scenery stimuli. Researchers who studied EEG changes with visual stimuli have reported that an increase in the bottom-up visual attention leads to a significant decrease of the alpha wave [56,57,58,59,60]. Our findings indicate that the nighttime scenery stimuli led to more visual attention than the daytime scenery stimuli. This consistent with existing studies that also confirms a positive relationship between restorative, recovery effects and alpha wave [3,18,33,47,61]. The changes in the relative beta band are also consistent with findings from the changes of the relative alpha band. The daytime scenery stimuli decreased the activity in the relative beta band in comparison to the nighttime scenery stimuli. When presenting a task requiring attention to the subject, brain wave changes described as asynchronous or ∂-blocking phenomenon occurs and a beta wave which is a rapid wave appears [62,63]. This can be seen as supporting the results of previous studies that the nighttime landscape stimuli lead to heightened attention and concentration in the human brain [64]. As both daytime and nighttime sceneries became a stimulating factor, the activity in relative beta bands and gamma bands decreased. This indicates that daytime nor nighttime sceneries did not negatively affect participants, such as a cause of stress or anxiety. According to Fitzgibbon et al. [65], the gamma wave increases when performing tasks requiring a high degree of perception, and Tao et al. [66] also posited that this could be a useful measurement criterion for measuring cognitive impairment. In other words, these two stimuli were not tasks requiring high cognitive ability or calculation--reasoning ability.



Second, our results show the relative theta band of nighttime scenery stimuli was activated while the daytime scenery stimuli was decreased. The prefrontal lobe usually becomes active when processing new information, otherwise, its activity significantly reduced when the task becomes familiar [67]. This implies that participants were more familiar with daytime scenery than nighttime scenery as well as a strong prediction that there is a negative relationship between the restorative, recovery effects and the activation of prefrontal lobe. Future research should focus on finding explicit reasons for this negative relationship. The averages of all channels in the parietal lobe decreased in both the daytime and nighttime scenery stimuli in the case of the relative alpha. Simons et al. [68] reported that the parietal lobes are responsible for emotional responses and high sensitivity photos lead to a reduction in the alpha power of parietal lobe. Although it cannot be exactly ascertained whether the landscape stimuli affected participants, there is a possibility that both stimuli served as a factor in mediating their emotional responses. The occipital lobe is a visual center associated with the role of looking at objects, and the brain waves of two scenery stimuli show opposite results. Our findings show EEG activation with daytime scenery stimuli and decreased activation with nighttime scenery stimuli. In the case of the relative beta and gamma band, the prefrontal region was most active in comparison to other regions. However, among them, the F3 channel of the relative gamma band showed the greatest decrease for both stimuli. Future research needs to further investigate the causal links for this phenomenon.



Finally, three brain regions were strongly correlated at |r| > 0.9 in the daytime scenery stimuli. Only one brain region was strongly correlated at |r| > 0.9 in the nighttime scenery stimuli. All of the regions were related to the prefrontal lobe, and also had a high correlation with the prefrontal lobe in both the daytime and nighttime scenery stimuli. The relative alpha bands had the most frequent correlations at |r| > 0.7 between both the daytime and nighttime stimuli in comparison to other bands. 52 pairs showed significant correlations (p < 0.05) in the nighttime scenery stimuli while 46 pairs in the daytime scenery stimuli. The participants required regions of the brain to simultaneously activate when processing information about nighttime scenery stimuli. Since restorative and recovery effects pursue the status of being away from intended attention, this result is consistent with the self-reported restorative and recovery scale.




5. Conclusions


This study is an investigative study to examine characteristics of the restorative and recovery effects of daytime and nighttime scenery. The subjective data indicates that daytime sceneries are rated more positively than nighttime sceneries in terms of restorative and recovery effects. This also confirms restorative theory indicating a positive psychological effect of nature-environment scenes. In the case of EEG data, both the daytime and nighttime scenery stimuli activated the relative theta band more than other bands. For the relative alpha band, it was activated by the daytime scenery stimuli, which decreased with nighttime sceneries. This result is consistent with previous studies demonstrating a positive relationship between restorative, recovery feeling and the alpha wave. Specifically, there were significant differences on prefrontal and frontal lobes. From our analysis, 46 pairs of EEG bands and brain regions showed significant correlation with the daytime scenery stimuli (p < 0.05) while 53 pairs of nighttime scenery stimuli showed significant correlations (p < 0.05). Participants use simultaneous regions of the brain when engaging in task that entails processing new information, particularly when presented with the nighttime stimuli. This, as our results demonstrate, is negatively associated with perceived feelings of restoration and recovery.



Our findings indicate that daytime and nighttime scenery affect emotions and human brain response in terms of their restorative and recovery effects. This study measured the perceptions broadly with daytime and nighttime landscape photographic stimulations, using both verbal and non-verbal methods. The methods utilized in this study presents a useful research design for evaluating environmental elements that cause restorative and recovery effects.



This study describes the initial evidence that EEG responses are different depending on daytime or nighttime sceneries. However, there are certain limitations. The first is that there were not enough environmental settings to conduct experiments, even though we used the representative environmental settings within the Virginia Tech campus effectively. Second, there is a possibility that the presentation of the scenery in a static way, such as a photograph, does not capture the dynamic characteristics of the scenery, thus falling short of capturing the meaning and feelings of the actual scenery. In a real environmental setting, a contrast from a laboratory setting, results may show a slightly different outcome. Even accounting for these two limitations, the findings from this study demonstrate the evaluative potential of incorporating EEG with subjective measures, which opens up new possibilities for future research on landscape evaluation.
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Figure 1. Research procedure. 
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Figure 2. Process of collecting EEG data: Emotiv EPOC records EEG signals from 14 sensors position according to the 10–20 international system: Raw EEG [(a) The electrodes location] signals are then ‘translated’ and classified in four different emotional states; (b) Output from Emotiv; (c) Output sample using Testbench software from Emotiv Control Panel and Affective suite (EEG data belongs to the authors) [50,51]. 






Figure 2. Process of collecting EEG data: Emotiv EPOC records EEG signals from 14 sensors position according to the 10–20 international system: Raw EEG [(a) The electrodes location] signals are then ‘translated’ and classified in four different emotional states; (b) Output from Emotiv; (c) Output sample using Testbench software from Emotiv Control Panel and Affective suite (EEG data belongs to the authors) [50,51].



[image: Sustainability 11 03326 g002]







[image: Sustainability 11 03326 g003 550]





Figure 3. EEG measurements: The main 8 EEG areas used in this study (marked with a red boundary) [50]. 
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Figure 4. Self-reported level of restorative and recover scale depending on landscape type. 
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Figure 5. Comparison of EEG activity on the brain region (n = 60), (unit: mV). 
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Table 1. Experimental images.
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	Set1: enclosed setting near stairs
	Set2: open setting
	Set3: enclosed setting surrounded by buildings



	Daytime
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	Nighttime
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	Set4: enclosed setting surrounded by trees
	Set5: crooked path setting
	Set6: enclosed setting surrounded by architectural features



	Daytime
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	Nighttime
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Table 2. Paired T-test of self-reported level of restorative and recover scale (n = 60).
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	Daytime Scenery
	Nighttime Scenery
	t
	p





	Perceived Restorative Scale
	14.20 ± 1.30
	14.85 ± 1.43
	6.12
	0.000 **



	Recovery Scale
	14.89 ± 1.25
	13.15 ± 1.67
	5.11
	0.000 **







** p < 0.01; A higher score indicates a more positive outcome.
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