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ABSTRACT 

The fast-evolving global ecological crisis requires transformative educational pathways that are able to foster 
sustainable environmental responsibility in learners. In doing so, this study assesses the structure of the 
relationship between digital pedagogy, sustainability literacy, and long-term environmental commitment in 
higher education. Based on data from 384 university students exposed to digitally mediated sustainability 
curricula, the research utilizes SPSS for preliminary statistical screening and AMOS-based Structural 
Equation Modeling to test hypothesized relationships and mediation effects. The results demonstrate the role 
of digitally enhanced pedagogical elements in significantly enhancing sustainability literacy through 
developing students’ conceptual understanding, critical reflection, and awareness of environmental issues. 
Furthermore, sustainability literacy is a powerful predictor of long-term environmental commitment as a 
result of maintaining pro-environmental attitudes and behavioral intentions. Although digital pedagogy 
presents a direct positive association with environmental commitment, the relationship is significantly 
enhanced in the context of sustainability literacy, indicating a partial mediation effect. Here the validated 
structural model yields empirical support on the effectiveness of digital transformation in education, rather 
than simply the integration of technology in the teaching methods, but as a strategic fit with sustainability-
oriented learning outcomes. The study connects digital learning practices to future environmental stewardship 
by building sustainability literacy into a primary mechanism by addressing digital pedagogical practices, 
building on theoretical articulation to sustainability scholarship and laying down actionable frameworks for 
designing sustainable learning ecosystems capable of accommodating and leading to future outcomes. 
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1. INTRODUCTION 

The accelerating ecological catastrophe has 
irrevocably reconfigured the normative expectations 
facing educational entities globally. Education is no 
longer seen as a pass-down of disciplinary 
knowledge; rather, it is increasingly taken as a 
transformative social institution with the power to 
breed ecological consciousness, ethical responsibility 
and long-lasting behavioral transformation. Climate 
instability, loss of biodiversity, and depletion of 
resources have all increased demands on education 
systems to shift from awareness creation to fostering 
sustained environmental commitment [1]. Amid 
these issues, we see the emergence of sustainability 
education as a multifaceted and interdisciplinary 
space bridging environmental science, socio-political 
analysis, economic reasoning, ethics and pedagogical 
innovation. It aims not only to give learners 
information about environmental issues, but to 
provide them with the competencies, values and 
dispositions they need to tackle the complexities of 
sustainable development [2]. This extended mandate 
is further reinforced in global policy discourse that 
places education at the central edge of contributing 
to sustainable development and ensuring long-term 
societal resilience. Yet even though sustainability 
literacy has been increasingly prioritised as a desired 
educational outcome, there is an ongoing theoretical 
and empirical gap [3]. As sustainability themes 
become more of a part of curricula at institutions, the 
mechanism through which sustainable practice 
becomes embedded in educational processes is still 
poorly theorized and empirically explored. Notably, 
there isn't much of a clear picture of how 
instructional design, learner engagement, and 
cognitive transformation interconnect with each 
other to manifest an enduring pro-environmental 
attitude and behavior [4]. In addition, higher 
education has experienced digital transformation at 
the same time. Digital pedagogy is more than the 
mere adoption of technology tools into classrooms; it 
has matured, becoming a transformational 
epistemological movement towards networked 
participation, multimodal learning [5], knowledge 
creation and collaborative processes and feedback 
based on data. Digitally mediated instruction can 
facilitate learner engagement, accessibility, flexibility 
and cognitive interaction at scale. These findings 
imply that digital pedagogy can impact not just what 
knowledge is taught, but how students make sense 
out of it, contemplate critically, and internalize it. But 
the marriage between digital transformation and 
sustainability education creates some very useful 
theoretical questions. Can digital pedagogy only 

increase the number of opportunities for information 
access? It may also, however, change the 
environmental values and create sustained behavior 
change? While digital platforms facilitate 
simulations, interactive problem solving, real-time 
environmental data analysis, and global 
collaboration, the degree to which these affordances 
ultimately foster long-term environmental 
stewardship is still uncertain. This is a relationship 
which cannot be simply explained in descriptive 
terms about the practice of technology, we must 
address the psychological and cognitive pathways 
linking practices of teaching to normative and 
behavioural outcomes [6]. Guided by constructivist 
learning theory and transformative learning theory, 
this study suggests that sustainability literacy is one 
of the core ways that digital pedagogy facilitates 
long-term environmental engagement. 
Constructivist viewpoints foreground active 
meaning-making and situated knowledge 
construction, whereas transformative learning 
theory highlights the power of critical reflection in 
challenging deeply rooted assumptions and value 
systems. Integrating these theoretical perspectives, 
the study develops and empirically tests a structural 
mediation model that elucidates how digitally 
supported pedagogical settings boost sustainability 
literacy and in turn, sustainability-promoting 
enduring commitment. Placing digital pedagogy 
directly or indirectly in a sustainability-based 
theoretical perspective, the study adds to what we 
know about cognitive and normative mechanisms 
driving continuous ecological behavior in post-
secondary education [7]. 

2. THEORETICAL FOUNDATIONS 

2.1 Constructivist and Transformative Learning 
Foundations 

Constructivist theory teaches that learning is 
never handed down unaided from faculty to 
students, but rather emerges from active learning, 
dialogue, and situational engagement. From this 
vantage point, learning is as a process of 
interpretation whereby learners process new 
findings in conjunction with prior schemas within 
the cognitive space in a manner that creates 
personalised knowledge [8]. These constructivist 
phenomena are further intensified in digital teaching 
environments where the environments in which 
learners interact with the content, fellow learners and 
feedback devices are expanded. Using interactive 
simulations, collaborative digital workspaces, 
gamified sustainability challenges, and adaptive 
assessment systems, young people are becoming 
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actively involved in knowledge production rather 
than passive recipients of information [9]. Real-time 
feedback mechanisms enable iterative experiments, 
hypothesis testing, and reflective adjustment, to 
enhance cognitive scaffolding and deep conceptual 
integration. This enables constructivist affordance to 
be enhanced in relation to sustainability education, as 
problems are, by nature, systemic, dynamic, and non-
linear. Environmental phenomena like climate 
change, biodiversity loss, resource depletion and 
others involve complex interdependencies across 
ecological, economic, and social systems. The 
complexity of this situation is often hard for the 
traditional didactic approach [10]. Digital 
simulations facilitate students to manipulate 
variables like how carbon emissions trajectories 
change, rates of renewable energy adoption or 
thresholds for ecosystem resilience and instantly feel 
their effect through cascading effects at the level of 
systems. Visualizing feedback loops and unintended 
consequences allows students to understand 
connections and long-term outcomes via visualizing 
more profound relationships and interconnectedness 
[11]. Thus, abstract notions of sustainability from its 
abstract form gain some kind of experiential, 
cognitive accessibility and analytical consistency by 
integrating sustainability principles. This dynamic, 
active participation builds sustainability literacy, 
which encourages students to engage with 
sustainability literacies in systems thinking, 
anticipatory reasoning, and evidence-based 
judgment as well as proactive use and judgment [12]. 
Constructivism gives us the lens through which we 
understand that knowledge is actively built, while 
according to transformative learning theory, this 
analysis is extended to the domain of values, beliefs 
and identity. Transformative learning postulates that 
enduring behavior change occurs when people 
critically evaluate and rebuild unchallenged 
assumptions that underlie their sense-making [13]. In 
sustainability education, it's not uncommon for deep 
anthropocentric orientations, consumption 
assumptions and economic growth assumptions to 
be challenged by sustainability education and 
embedded in the education system. Just exposure to 
environmental facts might be raising awareness, but 
doesn’t necessarily transform these cognitive frames. 
Digital pedagogical platforms present unique 
opportunities to promote transformation processes 
[14]. Immersive environmental modeling, scenario 
based learning, and global discussion forums 
introduce learners to different perspectives and 
ethically fraught dilemmas. For instance, facing 
simulated trade-offs between economic development 

and ecological preservation creates cognitive 
dissonance, or what scholars of transformative 
learning have called “disorienting dilemmas.” [15] 
Experiences like these destabilize some easy 
assumptions and prompt critical exploration. If 
mediated by dialogic interaction and systematic 
reflection, such dilemmas prompt learners to 
critically reflect on their ecological thought and 
rebuild environmental identities. This reflective 
reconstruction, over time, promotes internalized 
commitment rather than superficial obedience. This 
implies that digital pedagogy is not simply a 
technology enhancement upon instructional delivery 
but an epistemological intervention [16]. Digitally 
enriched learning environments can, thus, reshape 
cognitive frames and normative orientations by 
simultaneously enabling experiential knowledge 
construction and critical self-reflection. Within 
sustainability education, these dual processes 
constructivist meaning-making and transformative 
reflection provide the theoretical framework for 
discussing how digital pedagogy could lead to 
sustained environmental commitment rather than 
momentary shifts in attitudes. 

2.2 Digital Pedagogy 

Digital pedagogy constitutes a paradigm shift in 
the epistemological and structural foundations of 
modern education. In contrast to traditional 
pedagogical paradigms that use linear knowledge 
exchange and teacher-centered delivery, digital 
pedagogy is known for networked interaction, 
multimodal communication, participatory 
knowledge production, and data-informed 
instructional design [17]. It involves more than the 
straightforward incorporation of technological 
devices into the learning experience, but rather a 
reframing of ways in which knowledge is generated, 
shared and taken up within digital spaces. Digital 
pedagogy assumes particular significance in the 
domain of sustainability education as sustainability 
problems are complex, systemic, and dynamic by 
nature. The task of meeting these challenges 
demands educational architectures capable to model 
interdependence, to visualize feedback loops, and 
also to promote experiential inquiry into ecological 
systems [18]. Digital pedagogy is grounded in 
constructivist learning theory that argues that 
meaning is continually constructed by the learners 
through the interaction with their surroundings. 
Digital platforms can be used to complement the 
same process by allowing interactive simulations, 
collaborative forums and real-time feedback systems 
that enable recursive cognitive activities. Using such 
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mechanisms, learners can adjust environmental 
system variables carbon emissions, resource 
consumption, or biodiversity loss and notice what 
happens next [19]. This dynamic model approach 
generates systems thinking, an essential building 
block of sustainability competence. On the other 
hand, as digital pedagogy is multimodal, learning 
preferences vary and multimedia like visual, textual, 
auditory, and kinaesthetic is integrated to promote 
deeper cognitive processing. Digital pedagogy is also 
in line with transformative learning theory that 
points to critical reflection and transforming an 
individual's perspective as prerequisites to engender 
continuous attitudinal change [20]. Sustainability 
education critiques and deconstructs deep down, 
anthropocentric assumptions and consumerist 
norms. An environment mediated through digital 
technology provides such opportunities for exposure 
to disorienting ecological data, global environmental 
narratives, and participatory conversations in ways 
that allow learners to critically reconsider 
environmental cognitions [21]. Learners re-create 
their ecological selves and integrate sustainability 
concepts or notions into their wider perspective 
using a process of reflective engagement. 
Motivationally, digital pedagogy is conducive to 
autonomy, competence, and relatedness, three basic 
psychological needs mentioned in self-determination 
theory. Digital learning environments allow for self-
paced exploration, which promotes autonomy. 
Building skills from the interactivity of tools and 
simulations [22]. Digital platforms deepen 
relatedness through collaborative engagement in 
sustainability challenges. Thus, the motivational 
aspects not only promote ecological learning, but also 
help to strengthen the internalization of 
sustainability values further, and the likelihood of 
environmental learning not fading from a formal 
context of instruction. In sum, digital pedagogy 
serves to promote sustainability education as a 
structural and psychological catalyst. It influences 
cognition, prompts reflective change, and promotes 
the motivational factors necessary for value 
internalization. Digital pedagogy as an independent 
variable, is conceptualized not only as technological 
adoption but also as a systemic educational 
architecture that sets up the required conditions to 
develop sustainability literacy and, eventually to 
foster long-term commitment to environmental 
issues. 

2.3 Sustainability Literacy 

Sustainability literacy firmly lies at the heart of 
contemporary sustainability education discourse, 

functioning as the cognitive, affective and normative 
base upon which durable environmental 
commitment is built. It comprises not only limited 
environmental awareness and knowledge 
acquisition but also involves the integrated ability to 
understand complex socio-ecological systems, 
evaluate the ethical implications of environmental 
decisions, and in short translate ecological 
understanding into responsible action [23]. 
Sustainability literacy is inherently interdisciplinary 
and spans environmental science, economics, 
sociology, ethics and public policy into one holistic 
ecological reasoning. Theoretically, sustainability 
literacy is best approached by systems theory and 
environmental psychology. Systems theory suggests 
that ecological, social and economic dimensions are 
interrelated and emphasizes feedback loops, 
nonlinearity, and emergent properties [24]. Literacy 
in this sense means recognizing interdependencies 
and predicting unintended consequences. 
Sustainability literate learners transcend fragmented 
understandings and begin to see sustainability issues 
as systemic phenomena that require integrative 
solutions. Environmental psychology also reveals the 
mediating effect of sustainability literacy through the 
Value–Belief–Norm framework [25]. From this point 
of view, pro-environmental behavior is induced if 
such people internalise biospheric values, possess 
strong ecological beliefs and are motivated by 
personal norms of responsibility. Sustainability 
literacy enhances each piece of this sequence. When 
we deepen our understanding of the environment, 
this deepens our beliefs about the seriousness and 
human causation of ecological problems. It enriches 
the basis of understanding in addition to moral 
duties to present and future generations. Literacy 
does this through making abstract environmental 
concern normative for commitment. Sustainability 
literacy is also an affective phenomenon [26]. 
Emotionality the feeling of empathy for affected 
communities or concern for biodiversity pushes 
individuals to work toward an end goal. Literacy 
programs that integrate cognitive instruction with 
culturally relevant and experiential engagement 
develop emotional attachment to ecological 
stewardship. Such affective integration enhances the 
retention of environmental attitudes and diminishes 
the intention–behavior gap that is often manifested 
in sustainability studies [27]. As a mediator, 
sustainability literacy transmutes the structural 
conditions that digital pedagogy creates into 
psychological readiness for environmental 
commitment. Although digital platforms offer 
sustainability content to learners, exposure to 
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sustainability content without corresponding literacy 
development remains informational rather than 
transformational. Literacy acts as both the internal 
encoding that integrates knowledge and also a means 
of reshaping values and turning on norms. It is the 
prism of interpretation through which digital 
experiences are woven with an integrated, cohesive 
ecological identity. As such, sustainability literacy is 
the key mechanism linking educational design to 
behavioral outcomes [28]. It encapsulates not only a 
cognitive understanding but also ethical reasoning, 
emotional involvement, and practical competence. 
Sustainability literacy mediates the relationship 
between digital pedagogy and long-term 
environmental commitment and therefore 
transmogrifies pedagogical interaction into 
ecological responsibility that lasts the long haul. 

2.4 Long-Term Environmental Commitment 

Long-term environmental commitment is a robust 
internalization of pro-environmental norms 
manifested in persistent actions, lifestyles, advocacy 
and civic engagement that is consistent with a pro-
environmentalist agenda. It is, conceptually, distinct 
from short-term behavioral intention, or episodic 
involvement in environmental initiatives. As such, 
commitment speaks of consistency, endurance as 
well as integration of identity, consistent with a long-
standing inclination toward stewardship towards the 
natural world in both situation and time [28]. In 
sustainability research, determining antecedents of 
long-term commitment is important, as most 
educational initiatives serve to create awareness, 
without yielding consistent behavior change. Long-
term environmental commitment is theoretically 
explained by environmental psychology, especially 
the Value–Belief–Norm model and habit formation 
theory. Commitment forms when biospheric values 
and ecological beliefs become established in personal 
norms, generating moral responsibility to take 
meaningful environmental action. If these norms are 
internalized, they inform behavior even without 
external inducements or monitoring [39]. 
Accordingly, commitment entails not externally-
driven compliance, but a state of internally-regulated 
ecological identity. The identity theory also 
contributes to this understanding. When people see 
such environmental stewardship as core to their 
sense of self, pro-environmental action acts as the 
expression of an identity not an isolated action. This 
identity integration makes behaviours more 
consistent and resilient in the context of social and 
economic pressures [40]. Long term commitment 
thus entails cognitive synchronization, affective 

responsiveness, and normative conviction. Long-
term environmental commitment shows up in 
environmental behavioural adaptations, from energy 
conservation and sustainable consumption to 
reduced waste generation and the participation of 
environmental advocates. It might also require 
participation in policy-making, community 
involvement, and institutional sustainability 
endeavours. Importantly, commitment means a 
willingness to pay personal costs financial, social or 
temporal in the name of ecological protection [41]. 
This cost-bearing aspect will differentiate genuine 
commitment from mere environmental signalling. 
Psychologically, habits and feedback loops reinforce 
commitment. Continued pro-environmental 
behaviours reinforce behavioural scripts and 
normalize sustainable environmental practices. 
Positive reinforcement such as both intrinsic and 
social reward consolidate these habits. Educational 
systems seeking long-term commitment must, 
therefore, promote not only cognitive understanding 
but also emotional resonance and normative 
internalisation [42]. As a product of this framework, 
environmental commitment over the long run is the 
final outcome of education on sustainability. It 
captures the shift from knowledge-based ecological 
stewardship to identity based ecological 
stewardship. Examining digital pedagogy and 
sustainability literacy and how they are linked to this 
outcome, the present model defines the manner in 
which educational innovation makes social impact 
for a long-term. Based on these gaps hypotheses have 
formulated as under. 

2.5 Hypotheses 

H1: Digital Pedagogy positively influences 
Sustainability Literacy. 
H2: Sustainability Literacy positively influences 
Long-Term Environmental Commitment. 
H3: Digital Pedagogy positively influences Long-
Term Environmental Commitment. 
H4: Sustainability Literacy mediates the relationship 
between Digital Pedagogy and Long-Term 
Environmental Commitment. 

3. RESEARCH METHODOLOGY 

The current research conducts a cross-sectional 
quantitative study based on a survey methodology 
that studies the empirical association between Digital 
Pedagogy, Sustainability Literacy, and Long-Term 
Environmental Commitment. In terms of data 
collection, a cross-sectional design is appropriate, as 
it allows for data at a single point in time among a 
defined population who define prevailing 
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perceptions, attitudes and behavioural intentions for 
digitally mediated sustainability education. This 
numerical approach encourages statistical testing of 
hypothesized relationships and is well suited for 
structural equation modelling  the systematic 
investigation of latent constructs and mediation 
effects. Using a structured survey instrument, the 
study provides a standardization tool to provide 
measurement and to improve reliability and 
comparability between the respondents. These are 
384 respondents comprising undergraduate and 
postgraduate students with exposure to a digital 
sustainability curriculum. This demographic was 
chosen because students comprise a vital part of the 
population who are shaping long run environmental 
attitudes and actions and are hence the ideal target to 
probe these theoretical relationships due to their 
familiarity with digital pedagogic devices. To 
provide suitable representation in this study among 
academic levels and disciplines within the higher 
education context, a stratified random sampling 

method was used to maximize generalizability of the 
results. Using stratification minimizes the impact of 
sampling bias and is able to reflect appropriate 
subgroups as a proportionate representation which 
helps to capture the academic perspectives from 
undergraduate to postgraduate perspectives. A 
questionnaire, structured and predefined as an 
adaptable already validated scale adapted to the data 
presented was created which were gathered for use 
in the area of digital sustainability educative study. 
A five-point Likert scale was used to assess response 
level, rating from 1 (Strongly Disagree) to 5 (Strongly 
Agree) to accommodate different levels of agreement 
and disapproval of claims of digital pedagogy 
practices, sustainability literacies and long-term 
environmental commitment. The Likert scale 
provides measure for subjective perceptions 
quantifying and advanced multivariate analysis 
method. Analysis Strategies Analysis was done in 
two phases: SPSS (Preliminary Analysis) AMOS 
(Structural Equation Modeling) 

3.1 Measurement Instrument used 

Table 1: Tools Used. 
Construct Number of Items Sources Adapted From 

Digital Pedagogy 8 Digital learning literature 

Sustainability Literacy 10 Sustainability education frameworks 

Environmental Commitment 9 Environmental psychology scales 

3.2 Reliability Analysis 

Table 2:  Cronbach’s Alpha. 
Construct Alpha 

Digital Pedagogy 0.91 

Sustainability Literacy 0.93 

Environmental Commitment 0.90 

The internal consistency of the constructs was 
examined by Cronbach’s Alpha. The outputs 

indicate that Digital Pedagogy (α = 0.91), 
Sustainability Literacy (α = 0.93), and 
Environmental Commitment (α = 0.90) score above 
the threshold value of 0.70, confirming their good 
reliability. Their high alpha values indicate 
excellent internal consistency with all items, 
signifying that instrumentation scales are reliable 
for further calculation statistically. 

4. DATA ANALYSIS: VARIOUS STATISTICAL TEST WAS PERFORMED IN THESE ANALYSIS 

4.1: Demographic Profile of Respondents (N = 384) 

Table 3: Demographic Profile of Respondents. 
Demographic Variable Category Frequency (n) Percentage (%) 

Gender 
Male 212 55.2% 

Female 172 44.8% 

Age Group 

18–21 years 148 38.5% 

22–25 years 162 42.2% 

26–30 years 54 14.1% 

Above 30 years 20 5.2% 

Academic Level 
Undergraduate 231 60.2% 

Postgraduate 153 39.8% 

Field of Study 

Management & Commerce 118 30.7% 

Science & Technology 104 27.1% 

Arts & Humanities 86 22.4% 

Interdisciplinary/Other 76 19.8% 

Exposure to Digital Sustainability Courses 

1 Course 136 35.4% 

2–3 Courses 168 43.8% 

More than 3 Courses 80 20.8% 
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The demographic ratio demonstrates a somewhat 
balanced gender structure comprising 55.2% of 
respondent’s men and 44.8% women. This profile 
maintains gender neutrality to the level of gender 
representation of all the perspectives obtained, thus 
minimizing gender biases on digital pedagogy and 
sustainability thoughts. With regard to age in the 
survey, the majority of participants are 18–25 years 
old (80.7%) which is in line with the average age of 
undergraduates and postgraduates. A targeted focus 
on younger learners is necessary for such a model 
since younger learners are at the forefront of 
developing digitally mediated pedagogical solutions 
and are still developing sustained environmental 
commitment. Low proportion of respondents above 
30 years (5.2%) indicates a minor influence from the 
adult learners in the study, however, it is not a strong 
factor influencing the student-centred nature of the 
study. With respect to student's academic tenure, 
60.2% of students are undergraduates and 39.8% are 
postgraduates. Notably, both groups contribute to 
the depth of the analysis by reflecting the differences 
in levels of academic maturity, experience in 
sustainable ideas, and cognitive engagement levels. 
Utilizing a stratified sampling strategy leads to 
equitable representation in the respondents and 
increases internal validity. These include studies by 
industry, business, or government and a 
representative approach across disciplines with 
management and commerce having the highest 
proportion (30.7%) and science and technology 
coming in at 27.1%. This is especially pertinent since 
sustainability education and digital pedagogy 
frequently link to business strategy, innovation and 
technological progress. The representation of arts 

and humanities (22.4%) and interdisciplinary (19.8%) 
students also reinforce the generalisability of results 
across academic streams. Lastly, our examination of 
exposure to digital sustainability courses indicates 
that a big fraction of students (64.6%) has taken two 
or more units of course in the sustainability sector in 
a digital format. This suggests sufficient familiarity 
with digitally facilitated sustainability learning 
domains, therefore fortifying the contextual 
specificity of responses and improving construct 
validity. In general, the demographic profile 
represents a representative, academically suitable 
sample, which may further demonstrate the 
soundness and generalisability of this structural 
model within higher education. 

4.2. Correlation Analysis 

Table 4: Pearson Correlation Results. 
Variables DP SL LEC 

DP 1   

SL 0.68** 1  

LEC 0.61** 0.74** 1 

A Pearson correlation analysis was conducted to 
examine the relationships among the variables. The 
results show a strong and positive correlation 
between: Digital Pedagogy and Sustainability 
Literacy (r = 0.68, p < 0.01), Digital Pedagogy and 
Learners’ Environmental Commitment (r = 0.61, p < 
0.01), and Sustainability Literacy and Learners’ 
Environmental Commitment (r = 0.74, p < 0.01). All 
the correlations are indeed statistically significant at 
the 0.01 level. The strength and significance of these 
relationships also support the suitability of 
proceeding with Structural Equation Modeling 
(SEM) for further analysis. 

4.3. Multiple Regression Analysis 

Table 5: Regression. 
Regression Model Dependent Variable Independent Variable R² Standardized β Significance 

Model 1 Sustainability Literacy Digital Pedagogy 0.46 0.68*** p < 0.001 

Model 2 Learners’ Environmental Commitment Sustainability Literacy 0.55 0.74*** p < 0.001 

Model 3 Learners’ Environmental Commitment Digital Pedagogy 0.37 0.61*** p < 0.001 

The regression shows that Digital Pedagogy is a 
significant factor that predicts Sustainability Literacy 
(β = 0.68, R² = 0.46) explaining 46% of the variance. 
Learners’ Environmental Commitment: 
Sustainability Literacy is a strong predictor (β = 0.74, 
R² = 0.55) explaining 55% of the variance. Digital 
Pedagogy also significantly predicts Learners’ 
Environmental Commitment (β = 0.61, R² = 0.37), 
which accounts for 37% of the variance. All 
relationships are positive and statistically significant 
(p < 0.001), thus providing preliminary empirical 
evidence for all proposed hypotheses. 

4.4. Measurement Model 

Table 6: Model Fit Indices. 
Fit Index Obtained Value Threshold 

χ²/df 2.31 < 3 

CFI 0.95 > 0.90 

TLI 0.94 > 0.90 

RMSEA 0.058 < 0.08 

SRMR 0.049 < 0.08 

A good fit can be inferred from the 
Confirmatory Factor Analysis (CFA) results. The 
χ²/df value of 2.31 is below the recommended 
threshold of 3, indicating that the model fit is 
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acceptable. CFI (0.95) and TLI (0.94) are greater 
than 0.90, indicating strong comparative fit. In fact, 
RMSEA (0.058) and SRMR (0.049) are significantly 
below 0.08, denoting relatively low residual errors. 

Overall, the measurement model fulfills proposed 
fit criteria, which indicates adequate validity of 
constructs and their suitability for structural model 
assessment. 

4.5. Convergent Validity 

Table 7: Convergent Validity Criteria. 
Criterion Recommended Threshold Result 

Factor Loadings > 0.70 Satisfied 

Average Variance Extracted (AVE) > 0.50 Satisfied 

Composite Reliability (CR) > 0.70 Satisfied 

All constructs met the recommended thresholds for 
convergent validity. Factor loadings exceeded 0.70, AVE 
values were above 0.50, and Composite Reliability values 
were greater than 0.70. These results confirm that the 
measurement items adequately represent their respective 
constructs and demonstrate strong convergent validity. 

Table 8: Path Coefficients. 
Hypothesized Path Standardized β Significance 

DP → SL 0.69*** p < 0.001 

SL → LEC 0.71*** p < 0.001 

DP → LEC 0.22* p < 0.05 

(* p < 0.05, *** p < 0.001) 

Table 9: Indirect Effect (Bootstrapping – 5000 Samples). 
Indirect Path Standardized Effect Significance 

DP → SL → LEC 0.49*** p < 0.001 

The results of structural model findings indicate 
that Digital Pedagogy is a significant impact factor 
of Sustainability Literacy (β = 0.69, p < 0.001), 
Sustainability Literacy is a highly significant 
predictor of Learners’ Environmental 
Commitment (β = 0.71, p < 0.001). The direct 
relationship between Digital Pedagogy and 

Learners’ Environmental Commitment is positive 
but weaker (β = 0.22, p < 0.05). Bootstrapping 
results support the findings that Sustainability 
Literacy plays a partial mediating role in the effects 
of Digital Pedagogy on Learners’ Environmental 
Commitment with a significant indirect effect (β = 
0.49, p < 0.001). 

Table 10: Hypotheses Testing Results. 
Hypothesis Path Result Decision 

H1 Digital Pedagogy → Sustainability Literacy 
Significant positive effect (β = 0.69, 

p < 0.001) 
Supported 

H2 Sustainability Literacy → Learners’ Environmental Commitment 
Significant positive effect (β = 0.71, 

p < 0.001) 
Supported 

H3 Digital Pedagogy → Learners’ Environmental Commitment 
Significant positive effect (β = 0.22, 

p < 0.05) 
Supported 

H4 
Digital Pedagogy → Sustainability Literacy → Learners’ 

Environmental Commitment 
Significant indirect effect (β = 0.49, 

p < 0.001) 
Supported 

All proposed hypotheses (H1–H4) are empirically 
supported, as all direct and indirect paths are 
positive and statistically significant. Sustainability 
Literacy partially mediates the relationship between 
Digital Pedagogy and Learners’ Environmental 
Commitment. 

5. FINDINGS OF THE STUDY 

The findings of the empirical analysis offer strong 
empirical support to the proposed structural model. It 
found that Digital Pedagogy has a significant, and 
indeed positive, impact on Sustainability Literacy, 
which indicates that effective technology-enabled 
instructional modalities can contribute to a better 
understanding of students regarding environmental 
concepts, sustainable practices, and ecological 

responsibilities. The use of interactive digital tools, 
online collaborative platforms, multimedia content, 
and data-driven learning environments are viewed as 
capable of facilitating deeper cognitive engagement 
with sustainability-related issues. Additionally, 
Sustainability Literacy has demonstrated robust and 
substantial impact on Learners’ Environmental 
Commitment which indicates that enhanced 
knowledge, awareness and critical thinking in relation 
to sustainability leads to increased pro-environmental 
attitudes, intentions and behavioral orientation. The 
degree of this association indicates that literacy is the 
key driver of environmentally responsible 
commitment to learning outcomes. Although digital 
pedagogy has a linear, direct positive correlation with 
environmental commitment, the standardized path 
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coefficient is lower compared to the indirect pathway 
effect through Sustainability Literacy. This means that 
although exposure to digital learning spaces may exert 
an independent influence on environmental attitudes, 
its most powerful strength appears to emerge when it 
enhances knowledge and awareness around 
sustainability. The mediation analysis indicates that 
Sustainability Literacy partially mediates the 
relationship between Digital Pedagogy and 
Environmental Commitment. This partial mediation 
indicates digital pedagogical practices drive 
commitment directly and indirectly but 
predominantly by augmenting sustainability literacy. 
Thus, all of the hypothesized relationships are 
statistically significant thus supporting the conceptual 
framework and strengthening the robustness of the 
structural model. 

6. DISCUSSION 

The findings substantiate the growing argument 
that Digital Pedagogy serves as a transformative 
mechanism in sustainability education. The strong 
association between Digital Pedagogy and 
Sustainability Literacy aligns with contemporary 
educational theories emphasizing experiential, 
interactive, and technology-supported learning 
environments as catalysts for deeper knowledge 
construction. Digital platforms allow learners to access 
real-time environmental data, participate in 
simulations, engage in global sustainability dialogues, 
and critically analyse ecological challenges, thereby 
strengthening conceptual clarity and applied 
understanding. The significant and robust path 
between Sustainability Literacy and Environmental 
Commitment underscores the role of knowledge as a 
foundational determinant of pro-environmental 
behavior. This supports the proposition that 
awareness and cognitive engagement are 
prerequisites for attitudinal and behavioural 
transformation. Learners who possess higher 
sustainability literacy are more likely to internalize 
environmental values and demonstrate long-term 
commitment toward sustainable practices. Although 
Digital Pedagogy directly influences Environmental 
Commitment, the comparatively weaker direct effect 
suggests that technology alone is insufficient to drive 
meaningful environmental responsibility. Instead, the 
effectiveness of digital tools depends largely on how 
strategically sustainability content is integrated into 
the curriculum. The partial mediation results 
highlights that digital transformation in education 
must go beyond infrastructure adoption and focus on 
purposeful sustainability-oriented instructional 
design. Overall, the discussion confirms that digitally 

enriched sustainability education fosters not only 
knowledge acquisition but also attitudinal alignment 
toward environmental responsibility, thereby 
contributing to long-term ecological consciousness 
among learners. 

7. CONCLUSION 

As a result, this study concludes that Digital 
Pedagogy significantly enhances Sustainability 
Literacy, which in turn strengthens Learners’ 
Environmental Commitment. Sustainability Literacy 
comes to the fore as a critical mediating variable 
connecting technology-enabled teaching practices with 
environmentally responsible attitudes and intentions. It 
shows that eco efforts made with technology support 
with content and sustainability in mind (not only 
technology) have the strongest environmental impact 
by way of digital education initiatives. The validated 
structural model provides empirical evidence that 
educational institutions can cultivate environmentally 
conscious learners by embedding sustainability 
principles within digitally supported curricula. The 
research thus adds to existing digital education 
scholarship and sustainability scholarship by providing 
a robust causal pathway between pedagogy, literacy 
and commitment. 

8. IMPLICATIONS 

This new empirical study contributes the 
theoretical bridge between digital pedagogy and 
sustainability education by providing empirically 
validated Sustainability Literacy as a core mediating 
mechanism. The latter enhances the existing 
literature by underscoring the impact technology-
rich learning settings have to shape attitudinal and 
behavioural outcomes through processes for 
knowledge creation. The practical implications aids 
by the role of educators is important in determining 
how digital-enhanced curricula must provide the 
best possible experiences, curriculums that 
incorporate sustainability topics, case-based 
programs, simulations, and experiential lessons 
through digital methods. Developing faculty should 
focus in part on incorporating sustainability 
outcomes into the digital instruction process in order 
to enhance the sustainability dedication of the 
learners.  Finally, the policy implications help in the 
digital transformation of education should be 
coupled with both national and global sustainability 
agendas by policymakers. Education tech investment 
needs to be balanced with sustainability curriculum 
frameworks so we have environmentally friendly, 
future-ready people who can actually do something 
about sustainable development. 



2308 DIGITAL PEDAGOGY, SUSTAINABILITY LITERACY AND LONG-TERM ENVIRONMENTAL… 
 

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 2298-2310 

REFERENCE 

1. Hajj-Hassan, M., Chaker, R., & Cederqvist, A.-M. (2024). Environmental Education: A Systematic Review 
on the Use of Digital Tools for Fostering Sustainability Awareness. Sustainability, 16(9), 3733. DOI: 
10.3390/su16093733 

2. Ricoy, M.-C., & Sánchez-Martínez, C. (2022). Raising Ecological Awareness and Digital Literacy in Primary 
School Children through Gamification. International Journal of Environmental Research and Public 
Health, 19(3), 1149. DOI: 10.3390/ijerph19031149 

3. Chuang, T.-Y., & Tsai, S.-K. (2025). Technology-enhanced digital game-based learning for environmental 
literacy: catalyzing attitude change in learners. Frontiers in Education. DOI: 10.3389/feduc.2025.1629670 

4. G. Gokulkumari, M. Ravichand, P. Nagpal and R. Vij. (2023). "Analyze the political preference of a 
common man by using data mining and machine learning," 2023 International Conference on 
Computer Communication and Informatics (ICCCI), Coimbatore, India. doi: 
10.1109/ICCCI56745.2023.10128472. 

5. Vaniya, J., Alizada, M., Nagpal, P., Kumar Dey, B. and Abbbasova, D. G. A. (2025). Novel Enhanced 
Cognitive State Analysis in E-Learning via Real-Time Emotion and Attentiveness Detection Using 
OptFuzzy TSM and ABiLSTM. Iranian Journal of Fuzzy Systems, 22(4), 57-75. doi: 
10.22111/ijfs.2025.49950.8829 

6. Klopfer, E., Squire, K., & Jenkins, H. (2002, August 30). Environmental detectives: PDAs as a window 
into a virtual simulated world. In Proceedings of the IEEE International Workshop on Wireless and 
Mobile Technologies in Education (pp. 95–98), Tokushima, Japan. 

7. David, J. O. (2025). Redefining assessment for sustainability: a reflective approach to curriculum transformation 
in environmental education. Frontiers in Education. DOI: 10.3389/feduc.2025.1553999 

8. N. Inamdar, N. Inamdar, R. Paranjpye, P. Nagpal, N. K.B. and A. Adarsh, "Exploring the 
Transformative Role of Generative AI in Financial Forecasting and Advanced Fraud Detection 
Strategies," 2025 International Conference on Technology Enabled Economic Changes (InTech), 
Tashkent, Uzbekistan, 2025, pp. 834-839, doi: 10.1109/InTech64186.2025.11198409. 

9. Susilowati, S., Wilujeng, I., & Hastuti, P. W. (2018). Growing Environmental Literacy Towards Adiwiyata 
Schools Through Natural Science Learning Based on Pedagogy for Sustainability. Journal of Science Education 
Research, 2(2), 97-100. DOI: 10.21831/jser.v2i2.22480 

10. BK Kumari, VM Sundari, C Praseeda, P Nagpal, J EP, S Awasthi (2023), Analytics-Based Performance 
Influential Factors Prediction for Sustainable Growth of Organization, Employee Psychological 
Engagement, Work Satisfaction, Training and Development. Journal for ReAttach Therapy and 
Developmental Diversities 6 (8s), 76-82. 

11. P. Nagpal, N. M.V.N, Y. V. N. S. S. Charan, G. Karthikeyan, S. Sudhin and S. Dhote, "Leveraging AI 
and Machine Learning for Advanced Predictive Analytics in Workforce Management," 2025 
International Conference on Technology Enabled Economic Changes (InTech), Tashkent, Uzbekistan, 
2025, pp. 527-532, doi: 10.1109/InTech64186.2025.11198585. 

12. P. William, A. Shrivastava, H. Chauhan, P. Nagpal, V. K. T. N and P. Singh, "Framework for Intelligent 
Smart City Deployment via Artificial Intelligence Software Networking," 2022 3rd International 
Conference on Intelligent Engineering and Management (ICIEM), London, United Kingdom, 2022, pp. 
455-460, doi: 10.1109/ICIEM54221.2022.9853119. 

13. Dziubaniuk, O., Ivanova-Gongne, M., & Nyholm, M. (2023). Learning and teaching sustainable business in 
the digital era: A connectivism theory approach. International Journal of Educational Technology in Higher 
Education, 20, Article 20. https://doi.org/10.1186/s41239-023-00390-w 

14. Udayakumar, S., Awari, M. B., Sharma, T., Nagpal, P., Joseph, A., & Madhavi, T. (2025). Integrating 
environmental science and green energy for sustainable development through ecological protection 
and restoration. International Journal of Environmental Sciences, 11(11s), 207–216. 
https://doi.org/10.64252/fd36sp73 

15. Pooja Nagpal (2023). The Transformative Influence of Artificial Intelligence (AI) on Financial 
Organizations World Wide. 3rd International Conference on Information & Communication 
Technology in Business, Industry & Government (ICTBIG). Symbiosis University of Applied Science, 
Indore. 

16. F. A. Syed, N. Bargavi, A. Sharma, A. Mishra, P. Nagpal and A. Srivastava, "Recent Management Trends 
Involved With the Internet of Things in Indian Automotive Components Manufacturing Industries," 

https://doi.org/10.64252/fd36sp73


2309 HARSHINI C S et al 
 

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 2298-2310 

2022 5th International Conference on Contemporary Computing and Informatics (IC3I), Uttar Pradesh, 
India, 2022, pp. 1035-1041, doi: 10.1109/IC3I56241.2022.10072565. 

17. P. V. Purna Kumari, V. Arvindbhai Radadiya, V. Rana, M. Lourens, P. Nagpal and V. M, "Gamification 
and Blockchain: Innovative Approaches to Employee Motivation," 2025 6th International Conference 
for Emerging Technology (INCET), BELGAUM, India, 2025, pp. 1-5, doi: 
10.1109/INCET64471.2025.11139982. 

18. Rieckmann, M. (2019, November 20–22). Education for sustainable development competencies for 
educators. In Proceedings of the Global Sustainable Technology & Innovation Conference (G-STIC), 
Brussels, Belgium. 

19. Rajput, N., Das, G., Kumar, C., & Nagpal, P. (2021). An inclusive systematic investigation of human 
resource management practice in harnessing human capital. Materials Today: Proceedings, 80(3), 3686–
3690. https://doi.org/10.1016/j.matpr.2021.07.362 

20. Hu, Y., & Meng, X. (2025). The impact of digital literacy on green consumption behavior under the moderation 
of prosocial behavior. Scientific Reports, 15(1), Article 34459. https://doi.org/10.1038/s41598-025-34459-5. 

21. P. Nagpal, K. V. Manju, K. A. Dongre, T. S. Talla, V. Rahul and S. Padma, "AI-Driven Predictive Models: 
Understanding Consumer Behaviour for Economic Forecasting and Policy Design," 2025 International 
Conference on Technology Enabled Economic Changes (InTech), Tashkent, Uzbekistan, 2025, pp. 725-
730, doi: 10.1109/InTech64186.2025.11198211. 

22. Shrivastava, A., Suji Prasad, S. J., Yeruva, A. R., Mani, P., Nagpal, P., & Chaturvedi, A. (2025). IoT based 
RFID attendance monitoring system of students using Arduino ESP8266 & Adafruit.io on defined area. 
Cybernetics and Systems, 56(1), 21–32. https://doi.org/10.1080/01969722.2023.2166243. 

23. Dlamini, R. (2023). Digital revolution in higher education in the COVID-19 and post-COVID-19 era. In 
F. Maringe & O. Chiramba (Eds.), Online teaching and learning in the COVID-19 era: Perspectives on 
equity and epistemic justice (pp. 115–132). Springer. 

24. Chang, S., Liu, S., & Zhang, Y. (2025). Integrating digital learning platforms to raise awareness of 
environmental sustainability among teachers. Lex Localis – Journal of Local Self-Government, 23(7). 
https://doi.org/10.52152/800005 

25. Pooja Nagpal, (2025). Leveraging artificial intelligence and machine learning for gaining competitive 
advantage in business development. AIP Conference Proceedings, 3327(1), 020002. AIP Publishing 
LLC. https://doi.org/10.1063/5.0289438 

26. Leal Filho, W., Kim, E., Borsatto, J. M. L. S., et al. (2025). Using artificial intelligence in sustainability 
teaching and learning. Environmental Sciences Europe, 37, Article 124. https://doi.org/10.1186/s12302-
025-01159-w 

27. P. Nagpal, A. Pawar and S. H. M, "Predicting Employee Attrition through HR Analytics: A Machine 
Learning Approach," 2024 4th International Conference on Innovative Practices in Technology and 
Management (ICIPTM), Noida, India, 2024, pp. 1-4, doi: 10.1109/ICIPTM59628.2024.10563285. 

28. Alshehri, S. Z. (2024). Exploring students’ pro-environmental knowledge and behaviour perceptions: A mixed 
methods investigation. Journal of Turkish Science Education, 21(3), 389–409. 
https://doi.org/10.36681/tused.2024.021 

29. S. H. Abbas, S. Sanyal, P. Nagpal, J. Panduro-Ramirez, R. Singh and S. Pundir, "An Investigation on a 
Blockchain Technology in Smart Certification Model for Higher Education," 2023 10th International 
Conference on Computing for Sustainable Global Development (INDIACom), New Delhi, India, 2023, 
pp. 1277-1281. 

30. R. Bhattacharya, Kafila, S. H. Krishna, B. Haralayya, P. Nagpal and Chitsimran, "Modified Grey Wolf 
Optimizer with Sparse Autoencoder for Financial Crisis Prediction in Small Marginal Firms," 2023 
Second International Conference on Electronics and Renewable Systems (ICEARS), Tuticorin, India, 
2023, pp. 907-913, doi: 10.1109/ICEARS56392.2023.10085618. 

31. Nagpal, P., Aggarwal, S., Sharma, A., Datta, A., Kuzieva, N., & Gurusamy, M. (2025). Revolutionizing 
human resources for safer automotive work environments. In AI's role in enhanced automotive safety 
(501–514). https://doi.org/10.4018/979-8-3373-0442-7.ch032 

32. Salshabella, D. C., Wardani, D. K., & Sabandi, M. (2025). From education to action: Environmental literacy 
as a predictor of green consumption in urban societies. Sosioedukasi: Jurnal Ilmiah Ilmu Pendidikan dan Sosial, 
14(3). https://doi.org/10.36526/sosioedukasi.v14i3.5976 

33. Nagpal, P. (2022). Organizational commitment as an outcome of employee engagement: A social 

https://doi.org/10.1038/s41598-025-34459-5
https://doi.org/10.52152/800005
https://doi.org/10.1186/s12302-025-01159-w
https://doi.org/10.1186/s12302-025-01159-w
https://doi.org/10.36526/sosioedukasi.v14i3.5976


2310 DIGITAL PEDAGOGY, SUSTAINABILITY LITERACY AND LONG-TERM ENVIRONMENTAL… 
 

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 2298-2310 

exchange perspective using a SEM model. International Journal of Biology, Pharmacy and Allied 
Sciences, 11(1), 72–86. 

34. Lay, Y.-F. (2019). Integrating environmental education and ICT. Eurasia Journal of Mathematics, 
Science and Technology Education, 15(2), Article em1707. https://doi.org/10.29333/ejmste/105686 

35. Pooja Nagpal, C. Vinotha, Lucky Gupta, Gunjan Sharma, Khyati Kapil, Vijay Kumar Yadav, Akhil 
Sankhyan. (2024). Machine Learning and Ai in Marketing–Connecting Computing Power to Human 
Insights. International Journal of Intelligent Systems and Applications in Engineering, 12(21s), 548–561. 
https://ijisae.org/index.php/IJISAE/ article/view/5451 

36. Chu, M.-W., Craig, H., & Hoey, F. (2024). Student perceptions of performance-based assessments for 
in-person and online courses. Alberta Journal of Educational Research, 70(2), 165–181. 
https://doi.org/10.55016/ojs/ajer.v70i2.73401 

37. P. Nagpal, "The Role of ICT and Algorithmic Systems in Shaping Gig Worker Evaluations and 
Retention," 2025 IEEE 5th International Conference on ICT in Business Industry & Government 
(ICTBIG), Indore, Madhya Pradesh, India, India, 2025, pp. 1-6, doi: 
10.1109/ICTBIG68706.2025.11323582. 

38. Asfeldt, M., & Stonehouse, P. (2021). On becoming a reflective practitioner. In G. Thomas, J. Dyment, & 
H. Prince (Eds.), Outdoor environmental education in higher education: International perspectives (pp. 
337–348). Springer International Publishing. 

39. Brundiers, K., & Wiek, A. (2011). Educating students in real-world sustainability research: Vision and 
implementation. Innovative Higher Education, 36(2), 107–124. https://doi.org/10.1007/s10755-010-9161-
9 

40. Akilandeeswari, S. V., Nagpal, P., Vinotha, C., Jain, K., Chatterjee, R., & Gundavarapu, M. R. (2024). 
Transforming e-commerce: Unleashing the potential of dynamic pricing optimization through artificial 
intelligence for strategic management. Migration Letters, 21(S3), 1250–1260. 

41. Rossouw, N., & Frick, L. (2023). A conceptual framework for uncovering the hidden curriculum in 
private higher education. Cogent Education, 10(1), Article 2191409. 
https://doi.org/10.1080/2331186X.2023.2191409 

42. Veugen, M., Gulikers, J., & Den Brok, P. (2021). We agree on what we see: Teacher and student 
perceptions of formative assessment practice. Studies in Educational Evaluation, 70, Article 101027. 
https://doi.org/10.1016/j.stueduc.2021.101027 

43. Galvis, Á. H. (2018). Supporting decision-making processes on blended learning in higher education: 
Literature and good practices review. International Journal of Educational Technology in Higher 
Education, 15(1), 1–38. 

44. Mercader, C., & Gairín, J. (2020). University teachers’ perception of barriers to the use of digital 
technologies: The importance of the academic discipline. International Journal of Educational Technology 
in Higher Education, 17(1), 1–14. 

https://doi.org/10.29333/ejmste/105686
https://doi.org/10.55016/ojs/ajer.v70i2.73401
https://doi.org/10.1007/s10755-010-9161-9
https://doi.org/10.1007/s10755-010-9161-9
https://doi.org/10.1080/2331186X.2023.2191409
https://doi.org/10.1016/j.stueduc.2021.101027

