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Abstract

:

Education for sustainability may be seen as consisting of four dimensions: sensitivity and attitudes toward the environment, awareness and knowledge of the environment, environmentally friendly actions and participation. A questionnaire was drawn up which includes statements concerning all these dimensions and it was filled out by 674 university students from different majors. Data were analysed statistically and a structural equation model was formed. Results indicate that sensitivity toward or awareness of nature is the basis for the enjoyment of nature. The enjoyment of nature is directly positively related to the intention of support pro-environmental activity and to environmental knowledge. Furthermore, it has a mediational effect on ecological knowledge, concern, or the belief of human dominance over nature. Students who possess global concerns do not accept human dominance and this is related to the intent to support environmental activities. Students were found to form groups: “Sorters.” “Occasional actors” and “Resource savers.” Compared to prior research, due to the additional items concerning environmental sensitivity and awareness in our instrument, we were able to uncover the importance of sensitivity to the enjoyment of nature in the complex model of the relationships between awareness, attitudes, knowledge, concerns and intentions. Ecological knowledge leads to global concerns and, therefore, it should be promoted through science education.
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1. Introduction


Many scientific issues are challenging to learn and approaches to teaching such knowledge effectively are just emerging [1]. However, complex ideas, for example, issues regarding climate change, are taught during pre-university education, where students can be scaffolded to understand these concepts [2]. Further, it is suggested that in environmental education, environmental sensitivity should be promoted before conveying environmental knowledge [3,4]. Sensitivity toward the environment is developed particularly from experiences with nature and time spent in natural surroundings correlates positively with an individual’s relationship to nature [5,6].



Several studies have focused on measuring environmental sensitivity, attitudes, awareness, knowledge of scientific issues, or intentions to act and their relationships have been evaluated using different tools. There is no common tool that measures attitudes toward the environment and sustainability because of the different theoretical backgrounds that underlie the various approaches [7]. The theory of planned behaviour suggests that behaviour is a function of the intent to act, as well as attitudinal evaluations of particular actions and related beliefs regarding behavioural outcomes [8,9,10]. The Responsible Environmental Behaviour model depicts an individual’s intent to act in an environmentally responsible manner as being dependent on a composite of cognitive- or personality-related variables: scientific knowledge of environmental issues, knowledge of action strategies combined with action skills, attitudes, locus of control and personal responsibility [11]. Hungerford and Volk [3] developed a model and further stated that three categories of factors linearly influence behaviour: entry-level variables (the major variable being sensitivity), ownership variables (e.g., ecological knowledge) and empowerment variables (knowledge of and skills in using environmental action strategies). The House model [4], largely used in Finnish environmental education, is based on the idea that the development of senses and emotions is crucial. The main aims in environmental education (to foster environmental sensitivity, to learn environmental awareness and knowledge, to acquire a readiness and responsibility to solve environmental problems) are lifelong and hierarchic; sensitivity should be stressed to young people, or at the beginning of the education of those who are older [12]. Traditional thinking in the field of environmental education supposes that increased environmental concern and the associated changes in behaviour will result in increased knowledge. It is also argued that environmental knowledge is interdisciplinary and includes knowledge of the following fields: nature, ecology of the natural environment, human ecology, as well as social science [13]. By developing students’ ecological knowledge and awareness of environmental problems, students will become more concerned about the environment [14] and thus motivated to engage in pro-environmental behaviour [15]. Previous studies have shown that, for example, the loss of ecological knowledge is likely to critically threaten the effective conservation of biodiversity (e.g., [16,17]). However, other factors, such as attitudes and sensitivity, affect behaviour, action, and, moreover, participation and the relationship between these variables is complex and still unclear. The purpose of the current study is to examine the relationships between Finnish early-stage university students’ environmental sensitivity and their attitudes, awareness and knowledge and actions as precursors to their participation in the promotion of sustainable behaviour. Knowledge of the relationships between these variables further promotes the development of instructional strategies for different university study programs that teach sustainability, which, at all levels of education in Finland, are required by the government.



1.1. Measuring the Relationships between Factors Predicting Sustainable Behaviour


The New Environmental Paradigm (NEP) scale [18] is related to the theory of planned behaviour, the emphasized existence of ecological limits to growth, the importance of maintaining the balance of nature and the rejection of the notion that nature exists primarily for human use. The NEP scale is an instrument designed to motivate respondents to complete it, with 12 items of interest arranged in a familiar Likert-like format that encourages quick responses without excessive reflection or comparison. Many of the environmental education studies that attempt to clarify the complex relationship between variables have used the NEP scale, including by replicating, modifying, or supplementing the scale. The Revised NEP scale is the New Ecological Paradigm scale [19,20]; the NEP scale has been combined with the Dominant Social Paradigm scale [21] and the NEP scale has also been supplemented with qualitative questions [22]. Some researchers treat it as a measure of environmental concerns, values and attitudes or beliefs. Based on the extensive review of the use of the NEP scale, Hawcroft and Milfont [23] suggested that researchers continue to use the NEP scale as a standardized measure of environmental attitude, which is an idea supported by Shephard et al. [24].



The Revised NEP scale [19] comprises 15 items. The items added to the NEP scale focus on the likelihood of the potentially catastrophic environmental changes besetting mankind, as well as on the idea that humans are exempt from the constraints of nature. The terminology was also modified and the “unsure” category was added as a midpoint. Six items were adopted from the original NEP Scale and four were slightly modified. Shephard et al. [24] utilized the Revised NEP scale complemented with questions from different methodological approaches and also added open questions and they noticed that either all the instruments reported the same characteristics or that, on average, varying characteristics co-located within individuals in the student population under study, which further supports the use of the NEP scale. Harraway et al. [25] also found the scale to be usable and Noblet, Anderson and Teisl [26] further pointed out that whether the NEP scale should be used as a simple construct, multiple constructs, or perhaps both remains an open question.



The Environmental Scale (2-MEV) is based on earlier attitudinal scales for measuring environmental concern and actual behaviour toward the natural environment. It was further developed later to measure two dimensions of environmental perceptions: Preservation of Nature, that is, the intent to preserve the environment (biocentric dimension); and the Utilization of Nature, that is, the usage of the environment (anthropocentric dimension) [27,28,29]. Bogner and Wiseman [28] presented five primary factors: intent to support, care with resources, enjoyment of nature, human dominance and altering nature; the first three reflected the factor ‘preservation’ and the last two expressed ‘utilization.’



Several tools related to the definition of sustainable development have also been used, including environmental, economic and social dimensions of sustainable development. For example, the tool developed by Michalos et al. [30] to measure students’ knowledge, favourable attitudes and favourable behaviours concerning sustainable development comprises 50 items—24, 18 and 17 items for the three aspects, respectively—using the Likert scale. Olsson, Gericke and Chang-Rundgren [31] developed a Likert-scale questionnaire while considering the ecological, economic and social dimensions of sustainable development; the tool was used for the evaluation of sustainability consciousness in terms of sustainability knowingness, attitudes and behaviours.




1.2. Relationships between Factors Predicting Sustainable Behaviour


Bamberg and Möser [32] carried out a meta-analysis and used so-called meta-analytic structural equation modelling (MASEM) to find the relationships between eight determinants of pro-environmental behaviour. Their analysis confirmed that pro-environmental behavioural intention mediates the impact of all other psycho-social variables on pro-environmental behaviour. The first four factors—problem awareness, social norms, internal attribution and a feeling of guilt—modify the next three factors: personal behaviour control, attitude and moral norm, which, in turn, modify the intention to act. The intention to act then modifies behaviour. The complexity of this model demonstrates that knowledge is an important factor for behaviour. The influence of knowledge on behaviour is both complex and indirect and it is necessary to arouse action.



Much research has been carried out to define the relationships between attitudes and behaviour and most researchers do agree that attitudinal change does affect behaviour. A number of researchers have shown that increasing an individual’s knowledge results in more positive attitudes toward the environment and more responsible environmental behaviour (e.g., [30,33,34]). However, addressing knowledge is not enough to lead to changes in behaviour; attitude is also important for behaviour [10,35,36]. Esa [34] suggests that even a good knowledge of the environment, coupled with a positive attitude toward it, does not necessarily translate into positive environmental practices.



Recently, Newman and Fernandes [37] confirmed previous research results on pro-environmental behaviour that found relationships between situational factors and environmental attitudes, values and beliefs. Heeren et al. [38] studied the relationship between sustainability knowledge and pro-environmental behaviour (with sustainability also accounting for social issues). Their study revealed that even though knowledge is important, attitude toward behaviour that promotes sustainability, the ability to engage in that behaviour and a perception of what others think about that behaviour are even more important.



Tuncer et al. [39] found that even though pre-service teachers had low levels of environmental knowledge, they expressed positive attitudes toward the environment and a high degree of concern about environmental problems. They argued that environmentally knowledgeable teachers will produce students who are environmentally literate, have positive attitudes toward the environment and also show concern for environmental problems. In their study, pre-service teachers with a slight sense of responsibility toward the environment tended to have positive feelings and values about the environment and they were positively inclined toward environmentally responsible behaviour. There is a lot of research which implicates childhood experiences or nature experiences as important contributors to people’s relationships with and interest in nature today and nature in the future (e.g., [5,40,41,42]). Outdoor nature experience is generally integrated into education to arouse emotions and thus promote environmental action [43]. Bögeholz [44] also emphasized nature experiences, including negative relationships with nature. Also, for adults, their childhood nature experiences become a part of their interest in learning or curiosity to learn more about nature [40]. In Sweden, schools focusing on education for sustainable development had only a small positive effect on pupils’ sustainability consciousness in grade 6; in grade 9, the effect was negative [31]. Based on their findings, they questioned the usefulness of these special schools. Also, in Finland, it is not clear whether nature schools really contribute to environmental awareness and responsibility [12].



Environmental attitude may differ among students from different study programs. Biasutti and Surian [45] found that engineering students possessed a more enhanced pro-sustainability attitude than applied science, health science and social science students. Educational science students seemed to prefer the social dimension over the knowledge and the ‘to do’ dimensions of sustainability compared to engineering and applied science students, who scored significantly higher on the ‘learning to know’ and ‘learning to do’ scales. In their longitudinal analysis, Shephard et al. [46] found differences between students in Zoology and Human Nutrition. Further, Biasutti and Frate [7] found that agriculture students scored better on the environmental factor than did the psychology students, whereas the psychology students scored better on the society factor than did the agriculture students. Agriculture students had a greater pro-environmental attitude, whereas psychology students were more oriented toward social issues. Uitto and Saloranta [47] compared teachers from different disciplines and noticed that every subject’s teacher group had its specific strengths and limitations in education for sustainability. For instance, biology and geography, history and social studies, and, to some extent, also religion and ethics teachers considered several but different sustainability dimensions often and used holistic approaches to their sustainability-related teaching [47]. Larson et al. [48] found that, among nature-based recreationists, there was a range of variation and diversity associated with pro-environmental actions.




1.3. The Purpose of the Study


The purpose of this study is to explore the relationships between university students’ sensitivity and attitudes toward the environment; awareness of the environment; knowledge of environmental issues, such as ecological issues; pro-environmental actions; and participation. We tested the underlying assumption that—together with sensitivity—attitudes, awareness and knowledge predict the sustainable behaviour of students. If this assumption is true, we would expect that students who are more aware of, sensitive to and knowledgeable about their environment are more likely to engage in more sustainable behaviour. We expect that there are some differences among students from different study programs. We also tested whether broadening the NEP Scale with items concerning sensitivity toward both the natural and social environment could help us to understand the relationships between the variables influencing behaviour.





2. Materials and Methods


Data were collected through a paper questionnaire in the context of university courses. The lecturer responsible for the course delivered the questionnaire to the students and collected their responses. The response rate was high, 90%, even though participation was voluntary. The questionnaire comprised five parts (A–E) and included a total of 73 items or questions.



Development of the questionnaire began with a review of the relevant literature, from which we yielded four dimensions defining education for sustainable development. The questionnaire was based on the dimensions of environmental education [3,4]. Part A constituted 29 items on awareness, sensitivity and attitudes toward both the physical and social environment: for example, ‘I like to be in the forest,’ ‘For me landscapes are insignificant,’ ‘My favourite landscape is the view of the town,’ ‘I remember the buildings in the area where I live’ and ‘I enjoy working in a group’ (cf. [5,40,41,42,44]). In predicting whether an individual engages in sustainable behaviour, attitudes about specific behaviours are more predictable than attitudes about the environment or sustainability in general [38]. As such, the statements in Part A were created to relate to Finnish culture and are seen as being significant for identifying sensitivity as a starting point in the education for sustainable development. The items concerning enjoyment and sensitivity were created for this questionnaire for validation and were based on discussions with two experts in environmental education. In the pilot stage, natural environment items focused on forests but, after a pilot study [49], items concerning fields were added.



Part B included 15 items related to science/ecology and considered natural processes and values, such as ‘Humans must live in harmony with nature,’ ‘Plants and animals exist primarily for human use’ and ‘I don’t intend to do anything for the benefit of ecology because it is the job of the government.’ Part C presented 13 statements that concerned knowledge of the environment: ‘Greenhouse effect is bad for our environment,’ ‘Biodiversity is a prerequisite for the continuity of life’ and ‘Decomposers are a part of the ecosystem.’ Some of the items in Parts B and C were adopted from the modified NEP/DSP Environmental Attitudes Scale [21]. Students were asked to rate items in Parts A–C according to the 5-point Likert-scale.



Part D (10 statements) concerned everyday activities—in particular, how personal sacrifices are made in favour of the environment and wildlife: ‘Where I live, I sort my garbage; use recycling products and so on.’ In Part D, the self-report response options ranged from ‘1 = always,’ ‘occasionally´ to ‘3 = never.’ Part E was concerned with, for example, definitions of the terms ‘environmental education’ and ‘education for sustainability’; also, it included students’ perceptions of the contribution of their university to ‘Education for sustainable development.’



Structural equation modelling was used because it allows for combining confirmatory factor analysis (CFA) and regression analysis in the same model in order to test and analyse relationships among latent constructs and their measured variables [50]. In this study, we used confirmatory factor analysis to investigate the structure of data of the parts A, B and C. From the 57 measured variables, only 17 could be included into model after using an alternative model approach (several models were tested). In the final model, only the items with reasonable high loadings were included in the model, in order to reach acceptable construct reliabilities and variance explained by the constructs. As a result, the model shown in Figure 1 was developed using Amos version 21.0 (Amos Development Corporation, Wexford, PA, USA) and SPSS software version 23 (IBM Corp, Armonk, NY, USA).



2.1. Demographics


The participants in the study comprised 674 university students from two universities and from different disciplines: educational sciences (n = 325; 49%), engineering (n = 139; 21%), mathematics and science (n = 110; 17%) and humanistic disciplines (n = 85; 13%) (15 students did not report their discipline). With the exception of engineering students, all students came from the same university. Because this university does not have an engineering program, engineering students from another university were invited to participate. All universities in Finland are expected to educate students on sustainable development. The distribution among the participants were: females (66%) and males (34%); first-year students (66%), second-year students (12%), third-year students (13%) and fourth-year students (5%).




2.2. Instrument Validation


The goodness-of-fit of the measurement model (Appendix A) was assessed with several indicators of fit (Table 1). The chi-square statistic is considered too restrictive an indicator of the model’s goodness-of-fit, too often rejecting models with sample sizes above 250 [51]. From the indicators of fit (Table 1), the normed fit index with NFI = 0.935 is somewhat lower than the recommended lower limit of 0.95 for a good model fit, as recommended by Hu and Bentler [52]. Instead, the comparative fit index (CFI) and Tucker-Lewis Index (TLI) were used, with CFI = 0.974 and TLI = 0.963, well above the suggested lower limit of 0.95 for a good fit [51,52]. Also applied was the root mean square error of approximation (RMSEA) with RMSEA = 0.030, with a 90% confidence interval; this is below the recommended upper limit of 0.05 for a good fit [51]. Based on these indices of fit, we concluded that the CFA model has a reasonably good fit. Also, the estimated significant loadings provide evidence of convergent validity and the unidimensionality of the constructs [53].



Discriminant validity was checked by comparing the average variance extracted against the squared construct correlations [54]. Table 2 shows that the squared correlations between constructs were smaller than the corresponding average variance extracted, indicating that these latent constructs were discrete.



The five-construct measurement model with 17 measured items was considered to be acceptable, even though the loadings of some of the measured variables were just above the recommended lower limit (0.4) but less than the recommended value (0.7) for a good fit [55]. By accepting lower loadings for measured variables, the average variance extracted (Table 2) from some constructs was somewhat less than the recommended 0.50 (as shown by the diagonals in Table 2). Lower loadings also affected the construct reliabilities, which ranged from 0.572 to 0.814. Yet, in the case of exploratory analysis, these should be 0.60–0.70 [55]; still, Fornell and Larcker [54] consider construct reliability above 0.58 to be acceptable. Altogether, with these considerations, the instrument was determined (with precautions) to be acceptable for measuring and reporting and, furthermore, for developing the path model for evaluating the relationships between constructs.





3. Results


3.1. University Students’ Environmental Attitudes, Knowledge and Intent to Support


Generally (see Table 3), the construct with the most agreement (M = 1.57) consisted of items related to ‘Ecological Knowledge’; with almost equal agreement was ‘Enjoyment of Nature’ (M = 1.96) and ‘Global Concerns’ (M = 1.84). The construct with the most disagreement was ‘Human Dominance’ (M = 3.74) and, interestingly, with almost similar disagreement, ‘Intent of Support’ environmental activities (M = 3.60).




3.2. The Relationship of Students’ Environmental Attitudes, Knowledge and Intent of Support


Structural equation modelling produced a path model (Figure 1). The goodness-of-fit indices were CFI = 0.966 and TLI = 0.954, above the suggested lower limit of 0.95 [50,51]. The root mean square error of approximation, RMSEA = 0.034, is below the recommended upper limit of 0.05, also indicating a good fit [51]. Based on these considerations, we conclude that the path model has a reasonably good fit (Table 4).



There were positive relations (see Table 5) from ‘Enjoyment of Nature’ to ‘Intent of Support’ environmental activities (β = 0.23) and from ‘Enjoyment of Nature’ to ‘Ecological Knowledge’ (β = 0.24). There was also a strong (β = 0.52) positive relation from ‘Ecological Knowledge’ to ‘Global Concerns’ and a weak (β = 0.15; p = 0.057) positive relationship from ‘Ecological knowledge’ to ‘Human Dominance’ (meaning that agreeing with ‘Ecological Knowledge’ is associated with agreeing with ‘Human Dominance’). There was a strong negative relation (β = −0.60) from ‘Global Concerns’ to ‘Human Dominance’ and a positive relation from ‘Global Concerns’ to ‘Intent of Support’ (β = 0.26). There was also a negative relation from ‘Human Dominance’ to ‘Intent of to Support’ (β = −0.34).




3.3. Environmental Friendliness in Daily Activities


The questionnaire had 10 items concerning environmentally friendly actions during daily activities. K-means cluster analysis was carried out in order to group the cases and was based on the items concerning environmentally friendly actions during daily activities. The analysis yielded three separate groups (Table 6): “Occasional actors” (n = 206; 31%), “Sorters” (n = 175; 27%) and “Resource savers” (n = 276; 42%). The “Occasional actors” ‘occasionally’ responded to all statements regarding daily activities, whereas the “Sorters” responded to nearly all statements ‘occasionally,’ with the exception being their response of ‘always’ to ‘I tend to sort wastes’. The “Resource savers” responded to all statements systematically with the value indicating ‘almost always.’




3.4. The Groups’ Differences in Knowledge, Attitudes and Intent to Support


The association between daily actions (membership of the clustered groups above) and the mean score constructs of university students’ environmental attitudes and intent to support was first investigated using analysis of variance (Table 7). There were statistically significant differences in almost all constructs among the groups. Except for the construct ‘Ecological Knowledge,’ the difference between the “Occasional actors.” “Sorters” and “Resource savers” was only nearly significant (F (2.654) = 2.354, p = 0.096). All groups agreed, in different ways, with the constructs ‘Intent to Support’ and ‘Enjoyment of Nature’ (results of post hoc analyses using Bonferroni correction are indicated in Table 7, marked with different subscripts). Concerning the construct ‘Enjoyment of Nature,’ “Resource savers” were in the most agreement, the “Sorters” were in the second most agreement and the “Occasional actors” were in the least agreement. Concerning the construct ‘Intent of Support,’ the “Resource savers” disagreed the least, the “Sorters” disagreed second least and the “Occasional actors” disagreed the most. “Resource savers” disagreed the most with ‘Human Dominance,’ whereas “Occasional actors” disagreed the least. In relation to ‘Global Concerns,’ the group “Resource savers” was more in agreement than the “Sorters” and “Occasional actors.”




3.5. Students from Different Study Programs


The association between the students from different disciplines and environmental attitudes and intent to support was investigated with analysis of variance. There were statistically significant differences in all constructs among the groups (Table 8). The groups (dis)agreed, in different ways and with a large effect size (η2 = 0.133), with the construct ‘Intent of Support.’ For the other constructs, there were some significant differences, yet with small effect sizes (ranging from a small (0.023) to intermediate (0.041) effect size). The humanistic discipline students were the only group that slightly agreed with ‘Intent to Support,’ whereas the other groups disagreed (post hoc analyses using Bonferroni correction in Table 8, marked with different subscripts) with ‘Intent of Support.’ The engineering students were the most disagreeing group. To the contrary, the engineering students disagreed least about ‘Human Dominance,’ whereas the other student groups—humanistic, educational and natural science discipline students—disagreed similarly but slightly more than engineering students. For ‘Global Concerns,’ humanistic discipline students agreed the most, although the difference was not significant compared to the natural science students, the difference was significant compared to educational science and engineering students. Concerning the construct ‘Ecological knowledge,’ the educational science students were the ones to agree the least and the other groups somewhat agreed similarly with the construct. The engineering students agreed least with ‘Enjoyment of Nature,’ while the educational science students’ ratings of the constructs were not significantly different. The humanistic discipline and the natural science students agreed the most with the construct ‘Enjoyment of Nature,’ which measures the sensitivity toward the environment.



When comparing the students from different disciplines to the members in the clusters based on daily activities (cf. Table 6), the students from the humanistic disciplines belonged to “Resource savers” (64%) more often than did students from other disciplines (around 40%). The educational science students (35%) and the engineering students (37%) were “Occasional actors” more often than were humanistic discipline (13%) or natural science students (26%). The natural science students belonged to “Sorters” (34%) more often than the other discipline students (around 24%). The differences between these groups were statistically significant (χ2 = 26.696, df = 6, p < 0.001).





4. Discussion


University students’ environmental sensitivity and attitudes, knowledge and intent to act [3] were measured by a scale that was created based partly on the NEP/DSP Scale [18,19,20,21,23,24,25,26,32]. The scale was supplemented with new items regarding sensitivity, attitudes and feelings toward the environment. The instrument provides measures for the constructs ‘Enjoyment of Nature,’ ‘Ecological Knowledge,’ ‘Global Concerns,’ ‘Human Dominance’ and ‘Intent of Support’ [27,28,29].



Among the sample of students, ‘Enjoyment of Nature’ related positively to the ‘Intent to Support’ environmental activities. University students’ enjoyment of the natural environment, particularly forests, predicted, through intention, pro-environmental behaviour, in agreement with prior studies that have indicated that behaviour follows intention [3,8]. This finding is in line with that of Bögeholz [44], who stated that outdoor nature experience (forest experiences) is generally integrated in education to consider emotions and thus to promote environmental action, which, however, was not seen in the studies of Olsson et al. [31] and Jeronen et al. [12].



There was also a positive relation from ‘Enjoyment of Nature’ to ‘Ecological Knowledge.’ This suggests that university students who enjoy nature understand ecology. As prior research has shown, knowledge is necessary for pro-environmental actions [15,34,35,36]. Our results indicate that the effect of enjoyment toward pro-environmental actions also comes through knowledge, although we cannot confirm the finding that knowledge relates to enjoyment (cf. [3,33,39]).



We also found that students’ ‘Ecological knowledge’ had a positive relation to ‘Global concerns,’ which supports the finding of Tuncer et al. [39]. Students who possessed ecological knowledge perceived the dominance of humans over nature, although the relation was weak. Students who possessed ‘Global concerns’ were less likely to accept ‘Human dominance’ and furthermore ‘Global concerns’ were related to ‘Intent of support’ environmental activities. Students who agreed on ‘Human dominance’ over nature did not possess any ‘Intent of support’ pro-environmental behaviour.



Awareness of the environment, represented by ‘Enjoyment of Nature,’ related to pro-environmental behaviour through direct relation intention (cf. [37]). However, awareness was associated with intention and, through several connections, finally to behaviour; the relationship is complex. Our instrument also included items concerning the social environment; however, our results only revealed the effect of enjoyment of the natural environment on knowledge, concerns and intentions. The findings of Heeren et al. [38] concerning the relationship of sustainability knowledge to pro-environmental behaviour could not be confirmed from the part on social sustainability.



Among the university students, there were three different groups found by cluster analysis concerning environmentally friendly actions during daily activities. These groups differenced most in their ‘Enjoyment of nature’ and ‘Intent of support.’ The largest group “Resource savers” (42%) consisted of students who reported saving resources in their daily activities. Among these students, ‘Enjoyment of nature’ as well as ‘Global concerns’ was agreed most furthermore the ‘Intent of support’ environmental activities was highest. The second group was “Occasional actors” (31%), whose ‘Enjoyment of nature’ and knowledge were at the opposite end to the “Resource savers” (see Table 7) and they disagreed the most with ‘Intent of support’ environmental activities. The smallest group (27%) was “Sorters.” This group was very similar to “Occasional actors” in their daily activities, except for sorting waste. Yet, concerning their ‘Enjoyment of nature’ and ‘Intent of support’ they reported agreeing slightly more than “Occasional actors.”



The Humanistic discipline students were slightly more eager to participate in actions that support the environment than the other groups. The humanistic discipline and the natural science students enjoyed nature the most: they were sensitive toward the environment. The students from the humanistic disciplines belonged to “Resource savers” (64%) more often than other disciplines (around 40%). Humanistic discipline students were the group most concerned about the Earth’s future and their knowledge of ecology was similar to that of natural science and engineering students, yet better than educational science students’ knowledge. The engineering students held only slightly the opinion that humans should not dominate the environment and they agreed the least and similarly to educational science students, with items related to global concerns (e.g., overpopulation and industrial growth). The engineering students were less eager to participate in actions to support the environment than the other groups. The engineering students least enjoyed nature, yet the educational science students reported their enjoyment of nature almost as rarely. For daily actions, the educational science students (35%) and the engineering students (37%) were “Occasional actors” more often than humanistic discipline (13%) or natural science students (26%). The natural science students belonged to the “Sorters” group (34%) more often than the other discipline students (around 24%). Overall, there were slight differences among the university students’ perceptions based on the university or study programs, as was found in previous research [7,45,46,48].



One limitation of this study is the use of self-reported behavioural measures (daily activities), instead of observed behaviour (see [4]). Another limitation is that the knowledge, both ecological and global, was also based on self-evaluation. Although the data were collected with convenience sampling and not as a random sample, it was collected from two different universities and from different disciplines. The instrument was adapted to a local, national context but, at the same time, the global aspect was raised and connections between the two were established.




5. Conclusions


In education for sustainability, a more complete comprehension of the relationship between sensitivity, attitudes, awareness, knowledge and behaviour may better direct educational efforts. Compared to prior research, due to the additional items concerning sensitivity and awareness in our instrument, we were able to uncover the importance of sensitivity to the enjoyment of nature using a complex model of relationships between awareness, attitudes, knowledge, concerns and intentions. Sensitivity and awareness toward nature is the basis for the enjoyment of nature. This “Enjoyment of nature” was directly positively related to the intention of support pro-environmental activity and knowledge. Furthermore, it had a mediational effect on knowledge, concern and the belief of human dominance over nature. There are various ways to mediate among student groups. Understanding the extent to which different variables influence university students’ behaviour could help direct sustainability and science education curricula to focus on specific areas of education (regarding lifestyle or living) that are relevant to the attitudes that influence sustainable behaviour.



Recognition of the contrasting profiled “groups” could help to better focus on the efforts needed, especially when considering the ecological aspect of sustainability. This study emphasizes the role of global aspects. These aspects seem to suggest that global concern and its relation to ecological knowledge is the key combination that will lead to pro-environmental active citizenship. In this study, most of the students in humanistic disciplines (64%) belonged to the group of resource savers, whose global concerns were highest. Also, ecological knowledge explained a lot of the variation in global concerns (R2 = 0.27). Unfortunately, more than half of the university students were not resource savers, and, in their daily activities, they reported only occasional consideration of saving natural resources and they disagreed more with the intention of support pro-environmental behaviour. This suggests that even scientific ecological knowledge is not enough to advance pro-environmental attitudes unless it is very strongly related to global concerns. This reflects the need for educators to emphasize global issues during their lessons. Unfortunately, the educational science students had the weakest ecological knowledge and they were occasional actors in their daily activities. This presents a challenge to educational science educators (e.g., in teacher education) to advance the development of both ecological knowledge and global issues. The engineering students were the group that had no intention to support pro-environmental activities and, while they had ecological knowledge, their level of global concern was among the weakest. Again, this exposes the need for engineering education to emphasize global issues in their education.



The instrument used in this study was administered once amongst mostly first-year students. In the future, it could be interesting to follow the potential development of university students’ environmental knowledge, attitudes and pro-environmental actions. The study of personal activities—here, daily activities—could benefit from expansion of the instrument to include a 5-point scale (e.g., 1 = daily, 2 = weekly, 3 = monthly, 4 = few times a year, 5 = never). This would allow for the inclusion of this construct in an enhanced model.
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Appendix A. Measurement Model: CFA-Model; Standardized Estimates, Error Terms Omitted
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Figure A1. Measurement Model: CFA-Model; Standardized Estimates, Error Terms Omitted. (note: all standardized values in this figure are below 1). 






Figure A1. Measurement Model: CFA-Model; Standardized Estimates, Error Terms Omitted. (note: all standardized values in this figure are below 1).
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Figure 1. The structural equation model of environmental knowledge and perceptions (with standardized estimates, all values below 1). 
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Table 1. The measurement model’s goodness-of-fit (n = 674).
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	Chi-Square (df)
	P
	CMIN/DF
	NFI
	CFI
	TLI
	RMSEA [conf90]





	Estimate
	175.256 (109)
	0.00
	1.608
	0.935
	0.974
	0.963
	0.030 [0.022;0.038]







Note: CMIN/DF = Chi-square divided by degrees of freedom; NFI = normed fit index; CFI = comparative fit index; TLI = Tucker-Lewis Index; RMSE = root mean square error of approximation [with 90% confidence interval].
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