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Introduction

Environmental awareness is an expression of a 
knowledge of the natural environment shared by an 
individual or society; it is also manifested in an ability 

to discern phenomena, their interdependencies, causes 
or possible effects, and to take concrete environmental 
actions. It is based on the understanding of mechanisms 
governing nature, knowledge of the limits of its 
exploitation, as well as constraints and capabilities for 
recognizing environment-related problems [1]. The 
source literature, however, still fails to provide the only 
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one universal and generally acknowledged defi nition of 
this term [2].

Development of human environmental awareness is 
a complex process since it depends on numerous factors, 
including social and economic levels, people’s mindset 
and culture, strategies relating to local and worldwide 
actions, and a degree of environmental degradation. It 
is also shaped under the infl uence of generally accepted 
social norms, environmental education, state actions, 
personal observations, and experiences [3]. Of no less 
importance seem descriptive attributes of inhabitants, 
including their place of living, age, education, or standard 
of living [4, 5]. Authors also call attention to dependence 
of the level of environmental awareness on the specifi c 
nature of problems connected with their local scope of 
occurrence [6-8].

The higher environmental awareness an individual 
reveals, the more often he takes conscious actions that 
contribute to environmental protection. The world 
recognizes global threats to the environment such as 
climate change, air pollution, or water pollution, but local 
problems, e.g., relating to the adverse impact of transport 
infrastructure, are also pointed out [9, 10].

Furthermore, a high level of environmental 
awareness determines purchasing decisions in society 
– environment-oriented customers choosing products 
that are least detrimental to the natural environment [5, 
11]. This, in consequence, affects producers who are 
to some extent forced to switch to more environment-
friendly manufacturing processes and to take into account 
environmental considerations in all stages of the product 
lifecycle [5, 12]. Furthermore, the relevance of recycling 
in this kind of studies [13] or the signifi cance of the legal 
regulations governing the natural environment [14] should 
be highlighted.

The importance of the problem is further emphasized 
by the fact that both current as well as future quality of the 
human environment depends on environmental awareness 
and environment-friendly attitudes and behaviour patterns 
[15]. That’s why environmental scientists are increasingly 
interested in better understanding how people cognitively 
organize their beliefs and attitudes toward environmental 
change in order to identify key motives and barriers that 
stimulate or prevent action [16].

Taking into consideration constant change, we already 
speak of the ecological culture in society. Therefore, our 
study aimed to analyze dependence between the place of 
living and evaluation of the natural environment, as well 
as a willingness to take environment-friendly actions 
among people living in Eastern Poland.

Materials and Methods 

The data gathered from the study based on a structured 
questionnaire served as source material. The study’s 
starting point consisted in the preparation of a list of 
determinants that enabled a description of environmental 
awareness and environment-friendly actions. These 

determinants have been grouped into fi ve main thematic 
areas (Table 1): 
1. Assessing the state of the local natural environment.
2. Assessing the environmental awareness of residents.
3. Assessing individual actions to the extent of the 

protection of the natural environment.
4. Assessing the effectiveness of the local authorities’ 

actions in the fi eld of environmental protection.
5. Knowledge and its sources concerning the natural 

environment and its protection.
The list was compiled on the basis of research reported 

in the source literature and an analysis of the specifi c 
nature of the problem in question.

Given the fact that interrelations between investigated 
issues were unknown, researchers adopted an exploratory 
approach that involved the selection of such attributes of 
an object that would describe it in the most general terms.

The questionnaire study was carried out in 2014 
and included 188 respondents. In order to determine the 
number of respondents, researchers took into account 
the criteria applied to methods of the statistical analysis 
because such analysis requires a sample of at least 
100-200 persons from the whole population [17]. The 
study was conducted with the use of a sampling method 
and respondents were selected based on the random 
sampling method. Surveys were distributed among the 
respondents in two ways – in a traditional form and via 
the Internet. Questionnaires were anonymous and each 
respondent was informed in advance of the general aim 
of the study.

The designed statistical measurement tool (ques-
tionnaire) was made up of 46 statements carrying positive 
connotations, whose meanings corresponded to features 
included in the list of primary determinants. Statements 
were evaluated with the use of the fi ve-level Likert scale, 
in which a number of points is ascribed to every type of 
response (from 1 – strongly disagree, to 5 – strongly agree). 
Positions 1 and 2 on the scale signifi ed negative responses, 
positions 4 and 5 were positive, while position 3 was 
neutral and meant “neither agree nor disagree.” In each 
item, respondents were asked to tick the level on the scale 
that best refl ected their attitude towards it. Questionnaires 
also included a set of demographic questions that helped 
identify respondents’ descriptive characteristics, including 
sex, age, education, place of living, and profession.

In order to identify variables differentiating between 
specifi c groups of respondents, the data collected from 
questionnaires was subject to a type of statistical analysis 
called discriminant function analysis [18]. Variables that 
characterized the whole population and were included 
in the set of demographic questions attached to the 
questionnaire served as grouping variables. Analyses took 
into consideration one of the grouping variables – the 
place of living. On the basis of the information about each 
respondent and his or her membership in a given group, 
it was possible to compute a discriminant function for 
the grouping variable under analysis so as to maximize 
intergroup variability relation to intragroup variability, and 
to obtain the possibly similar values of the membership 
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Table 1. List of determinants describing environmental awareness and environment-friendly actions.

Assessing the state of the local natural environment 

1. positive assessment of the general state of the environment

2. improving the general state of the environment within the last fi ve years

3. air pollution not present or slight

4. water pollution not present or slight

5. soil degradation not present or slight

6. no signifi cant environmental pollution by industry

7. no signifi cant noise (traffi c or industrial)

8. appropriate waste management (no illegal dumps, littering the forest, burning garbage, etc.)

9. controlled discharge of sewage from households

10. introducing appropriate agricultural practices and proper fertilizers by farmers

11. protection of valuable natural areas

12. control of forest areas and no excessive deforestation

13. high public awareness of environmental protection

Assessing the environmental awareness of the residents

14. residents’ sense of responsibility for the environment

15. undertaking appropriate social actions to protect the environment

16. sorting of waste by residents

17. using eco-friendly means of transport, e.g., a bike or on foot by borough inhabitants

18. limiting consumption of media

19. the use of reusable bags while shopping by residents of the borough

20. social involvement in activities for environmental protection

Assessing individual actions for the protection of the environment

21. high individual awareness regarding environmental protection

22. individual sense of responsibility for the environment

23. undertaking appropriate individual actions for environmental protection

24. a proposal of introducing a small voluntary tax to protect the environment

25. sorting of waste in the household

26. individual exploitation of eco-friendly means of transport, e.g., a bike or on foot

27. individual limiting consumption of media (e.g., water)

28. individual use of reusable bags (organic materials, paper) while shopping

29. individual participation in environmental protection activities

Assessing the effectiveness of the local authorities’ actions in the fi eld of environmental protection

30. undertaking suffi cient actions by the authorities regarding environmental protection

31. undertaking suffi cient actions by the authorities regarding environmental protection in the voivodship

32. organizing actions aimed at promoting environmental protection by the municipal authorities

33. organizing actions aimed at promoting environmental protection by the voivodship authorities

34. a need for more activities aimed at raising the ecological awareness of residents of the borough/voivodship

35. a need for more activities aimed at improving environmental improvement of the borough/voivodship

36. proposing higher penalties/fi nes for pollution to be introduced by authorities

37. more containers for sorting waste needed
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function with the possibly highest heterogeneity preserved 
between groups.

The discriminant function enabled distribution of new 
observations into categories by categorical variable used 
to create functions. The function – an equation predicting 
group membership – was defi ned by the following formula:

Y = α0 + α1 X1 + α2 X2 + ... + αp Xp                (1)

…where Y is the grouping variable used to determine 
membership of the individual to a given segment; Xi is the 
independent variable, a descriptor of membership of the 
individual to a given segment (i = 1, …, p); α0 is constant 
and αi is the unstandardized discriminant coeffi cient for 
the discriminant function, or the rule for membership 
for the individual to a given segment (i = 1, …, p).The 
discriminant function analysis included three stages: 

1) stepwise analysis, 
2) chi-square test, 
3) canonical correlation analysis. 
As a result of the stepwise analysis, it was possible 

to identify variables (used to build the model of the 
discriminant function) that served best as discriminators 
of a given group. It was also possible to defi ne values 
of Wilks’ lambda, partial lambda, and F-value, which 
indicates statistical signifi cance for group discrimination 
of a given variable.

Wilks’ lambda is a standard test statistic used to 
determine whether the discriminatory power of the current 
model is statistically important. It provides information 
about the proportion of total variability whose group 
differences are not accounted for, and indicates to what 
extent values of functions can be confounded by other 
variables than membership in differentiated groups. Wilks’ 
lambda is defi ned by the formula:

                               (2)

…where qR is intragroup variability for the membership 
function and q is total variability for the membership 
function, which is the sum of inter- (qG) and intra-group 
(qR) variability, q = qG + qR.

The F-statistic, characterized by Fisher-Snedecor 
distribution with N-l-p and k-1 degrees of freedom, was 
calculated from the equation:

                (3)
…where:

N – number of objects
k – number of classes
p – number of variables in a function
λp – value of Wilks’ lambda before adding a variable
λp+1 – value of Wilks’ lambda after adding a variable
The next stage of the discriminant function analysis 

involved verifi cation, with the use of a chi-square test, of 
statistical signifi cance of the models built in the previous 
stage. The chi-square statistic (χ2) was calculated by the 
following formula:

            (4)

…where:
N – number of observations
k – number of groups
p – number of diagnostic variables
λ – value of Wilks’ lambda
The higher the values of the chi-square statistic, the 

more solid the basis for considering classifi cation results 

Continued 

Knowledge and its sources concerning the environment and its protection

38. individual participation in local ecological education campaigns (e.g. picnics, organic festivals, ‘Clean Up the World’ 
activities, etc.)

39. adequate transfer information about ecology and environmental protection by the education system

40. acquiring knowledge about the condition and environmental protection issues from the media

41. acquiring knowledge about the condition and environment protection issues from various actions and environmental 
campaigns

42. acquiring knowledge about the condition and the environmental protection issues from the information provided by the 
offi ce of the city/municipality

43. knowledge on the concept of ‘sustainable development’

44. proposing high penalties for businesses that are major pollutants

45. greater importance of environmental protection against pollution than municipal/businesses income growth

46. the environment is more important than economic growth

Source: the authors’ own studies.
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to be signifi cant. Analyses investigated only signifi cant 
functions (the adopted criterion level was α = 0.05).

The last stage of discriminant function analysis was 
the canonical analysis that enabled determination of 
the number of statistically signifi cant canonical roots, 
parameters of the discriminant function, and eigenvalues 
of every function. Standardized coeffi cients for canonical 
variables were calculated based on standardized 
independent variables with their means = 0 and variances 
= 1. They indicate how signifi cant respective variables are 
to distribute objects into groups, while canonical averages 
make it possible to defi ne the discriminatory nature for 
each category within the grouping variable.

The statistical analysis of results was carried out with 
the use of Statistica 10 software.

Results

The data gathered from the empirical material was 
subject to the statistical analysis (in order to describe the 
population structure and specifi c variables) whose results 
were presented in graphic, tabular, and descriptive forms.

The information gathered from our own studies 
enabled a description of respondents in terms of grouping 
variables such as sex, age, education, place of living, 
and profession. Given the subject matter of the paper, 
demographic and social characteristics were limited to 
one variable, i.e., the place of living. The survey included 
188 respondents from eastern Poland, of whom 89 persons 
(47.3%) live in the countryside, 47 (25%) live in cities of 
up to 300,000 inhabitants, and 52 persons (27.7%) live in 
cities of more than 300,000 inhabitants.

In line with the adopted research methodology, the 
grouping variable relating to the place of living was subject 
to a discriminant function analysis (three categories: a – 
countryside, b – city of up to 300,000 inhabitants, c – city of 
more than 300,000 inhabitants) with a view to determining 
which variables of dimensional summary statistics of the 
examined model discriminate between two or more groups 
for specifi c categories of the variable. As an outcome of 
the forward stepwise analysis it was possible to build an 
overall model defi ned by 11 variables. Table 2 presents 
results of the discriminant function analysis carried out for 
the “place of living” grouping variable (columns 1-6).

Variables identifi ed in the forward stepwise analysis 
were presented in the step-by-step order that they were 
incorporated in the model. The second column presents 
values for Wilks’ lambda after including the variable 
in the model, while the third column presents values of 
partial Wilks’ lambda for the unique contribution of the 
respective variable to the discriminatory power with regard 
to groups. Wilks’ lambda may be converted into a standard 
F-value (see column No. 4), and for each F-value their 
respective p-values (see column No. 5) and the tolerance 
value (column No. 6), computed as 1-R2 for the variable 
with all other variables in the model, were calculated. The 
tolerance value is a measure of the respective variable’s 
redundancy. Overall values of statistics used in the model: 

λ = 0.47523 and F(22.35) = 7.168738 (p<0.0000) indicate 
a statistically signifi cant discriminatory power of the 
model.

Analysis of the results presented in Table 2 (column 
No. 3) indicate that values of partial Wilks’ lambda for this 
model are greater than 0.9029, i.e., close to 1, which means 
they do not have signifi cant discriminatory power. Variable 
No. 18 makes the greatest contribution to discrimination 
(“Increasingly more people in my municipality try to 
reduce the use of media”), and variable No. 13 (“In 
my place of living people are characterized by high 
environmental awareness with regard to environmental 
protection”).

In the investigated case, the variable grouping “the 
place of living” is broken down into three categories, 
hence two discriminant functions are subject to canonical 
analysis. Table 3 (lines 1-6) present results obtained 
when the signifi cance of discriminant functions described 
by the 11 primary attributes mentioned above were 
verifi ed. According to them, both functions 1 and 2 are 
statistically signifi cant, which makes it possible to reject 
the null hypothesis that there is no discrimination between 
categories of the variable related to the place of living.

Standardized coeffi cients of discriminant variables are 
presented in Table 2 (column Nos. 7 and 8).

Discriminant function No. 1 for the “place of living” 
grouping variable accounts for the large percentage of 
inter-group variance (75%). It is computed as follows:

Y1 = 0.66x4 – 0.63x13 + 0.60x41 – 0.52x9 
+ 0.47x12 – 0.39x18 – 0.38x33 – 0.34x8 

+ 0.27x11 + 0.12x20 + 0.07x24.

The results show that in the case of the received 
discriminant function, variable Nos. 4, 13, 41, 9, 12, 18, 
and 33 made the greatest contribution to discrimination. 
Therefore, these are major attributes that discriminate 
between investigated attitudes. 

Then, discriminant function No. 2 for the “place of 
living” grouping variable takes the following form:

Y2 = 0.75x20 + 0.70x24 v 0.69x18 v 
0.47x11 – 0.36x41 + 0.33x8 – 0.33x9 + 
0.20x33 + 0.12x4 + 0.10x12 – 0.07x13.

The analysed data indicates that in the case of 
discriminant function No. 2, discrimination between 
investigated attitudes is made chiefl y based on primary 
attributes: 20, 24, 18, 11, 41, 8, and 9.

Although the second function has relatively less 
discriminatory power, it is still signifi cant and thus makes it 
possible to determine the nature of discrimination. Table 3 
(lines 7-9) presents means for canonical variables included 
in the respective model of the discriminant function 
(average values of discriminant variables for different 
categories within “the place of living”). Differences 
between the means are larger for the fi rst of the two 
discriminant variables. The fi rst function discriminates 
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primarily between people living in the countryside and 
people from large cities of more than 300,000 inhabitants. 
The second function, in turn, discriminates between 
people living in small and medium-size or large cities.

The nature of discrimination was depicted also in 
graphic form (Fig. 1). The analysis of the graph reveals 
that coordinates of the majority of items against the 
fi rst variable (axis), which represent people living in 
the countryside, have higher values than corresponding 
coordinates of items referring to people living in large 
cities (of more than 300,000 inhabitants). Relative to 
the fi rst discriminatory variable, coordinates of points 
representing people living in cities of 100-300,000 
inhabitants have high values in the coordinate volatility 
interval for people living in large cities, and low values for 
those from the countryside.

In the case of the second discriminatory variable, it 
is observed that, relative to the second discriminatory 
variable (axis), coordinates of the majority of items 
representing people living in cities of 100-300,000 
inhabitants have much higher values than corresponding 

Table 2. Discriminant function analysis for the “place of living” grouping variable and its standardized coeffi cients.

1 2 3 4 5 6 7 8

Variable Wilks’
λ

Partial
Wilks’ 
λ

F-to 
-remove
(2.175)

p-value Toler. Root 1 Root 2

9. “Controlled sewage disposal system operates in my 
place of living” 0.5245 0.9060 9.076 0.0001 0.7011 -0.5239 -0.3281

11. “High-nature value areas are not subject to 
degradation in my place of living (in the form of 

deforestation, or excessive housing development)”
0.4997 0.9509 4.509 0.0123 0.6820 0.2677 -0.4727

24. “In my opinion, a small amount of the voluntary 
environment tax should be introduced” 0.5156 0.9217 7.436 0.0008 0.8372 -0.0716 0.6961

18. “Increasingly more people in my municipality try 
to reduce the use of media” 0.5263 0.9029 9.409 0.0001 0.6340 -0.3947 -0.6853

20. “Increasingly more people in my municipality take 
part in actions for environmental protection” 0.5098 0.9322 6.369 0.0021 0.6081 0.1208 0.7477

4. “Water in my place of living is not polluted” 0.5383 0.8828 11.616 0.0000 0.6399 0.6599 0.1209

41. “I learn about environment and its protection from 
various eco-friendly actions and campaigns” 0.5386 0.8823 11.670 0.0000 0.6819 0.5986 -0.3578

13. “People in my place of living have a high level of 
awareness of environmental protection” 0.5256 0.9042 9.268 0.0001 0.5832 -0.6277 -0.0735

12. “In my place of living forested terrains are under 
control and there is no excessive logging operations 

are carried out there”
0.5076 0.9361 5.971 0.0031 0.6718 0.4739 0.1040

33. “Provincial authorities in my place of living 
organise actions to promote environmental protection” 0.5055 0.9400 5.581 0.0044 0.8996 -0.3769 0.2032

8. “Good waste management system operates in my 
place of living (no illegal waste dump, littering of 

forests, burning of rubbish)” 
0.4989 0.9525 4.359 0.0141 0.6965 -0.3398 0.3281

Eigenvalue - - - - - 0.7072 0.2326

Accumulated proportion - - - - - 0.7525 1.0000

Source: the authors’ own studies.

Fig. 1 The nature of discrimination for the “place of living” 
grouping variable (a – countryside, b – city of 100-300,000 
inhabitants, c – cities of > 300,000 inhabitants).
Source: own study. 
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coordinates of the items representing other categories 
within the place of living.

Taking into account standardized coeffi cients for 
canonical variables (Table 2) and their means (Table 3), 
the discriminant function analysis for the place of living 
may be summarized as follows: variable Nos. 4, 41, 12, 
11, and 20 characterize people living in the countryside 
and differentiate them from people living in large cities 
who, in turn, are characterized by variable Nos. 13, 9, 18, 
8, 33, and 24.

Discussion of Results

The analysis of the study’s results show that the level 
of environmental awareness developed by an individual or 
society is conditioned by numerous variables; one of the 
most important variables includes the state of the natural 
environment in which a respective individual or society 
functions. The relationship between place attachment and 
pro-environmental behaviors has been examined in the 
literature. While fi ndings are confl icting, place attachment 
has been shown to be associated with less (even null), 
but also with more, pro-environmental behaviors [19]. 
Certain studies indicate that the level of environmental 
awareness is higher among people living in relatively more 
environmentally degraded regions [20]. However, on the 
basis of results obtained from the authors’ own studies, 
it can be inferred that certain attitudes and willingness to 
take actions aiming to protect the natural environment are 
revealed by people who live in areas diversifi ed in terms 
of the degree of urbanization, but they are fostered by 
various circumstances.

On the basis of the analysis results, it may be stated 
that people living in the countryside are characterized 

primarily by variable Nos. 4, 41, 12, 11, and 20. This 
means that they pay attention particularly to issues 
concerning their place of living (no water pollution, 
protection of high-nature value areas, control over forests, 
participation in municipal actions for environmental 
protection), which largely results from their close contact 
with nature. People living in large cities are also interested 
in environmental issues, but they are concerned with other 
aspects of “environmental awareness” (related to their 
place of living), including controlled household sewage 
disposal, reduction of the use of media, actions organized 
by provincial authorities to promote environmental 
protection, willingness to pay small amounts of a voluntary 
environmental tax (such persons are characterized by 
variable Nos. 13, 9, 18, 8, 33, and 24).

The survey proves the thesis about dependence 
between the evaluation of the natural environment and 
the place of living and, consequently, the degrees of 
industrialization and urbanization [21-25]. Respondents 
revealed certain characteristics of regionalism, i.e., 
more thorough knowledge about one’s own place of 
living. Inhabitants of heavily degraded areas, affected 
by extensive anthropogenic processes, have developed 
environmental awareness based on observations of the 
effects of adverse impact on the natural environment 
[26]. People living in protected areas develop a sense of 
environmental awareness on the basis of their own positive 
experiences and observations, as well as by comparing 
their place of living with areas under strong and negative 
human infl uence [27, 28].

The conducted research, obtained results, and the 
conclusions drawn on the basis thereof make it possible 
to formulate recommendations for people taking decisions 
to the extent of environmental awareness of the residents, 
e.g., the authorities within a given municipality or a region. 
Getting to know the variables that determine the degree of 
environment-related awareness of individuals, depending 
on their place of residence, and as a consequence the 
condition of the environment in which they live (the degree 
of urbanization and degradation of the environment), can 
be helpful in developing and implementing some adequate  
educational measures.

Conclusions

The studies described in the source literature as well as 
the obtained results and discussion of the analysis showed 
that respondents’ attitudes to the natural environment 
and environmental protection differ depending on 
their place of living. On the basis of the discriminant 
function analysis, it is possible to state that a grouping 
variable for the place of living has statistically signifi cant 
discriminatory power (Wilks’ lambda for the grouping 
variable was 0.47523). Attitudes of people living in 
bigger towns are conditioned primarily by variable Nos. 
13, 9, 18, 8, 33, and 24, whereas of those living in the 
countryside by variable Nos. 4, 41, 12, 11, and 20. This 
means that people living in the countryside pay attention 

Table 3. Chi-square test values and means of canonical variables 
for the “place of living” grouping variable.

Root 1 Root 2

Chi-square test value

1 Eigenvalue 0.707169 0.232601

2 Canonical R 0.643611 0.434405

3 Wilks’ lambda 0.475227 0.811293

4 χ2 133.9134 37.6428

5 df 22.00000 10.00000

6 p-value 0.000000 0.000044

Means of canonical variables

7 a - countryside 0.847684 -0.135117

8 b – cities of 100–300,000 
inhabitants -0.438273 0.789613

9 c – cities of >300,000 
inhabitants -1.05471 -0.48243

Source: the authors’ own studies.
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particularly to issues concerning their place of living (no 
water pollution, protection of high-nature value areas, 
control over forests, participation in municipal actions for 
environmental protection), which may largely stem from 
their close contact with nature. However, people living in 
large cities are also interested in environmental issues, but 
they are concerned with other aspects of “environmental 
awareness,” including controlled household sewage dis-
posal, appropriate waste management, reduction of the 
use of media, actions organized by provincial authorities 
to promote environmental protection, and willingness to 
pay small amounts of a voluntary environmental tax. The 
obtained results may constitute the basis for the decisive 
bodies of local authorities to the extent of promoting 
environmental actions by means of different types of 
social campaigns aimed at residents of both rural and 
hugely urbanized areas.
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