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Abstract

:

Attention Restoration Theory argues that natural objects such as trees and flowers have psychological restoration effects. However, relevant studies have been mostly based on survey methods, and few of them suggest guidelines for restoration environments. This study, therefore, aims to verify the restorative effect of natural objects using eye-tracking methods and a survey regarding visual aesthetics, complexity, and the Perceived Restorativeness Scale, as well 25 various images divided into 4 types: natural scene and close view, natural scene and distant view, built scene and close view, and built scene and distant view. The analysis showed that natural scenes had a stronger positive restorative effect compared to built scenes regardless of differences in the distance. In terms of the overall landscape composition, visual characteristics such as visual aesthetics and complexity had a statistically significant relationship with restorative effect. Additionally, an eye-tracking method was found to be a valid and useful tool for studying the restorative environments by significant differences in the scan path length depending on the four types of landscape images. This study ultimately provides an overview regarding restorative design guidelines not only by using natural elements but also by considering landscape composition in terms of complexity, openness, and so on.
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1. Introduction


The World Health Organization (WHO) defines health as a “state of complete physical, mental, and social well-being, and not merely the absence of disease of infirmity”. Therefore, social interest and studies that reduce people’s diseases have been increasing in many ways. Mental disease, in particular, has become considerably more prevalent recently because of overwork, genetic effects, surrounding environment, and so on. Among these causes, surrounding environments such as built scenes mostly caused by urban development have been an important focus of space design research as many studies [1,2,3,4,5,6,7,8,9] have shown that green infrastructures such as natural elements have a positive effect on reducing human stress in city dwellers. These studies have found that natural landscapes rather than built landscapes not only function as city attractions themselves but also reduce workers’ and tourists’ stress in a populated city, using methods such as surveys [10], a meta-analysis based on a literature review [11], electrocardiograms [12], and so on. Since landscape can be interpreted as the interaction between human and their environments [13], it includes various senses such as auditory sense, sense of touch, etc. as well as the sense of sight presented above. Especially, a soundscape study [14] emphasizing the auditory sense in a landscape study has mainly accumulated the verification of the sound effect perceived in the natural landscape. [15,16,17,18]. The ultimate goal of previous studies is not only to prove the restorative effect of natural elements but also to provide the design guidelines that can effectively reduce stress in the city.



However, these studies have mostly focused on the visual aspects in a limited space such as the presence, quantity, and so on of natural elements and have not evaluated other attributes such as openness or complexity level that could affect the restorative effect in a space. This means that existing studies have limited the direct design guidelines of green spaces to reduce people’s stress. Therefore, in this study, we expand on prior studies by introducing and proving other aspects that can affect people’s stress relief and compare the restorative effect through various urban spaces, ultimately suggesting a design guideline for restorative environments in a city. Additionally, by applying the eye-tracking method that can track people’s unconscious eye movement to verify the restorative effect, we demonstrated the possibility of utilizing the eye-tracking method as a tool to evaluate the restorative effect.



1.1. Attention Restoration Theory


Attention restoration theory (ART) infers that directed attention is voluntary, central to maintain focus, controls distractions through inhibitory mechanisms, and requires effort [19]. According to ART, one would, therefore, expect natural stimuli to facilitate subsequent selective attention in that exposure to natural stimuli facilitates the restoration of the capacity for directed attention [20]. Directed attention was first proposed by James (1892) [21] and is an essential concept for us to perform productive activities. It refers to “attention that requires effort and is susceptible to fatigue” [22]. The concept of directed attention is becoming increasingly important in modern society and requires intensive work with a number of stimuli. The core of the ART concept is that exposure to a restorative environment is essential for the restoration of directed attention that can have production and stabilization functions. Soft fascination, which is moderate in intensity and generally focused on aesthetically pleasing stimuli, permits an opportunity for reflection that best promotes attention restoration [23]. Previous studies and theories [9,19,22,23,24,25,26] related to this theory have pointed out that exposure to soft fascination, such as in nature settings, plays a critical role in reducing stress from directed attention. These theories emphasize the relative standing of natural environments as aids in the restoration from undesirable states in which functional capabilities are compromised [8].



As interest in the restorative environment of ART has grown, the question of how to create an environment to restore directed attention has also been raised. As part of that question, Korpela and Hartig [26] developed the Perceived Restorativeness Scale (PRS), “which is based on four basic elements: being away, which implies a setting that is physically or conceptually different from one’s everyday environment; extent, which implies a setting sufficiently rich and coherent that it can engage the mind and promote exploration; fascination (or effortless attention), which can derive from content (animals, people, water, fire) or process (storytelling, gambling, problem solving); and compatibility, which implies a setting that fits with and supports one’s inclinations or purposes [27] for creating or evaluating a restorative environment [19,24]”. The PRS has been reported relatively frequently in the literature, despite the psychometric and factorial properties of the scale not being well-established [28]. There is now a large body of studies applying the PRS, and these studies have compared restorative effects with variables such as soundscape, ecosystem diversity, familiarity, and experience, as well as the effect on visual natural elements [29,30,31,32,33]. The original version of the PRS by Reference [26] consisted of 29 items and measures perceptions of being away, fascination, coherence, scope, and compatibility based on the main concept of ART. Among the previous studies using PRS, Berto [29] applied a short version of the PRS to make the scale easier to understand. In addition to Reference [29], many studies [31,34,35,36,37,38] validated this scale as a tool to evaluate perceived restorative potential, and related studies [39,40,41] have applied Reference [29]’s short version of the PRS. Therefore, we applied it in this study as a tool to measure restorativeness in various environments.




1.2. Restorative Effect and the Natural Environment


In addition to ART, the proposition of having a restorative experience in a natural environment has been confirmed through a number of studies. Therefore, the efficacy of the natural environment needs to be emphasized and approached in various ways more than ever before. Reference [19] argued that the natural environment not only relieves stress but also enhances concentration and achievement. Rennit and Maikov [42] also said that enhancing concentration towards tasks could have benefits including improving performance and mood and reducing stress. Stemming from this study, Lee et al. [5] and Bratman et al. [43] confirmed this theory through their experiments. Lee et al. [5], in particular, verified the effect of exposure to natural elements by directing participants to perform specific tasks, such as “fast-frequency moment-to-moment on the task”, “slow-frequency gradual response variability”, “response errors”, and “response speed.” As a result of these studies, the effect of people being exposed to natural environments extends from simply reducing stress to concentration, improving productivity, and so on.



Less attention has been given to the relative importance of physical environmental components that contribute to the restorative potential of such environments [10]. That means we need to focus more on environments that can increase restorative effects compared to other types of environments. Hartig et al. [42] also insisted that the degree of restorativeness depends on environmental characteristics. Various environmental settings have been used as tools to evaluate restorative environments. Especially, water-based environments have been confirmed as representative for improving the restorative effect in existing studies [30,42,44,45]. Furthermore, other specific landscape setting such as “access to nature” [46], “a closed view” [35], “a balance between enclosed areas and open view” [47], “window view of nature” [46,48,49], “planting with flower cover” [33], “mixed built natural scene” [34], “private spaces” [37], and so on have been shown to be representative restorative environments within the conditions set by each study. In sum, various types of settings can affect the perceived degree of the restorative effect. In this study, therefore, various environmental settings composed of water, mountains, and flowers and various degrees of openness to nature were applied as experimental images to evaluate which settings would be suitable for forming and managing restorative environments.




1.3. Visual Characteristics Mediating Restorative Effects


A growing body of research has revealed that landscapes with a perceived restorative potential have a strong relationship with the landscape preference [24,29,33,34,38,50,51]. This means that the higher the visual aesthetics of the landscape, the higher the restorative effect. Although there have been many previous studies to prove the above, there are limitations in presenting the necessary influential factors or principles as well as specific design guidelines for future restorative environments. The current literature on restorative environments generally leads to the conclusion that urban environments are inherently deficient in stress-reducing and mood-enhancing capacities [52]. Therefore, we need a different approach by investigating various landscape characteristics such as visual aesthetics and complexity, which is consistent with Velarde et al.’s suggestion [53]. Related to this, previous studies have dealt with various landscape characteristics such as “familiarity, social context, and perceived security” [32], “place attachment” [54], “level of urbanity observed” [35], and “the role of prospect and refuge theory” [55] to suggest their effects on perceived restorative potential. In Reference [35]’s study, for example, they focused on which level of observed urbanity helped to improve the restoration perception in urban forest changes. The levels of urbanity were divided into “open,” “semi-closed,” and “closed” views, and they concluded that restoration perception was highest when the visibility of the urban matrix was closed. Gatersleben and Andrews’s study [55] was very interesting because it explored the positive relationship between restorative effects and natural environments low in prospect and high in refuge based on Appleton’s prospect and refuge theory.



Among the existing studies dealing with the various impact factors mediating restorative effects, those considering “complexity” are noteworthy. Supporting this, Ulrich et al. [56] mentioned that proper complexity, including proper depth in space, focal point, and the whole structure, would be one of the main impact factors for the perceived restorative potential along with natural elements. Pazhouhanfar and Kamal [51] applied complexity as one of the visual characteristics to induce restoration and confirmed that it positively affects the restorative effect. Beyond this, many studies regarding complexity within the visual landscape have been carried out including entropy and fractal studies [57] that are highly related to complexity. This may indicate that people have been considering “complexity” as one of the main determinants that are most likely related to restoration. It is necessary to consider various visual characteristics such as complexity because simply comparing the presence of many versus few natural elements is insufficient to explain how people experience the restorative effect in a certain place. In this respect, Bell et al. [58] and Pitt [59] suggested that not only the natural elements but also the various forms surrounding the natural elements (e.g., abandoned or vacant plot, community garden, etc.) can act as valuable elements for increasing restoration.




1.4. Eye Tracking as a Tool for Evaluating Environmental Perception


To date, landscape preference and evaluation studies for landscape management implication have mainly relied on surveys using photographs and in-depth interviews. Several researchers [60,61] have shown the value of landscape evaluation using photographs and so on, but landscape preferences rated with questionnaires could be influenced by people’s subjective personality traits. To fill this gap, the eye-tracking technique has been applied in this field using eye movement measurements such as area of interests (AOIs), fixation duration, saccade duration, scan path length, etc. It has been acknowledged as an objective way to measure the movement of eyes, and there is the possibility that this method can be utilized for landscape evaluation. Moreover, eye-tracking technology has become cheaper, more mobile, and more accurate, heralding a new era of big data capture and analysis for landscape preferences [62]. Unlike traditional evaluation methods using questionnaire ratings, eye tracking is a powerful tool for analyzing people’s observations of the landscapes when represented by photographs [63]. This technique allows the recording of the velocity and direction of eye movements (saccades) and the position and duration of fixations while observing images, and it is well-known in the field of psychology [63].



Conniff and Craig [64] suggested that the use of eye tracking as a research method within studies looking at environmental preference and restoration is still relatively uncommon, but there are numerous attractions in using such a research tool in terms of interpreting environmental preference (e.g., capturing fatigue or emotional responses) more objectively. Previous environmental perception studies using eye tracking focused on the points where many peoples’ eyes fixated. Many researchers focused on the fixated areas where people’s eyes were unconsciously fixated in eye-tracking studies [65,66,67,68]. Nordh et al.’s study [69], in particular, found that “grass” was the area where people’s gaze was fixated a lot and discussed the preservation of grass for restoration likelihood. Based on this idea, people emphasize that the areas where many people fixate should be conserved, sustained, or managed well compared to other areas. Recently, Amati et al.’s study [62] proved that the fixated areas were significant not only in static images but also in dynamic walking videos in landscape evaluation studies. Sticking to these fixated areas in an eye-tracking study, however, has many shortcomings. Moreover, it remains unclear that the fixated areas refer to places most people find pleasant. Further studies are needed to apply other visual characteristics such as complexity, coherence, clearness, and so on or other eye movement measurements beyond previous studies that have focused on landscape preference in environmental perception research using eye-tracking methods. Berto et al. [25], in this context, took a new approach on the environmental perception research by linking the number of eye movement fixations to fatigue based on Kaplan’s soft fascination theory. Their study showed that there were a higher number of fixations and a greater exploration of images rated relatively low in fascination. This means, in turn, that images high in soft fascination require less directed attention; therefore, they would be effective for inducing restoration. This study adopts an eye-tracking method to expand the existing environmental perception studies, as well as to launch a new approach by analyzing correlations between preference, complexity, and restoration perception using eye movement measurements. This would help the understanding of which compositions should be considered for landscape management in addition to simply acknowledging what objects or areas are favorable and restorative. Based on the results of previous studies, there is a need to diversify the means of evaluating landscapes. The eye-tracking technology, a possible method for evaluating landscape, is gradually expanding and becoming more convenient. However, in order to evaluate landscape design more accurately, it is necessary to systematically demonstrate the relationship between various landscape characteristics and eye-tracking measurements. Therefore, in this study, we aimed to measure the restorative effect depending on the landscape type and its components.




1.5. Research Hypotheses


In the present study, we expand on previous studies on restorative environments that have mainly focused on the effect of natural elements by applying perceived complexity as a factor mediating the restorative effects of various natural and built scenes. In other word, this is an exploratory study proving the relationship between perceived complexity, which is one of the determinants of environmental preference, and eye tracking. An additional aim of this study is to show that the eye-tracking technique could be utilized to evaluate restorative effects and environments. Therefore, this study was guided by the following four hypotheses:



H1: 

People’s perceived level of visual aesthetics (preference), complexity, and restoration perception will vary depending on landscape type (natural scenes and built scenes).





H2: 

People’s perceived visual aesthetics as well as restoration perception will be lower in built scenes than natural environment scenes, and complexity will be higher in built scenes.





H3: 

The extent of the restorative effect of looking away from the landscape and looking closely will vary (close and distant view).





H4: 

People’s eye movements (fixation duration or scan path length) will be lower while viewing natural scenes than built scenes.







2. Methods


2.1. Research Process


The Virginia Tech Institution Review Board (IRB) approved the protocol (No. 12–435) for eliciting responses from human subjects in this study. This experimental study was carried out on the second floor of the School of Visual Arts Perception and Usability Testing Laboratory at Virginia Tech in Blacksburg, Virginia. As this laboratory is specially designed for visual evaluation, it has an enclosed setting with no windows and little noise. Since this study was a landscape evaluation study that verified the visual impact only, it excluded the influence of sound and maintained silence throughout each participant’s experiment. Prior to the start of the experiment, participants performed a calibration test to obtain accurate results. Participants sat in front of a monitor with an eye-tracking device and infrared camera and were informed about the procedures and precautions of the experiment. The participants’ work was divided into two major areas. The first was to look at twenty-five different images related to the restorative environment without any intention, and the second was to evaluate the degree of several visual characteristics and PRS of each image. It was set up to observe 25 landscape images by participant in turns, and the experiment time took about 30 min for each participant. The method of showing pictures was based on a slideshow that took 8 s per image [70], and the images appeared one at a time on the monitor. To prevent order effects, the order of the slideshow in this experiment was divided into two types in a random order. The participants were asked to rate their level of visual aesthetics (1 very unpleasing to 7 very pleasing), complexity (1 very uncomplicated to 7 very complicated), and PRS (1 very disagree to 7 very agree) on a 7-point scale, and a total of 7 questions were asked for each image. Unlike the time limit for viewing each image, the participants were given as much time as they wanted in the photo evaluation area. After the photo evaluation, the space bar was pressed to automatically view the next image. Each participant filled out questions asking for demographic information such as gender, age, and ethnic background at the end of the experiment.




2.2. Study Design


Twenty-five color images of outdoor environment scenes (resolution = 1280 × 1024) were used to test the assumptions of this study. The premise of replacing these landscape scenes with photographs was that many existing studies [71,72] have proved the utility of landscape evaluation with photography experiments since the Scenic Beauty Estimation (SBE) development by Daniel and Boster [73]. The basic types of photographs set up in this study were classified into natural scenes and built scenes to prove the restorative effects of natural factors. Furthermore, we applied the distance differences on landscapes considering the existing studies [74,75], showed the significance of distance differences when evaluating landscapes. Therefore, the photographs represented four different environmental categories (five to seven images per category): natural scene and close view, natural scene and distant view, built scene and close view, and built scene and distant view, containing trees, lakes, buildings, roads, and squares. The experimental images used in this study were selected by collecting five experts’ opinions. They were also instructed to distinguish between the four landscape types used in this study, depending on the landscape components and distance. Specifically, the experts who gave opinions on the final image selection were specialized in landscape architecture, architecture, and environmental design and had at least 10 years of experiences in their fields. To reduce seasonal and time effects, the final images were taken in the same season and at the same time around 2 to 3 pm at several spots in Europe. All the images used in this study are shown in Figure A1.




2.3. Eye-Tracking Apparatus


The study used a video-based, pupil/corneal reflection eye-tracking apparatus manufactured by SensoMotoric Instruments (SMI; version 3.2, Teltow, Germany) from Germany, which was equipped with an infrared camera and dual eye recording system (Red 250, Teltow, Germany) to measure eye movements (see Figure 1). The infrared sensor was located right beneath the monitor and was set up to allow the participant’s eye movements to be identified. An operator controlled the software and hardware for eye movement, and the participant sat at a distance of 500 mm from the monitor. The size of each image shown to the participants in the lab was set to 375 mm × 300 mm in a 17-inch monitor, and the resolution of image was set to 1280 × 1024, which enabled participants to see each image in detail. This eye-tracking software (Begaze 2) supported various types of eye movement measurements such as fixation duration, saccade duration, pupil size, total viewing time, and so on. The peak velocity threshold of the eye tracker was set at 20% of the saccade length at start and 80% of the saccade length at end. Prior to the eye-tracking experiment, this eye-tracking system was calibrated by repeatedly to measure the participant’s eyes.




2.4. Participants


In order to minimize errors in the experiment, thirty-eight right-handed participants were recruited from a previous study [76]. Seven participants among them who were not suitable for the experiment were excluded from the calibration test, and the final thirty-one samples were analyzed as valid samples of this study. Related eye-tracking studies [77,78,79] used relatively small sample sizes compared to other studies. The sample pool contained students, professors, and university staff. All participants were informed of the purpose and the main procedure, compensation, and so on by an IRB consent document before the experiment. The participants’ age ranged from 20 to 50 (mean = 32.2, std. = 9.4; 20s = 51.6%, 30s = 25.8%, 40s = 16.1%, 50s = 6.5%). Their ethnic backgrounds were Caucasian (n = 16, 51.6%), Asian (n = 10, 32.3%), and Middle Eastern (n = 5, 16.1%). The ratio of male to female was 6 (n = 19) to 4 (n = 12).




2.5. Measurement


The measurements in this study were divided into variables related to the visual characteristics of a restorative environment and two eye-tracking variables to measure participants’ eye movements. Visual aesthetics [33,51], complexity [50,51,56,80], and PRS [28,32,36,64,81,82] were used for the visual characteristics related to the restorative environment. Especially, we used the five-item short version of the PRS by Reference [29] which was based on Korpela and Hartig’s scale [26]. The PRS used the mean value of each of five variables as the final data. The details were as follows.

	
That is a place which is away from everyday demands and where I would be able to relax and think about what interests me (being away);



	
That place is fascinating; it is large enough for me to discover and be curious about things (fascination);



	
That is a place where the activities and items are ordered and organized (coherence);



	
That is a place which is very large, with no restrictions to movements; it is a world of its own (scope);



	
In that place, it is easy to orient and move around so that I could do what I like (compatibility).








The eye-tracking variables used in this study were fixation duration [25,65,83,84,85,86] and scan path length [86,87,88] (see Table 1), which were used to determine whether people were using directed attention in viewing the image. Fixation duration can usually be used to measure how much attention people have paid to stimuli, but they are often associated with fatigue or levels of expertise in the processing of information on subject. According to Poole and Ball [89], a longer fixation duration indicates difficulty in extracting the information or that the object is more engaging in some way. Miyao et al. [89] also suggested that an increase in the fixation duration could be the result of readability difficulties, which could lead to visual fatigue. Dupont et al. [65] proved landscape experts recorded less fixations than laymen. They suggested that it could be a consequence of the lack of expertise or knowledge regarding landscapes, which caused a longer fixation on individual objects to resolve uncertainty or confusion about them and to understand their meaning. In this study, it was assumed that seeing a built scene in which more information needed to be deciphered would cause more fatigue than seeing a natural environment scene. This assumption was based on the studies of References [90,91] as well as the existing studies presented above. Yamada and Kobayashi [90] insisted that oculomotor-based metrics related to saccades and fixations could also develop a model for inferring mental fatigue in everyday situations, and Schleicher et al. [91] used fixation durations as one of measurements to assess the relationship between eye movement and fatigue. Therefore, fixation duration is one of the critical measures to determine the degree of restorative effect. In other words, we anticipated that a relatively less fixation duration would be recorded in natural environment scenes. Another measurement used in relation to eye movement is scan path length, which is used to compare PRS depending on various types of scenes. Here, scan path length was based on the contents obtained from the whole image, not from object-by-object in the image. PRS that measures the degree of recovery obtained the representative score by image, using the average value from previous studies [29,31,36,38]. For Rebollar et al.’s study [87], the scan path was determined by the position and size when perceiving products, and this was sufficient to use as a tool for perceiving landscape.



A MANOVA (Multivariate analysis of variance) was used to verify statistically significant differences in each of the visual aesthetics, complexity, and PRS for different types and distances of the landscapes. Pearson’s correlation, moreover, was carried out to check the relationships between ratings of visual aesthetics, complexity, and PRS. Finally, the correlations were additionally run between the fixation duration and PRS and the scan path length and complexity across the different environmental images to explore other ways of applying eye-tracking in landscape studies.





3. Results


3.1. Visual Characteristics of Landscapes with High Scores


The results showed that people preferred scenes composed of natural elements to built scenes generally. First, photographs with the highest visual aesthetics ratings among the 25 photographs tended to include many natural elements. Especially, the image with the highest preference is shown on the far left of Figure 2 and is mainly composed of water. This confirms the results of previous studies [32,44,45,92], suggesting a strong correlation between landscape beauty and waterfront elements. The image with the highest complexity included many artificial instead of natural elements, and the more artificial elements the picture had or the narrower the distance between buildings were, the higher the rating of complexity was. Finally, the landscape with the highest degree of PRS is shown in the far right of Figure 2, is surrounded by many natural elements, and shows a panoramic view from far away.




3.2. Results Regarding Restorative Landscapes


To verify the restoration effect that varies depending on the specific characteristics of the landscape, we first divided the landscapes in this study into four basic types of natural scene and close view, natural scene of distant view, built scene and close view, and built scene and distant view. As shown in Figure 3, the average score of the landscape with the highest PRS was natural scene and distant view (4.7 out of 7.0) and the lowest average score was built scene and distant view (3.9 out of 7.0). In order to prove the difference on visual aesthetics, complexity, and PRS depending on 4 landscape types, a MANOVA and a post hoc (Tukey) test were carried out due to statistically significant correlations among the three dependent variables. The suitability of this test was verified through homogeneity test (Box’s test of equality of covariance matrices; p = 0.484) and Levene’s test before analyzing the comparison among variables. The MANOVA result clearly showed a difference statistically (Wilks’s λ = 0.656, F = 8.640, p = 0.000) in visual aesthetics (F = 9.691, p = 0.000, η2 = 0.145), complexity (F = 20.149, p = 0.000, η2 = 0.261), and PRS (F = 6.812, p = 0.000, η2 = 0.107) between the four landscape types. Specifically, Table 2 showed the difference between landscape types by each of the three dependent variables (visual aesthetics, complexity, and PRS). We focused more on the PRS results depending on landscape types and found out that the values of natural scenes were higher than of built scenes. This shows that the natural element has a higher restorative effect, confirming previous studies [1,4,81,82] and supporting hypothesis 2 in this study. Further, to verify hypothesis 3, the statistical differences in restorative effect depending on the distance within the same type of landscape were compared. Even though the numerical values of close view in natural scenes (4.7) and distant view in built scenes (4.0) were relatively higher, hypothesis 3 was rejected due to statistical insignificance.



Pearson’s correlations between visual aesthetics, complexity, and PRS were carried out; both visual aesthetics and complexity are some of the main mediating factors in restorative environments, and statistically significant results were obtained (Table 3). The relationship between visual aesthetics and PRS in this study was statistically significant, r = 0.483, p < 0.01. This means that the higher the aesthetics, the higher the PRS score, and it can be assumed that locating landscape preference elements or managing the landscape can help improve the restorative effect. On the other hand, there was a significant negative correlation between complexity and PRS score, r = −0.168, p < 0.05. Although complexity had an adverse effect on the restorativeness unconditionally from this result, it implies that efforts to improve visual aesthetics need to be encouraged but making the landscape complex excessively in restorative environment can bring negative effects. We further compared the statistical relationship between complexity and PRS within the natural landscape types (natural scene/close view and natural scene/distant view only) to suggest the potential of improving the recovery effect in natural landscape. The result showed that a negative correlation (r = −210, p < 0.05) between complexity and PRS was significant.




3.3. Eye-Movement Analysis and Visualization


The average fixation duration (ms) and scan path length (px) for the four types are shown below (see Table 4). First, there were no significant differences between the four types of landscape in fixation duration. This contrasts with Berto et al.’s (2008) [25] study, which demonstrated that the fixation duration was lower when the directed attention decreased when seeing a natural landscape. On the other hand, the scan path length values showed different results through an ANOVA test for each of the four landscape types despite having the same time limit per image. The mean of the natural scene and distant view was 4502.0 (std. = 1334.6), which was the smallest scan path length recorded among the four types of landscape. The longest scan path length was for the built scene and close view (mean = 5179.4, std. = 1281.6). The statistical differences (ANOVA test) between the four types were found to be significant (F = 7.329, p < 0.00). In the post hoc test of ANOVA, significant differences between natural/close scenes and built/close scenes (p = 0.001), natural/distant scenes and built/close scenes (p = 0.000) were verified. Therefore, hypothesis 4, stating that eye movement (scan path length) is lower while viewing natural scenes than built scenes, was partially accepted even though the fixation duration was not statistically significant.



The following Figure 4 shows 6 participants’ scan path maps as a sample image. In the case of gazing at a natural landscape, as shown on the left, the figure indicates that the eyes remained in several places without moving too much compared to the built scene heat map on the right.





4. Discussion


4.1. Implications of Restorative Landscapes


Nature-based experiences have relaxing effects, and the therapeutic effect of nature has received increasing attention [93,94]. In this context, natural elements have been addressed predominantly as a major tool to enhance the restorative effect [1,3,4,5,8,9,50,51,95]. However, Velarde et al. [53] argued that it is not enough to just divide built and natural environments dichotomously as a design guideline for restorative landscapes. This study, therefore, tried to compare the differences in estimates of restorativeness depending on close and distant views in each natural and built scene. Further, we compared the differences in landscape characteristics such as visual aesthetics and complexity regarding natural and built environments. This study focused on how restorative landscapes should be created and managed especially in natural scenes. It is not just that the restorative effect is increased by natural elements, but the degree of restorative effect can be mediated by various visual characteristics. Although the differences in the restorative effects regarding close and distant views of landscapes shown were not statistically significant, this study suggests that complexity and visual aesthetics can affect the estimate of restorativeness. Among these, the correlations of visual aesthetics (preference) were consistent with the findings of Reference [96] of strong correlations between the PRS and preference. The results on complexity can be interpreted to mean that the higher the perceived complexity of the landscape, the lower the landscape’s PRS regardless of landscape type (r = −168, p < 0.05). As we determined that this could be the result of complexity perceived in built scenes (referring to the MANOVA test of complexity depending on landscape types), the correlation between complexity and PRS was additionally conducted in natural scenes only. However, the result of relationship was identical with previous test, and even the correlation coefficient was found to be higher (r = −210, p < 0.05) than the overall comparison. Therefore, complexity should be considered when it comes to restorative landscapes. Berlyne [80] insisted that a potential candidate for a special cue that triggers soft fascination with nature is visual complexity, but it was somewhat different from our finding. Ulrich et al. [56] also showed differences with our result by suggesting that appropriate complexity improves healing effects. We believe that further research regarding this issue is needed because we did not use the same landscape image or PRS scale as the existing studies. Therefore, future research subjects may subdivide the scale of complexity in landscape studies or demonstrate specific landscape elements that perceive complexity, etc. Especially, it is considered that subdividing the complexity scale is one of the necessary areas in landscape research, as it is judged that there is a large difference in the perceived complexity among people.



A limitation of this study is that there were not enough guidelines such as types, size, or location of flowers, trees, other structures to be presented, specifically like several existing studies [10,47]. A detailed simulation study on a change of the area or location of a specific landscape element could be performed to overcome this limitation, but it is more important to concentrate on landscape composition created by the sum of individual landscape elements than individual landscape elements themselves. In this context, future research should explore various other visual characteristics that can be used for specific design guidelines in addition to complexity and visual aesthetics.




4.2. Methodological Considerations (Eye-Tracking Methods)


Applying eye-tracking methods to restorative landscape research is very reasonable, as eye tracking has been used in a few notable environmental psychology studies [64,65,97], and its potential in landscape research has also been appreciated in recent years. In particular, the eye’s influence is the dominant factor in perceiving visual information, so it is likely to be used in the future. Significant differences in the scan path length among eye-movement measurements between natural scenes and built scenes shown in this study are very indicative. Although the differences in the fixation duration in eye movement depending on landscape types shown in Berto et al.’s study [25] was not found in this study, the statistic differences of scan path length, which is one of the eye-movement measures, were proved depending on landscape types. This result suggests that eye tracking has a broad usability in landscape evaluation studies and further provides potentials to be used as a measure when evaluating restorativeness with previous PRS. Recently, Hartig’s study [98] supported this suggestion by figuring out a significant correlation between eye movement (fixation count, fixation duration, and total eye travel distance) and restorative factors (Being away, Fascination, Coherence, and Compatibility). This can be discussed more in relation to skepticism on using PRS in previous studies. Velarde et al. [53] and Hartig [98] stated that the PRS needed to be revised and developed as much as possible. Therefore, the scan path length might be used as a tool to complement PRS or as a verification tool in the modification or development when an additional PRS should be considered, if many related studies are accumulated. In addition to the fixation duration and scan path length proposed in this study, various eye-movement measures such as pupil size, saccade duration, blinks, and so on are available as eye-tracking methods; accordingly, these can be used for various landscape evaluations in the future. Additionally, according to Reference [72], eye-tracking methods can be used to recognize which factors have a restorative potential by figuring out the components that show higher fixations or dwelling times on specific areas than other elements. In their study, components such as benches and bushes had a high affordance for restoration on the stimulus environment depicted. However, it is difficult to confirm this result because not enough studies have yet been conducted about what specific components obtain higher mean dwelling times. Moreover, this result means that spending much time on images may be associated with inducing directed attention. Therefore, Kang and Kim’s method [85] of investigating the mean fixation areas on images by instructing participants to consciously look at the most beautiful or fearful spots could be one of the appropriate ways to understand restorative landscapes using eye-tracking methods. As such, analyzing landscapes using eye tracking has a great potential and can be used as a guide for various landscape or environmental perception studies. Finally, in order to spread eye-tracking technologies in landscape research, further studies should be conducted by comparing eye-tracking results with conservative survey methods or expert evaluations as well as applying other eye-tracking measures on various types of landscape elements and types.



A limitation on the eye-tracking experiment of this study is that relatively low samples were reflected. Although previous related studies have used few samples, our further study will require more samples to enhance of the reliability.





5. Conclusions


This study explored various properties of landscapes to increase the restorative effects of urban landscape and to suggest the implications for landscape design. The main results and implications obtained from this study are as follows: natural scenes are perceived as more restorative than built scenes; not only visual aesthetics but also complexity affected the degree of restorativeness; and eye-tracking provides direct empirical support for the attention restoration theory. This study ultimately can play a critical role in providing an overview regarding restorative design guidelines not only by using natural elements but also by considering landscape compositions in terms of complexity, openness, and so on. Therefore, the results derived from this study can actually help landscape designs to improve the recovery effect in the future.
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Figure A1. The images used in this study: natural scene and close view (NC), natural scene and distant view (ND), built environment scene and close view (BC), and built environment scene and distant view (BD). 
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Figure 1. A photo of the eye-tracking equipment. 
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Figure 2. The highest scoring (mean) image for each visual characteristic: (a) visual aesthetics (m = 6.7), (b) complexity (m = 6.5), and (c) Perceived Restorativeness Scale (PRS) (m = 5.6). 
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Figure 3. The basic statistics of various types of landscapes. 
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Figure 4. Scan path maps: (a) one of the natural scenes and distant views and (b) one of the built scenes and close views. 
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Table 1. A summary of the terms used in this study.
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	Terms
	Description





	Fixation duration
	Total time of all fixated area (no movement)



	Scan path length (pixel)
	Total length (pixel) of eye movements as the gaze travels from one point of fixation to another
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Table 2. The multiple comparison (Tukey HSD; honestly significant difference) in the rated visual aesthetics, complexity, and PRS depending on landscape type in this study (MANOVA Results).
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Dependent Variable

	
(I) Landscape Type

	
(J) Landscape Type

	
Mean Difference (I − J)

	
Std. Error

	
Sig.

	
95% Confidence Interval




	
Lower Bound

	
Upper Bound






	
Visual aesthetics

	
Natural scene and close view

	
Natural scene and distant view

	
0.2415

	
0.31112

	
0.865

	
−0.5657

	
1.0487




	
Built scene and close view

	
1.3673 *

	
0.29891

	
0.000

	
0.5918

	
2.1429




	
Built scene and distant view

	
1.2082 *

	
0.32744

	
0.002

	
0.3586

	
2.0577




	
Natural scene and distant view

	
Built scene and close view

	
1.1259 *

	
0.31112

	
0.002

	
0.3187

	
1.9330




	
Built scene and distant view

	
0.9967 *

	
0.33862

	
0.025

	
0.0881

	
1.8452




	
Built scene and close view

	
Built scene and distant view

	
−0.1592

	
0.32744

	
0.962

	
−1.0087

	
0.6904




	
Complexity

	
Natural scene and close view

	
Natural scene and distant view

	
−0.1939

	
0.31589

	
0.928

	
−1.0134

	
0.6257




	
Built scene and close view

	
−1.4694 *

	
0.30350

	
0.000

	
−2.2568

	
−0.6820




	
Built scene and distant view

	
−2.2082 *

	
0.33246

	
0.000

	
−3.0707

	
−1.3456




	
Natural scene and distant view

	
Built scene and close view

	
−1.2755 *

	
0.31589

	
0.000

	
−2.0951

	
−0.4559




	
Built scene and distant view

	
−2.0143 *

	
0.34381

	
0.000

	
−2.9063

	
−1.1223




	
Built scene and close view

	
Built scene and distant view

	
−0.7388

	
0.33246

	
0.121

	
−1.6013

	
0.1238




	
PRS

	
Natural scene and close view

	
Natural scene and distant view

	
−0.25918

	
0.21918

	
0.614

	
−0.8094

	
0.2911




	

	
Built scene and close view

	
0.49796

	
0.20376

	
0.073

	
−0.0307

	
1.0266




	

	
Built scene and distant view

	
0.60082 *

	
0.22321

	
0.039

	
0.0217

	
1.1799




	

	
Natural scene and distant view

	
Built scene and close view

	
0.75714 *

	
0.21208

	
0.003

	
0.2069

	
1.3074




	

	
Built scene and distant view

	
0.86000 *

	
0.23083

	
0.001

	
0.2611

	
1.4589




	

	
Built scene and close view

	
Built scene and distant view

	
0.10286

	
0.22321

	
0.967

	
−0.4763

	
0.6820








* p < 0.05.
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