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Abstract

Given the increasingly prominent environmental issues that adversely affect global sus-
tainable development, this study, grounded in situated cognition theory and social cogni-
tion theory, constructs a moderated serial mediation model to investigate the mechanisms
and boundary conditions through which environmental education influences higher ed-
ucation students” ecological behavior. Based on a survey and analysis of 3961 higher edu-
cation students, the findings reveal that (1) theoretical education and practical education
exert significantly different pathways to ecological behavior, with practical education
demonstrating a significant positive direct behavioral driving force, whereas the direct
effect of theoretical education is not significant and operates mainly through indirect psy-
chological transmission; (2) ecological values and ecological cognition serve as serial me-
diators between environmental education and ecological behavior; (3) the degree of the-
ory-practice transformation positively moderates the relationship between practical edu-
cation and ecological cognition, while ecological action competence positively moderates
the relationship between ecological cognition and ecological behavior. The results indicate
that while strengthening students’ environmental education, universities should also fo-
cus on cultivating their ecological action competence—the key competence that trans-
forms ecological cognition into actual behavior —and strive to enhance the teaching effec-
tiveness of transforming theoretical education into practical experience.

Keywords: ecological values; ecological cognition; ecological behavior; sustainable devel-
opment; serial mediation

1. Introduction

As environmental issues become increasingly severe, higher education plays a cru-
cial role in enhancing higher education students’ ecological literacy and guiding their eco-
logical behavior [1-3]. However, in reality, some students, despite possessing ecological
awareness and cognition, lack the actual initiative to participate in environmental protec-
tion, exhibiting a cognitive-behavioral disconnection [4,5]. This suggests that mere educa-
tional input does not directly trigger behavioral change [6]. Other studies have also con-
firmed that the promoting effect of environmental education on behavior is far weaker
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than its effect on cognition [7,8]. Nevertheless, existing research tends to treat environ-
mental education as a whole, with few studies distinguishing the differentiated pathways
of theoretical education and practical education [9]. In terms of mechanism analysis, most
studies are confined to a single mediating variable [10-12], lacking in-depth exploration
of the deeper mechanisms, such as how ecological values facilitate changes in cognitive
levels [13-15]. Relevant research further points out that the linear “knowledge-attitude-
behavior” model hypothesis has not received sufficient empirical support, and the rela-
tionships of other psychological constructs (e.g., intention, locus of control, etc.) with be-
havior are even stronger than that of attitude, suggesting that the process through which
education influences behavior involves more complex psychological transmission mech-
anisms [4,16]. Moreover, whether individual internal characteristics (e.g., ecological action
competence, etc.) exert moderating effects on the transformation from cognition to behav-
ior has not yet been effectively validated [17,18].

How environmental education can be effectively transformed into the influencing
factors and psychological realization pathways of students’ ecological behavior is an im-
portant practical issue facing universities [3,19]. In summary, this study establishes a mod-
erated serial mediation model to address the following three questions: (1) Do theoretical
education and practical education differ in their effects on ecological behavior? (2) Do eco-
logical values and ecological cognition serve as serial mediators between environmental
education and behavior? (3) How do ecological action competence and the degree of the-
ory-practice transformation moderate this transmission process? Accordingly, departing
from previous approaches that treat mediating variables as multiple isolated pathways,
this study attempts to construct a serial transmission framework from environmental ed-
ucation to ecological values, then to ecological cognition, and finally to ecological behavior.
By analyzing this progressively evolving psychological process, we aim to more accu-
rately explain the underlying mechanisms of the effectiveness transformation of environ-
mental education.

2. Literature Review
2.1. The Influence of Environmental Education on Ecological Behavior

The key to the effectiveness of environmental education lies in the improvement of
students’ ecological behavior [3], yet the transformation from cognition to behavior still
faces numerous obstacles [4,20]. Without the support of corresponding mediating factors,
knowledge accumulation alone can hardly be solidified into persistent behavior [21].
Moreover, empirical studies have confirmed that practical experience is more effective
than traditional classroom instruction in promoting pro-environmental behavior [22,23].
Some scholars have pointed out that cognitive skills are the weakest link in environmental
literacy [24]. The relationship between environmental knowledge and behavior is not lin-
ear; information transmission alone is insufficient to facilitate behavioral change, as be-
havioral choices are also subject to the interactive effects of internal and external factors
[3,4].

2.2. The Chain Mediation of Values and Cognition

The impact of education on behavior is not direct; it often operates through interven-
ing processes of value identification and cognitive deepening [11,12,25]. Social cognitive
theory posits that educational information needs to undergo individual cognitive pro-
cessing before it can be transformed into behavior [26,27]. According to the cognitive hi-
erarchy model, values indirectly influence behavior through cognition [25], and cognition
fully mediates the relationship between values and ecological behavior [28]. Meanwhile,
the promoting effect of environmental education on low-carbon behavior also needs to be
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realized through the serial transmission of environmental attitudes and green perceived
value [3,29]. In summary, values serve as the antecedent foundation for the formation of
cognition, and cognitive appraisal serves as the key channel through which values are
transformed into action.

2.3. The Dual Moderating Effects of Ecological Action Competence and Theory-Practice
Transformation Degree

Between “knowing” and “doing”, both ecological action competence and the degree
of theory-practice transformation play important moderating roles [11,30]. Whether an
individual possesses the corresponding environmental knowledge and skills often deter-
mines whether environmental attitudes can be translated into concrete actions [31,32].
Kolb’s experiential learning theory suggests that the degree of theory-practice transfor-
mation affects whether individuals can effectively internalize practical experience into
cognition [33,34]. Individuals with a higher degree of transformation are better at trans-
forming concrete experience into internal cognition through reflective observation [35].
Together, the two factors act on different stages of the transformation from cognition to
behavior, constituting the key mechanisms that influence the implementation of environ-
mental education.

3. Research Hypotheses
3.1. The Relationship Between Environmental Education and Ecological Behavior

Environmental education is a process in which higher education students acquire
environment-related knowledge and cultivate ecological values through classroom in-
struction and practical experiential activities on campus. Ecological behavior refers to the
voluntary implementation of environment-related actions by individuals, driven by a
sense of environmental responsibility and ecological cognition. Theoretical education en-
ables students to internalize environment-friendly awareness as part of their values [4,36],
reduces psychological barriers during the implementation process [37], and transforms it
from external constraints into internalized habitual self-discipline [38]. Relevant studies
have pointed out that school education has a significant positive impact on students’ eco-
logical awareness [36,39], and sound environmental education helps students form eco-
logical values and a cognitive foundation, thereby laying the prerequisites for the subse-
quent enhancement of their ecological action competence [20,39]. Accordingly, theoretical
education establishes the value basis for behavior, whereas practical education offers tan-
gible avenues for behavioral enactment. Neither can be omitted, as both are essential to
enabling higher education students to deliberately carry out a range of ecological behav-
iors in their everyday lives. Accordingly, this study proposes the following hypotheses:

Hypothesis 1a (H1a). Theoretical education is significantly positively correlated with university
students’ ecological behavior.

Hypothesis 1b (H1b). Practical education is significantly positively correlated with university
students” ecological behavior.

3.2. The Chain Mediation Hypothesis of Ecological Values and Ecological Cognition

Ecological cognition refers to an individual’s cognitive judgment and mastery of eco-
logical knowledge, environmental policies, and the consequences of their own actions.
Ecological values refer to an individual’s identification with the intrinsic value of the nat-
ural environment and the psychological tendency to regard ecological protection as a
moral obligation. The Value-Belief-Norm (VBN) theory emphasizes that values, as a deep
psychological foundation, need to be transmitted through the hierarchical pathway of
cognition and beliefs before they can be transformed into pro-environmental actions
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[11,40,41]. However, some early empirical studies have tended to favor a more direct path-
way, suggesting that ecological values can directly predict pro-environmental behavior
[42,43]. Although these studies provide evidence for the direct effect, most of them stop
at reporting total effects or correlations, without testing values as an independent medi-
ating variable within the VBN theoretical framework, nor have they fully demonstrated
the internal mechanism by which values bypass the cognitive stage and exert an inde-
pendent transmission effect [41,44]. To examine whether this direct pathway can receive
empirical support within the boundaries of VBN theory, the following hypothesis is pro-
posed:

Hypothesis 2 (H2). Ecological values mediate the relationship between environmental education
and ecological behavior.

The direct function of education is to enhance an individual’s understanding of ob-
jective environmental knowledge and policies, and the individual’s level of understand-
ing of ecological knowledge and policies serves as a key cognitive bridge between educa-
tional intervention and behavior [32,45]. Related studies have confirmed that knowledge
of environmental issues and knowledge of action strategies are two core variables in pre-
dicting responsible environmental behavior [31]. An individual’s degree of cognition re-
garding environmental problems and their understanding of effective action pathways
directly determine whether they can translate environmental attitudes into actual behav-
ior [11,31]. This indicates that ecological cognition is an indispensable mediating link in
the process through which education influences behavior. Accordingly, the following hy-
pothesis is proposed:

Hypothesis 3 (H3). Ecological cognition mediates the relationship between environmental edu-
cation and ecological behavior.

Based on the VBN theory, the function of environmental education is first to help
individuals establish solid ecological values [40,46], and then to guide them to proactively
adopt a knowledge system that aligns with those values [11,12]. Recent studies have
shown that individuals’ ecological values and environmental knowledge do not function
in isolation, but rather interact with and mutually reinforce each other, jointly driving
conscious ecological behavior [47,48]. Accordingly, the following hypothesis is proposed:

Hypothesis 4 (H4). Ecological values and ecological cognition play a chain mediating role be-
tween environmental education and ecological behavior.

3.3. The Moderating Role of Ecological Action Competence

Ecological action competence refers to an individual’s ability to translate environ-
mental cognition and related knowledge into specific action plans and to execute them
effectively. In the transmission process of psychological variables, ecological action com-
petence often serves as a boundary condition, moderating the strength of the impact of
ecological cognition on ecological behavior. Specifically, individuals with higher ecologi-
cal action competence can more quickly translate cognition into actual behavior, thereby
bridging the gap between awareness and action; whereas individuals with lower ecolog-
ical action competence, even if they possess a certain level of ecological cognition, are still
unable to put cognition into practice due to a lack of executive ability. This moderating
process explains why individuals with similar levels of cognition exhibit significant dif-
ferences in actual behavioral performance. Based on this, this study proposes the follow-
ing hypothesis:

Hypothesis 5 (H5). Ecological action competence positively moderates the relationship between
ecological cognition and ecological behavior.
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3.4. The Moderating Role of Theory-Practice Transformation Degree

The theory-practice transformation degree refers to an individual’s ability to inte-
grate environmental knowledge learned in the classroom with their own practical experi-
ence, and to apply or transfer it to new contexts through reflective thinking [33]. Based on
Kolb’s research, the effectiveness of knowledge generation largely depends on whether
individuals can effectively combine “reflective observation” with “active experimenta-
tion”. In this study, the degree of theory-practice transformation, as a variable measuring
the consistency between cognition and action, moderates the pathway from environmen-
tal education to ecological cognition: individuals with a higher degree of theory-practice
transformation are more likely to internalize practical experiences into deeper-level cog-
nition, and are also able to transform theoretical knowledge into concrete experience
through practice. In contrast, individuals with a lower degree of transformation, even if
they have received the same environmental education and acquired the corresponding
ecological knowledge, may still experience a disconnection between theory and practice.
This moderating process helps explain why the same educational input may yield differ-
entiated cognitive outcomes across different individuals. Accordingly, the following hy-
potheses are proposed:

Hypothesis 6 (H6). The theory-practice transformation degree positively moderates the relation-
ship between practical education and ecological cognition.

Hypothesis 7 (H7). The theory-practice transformation degree positively moderates the relation-
ship between theoretical education and ecological cognition.

In summary, this study constructs a moderated serial mediation model to investigate
the mechanisms through which environmental education (theoretical education and prac-
tical education) influences higher education students’ ecological behavior, with a particu-
lar focus on the serial mediating roles of ecological values and ecological cognition, as well
as the moderating effects of ecological action competence and the degree of theory-prac-
tice transformation on this transmission process. Furthermore, this study employs Mplus
8.3 and the Bootstrap method (with 5000 resampling iterations) for parameter estimation
and hypothesis testing. The hypothesized model is shown in Figure 1.
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Ecological
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Figure 1. Hypothesized model of the influence of environmental education on higher education

students” ecological behavior.
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4. Research Methods
4.1. Research Participants

This study focuses on environmental education and ecological action competence
among higher education students. A sample of 15 universities from various provinces
across China was selected, encompassing a wide range of academic disciplines, including
economics, law, science, engineering, and education, as well as diverse educational levels,
from junior college students to undergraduates and above. An online questionnaire sur-
vey was employed, with a total of 4300 questionnaires distributed. After excluding invalid
responses, 3961 valid questionnaires were finally obtained, yielding an effective response
rate of 92.1%.

The characteristics and distribution of the questionnaire sample are as follows: 1628
male students (41.1%) and 2333 female students (58.9%); 1940 students with associate de-
grees (49.0%) and 2021 students with bachelor’s degrees or above (51.0%); 1928 students
enrolled in vocational colleges (48.6%) and 2022 students enrolled in regular bachelor’s
degree-granting institutions or above (51.0%).

4.2. Methods
4.2.1. Questionnaire Design

The questionnaire consists of two parts: demographic information and measurement
items. The first part collects respondents’ basic background information, including gender,
place of origin, type of institution, academic major, educational level, and whether they
have served as student leaders. The second part consists of the core measurement items,
covering the assessment of multiple dimensions. Specifically, the implementation of envi-
ronmental education in universities is measured through two dimensions: theoretical ed-
ucation (sample item: “I have enrolled in and diligently studied many courses related to
environmental education at university”) and practical education (sample item: “I often
actively participate in practical experiential activities related to ecological and environ-
mental protection organized by my university”). In addition, the questionnaire includes
measures of ecological values (sample item: “I believe that actively participating in eco-
logical and environmental protection public welfare activities is a social responsibility that
every citizen should fulfill”), ecological cognition (sample item: “I can accurately explain
and understand the scientific connotation and practical significance of ‘carbon peaking’
and ‘carbon neutrality’”), and ecological behavior (sample item: “In daily travel, I priori-
tize low-carbon modes such as walking, cycling, or public transportation”). All items in
the above dimensions were measured using the Likert 5-point scale (1 = strongly disagree,
5 = strongly agree), with higher scores indicating that the content described in the items
more closely matches the actual situation of the respondents.

In addition, for certain specific variables, this questionnaire adopted differentiated
approaches to objective scoring and variable transformation. The ecological action com-
petence dimension was measured through respondents’ actual objective experiences,
comprising two categorical and ordinal choice items, such as “I am willing to proactively
adjust my daily lifestyle for the sake of ecological and environmental protection.” The
degree of theory-practice transformation was derived from information extracted from
respondents’” answers to a multiple-choice question regarding “the main problems exist-
ing in ecological civilization education in universities,” from which information was ex-
tracted and transformed into a binary variable for subsequent analyses.

Before the formal administration, this study conducted a small-scale pilot survey to
verify the measurement properties and evaluate the data quality of the second part of the
questionnaire, which included 17 Likert 5-point scale items and 3 non-scale items. The
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pilot test employed a combination of convenience sampling and stratified sampling, yield-
ing 280 valid questionnaires, with the sample covering different genders, majors, and ed-
ucational levels. Item analysis, exploratory and confirmatory factor analysis, as well as
reliability and validity tests, were conducted on the 17 scale items, all of which reached
satisfactory levels. For the 3 non-scale categorical variables, differential tests were used to
examine their logical relationships and coding distributions. Based on the pilot test results,
the formal questionnaire was finalized, and the mixed data structure was confirmed to
meet the requirements for formal administration.

4.2.2. Reliability and Validity Testing

Reliability testing was conducted using SPSS 28.0 software, and a reliability analysis
was performed on the 17 indicators involved. The Cronbach’s o coefficient was 0.922. The
Cronbach’s a coefficients for the dimensions of theoretical education, practical education,
ecological values, ecological cognition, and ecological behavior were 0.905, 0.860, 0.943,
0.926, and 0.809, respectively, all exceeding 0.7 (the minimum acceptable level). This also
indicates that the questionnaire design of the “Environmental Education and Ecological
Action Competence among Higher Education Students” survey is scientifically sound,
and the collected data demonstrate high reliability and stability. In addition, given that
the items in the ecological action competence dimension are non-continuous objective cat-
egorical measures, and the degree of theory-practice transformation is a single dummy
variable (0-1 variable) transformed from multiple-choice responses, both of which do not
satisfy the statistical prerequisites for calculating internal consistency reliability in terms
of measurement properties, they are not included in the reporting scope of reliability co-
efficients.

To further test the theoretical structure and measurement validity of the question-
naire, a validity analysis was conducted on these indicators. A goodness-of-fit test for the
questionnaire yielded a Kaiser-Meyer-Olkin (KMO) value of 0.941, and the chi-square co-
efficient of Bartlett’s test of sphericity reached a significant level. This indicates a signifi-
cant difference between the correlation coefficient matrix and the identity matrix, demon-
strating that the data have high construct validity.

4.3. Ethical Statement

This study has been reviewed by the Science and Technology Ethics Committee of
the affiliated university (No. SMYX-2026-004) and strictly followed the procedures and
requirements of the Declaration of Helsinki. A questionnaire survey and data analysis
were conducted among higher education students. Written informed consent was ob-
tained prior to participation. During the data collection process, a consent form was pro-
vided along with a survey questionnaire, detailing the research objectives and content,
and ensuring that participants were aware of their right to withdraw from the study at
any time. The questionnaire survey was completely anonymous and voluntary, and no
personal information (such as name) was required.

5. Result Analysis
5.1. Common Method Bias Test

Since all data were obtained from participants” self-reports, it was necessary to test
for common method bias (CMB) [49]. Following the recommendations of pertinent schol-
ars, the present study employs a dual-analytic strategy integrating both exploratory and
confirmatory procedures to achieve cross-validation [50]. First, Harman's single-factor ex-
ploratory test showed that the variance explained by the first unrotated common factor
was 25.76%, below the critical threshold of 40%. Furthermore, all subjective evaluation
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items (17 items in total) were forced to load onto a single common latent factor for con-
firmatory factor analysis (CFA), which yielded a poor model fit
(CFI=0.682, TLI=0.637, SRMR = 0.107), far below acceptable standards [49]. The results
from both tests consistently indicated that the variance in the data was not dominated by
a single method factor. Although post hoc diagnostic methods have inherent limitations
in statistical power, the combined evidence suggests that common method bias does not
pose a substantive threat at the single-factor level to the core variable relationships in this
study [49].

5.2. Descriptive Statistics and Related Analysis

As shown in Table 1, the results of descriptive statistical analysis indicate that there
is a notable gap between respondents’ cognitive levels and their actual behaviors with
respect to environmental education-related dimensions. Ecological values scored the
highest ( M =4.5871, SD=0.6576 ), and evaluations of both theoretical education
(M =4.5175) and practical education (M =4.4890) were also at relatively high levels. How-
ever, the mean score of ecological behavior dropped markedly (M =3.6544), indicating
that there remains a considerable gap between “correct cognition” and “effective execu-
tion”. Meanwhile, the score for ecological action competence was relatively low
(M=2.8146), and the degree of theory-practice transformation was also not high
(M =0.6648), further reflecting that there is still room for improvement in current environ-
mental education in enhancing individuals’ comprehensive competence and promoting
the integration of knowledge and action. In addition, the standard deviation of ecological
behavior (SD =1.0034) was the largest among all variables, suggesting that different indi-
viduals exhibited considerable variation in the process of translating awareness into action.

The correlation analysis results show that, with the exception of the relationship be-
tween ecological action competence and the degree of theory-practice transformation,
which was not significantly correlated (r =0.028, p>0.05), all other pairs of variables ex-
hibited significant positive correlations (0.067 <r <0.865). Among these, the correlation
between theoretical education and practical education was extremely strong (r =0.865),
and both were moderately to highly positively correlated with ecological values
(r=0.666, r=0.635) and ecological cognition (r=0.722, r=0.708), indicating that the cur-
rent environmental education demonstrates good consistency in both transmitting values
and shaping cognition. Furthermore, the correlation coefficients between theoretical edu-
cation and ecological behavior, and between theoretical education and ecological action
competence, are 0.401 and 0.300, respectively; while those between practical education
and the two variables are 0.413 and 0.291, respectively. These relatively low correlations
indicate that the direct linear associations between environmental education content and
actual behavior, as well as ecological action competence, are weak.

Table 1. Descriptive statistics and correlation analysis results of each variable.

Variable M+ SD 1 2 3 4 5 6 7
Environmental Education (Theory) 4.52+0.72 1
Environmental Education (Practice) 449+0.75 0.865 *** 1
Ecological Values 459+0.66 0.666** (0.635*** 1
Ecological Cognition 436+0.76 0.722** (0.708 ***  0.651 *** 1
Ecological Behavior 3.65+1.00 0.401** 0.413** 0.352** 0.561 *** 1
Ecological Action Competence 2.82+0.80 0.300*** 0.291 ** 0.235*** 0.297 *** 0.197 ** 1

Theory-Practice Transformation Degree 0.66 £0.47 0.097 ** 0.091** 0.067 ** 0.087 ** 0.087 *** 0.028 1

#% p <0.001.
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5.3. Multicollinearity Test and Sensitivity Analysis

To rule out potential interference from collinearity among key exogenous predictor
variables on parameter estimation, this study conducted variance inflation factor (VIF)
diagnostics for each core path equation [51,52]. Given that “theoretical education” and
“practical education” exhibited a certain degree of positive correlation, this study focused
on examining three sets of multicollinearity conditions in which these two variables, re-
spectively, took ecological values, ecological cognition, and ecological behavior as de-
pendent variables. As shown in Table 2, across the three sets of equations, the VIF values
for “theoretical education” and “practical education” ranged from 3.75 to 4.40, all strictly
below the critical threshold of 5.0 recommended by Hair et al. [51]. These results indicate
that, despite the relatively strong association between the two educational modes, includ-
ing them simultaneously in the model did not give rise to serious multicollinearity issues,
and the stability of the coefficient estimates was not significantly compromised.

Table 2. Multicollinearity Diagnostic Results of Core Predictor Variables (VIF).

Th ical E i Practical E i
Prediction Target (Outcome Variable) eoretical Education ractical Education

VIF VIF

Ecological Values 3.75 3.75
Ecological Cognition 4.28 4.08
Ecological Behavior 4.40 4.04

As shown in Table 3, to further verify the validity of simultaneously incorporating
the highly correlated “theoretical education” and “practical education” into the structural
equation model and to rule out potential parameter estimation distortion caused by col-
linearity, this study constructed a single “theoretical education” model and a single “prac-
tical education” model separately, and compared their unstandardized path coefficients
with those of the combined model. The results showed that both theoretical education and
practical education exerted highly significant positive effects on ecological values and eco-
logical cognition in the single models (p<0.001), with the direction of effects entirely con-
sistent with that of the combined model, and the magnitudes of the path coefficients var-
ied only slightly (0.192-0.341), without any sign reversal or abnormal inflation of coeffi-
cients due to collinearity. The direct effect of theoretical education on ecological behavior
in the combined model was not significant (3 =-0.079, p>0.05), while the direct effect of
practical education was significant but relatively small in magnitude (3 =0.107, p<0.01);
this pattern was also replicated in the single models (theoretical education:
[ =-0.004, p=0.893; practical education: (3=0.054, p=0.05). In summary, incorporating
the two educational modes simultaneously into the model did not cause substantial pa-
rameter estimation bias, which not only rules out substantive interference from multicol-
linearity but also demonstrates the robustness of the full model.

Table 3. Comparison of Core Path Coefficients between Single-Predictor Models and the Joint
Model (Unstandardized Coefficients).

Predictor Target (Out- Single “Theoretical Single “Practical Ed- Joint Model (Theoreti- Joint Model
come Variable) Education” Model  ucation” Model cal Education) (Practical Education)
Ecological Values 0.611 (p <0.001) 0.555 (p <0.001) 0.419 (p <0.001) 0.214 (p <0.001)
Ecological Cognition 0.550 (p <0.001) 0.501 (p <0.001) 0.328 (p <0.001) 0.269 (p <0.001)
Ecological Behavior  -0.004 (p =0.893) 0.054 (p =0.048) -0.079 (p =0.051) 0.107 (p =0.004)
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5.4. Model Testing

The model fit results showed that CFI and TLI both exceeded 0.90, and SRMR was
below 0.08; RMSEA was slightly above 0.08. Given that the model incorporates serial me-
diation paths and interaction terms and is therefore relatively complex in structure, the
slightly elevated RMSEA may be a misestimation under complex model conditions [53].
Overall, the CFI, TLI, and SRMR indices all fell within acceptable ranges. Thus, the model
fit results are at a marginally acceptable level. Consequently, the interpretation of path
coefficients and hypothesis testing results will be approached with caution and will be
evaluated in conjunction with practical significance for a comprehensive judgment.

5.4.1. Serial Mediation Effects and Differences Across Educational Dimensions

As shown in Table 4, the direct effects of theoretical education and practical educa-
tion on ecological behavior exhibited a clear divergence: practical education had a signif-
icant positive predictive effect (=0.107, p<0.01, 95% CI=[0.033, 0.179]), while the direct
effect of theoretical education was negative and did not reach statistical significance
(=-0.079, p>0.05, 95% CI=[-0.157, 0.000]). The direction and magnitude of the effects of
the two educational modes formed a striking contrast (A =0.186). Accordingly, H1b—
“practical education is significantly positively correlated with higher education students’
ecological behavior” —was supported, whereas Hla—“theoretical education is signifi-
cantly positively correlated with higher education students’ ecological behavior” —was
not supported. This suggests that the driving effect of theoretical education on behavior
does not operate directly at the behavioral level but rather requires indirect transmission
through internal psychological variables.

In terms of single mediation tests, when ecological values served as the sole mediator,
the indirect effects of both theoretical education (3 =-0.018, p> 0.05, 95% CI = [-0.043, 0.005])
and practical education (3 =-0.009, p>0.05, 95% CI=[-0.023, 0.003]) were not significant,
and H2 was not supported. This superficially suggests that macro-level value identification
alone is insufficient to independently drive behavior. However, when ecological cognition
served as the mediator, the indirect effects of both theoretical education
( [3=0.245, p<0.001, 95% CI=[0.199, 0.295] ) and practical education
(p=0.201, p<0.001, 95% CI =[0.162, 0.244]) were highly significant, with effect sizes sub-
stantially stronger than those of ecological values. H3 was thus supported, indicating that
ecological cognition plays a significant mediating role between environmental education
and behavior. Notably, although the direct effect of theoretical education on behavior was
not significant, its indirect effect through ecological cognition was significant, constituting a
full mediation pathway.

Further serial mediation analyses revealed that both the chain pathway from theo-
retical education to ecological behavior via ecological values and ecological cognition
(=0.099, p<0.001, 95% CI =[0.078, 0.124]), and the chain pathway from practical educa-
tion to ecological behavior via ecological values and ecological cognition
(=0.050, p<0.001, 95% CI =[0.036, 0.068]), were significant. Notably, although ecologi-
cal values alone did not function as a significant mediator, the chain pathway became
robustly significant once ecological cognition was introduced as a subsequent mediator—
indicating that ecological values must be transformed through ecological cognition to ex-
ert their influence on ecological behavior. This finding is consistent with the value-belief-
norm (VBN) logic emphasized by the VBN theory, thereby supporting H4.

A comprehensive comparison reveals that the pathways through which theoretical
education and practical education drive ecological behavior exhibit structural differences.
The core distinction between the two does not lie in the magnitude of effects, but rather
in the nature of their transmission mechanisms. Specifically, the direct effect of theoretical
education was not significant ( [=-0.079, p>0.05 ), and its total effect
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(3=0.247, p<0.001, 95% CI =[0.168, 0.325]) was almost entirely mediated by internal psy-
chological variables (total indirect effect [3=0.326, p<0.001, 95% CI=[0.274, 0.382]), ex-
hibiting a “full mediation” driving pattern. In contrast, practical education featured both
direct and indirect pathways, with a significant direct effect (3 =0.107, p<0.01) and a sig-
nificant indirect effect (total indirect effect 3=0.242, p<0.001, 95% CI=[0.198, 0.290]),
yielding a total effect of p=0.349 (p<0.001, 95% CI=[0.272, 0.426]).

This finding echoes Rickinson’s classic assertion that classroom knowledge, instruc-
tion and outdoor hands-on experience differ fundamentally in their modes of effecting
behavioral change [33,54]. Rickinson pointed out that if theoretical learning fails to con-
nect with individuals” existing experiences, its impact often remains at the cognitive level;
by contrast, direct experience, characterized by contextual embeddedness and emotional
arousal, is more likely to bridge the gap between cognition and action [4,54]. The empirical
results of this study are highly consistent with this view: theoretical education influences
behavior indirectly through the serial transmission of values and cognition, whereas prac-
tical education possesses dual pathways, encompassing both psychological mediation
and direct engagement. Other studies have further revealed the underlying mechanism
of this difference—the reason why practical education can directly facilitate behavior
while bypassing certain psychological mediation links lies in the “embedded cognition”
effect unique to hands-on experience [55]: knowledge and skills acquired in authentic con-
texts are naturally and tightly linked to behavioral trigger cues, making them more readily
activated when action is required, without requiring the process of translating abstract
cognition into specific situations.

Table 4. Mediation Effects and Effect Sizes.

Theoretical Education Practical Education

Effect Path ) Confidence Effect Confidence
Effect Size .

Interval Size Interval
Education — Ecological Values — Ecological Behavior -0.018  [-0.043,0.005] -0.009 [-0.023, 0.003]
Education — Ecological Cognition — Ecological Behavior 0.245 ***  10.199, 0.295] 0.201 *** [0.162, 0.244]
Education — Ecological Values — Ecological Cognition — Ecological Behavior  0.099 **  [0.078, 0.124] 0.050 *** [0.036, 0.068]
Direct Effect -0.079  [-0.157,0.000] 0.107 ** [0.033,0.179]
Total Indirect Effect 0.326 ***  10.024, 0.382] 0.242 *** [0.198, 0.290]
Total Effect 0.247 ***  [0.168, 0.325] 0.349 *** [0.272,0.426]

Note: ** p < 0.01, *** p < 0.001. The estimation results were based on 5000 bootstrap resamples for
confidence intervals. The main output from Mplus 8.3 was retained to three decimal places; there-
fore, some confidence interval endpoints close to zero were rounded to 0.000. Significance was de-

termined by combining the p-values and the confidence interval results.

5.4.2. Moderated Mediation Effect Analysis

Table 5 shows that the interaction between ecological cognition and ecological action
competence had a strong positive effect on  ecological behavior
(=0.059, p=0.003, CI=[0.022, 0.099]), indicating that ecological action competence plays
an important and positive role in the pathway from ecological awareness to ecological
behavior. Based on the above results, research H5 was well supported.

Table 5. Testing of Moderated Mediation Effects.

Predictor Variable — Outcome Variable Effect Size p Confidence Interval
Theoretical Education — Ecological Values 0.419 < 0.001 [0.356, 0.484]
Practical Education — Ecological Values 0.214 < 0.001 [0.154, 0.273]
R? 0.459 < 0.001
Ecological Values — Ecological Cognition 0.310 < 0.001 [0.266, 0.355]
Theoretical Education — Ecological Cognition 0.321 < 0.001 [0.261, 0.381]
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Practical Education — Ecological Cognition 0.281 < 0.001 [0.230, 0.332]
Theory-Practice Transformation Degree — Ecological Cognition 0.025 0.134 [-0.008, 0.057]
Theoretical Education x Theory-Practice ;Ii“:;nsformation Degree — Ecological Cogni- 0.051 0.352 [-0.160, 0.055]
Practical Education x Theory-Practice Transformation Degree — Ecological Cognition 0.109 0.032 [0.010, 0.211]
R? 0.595 < 0.001
Ecological Cognition — Ecological Behavior 0.752 < 0.001 [0.698, 0.806]
Ecological Values — Ecological Behavior -0.045 0.121 [-0.101, 0.012]
Theoretical Education — Ecological Behavior -0.078 0.054 [-0.156, 0.000]
Practical Education — Ecological Behavior 0.101 0.006 [0.027, 0.172]
Ecological Action Competence — Ecological Behavior 0.045 0.014 [0.008, 0.080]
Ecological Cognition x Ecological Action Competence — Ecological Behavior 0.059 0.003 [0.022, 0.099]
R? 0.326 < 0.001

Note: The confidence intervals are based on 5000 bootstrap resamples. The primary output from
Mplus 8.3 is reported to three decimal places; therefore, some confidence interval endpoints close
to zero appear as 0.000 due to rounding. The determination of statistical significance was made by

combining the p-values and the confidence interval estimates.

The stepwise variation in the coefficients of determination (R?) for the three core en-
dogenous variables in the model reflects the combined effect of the scale of independent
variables and the inherent predictability of the dependent variables themselves, with the
equations at each stage reaching highly significant levels (p<0.001).

In the ecological values equation (R?), theoretical and practical education alone jointly
explained 45.9% of the variance in values.

In the ecological cognition equation (R?), the explanatory power of the independent
variables reached its highest level, at 59.5%.

In the ecological behavior equation (R?), the explanatory power dropped back to
32.6%. This may be attributable to unobserved contextual resistance or attenuation losses
(manifested as increased residuals) encountered during the translation from cognition to
behavior. In line with conventions in behavioral science, this explanatory rate still retains
sufficient statistical significance and empirical value.

To further clarify the specific manifestation of the moderating effect, this study con-
ducted a simple slopes analysis. The simple slopes test showed (Table 6, Figure 2) that
when ecological action competence was low (M — 1 SD), the serial indirect effect of theo-
retical education on higher education students” ecological behavior through ecological
values and ecological cognition was 0.092, and reached a significant level
(=0.092, p<0.001, CI=[0.072, 0.116]). When ecological action competence was high (M +
1 SD), this serial indirect effect increased to 0.104 (5 =0.104, p<0.001, CI =[0.082, 0.132]).

Table 6. Conditional Indirect Effects Based on Simple Slope Analysis.

Path Moderator Effect Size () p 95% CI
Theoretical Education — Ecological Val
coretical Education — Ecological Values = Low Ecological Action Competence 0092  <0.001 [0.072,0.116]
Ecological Cognition — Ecological Behavior
Theoretical Education — Ecological Val
coretical Education = Ecological Values = = ) 5 10ical Action Competence 0104  <0.001 [0.082,0.132]
Ecological Cognition — Ecological Behavior
Practical Education = Ecological Values = Eco- g0 100001 Action Competence 0.047  <0.001 [0.033, 0.064]
logical Cognition — Ecological Behavior
Practical Education = Ecological Values = Eco- . 51 aical Action Competence 0053  <0.001 [0.037,0.072]

logical Cognition — Ecological Behavior
Practical Education — Ecological Cognition —» Low Ecological Action Competence x Low

0.162 <0.001 [0.118, 0.209]

Ecological Behavior Theory-Practice Transformation Degree
Practical Education - Ecologio.:al Cognition — Low Ecologica¥ Action Compe?ence x High 0.234 <0.001 [0.177, 0.299]
Ecological Behavior Theory-Practice Transformation Degree
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Practical Education — Ecological Cognition — High Ecological Action Competence x Low

0.184 <0.001 [0.134, 0.235]

Ecological Behavior Theory-Practice Transformation Degree
Practical Education - Ecologllcal Cognition —» High Ecologlca.l Action Compe.tence x High 0.266 <0.001 [0.202, 0.337]
Ecological Behavior Theory-Practice Transformation Degree
0.6 -
0.4 A
. 0.24
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>
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Figure 2. Diagram of the moderating effect of ecological literacy.

At the low ecological action competence level (M — 1 SD), the serial indirect effect of
practical education on higher education students’ ecological behavior was 0.047
($=0.047, p<0.001, CI=[0.033, 0.064]); at the high ecological action competence level (M
+ 1 SD), the serial indirect effect of practical education was 0.053
(=0.053, p<0.001, CI=[0.037, 0.072]).

Regarding the moderating role of the degree of theory-practice transformation, in the
interaction term tests, the interaction term “practical education x degree of theory-practice
transformation” showed a significant positive predictive effect
(B=0.109, p=0.032, 95% CI =[0.010, 0.211]), while the interaction term “theoretical educa-
tion x degree of theory-practice transformation” was not significant
(B=-0.051, p=0.352, 95% CI=[-0.160, 0.055]). Therefore, H6 was supported, whereas H7
was not confirmed.

The results of the simple slopes test showed (Figure 3) that for practical education:
under low ecological action competence conditions, when the degree of theory-practice
transformation was low (M - 1 SD), the indirect effect of ecological cognition on higher
education students’ ecological behavior was 0.162 (p <0.001, 95% CI=[0.118, 0.209]); when
the degree of theory-practice transformation was high (M + 1 SD), this indirect effect in-
creased substantially to 0.234 (p <0.001, 95% CI=[0.177, 0.299]). Meanwhile, under high
ecological action competence conditions, the same pattern occurred —that is, as the degree
of theory-practice transformation increased, its indirect effect also rose accordingly, from
0.184 (p <0.001, 95% CI=[0.134, 0.235]) to 0.266 (p <0.001, 95% CI =[0.202, 0.337]).
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Figure 3. Moderating effect of the degree of theory-practice transformation.

6. Discussion
6.1. Differentiated Pathways of Environmental Education Driving Ecological Behavior

This study found that the influence pathways of different educational modes on eco-
logical behavior are significantly differentiated. Theoretical education can only indirectly
guide ecological behavior through the chain-like transmission of ecological values and
ecological cognition, which indirectly reveals the underlying causes of the inconsistency
between cognition and action. By contrast, practical education can directly trigger pro-
environmental behavior through sensory engagement. The differences between these two
pathways are manifested, in terms of effect structure, as a functional differentiation in
which “theoretical education relies on full mediation, whereas practical education pos-
sesses both direct and indirect pathways,” and, in terms of mechanistic nature, as an es-
sential distinction between “cognition-driven” and “experience-driven” processes. Nota-
bly, the lack of support for H2 further indicates that abstract ecological values are not a
direct outlet for ecological behavior—although individuals may establish macro-level
value identification, they must combine such values with specific ecological knowledge
and transform them into ecological cognition in order to obtain clear behavioral guidance
and skill support. This finding echoes the serial transmission logic of this study, in which
ecological values influence behavior through the cognitive pathway: the value construc-
tion achieved by theoretical education must rely on the cognitive bridge to materialize,
whereas practical education can achieve efficient behavioral transformation through the
direct experiential pathway. Although the psychological mechanisms of the two path-
ways differ, they can complement each other: theoretical education lays the value foun-
dation and provides sustained motivation for ecological behavior, while practical educa-
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tion reinforces value identification through hands-on participation and strengthens be-
havioral inertia. The synergy of the two holds promise for providing a viable path to
bridging the “attitude-behavior” gap in environmental education.

6.2. The Chain Mediating Role of Ecological Values and Ecological Cognition

Environmental educational interventions shape ecological values, gradually internal-
izing social norms into individual self-identification [56]. However, value identification
alone often struggles to directly induce behavioral change, and the gap between theory
and practice persists [4,57]. In this chain, ecological cognition plays a crucial bridging role,
transforming relatively abstract values into concrete, actionable knowledge content
[14,58]. This enables individuals, on the basis of identification, to possess the capacity for
action, translating psychological endorsement into actual ecological behavior. Ecological
values provide the intrinsic driving force for behavior, while ecological cognition endows
this drive with clear direction and feasible pathways. Together, they constitute a complete
psychological mechanism for the transition from intention to action.

6.3. The Moderating Roles of Ecological Action Competence and Theory-Practice Translation
Degree

Ecological action competence and theory-practice translation degree occupy distinct
positions along the educational efficacy pathway, and the data unequivocally reveal this
differentiation.

Ecological action competence primarily exerts its moderating effect at the juncture
where ecological cognition translates into ecological behavior. Individuals with stronger
ecological action competence are more adept at converting their cognitive understanding
into concrete action plans and executing them effectively, thereby enhancing the predic-
tive power of cognition over behavior. In contrast, individuals with weaker ecological ac-
tion competence, even when they possess a high level of ecological cognition, are still un-
able to translate it into practice due to a lack of execution skills, and are thus prone to
falling into the dilemma of “easy to know, hard to do”. This indicates that the translation
from cognition to behavior is contingent upon the possession of action skills.

The moderating effect of theory-practice translation degree is more prominent in the
stage from environmental education to ecological cognition, and exhibits path-selectiv-
ity —it is significant only in the practical education pathway, while failing to receive sup-
port in the theoretical education pathway. The unsupported result of H7 reflects, to some
extent, a fundamental difference in the cognitive formation mechanisms of the two edu-
cational modes. Theoretical education relies on systematic logical deduction and concep-
tual knowledge transmission, and its cognitive formation process possesses a relatively
high degree of pathway stability, imposing lower demands on individuals’ capacity for
reflective integration of practical experience. Consequently, regardless of students” vary-
ing levels of translation ability, theoretical education can promote ecological cognition in
a relatively stable manner. In contrast, according to Kolb’s experiential learning theory,
embodied experiences in practical education do not automatically translate into cognitive
schemas; only through the processing of reflective observation and active experimentation
can they be abstracted into transferable knowledge structures [33]. Therefore, the effec-
tiveness of practical education is highly contingent upon the boundary condition of the
theory-practice translation degree. When translation capacity is insufficient, practical ex-
periences tend to remain at the sensory level, failing to facilitate deep cognitive change.

In sum, the non-confirmation of H7 is not a model shortcoming, but rather reflects
the intrinsic divergence between theoretical education and practical education in cogni-
tive structuring. Theoretical education operates through passive knowledge absorption,
with its effectiveness unaffected by individual transformation ability; however, it hinges
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on the translation of cognition into capability, requiring reflective integration as a prereq-
uisite. This distinction suggests that future research should carefully delineate the mod-
erating boundaries within which translation ability is applicable, and avoid overgeneral-
izing its moderating effects across different types of educational pathways.

6.4. Discriminant Validity Between Theoretical Education and Practical Education

The discriminant validity test between theoretical education and practical education
in this study revealed a relatively high degree of overlap at the measurement level. Spe-
cifically, the standardized correlation coefficient between the two latent variables was
0.974, which exceeded the square roots of the average variance extracted (AVEs) for the
two constructs (0.714 and 0.728, respectively), indicating that the Fornell-Larcker criterion
did not meet the desired threshold. In higher education students’ subjective perceptions,
“systematic classroom-based theoretical learning” and “hands-on participation in envi-
ronmental practices” tend to intertwine and permeate each other; respondents may not
necessarily be able to clearly distinguish between the two when completing the survey.
Consequently, the two dimensions exhibit a certain degree of conceptual overlap at the
measurement level, which constitutes an important limitation of this study in terms of
construct distinctiveness.

However, the failure to meet the discriminant validity threshold does not necessarily
imply that the two constructs should be merged [59,60]. Nested model comparisons re-
vealed that when the correlation between the two latent variables was forcibly fixed to 1,
the model yielded a non-positive definite covariance matrix and exhibited a significant
deterioration in fit, indicating that forced merging would lead to unstable model estima-
tion. More importantly, despite their high correlation, the two constructs demonstrate
clearly distinguishable pathways in the structural model: practical education retains a sig-
nificant direct behavioral driving force, whereas the direct effect of theoretical education
is non-significant and operates almost entirely through psychological mediation. This
functional-level differentiation itself suggests that the two constructs are not entirely re-
dundant, and aligns with the proposition advocated by Rickinson—that knowledge types
should be distinguished based on mechanisms of influence rather than measurement in-
dependence. Meanwhile, multicollinearity diagnostics showed VIF values ranging from
3.75 to 4.40 (<5.0), and the path coefficient directions in the single-predictor and joint-pre-
dictor models were consistent [51]. Multiple tests for common method bias also indicated
that the observed relationships among variables were not artificially inflated by a single
method factor, suggesting that the high correlation has not severely distorted parameter
estimation.

In summary, this study retains both dimensions in subsequent analyses, but it must
be clearly acknowledged that their distinctiveness is suboptimal within the measurement
instrument employed. The observed differences in their respective pathways should be
treated as exploratory findings rather than definitive conclusions. Future research should
validate these results through more discriminative item designs, objective behavioral rec-
ords, or multi-source data.

7. Limitations and Future Directions

Although this study has yielded some valuable findings based on a relatively large
sample and rigorous statistical testing, the following limitations should be acknowledged.

First, the reliance on a single data source raises the potential risk of common method
bias. All data in this study were collected through self-report measures. To control for this
bias as much as possible, we supplemented Harman’s single-factor exploratory test with
a confirmatory factor analysis (CFA) single-factor model test; the results of both tests con-
sistently indicated that the data were not severely dominated by a single method factor
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(see Section 5.1). However, these tests are ex post statistical remedies with inherent limi-
tations in statistical power, and Harman’s single-factor test itself has been criticized in the
literature for being insufficient to fully rule out common method bias [49]. Self-report data
remain susceptible to the interference of social desirability effects and respondents’ re-
sponse tendencies, which may affect the absolute accuracy of the estimated results to some
extent [61,62]. Future research could adopt multi-wave longitudinal tracking or multi-
source data collection approaches to improve upon this, such as incorporating objective
behavioral records or third-party observational evaluations, to reduce the bias risks asso-
ciated with a single measurement method.

Second, this study analyzed the effects of environmental education, ecological cogni-
tion, and ecological values on university students’ ecological behaviors, but did not take
into account the influence of factors such as government ecological and environmental
protection institutions' policies and ecological culture. These aspects warrant further in-
depth analysis in future research. Meanwhile, this study primarily targets students at Chi-
nese universities as its research subjects, without considering factors such as different na-
tional contexts and educational systems. Whether the findings can be generalized and ap-
plied to other countries or regions requires further expansion and refinement in subse-
quent studies.

Third, the environmental behavior variables are all based on respondents’ self-re-
ports (e.g., frequency of low-carbon travel, resource recycling habits, etc.) rather than ob-
jective observational records of actual behaviors. Existing studies have shown that there
may be discrepancies between self-reported behaviors and actual behaviors [63], implying
that the relationships revealed in this study primarily reflect the “self-reported behavioral
level” rather than the actual behavioral level in a strict sense [63,64]. Therefore, caution
should be exercised when generalizing the conclusions to real-world behavioral contexts.
Future research could incorporate objective behavioral observation data (e.g., travel mode
records, resource consumption quantities, etc.) or adopt behavioral experiment designs to
enhance the external validity of the study.

In addition, this study did not conduct measurement invariance analysis. We at-
tempted to perform multi-group CFA tests across subgroups such as grade level and aca-
demic major, but due to insufficient sample sizes in certain subgroups (e.g., the low par-
ticipation rate among senior students), the models failed to converge stably under the
multi-group conditions, and thus we were unable to formally report the results of this
analysis. Future research could employ stratified sampling designs to ensure that each
subgroup meets the minimum sample size requirements for multi-group analysis, thereby
enabling more robust testing of measurement invariance.

8. Conclusions

This study investigated the mechanisms underlying the impact of environmental ed-
ucation on university students” ecological behavior. Findings reveal that environmental
education does not exert a straightforward direct effect on ecological behavior; rather, its
influence is achieved in a stepwise manner via value endorsement, cognitive comprehen-
sion, and action capacity. The central themes of this research encompass the divergence
of educational approaches, serial mediation processes, and the moderating roles of two
key variables.

First, theoretical education and practical education differ in their pathways of influ-
ence on ecological behavior. Practical education exerts a direct positive effect on students’
ecological behavior, suggesting that active engagement in environmental conservation ac-
tivities is more likely to facilitate actual behavioral performance. By contrast, theoretical
education shows no significant direct effect; instead, it operates indirectly via the sequen-
tial mediation of ecological values and ecological cognition.
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Second, ecological values and ecological cognition play a serial mediating role be-
tween environmental education and ecological behavior. Environmental education can
enhance students’ identification with ecological values and further promote their under-
standing of ecological knowledge, environmental policies, and behavioral consequences,
ultimately facilitating the formation of ecological behavior. Among these, ecological cog-
nition serves as an important bridge through which values are translated into actual be-
havior.

Third, ecological action competence moderates and strengthens the effect of ecologi-
cal cognition on ecological behavior. Students are required not only to possess environ-
mental knowledge and ecological awareness, but also to develop the capacity to transform
cognitive understanding into practical action. The higher the level of ecological action
competence, the more effectively ecological cognition can be materialized into specific
ecological behaviors.

Fourth, the degree of theory-practice transformation primarily moderates the effect
of practical education on ecological cognition. Students with a higher degree of theory-
practice transformation are better able to synthesize experiences from practical activities
and form cognitive understanding, thereby making the outcomes of practical education
more pronounced. However, the moderating effect of this variable on the relationship be-
tween theoretical education and ecological cognition is not significant.

Overall, environmental education in universities should emphasize the integration
of theoretical and practical education. Curricular instruction can help students establish
ecological values and ecological cognition, while practical activities facilitate the transla-
tion of cognition into action. At the same time, institutions should also strengthen the cul-
tivation of ecological action competence to more effectively promote the formation of eco-
logical behavior. By constructing a moderated serial mediation model, this study not only
clarifies the differentiated psychological transmission mechanisms of theoretical and prac-
tical education but also provides detailed theoretical elaboration and empirical support
for addressing the real-world dilemma of the cognition-behavior inconsistency among
university students in the domain of ecological and environmental protection.
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