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Abstract: Adolescents who possess environmental health literacy are more equipped to
handle the effects of the environment on their health. This study uses data from Portugal’s
2022 HBSC survey to investigate the environmental health literacy (EHL) of teenagers.
The Environmental Health Literacy Scale (EHLS) was verified by confirmatory component
analysis. Within the framework of an ecosystem, this study investigates factors related
to health and well-being. There are 7355 adolescents in the sample. EHLS_Social Norms
and participation in volunteering activities were found to be significant predictors of
EHL_Knowledge, which explained 25.2% of the variance in the final model. EHLS_Social
Norms and EHLS_Knowledge accounted for 42.9% of the variance in EHL_Behaviors,
while school grade was adversely connected with pro-environmental behavior. While
actions and knowledge were major positive predictors, gender and school grades showed
negative relationships, and EHL_Social Norms accounted for 46% of the variance. This
study establishes a valid measure of environmental health literacy in adolescents, informing
science education strategies and public health interventions.

Keywords: environmental health literacy scale; adolescents; HBSC survey; gender differences;
school grade differences; knowledge; behaviors; social norms

1. Introduction

The literature describes environmental health literacy (EHL) as the ability to under-
stand, evaluate, and act upon information regarding environmental hazards and their
health impacts [1]. According to Teksoz et al. (2014) [2], literacy is one of the main factors
influencing individuals” understanding and engagement with environmental issues. Thus,
EHL extends beyond knowledge acquisition; it involves the capacity to critically assess
environmental health risks and apply this knowledge in decision-making processes [3].
As such, EHL is a critical tool for addressing and mitigating environmental challenges, as
it enhances individuals’ capacity to make informed decisions that contribute to healthier
environments. This literacy framework emphasizes not only individual awareness but also
collective action in addressing environmental health concerns. Understanding the environ-
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mental health knowledge, norms, and behaviors of adolescents is especially important, as
they play a pivotal role in shaping future social and environmental policies [4].

Adolescence represents a key phase for the development of environmental health
literacy, as it is a period of heightened awareness and behavioral adaptation [5]. However,
studies indicate that adolescents often exhibit low levels of EHL, particularly in their ability
to link environmental exposure with health outcomes [6]. Research shows a developmental
pattern where environmental health literacy increases between the ages of 7 and 10, stabi-
lizes at around age 14, and then declines during the later teenage years [7]. This trend is
also mirrored by the complexity of adolescents’ relationship with environmental health, as
older adolescents tend to show a higher emotional connection with nature yet paradoxically
report lower levels of environmental health knowledge and engagement [8].

Factors such as socioeconomic status can significantly influence adolescents” environ-
mental health literacy. Studies have shown that a higher perception of financial stability
is associated with greater access to resources, including educational opportunities that
specifically address environmental health issues and which foster higher levels of EHL [9].
Furthermore, economic security influences family priorities and behaviors, potentially shap-
ing adolescents’ environmental health literacy through health-related household practices
and exposure to environmental risks [10].

The role of educational institutions in shaping adolescents’ environmental health
literacy has been widely recognized in the literature. Studies show that schools with strong
environmental health education programs create environments where students are exposed
to critical health-focused sustainability topics, positively influencing their attitudes and
environmental health literacy [11]. For example, outdoor educational experiences have
been identified as particularly effective in fostering a sense of responsibility and connection
to environmental determinants of health [12]. However, disparities in school capacity,
such as resource limitations or a lack of trained staff, can hinder these efforts, leaving
many adolescents with limited opportunities for developing environmental health literacy
competencies [13].

Despite this, there remains a significant gap between the concerns adolescents express
for the environment and their corresponding behaviors. While adolescents recognize
environmental risks and their implications for human health, their actions often do not
align with this awareness, revealing a critical gap between knowledge and practice in
EHL [4].

Liking school has been highlighted as another determinant of pro-environmental
behaviors and environmental health literacy. Adolescents who enjoy their school experience
are more likely to engage in environmental initiatives, such as recycling programs or
community clean-up activities, often organized within educational settings [13]. Positive
experiences at school foster a sense of belonging and responsibility, which are critical for
sustained engagement in environmental health issues [14].

Gender differences are also significant, and the literature shows that girls present a
greater tendency to adopt pro-environmental behaviors and have greater environmental
health literacy compared to boys, which can be explained by differences in subjective
and objective knowledge, motivation, and perceived self-efficacy in environmental health
contexts [15]. Therefore, actively including young people is essential, promoting not only
pro-environmental behaviors but also an understanding of environmental determinants of
health and critical thinking about risk factors [16].

Participation in volunteer activities is another critical factor that influences adolescents’
pro-environmental behaviors and environmental health literacy. Volunteering provides ado-
lescents with direct, hands-on opportunities to contribute to environmental causes, bridging
the gap between knowledge and action [9]. Moreover, it fosters a sense of agency and rein-
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forces the importance of community-level environmental efforts. Studies have shown that
adolescents involved in volunteer work develop higher levels of environmental self-efficacy
and are more likely to engage in long-term pro-environmental behaviors [17,18].

Studies refer to some factors that influence environmental health risk perception and
behaviors, such as lifestyle, life satisfaction, personal health practices, and social norms,
which influence pro-environmental behavior [19-22]. The nature of these behaviors is, in
turn, influenced by the most immediate and most macrosystemic contexts: on the one hand,
there is the sociocultural context [23].

Therefore, it is essential not only to characterize and understand the knowledge,
behaviors, and norms that influence the environmental health literacy of adolescents but
also to develop measures adjusted to the mechanisms responsible for the development of
these constructs while ensuring alignment with EHL models, such as Gray’s framework,
which integrates individual-, community-, and policy-level influences [8,24,25].

Moreover, understanding how social, educational, and personal factors intersect to
shape adolescents” environmental health literacy is crucial. Recent studies emphasize
the fact that effective environmental health interventions should integrate literacy-based
approaches that empower adolescents to assess risks and adopt protective behaviors [10,17].
Programs that integrate these factors holistically are better positioned to cultivate not only
environmental responsibility but also a deeper awareness of health implications [18].

This study draws from a large-scale adolescent health questionnaire, first to undertake
a confirmatory factor analysis on the items of the new Environmental Health Literacy
Scale (EHLS) and then to analyze how other social, educational, and personal variables
could influence adolescents’” environmental health literacy, differentiating it from general
pro-environmental behaviors.

e How do social, educational, and personal variables influence adolescents” environ-
mental health literacy (EHL)?

e  What is the relationship between adolescents’ environmental health literacy (EHL)
and general pro-environmental behaviors?

e How do the different dimensions of the Environmental Health Literacy Scale
(EHLS) predict adolescents” knowledge, behaviors, and attitudes toward environ-
mental health?

2. Method

The data used in this study are part of the Health Behavior in School-Aged Children
(HBSC) 2022 survey [26]. This survey is carried out every 4 years in collaboration with
the Organization World Health Organization (WHO) and follows a strict international
protocol [27,28].

The HBSC/WHO aims to study adolescents” health behaviors and habits in their life
contexts and their influence on their health /well-being. In Portugal, the HBSC/OMS 2022
study has the approval of the Ethics Committee of the Academic Center of Medicine of
Lisbon of the Lisbon North Hospital Center and the General Directorate of Statistics for
Education and Science (DGEEC). The school groups participated voluntarily, and informed
consent was obtained from all participants’ parents or legal guardians. Responses to the
questionnaire were obtained online and anonymously. The sample is representative of the
years of schooling under study. More details about the data collection procedures for the
HBSC/WHO 2022 study in Portugal can be found in Gaspar et al. (2022) [26].

2.1. Participants

The sampling technique used was cluster sampling, where the unit of analysis was
the classroom. To obtain a representative sample of the Portuguese school population,
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40 school clusters from basic and secondary education across the entire mainland (covering
five school regions) were selected, totaling 452 classrooms.

The sample consisted of 7355 participants, with a gender distribution of 46.15% boys
(n = 3394) and 53.85% girls (n = 3961). The average age of the participants was 15.05 years
(SD =2.37). The students were from the 6th grade (n = 1668; 22.68%), 8th grade (n = 1844;
25.07%), 10th grade (1 = 2057; 27.97%), and 12th grade (n = 1786; 24.28%).

2.2. Data Analysis

SPSS quantitative analysis software v. 29 was used to process the data. Descriptive
statistics, ANOVA, and multiple regression models were used to analyze the data. ANOVA
was applied to identify significant differences in all dimensions of EHLS based on gender
and school year (proxy for age). Spearman’s correlations highlighted the associations
between social, educational, and personal variables, such as the perception of the financial
family level, school capacity, liking school, and participation in volunteer activities. Finally,
multiple regression models analyzed the joint effects of the predictor variables on the
dependent dimensions (the Stepwise method). The significance level was set at p < 0.05.

2.3. Measures and Variables

Table 1 presents the variable considered to meet the study’s objectives.

Table 1. Measures and variables under study [26].

Variables Measures
Gender 1—Female; 2—Male
School grade 1—6th grade; 2—8th grade; 3—10th grade; 4—12th grade
Perception of financial family level 1—Very bad; 2—Bad; 3—Middle; 4—Good; 5—Very well

School competence

Liking school

Participation in volunteer activities

EHLS_Behaviors

EHLS_Knowledge

1—Below average; 2—Average; 3—Good; 4—Very good
1—I don’t like it at all; 2—I don’t like it much; 3—I like it somewhat;
4—T like it a lot
1—Rarely or never; 2—Only on weekends; 3—Almost or every day;
4—Many hours a day
Scale with three items, on a five-point Likert scale, ranging from 1 (strongly
disagree) to 5 (strongly agree). Higher values reveal more environmental
health pro-behaviors (e.g., “For sustainable development, it is necessary to
preserve all types of living beings (preservation of biological diversity)”.
Scale with five items, on a five-point Likert scale, ranging from 1 (strongly
disagree) to 5 (strongly agree). Higher values reveal more environmental
health knowledge (e.g., “When I can choose a project topic at school, I choose
a topic related to the environment.”).
Scale with three items, on a five-point Likert scale, ranging from 1 (strongly

EHLS_Social Norms disagree) to 5 (strongly agree). Higher values reveal more environmental

health social norms (e.g., “My family is environmentally friendly.”).

3. Results

The means of the dimensions of EHLS studied were as follows: knowledge (M = 4.42;
SD = 0.845), behaviors (M = 3.34; SD = 1.13), and social norms (M = 3.7; SD = 0.98).

The EHLS was subjected to exploratory factor analysis and confirmatory factor analysis
to verify its structure and psychometric properties. Aiming to have a very short scale with
the same number of items in all three factors, the two items with the lowest saturation
for the factor EHLS_Knowledge were removed, verifying that the good fit of the model
was kept
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3.1. Exploratory Factor Analysis (EFA)

The EFA was restricted to three factors, according to the previously validated structure:
EHLS_Behaviors, EHLS_Knowledge, and EHLS_Social Norms (EHLS; [29]).

The items showed factor loadings consistent with the original structure of the instru-
ment, indicating good organization in terms of the theoretical dimensions proposed. The
model fit indices showed adequacy, with x? = 549.714 (gl = 24, p < 0.001), RMSEA = 0.055
(90% Confidence Interval: 0.051-0.059), CFI = 0.985, NFI = 0.985.

To test the fit of the proposed model, the following indices were analyzed: X2, CFI
(Comparative Fit Index), and RMSEA (Root Mean Square Error of Approximation) as
discussed in the specialist literature [30]. The following index values were adopted as
criteria for the satisfactory fit of the model to the data: a CFI greater than 0.90; RMSEA
close to or less than 0.08; and NFI greater than 0.90.

3.2. Confirmatory Factor Analysis (CFA)

The dimensions identified showed good psychometric properties, as evidenced
by the following internal consistency coefficients: EHLS_Behaviors/Bhv (a = 0.856),
EHLS_Knowledge/KnW (o = 0.879) and EHLS_Social Norms/ScN (e = 0.826). The factor
structure explained 73.51% of the model’s total variance. Figure 1 presents the confirnatory
factor analysis.

1.00, 1.00,
KnW ScN
0,79 079 0.79 0.85 0.

Y 4 Y

8d A1 S A8 S A2 S_A_7% S_A6 S A8 S_A9 SAN S A10
EL P gy g g/'

522 8.2‘? 3.32 8.72 0. 1622\(&0\0 66 =0.31=(07 3.43

Figure 1. Confirmatory Factor Analysis Model fit indices.

3.3. Gender Differences

An analysis of variance (ANOVA) was carried out to assess the differences be-
tween genders in the EHLS_Knowledge, EHLS_Behaviors, and EHLS_Social Norms
factors. The results indicated statistically significant differences between genders in
the EHLS_Knowledge factor (F(1,7353) = 93.723, p < 0.001) and EHLS_Behaviors factor
(F(1,7353) = 10.436, p < 0.001).

However, in the EHLS_Social Norms factor, no statistically significant differences were
identified between the genders (F(1,7353) = 1.738, p = 0.187). The female gender stood out
in the EHLS_Knowledge and EHLS_Behavior dimensions (Table 2).
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Table 2. Mean values for the 3 Subscales | Scores by gender.

N M SD df .
Boy 3394 4316 0.93 1 93.723 *+*
EHLS_Knowledge Girl 3961 4.507 0.754
. Boy 3394 3298 1.199 1 10.436 *+*
EHLS_Behaviors Girl 3961 3384 1.071
Boy 3394 3713 1.017 1 1.738

EHLS Social Norms .4 3941 3683 0949

Note: *** p < 0.001.

3.4. Age Differences

For the EHLS_Knowledge factor, the analysis revealed a significant difference between
the groups (F(3,7351) = 33.985, p < 0.001). With regard to the EHLS_Behaviors dimension, a
significant difference was also observed between the groups (F(3,7351) = 76.570, p < 0.001).
Finally, for the EHLS_Social Norms factor, the analysis showed a significant difference
between the groups (F(3,7351) = 145.653, p < 0.001). The 12th grade stood out in the
EHLS_Knowledge dimension, while the 6th grade stood out in the EHLS_Behaviors and
EHLS_Social Norms dimensions (Table 3).

Table 3. Mean values for the 3 Subscales | Scores by age proxy.

N M SD df .

6th grade 1668 4317 0.94 3 33.985 %
8th grade 1844 4321 0904
EHLS Knowledge 1oy brade 2057 4468  0.799
12th grade 1786 4.557 0.705

6th grade 1668 3657 1092 3 76570%
. 8th grade 1844 3367 1109
EHLS Behaviors  j5q,5ade 2057 3293 1.130
12thgrade 1786 3088 1128

6th grade 1668 4077 0939 3 140633

EHIEIS—SOCial 8th grade 1844 3726  0.9638
orms 10th grade 2057 3.599 0.967

12th grade 1786 3.422 0.941

Note: **p < 0.001.

3.5. Correlation Between EHL and Social, Educational, and Personal Variables

The Spearman correlation analysis revealed several significant relationships between
the variables under study. The EHLS_Knowledge variable showed a positive correlation
between EHLS_Behaviors, EHLS_Social Norms, school grade, liking school, perception
of family financial level, school capacity, and a negative correlation with participation in
volunteer activities.

EHLS_Behaviors presented positive correlations with EHLS_Social Norms, the per-
ception of family financial level and school capacity, participation in volunteer activities,
liking school, and negative correlations with school grades. EHLS_Social Norms showed
the same pattern as EHLS_Behaviors (Table 4).
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Table 4. Correlation between EHL and variables under study.

1 2 3 4 5 6 7 8

1.
EHLS_Knowledge
2. EHLS_Behaviors

3. EHLS_Social
Norms
4. School grade
5. Perception of
family financial
level
6. School
competence
(perception)
7. Liking school
8. Participation in
volunteer activities

0.4771 *** --
0.417 *** 0.647 *** --
0.113 *** —0.172 ***  —0.245 *** --

0.029 *** 0.097 *** 0.163 ***  —0.140 *** -

0.136 *** 0.070 *** 0.110 ***  —0.138 ***  (0.145 *** -

0.096 *** 0.126 *** 0.201 **  —0.183***  0.106 ***  0.278 *** --
—0.035 ** 0.175 *** 0.106 ***  —0.094 ***  0.020 *** —0.023 0.005 -

Note: ***p < 0.001; ** p < 0.01.

Stepwise multiple regression analyses were conducted to predict EHLS_Knowledge,
EHLS_Behaviors, and EHLS_Social Norms based on independent variables: EHLS, school
grade, gender, perception of family financial level, perception of school competence, liking
school, and participation in volunteering activities.

3.6. Predictor Variables on the EHLS_Knowledge

In total, 15.5% of the variation was explained by the first model, which included
EHLS_Social Norms as the only predictor (R? = 0.155; F(1,5634) = 1036.87, p < 0.001).
R2 = 0.252; F(7,5628) = 271.20, p < 0.001; the final model, which included all predictors (ex-
cept perception of family financial level, excluded from all models), explained 25.2% of the
variance (Table 5). Table 6 summarizes the results of the ANOVA for all models, verifying
the adequacy of the model. The standardized () and unstandardized (B) coefficients for
every predictor in the finished model are shown in Table 7. According to the findings, the
best predictors were participation in volunteering activities (3 = —0.174, p < 0.001) and
EHLS_Social Norms ( = 0.313, p < 0.001). The model was also strongly influenced by
other predictors, including school competence (perception) ( = 0.094, p < 0.001), liking
school ( = 0.035, p < 0.01), school grade (3 = 0.152, p < 0.001), EHLS_Behaviors (3 = 0.174,
p <0.001), and gender (3 = 0.115, p < 0.001).

Table 5. Summary of regression models for EHLS_Knowledge.

Model R R Adjusted R? Sta“d*gd Error of the

stimate
1 0.394 0.155 0.155 0.74717
2 0.431 0.186 0.186 0.73351
3 0.457 0.209 0.208 0.72326
4 0.479 0.229 0.229 0.71402
5 0.491 0.241 0.240 0.70867
6 0.501 0.251 0.250 0.70389
7 0.502 0.252 0.251 0.70343




Sustainability 2025, 17, 3594 8 of 15
Table 6. Analysis of variance (ANOVA) for EHLS_Knowledge.
Model Sum of df Mean F p
Squares Square
1 578.851 1 578.851 1036.865 <0.001
2 693.389 2 346.694 644.370 <0.001
3 778.029 3 259.343 495.777 <0.001
4 853.285 4 213.321 418.415 <0.001
5 896.684 5 179.337 357.093 <0.001
6 935.169 6 155.861 314.576 <0.001
7 939.342 7 134.192 271.197 <0.001
Table 7. Linear regression coefficients for the final model of EHLS_Knowledge.
. Standard
Predictor B Error B t p
(Constant) 2.267 0.073 - 31.111 <0.001
EHLS_Social 0.263 0.013 0.313 20.755 <0.001
Norms
Participation in
volunteering —0.198 0.013 —0.174 —14.732 <0.001
activities
School grade 0.155 0.012 0.152 13.004 <0.001
EHLS_Behaviors 0.126 0.011 0.174 11.548 <0.001
Gender 0.187 0.019 0.115 9.838 <0.001
School competence ) o 0.012 0.094 7.794 <0.001
(perception)
Liking school 0.035 0.012 0.035 2.904 <0.01

3.7. Predictor Variables on the EHLS_Behaviors

To investigate the predictors of behaviors, a multiple linear regression analysis was
used. Only EHLS_Social Norms were included in the first model (Model 1), which ex-
plained 39.7% of the behavioral variance (R? = 0.397, F(1,5634) = 3714.89, p < 0.001). In total,
42.9% of the behavioral variance was explained by the inclusion of independent factors in
Model 6 (adjusted R? = 0.428, F(6,5629) = 704.65, p < 0.001).

The perception of school competence and the financial level of the family were not in-

cluded in this model. EHLS_Social Norms had the greatest positive influence on behaviors,

according to the analysis (3 = 0.564, p < 0.001). Furthermore, there were positive correlations
found between EHLS_Knowledge (3 = 0.132, p < 0.001) and participation in volunteering
activities (B = 0.140, p < 0.001). On the other hand, although these impacts were less strong,
school grade (3 = —0.032, p = 0.002) and liking school (3 = —0.020, p = 0.048) demonstrated
negative associations (Table 8). The ANOVA results for each regression model are shown

in Table 9, verifying the adequacy of the model. The regression coefficients for the finished

model are shown in Table 10.

Table 8. Summary of regression models for EHLS_Behaviors.

Model R R? Adjusted R? StandaErd 'Error of the
stimate
1 0.630 0.397 0.397 0.87468
2 0.641 0.411 0.411 0.86469
3 0.652 0.425 0.425 0.85425
4 0.654 0.428 0.427 0.85269
5 0.655 0.429 0.428 0.85206
6 0.655 0.429 0.428 0.85184
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Table 9. Analysis of variance (ANOVA) for EHLS_Behaviors.
Model Sum of df Mean F p
Squares Sqaure
1 2842.15 1 2842.15 3714.89 <0.001
2 2940.82 2 1470.41 1966.61 <0.001
3 3042.66 3 1014.22 1389.84 <0.001
4 3058.38 4 764.60 1051.61 <0.001
5 3065.09 5 613.02 844.36 <0.001
6 3067.93 6 511.32 704.65 <0.001
Table 10. Linear regression coefficients for the final model EHLS_Behaviors.
. Standar
Predictor B Error B t P
(Constant) —0.170 0.092 — —1.860 0.063
EHLS Social 0.658 0.013 0.564 49.428 <0.001
Norms
Participation in
volunteering 0.222 0.016 0.140 13.574 <0.001
activities
EHLS_Knowledge 0.183 0.016 0.132 11.537 <0.001
Gender 0.110 0.023 0.049 4.776 <0.001
School grade —0.045 0.015 —0.032 —3.066 <0.01
Liking school —0.028 0.014 —0.020 —1.977 <0.05

3.8. Predictor Variables on the EHLS_Social Norms

According to the findings, the final model explained almost 46% of the total varia-
tion (adjusted R? = 0.460) and was statistically significant (F(7,5628) = 687.443, p < 0.001)
(Table 11). The ANOVA results for each regression model are shown in Table 12, verifying

the adequacy of the model. The regression coefficients showed the two most positive
predictors of EHLS_ Social. Norms were EHLS Knowledge (3 = 0.225, p < 0.001) and
EHLS_Behaviors (3 = 0.531, p < 0.001). There was a substantial negative correlation be-
tween school grade and EHLS_Social Norms (3 = —0.080, p < 0.001), suggesting that
EHLS_Social Norms were stronger among those with lower education levels. Additionally,
the perception of family financial level (3 = 0.073, p < 0.001) and liking school (3 = 0.075,
p < 0.001) were found to be favorable predictors. While participating in volunteering activi-

ties had a minor but significant effect (3 = 0.021, p = 0.037), gender had a negative impact

(B = —0.070, p < 0.001) (Table 13).

Table 11. Summary of regression models for EHLS_Social Norms.

Standard Error of the

2 : 2
Model R R Adjusted R Estimate
1 0.630 0.397 0.397 0.74939
2 0.660 0.435 0.435 0.72569
3 0.666 0.444 0.444 0.71986
4 0.671 0.451 0.450 0.71577
5 0.675 0.456 0.455 0.71248
6 0.679 0.461 0.460 0.70936
7 0.679 0.461 0.460 0.70915
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Table 12. Analysis of variance (ANOVA) for EHLS_Social Norms.
. Standard
Predictor B Error B t p
(Constant) 0.796 0.088 - 9.006 <0.001
EHLS_Behaviors 0.455 0.009 0.531 48.906 <0.001
EHLS_Knowledge 0.267 0.013 0.225 20.726 <0.001
School grade —0.097 0.012 —0.080 —7.948 <0.001
Family financial 0.077 0.011 0.073 7.236 <0.001
level (perception)
Liking school 0.090 0.012 0.075 7.556 <0.001
Gender —0.135 0.019 —0.070 —7.053 <0.001
Participation in
volunteering 0.029 0.014 0.021 2.087 <0.05
activities
Table 13. Linear regression coefficients for the final model EHLS_Social Norms.
Model Sum of daf Mean F p
Squares Square
1 2086.225 1 2086.225 3714.894 <0.001
2 2283.747 2 1141.873 2168.311 <0.001
3 2331.713 3 777.238 1499.892 <0.001
4 2365.313 4 591.328 1154.215 <0.001
5 2392.222 5 478.444 942.502 <0.001
6 2417.752 6 402.959 800.814 <0.001
7 2419.942 7 345.706 687.443 <0.001

4. Discussion

The results obtained from this study offer significant insights into environmental
health literacy among Portuguese adolescents.

In accordance with previous research, the study revealed that girls exhibited higher
EHL levels than boys, both in terms of knowledge and behavior [15]. This aligns with
Gray’s model of EHL, which emphasizes the interaction of individual, societal, and educa-
tional factors in shaping environmental health literacy [9]. The findings also suggest that
adolescents’ knowledge of environmental health tends to increase with higher school years,
while their environmental health-related behaviors and perceived social norms appear to
decrease as they age, which is a trend also identified in earlier studies [7,8].

The analysis further showed that participation in volunteer activities, liking school,
and family financial perception were all significant positive predictors of EHL rather than
just pro-environmental behaviors. These factors align with Gray’s conceptualization of
EHL as a multidimensional construct, where personal, environmental, and educational
influences converge to shape risk awareness, decision-making, and protective behaviors.
Research suggests that a higher perception of financial stability is linked to better access
to resources, such as environmental education and extracurricular activities, which play a
crucial role in fostering environmentally friendly attitudes [9].

Another significant aspect influencing EHL is enjoying school. Teenagers who have
good school experience are more likely to take part in health-related environmental ac-
tivities that are often encouraged in educational settings, such as recycling programs or
community clean-ups [13]. According to Barr et al. [14], a supportive school environment
fosters a sense of responsibility and engagement, which are crucial for sustaining health-
conscious environmental behaviors. Another important element influencing adolescents’
EHL is their involvement in volunteer work. Volunteering provides adolescents with
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real-world exposure to environmental health issues, reinforcing the connection between
environmental conditions and health outcomes [9]. This hands-on engagement allows
them to bridge the gap between environmental health knowledge and action, which is a
core component of EHL models.

This study also highlights an important gap between environmental health knowledge
and behavior. While adolescents demonstrate awareness of environmental risks and their
impact on health, this awareness does not always translate into proactive behaviors. This
supports findings in the EHL literature that emphasize the need for interventions that
go beyond knowledge dissemination, focusing on fostering decision-making skills and
action-oriented literacy [4].

Involvement in extracurricular activities has been highlighted in previous studies as
an important variable in promoting EHL, and a perception of financial scarcity is associated
with a lower likelihood of engaging in health-promoting environmental practices [31,32].
The EHLS_Knowledge and EHLS_Social Norms dimensions also showed significant pos-
itive correlations and could be seen as possible predictors of more pro-environmental
behavior. This reveals a gap between their knowledge/social norms and behavior regard-
ing the environment [4].

In EHLS_Knowledge, the final model explained 25.2% of the variation. In addition to
school grades, EHLS_Behaviors, gender, school competence, liking school, EHLS_Social
Norms, and participation in volunteering activities were significant predictors. According
to the findings, adolescents who are more engaged in volunteer work and who adhere
more strongly to social norms related to environmental health tend to have higher levels of
EHL knowledge.

The final model of EHLS_Behaviors explained 42.9% of the variance. The best predictor
was EHLS_Social Norms, which was followed by EHLS_Knowledge and participation
in volunteering activities. Unlike traditional pro-environmental behavior models, this
suggests that social norms related to environmental health play a key role in shaping not
only behaviors but also risk perception and engagement with health-focused environmental
actions. Pro-environmental behaviors were negatively associated with school grades and
liking school, reinforcing previous research that indicates a decline in environmental
engagement as adolescents grow older.

The final model of EHLS_Social Norms accounted for 46% of the variance. The biggest
predictors were EHLS_Behaviors and EHLS_Knowledge, although gender and school grade
showed negative correlations, indicating that EHLS_Social Norms were more prominent
among girls and younger children. Positive predictors included family income and school
preference, while volunteerism had a small but noteworthy impact.

These results support the notion that environmental health literacy is influenced by
a complex interplay between social, educational, and personal factors. They suggest that
effective interventions should focus on fostering critical thinking about environmental
health risks, strengthening social norms that support protective behaviors, and ensuring
equitable access to environmental health education. This aligns with Gray’s model, which
stresses the importance of multi-level interventions that integrate individual knowledge,
social influences, and structural factors to enhance EHL across different contexts.

The conclusions of this study present important directions for the development of
health promotion strategies and interventions aimed at adolescents. In this work, we
highlight the following:

(i) Focusing on enhancing environmental health education, increasing adolescents’
knowledge of environmental issues, and their impact on health promotes pro-
environmental behaviors.
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(i) Considering gender differences in the design of interventions, ensure that these
programs address the specific needs of both girls and boys in relation to environmen-
tal health.

(iii) Adopting holistic approaches is important to promote overall adolescent well-being,
integrating educational, social, and personal factors.

(iv) Encouraging school-wide participation and recognizing that the school can be a key
player in promoting environmental literacy and health is significant.

(v) Collaboration can be facilitated between schools, families, non-governmental organi-
zations, and governmental bodies to develop comprehensive, community-oriented
strategies for improving environmental health literacy.

4.1. Strengths and Limitations

The present study provides a comprehensive overview of environmental health literacy
(EHL) among adolescents, addressing key concepts, influencing factors, and measurement
approaches. Additionally, this study employs a robust methodology, a representative
sample of the national panorama, and rigorous statistical analysis. The results offer sig-
nificant insights into the relationships between EHL, health and well-being variables, and
environmental behaviors among adolescents.

Additionally, the study’s CFA shows that the model fits the data well, with internal
consistency coefficients indicating high psychometric qualities and factor loadings that are
in line with the instrument’s original structure. It is crucial to remember, however, that
certain items show factor loadings that are larger than anticipated. Even though a factor
loading near one is generally expected, this result could indicate redundancy or possible
problems with the model’s specification, like multicollinearity between items or the need for
model change. In order to improve the model’s adequacy, different factorial configurations
and item adjustments were tested. However, the modifications introduced did not lead
to significant improvements in the fit indices, suggesting that the observed difficulties
were inherent to the age differences among participants and the way they interpreted the
assessed constructs. This limitation reinforces the need for either a specific instrument for
this age group or deeper adaptations in item formulation.

Another critical issue concerns the differences in the development of the dimensions
measured by the instrument. Knowledge, social norms, and behaviors related to the
assessed topic may have different meanings for this age group, compromising construct
validity and suggesting the need for scale adaptations.

Finally, the findings have significant translational implications, particularly for the
design of health promotion strategies and targeted interventions aimed at improving
environmental health literacy and environmentally responsible behaviors in adolescents.

However, this study has certain limitations. Its national scope restricts the gener-
alizability of findings to other countries and cultural contexts. Additionally, the cross-
sectional design prevents causal inferences between variables. Another limitation is the
reliance solely on self-reported data, which may introduce biases such as social desirability
effects, potentially influencing adolescents’ responses to environmental behaviors and
literacy levels.

4.2. Key-Findings

e  The tested model revealed weaknesses in its ability to fit the data, raising questions
about the validity of replicating the Environmental Health Literacy Scale (EHLS).
Although the chi-square test (x?) is significant, it is common for it to yield statistically
significant results in very large samples [33]. These results suggest the need for
revisions in the scale’s structure to ensure greater accuracy in measuring adolescents’
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environmental health literacy. All the findings should be analyzed with caution due to
these model’s weaknesses.

e  Gender Differences: Consistent with previous research, girls exhibited significantly
higher scores in both environmental health knowledge and behaviors compared
to boys, reinforcing findings that females are generally more engaged in pro-
environmental actions.

e School Year/Grade Effects: Environmental health behaviors and social norms were
stronger in younger adolescents, while environmental health knowledge increased
with grade level. This trend indicates that older adolescents tend to engage less in
pro-environmental behaviors despite gaining more knowledge.

e  Relationships between Behaviors: Volunteering, liking school, and a family’s financial
perception were positively associated with pro-environmental behaviors, empha-
sizing the importance of social and educational factors in fostering environmental
health literacy.

e  Volunteering: Teens who participated in volunteer work had improved environmental
habits and knowledge, which helped close the gap between awareness and action.

e Knowledge and Social Norms as Predictors: Both knowledge and social norms signifi-
cantly predicted environmental health behaviors, suggesting a disconnect between
what adolescents know about environmental health and how they act upon it.

e  Final Forecasts for the Model:

o EHL_Knowledge accounted for 25.2% of the variance, with social norms and
participation in volunteering activities serving as important predictors.

° Social norms and knowledge were the main predictors of EHL_Behaviors,
which explained 42.9% of the variation. Pro-environmental behavior was
negatively associated with school grades.

o EHL_Social Norms explained 46% of the variance; gender and school grade
showed negative relationships, whereas actions and knowledge were substan-
tial positive predictors.

e  Strategies and Interventions:

o Exploring ways to enhance environmental health education that may contribute
to improving both knowledge and behaviors.

o Considering approaches to address gender disparities in environmental health
initiatives that may promote more balanced engagement among adolescents.

o Examining the potential of holistic interventions that support both environmental-
and health-related literacy.

o Encouraging school-wide initiatives, recognizing that educational institutions
play a central role in promoting EHL.

o Exploring opportunities for collaboration between governmental agencies,
educational institutions, non-governmental organizations, and families to
strengthen environmental health literacy at a broader societal level.

Author Contributions: Conceptualization, M.G.d.M., C.B. and T.G.; methodology, M.G.d. M., C.B.,
FB.G., A.C. and T.G,; software, M.G.d.M. and C.B,; validation, M.G.d.M. and T.G.; formal analysis,
M.G.d.M. and C.B; investigation, M.G.d.M., EB.G., A.C. and T.G.; resources, M.G.d.M. and T.G.;
data curation, M.G.d.M. and T.G.; writing—original draft preparation, C.B., EB.G., A.C., L.D. and
T.G.; writing—review and editing, M.G.d.M., C.B. and T.G; visualization, M.G.d.M.; supervision,
M.G.d.M.; project administration, M.G.d.M. and T.G. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.



Sustainability 2025, 17, 3594 14 of 15

Institutional Review Board Statement: The study has the approval of the Ethics Committee of
the Academic Center of Medicine of Lisbon of the Lisbon North Hospital Center and the General
Directorate of Statistics for Education and Science (DGEEC).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Data could be available, under request.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  Gray, KM. From content knowledge to community change: A review of representations of environmental health literacy. Int. J.
Environ. Res. Public Health 2018, 15, 466. [CrossRef] [PubMed]

2. Teksoz, G.; Sahin, E.; Tekkaya-Oztekin, C. An evaluation of the environmental literacy of preservice teachers in Turkey through
Rasch analysis. Environ. Educ. Res. 2014, 20, 202-227. [CrossRef]

3. Fidan, N.K,; Ay, T.S. Acquisition of operational environmental literacy in social studies course. Int. |. Environ. Sci. Educ. 2016, 11,
5951-5968.

4.  Lisboa, PV.; Gémez-Roman, C.; Guntin, L.; Monteiro, A.P. Pro-environmental behavior, personality and emotional intelligence in
adolescents: A systematic review. Front. Psychol. 2024, 15, 1323098. [CrossRef] [PubMed]

5. Zimmerman, M.S. Information horizons mapping to assess the health literacy of refugee and immigrant women. Proceed. Assoc.
Inform. Sci. Technol. 2018, 55, 963-964. [CrossRef]

6. Hughes, J.; Rogerson, M.; Barton, J.; Bragg, R. Age and connection to nature: When is engagement critical? Front. Ecol. Environ.
2019, 17, 265-269. [CrossRef]

7. Otto, S.; Evans, G.W.; Moon, M.].; Kaiser, F.G. The development of children’s environmental attitude and behavior. Glob. Environ.
Change 2019, 58, 101947. [CrossRef]

8. Krettenauer, T.; Wang, W.; Jia, F; Yao, Y. Connectedness with nature and the decline of pro-environmental behavior in adolescence:
A comparison of Canada and China. J. Environ. Psychol. 2020, 71, 101348. [CrossRef]

9.  Brown, J.; Krettenauer, T. Contrasting trajectories in adolescent pro-environmentalism: Qualitative differences between “engagers”
versus “disengagers”. J. Environ. Psychol. 2024, 15, 1323098. [CrossRef]

10. Singh, P; Sharma, R.; Gupta, S. Financial stability and adolescent environmental awareness: A cross-cultural perspective.
Sustainability 2023, 15, 2876.

11. Chawla, L.; Cushing, D.F. Environmental education in schools: Linking knowledge to action. Int. ]. Environ. Stud. 2022,
79, 435-454.

12. Dyment, J.E.; Reid, A. Outdoor learning and environmental sustainability: Practices and possibilities. Environ. Educ. Res. 2021,
27,1041-1059.

13. Stevenson, K.T.; Peterson, M.N.; Bondell, H.D. Adolescent engagement with environmental sustainability programs. Youth
Environ. Q. 2020, 15, 45-61.

14. Barr, S.; Gilg, A.; Shaw, G. Promoting sustainable lifestyles: Implications for public policy. Environ. Policy Gov. 2019, 29, 298-310.
[CrossRef]

15.  Vicente-Molina, M.A.; Fernandez-Sainz, A.; Izagirre-Olaizola, J. Does gender make a difference in pro-environmental behavior?
The case of Basque Country University students. J. Clean. Prod. 2018, 176, 89-98. [CrossRef]

16. Cardarelli, K. M.; Ickes, M.; Huntington-Moskos, L.; Wilmhoff, C.; Larck, A.; Pinney, S.M.; Hahn, E.J. Authentic youth engagement
in environmental health research and advocacy. Int. J. Environ. Res. Public Health 2021, 18, 2154. [CrossRef]

17. Beyer, J.; Haller, M.; Friedrichs, M. Volunteering as a pathway to environmental citizenship: Insights from youth programs.
J. Youth Stud. 2021, 24, 189-205.

18. Smith, J.M.; Clayton, S. Volunteerism as a foundation for youth environmental action. Environ. Psychol. Rev. 2022, 16, 23-34.

19. Inauen, J.; Contzen, N.; Frick, V.; Kadel, P.; Keller, J.; Kollmann, J.; van Valkengoed, A.M. Environmental issues are health issues.
Eur. Psychol. 2021, 26, 219-229. [CrossRef]

20. Lawson, D.E; Stevenson, K.T.; Peterson, M.N.; Carrier, S.J.; Seekamp, E.; Strnad, R. Evaluating climate change behaviors and
concern in the family context. Environ. Educ. Res. 2019, 25, 678-690. [CrossRef]

21. Gomes, A.C.; Rebelo, M.A.B.; Queiroz, A.C.; Queiroz Herkrath, A.P.C.; Herkrath, EJ.; Rebelo Vieira, ].M.; Vettore, M.V. Socioe-
conomic status, social support, oral health beliefs, psychosocial factors, health behaviours, and health-related quality of life in
adolescents. Qual. Life Res. 2020, 29, 141-151. [CrossRef] [PubMed]

22.  Solano-Pinto, N.; Garrido, D.; Gértrudix-Barrio, F.; Fernandez-Cézar, R. Is knowledge of circular economy, pro-environmental

behavior, satisfaction with life, and beliefs a predictor of connectedness to nature in rural children and adolescents? A pilot study.
Sustainability 2020, 12, 9951. [CrossRef]


https://doi.org/10.3390/ijerph15030466
https://www.ncbi.nlm.nih.gov/pubmed/29518955
https://doi.org/10.1080/13504622.2013.768604
https://doi.org/10.3389/fpsyg.2024.1323098
https://www.ncbi.nlm.nih.gov/pubmed/38414884
https://doi.org/10.1002/pra2.2018.14505501195
https://doi.org/10.1002/fee.2035
https://doi.org/10.1016/j.gloenvcha.2019.101947
https://doi.org/10.1016/j.jenvp.2019.101348
https://doi.org/10.3390/su17020389
https://doi.org/10.1002/eet.1864
https://doi.org/10.1016/j.jclepro.2017.12.079
https://doi.org/10.3390/ijerph18042154
https://doi.org/10.1027/1016-9040/a000438
https://doi.org/10.1080/13504622.2018.1564248
https://doi.org/10.1007/s11136-019-02279-6
https://www.ncbi.nlm.nih.gov/pubmed/31468278
https://doi.org/10.3390/su12239951

Sustainability 2025, 17, 3594 15 of 15

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

Collado, S.; Staats, H.; Sancho, P. Normative influences on adolescents’ self-reported pro-environmental behaviors: The role of
parents and friends. Environ. Behav. 2019, 51, 288-314. [CrossRef]

Hoover, A.G. Defining environmental health literacy. Environ. Health Lit. 2019, 2019, 3-18.

Hoover, A.G.; Koempel, A.; Christian, W.J.; Tumlin, K.I; Pennell, K.G.; Evans, S.; Brewer, D. Appalachian environmental health
literacy: Building knowledge and skills to protect health. J. Appalach. Health 2020, 2, 47.

Gaspar, T.; Guedes, F.B. A Satde dos Adolescentes Portugueses em Contexto de Pandemia—Dados Nacionais do Estudo HBSC
2022 [The Health of Portuguese Adolescents in the Context of the Pandemic—National Data from the HBSC 2022 Study]. Equipa
Aventura Social. 2022. Available online: https:/ /aventurasocial.com/dt_portfolios/a-saude-dos-adolescentes-portugueses-em-
contexto-de-pandemia-dados-nacionais-2022/ (accessed on 30 December 2024).

Inchley, J.C.; Stevens GW, ].M.; Samdal, O.; Currie, D.B. Enhancing understanding of adolescent health and well-being: The
Health Behaviour in School-aged Children Study. J. Adolesc. Health 2020, 66, S3-S5. [CrossRef]

Roberts, C.; Freeman, J.; Samdal, O.; Schnohr, C.W.; de Looze, M.E.; Nic Gabhainn, S.; Iannotti, R.; Rasmussen, M. The Health
Behaviour in School-aged Children (HBSC) study: Methodological developments and current tensions. Int. J. Public Health 2009,
54,140-150. [CrossRef]

Branquinho, C.; Virgolino, A.; Santos, O.; Gaspar, T.; Matos, M.G. Escala Literacia em Satide Ambiental: Um instrumento
de avaliacao para adolescentes [Environmental Health Literacy Scale: An Assessment Tool for Adolescents]. In Saiide
Ambiental—Caderno de Notas Soltas 1I, 1st ed.; Santos, O., Virgolino, A., Vaz Carneiro, A., Eds.; Associacao de Estudantes
da Faculdade de Medicina de Lisboa: Lisbon, Portugal, 2021; pp. 144-150. ISBN 978-989-98104-5-7.

Mardco, J. Andlise de Equagoes Estruturais: Fundamentos Tedricos, Software e Aplicagoes; CAFILESA—Solugoes Gréficas: Lisbon,
Portugal, 2014.

Hidayah, N.; Agustin, R.R. Assessing high school students’ pro-environmental behaviour. J. Phys. Conf. Ser. 2017, 895, 012002.
[CrossRef]

Berthold, A.; Cologna, V.; Hardmeier, M.; Siegrist, M. Drop some money! The influence of income and subjective financial scarcity
on pro-environmental behaviour. J. Environ. Psychol. 2023, 91, 102149. [CrossRef]

Maro6co, J. Statistical Analysis with IBM SPSS Statistics; ReportNumber: Lisbon, Portugal, 2021.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1177/0013916517744591
https://aventurasocial.com/dt_portfolios/a-saude-dos-adolescentes-portugueses-em-contexto-de-pandemia-dados-nacionais-2022/
https://aventurasocial.com/dt_portfolios/a-saude-dos-adolescentes-portugueses-em-contexto-de-pandemia-dados-nacionais-2022/
https://doi.org/10.1016/j.jadohealth.2020.03.014
https://doi.org/10.1007/s00038-009-5405-9
https://doi.org/10.1088/1742-6596/895/1/012002
https://doi.org/10.1016/j.jenvp.2023.102149

	Introduction 
	Method 
	Participants 
	Data Analysis 
	Measures and Variables 

	Results 
	Exploratory Factor Analysis (EFA) 
	Confirmatory Factor Analysis (CFA) 
	Gender Differences 
	Age Differences 
	Correlation Between EHL and Social, Educational, and Personal Variables 
	Predictor Variables on the EHLS_Knowledge 
	Predictor Variables on the EHLS_Behaviors 
	Predictor Variables on the EHLS_Social Norms 

	Discussion 
	Strengths and Limitations 
	Key-Findings 

	References

