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Abstract:



Urban parks and forests provide many services to society and are becoming essential components within urban landscapes worldwide. While substantial research and actions have been taken to understand various ecosystem services of urban forests and parks, significantly less effort has been made on people’s perceptions toward the effectiveness of these services. In addressing the above research needs, we conducted a field survey and hypothesized that an individual’s knowledge will lead to different pro-environmental behaviors in urban forests and parks. Using the Toledo, Ohio, USA as our study site, we collected 267 interviews from five of the area’s most frequented urban parks. A three-way ANOVA and two Partial Least Square Structural Equation Models quantified the causal relationship among demography, plant knowledge, environmental knowledge, and pro-environmental behaviors. We found that: (1) different levels of plant knowledge will have different influences on environmental behaviors; (2) pro-environmental behavioral models can be based on planned behaviors or habitual behaviors; and that (3) gender may not be an influential factor in determining pro-environmental behaviors. Environmental knowledge, especially plant knowledge, plays a key role in fostering pro-environmental behaviors. Therefore, we reason that disseminating plant knowledge education materials will profoundly raise visitors’ pro-environmental behaviors.
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1. Introduction


The concept of ecosystem services has been promoted as one of the key foundations in managing natural ecosystems since its creation just decades ago [1,2]. Central to this concept is that natural ecosystems, if managed properly, can produce multiple functions to serve society and people well. The concept is evident even within this special issue’s primary focus, “Urban and peril-urban forests (UPFs) can play a pivotal role in supporting the quality of life in our cities”. While substantial research and actions have granted an understanding of various ecosystem services and advanced theories, the necessary tools to forecast ecosystem services of various ecosystems across multiple spatiotemporal scales and to demonstrate ecosystem service potential have yet to be thoroughly developed [3,4]. Specifically, people’s perceptions toward the effectiveness of these ecosystem services require more attention and focus in the literature. Here, we argue that an individual’s knowledge of their surrounding natural environment and behaviors toward it directly relate to their perception of the ecosystem service’s effectiveness. Understanding this relationship will contribute to sound, adaptive management plans, future policy, and, ultimately, a sustainable maintenance of ecosystems and their services for all society. With the majority of people living in urban areas [5], the need to understand people’s perception is ever urgent, especially when promoting global “green” or “smart” cities [4,6,7]. In this study, we challenge ourselves with a key question: whether a citizen’s pro-environmental behaviors and plant knowledge directly influence their pro-environmental behavior towards urban forests and parks.



Many environmental issues are directly or indirectly associated with human behaviors [8,9,10,11], which in turn influence long-term solutions towards these issues [12,13]. It has been hypothesized, for example, that environmental education could have a positive outcome on the pro-environmental behaviors of a society and prevent further irresponsible behavior [13,14,15]. Similarly, scientific investigations on pro-environmental behaviors are receiving more attention than ever to understand the roles of human behaviors and knowledge towards environmental issues and alternative solutions. For example, strong pro-environmental intentions occur at higher rates among environmentally educated students than among those who are uneducated [14,16,17,18,19]. Therefore, environmental education in many nations is becoming a required component in higher education and research programs to promote environmental awareness and action (e.g., Environmental Education Grant offered by United States Environmental Protection Agency).



In the 1980s, environmental education became popular within most educational institutions, leading to new sources of empirical evidence for pro-environmental behavioral scientists. Collected mostly from surveys and interviews with students, the effort to understand education’s importance in human behaviors toward environmental issues expanded [16,18,20,21,22]. These preliminary studies are biased, however, as the students reflect only a part of society, regardless of their future influence. In this study, we included multiple demographic groups to explore society’s relationship between pro-environmental knowledge and behavior and hypothesized that plant identification can be effective on the connections between people and nature, which in turn will affect their pro-environmental behaviors.



To test this hypothesis, we surveyed regular park users to explore whether a relationship exists between an individual’s plant knowledge and pro-environmental behaviors. Pro-environmental behaviors can be divided into either planned or habitual (e.g., routine) behaviors. The Theory of Planned Behaviors specifies that intention is the direct formative factor for planned behaviors [23]. Following this school of thought, individual pro-environmental intentions can lead to planned pro-environmental behaviors. Habitual behaviors, however, are unconscious behaviors without subjective judgment [24], whereas intention is a reflection of previous behaviors. Habitual pro-environmental behaviors can then lead, modify, or develop pro-environmental intentions and regulate their future pro-environmental behaviors. In addition to people’s pro-environmental intentions and behaviors, environmental knowledge can also shape individual pro-environmental behaviors. Although Kollmuss & Agyeman (2002) argued that a weak association exists between environmental knowledge and pro-environmental behaviors [25], Cottrell et al. (2003) found a significantly tight relationship [26]. Even fewer studies have focused on whether an individual’s plant knowledge can affect pro-environmental behaviors. In this study, we further hypothesize that a person’s individual knowledge can affect both planned and habitual pro-environmental behaviors. Pro-environmental behaviors can be quantified by tracking the specific actions of an individual, but an alternative is to solicit people’s self-reported behaviors (i.e., stated behaviors) with carefully constructed questions in studies where behaviors cannot be observed by the researchers.



We conducted an on-site survey within Toledo, Ohio’s top five most-visited urban parks to assess visitor pro-environmental and plant knowledge and ultimately evaluate whether it related to their planned and/or habitual pro-environmental behaviors. By combining both general pro-environmental knowledge (e.g., technologies, environmental issues) and plant knowledge, we collected both institutionally taught and location specific knowledge to explore how the park visitor relates to and understands their natural area’s ecosystem services. By disseminating surveys on site, we targeted a broad demographic and representation of metro-park visitors. Our overall objective, therefore, explored how people’s knowledge on plants and the environment may influence their pro-environmental behaviors by demographic group.




2. Materials and Methods


2.1. Materials


We chose the top five most visited urban parks in Toledo, Ohio (USA) to conduct our surveys of park visitors: Wildwood Preserve, Toledo Botanical Garden, Ottawa Park, Oak Openings Preserve, and Swan Creek Preserve (https://metroparkstoledo.com/). All urban parks of Toledo (a.k.a. Toledo Metro parks) are open to the public. Toledo’s first urban park opened in 1930 with a total of fourteen to follow as the city acquired more land. Over four million visitors enjoy the urban parks each year. These urban parks and forests serve as a venue for natural recreation, daily activities such as jogging and cycling, and environmental education centers. Local plant specimens from the urban park were included in the survey’s questionnaire.




2.2. The Questionnaire & Design


We assumed that plant knowledge affects pro-environmental behaviors. Aside from the limited literature discussing plant knowledge, few studies have covered an individual’s demographic influence on their pro-environmental behavior. In light of these results, we designed our survey questionnaire to include demographic information, as well as 27 questions partitioned into four categories: plant knowledge, environmental knowledge, pro-environmental intention (future behaviors), and pro-environmental behaviors (Table 1). The primary demographics collected in our survey to evaluate pro-environmental behaviors included education level, age, and gender. Survey participants were also evaluated for their level of knowledge. We assume that the ability to identify plant species is a meaningful indication of a visitor’s knowledge about a park and/or forest, although other measures (e.g., scenery, locations, unique landscape features) may be also used as credible indicators. Common tree species found in the urban parks were included in the questionnaire to understand a participant’s plant knowledge and capability to identify native plants. Based on the participant’s ability to match the species’ image with its correct name, we analyzed the relationship between knowledge and self-reported pro-environmental behaviors.


Table 1. The survey questionnaire includes four main categories: plant knowledge (PK), environmental knowledge (EK), pro-environmental intentions (IN); future behaviors (FB), and pro-environmental behaviors (AB). Demographics include gender (G), age (AG), and education (ED).










	Questionnaire
	Acronym
	Explanations





	Categories Plant knowledge
	PK
	Photos of common plants in the Toledo area showing typical features of the plants including leaves, fruits, and flowers. Volunteers were asked to match the photos with plant name.



	Environmental knowledge
	EK
	Popular environmental issues facing the local ecosystems and environmental terminology.



	Pro-environmental intention
	IN (FB)
	Willingness for people to behave in an environmental way in their daily lives.



	Pro-environmental behaviors
	AB
	Behaviors of participant in environmental protections (e.g., waste reduction, recycling, energy saving, etc.).



	Demographics
	
	



	Gender
	G
	Male or female



	Age
	AG
	Adults (>18 years old)



	Education
	ED
	Highest education level achieved: primary/secondary school, high school, two-year college, four-year college, and graduate studies









In this questionnaire, we test two types of knowledge to evaluate its influence the pro-environmental behavior (Table 2): plant knowledge (PK) and environmental knowledge (EK). Knowledge itself is processed by awareness and perception before translating into a behavior. Scientific information, meanwhile, is based on logical reasoning and is indifferent and impassive. The difference between individuals who hold either perception can result in a wide assortment of opinions and behaviors. For example, a scientifically articulated individual will easily comprehend the science behind their environment but demonstrate fewer pro-environmental behaviors, while someone who is less scientifically articulated may be more inclined to exert pro-environmental behaviors due to a higher awareness [16]. We view plant and environmental knowledge as the most fundamental variables that influence the pro-environmental behavior of a visitor. Environmental knowledge represents the understanding of environmental and/or basic sciences, which is more abstract and impersonal than local plant knowledge. However, personal emotion and one’s care for the environment are responsible for translating environmental knowledge into action and behavior [27]. To link the visitor’s awareness towards their perceived beauty and inspiration by their environment [28], as well as their own emotions and care towards their local environment, our surveys included colorful illustrations of native plant species found throughout the urban park.


Table 2. Mean and standard deviation (STD) of plant knowledge (PK) score and environmental knowledge (EK) score by gender, age (18–39 or >40 years old), and education.





	
Gender

	
Age

	
Education

	
PK

	
EK




	
Mean

	
STD

	
N

	
Mean

	
STD

	
N






	
Female

	
40−

	
Low

	
6.05

	
2.56

	
38

	
1.50

	
1.18

	
38




	

	
High

	
7.06

	
2.58

	
51

	
2.04

	
1.41

	
51




	

	
Total

	
6.63

	
2.60

	
89

	
1.81

	
1.34

	
89




	
40+

	
Low

	
4.20

	
2.57

	
10

	
1.70

	
0.95

	
10




	

	
High

	
7.98

	
2.11

	
46

	
2.17

	
1.18

	
46




	

	
Total

	
7.30

	
2.62

	
56

	
2.09

	
1.15

	
56




	
Total

	
Low

	
5.67

	
2.64

	
48

	
1.54

	
1.13

	
48




	

	
High

	
7.49

	
2.40

	
97

	
2.10

	
1.30

	
97




	

	
Total

	
6.89

	
2.62

	
145

	
1.92

	
1.27

	
145




	
Male

	
40−

	
Low

	
3.76

	
1.25

	
17

	
2.29

	
1.45

	
17




	

	
High

	
3.73

	
1.37

	
37

	
2.11

	
1.54

	
37




	

	
Total

	
3.74

	
1.32

	
54

	
2.17

	
1.50

	
54




	
40+

	
Low

	
2.71

	
1.60

	
7

	
0.86

	
0.90

	
7




	

	
High

	
4.58

	
1.82

	
48

	
2.56

	
1.27

	
48




	

	
Total

	
4.35

	
1.89

	
55

	
2.35

	
1.35

	
55




	
Total

	
Low

	
3.46

	
1.41

	
24

	
1.88

	
1.45

	
24




	

	
High

	
4.21

	
1.68

	
85

	
2.36

	
1.40

	
85




	

	
Total

	
4.05

	
1.65

	
109

	
2.26

	
1.42

	
109




	
Total Male and Female

	
40−

	
Low

	
5.35

	
2.47

	
55

	
1.75

	
1.31

	
55




	

	
High

	
5.66

	
2.71

	
88

	
2.07

	
1.46

	
88




	

	
Total

	
5.54

	
2.61

	
143

	
1.94

	
1.41

	
143




	
40+

	
Low

	
3.59

	
2.29

	
17

	
1.35

	
1.00

	
17




	

	
High

	
6.24

	
2.60

	
94

	
2.37

	
1.24

	
94




	

	
Total

	
5.84

	
2.72

	
111

	
2.22

	
1.25

	
111




	
Total

	
Low

	
4.93

	
2.52

	
72

	
1.65

	
1.25

	
72




	

	
High

	
5.96

	
2.66

	
182

	
2.23

	
1.35

	
182




	

	
Total

	
5.67

	
2.66

	
254

	
2.06

	
1.35

	
254










We hypothesized that the participant would be more likely to engage in pro-environmental behavior and intentions if they had higher levels of plant identification and environmental knowledge, which we extracted from the survey score. Plant knowledge was determined through nine quizzes (Supplement Materials, Appendix A: Q1–Q9). Tree species common in the Toledo urban parks and forests were featured in pictures for participants to match with a list of names, including: maple (Acer sp.), spruce (Pica sp.), sycamore (Plotinus sp.), oak (Quercus sp.), cottonwood (Populous sp.), dogwood (Cronus sp.), honeysuckle (Locker sp.), basswood (Talia sp.), ash (Fraxion’s sp.), mulberry (Murus sp.), and pine (Pinups sp.) (Supplement Materials, Appendix B). A participant’s final score indicates their awareness of plants. Environmental knowledge was based on the participant’s score when answering five environmental questions, which included major environmental issues that do not require expert knowledge (Supplement Q15, Q16, Q19, Q20, Q22) such as global warming, carbon emissions, green technology, etc.



Self-reported pro-environmental intentions and behaviors including energy saving and recycling activities in everyday life evaluated the causal relationship between intentions to behaviors [23,29]. The pro-environmental behaviors were measured by frequency (Supplement Q14A–Q14J), which was divided into three classes: never, sometimes, and always. Intention was measured by the frequency of the corresponding behaviors, which consisted of four categories: never, sometimes, often, and always (Supplement Appendix A Q24A–Q24H).




2.3. The Surveys


We conducted our surveys during the summer of 2014 using in-person convenience sampling. The population of the Greater Toledo Area (i.e., Lucas County) was 432,488 in 2016 according U.S. Census Bureau (https://www.census.gov/quickfacts/fact/table/lucascountyohio/PST045216, accessed on 7 March 2017), with approximately 278,000 residents in the city of Toledo. This assures a 90% confidence level and a margin error of 5%. We collected 267 completed surveys from adults (>18 years old). The amount of the questionnaires determined at the study design was chosen so as to sample ~1% of the population (i.e., ~270). Our survey sites were located in populated and diversified districts in Toledo. We found that most visitors included retirees and homemakers during working hours (9:00 a.m.–5:00 p.m.), while professionals visited the parks and urban forests after 5:00 p.m. To ensure sample diversity, we continued surveying during both periods of time and within different age, gender, and education groups.




2.4. Analysis of Variance (ANOVA)


Age (AG) divides the surveys into two groups: 18–39 and >40 years old (Table 2). Education (ED) divides the surveys into a low or high group, where the low group includes those with primary school, secondary school, and a two-year college education; the high education group includes those with four-year college degrees and graduate school education (Table 2). A three-way analysis of variance (ANOVA) was used to test the effects of different factors (age, gender, and education) and their interactions with plant knowledge (PK) and environmental knowledge (EK) in a general linear model:


Y = μ + α + β + γ + α × β + β × γ + α × γ + α × β × γ + error



(1)




where μ is the predicted mean, and α, β, γ represent age, gender, and education, respectively.




2.5. Structural Equation Modeling (SEM)


Our SEM models are comprised of two observed variables (PK and EK) and two latent variables (IN/FB and AB, Table 1). Two models developed the SEM. The first SEM (planned behavioral model) hypothesized that the pro-environmental behaviors (AB) of the visitors are planned behaviors, where AB is caused by IN (Figure 1a). The second SEM model (habitual behavioral model) hypothesized that the behaviors were unplanned behaviors, which can influence FB. Pro-environmental intention (IN) is indicated by FB in the habitual behavioral model. We also tested if age (AG), education (ED), and gender (G) would influence pro-environmental behaviors. These models explain how pro-environmental behaviors may form. We focused on the interactions among the behavioral factors, as well as their statistical relationships.


Figure 1. Path diagram of structural equation model (SEM) of pro-environmental behaviors based on two scenarios. The solid lines indicate significant relationships, while dash lines indicate non-significant relationships between plant knowledge (PK), environmental knowledge (EK), pro-environmental intentions (IN; FB), and pro-environmental behaviors (AB). Demographics include gender (G), age (AG), and education (ED).



[image: Forests 09 00171 g001]






Partial least square structural equation modeling (PLS-SEM) is applied as our primary statistical tool for achieving the study objective because there is little priori knowledge or theoretical base on the causal relationship [30]. Compared with confirmatory, covariance-based SEM (CB-SEM), PLS-SEM is the preferred method when the research object is for theory development, particularly when there is little priori knowledge on structural model relationships and the emphasis is more on exploration than confirmation [31]. Also, PLS-SEM works effectively with small sample sizes, especially when formatively measured constructs (i.e., latent variables) are constructed as a component of the SEM [31]. Suites of hypotheses were tested through SEMs (Table 3).


Table 3. Supported and unsupported relationships of the two structural equation models (SEM) by hypotheses testing based on bootstrapping with individual changes algorithm. Model A: planned behavioral model; Model B: habitual behavioral model; CI: confident interval; b: path coefficient; A: accepted hypothesis; R: rejected hypothesis.











	Model A
	b
	CI (Lower)
	CI (Upper)



	PK → AB (A)
	0.066
	0.003
	0.185



	PK → IN (A)
	0.144
	0.005
	0.290



	EK → AB (R)
	0.043
	0.000
	0.143



	EK → IN (A)
	0.188
	0.011
	0.352



	IN → AB (A)
	0.740
	0.541
	0.837



	G → AB (R)
	0.008
	0.000
	0.030



	AG → AB (R)
	0.039
	0.000
	0.138



	ED → AB (A)
	0.105
	0.009
	0.222



	Model B
	
	
	



	PK → AB (A)
	0.152
	0.010
	0.319



	PK → FB (R)
	−0.035
	−0.114
	0.000



	EK → AB (A)
	0.198
	0.016
	0.367



	EK → FB (R)
	0.004
	0.000
	0.011



	AB → FB (A)
	0.794
	0.657
	0.842



	G → AB (R)
	0.051
	0.000
	0.160



	AG → AB (A)
	0.164
	0.006
	0.318



	ED → AB (A)
	0.127
	0.008
	0.308









Formative measurement was applied to measure the two latent variables (Figure 2) so that internally consistent reliability checks and indicator reliability checks would not be required [32] and so that criteria such as Cronbach’s alpha, composite reliability, AVE, and cross-loadings would not be needed. We checked the inner and outer VIF for collinearity. They all met the rule of thumb with a threshold of VIF < 5.


Figure 2. Decision making process for eliminating formative items of each construct and the results of the two SEM models: (Model A) planned behavioral model and (Model B) the habitual behavioral model.
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Smart PLS 3.0 constructed our PLS-SEM, which does not assume normally distributed data but rather relies on a nonparametric bootstrap procedure [30,32,33,34]. Our selection criteria were based on the Decision-Making Process for Keeping or Deleting Formative indicators proposed (Figure 1) [32]. In this process, the significance of outer weight for the model is tested first. When the outer weight is significant with p < 0.05, the formative items can be retained. When the outer weight is not significant, the formative indicators’ outer loading requires further analysis. If the outer loading is >0.5, the formative items can still be retained. Otherwise, the items must be removed from the corresponding aspects. Bootstrapping with individual sign change resulted in the deletion of several items used for aspects of actual behaviors and future behaviors (intention). Bootstrapping is a resampling process in PLS-SEM for testing the statistical significance. The common algorithms used for bootstrapping have no sign change or individual sign change [32]. By bootstrapping with individual changes, we tested this series of specific hypotheses (Table 3).





3. Results


3.1. Survey Results


Completed surveys included 145 females and 109 males with complete education, age, and level of education. For the highest level of education in females, 1% completed primary school, 32% high school, 22% had a two-year college degree, 19% had a four-year college degree, and 26% had a graduate degree (Figure 3a). Highest levels of education in the male population were 22% high school, 24% a two-year college degree, 28% had a four-year college degree, and 27% had a graduate degree (Figure 3b).


Figure 3. Composition of surveyed visitors (population %) for female (a) and male (b) by age and education. SS: Secondary school, HS: High school, C2: two-year college, C4: four-year college, G+: Graduate education.
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3.2. ANOVA Results


The ANOVA on plant knowledge (PK) indicated significant effects from gender (P = 0.00), education (P = 0.00), education x gender (P = 0.03), and education x age (P = 0.00) (Table 4, Figure 4a). For environmental knowledge (EK), we found significant effects from education (P = 0.00), age x education (P = 0.03), and the three-way interaction between education, age, and gender (P = 0.02) (Table 4, Figure 4b).


Figure 4. Contrasts of estimated marginal means of (a) plant knowledge; (b) environmental knowledge among different demographic groups. Only means with significant differences are shown.
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Table 4. Statistical results of ANOVA (Equation (1)) on the effects of gender (G), age (AG), and education (ED) on plant knowledge (PK) and environmental knowledge (EK).





	
Source

	
PK

	
EK




	
SSE

	
de

	
MSE

	
F

	
P

	
SSE

	
de

	
MSE

	
F

	
P






	
G

	
264.14

	
1

	
264.14

	
59.14

	
0.00

	
0.40

	
1

	
0.40

	
0.23

	
0.63




	
AG

	
3.06

	
1

	
3.06

	
0.69

	
0.41

	
1.01

	
1

	
1.01

	
0.59

	
0.44




	
ED

	
105.00

	
1

	
105.00

	
23.51

	
0.00

	
15.37

	
1

	
15.37

	
8.96

	
0.00




	
G × AG

	
1.30

	
1

	
1.30

	
0.29

	
0.59

	
4.16

	
1

	
4.16

	
2.43

	
0.12




	
G × ED

	
20.86

	
1

	
20.86

	
4.67

	
0.03

	
0.61

	
1

	
0.61

	
0.36

	
0.55




	
AG × ED

	
52.41

	
1

	
52.41

	
11.73

	
0.00

	
7.99

	
1

	
7.99

	
4.66

	
0.03




	
G × AG × ED

	
1.81

	
1

	
1.81

	
0.40

	
0.53

	
9.18

	
1

	
9.18

	
5.35

	
0.02




	
Error

	
1098.75

	
246

	
4.47

	

	

	
421.90

	
246

	
1.72

	

	










Gender relationships with PK indicated that, on average, females (6.89) had more plant identification knowledge than males (4.05); and that education’s relationship with PK suggested that low-educated visitors (4.93) had less plant identification knowledge than highly-educated visitors (5.96) (Table 2). The significant, interactive effects from gender and education further indicated that, on average, plant identification knowledge for both low-educated females (5.67) and males (3.46) and high-educated females (7.49) and males (4.21) varied significantly by gender.



The significant interaction between age and education indicated that, on average, people of 40− years age (5.35) were less educated and had more plant identification knowledge than those with 40+ years of age (3.59). However, the highly-educated people of the 40+ year age group (6.24) had more plant identification knowledge than people of the 40− age year group (5.66) (Table 2 and Table 4, Figure 4).



This significant effect from education on environmental knowledge appeared to be coupled with insignificant, independent effects from gender and age (Table 3). The environmental knowledge of a low-educated group (1.65) was less than that of the highly-educated group (2.23) (Table 2). A significant, interactive effect from age and education that was not consistent across the two gender groups was found. This caused a significant three-way interaction between gender, age, and education. Females of 40− years age (low = 1.50, high = 2.04 by education) had less environmental knowledge than those at 40+ years age (low = 1.70, high = 2.17). Low-educated males (2.29) had more environmental knowledge than highly educated males (2.11) when they were 40− years of age. Additionally, low-educated males of 40− years of age (2.29) had more environmental knowledge than those of 40+ years age (0.86). However, this was the opposite case for highly educated males (40− years = 2.11; 40+ years = 2.56) (Table 2 and Table 4, Figure 4b).




3.3. PLS-SEM Results


Formative factors of pro-environmental intention and behaviors were selected by the PLS-SEM (Figure 2). In model A, the remaining items for AB were comprised of five questions about reducing waste, reusing useful waste, recycling waste, reducing cook-related pollution, and waste sorting (supplement Q14 C, D, E, F, and Q21), while the remaining items for IN were formed by two questions on reusing useful waste and recycling waste (supplement Q24 A, C). In model B, the remaining items for AB included Q14C, D, E, F, J, and Q21, where Q14 and J were about minimizing detergent use, while the remaining items for FB included: Q24A, C, D, and Q24, where D was about the purchase of environmental household products (Figure 2).



Significant casual relationships were found between IN and AB, and between AB and FB (Table 3, Figure 1). The PLS-SEM tested the hypotheses based on the confidence interval. The significant influence was verified if the confidence interval did not cover 0. In model A, we proved that IN can significantly influence AB (CV [0.541, 0.837]) and that PK can significantly influence both AB (CV [0.003, 0.185]) and IN (CV [0.005, 0.290]), while EK did not influence AB (CV [0, 0.143]), only IN (CV [0.011, 0.352]). However, ED was the only demographic variable which could influence AB significantly (CV [0.009, 0.222]).



In model B, we found a significant effect from PK on AB (CV [0.010, 0.319]) and a significant effect from EK on AB (CV [0.016, 0.367]). Both EK (CV [−0.114, 0]) and PK (CV [0, 0.011]) did not influence FB significantly. A significant effect was found from AB to FB (CV [0.657, 0.842]). Both AG (CV [0.006, 0.318]) and ED (CV [0.008, 0.308]) significantly influenced actual behaviors in model B (Table 3, Figure 1b).





4. Discussion


4.1. The Influences of Demography on Knowledge


Through our ANOVAs, females (6.89) show more PK than males (4.05) (Figure 4a, Table 2), which indicates that females exhibit more knowledge than males in recognizing plants. A possible explanation is that women may have more access to plant identification knowledge than men; however, there is much discussion regarding historical gender roles in gardening and botany [35,36]. We also found that education was a major factor responsible for the difference between PK and EK among the visitors. However, there was an exception—low educated females (5.67) had more PK than highly educated males (4.21). From this study, it seemed that females are more knowledgeable on PK than males, regardless of the education background. Low educated males 40− years of age (2.29) knew more EK than those of the 40+ years of age group (0.86). Additionally, all visitors 40− years of age (5.35) knew more PK than visitors 40+ years of age (3.59), regardless of gender. This could be a result of progress in the education system, as current students always gain more knowledge than their predecessors [14,18]. However, highly educated visitors were an exception, possibly because education enhances people’s ability in self-education. This might also be the reason that groups 40+ years of age (6.24, 2.37) were highly educated and had more knowledge in both EK and PK than those 40− years of age (5.54, 2.07) (Figure 4, Table 2).




4.2. The Influences from Knowledge on Actual Behaviors


When creating SEM models, our hypotheses considered two possible types of pro-environmental behaviors: planned behaviors and habitual behaviors (Figure 1, Table 3). Harland et al. (1999) explained that pro-environmental behaviors are planned behaviors [37]. We explored pro-environmental behaviors as habitual behaviors in this study, as there is very little research on this topic. Both models found significant relationships between AB and IN/FB (i.e., IN is intention in the planned behavioral model [Model A], FB is future behaviors in the habitual model [Model B]). In the planned behavioral model, pro-environmental intention is based on subjective judgment and decision-making, which is constructed according to an individual’s ethics on non-profitable and environmentally friendly behaviors. In the habitual behavioral model, pro-environmental behaviors will occur when the pro-environmental behavior is repeated enough to form a habit [24]. Additionally, the behaviors conducted without consideration or planning can lead to a reflection, which in turn will form an intention that can indicate future behavior. Therefore, we recognized the intention as a future behavior in the habitual behavioral model. The two behavioral models can then be used for analyzing pro-environmental behaviors.



The casual relationships between AB and IN/FB in the planned behavioral model and the habitual behavioral model are statistically inversed. The causal inference by PLS-SEM supported both hypotheses (IN → AB [0.541, 0.837], AB → FB [0.657, 0.842]). Hence, it is possible that both behavioral models exist together. The cause-effect connection between intention and actual behaviors can be seen as either one-directional or a loop. Because PLS-SEM could only test one-directional causal action, we did not test the hypothesis on loops. Further study is necessary to answer this question.



Two types of knowledge have different influences on pro-environmental behavior (Figure 1, Table 3), including EK and PK. Environmental knowledge in our questionnaire covered many popular issues such as climate change and the depletion of natural resources. These issues could directly motivate and develop an intuition in people to value and protect the environment. Plant knowledge in our survey, on the other hand, relates less to current issues than EK and relates more to the aesthetics and science of nature. This knowledge attracts people to learn and, consequently, it can motivate people to value and protect it. For most cases, EK directly relates to human survival, whereas PK is closely related to the natural environment. Therefore, PK is perceived as not as useful as EK. For a market-driven society, knowledge is a product with certain utility [38]. Therefore, EK is seen as more valuable than PK because the economy, investment, health, jobs, and other aspects of life rely directly on EK rather than PK.



The planned behavioral model (A) provided evidence that both EK and PK significantly influence IN (EK → IN [0.011, 0.352], PK → IN [0.005, 0.290]). Interestingly, only PK can significantly influence AB (EK → AB [0, 0.143], PK → AB [0.003, 0.185]). This implies that EK and PK can motivate pro-environmental intention, but only PK can motivate AB to protect the environment. In other words, PK is more important than EK to motivate pro-environmental behaviors, although the utility and monetary value of EK is more perceptible (Figure 2).



The habitual behavioral model (B) provided evidence that both EK and PK can significantly influence AB (EK → AB [0.016, 0.367], PK → AB [0.010, 0.319]). However, neither of them can significantly influence FB (EK → FB [0, 0.011], PK → FB [−0.114, 0]). In a habitual behavior, reflection is based on personality and ethical values. People judge their habits as good or bad based on their morality, social norms, and many other psychological factors. Therefore, this reflection is not directly determined by knowledge. The result is consistent with our finding that FB (i.e., the reflection of actual behavior) is not significantly influenced by knowledge, although knowledge could influence AB (Figure 2).




4.3. The Influence from Education, Gender and Age on Actual Behaviors


Our research includes three demographic variables: age, gender, and education. The result of ANOVA shows how these three factors cause the difference in the PK and EK for visitors. PLS-SEM also tested how the three factors influence the AB. In the planned behavioral model, only ED has a significant influence on AB (0.009, 0.222). Education as a major effect causes the difference of both EK and PK among visitors, and is also shown to be able to influence the AB. It implies that ED is an important factor to determine the pro-environmental behaviors. Education could improve both the knowledge and behaviors of people. In the habitual behavioral model, ED (0.008, 0.308) and AG (0.006, 0.318) can significantly and positively influence AB. Age is a major effect that can differentiate a population in many behavioral analyses. Different age groups will have different habitual patterns or characteristics.



While not in the planned behavioral model, the habitual behavioral model demonstrates that older people tend to be more pro-environmental than younger people (AG → AB [0.006, 0.318]). The reason for this may come from two perspectives: (1) the fast growth of the consumer market attracts people to consume more than before; and (2) the culture of younger generations values convenience more than older generations. Unfortunately, in the second perspective, convenience-based lifestyles cause more environmental issues (e.g., disposable cups, plastic bags, and unsorted waste).



In sum, our PLS-SEM indicates that gender is not a factor that determines AB in either model. The results of both ANOVA and PLS-SEM indicate that education is an important factor, and that sometimes age can influence both knowledge and behaviors.




4.4. Uncertainities and Limitations


Our exploratory analysis with PLS-SEM estimation provided two plausible and informative models. However, the models require more experimental data and further development than what was available. Our data was inherently less robust than CB-SEM when testing the hypothesized model with high confidence because the causal inference was not based on well-developed theories. Before confirming this pro-environmental behavioral model, more surveys need to be developed. Nevertheless, the results are valuable and can serve as a scientific reference for further study. There may be collinearities among knowledge and the other social variables, but the test of inner and outer VIF for collinearity met the cut-off value with a threshold VIF < 5 [31].



The two behavioral models can both be feasible explanations. There is rich literature on the applications of the Theory of Planned Behavior to explain environmental behaviors [37,39]. However, there are very few studies explaining environmental behaviors as habitual behaviors [40]. In fact, habitual behaviors guide our daily life activities, which means there is little consideration before an individual behaves pro-environmentally. More critically, our results on “behaviors” are based on visitors’ self-reported responses to the survey questions. Our questionnaire is designed to measure the relationships between plant/environmental knowledge and pro-environmental behavior that is self-reported instead of observed behavior. Therefore, the results are indications of actual behaviors; they do not directly indicate the potential casual relationships regardless of the high correlations (Table 3 and Table 4; Figure 1). This has been a common problem in behavioral studies [41], due to the difficulties in measuring actual (i.e., observed) behavior. More research is needed to extract accurate causality between people’s knowledge on plants and the environment and their actual pro-environmental behaviors. Long-term experiments that directly measure people’s behaviors are suggested. Clearly, understanding the mechanisms between planned and habitual pro-environmental behaviors needs further research.



Other limitations of this study include exclusions of other relevant measures of the visitors that might also be critical in influencing their environmental knowledge and pro-environmental behaviors, such as income, living conditions [42], transportation, and walkability [43]. Due to the limitation of data and the small sample size, these factors are not considered in our models but are critical for future endeavors.





5. Conclusions


The two behavioral models provided insight and an understanding of daily pro-environmental behaviors, which may be a mix of both plans and habits. Through testing our hypotheses, we found that: (1) different knowledge will have different influences on behaviors; (2) pro-environmental behavioral models are useful to study both planned behaviors and habitual behaviors; and that (3) gender may not be an influential factor in determining pro-environmental behaviors. Our current pro-environmental behaviors are a function of education, gender, age, and knowledge, which can be feasible input factors for more psychological and socioeconomic studies in the future. Both models proved that environmental and plant identification knowledge play key roles in fostering pro-environmental behaviors. Similarly, a survey study conducted in Portland, Oregon, USA, revealed a close relation between plant identification and attention to environmental issues [44]. More so, a basic understanding of plants can be even more important than environmental scientific knowledge when influencing planned pro-environmental behaviors; and education levels determine our daily pro-environmental behaviors. As for age, older generations are more environmentally knowledgeable than younger generations when pro-environmental behaviors are already habits. This study will help urban planners develop practical botanical garden strategies and educational material focused on plant identification knowledge to develop their visitors’ pro-environmental behaviors.
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Appendix A. Plant Identification and Green Space Use. Please Circle the Correct Response


	
Survey of Relations between Plant Identification and Environmental Protection Consciousness-University of Toledo



	
You are invited to participate in a study that is designed to reveal the relationship between plant identification ability and environmental protection behavior. In this survey, you will be asked to answer several questions regarding plant identification, environmental protection knowledge, and green space use frequency and purpose.



	
Participation in this study is voluntary. There is no harm associated with not answering the questions.



	
There are no personal questions in the survey; and in any case, all data collected as part of this study will be confidential.



	
Please check this box if you are older than 18






Q1-Which one of the tree species is maple tree?



	 [image: Forests 09 00171 i001]
	 [image: Forests 09 00171 i002]
	 [image: Forests 09 00171 i003]
	 [image: Forests 09 00171 i004]



	a
	b
	c
	d



	(1)
	(2)
	(3)
	(4)








Q2-Which one of the tree species is spruce tree?



	 [image: Forests 09 00171 i005]
	 [image: Forests 09 00171 i006]
	 [image: Forests 09 00171 i007]
	 [image: Forests 09 00171 i008]



	a
	b
	c
	d



	(1)
	(2)
	(3)
	(4)








Q3-Which one of the tree species is sycamore tree?



	 [image: Forests 09 00171 i009]
	 [image: Forests 09 00171 i010]
	 [image: Forests 09 00171 i011]
	 [image: Forests 09 00171 i012]



	a
	b
	c
	d



	(1)
	(2)
	(3)
	(4)








Q4-Which one of the tree species is oak tree?



	 [image: Forests 09 00171 i013]
	 [image: Forests 09 00171 i014]
	 [image: Forests 09 00171 i015]
	 [image: Forests 09 00171 i016]



	a
	b
	c
	d



	(1)
	(2)
	(3)
	(4)








Q5-Which one of the tree species is cottonwood tree?



	 [image: Forests 09 00171 i017]
	 [image: Forests 09 00171 i018]
	 [image: Forests 09 00171 i019]
	 [image: Forests 09 00171 i020]



	a
	b
	c
	d



	(1)
	(2)
	(3)
	(4)








Q6-Which one of the bush species is dogwood?



	 [image: Forests 09 00171 i021]
	 [image: Forests 09 00171 i022]
	 [image: Forests 09 00171 i023]
	 [image: Forests 09 00171 i024]



	a
	b
	c
	d



	(1)
	(2)
	(3)
	(4)








Q7-Which one of the bush species is honeysuckle?



	 [image: Forests 09 00171 i025]
	 [image: Forests 09 00171 i026]
	 [image: Forests 09 00171 i027]
	 [image: Forests 09 00171 i028]



	a
	b
	c
	d



	(1)
	(2)
	(3)
	(4)








Q8-Which one of the tree species is a basswood?



	 [image: Forests 09 00171 i029]
	 [image: Forests 09 00171 i030]
	 [image: Forests 09 00171 i031]
	 [image: Forests 09 00171 i032]



	a
	b
	c
	d



	(1)
	(2)
	(3)
	(4)








Q9-Can you match the plant photos with plant names?



	 [image: Forests 09 00171 i033]
	 [image: Forests 09 00171 i034]
	 [image: Forests 09 00171 i035]
	 [image: Forests 09 00171 i036]
	 [image: Forests 09 00171 i037]



	1
	2
	3
	4
	5



	a-Oak
	b-Ash
	c-Mulberry
	d-Spruce
	e-Pine








Note: (1–5) Every correct answer is worth of 1 point; there are 5 matches; so 5 correct answers equals 5 points.



Q10-How often do you visit the park?










	
	Q10a Summer
	Q10b Fall
	Q10c Winter
	Q10d Spring



	Week days
	
	✓

	
Every day (1)




	✓

	
Twice a week (2)




	✓

	
Three times or more in a week (3)




	✓

	
None (4)






	
	✓

	
Every day (1)




	✓

	
Twice a week (2)




	✓

	
Three times or more in a week (3)




	✓

	
None (4)






	
	✓

	
Every day (1)




	✓

	
Twice a week (2)




	✓

	
Three times or more in a week (3)




	✓

	
None (4)






	
	✓

	
Every day (1)




	✓

	
Twice a week (2)




	✓

	
Three times or more in a week (3)




	✓

	
None (4)









	Weekend
	
	✓

	
Q10e




	✓

	
Only Saturdays (1)




	✓

	
Only Sundays (2)




	✓

	
Three times in a month (3)




	✓

	
Once in a month (4)




	✓

	
Twice a month (5)




	✓

	
Every weekend (6)




	✓

	
None (7)






	
	✓

	
Q10f




	✓

	
Only Saturdays (1)




	✓

	
Only Sundays (2)




	✓

	
Three times in a month (3)




	✓

	
Once in a month (4)




	✓

	
Twice a month (5)




	✓

	
Every weekend (6)




	✓

	
None (7)






	
	✓

	
Q10g




	✓

	
Only Saturdays (1)




	✓

	
Only Sundays (2)




	✓

	
Three times in a month (3)




	✓

	
Once in a month (4)




	✓

	
Twice a month (5)




	✓

	
Every weekend (6)




	✓

	
None (7)






	
	✓

	
Q10h




	✓

	
Only Saturdays (1)




	✓

	
Only Sundays (2)




	✓

	
Three times in a month (3)




	✓

	
Once in a month (4)




	✓

	
Twice a month (5)




	✓

	
Every weekend (6)




	✓

	
None (7)














Q11-How much time do you spend in the park?










	
	Q11a Summer
	Q11b Fall
	Q11c Winter
	Q11d Spring



	Week days
	
	✓

	
1 h (1)




	✓

	
2 h (2)




	✓

	
3+ h (3)




	✓

	
None (4)






	
	✓

	
1 h (1)




	✓

	
2 h (2)




	✓

	
3+ h (3)




	✓

	
None (4)






	
	✓

	
1 h (1)




	✓

	
2 h (2)




	✓

	
3+ h (3)




	✓

	
None (4)






	
	✓

	
1 h (1)




	✓

	
2 h (2)




	✓

	
3+ h (3)




	✓

	
None (4)









	Weekend
	Q11e

	✓

	
1 h (1)




	✓

	
2 h (2)




	✓

	
3+ h (3)




	✓

	
None (4)






	Q11f

	✓

	
1 h (1)




	✓

	
2 h (2)




	✓

	
3+ h (3)




	✓

	
None (4)






	Q11g

	✓

	
1 h (1)




	✓

	
2 h (2)




	✓

	
3+ h (3)




	✓

	
None (4)






	Q11h

	✓

	
1 h (1)




	✓

	
2 h (2)




	✓

	
3+ h (3)




	✓

	
None (4)














Q12-What kind of transportation do you use to reach the park?

	
Walking (How many meters does it take to walk) 1



	
Driving my own car 2



	
Carpooling (sharing a car with friends) 3



	
Public transportation 4



	
Biking 5








Q13-For what purposes do you use the park? Please check most preferable option.

	
To accompany my child/children 1



	
To take a rest 2



	
To walk my pet 3



	
To have fresh air 4



	
To research and observe 5



	
To have a picnic 6



	
To exercise (running, walking...) 7









Appendix B. Environmental Knowledge. Please Check or Circle the Correct Answer


Q14-How often do you engage in the following behaviors in your daily life?



a: Going shopping with a reusable shopping bag and refusing plastic/paper bags

	
Never (1)



	
Sometimes (2)



	
Always (3)








b: Avoiding the purchase of disposable goods

	
Never (1)



	
Sometimes (2)



	
Always (3)








c: Reducing waste as much as possible

	
Never (1)



	
Sometimes (2)



	
Always (3)








d: Taking out old newspapers and empty bottles and cans for recycling or reusable waste collection

	
Never (1)



	
Sometimes (2)



	
Always (3)








e: Taking out unnecessary articles for recycling

	
Never (1)



	
Sometimes (2)



	
Always (3)








f: Not washing oil or other water pollutants down the drain

	
Never (1)



	
Sometimes (2)



	
Always (3)








g: Turning off electric appliances and gas (water?) when not used

	
Never (1)



	
Sometimes (2)



	
Always (3)








h: Using energy: saving electric appliances

	
Never (1)



	
Sometimes (2)



	
Always (3)








i: Using a solar energy water heater or solar panel

	
Never (1)



	
Sometimes (2)



	
Always (3)








j: Minimizing detergent use

	
Never (1)



	
Sometimes (2)



	
Always (3)








Q15: Do you know about the concept of a carbon foot print?

	
Yes (2)



	
No (1)








Q16: Do you know the expansion of CFC? If yes, please explain what you know about it

	
Yes (2)



	
No (1)








Q17: What do you use generally for your daily transportation?

	
Walking (1)



	
Riding my bike or biking (2)



	
Public transportation (3)



	
My own car (4)



	
Carpooling (5)








Q18: Do you pay more for energy-saving electric appliances

	
Yes (2)



	
No (1)








Q19: Have you heard about the “carbon sequestration” concept?

	
Yes (2)



	
No (1)








Q20: Have you heard about the “carbon emission” concept?

	
Yes (2)



	
No (1)








Q21: Do you do sort waste in your house, recycle or compost?

	
Yes (2)



	
No (1)








Q22: In your opinion, which one is the prior source of global warming?

	
Carbon emission (1)



	
Greenhouse gasses (2)



	
Ozone layer depletion (3)



	
CFC (4)



	
Water, air, and soil pollutants (5)








Q23: What do you think is most necessary to solve environmental problems?

	
Creation and improvement of laws (1)



	
Corporate reform and effort (2)



	
Technological development (3)



	
Education concerning environmental issues (4)



	
Better system of collaboration with local people (5)



	
Effort of individuals (6)



	
No answer (7)








Q24: Think about things you might do to protect the environment. How often do you do the following?












	
	
	Never
	Sometimes
	Often
	Always
	Don’t Know



	a
	Decide to re-use something yourself instead of throwing it for environmental reasons
	0
	1
	2
	3
	4



	b
	Compost your food and/or garden wastes
	0
	1
	2
	3
	4



	c
	Recycle bottles/cans /paper/plastic instead of throwing them away
	0
	1
	2
	3
	4



	d
	Buy household products that you think are better for the environment
	0
	1
	2
	3
	4



	e
	Get the car tuned regularly
	0
	1
	2
	3
	4



	f
	Make an effort to reduce water consumption
	0
	1
	2
	3
	4



	g
	Use public transportation, walk or ride to reduce car use
	0
	1
	2
	3
	4



	h
	Put things in to the gutters or storm water drains, like oil or detergent
	0
	1
	2
	3
	4








Q25: Could you please CIRCLE your age group?

	
18–20 (1)



	
21–29 (2)



	
30–39 (3)



	
40–49 (4)



	
50–59 (5)



	
60 and over (6)








Q26: Could you please CIRCLE your highest level of education?

	
Primary school (1)



	
Secondary school (2)



	
High school (3)



	
College–2 years degree (4)



	
College–4 years degree (5)



	
College–Master degree or higher (6)








Q27-Please CIRCLE your gender:

	
Male (1)



	
Female (2)
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