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Abstract: Rural landscapes are acknowledged for their potential to restore human health due to their natural 

characteristics. However, few studies have systematically analysed the impact of naturalness, landscape types, 

and combinations of landscape elements on restorativeness using both subjective and objective measurements. 

This study investigated the restorative effects of various rural landscapes in Guangzhou, employing 

electroencephalography and eye-tracking technologies to record physiological responses and using the 

Restorative Components Scale and the Perceived Restorativeness and Naturalness Scale to evaluate 

psychological responses. The results indicated the following: (1) There was a significant positive correlation 

between perceived naturalness and restorativeness, surpassing the impact of actual naturalness. (2) Different 

landscape types had a varying impact on mental health at the equal perceived naturalness. Natural forest 

landscapes and artificial forest landscapes exhibited the most substantial restorative effects among the natural 

and semi-natural landscapes examined, respectively, while settlement landscapes showed the highest 

restorative potential among the artificial landscapes. (3) Restorative properties varied across landscape elements, 

with identical elements yielding different benefits in different environments. Trees and water significantly enhanced 

restorativeness, whereas constructed elements such as roads and infrastructure reduced it. This study provides a 

scientific basis for restorative rural landscape design to enhance mental health and well-being. 

Keywords: rural landscape; mental restoration; naturalness; landscape type; landscape element 

 

1. Introduction 

1.1. Background 

Rapid and intensive urbanization on a globally scale not only leads to a monotonous, fast-paced 

lifestyle but also exacerbates the degradation of natural and human habitats, adversely affecting 

public health [1,2]. Numerous studies have indicated that exposure to natural environments, such as 

urban green spaces [3] and blue spaces [4], can reduce stress [5,6], increase happiness [7] and improve 

attention recovery [8], thereby offering psychological restorative benefits. These psychological 

benefits further improve human physiological health, such as by reducing blood pressure [9], 

lowering heart rate [10], and decreasing mortality from cardiovascular disease [11]. 

The Permanent European Conference for the Study of the Rural Landscape (PECSRL) identified 

that globalization, urbanization, and agricultural intensification are transforming our rural 

environment [12]. Rural areas not only serve as vital habitats for humans but also provide other 

functions, including cultural tourism, industrial development, and health restoration [13,14]. 
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Consequently, it is crucial to conduct fundamental and applied research on current rural landscapes 

to provide new perspectives and strategies for managing landscapes to conserve ecosystems and 

sustain human health. Under the impetus of China’s National Rural Revitalisation Strategy and 

Healthy China Strategy, the characteristics, main functions, and service targets of rural landscapes in 

China have undergone significant changes [15]. Modern rural areas are no longer expected simply to 

produce crops; instead, their resource advantages must be fully leveraged to develop functions such 

as ecotourism, ecological agriculture, wellness agriculture, and health-oriented care [16]. Thus, 

exploring the health benefits of rural landscapes is crucial for promoting public health. However, 

despite the backdrop of rapid urbanisation, research on the potential of rural landscapes to alleviate 

stress, restore attention, and enhance well-being remains scarce. 

1.2. Restorative Quality of Natural Environments and Naturalness 

A restorative landscape is a critical health-promoting landscape within the natural environment. 

Stress reduction theory (SRT) and attention restoration theory (ART) both emphasise the positive 

impact of natural environments on psychological health [17]. ART posits that the unique 

environmental characteristics of nature help restore attention and relieve mental fatigue. In contrast, 

contact with artificial environments may deplete directed attention, leading to fatigue and irritability [18]. 

ART suggests that restorative environments contain four key elements: being away, extent, compatibility, 

and fascination [19]. SRT asserts that nature holds healing potential and that contact with nature reduces 

stress, thereby facilitating physiological recovery and providing psychological solace [20]. 

Naturalness is defined as the extent to which a landscape approximates its perceived natural 

state [21], and this concept is closely linked to the perceived quality of restorativeness [22]. For 

instance, a recent study indicated that parks with a high level of naturalness more effectively facilitate 

psychological recovery among visitors [20]. Another study investigating green and blue spaces 

revealed that more natural environments were correlated with increased positive emotions and thus 

had greater restorative qualities, whereas more artificial environments led to heightened anxiety and 

were considered less restorative [23]. Knez emphasised that urban green spaces with a higher level 

of naturalness promote stronger attachment emotions and cognitive engagement, resulting in 

enhanced well-being and therapeutic outcomes [24].  

Naturalness can be further divided into perceived naturalness and actual naturalness [21]. 

Perceived naturalness is a subjective assessment based on an individual's response to the natural 

elements within a landscape [25]. Actual naturalness, on the other hand, is based on the intrinsic 

properties of a landscape and can be measured using scientific and quantitative methods [26]. The 

academic community has begun to quantify actual naturalness levels based on natural forms and 

structural integrity using landscape pattern metrics (such as patch size, edge effects, and connectivity) 

[27]; remote sensing technologies, biotic indices, and landscape pattern indices [28]; or more broadly 

in terms of vegetation cover and extent of aquatic elements [21]. Although there is currently no 

unified standard for measuring them, the concepts of actual and perceived naturalness provide a 

basis for the measurement standards used in this study. 

1.3. Landscape Types and Elements of Perceived Restorativeness 

Rural landscapes, which are distinguished by their unique ecological attributes and substantial 

restorative potential [29], are considered highly conducive to the restoration of physical and mental 

health in the modern world [30]. Studies have indicated that living in rural environments helps 

alleviate physiological stress such as tension and fatigue [31], improves emotional states, and 

facilitates psychological recovery [32]. However, current research on how different types of rural 

landscapes promote psychological health is relatively limited. For example, one study categorised 

rural landscapes into three types based on the level of human intervention, namely natural 

landscapes, productive landscapes, and artificial landscapes, and analysed their effects on stress 

reduction [15]. Another study examined the effects of rural natural landscapes, agricultural 

landscapes, and cultural features landscapes on place attachment and well-being [33]. These 

classifications demonstrate the diversity of research methods used, but they also reveal a lack of 
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uniformity in the categorisation of rural landscapes. Moreover, few attempts have been made to 

develop a comprehensive classification system for rural landscapes that methodically investigates 

their restorative impacts from the perspective of matching naturalness with landscape type. 

Some studies have examined the impact of certain landscape elements on restorativeness. For 

example, a recent study found that rural landscapes rich in natural elements significantly enhanced 

people’s perception of healing [29]. Nordh noted that water, terrain, and vegetation are the most 

restorative elements in a landscape [34]. Another study analysing the proportions of natural elements 

in scenes revealed that images with lower proportions of tree and higher proportions of sky and 

leaves helped to relieve stress [35]. Although the aforementioned studies compared the 

restorativeness of elements, research exploring the impact of rural landscape element combinations 

on perceived restorativeness, particularly across rural landscapes with varying degrees of 

naturalness, remains limited. 

1.4. Objective, and reliable measurement tools 

Most studies investigating the relationship between landscapes and perceived restorativeness 

have used psychological questionnaires [36,37]. However, some scholars have employed 

physiological measurement techniques such as heart rate variability (HRV)[38], blood pressure (BP) 

[39], skin conductance response (SCR)[3], electroencephalography (EEG) [40], and eye-tracking [41] 

to more scientifically and objectively verify the relationship between landscapes and perceived 

restorativeness. Among these measures, EEG most effectively reflects the degree of stimulation 

experienced by individuals, thus indicating their emotional changes in different landscape settings 

[42]. Brainwaves are typically classified into alpha (8-13 Hz), beta (14–30 Hz), theta (4–7 Hz), and 

delta (<4 Hz) waves. Alpha and beta waves are considered the most suitable indicators for stress 

assessment [43]. Alpha waves are associated with alertness, calmness, learning, and mental 

coordination; an increase in alpha waves values reflects a more relaxed, happy, and positive 

psychological state [44,45]. Depending on the frequency, alpha waves can be further divided into α1 

(low frequency: 8–10 Hz) and α2 (high frequency: 10–13 Hz), with α1 waves associated with deep 

relaxation and a static psychological state, and α2 waves associated with a relaxed yet alert state [46]. 

Beta waves are usually associated with alertness, and a reduction in beta waves values indicates an 

increase in fatigue [47]. At 18 Hz, beta waves can be subdivided into β1 (low frequency: 13–18 Hz) 

and β2 (high frequency: 18–30 Hz), where β1 waves represent a relaxed, focused, and coordinated 

mental state, and β2 waves represent an alert and excited state of tension [48]. Studies have used EEG 

to analyse the beneficial effects of blue spaces on mental health [4], to examine perceived fear in 

different types of nocturnal environments [49], and to confirm the restorative effects of various types 

of immersion in nature on youths experiencing stress [1]. 

Eye-tracking technology can record visual exploration patterns while observing a scene, and it 

can be used to capture various physiological data, such as heatmaps, average fixation duration, gaze 

path, pupil diameter, and blink rate [50]. In landscape research, these data are commonly used to 

assess the perceived restorative quality of and preferences for landscape scenes [51]. For instance, a 

recent study evaluated the restorative quality of various urban and rural scenes and conducted a 

detailed analysis of the differences in restorativeness among landscape elements in areas of interest 

(AOI), finding that restorative scores for landscape scenes were positively correlated with average 

fixation duration and negatively correlated with the number of fixations [32]. Another study analysed 

public spaces in rural landscapes and identified areas in different types of public space landscapes 

that attracted visual attention through an analysis of heatmap views generated by eye movements 

[52]. However, although studies of landscape restorativeness have increasingly adopted these 

objective measurement methods, research that conducts in-depth analysis of multiple physiological 

data alongside psychological scales, and particularly research that integrates qualitative and 

quantitative approaches, remains rare. Consequently, there is considerable scope for methodological 

innovation and comprehensive analysis in this field. 
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1.5. Study Aims 

This study aimed to fill these research gaps and achieve the following objectives: (1) evaluate 

the restorative differences in rural landscapes of three levels of naturalness and explore the impact of 

perceived and actual naturalness on physical and mental health; (2) investigate the restorativeness of 

different types of landscapes with the same level of naturalness; and (3) analyse the relative 

restorative impact of various landscape elements in rural landscapes. Through this study, we aimed 

to provide sustainable development strategies for increasing the restorativeness of rural landscapes 

and strategically optimising landscape configurations to enhance the restorative efficiency of existing 

rural landscapes. 

2. Materials and Methods 

2.1. Classification of Rural Landscapes 

We employed a multi-tiered method of classifying rural landscapes based on international land 

use standards and relevant research [53] that has categorised rural landscapes by level of ecological 

naturalness (visual indicators: greenness, water bodies) into natural, semi-natural, and artificial 

landscapes. Different regions display a diversity of rural landscape types due to variations in 

topography and cultural impacts [54]. Villages in the Guangzhou area have undergone a high degree 

of urbanization and serve as a model for modern rural construction. Consequently, this study focused 

on rural landscapes in Guangzhou in Guangdong Province. After conducting a detailed survey of 

rural landscapes in Guangzhou according to their level of naturalness [55], landscapes were 

categorised according to their functional and morphological characteristics as follows (Figure 1): 

 

Figure 1. Classification of rural landscapes. 

1. Natural Landscapes (NL): Pristine and minimally disturbed landscapes featuring a variety of 

animal species, colours, and vegetation [18]. In rural areas of Guangzhou, these primarily 

include natural water landscapes (NWL), natural forest landscapes (NFL), and natural grassland 

landscapes (NGL) [15,32,56]. 

2. Semi-natural Landscapes (SNL): Primarily transformed landscapes significantly influenced by 

human activities [56], including farm landscapes (FL), artificial forest landscapes (AFL), and 

artificial water landscapes (AWL) [57]. 

3. Artificial Landscapes (AL): Highly artificial landscapes created by human activities based on 

natural landscapes, mainly consisting of settlement landscapes (SL), road landscapes (RL), and 

engineered landscapes (EL) [56,58,59]. 

2.2. Selection of Experimental Images 

In this study, photographs were used to represent each rural landscape type. Multiple studies 

have confirmed that photographs can effectively substitute for on-site environmental surveys 

[3,41,60]. The selection of images for the experiment was completed through focus group interviews 

and expert evaluations [61]. Initially, three libraries of rural landscape photographs, each containing 

200 images representing varying degrees of naturalness, were created. These photographs were taken 

on-site by two researchers in rural areas of Guangzhou, China during clear weather conditions in 
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December 2023, using a Sony A7M4 digital camera. Subsequently, based on the objectives of the 

study, a focus group established the criteria for image selection and chose 12 photographs for each 

category of landscape. Nine experts, each with over 10 years of experience in environmental 

psychology and rural landscape design, were invited to rate the images based on the following 

criteria: (1) how accurately they reflected typical rural landscape scenes; (2) how prominently they 

displayed specific features of the landscape type; and (3) inclusion of one image each of a large, 

medium, and small size for each landscape type. After aggregating the scores, the nine highest-

scoring images for each landscape type, giving a total of 81 images, were selected as the original 

stimuli for the study (Figure 2). Each image was adjusted to 1280×720 pixels with a resolution set at 

300 DPI using Adobe Photoshop 2024. 

 

Figure 2. Examples of the experimental images of the different landscape types. 

2.3. Segmentation of major landscape elements 

Image datasets such as Cityscapes, ADE20K, and SUN Database include detailed pixel-level 

annotations, and they are thus widely used for the detection, classification, and segmentation of 

scenes to accurately determine the specific categories of each element in the images. In this study, we 

chose the ADE20K dataset for the semantic segmentation of the images. ADE20K offers 150 detailed 

categories of scene images [62], providing a broader selection of landscape element types than 

datasets such as Cityscapes. This enhances a model’s accuracy and generalisation capabilities, 

enabling high-quality image segmentation and analysis of diverse and complex scenes [63,64]. To 

meet the requirements of this study, we adjusted the categorisation model and finalised 10 landscape 
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element categories: sky, waterscape, trees, grass, farmland, mountain, building, path, infrastructure, 

and structure. 

After the images had been segmented, Python 2.7 was used to calculate the pixel proportion of 

each landscape element in the images and then to compute the quantitative landscape element index 

(Figure 3), which represents the percentage area of each landscape element in an image [32]. The 

equation is as follows: 

𝐿𝑎𝑛𝑑𝑠𝑐𝑎𝑝𝑒 𝐸𝑙𝑒𝑚𝑒𝑛𝑡 𝐼𝑛𝑑𝑒𝑥 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑚𝑎𝑔𝑒 𝑒𝑙𝑒𝑚𝑒𝑛𝑡

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑖𝑚𝑎𝑔𝑒
 × 100%  (1) 

 

Figure 3. Semantic segmentation image and landscape element index. (a) Original photograph; (b) 

semantic segmentation image; (c) percentage of typical landscape elements in each photograph of the 

different landscape types. 

2.4. Participants 

We used G*Power 3.1.9.4 to conduct a statistical power analysis to ensure an appropriate sample 

size [65]. For our comparative studies, we calculated using the F-test (analysis of variance [ANOVA]: 

repeated measures, within factors). The results indicated that a minimum sample size of 29 was 

required to achieve a power of 0.80. To ensure satisfactory power, we adjusted the sample size to 40, 

achieving a power of 0.91. 

We recruited participants from Guangzhou, China using flyers and posters in university 

campuses, and via email and the social media platforms WeChat and Tencent QQ. The participants 

were required to be individuals aged 18–35, with no physical or mental illnesses, who were not taking 

any medication. The participants were instructed to avoid smoking, alcohol consumption, and 

intense physical activity throughout the study period and to ensure sufficient sleep the night before 
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the experiments, as these factors might affect the brainwave measurements [66]. Background 

information on the participants, including their gender, age, educational level, and permanent 

residence, was collected via a questionnaire. Our final sample consisted of 40 university students (20 

male and 20 female) aged between 19 and 34 years (M = 23, SD = 3.51). The background information 

of the participants is shown in Table 1. 

Table 1. Descriptive statistics of the socio-demographic backgrounds of the participants. 

Measures Measure types N % 

Gender 
Male 20 50 

Female 20 50 

Age 

18–23 20 50 

24–29 18 45 

30–35 2 5 

Education 

Undergraduate 13 32.5 

Master student 25 62.5 

Doctoral student 2 5 

Permanent residence 
City 25 62.5 

Village 15 37.5 

2.5. Measurements 

We collected data on the differences in visual stimuli effects across three levels of naturalness, 

nine landscape types, and 10 landscape elements using physiological measurements (EEG, eye-

tracking) and psychological assessments (RCS, PRNS). 

2.5.1. Psychological measurements 

RCS  

We used the Restorative Components Scale (RCS), proposed by Laumann [68], to assess the 

extent to which contact with specific environments facilitated psychological health recovery. The RCS 

is based on ART and includes 22 items divided into four theoretical dimensions: being away, extent, 

fascination, and compatibility [67]. All of the items have been accurately translated from English into 

Chinese in previous studies and are rated using a 5-point Likert scale ranging from 1 to 5 [4,29]. In 

this study, the participants rated each type of landscape. The overall perceived restorativeness score 

for each landscape was then determined by calculating the average scores across the four dimensions 

for all participants. The higher the score, the more significant the landscape’s role in promoting 

psychological health. 

PRNS 

The Perceived Restorativeness and Naturalness Scale (PRNS) was designed to separately assess 

potential restorativeness using a rating system that ranges from 1 to 7. Raters score each image based 

on personal experience, where a score of 1 represents the lowest evaluation (e.g., an extremely low 

restorative quality) and a score of 7 indicates the highest evaluation (e.g., an extremely high 

restorative quality). The PRNS can also be used to assess perceived naturalness, with 1 representing 

an extremely low level of naturalness and 7 representing a extremely high level of naturalness. This 

evaluation system effectively quantifies individuals’ subjective perceptions of images and analyses 

the relationship between image characteristics and perceptions [47]. 

Given the large number of image samples involved in this study, to avoid the complexity of 

using the RCS for individual image restorativeness scoring, the participants were only required to 

give ratings based on their overall impression of the nine types of landscapes using the RCS, and to 

use the PRNS to score the 81 specific images for restorativeness.  
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2.5.2. Physiological measurements 

EEG 

We used a wireless EEG system (model NE Enobio 8, from Neuroelectrics) and its accompanying 

software to collect the EEG data. An electrode cap was worn by the participants according to the 

international standard 10–20 system, recording brainwaves from the forehead above the eyes (at the 

FP1 and FP2 positions). The FP1 and FP2 positions are located in the frontal lobe area, which plays a 

key role in processing emotions and stress responses. Before the participants viewed the scene images, 

we recorded 1 minute of EEG data from a blank scene as a baseline [68]. When switching between 

scenes, we input event markers to segment the subsequent EEG data. The EEG data were recorded 

in real time (at a rate of 512Hz). The outputted raw EEG signals were pre-processed using the Matlab-

based EEGLAB toolbox (version 14.0.0). EEGLAB is widely used by researchers for processing 

continuous EEG recordings [69,70]. In this process, the EEG signals were referenced to the average 

value for the bilateral mastoids and artifacts such as electrooculographic and electromyographic 

interferences were removed through independent component analysis [71]. The EEG signals were 

then segmented for each participant in the corresponding scenes. To quantify the EEG signals, we 

used the Letswave toolbox to extract the frequency domain features. The logarithmic power values 

of the α1, α2, β1, and β2 waves were extracted as defined in the EEG power spectrum [72] to obtain 

the quantified EEG metrics required. 

Eye-tracking 

The aSee Glasses eye-tracking analysis system (provided by 7Invensun) was used to collect eye 

movement data from an infrared pupil camera at a rate of 120 Hz. Post-experiment, the 

accompanying software, aSee Studio, was used for AOI segmentation and data analysis, and the data 

were subsequently exported as average fixation duration and visual attention heatmaps. 

2.6. Experimental procedure 

The experiments were conducted between 18 and 27 December 2023 in a laboratory at the South 

China University of Technology. All of the participants undertook the experiments under the same 

conditions, including room setup, temperature, and lighting. Three research members conducted the 

experiments on each participant during the periods 9:30 to 11:30 AM and 2:00 to 5:30 PM (Figure 4). 

 

Figure 4. Environment and arrangement of the experiment. (a) Field experimental environment; (b) 

laboratory floor plan. 

The researchers first described the standard procedures of the experiment to the participants, 

acquainted them with the experimental equipment, and informed them of their rights before asking 

them to sign the informed consent form. After giving their consent to participate, the participants 

reported their age, gender, educational level, and permanent residence in the background survey 

questionnaire (Table 1). We then explained the RCS and PRNS questionnaires and helped the 

participants to properly put on and test the EEG and eye-tracking devices. The participants were then 

led to a computer displaying images and were informed that they could freely view the scenes during 

the experiment but must avoid significant head movements. After a five-minute break, each 
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participant was randomly assigned a sequence of images of equal naturalness and three different 

landscape types. The image slideshow included a minute of blank screen followed by nine minutes 

of images (each image lasted 15 seconds, with each landscape type displayed for 3 minutes). The EEG 

and eye movement data were continuously recorded during the experiment. After viewing the slides, 

the participants filled out the RCS questionnaire, took a five-minute break, and then repeated the 

process twice more with slides of two other levels of naturalness. After the final round of slides, the 

participants completed the PRNS questionnaire. The entire experiment lasted approximately 60 

minutes per participant (Figure 5). 

 

Figure 5. Experimental procedure. 

2.7. Statistical analysis 

Initially, repeated measures ANOVA was used to calculate the averages of the EEG (α1, α2, β1, 

β2), RCS, and eye-tracking data (average fixation duration on different elements). If significant 

correlations were identified, further pairwise comparisons were conducted using the least significant 

difference (LSD) post-hoc test. Subsequently, the Friedman test was employed to analyse the PRNS 

data, and the Wilcoxon signed-rank test was used to analyse the differences in correlations between 

perceived naturalness and actual naturalness. Next, general linear regression analysis was applied to 

explore the relationship between the landscape element indices and restorativeness. Lastly, linear 

regression analysis was used to compare the impact of perceived and actual naturalness on 

restorativeness to identify which types of naturalness played the most important roles. All of the 

statistical analyses were conducted using IBM SPSS Statistics 27 and Microsoft Excel 2021, with 

statistical significance set at p < 0.05. 

3. Results 

The analysis of the results for the psychological and physiological dimensions is presented in 

four parts. First, the results of the repeated measures ANOVA for restorativeness using the RCS 

across different levels of naturalness and types of landscapes are reported. Second, we report simple 

linear regression analysis conducted on the PRNS data to reveal the impact of different factors and 

levels of naturalness on restorativeness. Third, the consistency of the link between the EEG data on 

restorativeness across different levels of naturalness using repeated measures ANOVA is reported. 

Finally, a detailed assessment of restorativeness from both a quantitative perspective and a 

qualitative perspective using the eye-tracking data (average fixation duration and visual attention 

heatmaps) is conducted. 

3.1. RCS Results 

3.1.1. Internal Consistency and Correlation 

Cronbach's alpha coefficient is used to assess the internal consistency of a scale [29], and a value 

above 0.800 indicates good internal reliability [73]. In this study, the overall Cronbach’s alpha value 

for the RCS was 0.934, with the scores being 0.894 for the being away dimension, 0.882 for the extent 

dimension, 0.937 for the fascination dimension, and 0.857 for the compatibility dimension. These 

results indicate high consistency among the four dimensions of the RCS. Further correlational 

analysis (Table 2) revealed that the four dimensions were closely correlated with the total score 
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(Pearson = 0.628–0.879) and highly correlated with each other (Pearson = 0.315–0.711), with all 

correlations being statistically significant (p < 0.001). 

Table 2. Pearson correlation matrix for the RCS data. 

 1 2 3 4 5 

1 Being Away 1     

2 Extent 0.500*** 1    

3 Fascination 0.576*** 0.711*** 1   

4 Compatibility 0.315*** 0.329*** 0.420*** 1  

5 Overall restorative 

quality 
0.812*** 0.782*** 0.879*** 0.628*** 1 

1 *p < 0.05; **p < 0.01; ***p < 0.001. 

3.1.2. Impact of Naturalness on Perceived Restorativeness 

The RCS results indicated significant differences in perceived restorativeness among the three 

levels of naturalness of the landscapes (Figure 6), with natural landscapes (3.679 ± 0.524) having the 

highest perceived restorativeness, followed by semi-natural landscapes (3.455 ± 0.490) and then 

artificial landscapes (3.027 ± 0.564), F (1.526, 59.522) = 39.971, p < 0.001. Further LSD post-hoc tests revealed 

that the restorativeness of the natural landscapes was significantly greater than that of the semi-

natural landscapes (MNL-MSNL = 0.223, p < 0.001) and the artificial landscapes (MNL-MAL = 0.652, p < 

0.001); likewise, the restorativeness of the semi-natural landscapes was significantly greater than that 

of the artificial landscapes (MSNL-MAL = 0.428, p < 0.001). 

 

Figure 6. One-way repeated measures ANOVA and post-hoc (LSD) pairwise comparisons of the overall 

RCS scores across three degrees of naturalness; N = 40; Mean ± SD; *p < 0.05; **p < 0.01; ***p < 0.001. 

3.1.3. Impact of landscape type on perceived restorativeness 

The results of analysing the RCS scores for the rural landscape types with different levels of 

naturalness are shown in Figure 7. Significant differences were observed in the RCS scores among 

the three natural landscape types, with restorativeness scores ranked from highest to lowest as 

follows: natural forest landscapes (3.834 ± 0.657), natural water landscapes (3.767 ± 0.599), and natural 

grassland landscapes (3.435 ± 0.671), F (2,78) = 8.714, p < 0.001. The LSD post-hoc tests showed no 

significant difference between natural forest and natural water landscapes, but forest landscapes had 

significantly higher scores than grassland landscapes (MNFL-MNGL = 0.399, p < 0.001) and water 

landscapes had significantly higher scores than grassland landscapes (MNWL-MNGL = 0.332, p = 0.003 < 

0.01). 
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Figure 7. One-way repeated measures ANOVA and post-hoc (LSD) pairwise comparisons of the RCS 

scores; N = 40; Mean ± SD; *p < 0.05; **p < 0.01; ***p < 0.001. (a) Natural landscape. (b) Semi-natural 

landscape. (c) Artificial landscape. 

Significant differences were also observed among the semi-natural landscapes, F (2,78) = 7.669, p < 

0.001, with artificial forest landscapes (3.709 ± 0.641) having a significantly higher restorative 

potential than farm landscapes (3.412 ± 0.616) and artificial water landscapes (3.244 ± 0.712). The LSD 

post-hoc tests revealed a significant difference between planted forest and artificial water landscapes 

(MAFL-MAWL = 0.465, p < 0.001), with the restorative potential of farm landscapes being lower than that 

of planted forests (MFL-MAFL = -0.297, p = 0.017 < 0.05). 

For artificial landscapes, the RCS results showed significant differences among the three types, 

F (2,78) = 17.267, p < 0.001. Settlement landscapes (3.415 ± 0.717) were considered the most restorative 

among the artificial types, followed by road landscapes (2.978 ± 0.733) and engineered landscapes 

(2.689 ± 0.723). Pairwise comparisons indicated that settlement landscapes had significantly higher 

scores than road landscapes (MSL-MRL = 0.436, p < 0.001) and engineered landscapes (MSL-MEL = 0.726, 

p < 0.001), with a moderately significant difference between road and engineered landscapes (MRL-

MEL = 0.290, p = 0.024 < 0.05). 

3.1.4. Impact of permanent residence on perceived restorativeness 

To observe whether there were differences in perceived restorativeness among the participants 

from rural and urban locations, we conducted an independent samples t-test on the participants’ 

permanent residences. The results showed a significant correlation between permanent residence and 

perceived restorativeness (p < 0.05). For both the overall scores and the scores for different 

naturalness levels of rural landscapes, the participants from urban areas generally gave higher 

perceived restorativeness scores than the participants from rural areas (Table 3). 

Table 3. Effects of the participants’ permanent residences on perceived restorativeness. 

Naturalness City (Mean ± SD) Rural (Mean ± SD) t P CI 

Whole 3.523±0.373 3.160±0.492 2.646 0.012* 0.085; 0.642 

NL 3.804±0.454 3.470±0.578 2.034 0.049* 0.002; 0.668 

SNL 3.595±0.395 3.222±0.554 2.482 0.018* 0.069; 0.677 

AL 3.171±0.520 2.788±0.570 2.177 0.036* 0.027; 0.739 
1 *p < 0.05; **p < 0.01; ***p < 0.001. 

3.2. PRNS Results 

The PRNS was used to evaluate the rural landscape images along two dimensions: perceived 

restorativeness and perceived naturalness. The scale demonstrated high internal consistency in both 

dimensions, with stable reliability indicated by Cronbach’s alpha coefficients of 0.850 for the 

perceived restorativeness dimension and 0.841 for the perceived naturalness dimension. The 

restorativeness assessment results from the PRNS were also consistent with those from the RCS, 

suggesting that the two scales complement each other in conducting an in-depth exploration of the 

impact of landscape elements and perceived naturalness on perceived restorativeness. 
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3.2.1. Impact of Perceived and Actual Naturalness on Perceived Restorativeness 

Naturalness can be divided into perceived naturalness and actual naturalness. In this study, the 

naturalness results from the PRNS were used as the indicator of perceived naturalness, and the sum 

of the indices for landscape elements such as trees, mountains, farmland, waterscapes, and glass in 

the semantic segmented images was used to determine actual naturalness. A Wilcoxon signed-rank 

test revealed significant consistency between the perceived naturalness and actual naturalness results 

(p < 0.001). On this basis, a simple linear regression model was constructed to explore the extent to 

which both factors influenced perceived restorativeness. The results showed that the score for 

perceived restorativeness was 1.949 + 0.624 (perceived naturalness), indicating a significant positive 

correlation with perceived naturalness (p < 0.001). In summary, although there was some correlation 

between perceived and actual naturalness, the main factor affecting perceived restorativeness was 

the level of perceived naturalness (Table 4). 

Table 4. Effects of perceived and actual naturalness on perceived restorativeness. 

Naturalness Constant R R² B P CI VIF 

Perceived 

1.949 0.845 0.714 

0.624 <0.001*** 
0.493; 

0.754 
2.504 

Actual -0.228 0.367 
-0.728; 

0.272 
2.504 

1 *p < 0.05; **p < 0.01; ***p < 0.001. 

3.2.2. Impact of Different Landscape Elements on Perceived Restorativeness 

We used semantic segmentation to classify the images in the study into 10 landscape element 

indices (N = 81) and employed simple regression analysis to determine the correlation between 

different landscape elements and perceived restorativeness. For rural landscapes overall, the 

perceived restorativeness score was 4.567 + 0.009 (tree) - 0.007 (building) - 0.026 (path) - 0.028 - 

(structure), indicating that an increase in the proportion of trees or a decrease in the proportion of 

buildings, paths, and structures enhanced the perceived restorativeness of the rural landscape type 

(Table 5). Increasing the proportion of sky, water bodies, and farmland or reducing the proportion of 

mountains and infrastructure elements also helped to enhance restorativeness, although these effects 

did not reach statistical significance. 

Table 5. Relationship between different landscape elements and the overall PRNS perceived 

restorativeness scores. 

Element Constant R R² B P CI VIF 

Tree 

4.567 0.782 0.612 

0.009 0.001** 0.004; 0.015 1.909 

Building -0.007 0.039* -0.014; 0.000 1.997 

Path -0.026 0.000*** -0.039; -0.014 1.503 

Structure -0.028 0.004** -0.047; -0.010 1.150 

Sky 0.005 0.642 -0.015; 0.024 1.228 

Mountain -0.024 0.157 -0.057; 0.009 1.251 

Waterscape 0.005 0.132 -0.002; 0.012 1.711 

Farmland 0.001 0.837 -0.007; 0.009 1.326 

Infrastructure -0.027 0.230 -0.072; 0.018 1.378 

Grass N 
1 *p < 0.05; **p < 0.01; ***p < 0.001. 

Simple regression analysis of each level of naturalness showed that for the natural landscapes 

(n = 27), a decrease in the proportion of grass increased the restorativeness, whereas for the semi-

natural landscapes (n = 27), a decrease in the proportion of mountains, water, and fields increased 

the restorativeness (Table 6). 
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Table 6. Relationship between landscape elements and the PRNS perceived restorativeness scores 

across different levels of naturalness. 

Naturalness Element Constant R R² B P CI VIF 

NL Grass 5.640 0.720 0.519 -0.011 0.001** -0.018; 0.005 1.461 

SNL 

Mountain 

5.746 0.803 0.644 

-0.044 0.042* -0.087; -0.002 1.352 

Waterscape -0.025 0.002** -0.039; -0.010 3.799 

Farmland -0.016 0.003** -0.026; -0.006 1.919 

AL N 
1 *p < 0.05; **p < 0.01; ***p < 0.001. 

3.3. EEG Results 

The EEG data (α1, α2, β1, β2) under exposure to rural landscapes with different levels of 

naturalness levels were compared, and the relationship between naturalness and restorativeness on 

a physiological level was explored using one-way repeated measures ANOVA. The results showed 

significant differences in the values of α1, α2, β1, and β2 under the three categories of naturalness 

after 9 minutes of exposure to landscapes of varying naturalness. 

3.3.1. Alpha Wave Response to Restorativeness 

Exposure to the three levels of naturalness resulted in significant differences in α1 values (Figure 

8), F (1.662, 64.813) = 4.737, p = 0.017 < 0.05. The results indicated that viewing natural landscapes (0.015 ± 

0.523) led to higher α1 values than viewing semi-natural (-0.134 ± 0.435) and artificial landscapes (-

0.148 ± 0.477), and thus natural landscapes possessed greater restorative potential. Pairwise 

comparisons revealed significant differences between natural and semi-natural landscapes (MNL-

MNSL = 0.149, p = 0.042 < 0.05), with natural landscapes generating significantly higher α1 values than 

artificial landscapes (MNL-MAL = 0.163, p = 0.004 < 0.01). Although the difference in α1 values between 

the semi-natural and artificial landscapes was not significant, the comparative means showed that 

the semi-natural landscapes had a higher restorativeness than the artificial landscapes. 

 

Figure 8. One-way repeated measures ANOVA and post-hoc (LSD) pairwise comparisons of α waves 

in response to landscapes with different levels of naturalness; N = 40; Mean ± SD; *p < 0.05; **p < 0.01; 
***p < 0.001. (a) α1. (b) α2. 

Significant differences in α2 values were also found across different levels of naturalness, F (2, 78) 

= 5.107, p = 0.008 < 0.01. Viewing natural landscapes resulted in the highest α2 values (-0.258 ± 0.519), 

and these were significantly higher than the values when viewing semi-natural landscapes (-0.420 ± 

0.461, MNL-MNSL = 0.162, p = 0.026 < 0.05) and artificial landscapes (-0.436 ± 0.454, MNL-MAL = 0.177, p = 

0.002 < 0.01). 
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3.3.2. Beta Wave Responses to Restorativeness 

Significant differences were observed in the β1 waves across the different levels of naturalness 

(Figure 9), F (1.736, 67.709) = 5.991, p = 0.006 < 0.01. Post-hoc LSD comparisons revealed the following 

rankings for the β1 data: natural landscapes (-0.444 ± 0.509), semi-natural landscapes (-0.590 ± 0.483), 

and artificial landscapes (-0.638 ± 0.440). No significant difference was found between the semi-

natural and artificial landscapes, but moderate significant differences were identified for the β1 wave 

values between the natural and semi-natural landscapes (MNL-MSNL = 0.146, p = 0.035 < 0.05), and the 

natural landscapes resulted in significantly higher β1 wave values than the artificial landscapes (MNL-

MAL = 0.194, p < 0.001). 

 

Figure 9. One-way repeated measures ANOVA and post-hoc (LSD) pairwise comparisons of β1 

waves in response to landscapes with different levels naturalness; N = 40; Mean ± SD; *p < 0.05; **p < 

0.01; ***p < 0.001. (a) β1. (b) β2. 

In terms of β2 waves, different levels of naturalness in rural landscapes had different impacts, F 

(1.642, 64.030) = 4.338, p = 0.023 < 0.05. Compared with the natural (-0.558 ± 0.522) and semi-natural landscapes 

(-0.678 ± 0.481), the artificial landscapes (-0.709 ± 0.482) generated the lowest β2 values, with a moderately 

significant difference from the natural landscapes (MNL-MAL = 0.151, p = 0.001 < 0.01). 

3.4. Eye-Tracking Results 

3.4.1. Average Fixation Duration Responses to Perceived Restorativeness 

Eye movement analysis was conducted to provide deeper insights into perceived restorativeness 

[74], with an increase in average fixation duration associated with a higher perceived restorative 

quality [75]. To further substantiate the previously reported perceived restorativeness results, we 

measured the average fixation durations within AOI in the images across varying levels of 

naturalness, landscape types, and landscape elements. 

Average fixation durations were calculated for each participant and averaged across images for 

each level of naturalness and landscape type. Although the differences in average fixation duration 

were not statistically significant, comparing the means still allowed a rough assessment of the 

differences in restorativeness based on this measure (Table 7). The average fixation durations 

rankings from highest to lowest were as follows: natural landscapes (0.493 ± 0.152), semi-natural 

landscapes (0.482 ± 0.138), and artificial landscapes (0.477 ± 0.130). Differences were also evident 

between the different types of landscapes: within the natural landscapes, the longest average fixation 

duration was seen in natural forest landscapes (0.517 ± 0.201), followed by natural water landscapes 

(0.483 ± 0.165) and then natural grassland landscapes (0.479 ± 0.127); within the semi-natural 

landscapes, the artificial water landscapes (0.473 ± 0.144) elicited shorter average fixation durations 

than the farm landscapes (0.482 ± 0.149) and artificial forest landscapes (0.491 ± 0.159); and among the 

artificial landscapes, the average fixation durations were higher for settlement landscapes (0.485 ± 

0.133) than for road landscapes (0.479 ± 0.134) or engineered landscapes (0.466 ± 0.142). 
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Table 7. Comparison of average fixation duration (s) in different landscapes. 

 NL SNL AL NFL NGL NWL FL AWL AFL SL EL RL 

M 0.493 0.482 0.477 0.517 0.479 0.483 0.482 0.473 0.491 0.485 0.466 0.479 

SD 0.152 0.138 0.130 0.201 0.127 0.165 0.149 0.144 0.159 0.133 0.142 0.134 
1 *p < 0.05; **p < 0.01; ***p < 0.001. 

Using image data processed with semantic segmentation technology, we subdivided the images 

into different landscape element AOI and calculated the average fixation duration for each landscape 

element. After verifying the numerical signs and normality of these data, we conducted one-way 

repeated measures ANOVA and post-hoc LSD tests. The results showed significant differences in 

average fixation durations among the different landscape elements, F (6.034, 235.330) = 13.924, p < 0.001, 

with average values ranked in descending order as follows (Figure 10): tree (0.503 ± 0.144), grass 

(0.498 ± 0.129), farmland (0.488 ± 0.112), waterscape (0.487 ± 0.140), building (0.471 ± 0.100), path (0.469 

± 0.120), infrastructure (0.456 ± 0.096), structure (0.427 ± 0.077), mountain (0.402 ± 0.113), and sky 

(0.349 ± 0.007). Comparisons of the average fixation durations further revealed differences in 

restorativeness among the different landscape elements. 

 

Figure 10. One-way repeated measures ANOVA comparisons of average fixation durations for 

different landscape elements. N = 40; Mean ± SD. 

The pairwise comparison results for the different landscape elements are shown in Table 8. 

Overall, trees elicited the highest average fixation duration, and the result was significantly different 

from those for farmland (p < 0.001) and infrastructure (p < 0.001). Sky elicited the lowest average 

fixation duration, possibly due to receiving less attention than the other elements. Natural landscape 

elements elicited higher average fixation durations than the artificial elements, as exemplified by 

waterscapes eliciting higher durations than infrastructure (p = 0.004 < 0.01). 

Among the natural landscape elements, trees had a significantly higher average fixation 

duration than grass, which is consistent with the previous finding that natural forest landscapes are 

more restorative than natural grassland landscapes [47]. In addition, nearer natural elements had 

higher average fixation durations than distant ones; for example, farmland had higher durations than 

mountains (p < 0.001). 

Among the artificial landscape elements, buildings attracted the highest average fixation 

duration. Structures had the lowest average fixation duration, and roads had a significantly greater 

average fixation duration than infrastructure (p < 0.001). 
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Table 8. Post-hoc (LSD) pairwise comparisons of the average fixation duration for different landscape 

elements. 

 1 2 3 4 5 6 7 8 9 10 

1 Sky 1          

2 Trees <0.001*** 1         

3 Mountain <0.001*** 0.753 1        

4 Waterscape <0.001*** 0.413 0.436 1       

5 Farmland 0.003** <0.001*** <0.001*** <0.001*** 1      

6 Grass <0.001*** 0.431 0.568 0.966 <0.001*** 1     

7 Building <0.001*** 0.069 0.138 0.386 0.003** 0.271 1    

8 Path <0.001*** 0.044* 0.118 0.394 <0.001*** 0.297 0.874 1   

9 Structure <0.001*** 0.021* 0.022* 0.143 0.010** 0.112 0.469 0.262 1  

10 

Infrastructure 
<0.001*** <0.001*** <0.001*** 0.004** 0.163 <0.001*** 0.018* <0.001*** 0.023* 1 

1 *p < 0.05; **p < 0.01; ***p < 0.001. 

3.4.2. Heatmap Responses to Perceived Restorativeness 

Heatmaps can efficiently and directly display the visual attention areas of multiple subjects. 

After aggregating and overlaying the experimental results from the 81 images, we generated visual 

attention areas for each type of landscape (Figure 11). Red indicates a key area of visual attention in 

terms of average fixation duration, yellow and green denote areas with a moderate average fixation 

duration, and green represents areas with the lowest average fixation duration (the intensity 

decreases from red to yellow to green) [52].  

 

Figure 11. Heatmap views. (a) Heatmap over original photograph. (b) semantic segmentation picture. 

(c) semantic segmentation picture with a heatmap overlay. 

Overall, natural landscapes attracted longer average fixation durations, less eye movement, and 

more focused attention (Figure 12). From the perspective of perceptual fluency, this means that the 

participants’ visual systems continuously processed natural landscape visuals, requiring less 

cognitive effort to perceive these landscapes. Semi-natural landscapes had similar average fixation 

durations and eye movements to natural landscapes but were influenced by certain artificial elements. 

The artificial landscapes had higher numbers of fixations, eye movements of greater distance, and 

shorter fixation durations for specific landscape elements (bridge, street light, pavilion) than the 

natural landscapes. The numerous areas of fixation indicate that more cognitive effort was required 

to process the artificial landscapes, and related research has suggested that less cognitive effort is one 

of the factors contributing to psychological restoration [74]. 

Among the natural landscapes, natural forest landscapes generally attracted longer visual 

fixation durations with a more concentrated area of gaze distribution that was primarily focused on 

the centre of the scene or the paths within the forest, and more attention was paid to distant views 

and broader vistas. In natural water landscapes, attention was mainly concentrated around the 

water’s edge and the vanishing point of the view, spreading to the terrain near the water and 

reflections of the terrain. This result indicates that in the open water landscapes, the distant and 

background views more strongly attracted the participants’ attention. Natural grassland landscapes 

have a wide field of view with relatively simple landscape elements in which the participants’ visual 
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range was broad and they could focus more easily on the centre of the scene and the horizon. 

However, if there were elements such as trees or pavilions, these became focus of attention for the 

participants. Overall, the distribution of gaze points in the natural landscapes was relatively 

concentrated and uniformly dispersed, with the primary landscape elements of focus being trees, 

grass, and water. 

 

Figure 12. Semantic segmentation heatmaps of different naturalness and landscape types. 

In terms of the semi-natural landscapes, vegetable plots and distant mountains in the farmland 

landscape received the most attention from the participants; fixation points were not concentrated on 

a specific element, as the participants tended to look towards fields and mountains. In the artificial 

water landscapes, the fixation points were primarily structures along the shore and their reflections, 

possibly because the complexity of the reflections in the water and the sky was too low to easily attract 

attention. In the artificial forest landscapes, the fixation points were generally concentrated in the centre 

of the scene, likely because the evenly spaced trees lacked distinctive elements to attract attention.  

In the artificial landscapes, when the participants observed settlement landscapes, their attention 

was concentrated mainly on distinctive landscape elements (couplets, eaves, decorative paintings) 

and the intersections of main buildings or landscape elements, spreading to surrounding green 

landscapes and architectural features. The primary focus for road landscapes was the vanishing point 

of the view, which then spread to architectural structures (doors, windows, roofs) and green 

landscapes on both sides of the road. In the engineered landscapes, the fixation points were dispersed, 

but the main focus was on buildings, roads, and structures. 

4. Discussion 

4.1. Relationship between Actual Naturalness, Perceived Naturalness, and Restorative Quality 

This study revealed a significant correlation between perceived naturalness and perceived 

restorativeness (p < 0.001) that sometimes even surpassed the objective physical properties of the 

landscape. Objective and subjective data indicated that as the naturalness of the rural landscapes 

decreased, there was a significant decrease in the participants’ alpha values (p < 0.05), beta values (p 

< 0.05), and RCS scores (p < 0.001), resulting in lower levels of restorativeness, consistent with 

previous research [76]. Why does a higher level of naturalness promote psychological health? There 
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are several possible explanations. First, humans have an innate tendency to focus on and engage with 

natural environments, and elements such as bodies of water and flora and fauna can stimulate 

positive emotions and thus have a therapeutic effect [77]. Second, wilder or more natural 

environments often provide a refuge from the tensions of daily life, helping to alleviate psychological 

and physiological stress [78]. This phenomenon may be due to the deep connection between humans 

and nature and the emotional dependence on the natural environment that shapes people’s 

perceptions of it, which in turn affects the perceived restorative value of the natural environment 

[79]. Although early studies indicated a correlation between perceived naturalness and 

restorativeness, these studies lacked empirical support [76,80]. This study confirms this relationship 

with empirical evidence. 

The results showed a significant positive correlation (p < 0.001) between the perceived 

naturalness and actual naturalness of rural landscapes, with discrepancies primarily being due to 

differences in their definitions. Typically, the addition of natural elements to a landscape (such as 

green spaces and bodies of water) enhances people’s perception of its naturalness [81]. In natural 

environments, the perceived naturalness level is usually slightly lower than the actual naturalness 

level, whereas in artificial environments, the perceived naturalness level tends to be higher than the 

actual naturalness level. This phenomenon arises because the complex and varied features of purely 

natural environments are difficult to fully perceive and evaluate [82], whereas any natural elements 

in artificial environments exceed expectations and may thus be seen as prominent natural features 

[52]. This contrast effect leads to higher perceived naturalness, even in landscapes with a lower level 

of actual naturalness [29]. In summary, our findings highlight the complex relationship between perceived 

and actual naturalness and suggest that when assessing and designing rural landscapes, consideration 

should be given to the potential discrepancies between people’s perceptions of naturalness and the actual 

natural state to more effectively construct landscapes with restorative potential. 

Interestingly, we found that the urban participants gave significantly higher scores for the 

perceived restorativeness of rural landscapes than the rural participants. This difference may be due 

to the faster-paced lives and greater stress faced by urban than rural residents. For urban residents, 

rural landscapes present a sense of novelty that can significantly enhance their psychologically 

restorative experience. Conversely, rural residents, who live in rural settings on a daily basis, have 

gradually adapted to the tranquil lifestyle of these landscapes and therefore may not experience the 

same restorative effects [18]. 

4.2. Relationship between Landscape Type and Restorative Quality 

Our findings showed significant differences in emotional states among the participants when 

observing different types of rural landscapes with the same level of naturalness, leading to varied 

restorative effects. These findings are consistent with previous research [83,84] and further confirm 

the critical importance of certain spatial qualities and landscape types for restorativeness.  

Within the natural landscapes, the impact of natural forest landscapes on psychological 

restorativeness was most significant, followed by natural water landscapes and natural grassland 

landscapes. According to SRT, natural environments significantly facilitate recovery from 

psychological stress [20]. The diverse vegetation layers in forests create a landscape that balances 

openness and enclosure, enhancing feelings of freedom while maintaining a sense of privacy and 

mystery. ART posits that effective restorative environments should support unconscious attention 

restoration [18]. The rich natural elements of natural forests spontaneously engage people’s interest 

and attention, facilitating an involuntary attention shift that alleviates mental fatigue. In contrast, 

although water landscapes are generally favoured [85], natural water landscapes suffer from 

significant weather and water flow variations, leading to lower environmental stability and 

consequently weaker restorative potential [86]. Moreover, untended rural natural grassland landscapes 

are less restorative because they may generate feelings of unfamiliarity and insecurity [87].  

In the semi-natural landscapes, artificial forest landscapes had a more significant restorative 

impact than farm landscapes and artificial water landscapes. Artificial forest landscapes possess 

restorative properties that are similar to those of natural forests, and due to their greater familiarity, 
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offer a strong sense of ease and shelter, significantly enhancing feelings of comfort and relaxation 

[88]. However, the restorative effects of artificial forest landscapes in this study were weaker than 

those of natural forests. This may be due to the dense planting in artificial forests to ensure yield, 

which results in a more enclosed environment, whose visual monotony and sense of enclosure may 

impair an individual’s stress recovery capability [6,89]. Previous studies have shown a stronger 

preference for natural water landscapes than highly managed artificial water landscapes [85]. The 

reasons for this result may be related to rapid development activities that have damaged original 

water landscapes, altered the flow paths of natural water systems, and deteriorated the water quality 

of rivers and lakes. Moreover, the extensive use of hard materials in artificial water landscapes and 

the noisy background in these environments often exacerbate perceived stress [18]. 

In the artificial landscapes, settlement landscapes were ranked highest for restorativeness, 

followed by road landscapes and then engineered landscapes. We offer two possible explanations for 

the high restorativeness of settlement landscapes among artificial landscapes. First, the cultural (e.g., 

poem walls, pavilions) and artistic (e.g., floral windows, landscape statues) elements within 

settlement architecture, which are decorative features with significant aesthetic value, positively 

affect psychological and physiological recovery [47]. Second, people have a strong preference for 

landscape archetypal elements that are similar to those in their hometowns, as this fosters place 

attachment, thereby positively affecting perceptions of restorativeness and psychological recovery 

[90]. Additionally, although road landscapes and engineered landscapes benefit rural areas to some 

extent, their restorative potential is relatively weak. This may be due to rapid urbanisation impairing 

the rich cultural, scientific, and aesthetic features of rural areas [91], leading to a loss of local 

characteristics [92], homogenisation, and the imitation of urban features in rural engineered 

landscapes [93]. 

4.3. Relationship between Landscape Elements and Restorative Quality 

In this study, trees proved to be the most restorative elements in rural landscapes, followed by 

waterscapes and farmland. Trees not only reduce air pollution and enhance carbon sequestration but 

also decrease levels of anxiety, depression, anger, and fatigue through contact with them, thereby 

promoting public health and producing environmental benefits [83]. Waterscapes are another 

element with great restorative potential; in this study, we found that waterscapes provided 

significantly greater restorativeness than farmland (p < 0.001). This phenomenon may be due to the 

varied ecological functions of waterscapes, which not only support critical activities such as 

agricultural production and irrigation, but also provide people with abundant natural resources and 

space [94]. Additionally, waterscapes form typical rural landscapes such as streams, ponds, and 

channels, which serve not as places for recreation, social activities, and mental fulfilment [18]. 

However, unfamiliar water areas also present certain dangers that potentially reduce their 

restorativeness [67]. Finally, because farmlands preserve the original natural environment while 

adding productive attributes, they evoke a stronger sense of familiarity than other landscape 

elements, thus reducing stress and enhancing restorativeness [95]. 

Our research findings revealed that artificial landscapes such as buildings, roads, structures, and 

infrastructure have relatively weak restorative potential for mental health, supporting previous 

studies that have suggested that artificial elements have a lower restorative quality [53]. Additionally, 

different artificial landscape elements have varying impacts on restorativeness. For example, 

buildings, as a form of cultural heritage, can to some extent stimulate positivity, thus mitigating the 

negative effects of hard landscapes generally, and therefore possess certain restorative properties 

[96]. However, roads, structures, and other hard landscape elements (such as ground surfaces, 

guardrails, retaining walls, and street lamps) typically carry lower restorativeness scores, which may 

be due to several reasons. First, hard landscapes often lack vegetation cover, which reduces their 

naturalness and thus diminishes their restorativeness [97,98]. Second, hard structures such as roads 

and infrastructure may enhance the perception of human intervention, reducing the attractiveness of 

and affinity with the landscape. Poor management and a lack of comfortable experiences can further 

diminish the restorativeness of these elements [67]. 
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The overall relationship between the landscape element indices and perceived restorativeness 

indicated that higher proportions of natural landscape elements such as trees and lower proportions 

of hard landscape elements such as buildings, roads, and structures typically lead to longer average 

gaze durations, which is beneficial for mental health. However, the same elements may yield different 

restorative outcomes in different landscapes. In the natural landscapes in this study, an increased 

proportion of grass led to reduced restorativeness scores, which is consistent with previous studies 

that found grassland landscapes to be less restorative than natural forest landscapes and water 

landscapes. This may be due to the uncontrolled growth and lack of maintenance of grasslands in 

rural areas, which elicits fear of ‘wildness’, leading to perceptual barriers and a loss of a sense of 

security [99,100]. 

Although natural elements are generally considered to have positive restorative effects, we 

found that increasing the presence of elements such as mountains and water in semi-natural 

landscapes actually leads to a decrease in restorativeness. We propose three possible explanations. 

First, the disharmony between natural elements and man-made structures may indirectly weaken the 

restorative effect of the natural elements, disrupting the sense of environmental harmony [97]. 

Second, insufficient management and maintenance of semi-natural landscapes are also key factors. 

Increased natural elements may create greater demands for management and maintenance; if these 

demands are not adequately met, then the overall landscape quality may decline, which can cause 

disappointment or discomfort, reducing environmental restorativeness [101]. In summary, from the 

perspective of perceived restorativeness, landscape designers need to cautiously add artificial 

elements to rural landscapes and improve the maintenance of natural environments to maintain their 

restorative potential. 

4.4. Implications of the major findings 

In this study, we employed a psychophysiological approach to understand the impacts of 

different rural landscapes on human mental health from both the macro (landscape types) and micro 

(landscape elements) perspectives, based on varying degrees of naturalness. First, the results revealed 

significant differences between perceived and actual naturalness in the natural landscapes, which 

may affect the psychological restoration benefits people derive from these environments. Thus, rural 

managers, environmental scientists, and landscape designers should prioritise the natural elements 

of rural landscapes and their vast restorative potential. Second, this study demonstrated that different 

types of rural landscapes provide varying benefits in terms of restoring mental health, even at the 

same level of naturalness. Therefore, simply considering the degree of naturalness is insufficient. 

Landscape designers must select or combine different types of landscapes according to specific needs. 

Our research affirms the positive impact of certain landscape elements within rural landscapes in 

promoting health. In organising modern rural landscape spaces, it is essential to preserve the original 

texture of the natural landscape and prevent chaos through new buildings and landscaping. Finally, 

while certain landscape elements may enhance physical and mental health, the restorativeness of a 

single landscape element cannot fully represent the restorativeness of the entire space, and also varies 

across different types of landscapes. Therefore, we suggest that the selection and arrangement of 

landscape elements in constructed rural landscapes are crucial for maximising a landscape’s 

restorative effects. Incorporating various types of design elements, such as forest paths and 

waterfront walkways, would create a richer environment. At the same time, uncovering and 

protecting local landscape cultural features also has significant restorative potential. Respecting and 

integrating local historical and cultural elements, such as couplets, window patterns, and stone 

carvings, prevents the loss of cultural content in rural landscapes to the blind pursuit of 

modernisation. 

4.5. Limitations and research opportunities 

Although this study uncovers important results, it also has limitations that provide new 

opportunities for future in-depth research. First, the geographical scope of this study is confined to 

the rural areas of Guangzhou, which may limit the wider applicability of the results. Given the 
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distinct regional characteristics of rural landscapes, the Guangzhou rural areas selected for this study, 

with their relatively high level of development and unique cultural environment, can be considered 

a typical sample of modernised rural China. However, future research should consider expanding 

the scope to diverse geographical areas with different natural conditions and cultural backgrounds 

to more comprehensively assess the applicability of our findings. Second, the sample size selected for 

this study was relatively small and focused only on the young population, without considering 

differences in restoration preferences among other age groups. Although the experiment assessed 

restorativeness along both physiological and psychological dimensions using four measures and 

conducted a detailed analysis of the participants’ characteristics to minimise problems resulting from 

the limited sample, future studies should aim to increase both the size and the diversity of the sample 

to improve the scientific rigor and precision of the results. Finally, the processed images used in this 

study may not have fully accurately reflected the participants’ perceptions of the landscapes. 

Although studies show that photographs can simulate the restorative effects of real environments to 

some extent, multisensory experiences in the actual environment (such as visual, auditory, and 

olfactory) are also crucial for assessing restorative potential. Therefore, future research should 

consider conducting field measurements to obtain more accurate data on landscape perceptions. 

5. Conclusions 

Rural landscapes, which are distinguished by their unique ecological properties and notable 

therapeutic potential, are widely regarded as ideal environments for psychological restoration. This 

study found that perceived naturalness, rather than actual naturalness, is a key determinant of 

perceived restorativeness, with higher levels of perceived naturalness significantly enhancing the 

restorative benefits of a landscape. Different landscape types and elements were found to provide 

different levels of restorative benefits for mental health. Forests and waterscapes within natural 

settings demonstrated exceptionally high restorative potential. In semi-natural landscapes, the 

perceived restorativeness of artificial forests significantly exceeded that of farmland and artificial 

water landscapes, while within the artificial landscapes, settlements exhibited notable 

psychologically restorative effects. The restorativeness of rural landscapes significantly increased 

with the addition of natural elements such as trees and water bodies. Conversely, it diminished when 

the proportion of hardscape elements, such as roads and structures, increased. Additionally, we 

found that the perceived restorativeness of identical elements can vary across different settings. 

Consequently, we suggest that the restorative impact of rural landscapes could be enhanced by 

optimising landscape element configuration, appropriately protecting and managing the landscape, 

enriching cultural values, and minimising artificialness. The quantitative and qualitative findings of 

this study complement each other, providing scientifically robust empirical support for the restorative 

effects of rural landscapes. The findings will help to maximise the health and therapeutic potential of 

modern rural environments, thereby enhancing human psychological health and well-being. 
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