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Abstract

This study aimed to develop and validate a reliable instrument for assessing middle
school students” water literacy and to evaluate their water literacy levels across Tiirkiye.
Given the increasing pressure on global and national freshwater resources, understanding
middle school students’” water literacy is essential for developing evidence-based educa-
tional policies that promote sustainable water use. This study employed an Exploratory
Sequential Mixed Methods design. First, a Water Literacy Scale was developed and vali-
dated following established instrument-development procedures. The validated scale
was subsequently administered to 4252 middle school students from seven regions of Tii-
rkiye. Findings revealed that female students scored significantly higher than males in
Water Awareness, Behavior Toward Water Issues, and Attitude Toward Water. Grade-
level analyses indicated that younger students demonstrated stronger behavioral engage-
ment, whereas older students showed higher cognitive understanding, revealing a gap
between knowledge and action. Significant regional differences were observed across all
dimensions of water literacy. Overall, the findings suggest that gender, grade level, and
regional context influence water literacy and highlight the importance of context-sensitive
and sustainability-oriented educational interventions.

Keywords: water literacy; middle school; survey; scale

1. Introduction

Water is a fundamental element for sustaining life and a vital component of natural
systems that supports ecological balance, industrial development, and human well-being.
Although water covers nearly 71% of the Earth’s surface, only about 0.5% of global water
reserves are accessible as fresh water, while the remaining 99% exists in oceans, glaciers, soil
moisture, or atmospheric vapor [1]. Fresh water is unevenly distributed across the world
due to variations in geography, climate, and hydrological processes. According to recent
global estimates [2], Asia has 36% of the world’s freshwater supply followed by South
America (25%), North America (15%), Africa (11%), Europe (8%), and Australia and Oceania
(5%). Although Asia has the largest number of global freshwater resources, it is still consid-
ered highly water-stressed due to the its large population and rapid population growth.
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Globally, freshwater consumption has increased by approximately 1% per year in recent
decades because of population growth, economic development, and shifting consumption
patterns. Moreover, climate change will account for about 20% of the increase in global wa-
ter scarcity [2]. United Nations Educational, Scientific, and Cultural Organization [3] re-
ported that nearly half of the global population experiences severe water shortages for at
least part of the year and predicts that global water demand will rise by 20-30% by 2050.
Recent national data indicate that Tiirkiye has an annual usable water potential of 112 billion
m3, of which 61.70 billion m? is currently used across different sectors. Agriculture remains
the largest water-consuming sector, accounting for approximately 79% of total water with-
drawals, while domestic and industrial uses together represent about 21% [4]. These figures
indicate that increasing population growth, urbanization, and industrial development con-
tinue to intensify pressure on Tiirkiye’s limited water resources, highlighting the strategic
importance of improving water literacy among young learners and promoting sustainable
water use among future generations. However, despite this distribution, regions with the
largest freshwater reserves increasingly face water shortages due to rapid population
growth, industrialization, and urban expansion.

As illustrated in Figure 1, only a very small proportion of Earth’s water is readily
available as accessible fresh water for human use. Most fresh water is stored in glaciers,
ice caps, and groundwater, while only about 1% exists as surface fresh water in rivers,
lakes, and other surface water bodies. This limited availability of accessible freshwater
highlights why sustainable water management and water literacy have become global pri-
orities despite the apparent abundance of water on Earth.

All Water on Earth Freshwater Accessible Surface Freshwater
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=50%
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\ 4 é S o
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Surface Water (Rivers, Lakes
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Figure 1. Global distribution of Earth’s water resources. Original illustration generated using an Al-
assisted visualization tool based on the numerical information synthesized from References [1-3]

and presented in the Introduction section of this manuscript.

In the past, individuals had a closer understanding of the processes water underwent
before reaching their homes. However, with technological advancements and the increas-
ing automation of water systems, this awareness has diminished significantly, and people
have become less mindful of their water consumption [5]. As [6] stresses, increasing public
awareness is crucial for ensuring the effective management and sustainability of global
water resources. This situation brings a new concept called water literacy. Water literacy
can be defined with respect to the principles of sustainable development, and it encom-
passes the knowledge, attitudes, and behaviors required for the responsible use and con-
servation of water resources [7]. Water literacy also can be considered an essential tool for
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managing and sustaining water resources, underscoring the role of individual awareness
of water use, quality, and safety [6].

Tiirkiye, although surrounded by seas on three sides, is also categorized as a water-
stressed country due to its semi-arid climatic conditions and limited freshwater resources.
According to the Republic of Tiirkiye Ministry of Agriculture and Forestry [MoAF] [8], the
nation’s annual per capita renewable water availability was approximately 1313 m? in 2022.
Projections indicate that as Tiirkiye’s population approaches 100 million, this figure may fall
to around 1000 m?, placing the country on the threshold of chronic water scarcity [9,10].

This situation highlights the urgent need to enhance individuals” Water Awareness
as a foundation for ensuring water security for future generations in Tiirkiye. Since Sep-
tember 2024, the national curriculum has been revised and has undergone a major reform
under the Century of Tiirkiye Educational Model, which emphasizes sustainability and
water literacy within the framework of the United Nations Sustainable Development
Goals. This reform aims to equip students with the knowledge, awareness, and values
necessary for the conservation, management, and sustainable use of water resources [11].
In this context, promoting water literacy from an early age is essential for fostering in-
formed, responsible, and environmentally conscious citizens.

International and national reports provide extensive statistical evidence on water
scarcity, water consumption, and future water security [3,8]. These statistics also alert re-
searchers and educators about how important it is to raise water-literate societies who
value water resources [12]. How families and their children at home use and value water
may indicate whether the society is water literate. Therefore, research focused on whether
young people, especially at an earlier age of their lives, possess the knowledge, attitudes,
and behaviors necessary for sustainable water use may provide a better view of families
and the society in which they live. Existing studies conducted in Tiirkiye have generally
focused on limited populations, specific dimensions of water literacy, or restricted geo-
graphical areas [13-16]. Consequently, there is still no nationally representative and mul-
tidimensional assessment of middle school students” water literacy that simultaneously
examines regional, gender, and grade-level differences. Water scarcity becomes an in-
creasingly important environmental challenge in Tiirkiye. As a result, developing water
literacy from an early age becomes more important and essential for fostering sustainable
water-use behaviors and making a more water-literate society [6,8]. Middle school educa-
tion represents a critical developmental period for learning environmental knowledge,
attitudes, and responsible behaviors through science education [17]. Therefore, address-
ing this gap is essential for informing evidence-based policies and sustainable-oriented
educational practices. Accordingly, the present study aimed to develop a valid and relia-
ble Water Literacy Scale and use it to provide a nationwide assessment of middle school
students” water literacy across Tiirkiye.

1.1. Theoretical Background
1.1.1. Water Literacy in Science Education

Enhancing water literacy, particularly among middle school students, is therefore a
critical step toward building long-term awareness and behavioral change regarding water
use. Strengthening individuals’ understanding of water systems, consumption patterns,
and their broader environmental implications is fundamental to achieving both national
and global water security [18]. As highlighted by [6], raising public understanding of wa-
ter systems is a prerequisite for effective water governance and sustainable management
at all levels.

Water literacy is widely conceptualized as a multidimensional construct that inte-
grates knowledge, attitudes, awareness, and behaviors necessary for the responsible and
sustainable use of water resources (Figure 2) [5,12]. Rather than referring solely to factual
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knowledge, it encompasses individuals” ability to understand water systems, evaluate
water-related issues, make informed decisions, and engage in environmentally responsi-
ble behaviors [12,19]. Accordingly, the present study adopts this multidimensional per-
spective and defines water literacy as the integration of cognitive, affective, and behav-
ioral competencies that support sustainable water use. This conceptualization guided both
the development of the Water Literacy Scale and the interpretation of the study findings.
Today, many individuals interact with water only at the point of use, without knowing
where it comes from or how wastewater is managed, contributing to low levels of water
literacy. Collectively, previous studies suggest that higher levels of environmental and
water literacy are associated with more responsible environmental behaviors, greater en-
gagement in sustainable practices, and more sustainable water-use behaviors [12,20].

Water

Knowledge Attitudes Behaviors ;
Literacy

Figure 2. Components of water literacy [12].

In the context of global climate change, integrating water literacy into education sys-
tems has become essential [21]. The K-12 curriculum plays a vital role in fostering early
awareness and scientific understanding of water systems [17]. However, teaching about
water remains fragmented and discipline-specific, thus limiting students’ ability to per-
ceive it as part of an interconnected system [22-24]. Research has shown that students
often hold misconceptions about the water cycle, typically recognizing its atmospheric
components but overlooking groundwater and subsurface dynamics [25].

These limitations indicate that students generally develop a fragmented and incom-
plete understanding of water systems; this can hinder their ability to translate their
knowledge into responsible behaviors regarding water. This situation highlights the need
for a more comprehensive and integrated approach to water literacy that goes beyond
conceptual understanding to encompass emotional and behavioral dimensions as well.

1.1.2. Theory of Planned Behavior and Environmental Behavior

The Theory of Planned Behavior (TPB), proposed by [26], provides a useful comple-
mentary perspective for understanding water-related and environmentally responsible
behaviors. According to TPB, attitudes toward a behavior, subjective norms, and per-
ceived behavioral control influence behavioral intentions, which subsequently shape ac-
tual behavior [26,27]. Within environmental contexts, TPB has been widely applied to ex-
plain behaviors such as water conservation, sustainable consumption, recycling, and re-
source management.

The theory posits that behavioral intention is the most immediate predictor of behav-
ior and is determined by three key components: attitude toward the behavior, subjective
norms, and perceived behavioral control. Attitude refers to an individual’s positive or
negative evaluation of a behavior, subjective norms represent perceived social expecta-
tions regarding that behavior, and perceived behavioral control reflects an individual’s
perception of their ability and available resources to perform it. In addition to its indirect
effect through behavioral intention, perceived behavioral control may also directly influ-
ence behavior when individuals perceive sufficient opportunities and resources to act [26].

Previous studies have demonstrated that perceived behavioral control, social influ-
ences, and environmental responsibility play important roles in shaping water-related be-
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haviors. Individuals are more likely to engage in water conservation practices when they
perceive social support for conservation and believe they have the capacity to perform
such behaviors [28]. Similarly, sustainable water consumption behaviors have been asso-
ciated with positive attitudes, environmental concern, personal responsibility, and per-
ceived behavioral control [29]. Furthermore, research on pro-environmental behaviors
suggests that environmental knowledge alone may not directly lead to behavioral change
unless it is accompanied by favorable attitudes, behavioral intentions, and perceptions of
control [30]. Recent applications of TPB have also emphasized the role of self-efficacy, so-
cial norms, and behavioral intentions in promoting socially and environmentally respon-
sible actions [31].

Taken together, these studies suggest that knowledge about water resources should
be accompanied by positive attitudes, environmental awareness, and a sense of personal
responsibility to foster sustainable water-use behaviors [28-31]. From a water literacy per-
spective, TPB provides a valuable complementary framework for interpreting the behav-
ioral dimension of water literacy and understanding how water-related knowledge and
attitudes may contribute to responsible environmental actions. However, water literacy
encompasses broader cognitive, affective, and behavioral dimensions that extend beyond
the scope of TPB.

The Water Literacy Scale developed in the present study was not directly grounded
in the Theory of Planned Behavior (TPB). Rather, its development was informed by the
broader water literacy, environmental literacy, and sustainability education literature.
Nevertheless, some dimensions of the scale, particularly those related to attitudes toward
water, awareness of water use, and water conservation behaviors, show conceptual align-
ment with TPB constructs. Therefore, TPB is not considered the primary theoretical foun-
dation of the scale; rather, it serves as a complementary framework for interpreting the
behavioral dimension of water literacy. The multidimensional structure of the scale ena-
bles a comprehensive assessment of students’ cognitive, affective, and behavioral aspects
of water literacy rather than focusing solely on behavioral intention, thereby providing
broader evidence for educational research and practice.

Although the Theory of Planned Behavior was originally developed for adults, previ-
ous studies have successfully applied it to children and adolescents [32,33]. In the context of
middle school students, perceived behavioral control refers to students’ beliefs about their
ability to perform everyday water-conservation behaviors, whereas agency reflects their
confidence that their actions can contribute to sustainable water use. Therefore, TPB pro-
vides a useful complementary theoretical perspective for explaining how knowledge and
attitudes may translate into water-related behavioral intentions in this age group.

1.1.3. Empirical Studies on Water Literacy

Empirical studies on water literacy have begun to move beyond basic awareness,
gradually incorporating multiple dimensions, such as knowledge, attitudes, behaviors,
and social responsibility. Another study [34] found that middle school students primarily
associated water with life and consumption. Ref. [35] introduced the Water Consumption
Literacy (WCL) scale, which measures community-level water knowledge, disease pre-
vention, and sustainability. Similar studies by [36-38] expanded the construct to include
scientific understanding, social responsibility, and perception of water issues. Similarly,
[39] examined water literacy among Chinese participants aged 6-69, finding that behavior
was the most influential component of literacy. In Tiirkiye, Ref. [13] developed a 30-item
water literacy scale encompassing water saving, water consciousness, and water sensitiv-
ity. Their studies revealed that students performed best in water saving, moderately in
water sensitivity, and at average levels in water consciousness. Follow-up research [14]
demonstrated gender and regional differences, with higher scores in the Eastern Black Sea

https://doi.org/10.3390/w18141726


https://doi.org/10.3390/w18141726

Water 2026, 18, 1726

6 of 26

region and lower levels in Southeastern Anatolia. Also, [15] assessed secondary students’
literacy across five Turkish cities, revealing higher scores among younger students, those
from economically disadvantaged families and students in rural communities. Similarly,
Ref. [16] found moderate overall water literacy among 1965 high school students in Istan-
bul, with high levels of water saving but only moderate water sensitivity and conscious-
ness. However, these studies often examine specific dimensions in isolation or focus on
limited populations, highlighting the need for more comprehensive and integrative ap-
proaches. Despite these contributions, current research lacks comprehensive, large-scale,
and multidimensional assessments of water literacy that simultaneously account for re-
gional and demographic differences. Given the importance of cultivating sustainable
mindsets from an early age, there is a noticeable gap in the literature regarding compre-
hensive studies that encompass all regions of the country while accounting for variables
such as gender, grade level, and geographical differences. In this context, the present
study centers on middle school students, a critical population for nurturing scientific rea-
soning, environmental awareness, and responsible water-use behaviors. Understanding
students’ levels of water literacy will provide valuable insights for educators and policy-
makers to identify conceptual gaps, develop targeted educational interventions, and
strengthen environmental education strategies.

Collectively, previous studies have advanced the conceptualization and assessment
of water literacy across different populations and contexts [35,36]. However, studies con-
ducted in Tiirkiye have generally focused on specific dimensions of water literacy, partic-
ular student groups, or geographically limited samples [13-16]. Consequently, nationally
representative studies simultaneously examining the cognitive, affective, and behavioral
dimensions of water literacy across gender, grade level, and regions remain limited. The
present study addresses this gap by developing a multidimensional Water Literacy Scale
and applying it to a large, nationwide sample of middle school students across Tiirkiye.

Regional differences are particularly relevant in Tiirkiye because the country exhibits
substantial variation in climate, water availability, population density, urbanization, and
agricultural practices conditions across its seven geographical regions. These contextual
differences may shape students’ everyday experiences with water resources, environmen-
tal education opportunities, and perceptions of water-related issues, making regional
comparisons essential for understanding water literacy.

Gender was also considered because previous studies have reported differences in
environmental attitudes, concern, and pro-environmental behaviors between female and
male students, although findings have not always been consistent [20,40]. Examining gen-
der differences may therefore clarify whether similar patterns exist among Turkish middle
school students.

1.2. Research Questions

Accordingly, this large-scale, multi-regional study aims to develop a valid and relia-
ble Water Literacy Scale for middle school students in Tiirkiye and to assess students’
water literacy levels across regions and demographic variables. The following research
questions guided this study:

RQ 1: What are middle school students’ levels of water literacy across the dimensions
of Water Awareness, Behavior Toward Water Issues, Attitude Toward Water, Knowledge
About Water, Water Ecosystem and Chemistry, and Water Conservation and Awareness?

RQ 2: Do middle school students’ scores on the dimensions of Water Awareness, Be-
havior Toward Water Issues, Attitude Toward Water, Knowledge About Water, Water
Ecosystem and Chemistry, and Water Conservation and Awareness differ by gender,
grade level, and geographical region?
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2. Materials and Methods

This study employed an Exploratory Sequential Mixed-Methods design, one of the ty-
pologies of mixed-methods research that integrates both qualitative and quantitative ap-
proaches [41]. This design was selected because this study first required qualitative data to
generate contextually relevant scale items, followed by quantitative analyses to establish the
psychometric properties of the instrument and subsequently conduct a nationwide assess-
ment of middle school students” water literacy. Accordingly, the exploratory sequential design
was considered the most appropriate approach for the primary purpose of instrument devel-
opment. During the scale development process, the stages outlined by [42] were followed.
After the scale was developed and validated, nationwide data were collected through a survey
study to determine the water literacy levels of middle school students across Tiirkiye (Figure
3).

Generating an Item Pool

Item Sources
* Student Opinions: 41
 Literature: 8

* Researchers: 70

Total: 119 items

Expert Review Process

After First Round After Second Round
@, First Round of 'ze'?tejf ;g - SacondRoundicF Deleted: 18
@) Expert Review P | Revised: 8% Expert Review =P | Revised: 15
Added: 8 o= oS S
Tatak 131 Haine Total: 93 items

Total: 111 items

Psychometric Analyses

EFA Analysis CFA Analysis Final Version of the Scale

Items: 93 | Tl tems:39 | @ A 39-item, 6-factor
Sample Size: 595 = Sample Size: 405 " Water Literacy Scale
was developed

(Cronbach’s Alpha = 0.935).

Province: Van Provinces: Van & Balikesir

Nationwide Implementation

@ ‘ ® The Water Literacy Scale was administered to 4252 students WX
.“ in grades 5, 6, 7, and 8 across seven regions of Tiirkiye. 1 2 ¢ \

Figure 3. Flowchart of this study.

2.1. Sample

The target population of this study consisted of middle school students from the fifth
grade to the eighth grade in Tiirkiye. According to Turkish Statistical Institute (TurkStat), An-
kara [43], there are 16,640 public middle schools in Tiirkiye, with a total of 4,810,517 students
enrolled during the 2022-2023 academic year. When constructing the sample distribution, Tii-
rkiye’s regional population structure was considered; a greater number of participants were
selected from regions with higher population densities, while a smaller number were selected
from regions with lower population densities. Accordingly, a higher number of students were
included in the sample from the Marmara Region, which is Turkey’s most populous region.
Therefore, regional comparisons should be interpreted in light of this population-based sam-
pling strategy.

Figure 4 presents the geographical distribution of the study sample across the seven ge-
ographical regions of Tiirkiye. The nationwide survey included 4252 voluntary students from
public middle schools from 11 provinces: Van (Eastern Anatolia, n = 426); Diyarbakir (South-
eastern Anatolia, 7 = 309); Izmir (Aegean, n = 323); Konya (Central Anatolia, 1 = 344); Istanbul,
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Balikesir and Canakkale (Marmara, combined n = 1631); Antalya and Mersin (Mediterranean,
combined 7 = 919); and Samsun and Zonguldak (Black Sea, combined # = 300).

Black Sea Region Eastern Anatolia
Region

Marmara Region

Aegean

Region Southeastern Anatolia Region

Mediterranean Region

Figure 4. Distribution of the sample by region.

The investigation was conducted in two sequential phases. For the scale development
phase, the sample comprised 1000 middle school students selected through convenience
sampling. Among these, 595 students participated in the Exploratory Factor Analysis
(EFA), and 405 students in the Confirmatory Factor Analysis (CFA). In the nationwide-
survey phase, the validated Water Literacy Scale was administered to 4252 students. In
total, 5252 middle school students participated in this study (Table 1).

Table 1. Demographic characteristics of participants in the national survey study.

Variables F %
Gender Female 2335 54.9
Male 1917 45.1

5th grade 1020 24
6th grade 1290 30.3
Crade 7th grade 1049 247
8th grade 893 21

Eastern Anatolia 426 10

Southeast Anatolia 309 7.3

Aegean 323 7.6

Region Central Anatolia 344 8.1
Marmara 1631 38.4
Mediterranean 919 21.6

Black Sea 300 7.1

Total 4252

2.2. Data Analysis

In the data analysis phase, descriptive and inferential statistical analyses were con-
ducted using IBM SPSS Statistics 29.0 (IBM Corp., Armonk, NY, USA), whereas CFA was
performed using LISREL 8.8. (Scientific Software International Inc., Lincolnwood, IL,
USA) For group comparisons, one-way analysis of variance (ANOVA) was used to exam-
ine differences across grade levels and geographical regions, followed by post hoc tests to
identify the sources of significant differences. EFA was conducted to evaluate the con-
struct validity of the WLS, and the resulting factor structure was subsequently confirmed
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through CFA. Multivariate Analysis of Variance (MANOVA) was then performed to ex-
amine the effects of gender, geographical region, and grade level on the six dimensions of
the WLS. Prior to the MANOVA, the Box’s M test was used to assess the homogeneity of
variance—covariance matrices. When this assumption was violated, Wilks’ Lambda was
used as the primary multivariate test statistic. Effect sizes were interpreted using partial
eta squared (n?), with values of 0.01, 0.06, and 0.14 indicating representing small, medium,
and large effects, respectively [44].

2.3. Ethics, Reliability, and Validity

Ethical approval was obtained from the Istanbul University-Cerrahpasa Social and
Human Sciences Research Ethics Committee and official permission from the Turkish
Ministry of National Education, Directorate General of Basic Education. The development
and validation process followed internationally accepted procedures for scale develop-
ment and validation [42,45,46]. Subsequently, EFA and CFA were performed on a sample
of students from seven geographical regions of Tiirkiye to establish construct validity.
Internal consistency was assessed using Cronbach'’s alpha, yielding high reliability coeffi-
cients across subscales and an overall coefficient of 0.935, indicating strong internal con-
sistency [47].

2.4. Data Collection Tool

In the first phase of this study, the WLS to be used in the research was developed.
During the scale development process, the stages outlined by [42] were taken into consid-
eration. The procedure consisted of three main steps: (1) creating an item pool, (2) obtain-
ing expert opinions, and (3) conducting both EFA and CFA to ensure the validity and
reliability of the scale.

Creating an item pool: At the initial stage of developing the WLS for Middle School
Students, a comprehensive item pool was constructed using three sources: students, liter-
ature, and researchers. To capture students’ perspectives and real-life behaviors related to
water use, semi-structured interviews were conducted with 40 students (18 female and 22
male) from grades 5 to 8, with ten students representing each grade level. The interviews
included open-ended questions designed to explore students’ awareness, attitudes, and
practices concerning water conservation. Based on the qualitative analysis of these re-
sponses, 41 preliminary items were generated, including examples such as “I turn off taps
when I see water running unnecessarily”; “At home, we heat only as much water as we
need (for tea, cooking, etc.)”; and “I watch documentaries or programs about water con-
servation.”

Next, an extensive literature review was conducted to establish the foundation of the
scale and ensure the inclusion of validated indicators of water literacy. In this process,
eight items were adapted from existing scales: two from [13], four from [48], and two from
[49]. Additionally, the research team developed 70 new items informed by both frame-
works and insights derived from the 2018 Turkish Science Curriculum [50], particularly
the learning outcomes and objectives related to environmental awareness, sustainability,
and water management. As a result, a preliminary item pool of 119 items was developed
to represent the multidimensional construct of water literacy, encompassing cognitive,
affective, and behavioral domains.

Obtaining expert opinions: To ensure content validity and eliminate redundancy, the
draft scale was reviewed by field experts and language specialists. A total of five experts,
three female and two male professors specializing in science education from four univer-
sities, were selected to review the scale items. The prepared item pool was organized into
a standardized format, and an Expert Evaluation Form was designed to assess each item’s
quality. This form enabled the experts to assess each item’s clarity, scientific accuracy, and
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conceptual relevance from an academic perspective. Experts evaluated the items by se-
lecting one of the options: “Appropriate,” “Needs Revision,” or “Inappropriate.” A “Rea-
son” column allowed them to justify their decisions, while an additional “Expert Sugges-
tion” field provided space to recommend new items.

Following the first round of expert review, 16 items were removed, 20 revised, and 8
new items added, resulting in a total of 111 items. This version was subsequently reviewed
by three additional field experts, leading to the removal of 18 items and revisions to 15
others. The revised scale was then evaluated by two language experts to ensure clarity,
linguistic accuracy, and conceptual coherence. Based on their feedback, the final version
of the WLS consisted of 93 items, structured as a five-point Likert-type scale. Conducting
both EFA and CFA: For the EFA, data were collected from 595 students from grades 5
through 8, selected through a convenience sampling method. The Kaiser-Meyer—Olkin
(KMO) measure of sampling adequacy was calculated as 0.940, indicating a high level of
suitability for factor analysis. Bartlett’s Test of Sphericity also yielded significant results
(x2 =8180.007, df = 741, and p < 0.001), confirming that the correlation matrix was appro-
priate for factor extraction. According to [46,51], a KMO value greater than 0.60 and a
significant Bartlett’s test demonstrate that the dataset is adequate for factor analysis. EFA
was conducted using the principal component analysis method with varimax rotation to
ensure interpretability. Throughout the analysis process, 54 items were removed based on
psychometric and conceptual criteria [52]. In addition to statistical criteria such as low
factor loadings and cross-loadings, items were additionally evaluated for their conceptual
consistency with the multidimensional framework of water literacy and their contribution
to the content validity of the scale. Items that did not adequately represent the intended
construct or that showed conceptual redundancy were excluded.

The final version of the WLS included six subdimensions (Table 2). The first had 14
items with factor loadings between 0.680 and 0.459. The second included six items with
loadings from 0.640 to 0.560. The third contained five items with loadings between 0.704
and 0.583. The fourth had six items with loadings between 0.666 and 0.463. The fifth in-
cluded four items with loadings between 0.643 and 0.522. The sixth consisted of four items
with loadings from 0.726 to 0.496. As a result of this process, the final version of the WLS
consisted of 39 items distributed across six factors. Collectively, these factors accounted
for 49.15% of the total variance, reflecting a robust and consistent factor structure that
supports the construct validity of the instrument.

Table 2. Dimensions and item distribution of the scale based on EFA results.

Dimensions Number of Items Explained Variance (%)

N Ul = WO N -

Water Ecosystem and Chemistry (WEC)
Water Conservation and Awareness (WCA)

Water Awareness (WA) 14 14.459
Behavior Toward Water Issues (BTWI) 6
Attitude Toward Water (ATW) 5
Knowledge About Water (KAW) 6 7.285
4
4

7.558
7.454

6.358
6.032

Total 39 49.146

Following the EFA, a CFA was conducted using LISREL to validate the factor struc-
ture of the scale established during the EFA phase. For this stage, data were collected from
405 students to confirm the validity of the proposed model. The model’s fit was evaluated
using indices, including the Chi-square goodness-of-fit test (x2), RMSEA, RMR, CFI,
NNFI, NFI, IFI, RFI, GFI, and AGFI. No issues were detected with the t-values of the 39
items across the six factors. The Chi-square value was found to be statistically significant
(x2=1216.03, df = 687, and x?/df = 1.77). The model fit indices were as follows: RMSEA =
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0.044, RMR = 0.0461, CFI=0.978, NNFI=.977, NFI=0.951, IFI = 0.978, RFI = 0.948, and GFI
= (.867. Since most model fit indices indicated a good fit, no modifications were applied
to the CFA model (Table 3).

Table 3. Model fit indices for the WLS for middle school students.

Index Acceptable Good Fit Observed Value Result
RMSEA 0.050-0.080 0.000-<0.050 0.044 Good Fit
RMR 0.050-0.080 0.000-<0.050 0.0461 Good Fit
CFI 0.95 and above =20.97 0.978 Good Fit
NNFI 20.90 and above >0.95 0.977 Good Fit
NFI 20.90 and above 20.95 0.951 Good Fit
IFI 20.90 and above >0.95 0.978 Good Fit
RFI >0.90 and above >0.95 0.948 Acceptable
GFI >0.85 and above >0.90 0.867 Acceptable
AGFI >0.85 and above >0.90 0.849 -
X2/sd <4 1216.03/687 = 1.77 Good Fit

As shown in Table 4, the WLS for Middle School Students consists of six subdimen-
sions including 39 items with a total Cronbach’s alpha of 0.935, demonstrating high inter-
nal consistency and strong reliability across all dimensions (Appendix A).

Table 4. Factors, items, and reliability coefficients of the WLS.

Factor Items Number of Items Alpha (a)

1 WA 5-7-8-13-14-15-17-18-20-29-30-34-35-36 14 0.883

2 BTWI 78-79-80-81-82-83 6 0.792

3 ATW 85-86-87-88-89 5 0.796

4 KAW 53-54-55-56-57-58 6 0.776

5 WEC 59-60-61-62 4 0.709

6 WCA 69-70-71-72 4 0.755
Total 39 0.935

Use of generative artificial intelligence: A generative artificial intelligence (GenAl) tool
(ChatGPT-5.5, OpenAl) was used solely to assist in creating the graphical illustrations
presented in Figures 1, 3, and 4. These figures were generated based on information syn-
thesized from the cited literature and author-developed content and were subsequently
reviewed, edited, and approved by the authors. The GenAl tool was not used for data
collection, scale development, statistical analyses, interpretation of findings, or manu-
script writing. The authors take full responsibility for the accuracy and content of all Al-
assisted figures.

3. Results

In the second phase of this study, a scale was administered to 4252 students from
seven different regions of the country to address RQ 1, “What are the water literacy levels of
middle school students?”; and RQ 2, “Do students” water literacy levels vary by gender, grade
level, and region?”

To determine the water literacy levels of middle school students (RQ 1), a descriptive
analysis was conducted using the WLS. The descriptive results indicated that students
achieved the highest scores in Water Awareness and the lowest scores in Water Conserva-
tion and Awareness (Table 5). Overall, students demonstrated strong awareness of water-
related issues but comparatively lower engagement in conservation-oriented behaviors.
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Table 5. Descriptive analysis of the WLS.

Water Literacy (n = 4252) Mean SD
WA 4.45 0.42

BTWI 425 0.64

ATW 4.19 0.77

KAW 3.90 0.62

WEC 3.89 0.73

WCA 3.87 0.86

Total 4.18 0.44

3.1. Gender Differences in Students” Water Literacy (RQ2)

In order to explore potential gender-based differences in students” water literacy,
MANOVA was employed. This analysis aimed to determine whether students’ scores
across the six subdimensions of the WLS differed significantly between male and female
participants.

As shown in Table 6, gender had a statistically significant, although small, multivar-
iate effect on students’ water literacy. This finding indicates that gender has a statistically
significant but small effect on water literacy subdimensions [44]. To determine which de-
pendent variables were significantly influenced by gender, univariate analyses were con-
ducted.

Table 6. MANOVA results for gender.

Source Wilks’ Lambda F Hypothesis df Error df p Partial 1n)?
Gender 0.983 12.25 6 4245 0.00 * 0.01
Note: * indicates p < 0.05
As seen in Table 7, statistically significant differences were observed in WA, BTWI,
and ATW subdimensions. These results indicate that male and female students differ sig-
nificantly in their awareness, attitudes, and behaviors toward water-related issues. Alt-
hough these differences were statistically significant, the observed effect sizes were small.
No statistically significant gender differences were found in KAW, WEC, or WCA (p >
0.05), indicating that both male and female students performed similarly in these domains.
Table 7. Univariate MANOVA results for water literacy subdimensions by gender.
Dependent Variable Sum of Squares df Mean Square F p Partial n)?
WA 3.237 1 3.237 17.665 0.000 * 0.004
BTWI 9.927 1 9.927 24.390 0.000 * 0.006
ATW 10.087 1 10.087 17.052 0.000 * 0.004
KAW 0.711 1 0.711 1.855 0.173 0.000
WEC 0.616 1 0.616 1.152 0.283 0.000
WCA 0.143 1 0.143 0.189 0.664 0.000

Note: * indicates p < 0.05

In addition to MANOVA, independent ¢-tests were conducted to compare male and
female students’ mean scores on each subdimension of the WLS. As presented in Table 8,
female students demonstrated higher overall water literacy than male students. Signifi-
cant differences were observed in Water Awareness, Behavior Toward Water Issues, and
Attitude Toward Water, whereas no significant gender differences were found in the re-
maining subdimensions. Following the comparison by gender, the analyses were ex-
tended to examine whether students’ water literacy differed across grade levels.

https://doi.org/10.3390/w18141726


https://doi.org/10.3390/w18141726

Water 2026, 18, 1726

13 of 26

Table 8. Descriptive statistics for students” water literacy in terms of gender.

Male (n=1917)

Female (n =2335)

T
Water Literacy Mean SD Mean SD P
WA 4.42 0.45 4.47 0.42 -4.203 0.000 *

BTWI 4.20 0.68 4.30 0.61 -4.939 0.000 *
ATW 4.14 0.79 423 0.74 -4.129 0.000 *
KAW 3.92 0.65 3.89 0.59 1.362 0.173
WEC 3.90 0.75 3.88 0.71 1.074 0.283
WCA 3.87 0.88 3.86 0.85 0.435 0.664
Total 4.17 0.47 4.20 0.41 -2.923 0.003 *

Note: * indicates p < 0.05

3.2. Grade-Level Differences in Students’ Water Literacy (RQ2)

To examine how students” water literacy levels vary across grade levels, descriptive
and inferential analyses were conducted (Table 9). Descriptive results indicated that over-
all water literacy remained relatively stable across grade levels, with only minor varia-
tions (Table 9 and Figure 5).

Water Awareness remained consistently high across grade levels. In contrast, Behav-
ior Toward Water Issues gradually declined in the upper grades, whereas Knowledge
About Water and Water Ecosystem and Chemistry increased with grade level. Con-
versely, Water Conservation and Awareness showed a progressive decline across grades.

5.00
4.75 )
4.50 #—  Behavior Toward
Water Issues (BTWI)
® 4.25 —&— Attitude Toward Water (ATW)
m; - —e— Knowledge About Water (KAW)
So —o— Water Ecosystem &
3.75 Chemistry (WEC)
s T A WA
i =@~ Total Scale
0y 5th Grade 6th Grade 7th Grade 8th Grade
Grade Level
Note. Scores range from 1 (Strongly Disagree) to 5 (Strongly Agree). Higher scores indicate higher water literacy.
Figure 5. Mean scores of Water Literacy Scale and subscales by grade level.
Table 9. Descriptive statistics for students” water literacy in terms of grade.
N =4252 5th Grade (n=1020)  6th Grade (n=1290)  7th Grade (n=1049)  8th Grade (n = 893)
Water Literacy Mean SD Mean SD Mean SD Mean SD
WA 4.45 0.42 4.44 0.43 4.44 0.44 4.49 0.43
BTWI 4.39 0.58 427 0.63 4.16 0.66 415 0.66
ATW 4.19 0.76 4.20 0.77 4.18 0.79 421 0.76
KAW 3.84 0.62 3.86 0.63 3.96 0.61 3.98 0.60
WEC 3.81 0.73 3.81 0.77 3.95 0.69 4.02 0.68
WCA 4.03 0.79 3.89 0.86 3.77 0.89 3.76 0.91
Total 4.21 0.41 4.17 0.46 4.17 0.45 4.20 0.44

To addresses whether students” scores on WLS differ significantly by grade level, a
MANOVA was conducted. The MANOVA results revealed a statistically significant dif-
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ference among grade levels across the combined dependent variables (Table 10). This find-
ing indicates that grade level had a statistically significant, though small, multivariate ef-
fect on students” water literacy. The obtained partial 12 value (0.02) corresponds to a small
effect size, suggesting that grade level explains a modest portion of the variance.

Table 10. MANOVA results for grade levels.

Source Wilks’ Lambda F Hypothesis df Error df p Partial n2
Grade level 0.930 17.445 18.00 12,001.502 0.00 * 0.02

Note: * indicates p <0.05

As shown in Table 11, statistically significant differences were found among grade lev-
els for WA, BTWI, KAW, WEC, and WCA (p <0.05). No significant difference was found for
ATW. The largest effects were observed in BTWI (n?=0.020), WEC (2= 0.015), and WCA (12
= 0.015), indicating that these subdimensions are most influenced by grade level.

Table 11. MANOVA results for differences in subscale scores by grade level.

Subdimension Sum of Squares df Mean Square F p Partial n?
WA 1.494 3 0.498 2.711 0.043 * 0.002
BTWI 34.097 3 11.366 28.308 0.000 * 0.020
ATW 0.687 3 0.229 0.386 0.763 0.000
KAW 14.026 3 4.675 12.287 0.000 * 0.009
WEC 33.937 3 11.312 21.464 0.000 * 0.015
WCA 48.185 3 16.062 21.590 0.000 * 0.015

Note: * indicates p <0.05

The post hoc analysis conducted following the ANOVA provided a detailed under-
standing of how water literacy dimensions varied across grade levels. Significant differ-
ences emerged among grades in several subdimensions of the WLS (Table 12). WA was
significantly higher among 5th-, 6th-, and 7th-grade students compared to 8th graders,
indicating a decline in awareness as students advance through school. Similarly, BTWI
showed a marked difference, with 5th-grade students demonstrating stronger pro-envi-
ronmental behaviors than those in higher grades (7th and 8th).

Table 12. One-way ANOVA and post hoc results for grade level.

Subdimension  Source Sum of Squares df  Mean Square F Sig. Slgmecant Post Hoc
Differences
Between 1.494 3 0.498
WA Within 780517 4248 0.184 2711 oos3r  Oth-Sthgrade
7th-8th grade
Total 782.011 4251
Between 34.097 3 11.366 5th-6th grade
Within 1705.571 4248 0.401 5th-7th grade
BTWI 28.308  0.000 * 5th-8th grade
Total 1739.668 4251 6th—7th grade
6th-8th grade
Between 0.687 3 0.229
ATW Within 2523.416 4248 0.594 0.386 0.763 -
Total 2524.103 4251
Between 14.026 3 4.675 5th-7th grade
KAW Within 1616.489 4248 0.381 12987 0,000 * 5th-8th grade
6th-7th grade
Total 1630.516 4251

6th-8th grade
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Between 33.937 3 11.312 5th-7th grade
WEC Within 2238.788 4248 0.527 21464 0.000* 5th-8th grade
Total 2272725 4251 6th-7th grade
6th-8th grade
Between 48.185 3 16.062 5th—6th grade
Within 3160.198 4248 0.744 5th-7th grade
WCA Total 3208.383 4251 21.590  0.000 * 5th-8th grade
Within 826.381 4248 0.195 6th—7th grade
Total 827.609 4251 6th-8th grade
Note: * indicates p < 0.05

For the cognitive dimensions, a clear developmental trend was observed. KAW and
WEC scores increased gradually, with 7th- and 8th-grade students outperforming their
5th- and 6th-grade peers, reflecting a growing conceptual understanding of water as stu-
dents progress academically. However, the behavioral subdimension WCA followed a
reverse trend; 5th-grade students scored significantly higher than those in 7th and 8th
grade, indicating a gradual decline in conservation-oriented behaviors and daily water-
saving habits as students mature. To further explore potential contextual differences, re-
gional comparisons were subsequently conducted.

3.3. Regional Differences in Students” Water Literacy (RQ2)

To investigate whether students” water literacy levels vary significantly across differ-
ent regions of Tiirkiye, a MANOVA was conducted on the combined subdimensions of
the WLS.

As shown in Table 13, a statistically significant difference was found among regions
in terms of the combined dependent variables. This indicates that the region variable had
a statistically significant, but small, multivariate effect on students” water literacy [44].
Table 13. MANOVA results for water literacy by region.

Source Re- Wilks’ Lambada F Hypothesis df Error df p Partial n?
gion 0.952 5.876 36 18,621.905 0.00 0.008

As presented in Table 14 and Figure 6, regional differences were observed across all
dimensions of water literacy. Eastern Anatolia generally demonstrated the highest overall
water literacy, whereas comparatively lower levels were observed in Marmara and some
other regions. Across all regions, Water Awareness remained the strongest dimension,
while Water Conservation and Awareness consistently showed the lowest scores, indicat-
ing that students” awareness of water issues is generally stronger than their conservation-
oriented behaviors.

Table 14. Descriptive statistics for students” water literacy by region.
Subdimen- Eastern Ana- Southeast Anato- Aegean (n= Central Ana- Marmara (n= Mediterranean (n Black Sea (n =
sion tolia (n =426)  lia (n=309) 323) tolia (n = 344) 1631) =919) 300)

Mean SD  Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

WA 454 040 441 0.40 4.50 0.41 448 039 442 0.44 4.45 0.44 443 0.45
BTWI 430 0.63 427 0.61 418 0.65 441 0.56 417 0.66 433 0.60 422 070
ATW 436 0.70 4.14 0.74 4.19 0.81 423 072 4.14 0.80 421 0.75 4.19 0.81
KAW 4.02 0.63 3.89 0.60 4.03 0.58 390 0.62 3.86 0.61 3.89 0.64 3.93 0.62
WEC 400 075 3.92 0.70 3.96 0.72 391 0.75 3.82 0.74 391 0.72 390 070
WCA 401 0.84 3.91 0.82 3.78 0.92 4.08 0.78 3.71 091 3.98 0.78 3.90 0.86
Total 430 042 4.17 0.40 4.21 0.44 425 042 4.13 0.45 4.21 0.44 418 045
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Figure 6. Mean scores of Water Literacy Scale and subscales by region.

As shown in Table 15, significant regional differences were identified across all sub-
dimensions of the Water Literacy Scale. Among these dimensions, Water Conservation
and Awareness exhibited the largest effect size, indicating that regional context had the
greatest influence on conservation-oriented behaviors.

Table 15. Univariate ANOVA results for water literacy subdimensions by region.

Subdimension Sum of Squares df Mean Square F P Partial n?
WA 6.543 6 1.090 5.969 0.000 * 0.008
BTWI 26.423 6 4.404 10.911 0.000 * 0.015
ATW 17.601 6 2.933 4.968 0.000 * 0.007
KAW 14.670 6 2.445 6.423 0.000 * 0.009
WEC 14.838 6 2.473 4.649 0.000 * 0.007
WCA 83.244 6 13.874 18.846 0.000 * 0.026
Note: * indicates p < 0.05
Post hoc comparisons (Table 16) revealed significant regional differences across all
dimensions of water literacy. Overall, students from Eastern Anatolia consistently demon-
strated higher performance across several dimensions, whereas comparatively lower
scores were observed in Marmara. These findings suggest that regional context may con-
tribute to differences in students’” water-related knowledge, attitudes, and conservation
behaviors. To explore the relationships among the dimensions of water literacy, a Pearson
correlation analysis was conducted. This analysis aimed to identify the strength and di-
rection of the associations between the subdimensions of the WLS.
Table 16. One-way ANOVA and post hoc results for water literacy by region.
Subdimension Source Sum of Squares Df Mean Square F Sig.  Significant Post Hoc Differences
Between 6.543 6 1.090 Eastern Anatolia-Southeast Anatolia
WA Within 775.468 4245 0.183 5969  0.000 * Eastern Anatolia-Marmara
Total 782.011 4251 Marmara-Eastern Anatolia
Between 26.423 6 4.404 Aegean—Central
Within 1713.245 4245 0.404 Aegean-Mediterranean
BTWI 10.911 0.000 * Central-Marmara
Total 1739.668 4251 Central-Black Sea
Marmara-Mediterranean
ATW Between 17.601 6 2.933 4968  0.000* Eastern-Southeast
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Within 2506.503 4245 0.590 Eastern-Marmara
Total 2524.103 4251
Between 14.670 6 2.445 Eastern-Marmara
KAW Within 1615.846 4245 0.381 6423 0.000* Eastern-Mediterranean
Total 1630.516 4251 Aegean-Marmara
Aegean-Mediterranean
Between 14.838 6 2.473
WEC Within 2257.887 4245 0.532 4.649 0.000* Eastern-Marmara
Total 2272.725 4251
Between 83.244 6 13.874 Eastern-Aegean
Within 3125.139 4245 0.736 Eastern-Marmara
Aegean—Central
WCA 18.846  0.000 * Aegean-Mediterranean
Total 3208.383 4251 Central-Marmara
Marmara-Southeast
Marmara-Mediterranean
Eastern-Southeast
Total Water Lit- 5. ween 12.821 6 2.137 11133 0.000* Fastern-Marmara
eracy Central-Marmara
Marmara-Mediterranean
Note: * indicates p <0.05
As presented in Table 17, the Water Literacy Scale demonstrated strong and statisti-
cally significant positive correlations with all of its subdimensions. These findings support
the internal consistency of the scale and indicate that higher overall water literacy is asso-
ciated with higher levels of awareness, knowledge, attitudes, and conservation-related
behaviors. Moderate positive correlations were also observed among the subdimensions,
suggesting that although each dimension measures a distinct aspect of water literacy, they
are conceptually related and collectively contribute to students” overall water literacy.
Table 17. Correlations between the WLS and its subdimensions.
Dimensions WL WA BTWI ATW KAW WEC WCA
Water Literacy Scale (WLS) 1 0.778 ** 0.735 ** 0.704 ** 0.721 ** 0.655 ** 0.693 **
WA 1 0.433 ** 0.439*  0.469 ** 0.380 ** 0.338 **
BTWI 1 0.471* 0377 ** 0.335 ** 0.580 **
ATW 1 0.360 ** 0.350 ** 0.420 **
KAW 1 0.570 ** 0.393 **
WEC 1 0.379 **
WCA 1

Note: ** indicates p < 0.05

4. Discussion

This study revealed significant differences in middle school students” water literacy
levels across gender, grade level, and region, providing a comprehensive understanding of
variations in the cognitive, affective, and behavioral dimensions of water literacy. Overall,
students exhibited moderately high levels of water literacy, characterized by strong aware-
ness and positive attitudes but comparatively weaker conservation-oriented behaviors. This
imbalance between understanding and action reflects a commonly observed trend in envi-
ronmental literacy research, where knowledge does not automatically translate into con-
sistent pro-environmental behaviors [15,25]. A similar interpretation is offered by the TPB,
which emphasizes that environmentally responsible behaviors emerge through the interac-
tion of knowledge, attitudes, perceived social expectations, and perceived behavioral con-
trol rather than knowledge alone [26,27]. Although previous studies have examined differ-
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ent dimensions of water literacy in various countries, direct international comparisons re-
main limited because of differences in measurement instruments, educational contexts, and
study populations [12]. Therefore, the present findings are interpreted by considering both
water literacy and the broader environmental literacy literature.

The analysis showed that female students scored higher than males in WA, BTWI,
and ATW, although effect sizes were small. This finding aligns with previous studies re-
porting that girls tend to display greater environmental sensitivity, empathy, and engage-
ment in conservation practices than boys [7,53,54]. However, studies such as [15,36] found
no significant gender-based differences, suggesting that gender effects may be context-
dependent and shaped by sociocultural norms or educational experiences. The results
highlight the importance of incorporating gender-responsive pedagogy to engage male
students and promote equitable participation in sustainability-oriented learning.

The gender differences observed in the present study are broadly consistent with in-
ternational research indicating that environmental and water-related literacy may vary ac-
cording to gender. Studies conducted in different educational contexts have reported that
female students often demonstrate stronger environmental awareness, attitudes, and con-
cern for sustainability-related issues; however, the magnitude and direction of these differ-
ences vary across populations [55-57]. These findings suggest that gender-related differ-
ences in water literacy are not unique to Tiirkiye but represent a broader international pat-
tern. Nevertheless, the relatively small effect sizes obtained in the present study indicate
that gender explains only a limited proportion of the variation in students” water literacy.

Grade-level analysis revealed different patterns across the cognitive and behavioral
dimensions of water literacy. Older students (7th-8th grades) achieved higher scores in
KAW and WEC, indicating higher levels of conceptual understanding in these grade co-
horts. In contrast, younger students (5th grade) scored higher in behavioral and affective
dimensions such as WA, BTWI, and WCA, suggesting lower levels of pro-environmental
engagement among higher-grade students. This grade-level pattern—where knowledge
increases while behavior decreases—has also been noted in earlier research [14,15,25].
This pattern is also consistent with the Theory of Planned Behavior [26,27], which suggests
that knowledge alone is insufficient to promote responsible behavior unless it is accom-
panied by favorable attitudes, social support, and perceived behavioral control. Accord-
ingly, increases in water-related knowledge may not automatically translate into conser-
vation-oriented actions when motivational and social dimensions remain underdevel-
oped. At the same time, students’ water-related behaviors should be interpreted cau-
tiously because middle school students have limited autonomy over many everyday wa-
ter-use decisions. Household water practices, parental guidance, and access to water-re-
lated resources may substantially influence conservation behaviors beyond students” in-
dividual knowledge or attitudes [20,27]. Therefore, lower behavioral scores should not be
interpreted solely as a lack of personal responsibility but also as reflecting the environ-
mental and social contexts in which students make water-related decisions.

International studies similarly suggest that higher knowledge scores do not neces-
sarily correspond to stronger environmental or water-related behaviors. Effective water
literacy education requires the integrated development of knowledge, attitudes, skills,
and responsible behaviors throughout K-12 education [17]. Likewise, [55] highlighted
that perceptions and understanding of water-related issues differ across age groups. Sim-
ilar grade-level differences have also been reported in environmental literacy research
among lower-secondary students in Europe, where grade- and age-related differences
were identified in both national and cross-national studies [20,40,57]. Together, these stud-
ies are consistent with the interpretation that higher knowledge scores do not necessarily
coincide with stronger conservation-oriented behaviors, highlighting the complexity of
translating knowledge into responsible environmental action across grade levels.
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Regional disparities further highlighted the contextual nature of water literacy in Tii-
rkiye. Students in Eastern and Central Anatolia achieved the highest scores across multi-
ple dimensions, particularly in awareness, attitude, and conservation. These results sug-
gest that living in regions facing chronic water scarcity or environmental challenges fos-
ters stronger environmental ethics and conservation behaviors. In contrast, students in
Marmara and Mediterranean regions—despite higher levels of urbanization and educa-
tional access—scored lower in awareness and conservation, indicating weaker engage-
ment with local water issues. The Aegean and Mediterranean regions demonstrated high
Awareness but low conservation, reflecting a persistent “knowledge-behavior gap.”
These results parallel [15], who found that urban students often exhibit strong conceptual
knowledge but lower behavioral commitment. Overall, the findings confirm that regional
context—ecological conditions and local culture—plays a decisive role in shaping stu-
dents’ water literacy profiles.

The regional differences observed in the present study can also be interpreted in light
of international evidence demonstrating that water and environmental literacy are shaped
by geographical, social, and educational contexts. Consistently, [36] reported substantial
regional variation in water literacy across 31 provincial capitals in China, indicating that
local environmental conditions and educational opportunities influence water literacy
outcomes. Similarly, Ref. [58] emphasized that water literacy is influenced by multiple
contextual factors beyond individual knowledge, including social and environmental con-
ditions. Likewise, Ref. [56] showed that environmental literacy varies according to con-
textual factors such as educational background and place of residence, highlighting the
importance of local environmental experiences. Collectively, these findings suggest that
the regional differences identified in Tiirkiye are likely to reflect the combined influence
of geographical characteristics, educational opportunities, and socio-environmental con-
texts rather than geographical location alone.

The regional differences observed in this study should be interpreted within the
broader geographical diversity of Tiirkiye. The country’s seven geographical regions dif-
fer considerably in terms of climate, water availability, agricultural activities, urbaniza-
tion, and industrial development, all of which may influence students” everyday experi-
ences with water and environmental learning opportunities. For example, Eastern and
Central Anatolia are generally characterized by relatively limited water availability and
greater agricultural dependence, whereas the Marmara region is highly urbanized and
industrialized. The Mediterranean region experiences intensive agricultural production
and seasonal water demand, while the Black Sea region receives relatively high precipita-
tion. These regional characteristics may contribute to differences in students” water liter-
acy by shaping their environmental experiences and learning contexts; however, these
factors were not directly examined in the present study.

Overall, students demonstrated a moderately high level of water literacy (M =4.17).
Among the six dimensions, Water Awareness had the highest mean score (M = 4.45),
whereas Water Conservation and Awareness had the lowest mean score (M = 3.87). This
gap indicates that stronger awareness does not necessarily translate into conservation-
oriented behaviors. Across gender, grade, and regional comparisons, a consistent pattern
emerged: students generally possessed sound cognitive understanding and positive atti-
tudes toward water but showed comparatively weaker conservation-oriented behaviors.
This reinforces a broader challenge in sustainability education —bridging the gap between
knowing and doing. Educational interventions should therefore extend beyond factual
knowledge to cultivate action competence through experiential, community-based, and
inquiry-driven learning approaches [12]. By embedding water-related sustainability
themes across science curricula and local environmental projects, educators can support
the development of water literacy and civic responsibility among students. From this per-
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spective, the findings support the view that water literacy should be understood not only
as a knowledge-based construct but also as a multidimensional construct involving atti-
tudes, awareness, and behavioral tendencies. This interpretation is consistent with the
complementary perspective offered by the Theory of Planned Behavior regarding the de-
velopment of environmentally responsible actions.

These findings suggest that individuals with higher water literacy tend to display
greater Water Awareness and stronger pro-environmental behaviors. Similarly, students
with higher awareness scores are more likely to demonstrate positive attitudes toward
water, greater sensitivity to water-related problems, and stronger conservation-oriented
practices. Moreover, increased water literacy is associated with higher levels of
knowledge about water systems, chemical properties, and ecosystem dynamics. Overall,
the results highlight that cognitive, affective, and behavioral dimensions of water literacy
are positively and interdependently related, reflecting the holistic and interconnected na-
ture of the construct. This study contributes to the literature by providing one of the first
large-scale, multidimensional assessments of water literacy among middle school stu-
dents across diverse regions. The findings extend existing research by demonstrating that
water literacy is not only a cognitive construct but also deeply influenced by contextual
and developmental factors, highlighting the persistent gap between knowledge and be-
havior in sustainability education.

Overall, the present findings make several important contributions to the water liter-
acy literature. First, this study provides a multidimensional and psychometrically vali-
dated instrument for assessing middle school students’” water literacy. The 39-item Water
Literacy Scale comprised six dimensions, explained 49.15% of the total variance, demon-
strated acceptable-to-good CFA fit indices (RMSEA = (0.044, CFI =0.978), and showed high
internal consistency (Cronbach’s a = 0.935). The scale was subsequently administered to
4252 middle school students across the seven geographical regions of Tiirkiye. Second,
unlike previous studies that were limited to specific regions or smaller samples, this study
presents a nationwide assessment of water literacy among middle school students across
the seven geographical regions of Tiirkiye. The findings provide evidence that can inform
curriculum development, educational policy, and sustainability education by identifying
regional and demographic differences in water literacy. Furthermore, the validated scale
may serve as a useful assessment tool for future national and international studies con-
ducted in diverse educational contexts.

5. Conclusions

The findings showed that middle school students demonstrated a moderately high
overall level of water literacy (M = 4.17). Among the six dimensions, Water Awareness
received the highest mean score (M = 4.45), whereas Water Conservation and Awareness
had the lowest mean score (M = 3.87), indicating that students” awareness exceeded their
conservation-oriented behaviors. Significant differences were also observed according to
gender, grade level, and geographical region. Female students scored significantly higher
in Water Awareness, Behavior Toward Water Issues, and Attitude Toward Water, while
grade-level differences were dimension-specific, with higher-grade students performing
better in knowledge-related dimensions and fifth-grade students obtaining higher scores
in several awareness- and conservation-related dimensions. Regional analyses further re-
vealed substantial variation across the seven geographical regions of Tiirkiye, with East-
ern Anatolia generally exhibiting the highest levels of water literacy, potentially reflecting
environmental and cultural factors associated with resource conservation.

These results reveal a developmental paradox: as students” knowledge about water
systems grows with grade level, their behavioral engagement and conservation practices
tend to decline. To address this imbalance, science education must not only enhance con-
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ceptual understanding but also sustain affective and behavioral dimensions through
hands-on, place-based, and inquiry-driven instruction. The 2024 Century of Tiirkiye Ed-
ucation Model [11], emphasizing sustainability, environmental ethics, and active citizen-
ship, provides a promising framework to integrate water literacy into science curricula.
However, its success will depend on effective teacher training, interdisciplinary collabo-
ration, and the inclusion of authentic, context-based learning experiences that connect stu-
dents’ lives with local water issues.

Regionally tailored education programs should also be prioritized —especially in
coastal and urbanized regions, where knowledge remains high but conservation practices
lag. Integrating local water management projects, experiential learning, and SDG 6 (Clean
Water and Sanitation) initiatives can strengthen both cognitive and behavioral dimensions
of water literacy.

Ultimately, fostering true water literacy means empowering students not only to un-
derstand but also to act—transforming scientific knowledge and positive attitudes into
responsible, context-sensitive, and sustainable behaviors. Through inclusive, experiential,
and regionally adaptive educational practices, Tiirkiye can cultivate a generation of scien-
tifically literate citizens and support environmentally responsible behaviors. Beyond
providing a valid and reliable measurement instrument, the present study offers evidence
that may guide sustainability-oriented educational practices and future water literacy re-
search at both national and international levels.

Although the present study examined regional differences in water literacy across
the seven geographical regions of Tiirkiye, it did not investigate the potential influence of
more specific geographical and environmental characteristics. Future studies could ex-
plore how proximity to rivers, lakes, reservoirs, coastal areas, mountainous regions, and
different levels of urbanization influence students’ water literacy. Such analyses may pro-
vide a more comprehensive understanding of how local environmental contexts shape
water literacy and support the development of context-specific educational strategies.
Furthermore, future studies may adopt more balanced regional sampling designs when
direct comparisons among geographical regions are the primary objective. Because the
present study was based on cross-sectional, self-reported data, the findings should be in-
terpreted as associations rather than evidence of developmental or causal relationships.
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WATER LITERACY SCALE

Demographic Information

City

School Name

Grade 5th grade 6th grade 7th grade 8th grade
Gender Female Male

Parents’ Educational Background

Mother

Father

Illiterate

Primary School Graduate

Middle School Graduate

High School Graduate

University Graduate

Master’s Degree

Doctoral Degree
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Items

Strongly
Agree
Agree

Neutral

Disagree

Strongly Dis-
agree

When making tea or cooking, only the necessary amount of water should be
boiled.

While waiting for the shower water to warm up, the running water should be col-
lected in a bucket and later used when needed.

Leaking taps should be repaired immediately.

Harmful substances such as pesticides, chemicals, and plastics pollute rivers, lakes,
seas, and other water sources.

Waste that is not recycled pollutes water.

Factory, ship, industrial, and household wastes pollute water.

Pouring oil down the sink pollutes water.

Water pollution threatens the lives of all living things.

O |0 (I[N |C1| &= [ N

Water pollution causes a decrease in the number of living species.

—_
o

People in some regions of the world suffer from water shortages.

—_
—_

Having clean water resources is important for a sustainable environment.

—_
N

Water is important for sustainable development and the future of humanity.

—_
(€8]

Global climate change reduces freshwater resources.

—_
=

Water pollution harms both people and other living things.

—_
Q1

Icebergs float because the density of ice is lower than the density of liquid water.

—_
(o)

Sea water is a mixture that contains salt and various minerals.

—_
N

Pure water is a compound.

—_
o)

The tap water in our homes is a mixture.

The increase in the temperature of seas and oceans causes an increase in the
amount of carbon dioxide in the atmosphere.

—_
O

N
(e

About 50-70% of an adult human’s body weight is made up of water.

The destruction of corals in the seas decreases the amount of oxygen in the atmos-

N
—_

phere.

22 The most important source of oxygen on Earth is the algae in seas and oceans.

23 The chemical formula of water is H20.

24 Soil and air pollution also cause water pollution.

25 I enjoy participating in awareness-raising activities about the correct use of water.

26 1would provide financial support to protect clean water resources.

27 1 take part in all kinds of activities to reduce water pollution.

28 I watch documentary programs about saving water.

29 Iturn off taps that are left running.

30 Athome, we heat only the amount of water we need (tea, cooking, etc.).

31 Iwarn people who throw garbage into water.

32 Atschool, I report leaking or broken taps to the school administration.

33 I warn neighbors who wash their cars every day to save water.

34 Iwarn family members at home when they waste water.

35 I think that one of the biggest problems in the world is water shortage.

36 Iam worried that one day we may not even find clean water to drink.

37 Iam concerned that the drinking water in the place I live will decrease.

38 Iam worried about the rapid depletion of clean water resources.

39 I am anxious about not being able to find clean water in the future.
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Factor Items Cronbach Alpha
Water Awareness 172-3-4-5-6-7-8-9-10-11-12- 0.883
13-14
Behavior Toward Water Issues 29-30-31-32-33-34 0.792
Attitude Toward Water 35-36-37-38-39 0.796
Knowledge About Water 15-16-17-18-19-20 0.776
Water Ecosystem and Chemistry 21-22-23-24 0.709
Water Conservation and Awareness 25-26-27-28 0.755
Total 0.935
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