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Abstract

:

There have been many studies on the impact of urban greenery on perceived danger and preferences, but not many have been conducted in non-English speaking countries. We carried out our research among female university students in Poland, Latvia and China (n = 243), using a photograph rating survey instrument, and presenting slides presenting park landscapes. We compared the impact of the presence of trees and shrubs and their capability of offering concealment, as well as perceived space use intensity on perceived danger and preferences in all three countries. Participants rated the presence of shrubs as a more positive influence on path use intensity and as a negative influence on perceived danger. The link between tree presence and perceived danger in Poland and Latvia is small as well as insignificant in China. In addition, perceived danger turned out to be a mediator of the relations between the presence of trees and shrubs and perceived path use intensity and preference. Our findings support the idea that vegetation in parks could be shaped so that it does not provide place to hide. However, this recommendation is primarily applicable to areas in which the variable ‘perceived danger’ is of importance.
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1. Introduction


A number of studies have shown the positive impact of greenery on reducing the crime rate [1,2,3] and boosting perceived safety [4,5,6]. In contrast, many studies have shown the influence of greenery on perceived danger and fear of violence [7,8,9,10,11]. This is mainly due to the fact that high plant forms (trees and shrubs) can provide concealment for offenders and potentially block the view, thus making it difficult to assess the situation and preventing a potential attacker from being seen from afar [12,13,14,15]. Trees and shrubs also limit contact with the environment and so reduce social control [15,16]. As a result, fear of crime and perceived danger mean that fewer people make use of green spaces and other areas that contain greenery [12,17,18]. This problem affects society as a whole but is more of a concern for women than for men. Gender is one of the most frequently studied demographic variables affecting fear of crime and perceived danger [9,19,20,21,22,23]. It has been confirmed again and again that women in dangerous situations experience a higher level of fear and/or have a stronger perception of threat than men [9,10,20,24,25,26,27,28]. This leads to patterns of behavior related to the avoidance of dangerous areas, including city parks [22,29,30]. Women are afraid of walking through green areas especially after dark [19].



Women, more so than men, as a social group are more sensitive to spatial conditions that evoke fear and react more strongly to it. Hence, the presence of dangerous areas limits the potential benefits to urban areas to a greater extent. That is why our research, as well as other studies on the problem of fear and danger [10,23,31,32,33] was conducted among this group. Fear of crime or concerns about personal safety in urban green spaces crop up again and again in research. Maruthaveeran and Konijnendijk van den Bosch [29] enumerated 48 journal articles on this topic. According to Mak and Jim [34], from 2013 to October 2017, 32 articles were added to the literature. However, most were conducted in European and North American environments. Not much research has been carried out in Asia, [21,23,29,35,36,37,38,39,40] or Central and Eastern Europe [41,42]—in other words, the areas involved in our research.



However, cross-cultural studies on landscape perception with regard to perceived danger or fear in urban green spaces are rare. Those that exist include an article by Wang and Taylor [43], which dealt with perceptions of safety in alleyways. The studies included both Chinese-born and US-born respondents, and the impacts of these individual differences were explored. Therefore, it is unclear whether their findings extend to individuals who live in different countries or are from different cultural backgrounds. Our research aims to fill this gap by focusing on the influence of trees and shrubs in the city on sense of danger and women’s landscape preferences. We compared the results obtained in three countries—Poland, Latvia and China.



Currently, in order to increase the safety of urban areas, it is often recommended to remove plant forms that influence the threat—shrubs in particular [2,44,45]. Greenery is extremely important for residents, fulfilling a complex role. Urban green areas, among others, are conducive to recreational and physical activity [5], building social ties [46,47,48], lowering stress, reducing caution [49,50,51,52], enhancing the perception of health reported by those living nearby [53]. They also fulfil important functions in relation to other aspects of physical health, including shelter from oppressive heat as well as the regulation of air and water pollution [27,54,55]. This applies not only to expansive parks and woodlands but also to trees outside woods [56]. You can look at city greenery using the ecosystem services (ES) and ecosystem disservices (ED) framework [57,58,59]. Green spaces provide many benefits for people but can also incur various costs and losses (maintenance, allergies, litter, damage to buildings or roads, the attraction of unwanted wildlife [59], as well as a lack of objective or subjective safety. Individuals avoiding urban green spaces due to the lack of objective or perceived safety will lose the potential benefits of using these areas. It is important that the green areas are designed in a way that minimizes costs and losses (ED) while at the same time maximizing the potential benefits (ES) that may positively influence our overall well-being. Therefore, the removal of greenery, including shrubs of great significance for biodiversity, should be undertaken with caution. Further research is needed to explain how and why trees and shrubs affect our preferences and the role played by the sense of danger that they evoke. We can assume that these two factors—sense of danger and preferences—are interrelated. The evaluation of preferences is partly due to perceived danger. In other words, trees and shrubs that have a positive effect on the assessment of space may spoil this evaluation in a situation that evokes a sense of danger for other reasons (hot-spots of crime or fear, in remote areas, deprived of social control, etc.). Therefore, in addition to the studies comparing the influence of trees and shrubs on perceived danger in three countries, we studied the role that sense of danger plays in the assessment of a landscape. For this purpose, we applied analyses of intermediary effects, where perceived danger is a mediator of the relationships between the presence of trees and shrubs and preference, as well as perceived path use intensity and preference. It should be noted that in studies on this issue, mediation models are rarely applied, although they are helpful in understanding the phenomena [41,42,60].




2. Literature Review


2.1. Influence of Plant Forms on Perceived Danger


There are two dimensions to safety: objective safety and subjective (personal) safety [61]. Objective safety is measured by facts and figures and refers to the real risk associated with actual crime, risk, safety or security. Subjective safety refers to emotions experienced by the individual (e.g., fear of crime, perceived safety, perceived risk, perceived threat) [21] though shaped in a broader context, resulting from social conditions as well as personal experience. Fear of crime is a broader concept than perceived safety/risk/danger and refers not only to an emotional assessment of security but also to more diverse emotions including anxiety, depression, and social avoidance [17]. On the other hand, the concept of perceived risk/danger has a stronger reference to the situation, is more precise in its operational definition, facilitates the analysis of results in relation to human behavior, and provides specific information that might help resolve the problem [62]. Hence, the concept of perceived risk/danger is often used in research [62,63]. In this paper, we are also concerned with this dimension of safety (perceived danger). We believe, as some [5], that in terms of behavioral constraints, it is subjective safety that influences behavior and causes people to avoid places they associate with danger.



A number of studies have examined the impact of vegetation on the level of crime and anti-social behavior (safety was judged objectively). Their results, however, are unambiguous. Many researchers have stated that dense vegetation provides a meeting point for criminals [44] and creates circumstances that facilitate criminal acts [64,65,66]. But there are also studies that yielded different results. Donovan and Prestemon [1] stated, for example, that the relationship between crime and trees is not cut and dried. Trees with a low-set, view-obstructing crown caused an increase in crime, while high trees lowered it. Kuo and Sullivan [2] studied the effect of vegetation on crime in apartment buildings and found that widely spaced, high-canopy trees were associated with less violent crime and property crime. This was supported by other researchers [67,68,69]. Troy et al. [3], investigating the extent to which urban tree cover influences crime stated that generally there was a negative correlation between crime and trees. In turn, Escobedo et al. [59] considered that although fewer homicides occurred in public tree-scapes with taller trees and higher tree density, the amount of public green areas was not significantly related to homicide levels. As one might observe, research on the impact of greenery on objective safety indicators yields ambiguous results. In addition, these studies are fairly difficult to conduct due to the frequent lack of sufficiently accurate and reliable data [70]. For example, Lis et al. [71] in their research on Sobieski Park in Wałbrzych found, on the basis of questionnaires submitted by park users, a high level of criminal acts of various kinds. These results were divergent with the police data, which registered a small amount.



Numerous studies have dealt with the influence of space in terms of perceived fear or danger (subjective safety). Wang and Taylor [43] divided such studies into four groups. They cover various sets of physical factors affecting fear: (1) physical incivilities (abandoned houses, vacant lots, abandoned cars, graffiti, and trash); (2) the absence of cues of upkeep and local involvement; (3) specific types of land use; and (4) a cluster of specific micro-level design and landscape factors. The latter group includes above all factors that are part of the Nasar/Fisher model [12,45]. The model was built on Appleton’s prospect-refuge theory [72,73]. Fisher and Nasar [12] conducted pioneering research on the impact of environmental conditions in the university campus in relation to the proximate features of a place on perceived safety in relation to three factors—prospect, refuge and escape. The latter, defining the possibility and ease of a victim’s escape, supplemented the characterization of a situation in which a potential victim may find him or herself. The results showed that these factors significantly influence perceived safety—students feel less safe in areas with high concealment, limited prospect, and blocked escape. It has been used as the basis for many studies [24,33,41,43,74,75,76,77,78].



However, most of them were concerned with urban settings, in which greenery played a marginal role. Prospect and its derivatives are the most frequently examined attributes in green spaces. Among others, visibility [79,80], openness [13,81], spaciousness [82] and visual access [83,84] have been explored. Apart from the attributes listed above, the impact of various forms of greenery on the sense of danger and fear were studied and compared. It was confirmed that the sense of security is influenced by trees and shrubs [7,42], the specific spatial structures that trees and shrubs create, especially dense understory vegetation or a high density of trees [8,9,11,21,61,85] as well as specific types of vegetation, in particular naturalistic, dense vegetation [9,27].



Researchers [15,16,42] draw attention to how plants in a park can function as hiding places. They can be used to conceal a potential attacker [12,13,14,15]. The studies by Lis et al. [42] indicate a very significant correlation (r = 0.90) between the hiding place (and specifically a plant feature referred to as ‘effectiveness of concealment’) and perceived danger. These researchers believe that of the Nasar/Fisher model’s three attributes, refuge (concealment) is the attribute most strongly associated with plants. It is also relevant that trees and shrubs provide concealment even in single units that are not part of a group. The other two attributes (escape and prospect) are characteristic of spatial systems. Therefore, in order to study the influence of trees and shrubs on perceived danger, we also focused our research on the features of plants that make vegetation a good hiding place for a potential attacker.




2.2. Preferences and Perceived Danger in Green Spaces


Landscape preference is a measure of the extent to which people “like” the appearance of a landscape [86]. It is a frequently used framework for investigating human perception and how they relate to a particular landscape [87]. The dominant method of research used for establishing landscape preference is the ranking or rating of images on a Likert scale [51]. The basic question is how much someone likes the landscape presented [13,88].



As pointed out by Lis et al. [42], based on the present state of our knowledge, it is difficult to predict whether there will be a positive or negative association between the presence of trees and shrubs on the one hand and preference on the other. This is because the theory is not unambiguous. Numerous studies have demonstrated a positive impact of greenery on preferences [51,52,89]. At the same time, however, the same greenery increases perceived danger and/or fear of crime [2,45]. On the other hand, studies have shown negative associations between preferences and perceived danger [24,88]. It was also confirmed that people express preferences for landscapes that do not contain concealment and view obstructions [60,83,90]. The classic studies by Kaplan and Kaplan [51] which compared preferences towards various forms of landscape showed that the strongest preferences were declared in respect of landscapes with trees located in grassy areas. The lowest preferences were expressed for—apart from monotonous, unvaried landscapes—settings with dense, vision-obscuring vegetation. Similar preference study results indicating that people like open spaces with trees or surrounded by forest have been obtained by other researchers [51,91,92,93]. On one level, shrubs and trees with low crowns contribute to a spatial variation of the landscape. They arouse our interest with elements of surprise and mystery. These characteristics constitute a positive preferential aspect, indicated both in studies and scientific theories. Examples include surprisingness from Berlyne’s [94] aesthetics model and mystery from the Kaplan and Kaplan [51,95] preference model. This paradoxical role of plants—shrubs in particular—is emphasized by, for instance, Andrews and Gatersleben [79] and Lis et al. [15].



Taking the above into consideration, we did not make any assumptions as to whether the presence of trees or shrubs has a negative or positive influence on preferences.




2.3. The Impact of Extra-Spatial Factors on Perceived Danger


Research based on the Nasar/Fisher model has indicated that the presence of spatial forms that provide concealment, limited prospect and blocked escape routes may increase fear of crime and perceived danger even in the absence of a potential criminal [12,33,74,76,77,78]. However, the impact of such forms depends on the characteristics of the environment in which they are found. Hot spots of crime or fear [16,42,96] cause stronger reactions related to perceived danger and fear than areas located in the safer areas of a particular town.



Perceived danger in parks also results from small-scale features called “cues” [97] or “proximate cues to fear” [14]. These include both spatial forms, and extra-spatial factors—e.g., the presence of people nearby, the state of maintenance, the time of the day or lighting [12]. All such factors affect how space is perceived and how intensely danger is experienced. As pointed out by Nasar et al. [14], concealment and prospect can influence perceptions of safety, but first, the conditions for general fear—an area of high crime or danger, incivilities, darkness, et cetera—must be present.



Our study was designed to check the influence of one of the major extra-spatial factors—how the presence of people affects the perceived level of social control. Many theories, particularly the early ones, which dealt with the influence of space on safety, referred to the phenomenon of social control. Jane Jacobs, (1961) [98] describes the ‘eyes on the street’ effect, which constitutes a characteristic element of a busy urban street. A street is safe thanks to the presence of many people exercising informal supervision. The role performed by informal supervision is also emphasized by Oscar Newman, (1972) [99] in his defensible space theory. The phenomenon of social control is used as the basis of a strategy and recommendations relating to the design of safe spaces, in particular a crime prevention through environmental design (CPTED) strategy [100,101]. Many studies have confirmed the fact that perpetrators avoid areas with greater surveillance and likelihood of intervention, and anywhere they can be observed [102,103,104,105]. Therefore, as Kuo [106] suggests, green areas that attract people and, as a result, create an informal system of surveillance [2], decrease crime. The effect of enhanced safety can be caused not only by the presence of people but by spatial indicators of this presence, such as the level of maintenance, equipment, etc. that act as a territorial marker [107].



Considering the importance of this factor, we set out to identify what influence social control has on perceived danger. Because of the difficulty involved in manipulating complex factors that impact the level of social control, we limited its operationalization to the visual indicators of the likelihood of encountering human beings in the surroundings. Such a likelihood is connected in particular to how much the path is used. We believe that a space regarded as frequently visited and used by many will be perceived as less dangerous than a deserted space. This elicits a positive impact on preferences.





3. Research Aims


We assumed preference and danger as our target variables, while our predictor variables were the presence of trees, the presence of shrubs, the effectiveness of concealment and the perceived intensity of path use. By ‘effectiveness of concealment’ we mean the characteristics of shrubs and trees that determine their effectiveness as a potential hiding place for a person or a group of people. By ‘perceived intensity of path use’ we understand the features of space that indicate the likelihood that other people will appear in it.



As we studied the relationships between the variables, we were guided in particular by two main research questions. The first referred to the influence of predictor variables (the presence/absence of trees, the presence/absence of shrubs, effectiveness of concealment, perceived intensity of path use) on perceived danger. We wanted to check if such an influence would emerge in the respondents’ evaluations from the three countries surveyed (Poland, Latvia and China). In addition, we wanted to compare the results from three countries and check whether the relationships uncovered have a similar strength and the same sign.



Our detailed hypothesis regarding this research question was:



Hypothesis 1.

The perception of danger of a person walking along a path is influenced by: (H1a) the properties of the nearby trees or shrubs that provide a potential hiding place for a person or a group of persons (‘effectiveness of concealment’) and how busy the path is perceived to be; (H1b) the presence of trees or shrubs near the path. Perceived danger is negatively correlated with path use intensity and positively with effectiveness of concealment and the presence of trees or shrubs.





The second research question focused on the role of perceived danger in the evaluation of preference. We wanted to check if the presence/absence of trees and shrubs and perceived space use intensity influence preference and what role is played by perceived danger in this relationship. In other words, we wish to know if perceived danger explains the effect of predictor variables on preferences.



Our detailed hypotheses regarding this research question were:



Hypothesis 2.

The presence of trees or shrubs in areas with a high-crime-rate influences preferences, and this can be explained by perceived danger (the sense of danger acts as a mediator for the relationship between the presence of trees or shrubs and preference).





Hypothesis 3.

Perceived path use intensity has a positive effect on preferences, and this can be explained by perceived danger (the sense of danger acts as a mediator for the relationship between path use and preference). The first hypothesis (H1), which describes the direct relationships between the variables, was tested with the study group split into the three countries. The other two hypotheses (H2 and H3), which describe indirect relationships, were tested using the entire study group together. Table S1 presents the schematic character of the relationships studied with reference to the research questions and specific hypotheses.






4. Method


4.1. Design


We conducted the study using a questionnaire survey, with our own photos of landscapes taken in urban green spaces. The respondents assessed them by means a five-point scale. Each respondent answered four questions, each of which measured a different variable.



Our sample included three groups of women from different countries—Poland, Latvia and China. All three groups were comparable in terms of age and educational status (the research focused on female university students). The respondents assessed the same set of settings (18 slides). The slides depicted typical urban green spaces (photos taken in Poland).




4.2. Participants


The sample consisted of 243 female university students from three countries: 80 from Poland, 83 from Latvia and 80 from China The group from Poland consisted of students from Wrocław University of Environmental and Life Sciences. 15 were undergraduates and 65 were graduate students. Their mean age was 21.78 (SD = 1.24; range 20–25 years). The group from Latvia comprised university students from Latvia University of Agriculture (83 undergraduates). Their mean age was 20.59 (SD = 1.89; range 18–26 years). The group from China was made up of university students from Hunan Agricultural University (80 undergraduates). Their mean age was 18.44 (SD = 0.75; range 16–20 years). Students were recruited as follows. With the kind help of university lecturers, we asked their students to participate in our study. From among those who expressed a desire to join in, we selected randomly targeted research groups. These groups are not representative of the societies of the countries where the research was conducted. However, it seems that in the case of exploratory research (e.g., testing the impact of landscape features on human feelings and investigating the mechanisms of this impact) the requirement of sample representativeness may not be met. Therefore, researchers often recruit students for such research [12,13,14,41,42,60,81,82,83,84].




4.3. Stimuli


The research tool took the form of a survey supplemented by a set of slides that were shown to individual groups of respondents on a projector in lecture rooms. The survey was translated into the mother tongues of each of the respondent groups. The slides to be selected to had been selected to reflect various predictor variables—the presence/absence of trees, the presence/absence of shrubs, effectiveness of concealment, perceived space use intensity (Figure 1). At the same time, we tried to differ as little as possible in terms of other, unevaluated features that affect preference and danger, such as flowers or the degree to which the landscape is natural [9,27,108]. The pictures came from city parks, with a medium level of naturalness. Both forest landscapes and views of severely manicured landscapes—containing, for example, sculptured plants, hedges, flower beds, etc.—were omitted. The only herbaceous plants were lawns. The trees and shrubs on the slides differ in terms of spatial form (height and width) and are devoid of any strongly distinguishing features (e.g., flowers, colorful leaves). Since the goal is to assess psychological perceptions and preferences, the definition of trees and shrubs is not ecologically based, but perceptually based. We considered shrubs to be no less than about 90 cm in height—in other words, tall enough for a person of average height to hide behind.



For the variable ‘presence of trees’, two categories were formulated: with trees (10 slides) and without trees (8 slides). Similarly, we had two categories for the variable ‘presence of shrubs’: with shrubs (11 slides) and without shrubs (seven slides). We allocated individual slides to a given category based on their content (the presence of trees and shrubs in the picture). The basis for assigning a photo to a specific category was the form of the plant in the landscape, not its botanical/ecological classification. The other two variables were measured based on the respondents’ assessments. We chose photos that contain a vast array of features that may influence this assessment. Thus: the variable ‘perceived space use intensity’ was differentiated by: the possibility to see places where people were present, the presence of elements characteristic of busy circulation paths (lamp posts, benches, rubbish bins, etc.), the width of the path, the degree to which it is overgrown, indicating how busy it is, etc. The variable ‘effectiveness of concealment’ was differentiated by features of the plants that affect the possibility for someone or a group of people to hide behind: the height and width of the shrub, whether it is dense or more ‘lattice-like’, as well as the shape of its crown [15,16,42]. All photos were taken in the summer or late spring. No settings contained people. All slides were oriented horizontally and in color.



There were two target variables—perceived danger and preference. The definitions of the variables were taken from Herzog [13,88]. We adopted the definition of variable efficiency of concealment offered by Lis et al. [42]. In one question, it read as follows: ‘Please imagine that you or someone else may hide behind the shrubs or trees that you can see. How do you rate such a hiding place in terms of effectiveness?’ We asked the respondents, while issuing the assessment, to try to determine how easily they could hide themselves behind the trees or shrubs visible in the picture if they were looking to conceal themselves effectively (for whatever purpose). We explained that the effectiveness of a hiding place is determined by the ease with which a person or a group of people can hide and remain unseen, irrespective of their body position (standing, bent or crouched).



We formulated our own research definition of the variable ‘perceived use intensity’. The relevant question read: ‘Please rate to what extent the path you can see in the photo is used by people. Please give the highest rating to paths where in your opinion you are likely to encounter another user, and the lowest one—to paths which seem desolate and rarely used’.



The questions were preceded by an introduction in which the respondents were asked to imagine that they were walking along the path shown in the picture. When assessing danger or preference, they should refer to the situation presented by the photo and not to the photo per se.



Internal consistency reliability coefficients (Cronbach’s alpha), based on settings as cases and participants as items, ranged from 0.75 to 0.84 (αconcealment = 0.79, αpath use intensity = 0.75, αdanger = 0.84, αpreference = 0.75).



Table 1 contains a list of the variables used in the study together with questions formulated on the basis of the operational definitions cited above.




4.4. Procedure


The study design is described below. The surveys contained four questions, each of which concerned one of the four variables. There were two survey types. These surveys differed only in the order of the photos evaluated. The participants were randomly allocated to each survey. This procedure was aimed at reducing the potential impact that the order of the assessed photos might have on the respondents’ assessments. One half of the respondents completed one survey, and the other half—the other survey. Each respondent assessed all 18 slides four times—separately for each variable. The order of the slides was random and different for each variable. In the middle of the study, the slide order was modified by interchanging the halves of the original order. All the ratings used a five-point scale, ranging from 5 (a great deal [the highest possible rating]) to 1 (not at all [the lowest possible rating]).



The surveys had been translated from English into the mother tongue of each country. Because of the respondents’ relatively poor knowledge of English in all three countries, we did not include the English version of the survey.



The study procedure is described below. The participants answered the questions in lecture rooms. The photos were presented with the following type of projector: 800 × 600 SVGA, 4:3 format, 121 inch diagonal. Prior to completing the questionnaire, all the participants were briefed on the purpose of the study. After the task had been explained, we quickly showed the participants all 18 slides used in the study (2 s per slide). This was done to help them acquire a feel for the landscapes to be assessed, make up their mind about the assessment criteria, become accustomed to the task and practice the task instructions. Then the participants rated the slides by entering their ratings in the surveys.



The study was conducted in sessions, each of which was attended by eight to 18 participants. The viewing time was 15 s per slide. After 36 slides had been presented, there was a five-minute break, followed by an assessment of the remaining 36 slides.




4.5. Data Analysis


The statistical analysis was carried out by means of IBM SPSS Statistics version 25. The software was used to determine Pearson’s correlation coefficients for the variables, and ANOVA and linear regression to test the influence of the predictor variables on the dependent variables. Our ANOVA results are accompanied by estimated conditional marginal means instead of ordinary marginal means, because the groups of slides with trees and shrubs were not equipotent. In order to verify mediation effects, we used the IBM SPSS Amos 25 Graphics application. We conducted all analyses based on the subjects’ results relieved of their individual differences by assuming different random intercepts for each subject (random constant). To this end, we calculated the mean for each subject for each of the studied variables and afterwards we deducted the mean from the results of a given subject.





5. Results


5.1. Relationships between the Variables Measured in the Surveys


Correlation analysis indicated the existence of significant dependences between all four variables measured in the surveys (effectiveness of concealment, perceived path use intensity, perceived danger and preference) among all the subjects (Table 2). Subsequently, we compared the strength of association by country.



In all of the countries analyzed, the directions of association did not change, but the correlation values varied (Table 3). The differentiation was the most pronounced in the case of relationships between preference and all three remaining variables (effectiveness of concealment, perceived path use intensity and perceived danger). The strongest relationships were discovered in the case of the findings obtained in China (respectively: r = −0.30; r = 0.34; r = −0.40), and the weakest ones—in Poland (respectively: r = −0.12; r = 0.12; r = −0.10). The differences for the other variables are considerably smaller.




5.2. The Impact of Effectiveness of Concealment and Perceived Path Use Intensity on Perceived Danger (Hypothesis H1a)


Analysis by means of the ANOVA test has demonstrated that the model predicting the level of assessed danger on the basis of the two predictor variables measured in the surveys (effectiveness of concealment and perceived path use intensity) was statistically significant in all three countries. This explained: 33% of the variance of the dependent variable in China, 23% of its variance in Latvia, and 37% of its variance in Poland (Table 4). Both predictors were statistically significant, with effectiveness of concealment, as opposed to perceived path use intensity, characterized by a positive and stronger association (Table 5). The impact was the strongest in the case of the respondents from Poland (β = 0.46). When the effectiveness of concealment rose by one standard deviation, the perceived danger grew by 0.46 of the standard deviation. On the other hand, the impact of perceived path use intensity on perceived danger proved the smallest in Poland (β = −0.25) and the strongest in China (β = −0.33).




5.3. Impact of the Presence of Trees and Shrubs on Perceived Danger (Hypothesis H1b)


Analysis by the ANOVA test has demonstrated the significance of the presence of shrubs on the impact on perceived danger in all three countries (Table 6). To the greatest extent, the variance of perceived danger was explained by the presence of shrubs in Poland (η2 = 0.23), and to the smallest extent—in Latvia (η2 = 0.12). Despite the differences, the same regularity was found in all three countries. The subjects’ ratings of slides with shrubs were considerably higher than those of slides without shrubs (Table 7). The positive impact of the presence of trees on perceived danger proved much smaller. In Poland, the presence of trees explains 3% of the variance of perceived danger, in Latvia—barely 1%, and in China, the presence of trees proved insignificant to the value of the dependent variable (Table 6). Slides with trees and without trees were rated by the respondents in China in a similar way (Table 7).




5.4. Impact of the Presence of Trees and Shrubs on Preferences


We also explored the impact of the presence of trees or shrubs on preferences in respect of landscape. We compared the findings from the three study groups (from three countries). Analysis by the ANOVA test has demonstrated the significance of the effect of the presence of trees and the presence of shrubs on the impact on preferences in all three countries (Table 8). However, the results differ to some extent. As regards the results from China and Latvia, the presence of shrubs explained preference to a larger extent (respectively: η2 = 0.10 and η2 = 0.09) than the presence of trees (respectively: η2 = 0.05 and η2 = 0.02). The reverse was true for Poland—the presence of trees explained preference to a larger extent (η2 = 0.13) than the presence of shrubs (η2 = 0.06). Despite the differences, the same regularity was found in all three countries. When the respondents were assessing slides with trees, they preferred them noticeably more than slides without trees. The reverse was true for shrubs. Where slides showed shrubs, the subjects assessed their preference as much lower than when the photos had no shrubs (Table 9).




5.5. Mediation Effects (Hypotheses H2 and H3)


We tested the mediation effects that we had predicted (hypotheses H2 and H3) on the entire study group, without dividing them into individual countries. To this end, we performed a mediation analysis. Mediation analysis serves the purpose of checking whether a particular variable mediates the influence of an independent variable (INDV) on a dependent variable (DV). SEM checks if the influence of the mediator on the on DV is significant and whether this can be attributed by the influence of INDV on the mediator. Mediation is said to occur if such a path appears to be significant. Hypothesis H2 assumed that perceived danger would play a mediating role in the relationship between the presence of trees or shrubs and preference. In order to verify the hypothesis, we first of all familiarized ourselves with direct influences. The presence of trees enhanced preferences (β = 0.25), while the presence of shrubs lessened them (β = −0.20). Both the presence of shrubs and trees on the slides increased the perceived danger, although the effect observed for shrubs was noticeably stronger (β = 0.42) than for trees (β = 0.07) (Figure 2).



Analysis of the indirect effects has demonstrated that perceived danger significantly mediated the influence of the presence of shrubs on preferences (β = −0.08). As regards the relationship between the presence of trees and preferences, perceived danger was discovered to have a small yet significant indirect impact, (β = −0.01). The total effects show all impacts (both direct and indirect) of shrubs and trees on preferences (Table 10). The mediator explains 3.6% of the variance.



Hypothesis H3 assumed that perceived danger would play a mediating role in the relationship between perceived path use intensity and preference. First of all, we familiarized ourselves with direct influences. Perceived path use intensity had a positive effect on preference (β = 0.18) and a negative one on perceived danger (β = −0.43) (Figure 3). Analysis of indirect effects has demonstrated that perceived danger significantly mediated the influence of perceived path use intensity on preference (β = 0.08). The total effect (taking account of direct and indirect influences) of perceived path use intensity on preference amounted to β = 0.26 (Table 11). The mediator explains 3.2% of the variance.





6. Discussion


In the first part of the study, we compared test results regarding simple relationships between the examined variables in three countries. Generally, it can be stated that nearly all of the explored relationships have proved significant and have the same indicators, irrespective of the country studied. The only exception is an insignificant impact of trees on danger found in the study conducted in China. In the other two countries, the relationship is significant, but it should be emphasized that it is very weak. Thus, it can be observed that the findings of the study as regards this relationship are also similar within the study groups from various countries.



Our study focused on testing the impact of the studied variables on perceived danger. This was the aim of hypothesis H1. The first part of the hypothesis (H1a) assumed that the effectiveness of concealment and perceived path use intensity would affect the perceived danger. All our tests have confirmed this hypothesis. A comparison of the results from the three study groups has shown that differences including are rather insubstantial. What is more, their meaning does not change. Among all the participants, there occurs a significant and relatively strong impact of effectiveness of concealment and perceived path use intensity on perceived danger. At the same time, in every study group, the influence of the effectiveness of concealment is greater. This can be seen both when comparing correlation coefficients and regression models that predict the level of perceived danger on the basis of effectiveness of concealment and perceived path use intensity. The second part of the hypothesis (H1b) assumed that the presence of trees and shrubs has an impact on perceived danger. The hypothesis has only been confirmed fully with regard to the presence of shrubs. The variable substantially differentiates the ratings of the studied landscapes as to the perceived danger. All the respondents perceived locations with shrubs as more dangerous than surroundings without them. The presence of shrubs explains the variance of danger perceived by the study subjects in China, in Latvia and in Poland at 18%, 12% and 23%, respectively. For the ‘presence of trees’ variable, hypothesis H1b was not confirmed. Trees only increase the sense of danger as assessed by Poles and Latvians to a small extent, while for the Chinese the presence of trees has no significant impact on danger rating. The results obtained in three research groups can thus regarded as very similar.



The biggest differences in the results obtained in individual countries were observed when comparing the strength of impact of the studied variables on preferences. In particular, the differences concern the influence of the three variables measured in the survey—effectiveness of concealment, perceived path use intensity and perceived danger. The impact is definitely the weakest in the Poles’ ratings, while the strongest was seen in the ratings provided by the Chinese subjects. Furthermore, the meaning of the variables is different for each of the three nations. In the case of the Chinese, the biggest influence on preference was exerted by perceived danger. These two variables were the most closely correlated with each other (r = −0.40). As regards the Latvian respondents, it was perceived path use intensity that had the strongest correlation with perceived danger (r = −0.30). In Poles, the strength of the correlation between preference and effectiveness of concealment, perceived path use intensity and perceived danger is similar (respectively: r = −0.12; r = −0.12 and r = −0.10).



The data obtained in our study do not allow us to explain the reasons for the differences. The study was not designed to do so. We only set out to check to what extent people of various nationalities who live in different geographical regions perceive urban green spaces similarly and to what extent their perceptions differ. The discovered differences call for further, more detailed studies, designed to identify the causes of such differences. In our opinion, the reasons may be found both in the cultural context that has shaped the respondents’ personalities and in the environment that has influenced their perception of various forms of landscape. Firstly, the study was conducted using photos of settings typical of urban parks in Poland and Latvia. Chinese parks differ in form and composition, and as regards plant species, which may have had a noticeable impact on the ratings. Secondly, geographical conditions related to the place of residence may influence the general perception of danger in urban green spaces and on individual’s sensitivity to danger. One can assume that people living in crime-ridden areas will have a different attitude to danger than people who have no daily contact with the problem. Consequently, respondents with a high sensitivity to danger will be more likely to rate dangerous settings as low in terms of preference than people less sensitive to danger. These assumptions, however, are only hypotheses that require further research.



The results obtained concerning the influence of the studied variables on preferences also feature significant limitations resulting from the selection of the slides presented. A relatively small number (18 slides) were used, which does not allow for the control of a number of variables. In particular, the influence of trees and shrubs on preferences will certainly vary depending on a number of other spatial features, such as the composition, the number of shrubs and their density, species and individual characteristics of the plants, their state of upkeep, etc. Establishing preferences for trees and shrubs in parks therefore requires in-depth research taking into account the possibility of examining at least some of these features.



The results concerning the impact of the examined variables on danger are in line with the previous studies. The importance of social control for space safety [98,99] has been confirmed with our variable ‘path use intensity’. Likewise, the role of concealment, a danger predictor included in the Nasar/Fisher model [12,45], has also been supported. The strength of the correlation between this variable and perceived danger is similar to that found in other studies dealing with the impact of hiding places on perceived danger or fear of crime [14]. It has to be pointed out, however, that a similar study conducted by Lis et al. [42] have demonstrated a noticeably stronger correlation between effectiveness of concealment and perceived danger (r = 0.90). On the other hand, the studies dealt with hot spots of crime and fear, where much stronger reactions from respondents to perilous factors can be expected than in the case of generally understood urban green spaces.



The study findings concerning the effect of the presence of trees and shrubs on perceived danger are also not surprising. The far greater influence of shrubs s than trees on perceived danger can be explained both deductively, and by referring to studies and theoretical models. Particularly useful in predicting the influence of trees and shrubs on danger is the Nasar/Fisher model [12,45]. If, on the basis of the model, we accept that the primary predictors of danger are: concealment, prospect and escape, we must conclude that shrubs probably exert a bigger influence on perceived danger than trees. To some extent, trees can provide a hiding place, but will rarely hinder escape or constitute something that might block one’s view.



All in all, we can state that the relationships assumed in hypothesis H1 have been supported in the studies conducted in all three countries. This enables us to suspect that the nature of the relationships is, at least partly, independent of environmental conditions. This is also indirectly supported by the universalism of such theories and models as the Nasar/Fisher model [12,45] or Appleton’s prospect-refuge theory [72,73].



The subsequent analyses were aimed at verifying the supposed mediation effects (hypotheses H1 and H2). Our tests have confirmed the mediation effect of perceived danger in the influence of the examined variables on preference. The role is clearly visible in the impact of the presence of shrubs and path use intensity on preferences (in both cases β = 0.08). As regards the impact of trees on preference, although the mediation effect is statistically small, yet significant (β = 0.01). All the mediations are partial mediations—the predictor variables also affect the dependent variable (preference) if the mediator (perceived danger) is controlled in the model. The findings can be interpreted as described below. The presence of trees has a positive impact on our preferences, while the presence of shrubs has a negative influence on them. Settings with shrubs are generally less liked than settings without shrubs. This is consistent with other studies. Some researchers have found that people prefer open spaces with trees or surrounded by forest [51,91,92,93]. The results of the study also indicate that people do not like space containing dense shrubs [109,110]. However, such assessments partly result from the fact that shrubs increase our sense of danger. A similar regularity can be noticed in the case of the variable ‘path use intensity’. The variable exerts a positive impact on our preferences towards a landscape. We prefer parks with people to desolate places. However, our preferences do not only result from our attitude to the presence of people in parks as such. They are partly due to the fact that the presence of people reduces danger in space. We tend to like places with people, because—among other things—they are safer. It is worth noting that the lack of human presence in a particular area is not necessarily a negative feature; on the contrary, it can be perceived positively, as offering peace and quiet, the possibility to relax, desired privacy [111]. Research conducted by Lis et al. [41] revealed that secluded places in parks are contradictory–on the one hand, they are liked because of the sense of privacy resulting from a lack of perceived surveillance; on the other, they are not liked because of the sense of danger they evoke.



Apart from the above limitations, there are some associated with the selection of the study group. The study respondents were university students. Some researchers believe that there are grounds for generalizing the results of studies involving university students to the entire population [112].



Considering all the limitations indicated above, the findings from this study can only be described as tentative. Nevertheless, they constitute an important starting point for further, more detailed investigations. It is also one of the few studies dealing with the impact of the spatial features of green spaces on perceived danger conducted simultaneously in study groups from various countries.




7. Conclusions


A comparison of the results gained from the research carried out in different countries indicates that the influence of trees and shrubs and the intensity of path use on perceived danger is of a rather universal nature—the results obtained in the three countries can be considered to manifest an evident similarity. The greatest differences in the results obtained in individual countries are observed when comparing the extent to which effectiveness of concealment, perceived path use intensity and perceived danger influences preferences. An explanation for the causes of these differences requires further research.



Our findings allow us also to draw some practical conclusions:




	
The results we obtained indicate that our attitude to trees in green spaces is hardly related to space safety. Although the studies carried out by Lis et al. [42] have demonstrated that the situation differs in hot spots of crime, we can generally assume that in urban green spaces trees have a positive influence on preferences. The way we relate to shrubs differs. Despite the limitations mentioned above, our studies lead us to the conclusion that the tendency to rate settings with shrubs lower is partly connected with the fact that shrubs decrease space safety.



	
Many researchers recommend improving visibility at the ground level by reducing the height of shrubs, raising the tree canopies and supplying grass or smooth ground [1,2,11,30]. Indeed, dense shrubs evoke a sense of fear and danger particularly along a park trail [29]. In the light of our research, we can state that such proposals are justified. However, this recommendation is primarily applicable to areas in which the variable ‘perceived danger’ is of importance. Safe areas (e.g., private parks owned by individuals or institutions) do not have to eliminate shrubs. In green public spaces, reducing the number of shrubs should be carried out with due caution. Shrubs, as previously mentioned, are an important element enhancing the social and natural values of green urban spaces. Their removal would negatively affect the quality of ecosystem services. Therefore, such operations should be focused on sensitive spots that are crucial to safety: along important communication routes (in particular those with no alternative routes), in areas located near residential buildings, schools, kindergartens and other facilities that are particularly important for the life of city residents. Operations reducing shrubs are also more justified in areas that are hot-spots of crime than in districts where the crime rate is low.



	
Space safety is largely affected not by the very presence of shrubs, but by their concealment/coverage properties. Consequently, when selecting shrubs for lower-safety areas, one should disregard any dense, high and broad vegetation, and instead use ‘lattice-like’ plants, with slim forms, or low ones, which cannot hide a person. Such shrubs will not instill a sense of danger but will constitute an appealing supplement to the composition.



	
The final conclusion regards perceived space use intensity. Irrespective of the actual number of space users, any signs that an area is desolate lead to a sense of danger. The best solution for dangerous spaces is to bring them to life so that they are universally and frequently used. If this is not possible, it is important to remove any signs of desolation from them, such as overgrown paths, missing original furnishings, wild or neglected vegetation. However, these operations should apply to places where a sense of safety is more important than a sense of privacy. Areas that can function as silent places of relaxation, loneliness and contact with nature can be equipped with routes without signs of frequent use.
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Figure 1. Examples of settings in different categories: (a) Examples of four possible situations resulting from the use of categories ‘with trees/without trees’ and ‘with shrubs/without shrubs’ (b) ‘High concealment effectiveness’ and ‘low concealment effectiveness’ settings (c) ‘Perceived high path use intensity’ and ‘perceived low path use intensity’ settings 
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Figure 2. A model showing the impact of trees and shrubs on preferences, taking account of the mediation effect of perceived danger. 
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Figure 3. A model showing the impact of perceived path use intensity on preference, taking account of the mediation effect of perceived danger. 
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Table 1. The variables used in the study together with the questions used in the questionnaire.
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Variables

	
Measurement Method






	
predictor variables

	
the presence/absence of trees

	
Category resulting from the selection of photos




	
the presence/absence of shrubs

	
Category resulting from the selection of photos




	
effectiveness of concealment

	
Evaluation of the respondents (1–5) in answer to the question:‘Please imagine that you or someone else might want to hide behind the shrubs or trees you see. How do you rate such a hiding place for effectiveness?’




	
perceived path use intensity

	
Evaluation of the respondents (1–5) in answer to the question:Please rate to what extent the path you can see in the photo is used by people. Please give the highest rating to paths where in your opinion you are likely to encounter another user, and the lowest one—to paths which seem desolate and rarely used’




	
target variables

	
perceived danger

	
Evaluation of the respondents (1–5) in answer to the question:‘How dangerous is this setting? Please imagine you’re walking along such a path. How likely is it that you could be harmed in this setting?’




	
preference

	
Evaluation of the respondents (1–5) in answer to the question:‘How much do you like the setting? This is your own personal 