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Abstract 

The global water situation is deteriorating not only due to the progressing climate change 

but also to irrational consumer behaviors, which are driven by attitudes. Given the above, 

it seemed essential to identify attitudes toward the issue of access to freshwater in house-

holds, considering sustainable development guidelines. The aim of this study was, there-

fore, to develop a research tool for the identification of respondents’ attitudes toward this 

problem and then to determine its validity and reliability. The object of the study was an 

original questionnaire serving as a research tool for identifying the specified attitudes. The 

data required for this study were acquired through a critical review of the literature and 

a questionnaire survey method. The study was conducted in one of the Polish urban ag-

glomerations using the Paper-and-Pencil Interviewing (PAPI) technique. An in-depth 

analysis of the validity and reliability of the tool, carried out using a statistical procedure, 

confirmed it to be a viable means to identify these attitudes in Poland. Therefore, there are 

reasonable grounds to assume that, following the application of the procedure presented 

in this manuscript, the developed tool may also be used to identify the specified attitudes 

when implemented in a different population. 

Keywords: investigating attitudes; scale validity and reliability; freshwater deficit;  

Poland; sustainable development 

 

1. Introduction 

1.1. Problem of Access to Freshwater 

Water plays a critical role in the functioning of ecosystems, human health, and the 

economy [1,2]. Preventing the growing household water consumption deficit is consid-

ered one of the key challenges of the 21st century [3], particularly in Poland, which is 

among the countries struggling with water stress. The latter indicates pressure on water 

resources and is defined as the ratio of water consumed to available water resources left. 

In recent years, Poland has ranked third among the European Union Member States in 

terms of the lowest freshwater resources per capita [4]. On a global scale, the aggravating 

water stress is due to climate change, population growth, and progressing urbanization, 

all of which lead to a growing demand for water [5,6]. In addition, the availability of 
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renewable water resources is limited and depends on the hydrological cycle [7]. The sci-

entific literature emphasizes that the problem of water deficit is not only limited to its 

physical shortages but also entails its unequal distribution and pollution, as well as inad-

equate management of water resources at both the systemic level (water policy, infrastruc-

ture) and the individual one, reflected in the attitudes and behaviors of end users [8,9]. 

Water wastage is another big puzzle in the water crisis. It is particularly evident in 

the public sector and in households [10], which are among the largest consumers of fresh-

water next to agriculture and industry [4]. Investigations conducted so far have demon-

strated that a significant proportion of abstracted water is wasted due to inefficient appli-

ances, faulty installations, and consumption habits, such as prolonged bathing, leaving 

taps running, and no investments in water-saving technologies [6]. According to authors 

of international reports, water wastage reduction represents one of the most cost-effective 

and efficient ways to mitigate the water crisis. It is also a prerequisite for achieving the 

Sustainable Development Goals, in particular Goal 6 of the 2030 Agenda, the major aim 

of which is to provide access to water and ensure adequate sanitary conditions for the 

population [11–13]. 

Water-related issues are complex and encompass both quantitative shortages, dete-

riorating quality, and social inequalities in access to safe drinking water. Ample studies 

have confirmed a strong relationship between water management and climate change 

[14], since extreme weather events, like droughts and floods, have been shown to trigger 

local water crises and to negatively affect food, health, and energy security [13]. In this 

context, increasing attention is being paid not only to technical investments (in water re-

tention, infrastructure modernization, and treatment technologies) but also to public ed-

ucation and the development of attitudes that underlie water waste reduction at individ-

ual and local levels [15,16]. In view of the above, this article presents the results of a study 

evaluating the validity and reliability of a tool designed to identify consumer attitudes 

toward selected aspects of water use in households. 

1.2. The Concept of Sustainable Development 

Sustainable development is one of the key directions of contemporary socio-eco-

nomic activities, aimed at balancing economic, social, and environmental needs [17]. Wa-

ter resources are of particular importance from the perspective of natural environmental 

protection, as they influence ecosystem functioning, economic development, and human 

health [18]. The proper water management is an issue of concern to various international 

organizations, such as the United Nations, which, among its Sustainable Development 

Goals, emphasizes the need to ensure broad access to clean water [4]. 

Water resources are critical in maintaining environmental balance. Growing chal-

lenges due to climate change, urbanization, industrial development, and intensive agri-

culture contribute to increased consumption and deteriorated quality of water. Weather 

anomalies, including hydrological droughts, groundwater depletion, and degradation of 

aquatic ecosystems, urge the implementation of rational and long-term water manage-

ment policies [19], whereas a sustainable strategy means not only the protection of these 

resources but also their efficient use while maintaining the environment’s capacity for re-

generation [20]. 

The issue of water wastage in households raises both ecological and economic con-

cerns. Excessive water use often stems from everyday human behaviors, including pro-

longed bathing, leaving taps running while brushing teeth, and the use of household ap-

pliances that consume large amounts of water [21,22]. Another cause is leakage in water 

supply systems, which can lead to significant water losses over time. Although such losses 

may appear negligible from the perspective of a single household, on a global scale, they 
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contribute to increased exploitation of water resources, higher energy demand for water 

treatment and distribution, and the exacerbation of environmental problems [23]. 

In the context of sustainable development, water management brings multiple bene-

fits to the environment, the population, and the economy. The rational use of water re-

sources enables reducing pressure on ecosystems, lowering infrastructure-related costs, 

and enhancing water security for the population [24]. The attitudes of household mem-

bers, reflected in their daily choices and habits, play a key role in achieving sustainable 

development goals, since the actual consumption of resources is shaped at the individual 

level. Therefore, effective water management requires cooperation between public insti-

tutions, the private sector, and citizens, as well as continued development of technologies 

and policies supporting economical water use [22,25]. 

1.3. Attitudes as an Indicator of Behaviors of Consumers Toward the Water Crisis 

An attitude, in a general sense, should be understood as a hypothetical construct that 

cannot be directly identified through observation [26,27]. It is defined as a tendency to 

perceive a particular object in a certain specific way, which may be positive, ambivalent, 

or negative from an individual’s perspective [26,28]. Attitudes are driven by three types 

of factors: cognitive (resulting from knowledge about a given object), affective (resulting 

from emotions toward the object), and behavioral (stemming from a tendency to act in a 

certain way toward this object) [29,30]. The identification of an attitude is particularly im-

portant, as it forms grounds for its potential modification and is deemed a significant de-

terminant of behaviors related to the object of the attitude [27]. 

One of the most widely used models for explaining pro-environmental behavior is 

the Theory of Planned Behavior (TPB), which is derived from the theory of reasoned ac-

tion developed by Ajzen [31]. This model assumes that an individual’s behavior is directly 

determined by behavioral intentions, which in turn result from three basic factors: atti-

tudes towards a given behavior, subjective norms, and perceived behavioral control [32]. 

In the context of the issue of access to fresh water, this refers to the way in which 

individuals assess the need to protect water resources, curb excessive water consumption, 

or support policies relating to its rational use. Subjective norms, on the other hand, relate 

to social pressure and beliefs regarding others’ expectations of certain behaviors. In the 

context of water management, these may manifest as a social expectation to conserve wa-

ter or support for measures to reduce wastage. Behavioral control, in turn, manifests itself 

in an individual’s belief in their own ability to take specific actions and influence the en-

vironmental situation. 

According to the TPB framework, the more positive one’s attitude towards environ-

mental protection, the stronger the social norms and the greater the sense of agency, the 

more likely one is to engage in pro-environmental behavior. This model is widely used in 

environmental research as it allows for the analysis of the mechanisms shaping intentions 

and practices related to the responsible use of natural resources [33]. 

In the context of freshwater access, TPB theory helps to explain how individual atti-

tudes, social influence, and a sense of control affect people’s willingness to take action to 

protect water resources and curb their overexploitation. 

The second key approach used to analyze environmental behavior is the Value–Be-

lief–Norm Theory (VBN), developed by Stern. This model focuses on the role of values, 

beliefs, and moral norms as key determinants of pro-environmental behavior [32]. 

VBN posits that individuals’ behavior towards the environment stems from a specific 

value system, which influences their beliefs regarding environmental threats and their 

sense of a moral duty to act. The model primarily distinguishes between altruistic, egois-

tic, and biospheric values. Altruistic values relate to concern for the welfare of others, 
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biospheric values focus on the protection of nature and ecosystems, whilst egoistic values 

are linked to the protection of one’s own interests and quality of life [34,35]. 

With regard to the issue of access to fresh water, VBN enables us to analyze how 

ecological values and awareness of the consequences of the water crisis influence social 

attitudes towards the conservation of water resources. People guided by strong biospheric 

and altruistic values are more likely to recognize the need to reduce water consumption, 

support conservation measures, and make responsible consumption choices. 

Combining TPB and VBN provides a more comprehensive explanation of environ-

mental behavior relating to access to fresh water. TPB focuses primarily on the rational 

determinants of behavior and the influence of social factors and behavioral control, whilst 

VBN emphasizes the importance of values, moral norms, and environmental awareness. 

The integration of both approaches enables the analysis of both social and psychological-

moral determinants of attitudes towards water resource management. 

In research into the issue of access to fresh water, the application of both theories can 

help to identify the factors influencing the level of acceptance of conservation measures, 

the reduction in water consumption, and support for policies on the sustainable manage-

ment of water resources. 

A study conducted in Australia in 2025 by Prajapati et al. [36] investigated the rela-

tionship between pro-environmental attitudes and actual household water use, with par-

ticular emphasis on water wastage. The study involved the synthesis of data acquired 

from a questionnaire survey of attitudes and behaviors related to water management with 

real water consumption data. This approach enabled identifying consumption behaviors 

and analyzing their drivers based on the identification of attitudes. The findings demon-

strated that households with stronger pro-environmental attitudes exhibited significantly 

lower water consumption, especially for garden watering, bathing, and making laundry. 

Interestingly, the declared environmental awareness did not always translate into actual 

behavior, whereas the effectiveness of water-saving practices was limited by practical bar-

riers, including no access to water-saving technologies, financial constraints, and demo-

graphic factors. Furthermore, the study showed that the patterns of using water were sig-

nificantly influenced by income, educational level, and place of residence. Despite high 

environmental awareness, members of higher-income households often consume more 

water due to larger living spaces and infrastructure that facilitates higher consumption. 

In contrast, lower-income households tend to save water more frequently, often for eco-

nomic reasons. The above findings, as well as those reported in other studies [37], enable 

us to conclude that reducing water wastage in households requires not only fostering pos-

itive social attitudes toward the growing problem of water deficit but also increasing 

knowledge in this area, providing financial incentives, and improving access to water-

saving technologies. 

In turn, the results of a study conducted in Turkey by Aydin [38] indicate that con-

sumer attitudes toward water deficit play a significant role in reducing water wastage and 

promoting conservation behaviors. Another study has shown that the way consumers 

perceive water deficits, particularly in terms of psychological distance, affects their will-

ingness to change water consumption patterns [39]. Greater temporal and social distance 

from the issue of water shortage leads to underestimation of its severity, which may result 

in the continuation of behaviors promoting water wastage [9]. Thus, individuals’ attitudes 

to the problem are of critical importance. A higher proportion of consumers who believe 

in the effectiveness of their actions declare willingness to reduce water consumption and 

abandon behaviors that contribute to water wastage. This means that understanding the 

issue of water scarcity alone is insufficient and that the belief that choices of an individual 

consumer can have a real impact on mitigating the problem is equally important. Simi-

larly, perceived responsibility has been identified as an important factor affecting 
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consumer attitudes, i.e., the stronger the sense of responsibility for the consequences of 

excessive water consumption, the greater the eagerness to engage in water-saving behav-

iors [38]. 

This article is therefore devoted to the development of an original questionnaire tool 

designed to identify consumer attitudes towards the issue of domestic water use. This 

approach distinguishes the developed tool from others in which water is merely one ele-

ment of the environment. Consequently, this study focuses on the issue of water use and 

the statistical verification of its suitability. 

2. Materials and Methods 

2.1. Aim of the Study 

The aim of this study was to develop a research tool enabling the identification of 

respondents’ attitudes toward the issue of access to freshwater in households within the 

context of sustainable development, and then to determine its validity and reliability. The 

study assumed that validity determines whether the designed tool measures what it is 

intended to measure, and that reliability means the accuracy and repeatability of the re-

sults, hence indicating whether repeated measurements yield consistent results. The re-

search procedure described in this manuscript enabled the verification of the research hy-

pothesis, assuming the usefulness (i.e., validity and reliability) of the developed tool for 

assessing respondents’ attitudes toward access to freshwater in households. 

2.2. Characteristics of the Research Object—Scale Content and Questionnaire Metrics 

The research object was an original questionnaire, which is indeed a research tool for 

identifying specific attitudes. It consisted of a research construct (also referred to as a 

scale) and a demographic section (metrics) with nine socio-demographic questions. The 

main part of the questionnaire comprised a scale developed to identify consumer attitudes 

toward access to water. The statements forming the scale were developed based on a crit-

ical literature review combined with expert consultations and addressed aspects related 

to water resource management for sustainable development. The scale consisted of 20 

statements, half of which were positive and the other half were negative. The statements 

reflected opinions driven by cognitive, emotional, or behavioral components of attitudes, 

and were arranged randomly to reduce the risk of response bias. 

Respondents expressed their attitudes toward each statement using a five-point Lik-

ert scale. The choice of this measurement scale was justified by the limited capacity of the 

human mind to process multiple pieces of information simultaneously, as confirmed in 

previous investigations indicating that the optimal number of response categories falls 

within the range of 7 ± 2, making a five-point scale a more transparent and functional tool 

compared to three-, seven-, or nine-point scales [40,41]. 

The Likert scale used in the present study included verbal descriptors of responses 

to facilitate the precise expression of respondents’ opinions. The verbal replies were sup-

plemented with numerical values, enabling statistical analysis of potential correlations 

within this set of data. The following response categories were applied in the study: 1—I 

strongly disagree, 2—I rather disagree, 3—I neither agree nor disagree, 4—I rather agree, 

and 5—I strongly agree [42]. 

2.3. Characteristics of the Research Method—Validity (Validation) and Reliability  

Assessment Procedure 

The research object, in the form of an original questionnaire, was subjected to validity 

(validation) and reliability assessment. The purpose of validity (validation) assessment 

was to obtain a tool that accurately measures what it was designed for (the intended 
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construct) [43], whereas reliability assessment aimed to determine the consistency of re-

peated measurements. 

The validity assessment (validation) process included three main stages: 

1. Content validity—this stage involves verifying whether particular elements (state-

ments) of the scale are adequate and whether they appropriately reflect the objective 

they were designed for [44]. The statements were specified based on a critical litera-

ture review and subsequently evaluated based on discussions with three experts who 

assessed their substantive relevance. This stage was conducted in January 2025. 

2. Response process validation (face validity)—this stage aims to assess the consistency 

between the intended theoretical construct and the way respondents interpret the 

related statements. It is usually conducted on a small group representing the target 

population [45]. At this stage of the present study, 20 participants were involved, 

including 10 women (50%). The minimum recommended number of respondents for 

response validation is 10, although approximately 30 participants is often considered 

a standard. Hence, the criterion adopted in this study was met at a moderate level 

[46]. This stage of the study was conducted in February 2025. 

Consequently, following the content validation (point 1) and face validity (point 2), 

it was confirmed that the respondents understood the statements in accordance with 

the authors’ intentions. In turn, the information load of individual statements, as de-

termined by the authors, was the result of a critical analysis of the literature and con-

sultation with experts. This process was carried out in accordance with the scheme 

proposed by Klimas [47]. Further testing of the reliability of the statements on the 

proposed scale was carried out using PCA (point 3). 

3. Statistical validation—this stage was conducted based on data collected from 350 re-

spondents. The sample size was established following guidelines recommending at 

least five respondents per scale item [48]. After content and face validation, the scale 

included 20 statements, which implied a minimum required sample of 100 respond-

ents. In practice, however, 350 individuals participated in the study, of whom 59.42% 

were women. Thus, the sample number criterion exceeded the minimum require-

ment. The proposed questionnaire was therefore subjected to a preliminary explora-

tory study. 

Participants expressed their attitudes toward each statement using one of the five 

response options ranging from “I strongly disagree” to “I strongly agree”. Responses were 

coded with values from 1 to 5, with 3 indicating neutrality. Reverse coding was applied 

for the negatively worded statements, i.e., “I strongly agree” was assigned 1 point, and “I 

strongly disagree” was assigned 5 points. This coding approach allows treating the vari-

able as measured on an interval scale, which in turn enables basic statistical analyses, like 

computation of mean values and standard deviation. However, it should be emphasized 

that this strategy represents a certain simplification, and the results obtained should be 

interpreted with caution [49,50]. The study was conducted between March and June 2025. 

Statistical analyses were performed using Statistica 13.0 PL software (StatSoft, TIBCO 

Software, San Ramon, CA, USA), and differences were considered statistically significant 

at p ≤ 0.05. Calculations were conducted using Principal Component Analysis (PCA) 

[27,48,51], which included two stages: (A) calculation of descriptive statistics (mean values 

and standard deviations) for individual statements, and (B) principal component analysis 

with orthogonal Varimax rotation. Prior to PCA, the Kaiser–Meyer–Olkin (KMO) measure 

was calculated, and Bartlett’s test of sphericity was performed. A KMO value > 0.60 indi-

cates that the data are suitable for factor analysis, whereas results of Bartlett’s test confirm 

the adequacy of the sample distribution [52]. As a result of this procedure, factors were 

obtained that fully describe all aspects of the phenomenon under investigation. 
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The scale reliability assessment was conducted using Cronbach’s alpha coefficient, 

and an analysis of the risk of common method bias (CMB) using the Harman rule. Relia-

bility of a tool refers to the extent to which a scale provides consistent and repeatable 

results from multiple measurements, thereby ensuring the reliability of the obtained find-

ings. The unidimensionality of the construct and its convergent and divergent validity 

were also examined [43,47]. This stage of reliability evaluation of the analyzed research 

tool was performed based on the data collected for statistical validation. 

Each procedure was accomplished based on the results of surveys conducted in the 

Pomeranian Voivodeship with the PAPI method. Only the authors of the study were in-

volved in collecting the data, which helped to minimize the limitations of this method, 

such as the influence of the interviewer. 

The main study (statistical validation and reliability assessment) was conducted 

among respondents aged 18–80 years, who were selected at random using a stratified 

sampling approach to account for the spatial diversity of the voivodeship (cities of varying 

sizes as well as central and peripheral locations). It is noteworthy, however, that the re-

sulting sample was not representative of the entire population of Poland. The survey was 

conducted anonymously, with full respect for ethical principles and respondents’ rights, 

in accordance with the Declaration of Helsinki [53]. The selection of the study sample, 

including residents of the Pomeranian Voivodeship aged 18–80, was a deliberate and jus-

tified decision in the context of research on consumer attitudes toward water use in house-

holds as an important indicator of their behaviors in this respect. 

Firstly, the adopted age range enables capturing a bigger picture of attitudes toward 

water management within the studied population. Individuals aged 18 are legally adults 

and can independently participate in the study to express their own attitudes in the con-

texts of their actions (behaviors). This group includes both young adults (often still living 

with their parents or roommates) and individuals establishing their own households. 

Their attitudes toward the surveyed problem may reflect emerging social trends, includ-

ing increasing environmental awareness, the use of modern technologies, or sensitivity to 

issues related to water and energy conservation. 

The middle segment of the sample, encompassing individuals aged 30–60 years, rep-

resents the most economically active group of respondents, typically responsible for man-

aging households. These respondents make decisions regarding everyday water use, from 

the choice of sanitary installations and household appliances to adopting water-saving 

practices or responding to utility costs. Their responses are particularly valuable as they 

enable identifying determinants of actual, ongoing water consumption practices. 

In turn, the older respondents aged 60–80 years contribute a different perspective to 

the study. Their attitudes toward water use are often driven by past life experiences, re-

lated to, e.g., periods when access to resources was more limited and required more care-

ful and economical management. The attitudes of this group may justify their long-estab-

lished habits characterized by a conservative and rational perception of water as a valua-

ble resource in everyday life. The inclusion of older respondents in the sample enables the 

identification of generational differences and their comparison with emerging trends ob-

served among younger generations. 

The choice of the research area, i.e., the Pomeranian Voivodeship, was driven by its 

significant social, economic, and spatial diversity. On the one hand, it encompasses highly 

urbanized areas, such as the Tricity (Gdańsk, Gdynia, Sopot), characterized by an urban 

lifestyle, modern water infrastructure, and access to innovative technologies. On the other 

hand, Pomerania also comprises smaller towns and rural areas, where water use may be 

influenced by different conditions, e.g., use of private water sources or various approaches 

to resource management. 
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Also worthy of attention are the specific water-related characteristics of the Pomera-

nian Voivodeship. Although this region is relatively rich in water resources due to its ac-

cess to the Baltic Sea and a well-developed river network, it has recently been struggling 

with some issues related to local water availability, particularly during the summer season 

when water consumption increases significantly. These extreme conditions experienced 

by Pomeranian residents, i.e., water abundance on the one hand and awareness of its po-

tential scarcity on the other, make their attitudes a particularly interesting subject of study. 

Therefore, the selection of a study sample including individuals aged 18–80 from the Pom-

eranian Voivodeship enables capturing a multigenerational picture reflecting consumer 

attitudes toward household water use, an important indicator of their behaviors. Such a 

broad demographic range allows for the identification of generational differences, shows 

variations in practices across age groups, and enables the determination of the influence 

of specific regional conditions on water use. As a result, the collected data may be consid-

ered more comprehensive and representative, and reflect the real social attitudes toward 

this severe challenge of the 21st century in Poland. 

3. Results 

A relatively high number of statements (20) and possible response variants (5) deter-

mined the use of a multivariate analysis, which enables ordering of data by grouping 

statements of a similar content and nature. The present study employed the principal com-

ponents analysis (PCA), being one of the methods of factor analysis [54]. 

However, prior to PCA, it is necessary to verify whether its application is methodo-

logically justified. This assessment can be made based on Bartlett’s test of sphericity and 

the Kaiser–Meyer–Olkin (KMO) measure. 

The null hypothesis advanced in Bartlett’s test assumes that the matrix of a correla-

tion between variables is an identity matrix, whereas the alternative hypothesis assumes 

that this matrix differs significantly from the identity matrix. Not rejecting the null hy-

pothesis would suggest the lack of significant correlations between variables, which 

would, in turn, preclude the meaningful application of PCA, as this method is based on 

the analysis of correlations between variables. This hypothesis can be verified by means 

of the chi-square statistic [55]. 

In turn, the KMO measure assumes values from 0 to 1; however, the higher its value 

is, the more justified is the use of dimensionality reduction via factor analysis. A minimum 

threshold of 0.5 is typically considered acceptable. Table 1 presents the results of both 

analyses. 

Table 1. Results of Bartlett’s test of sphericity (test statistics and significance) and KMO criterion 

analysis. 

Criterion Measure Construct—Scale 

KMO criterion KMO 0.869 

Bartlett’s test of sphericity 
test statistics 1811.392 

Significance—p 0.000 

Source: own study. 

The results of Bartlett’s test of sphericity and KMO value indicate that the data col-

lected are adequate for conducting principal component analysis (PCA). The use of PCA 

enables reducing data dimensionality, which consequently allows for simplifying their 

structure and facilitates the interpretation of correlations between dependent variables in 

the analyzed dataset. Hence, PCA was conducted at this stage of the study, with the aim 

of identifying the number of dimensions that would allow for the reliable description of 
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the observed attitudes. Principal component analysis consists of transforming the original 

set of variables into a new system of coordinates, in which each successive axis (principal 

component) is orthogonal to the preceding ones and maximizes the percentage of the ex-

plained variance. 

In turn, dimensionality reduction in PCA consists of eliminating those components 

that contribute only a small amount of information about the studied population, without 

substantially compromising the knowledge about the structure of the dataset. From the 

perspective of quantitative sciences, information is equated with dispersion or variability. 

Therefore, components with the smallest variance are selected for elimination. The num-

ber of dimensions remaining for the analysis may be chosen based on Cattell’s criterion, 

Kaiser’s criterion, or the cumulative variance criterion, which allows preserving most of 

the information contained in the data while simplifying the structure of the variables 

[48,56,57]. 

The use of Cattell’s criterion [58] involves preparing the so-called scree plot, which 

presents the standardized eigenvalues of successive principal components. The number 

of dimensions retained for further analysis corresponds to the break-point of the curve, 

beyond which it turns relatively flat, indicating components with low variance [59]. In 

turn, Kaiser’s criterion is based on the individual eigenvalues of the principal components, 

where the components with eigenvalues lower than 1, corresponding to a variance smaller 

than that of a single variable, may be excluded from further analysis [56,60,61]. In the case 

of the cumulative variance criterion, the number of components is selected so that their 

total contribution to the explained variance exceeds a specified threshold, usually set at 

75–80%, which enables retaining most of the information contained in the data. All these 

three criteria were applied in the present analysis, and their results were combined to 

determine the optimal number of dimensions for further interpretation. 

An important stage during PCA is the selection and rotation of principal compo-

nents. The present study harnessed the Varimax rotation, which maximizes the variance 

of factor loadings for each component while minimizing their values for the remaining 

components. This approach allows for a clearer distinction of the variables within indi-

vidual components, thereby facilitating the interpretation of results and the selection of 

the number of dimensions retained in the analysis [48,57,62]. 

The analyzed scale included 20 variables representing the examined statements. Prior 

to the analysis, they were transformed to ensure a consistent direction of their influence 

on all variables. The application of principal component analysis (PCA) with Varimax ro-

tation enabled the separation of new principal components, forming an alternative system 

of coordinates to this scale. The eigenvalues of the obtained dimensions, the cumulative 

percentage of the explained variance, and the scree plot are presented in Table 2. 

Table 2. Eigenvalues and cumulative percentage of explained variance in PCA performed for the 

investigated scale. 

Dimension Eigenvalue Cumul. % of Variance 

1 5.610 28.052 

2 1.611 36.108 

3 1.338 42.795 

4 1.226 48.927 

5 1.039 54.124 

6 0.958 58.913 

7 0.845 63.140 

8 0.813 67.203 

9 0.774 71.074 

10 0.735 74.750 
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11 0.649 77.994 

12 0.631 81.147 

13 0.605 84.174 

14 0.558 86.964 

15 0.517 89.550 

16 0.487 91.987 

17 0.478 94.377 

18 0.418 96.467 

19 0.387 98.401 

20 0.320 100.000 

Source: own study. 

Based on the presented results (Table 2 and Figure 1), the number of retained dimen-

sions could reach: 1 (according to Cattell’s criterion), 5 (according to Kaiser’s criterion), or 

11–12 (based on the cumulative variance criterion). In the present analysis, a five-dimen-

sional solution was adopted, explaining merely 55% of the variance of the original varia-

bles. It should be noted, however, that the interpretation of an excessive number of di-

mensions is far more difficult and may not lead to satisfactory results. For this reason, 

after identifying weak correlations of factors four and five with the variables, the number 

of dimensions was reduced to three. The factor loadings obtained for these dimensions 

(after excluding non-significant factors) are presented in Table 3. 

Cattell Criterion - Scree Plot
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Figure 1. Scree plot in PCA performed for the analyzed scale. 

Table 3. Factor loadings for the selected three factors of the analyzed scale. 

No. Original Variable Factor 1 Factor 2 Factor 3 

1 
I use much more water while taking a bath than while taking a 

shower  
−0.368 −0.152 0.580 

2 I do not pay attention to the amount of water I use −0.492 0.094 0.007 

3 
I am willing to invest in reconstructing my water supply system if 

it allows me to reduce water consumption 
−0.293 0.528 0.217 

4 
A single household does not contribute to the aggravation of water 

deficit in the country 
−0.454 −0.233 0.023 
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5 
I believe that increasing the number of green areas (vegetation) can 

help retain freshwater 
−0.488 −0.015 0.478 

6 
I believe that the problem of water shortage does not concern our 

country, despite what is being said 
−0.591 −0.218 0.081 

7 
I would be willing to reuse bathwater for cleaning floors or flush-

ing the toilet  
−0.428 0.551 −0.108 

8 
The problem of water deficit has been fabricated by scientists be-

cause its resources are immense and remain unchanged 
−0.646 −0.344 0.033 

9 
Using greywater for watering plants is a cost-effective and ecologi-

cal solution 
−0.349 0.489 −0.170 

10 
People are able to provide water to the areas of the Earth where it is 

needed 
−0.161 −0.067 −0.563 

11 
Installing a dual water system contributes to a reduction in water 

supply and sewage costs 
−0.595 0.160 0.014 

12 

It does not matter to me which button I press when flushing a toi-

let, because it is pure imagination that they use different amounts 

of water 

−0.660 −0.166 −0.037 

13 
A faucet aerator is a good solution because it allows reducing water 

consumption 
−0.540 −0.056 0.286 

14 
I load the dishwasher only halfway because the dishes will not be 

washed thoroughly when it is full  
−0.625 −0.315 −0.009 

15 Saving water is our responsibility to future generations −0.700 0.133 −0.087 

16 
Purchasing water-saving devices for my household is a waste of 

money 
−0.713 −0.041 −0.161 

17 
I save water because my parents taught me to do so since I was a 

child 
−0.519 0.204 0.112 

18 
Armed conflicts entailing access to drinking water are merely 

movie scenarios and not a reality 
−0.568 −0.175 −0.320 

19 
I am concerned about the water crisis and drought, which may af-

fect my life and the lives of my children 
−0.505 0.465 −0.088 

20 Water shortages occur only in the summer −0.537 −0.263 −0.347 

 Explained variance 5.610 1.611 1.338 

 Participation in volatility 28.1% 8.1% 6.7% 

Source: own study. 

Table 3 presents the variables with the highest factor loadings, and those that were 

most strongly correlated with the respective dimensions are highlighted in red. Factor 1, 

constituting the key dimension in the analysis, showed the strongest negative correlations 

with variables 2, 4, 5, 6, and 8, as well as with the group of variables from 11 to 20 (Table 

3). The interpretation of this factor allows us to conclude that it was associated with the 

respondents’ level of knowledge about the consequences of not conserving water and 

with their awareness of rational water-use practices. The high negative values of correla-

tions may indicate skeptical attitudes or insufficient awareness of issues related to water 

resource management. This factor can be called knowledge and awareness about saving 

water. 

Factor 2 was most strongly associated with variables 3, 7, and 9. Based on their con-

tent, it can be concluded that this dimension reflects the willingness to undertake practical 

pro-environmental actions, including investing in water-saving technologies or reusing 

the so-called greywater. This factor may, thus, be interpreted as an expression of a proac-

tive attitude toward environmental problems, manifested in the willingness to implement 

specific solutions in everyday life. This factor can be defined as pro-ecological attitudes. 
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Factor 3 showed the strongest positive correlation with variable 1 and a distinctly 

negative correlation with variable 10. These observations suggest that it is related to prac-

tical, “here-and-now” knowledge about realistic water-saving possibilities, like the aware-

ness of differences in water consumption between taking a bath and using a shower. In 

turn, the negative correlation with the variable related to the belief that water can be sup-

plied to any place on Earth indicates that this factor expresses a more realistic approach 

to the issue, rather than an overreliance on unlimited technological capabilities. This factor 

can be called the ability to save water in practice. 

One of the key features of construct validation is its unidimensionality, meaning that 

all statements collectively represent the entire continuum of a given phenomenon. This 

feature is examined by checking for redundant variables and potentially breaking down 

the entire construct into subconstructs or factors. This task was accomplished using EFA, 

and in this case, PCA. The correlation between the factors and their variables is high in all 

cases and exceeds 0.45 in all cases. This ensures that the condition of unidimensionality 

for construct validation is met. 

To recapitulate, the conducted factor analysis enabled distinguishing three main di-

mensions describing respondents’ attitudes toward water resource management at the 

household level. The first dimension refers to the level of knowledge and awareness of 

the consequences of not conserving water, as well as to the familiarity with rational water-

use practices. The second dimension can be interpreted as the readiness to undertake ac-

tive pro-environmental actions, including both the implementation of novel technical so-

lutions and changes in daily practices that contribute to reducing water consumption. In 

turn, the third factor is associated with practical awareness of the real and immediate pos-

sibilities for reducing water use, taking into account everyday consumption choices and 

a realistic perception of effective water conservation measures. Such an approach to the 

analyzed factors enables a multifaceted interpretation of the analyzed attitudes, beginning 

from theoretical knowledge and general beliefs, through intentions to implement certain 

actions, to practical choices related to water use in everyday life. 

The application of a newly constructed coordinate system, based on the components 

distinguished in the analysis, enabled assessing respondents’ attitudes toward particular 

dimensions and aided their segmentation. The projection of the factors onto a two-dimen-

sional space is presented in Figure 2. 

 

Figure 2. Projection of cases onto the plane—factors 1 and 2, and factors 1 and 3 of the analyzed 

scale. 

The projection of cases onto two-dimensional factor planes (factors 1 and 2, and fac-

tors 1 and 3; Figure 2) indicates a relatively high degree of homogeneity within the 
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surveyed group of respondents. It reveals no clear statistical outliers, which suggests a 

certain consistency in respondents’ attitudes toward the analyzed issues. 

Consequently, a hierarchical agglomerative clustering method based on the complete 

linkage and Euclidean distance was applied to achieve a more precise classification of the 

respondents. 

A dendrogram depicting the results of the agglomerative clustering (Figure 3) 

showed a three-cluster division, adopted at a linkage distance threshold of 9, to be the 

most interpretable solution. 

 

Figure 3. Dendrogram of the classification of cases (linkage distance threshold of 9) and a graph of 

means in three clusters of cases. 

The resulting classification was subsequently validated using the k-means method, 

which enabled determining mean factor scores for individual groups. The results of this 

analysis indicated that the third factor did not play any significant role in differentiating 

the respondents. Hence, the segmentation was mainly based on the first and second fac-

tors, which allowed for the identification of three distinct profiles (clusters) of respond-

ents’ attitudes. 

The first cluster encompassed respondents having limited knowledge of the conse-

quences and importance of water conservation, as well as a lower-than-average willing-

ness to engage in pro-environmental actions (average for factor 1 equal to −2.759 and for 

factor 2: −0.782). They can be described as people uninterested in the issue of saving water. 

The second cluster included respondents with a moderate level of knowledge, but 

distinguished by relatively high motivation and willingness to actively implement water-

saving solutions (average for factor 1 equal to −0.333 and for factor 2: 1.036). This group 

can be called uneducated ecologists or amateur ecologists. 

The third cluster included respondents with extensive knowledge of water conserva-

tion methods and their impact on the natural environment, but expressing average will-

ingness to translate this knowledge into actions (average for factor 1 equal to 2.370 and 

for factor 2: 0.347). This group consists of users conscious of the planet’s natural resources. 

The achieved segmentation indicates that the differences observed in the studied 

population’s attitudes toward water resource management are primarily driven by the 

relationship between knowledge and the willingness to undertake practical actions. These 

findings emphasize that knowledge alone does not always translate into active engage-

ment and that, in some cases, even a moderate level of awareness can trigger a high mo-

tivation to act. 

The final stage of the assessment procedure of a tool for the identification of con-

sumer attitudes toward access to freshwater in households, in the context of sustainable 

development, involved the calculation of Cronbach’s alpha coefficient in order to assess 
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the reliability of the proposed tool. Cronbach’s alpha value obtained showed no need to 

eliminate any of the statements included in the analyzed scale. Hence, the developed re-

search tool, which was assessed for its validity and reliability, can be considered balanced 

with respect to both its content and the nature of the statements used. The results of the 

reliability analysis, conducted using Cronbach’s alpha and its standardized version, after 

necessary adjustments to the survey data, for the entire construct and the factors obtained 

in PCA, are presented in Table 4. 

Table 4. Results of the reliability analysis of the proposed questionnaire. 

Measure Construct Factor 1 Factor 2 Factor 3 

Cronbach’s alpha 0.852 0.859 0.570 0.614 

Standardized Cronbach’s alpha 0.854 0.860 0.571 0.616 

Source: own study. 

The reliability analysis for all statements demonstrated that the obtained value of 

Cronbach’s alpha coefficient (0.85) significantly exceeded the level commonly regarded as 

acceptable (0.70). Hence, it indicated a high level of consistency of the analyzed scale. Re-

liability analysis was also conducted for the factors obtained from PCA. As a result, an 

excellent Cronbach’s alpha of 0.859 was obtained for factor 1. The remaining two factors 

were problematic due to the small number of variables. Factor 2 consists of three state-

ments and has an alpha of 0.570, while factor 3 has an alpha of 0.614. Therefore, the relia-

bility of factors 1, 2, and 3 is satisfactory. 

The risk of common method bias (CMB) was also examined, indicating that the var-

iability in the results is a result of the adopted measurement method rather than the out-

come of measuring a given construct. According to Harman’s rule, the factor with the 

highest eigenvalue identified through PCA should explain less than 50% or 40% of the 

total variance. In our case, this factor explained 28% of the variance. Based on this and the 

Cronbach’s alpha values, it can be concluded that the proposed construct meets the re-

quirement for measurement scale reliability. 

Convergent and divergent validity, as proposed by D.T. Campbell and D.W. Fiske 

[63], is ensured by examining the correlations of variables within factors and the correla-

tions of variables between factors. In the convergent validity study, significant Spearman 

correlation coefficients were obtained for all variables within each factor. In the case of 

divergent validity, correlations between variables outside the factors are low. Therefore, 

it can be concluded that both forms of validity, convergent and divergent, are ensured. 

The study findings confirm that the developed research tool, i.e., the proposed meas-

urement scale, is characterized by appropriate validity and good internal consistency (re-

liability), which underscores its initial applicability in research. It should also be noted 

that cross-cultural validation must be carried out each time before the tool is used in a 

different population. 

The tool developed to investigate consumer attitudes towards water use in house-

holds may be useful for identifying barriers to the development of the concept of sustain-

able development. The issue of changing attitudes—and, consequently, behavior—to-

wards water is, after all, a key element of this concept. Identifying these barriers may con-

tribute to improving the quality of political discourse in this area, which could result in 

practical and welcome changes in both the management of water and the acceptance of 

new regulations. The tool developed may be useful in assessing the current situation and 

potential changes related to water management, particularly in areas with visible water 

shortages. 
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4. Summary and Conclusions 

The findings from this research survey indicate that attitudes are subject to variabil-

ity. This means that the survey results might differ even if it was conducted in the same 

group of respondents, in the same locations, and using the same tool, but at a different 

point in time. Therefore, the quality of the research tool is of critical importance and 

should be evaluated for both its validity and reliability. 

The results obtained enable the conclusion that the measurement scale, developed 

through a critical review of the literature and subsequently evaluated for validity and re-

liability, can be applied to correctly identify respondents’ attitudes toward the growing 

problem of access to freshwater in households within the context of sustainable develop-

ment. Thus, the advanced research hypothesis has been positively verified, the research 

objective has been achieved, and a useful research tool has been developed. 

The problem of access to freshwater in households, in the context of sustainable de-

velopment, is pinpointed as particularly significant in certain regions of the world, includ-

ing Poland. It is noteworthy that the identification of attitudes toward this issue may be 

of considerable importance for water resource management. Furthermore, when consid-

ered from the perspective of Poland’s development, it is inscribed into the stream of global 

research supporting the concept of sustainable development. 

The development of such a research tool and the assessment of its validity and relia-

bility may contribute to advancements not only in the social sciences related to manage-

ment and quality sciences, but also in the sciences about the Earth and the environment. 

5. Study Limitations 

The issue of respondents’ attitudes toward access to freshwater in households is not 

only topical and important but also complex. Hence, the present study, like many others, 

has its limitations. The major limitation is the relatively small sample size and its geo-

graphical restriction. Another limitation is related to age, gender, and other socio-demo-

graphic characteristics of the participants. Consequently, the results obtained fail to fully 

reflect the diversity of the whole study area and should be interpreted with caution, par-

ticularly in the context of more in-depth analyses. 
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