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Abstract

The escalating climate crisis and pervasive digital transformation position university stu-
dents at a critical juncture where digital competencies increasingly shape environmental
engagement. Despite extensive research on digital literacy and environmental responsi-
bility as discrete constructs, the psychological mechanisms linking these domains remain
inadequately theorized. This study investigated whether historical empathy mediates the
relationship between digital literacy and environmental responsibility among 927 Egyptian
university students (50.9% female; M age = 20.50 years). Participants completed validated
measures assessing digital literacy, historical empathy (cognitive, affective, and behavioral
dimensions), and environmental responsibility. Mediation analysis using Hayes” PROCESS
macro revealed that historical empathy partially mediated the relationship between digital
literacy and environmental responsibility, accounting for approximately 12% of the total ef-
fect (indirect effect = 0.0381, 95% CI[0.0132, 0.0636]). Digital literacy demonstrated stronger
associations with cognitive empathy (r = 0.337) than affective (r = 0.324) or behavioral
empathy (r = 0.209), suggesting digital tools are primarily associated with the contextual-
ization of historical environmental decisions. The model explained 26.6% of variance in
environmental responsibility, indicating that while digital literacy exerts substantial direct
influence, cultivating historical empathy represents a meaningful complementary pathway.
Sustainability educators should integrate historical environmental case studies with digital
learning tools to foster empathetic engagement that bridges the attitude-behavior gap.
These findings underscore the importance of integrating digital competencies with histori-
cal consciousness in sustainability education to bridge the persistent attitude-behavior gap
in environmental engagement.

Keywords: digital literacy; environmental responsibility; historical empathy; sustainability
education; university students; mediation analysis; pro-environmental behavior

1. Introduction

The confluence of accelerating environmental degradation and pervasive digital trans-
formation has positioned university students at a critical juncture where their capacity
to engage meaningfully with environmental challenges increasingly depends on digital
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competencies. As future decision-makers and change agents, students must navigate an
information landscape characterized by both unprecedented access to environmental data
and persistent challenges in evaluating its credibility and relevance. Contemporary schol-
arship reveals a paradox in student engagement with environmental information: while
digital platforms provide extensive access to environmental content and facilitate advocacy
efforts [1,2], more than 40% of students demonstrate significant deficiencies in critically
assessing online information’s reliability, particularly regarding commercial bias and source
credibility [3,4]. Although students can readily locate environmental information, their
evaluative processes often remain superficial, lacking the reasoned justification necessary
for informed environmental decision-making [5]. Evidence suggests that targeted inter-
ventions, including digital games and specialized eco-learning platforms, can enhance
both digital literacy and environmental knowledge [6,7], yet the translation of digital com-
petencies into environmental action remains mediated by metacognitive strategies and
self-regulation capacities that vary substantially across student populations [8].

This translation challenge is further complicated by a persistent attitude-behavior gap
in student environmental engagement. Despite 85-91% of university students worldwide
reporting positive attitudes toward environmental protection and expressing willingness to
make personal sacrifices for environmental causes [9,10], actual pro-environmental behav-
iors reveal marked inconsistency. Only 60% of students regularly practice waste separation,
and merely 20% consistently engage in other sustainable actions such as reducing energy
consumption or avoiding single-use items [10-12]. This discrepancy stems from a complex
interplay of external barriers, including cost and convenience constraints, and internal
factors such as limited self-efficacy and entrenched habitual patterns [10,11]. Research iden-
tifies moral obligation and participation in environmental education as critical predictors of
sustainable behavior [13,14], suggesting that cognitive awareness alone proves insufficient
to motivate behavioral change without accompanying emotional and ethical engagement.

Emerging evidence indicates that digital literacy positively correlates with environ-
mental responsibility among university students, though the mechanisms underlying this
relationship remain inadequately theorized. Students with advanced digital competencies
demonstrate heightened awareness of technology’s environmental impact and exhibit
stronger inclinations toward environmentally responsible behaviors, including energy
conservation and responsible electronic waste management [7,15,16]. While quantitative
studies confirm statistically significant positive correlations between digital literacy and
environmental responsibility [1,17], the strength and directness of these relationships vary
considerably across contexts and are moderated by factors including curriculum design,
integration of sustainability content into digital education, and students’ intrinsic mo-
tivation [7,8,15]. Furthermore, digital literacy supports the development of ethical and
responsible attitudes foundational to environmental stewardship [17,18], suggesting that
the relationship between digital competencies and environmental action operates through
attitudinal and value-based pathways that warrant systematic investigation.

Historical empathy—defined as a multidimensional psychological construct encom-
passing cognitive and affective capacities to comprehend past decisions and their conse-
quences [19,20]—may represent a crucial but overlooked mediating mechanism in this rela-
tionship. This construct integrates contextualization of historical actions within temporal
and environmental frameworks, recognition of historical actors’ values and beliefs, affec-
tive engagement with past individuals, and informed imagination to interpret incomplete
historical evidence [20-22]. When students employ digital tools to explore historical envi-
ronmental failures and successes, they may develop empathy not only for those affected by
past decisions but also for future generations who will inherit contemporary choices [6,23].
This empathetic engagement is associated with moral responsibility and deeper connection
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to environmental outcomes, rendering historical lessons personally relevant and emotion-
ally resonant [23,24]. Consequently, historical empathy may function as a transformative
bridge that converts digital knowledge into internalized values and attitudes, thereby
motivating students to adopt environmentally responsible behaviors [16,23,24]. Digital
literacy is associated with access to, interpretation of, and engagement with diverse envi-
ronmental histories through digital archives, simulations, and interactive media [16,25-27],
yet whether and how this access relates to historical empathy that subsequently shapes
environmental responsibility remains empirically untested.

Historical empathy is conceptualized in this study as a hybrid cognitive-affective ethi-
cal competence that uniquely integrates contextualized historical reasoning with morally
charged emotional engagement [20,28]. This construct is selected as the mediator because
it is discipline-specific to historical learning and theorized to bridge historical under-
standing with present-oriented citizenship, inclusion, and moral concern [19,28]. Unlike
more general predictors such as moral obligation [29], environmental identity [30], or self-
efficacy [31], historical empathy synthesizes evidence-based contextualization with ethical
judgment and caring responses [20], making it a theoretically proximal mechanism through
which historically framed environmental narratives can shape contemporary ethical com-
mitments [19,28]. This positioning aligns with conceptualizations of empathy as inherently
relational and morally situated [32], while maintaining its distinctive cognitive-contextual
foundation in historical inquiry.

Despite growing scholarly interest in both digital literacy and environmental sustain-
ability, a critical research gap persists regarding the intersection of these domains with
historical consciousness. Existing literature predominantly examines digital competen-
cies and environmental awareness as discrete constructs, with few studies integrating
digital literacy, environmental responsibility, and historical empathy within a unified
theoretical framework [17,23,33,34]. While digital tools have demonstrated potential for
fostering environmental awareness through immersive technologies [35,36], the integration
of historical consciousness within these interventions remains largely underexplored [37].
Research on digitalization and sustainability in higher education focuses primarily on com-
petency development while seldom incorporating historical or cultural perspectives [34,38].
Most critically, no prior studies have empirically tested historical empathy as a mediating
mechanism in the relationship between digital literacy and environmental responsibility.
Although theoretical arguments suggest that digital tools enable access to historical envi-
ronmental narratives that may foster empathy [16,25-27], and separate research indicates
that historical empathy influences ethical decision-making [23,24], these relationships have
never been integrated into a testable mediation model.

The fundamental problem is that the psychological mechanisms through which digital
literacy influences environmental responsibility among university students remain poorly
understood. While research confirms positive correlations between digital competencies
and environmental behaviors [7,15-17], the mediating pathways explaining this relation-
ship remain theoretically underdeveloped and empirically untested. Theoretically, digital
literacy enables access to historical environmental narratives, historical empathy transforms
this information into emotionally resonant moral commitments through cognitive con-
textualization and affective engagement, and these commitments subsequently motivate
pro-environmental behaviors—bridging the attitude-behavior gap by rendering abstract en-
vironmental concerns personally meaningful across temporal perspectives [19,20,23,24,28].
Without understanding these processes, educators lack evidence-based guidance for de-
signing interventions that effectively translate environmental knowledge into sustainable
action, perpetuating the attitude-behavior gap in sustainability education.
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The present study addresses this gap by investigating whether historical empathy
mediates the relationship between digital literacy and environmental responsibility among
university students. Specifically, this research examines: (1) the relationships between
digital literacy and environmental responsibility, (2) the relationships between digital lit-
eracy and historical empathy dimensions (cognitive, affective, and behavioral), (3) the
relationship between historical empathy and environmental responsibility, (4) whether
historical empathy mediates the digital literacy—environmental responsibility relationship,
and (5) the proportion of total effect accounted for by indirect versus direct pathways.
Through mediation analysis, this study aims to elucidate the mechanisms through which
digital competencies translate into environmentally responsible attitudes and behaviors,
providing evidence-based guidance for curriculum development and pedagogical interven-
tions designed to cultivate digitally literate, historically informed, and environmentally
responsible graduates.

2. Materials and Methods
2.1. Study Design

This study employed a cross-sectional correlational design to investigate the rela-
tionships among digital literacy, historical empathy, and environmental responsibility
among university students. The research utilized a mediation model framework to ex-
amine whether historical empathy mediates the relationship between digital literacy and
environmental responsibility. Data were collected at a single time point using self-report
questionnaires administered online.

2.2. Participants

The study comprised two independent samples recruited through convenience sam-
pling from undergraduate students at the Faculty of Education and the Faculty of Hu-
manities Studies in Dakahlia, Al-Azhar University, Egypt, during the first semester of the
2025-2026 academic year. The psychometric validation sample consisted of 741 students
(401 females, 54.1%; 340 males, 45.9%) aged 18 to 23 years (M = 20.57, SD = 1.73). The main
analytical sample included 927 students (472 females, 50.9%; 455 males, 49.1%) aged 18 to
23 years (M = 20.50, SD = 1.67). Both samples included students distributed across all four
undergraduate grade levels and represented both rural and urban residential backgrounds.
Detailed demographic characteristics of the study participants are presented in Table 1.

Table 1. Demographic Characteristics of Study Participants.

Psychometric Sample Main Sample

Variable Category (N =741) (N =927)
N % N %
Cend Female 401 54.1 472 50.9
ender Male 340 45.9 455 49.1
First 202 27.3 213 23.0
Grade Level Second 188 25.4 269 29.0
rade Leve Third 187 25.2 225 24.3
Fourth 164 22.1 220 23.7
Resid Rural 329 44.4 398 42.9
esidence Urban 412 55.6 529 57.1

Note: N = frequency; % = valid percentage of total sample.

The use of separate psychometric validation and analytical samples served distinct
methodological purposes. The psychometric validation sample (N = 741) was employed to
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establish the reliability and construct validity of the Arabic-translated instruments through
confirmatory factor analysis, ensuring measurement quality before hypothesis testing. The
main analytical sample (N = 927) was then used exclusively for testing the mediation model,
preventing statistical bias that could arise from using the same data for both scale validation
and substantive hypothesis testing. This two-sample approach enhances the robustness
and generalizability of the findings by avoiding capitalization on chance characteristics of
a single dataset. Convenience sampling from a single institution was appropriate for this
exploratory investigation of previously untested mediation pathways, where establishing
theoretical relationships and ensuring adequate statistical power (N = 741 and N = 927)
took precedence over population representativeness.

2.3. Instruments

Three validated scales were employed to assess the study variables. All instru-
ments were translated into Arabic, the participants’ native language, through a rigorous
translation-back-translation process conducted by three bilingual experts specializing in
psychology and education. The translation followed a systematic procedure wherein the
original English versions were independently translated into Arabic, synthesized into a
single Arabic version, and subsequently back-translated into English by different transla-
tors to ensure semantic and conceptual equivalence. Following translation, all instruments
underwent cultural adaptation procedures to ensure appropriateness for the Egyptian
university context. A panel of five Egyptian educational psychology experts reviewed the
translated items for cultural relevance, semantic clarity, and conceptual equivalence. Minor
modifications were made to examples and phrasing to reflect local educational practices
and environmental contexts (e.g., referencing regional environmental challenges familiar to
Egyptian students).

Digital Literacy Scale (DLS) is a unidimensional instrument comprising 20 items [39].
Participants responded using a 4-point Likert scale ranging from 1 (Strongly Disagree) to
4 (Strongly Agree), with higher scores indicating greater digital literacy. Sample items include
statements assessing competencies in information evaluation, digital communication, and
responsible technology use. For the psychometric validation sample, confirmatory factor
analysis (CFA) demonstrated excellent model fit: x*(170) = 177.279, p = 0.335, x?/df = 1.043,
root mean square error of approximation (RMSEA) = 0.038 with 90% confidence interval
(CI) [0.000, 0.019], comparative fit index (CFI) = 0.997, Tucker—Lewis index (TLI) = 0.990,
goodness-of-fit index (GFI) = 0.977, adjusted goodness-of-fit index (AGFI) = 0.971, and root
mean square residual (RMR) = 0.008. Internal consistency reliability was exceptional, with
Cronbach’s alpha (x) = 0.988.

Historical Empathy Scale-Adult Form (HES-AF) is a multidimensional instrument consist-
ing of 16 items distributed across three subscales: Cognitive Empathy (8 items), Affective
Empathy (5 items), and Behavioral Empathy (3 items) [40]. The scale provides both subscale
scores and a total historical empathy score. Participants responded using a 5-point Likert
scale ranging from 1 (Never) to 5 (Always), with higher scores reflecting greater historical
empathy. Sample items include prompts assessing the ability to understand historical
figures’ perspectives, emotional responses to historical events, and intentions to learn from
historical experiences. Confirmatory factor analysis for the psychometric validation sample
indicated excellent model fit: x2(101) =119.308, p = 0.103, Xz/df =1.181, RMSEA = 0.016,
CFI =0.998, TLI = 0.998, GFI = 0.981, AGFI = 0.974, and RMR = 0.022. Internal consistency
reliability was strong for all subscales and the total scale: Cognitive Empathy « = 0.976,
Affective Empathy « = 0.922, Behavioral Empathy « = 0.835, and Total Historical Empathy
o = 0.936.
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Environmental Responsibility Scale (ERS) is a unidimensional measure consisting of
12 items [41]. Participants responded using a 5-point Likert scale ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree), with higher scores indicating greater environmental responsi-
bility. Sample items address attitudes and behaviors related to environmental conservation,
waste reduction, and sustainable practices. For the psychometric validation sample, con-
firmatory factor analysis yielded acceptable model fit indices: x>(54) = 252.950, p < 0.001,
x2/df = 4.680, RMSEA = 0.070 with 90% CI [0.061, 0.079], CFI = 0.942, TLI = 0.929, GFI
=0.946, AGFI = 0.778, and RMR = 0.044. While the chi-square statistic was significant
and the x2/df ratio exceeded the conventional threshold of 3.0, other fit indices remained
within acceptable ranges, and the RMSEA fell within the acceptable range of 0.05 to 0.08
for reasonable model fit. Internal consistency reliability was excellent, with « = 0.964.
Additionally, item-total correlations for all 12 items ranged from 0.664 to 0.917 (p < 0.001),
demonstrating strong internal consistency across all scale items.

2.4. Procedures

Data collection occurred between 4-18 October 2025 through Google Forms adminis-
tered during the first semester of the 2025-2026 academic year. All participants provided
informed consent before completing the survey instruments. The study protocols received
approval from the university’s institutional review board, and participation was volun-
tary with no incentives provided. Students completed the survey independently in a
self-paced format, typically requiring 15-20 min for completion. The study protocols
were approved by the Research Ethics Committee of the Faculty of Education at Al-Azhar
University, Dakahlia, Egypt (protocol code Ref. No. EDU-REC-2025-162; approval date
7 September 2025), and all procedures were conducted in accordance with the Declaration
of Helsinki.

2.5. Data Analysis

Data analysis was conducted using SPSS version 27 and AMOS version 26. Descriptive
statistics and Pearson correlations were computed to examine relationships among study
variables. Statistical mediation analysis was performed using Hayes” PROCESS macro
Model 4 with 5000 bootstrap samples to examine the indirect association of digital literacy
with environmental responsibility through historical empathy, with statistical significance
evaluated at o = 0.05.

3. Results

Preliminary analyses examined demographic differences across the main sample
(N =927) to assess the representativeness and homogeneity of the participant groups. Chi-
square tests of independence were conducted to explore potential associations between
gender and other demographic variables, specifically grade level and residence. As pre-
sented in Table 2, the analysis revealed no statistically significant relationship between
gender and grade level, x%(3, N = 927) = 3.191, p = 0.363, indicating that male and female
students were evenly distributed across all four undergraduate years. Similarly, the relation-
ship between gender and residence was not statistically significant, x2(1, N = 927) = 2.270,
p = 0.132, demonstrating comparable proportions of male and female students from both
rural and urban backgrounds. These findings suggest that gender differences did not
systematically vary with educational level or residential context, supporting the appropri-
ateness of subsequent analyses without controlling for these demographic factors.
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Table 2. Chi-Square Analysis of Gender Differences Across Demographic Variables.
Variable Category Female Male Total X df p-Value
First 116 97 213
Second 140 129 269
Grade Level Third 104 121 225 3.191 3 0.363
Fourth 112 108 220
. Rural 214 184 398
Residence Urban 258 071 529 2.270 1 0.132
Descriptive statistics and correlation analyses were conducted to examine the relation-
ships among the study variables. Pearson product-moment correlations revealed significant
positive associations among all primary variables and their subscales. As shown in Table 3,
digital literacy demonstrated differential patterns of association with the three subscales of
historical empathy, showing the strongest correlation with cognitive empathy (r = 0.337,
p < 0.001), followed by affective empathy (r = 0.324, p < 0.001), with the weakest but still
significant correlation observed with behavioral empathy (r = 0.209, p < 0.001). Digital
literacy also exhibited moderate to strong positive correlations with both historical empathy
total score (r = 0.454, p < 0.001) and environmental responsibility (r = 0.398, p < 0.001). The
intercorrelations among the historical empathy subscales ranged from r = 0.125 to r = 0.165
(p < 0.001), indicating moderate independence among the three dimensions.
Table 3. Correlations Between Digital Literacy, Historical Empathy Subscales, and Environmental
Responsibility.
Variable 1 2 3 4 5 6
1. Digital Literacy (DL) 1
2. Cognitive Empathy (HE_Cog) 0.337 ** 1
3. Affective Empathy (HE_Aff) 0.324 ** 0.164 ** 1
4. Behavioral Empathy (HE_Beh) 0.209 ** 0.125 ** 0.125 ** 1
5. Historical Empathy Total (HE) 0.454 ** 0.765 ** 0.652 ** 0.509 ** 1
6. Environmental Responsibility (ER) 0.398 ** 0.178 ** 0.167 ** 0.156 ** 0.254 ** 1

Note. ** p < 0.001.

These findings suggest that digital competencies may be particularly relevant for
cognitive dimensions of historical understanding—such as contextualizing past events
and recognizing historical actors’ perspectives—while showing somewhat weaker associa-
tions with affective and behavioral components. Notably, cognitive empathy showed the
strongest relationship with environmental responsibility (r = 0.178, p < 0.001) compared to
affective empathy (r = 0.167, p < 0.001) and behavioral empathy (r = 0.156, p < 0.001), while
historical empathy total score demonstrated a moderate correlation with environmental
responsibility (r = 0.254, p < 0.001). These bivariate relationships provided initial support
for investigating mediation effects, as recommended theoretical prerequisites were met: the
predictor variable (digital literacy) correlated significantly with both the mediator (histori-
cal empathy) and the outcome variable (environmental responsibility), and the mediator
correlated significantly with the outcome.

To test the central hypothesis that historical empathy mediates the relationship be-
tween digital literacy and environmental responsibility, a mediation analysis was conducted
using Hayes” PROCESS macro Model 4 with 5000 bootstrap samples. The theoretical model
proposed that digital literacy would enhance students’ capacity to engage with historical
environmental narratives through digital tools, thereby cultivating historical empathy that
subsequently motivates environmental responsibility. This indirect pathway would operate
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alongside a direct effect of digital literacy on environmental responsibility, reflecting the
multifaceted ways digital competencies shape sustainable attitudes and behaviors. The
mediation framework thus conceptualized historical empathy as a transformative psycho-
logical mechanism that converts digital access to environmental histories into personally
meaningful moral commitments toward environmental stewardship.

The statistical mediation model, illustrated in Figure 1, examined both the direct
association of digital literacy with environmental responsibility and the indirect association
through historical empathy. As presented in Table 4, the total association of digital literacy
with environmental responsibility was statistically significant (c = 0.3174, SE = 0.0177,
t=17.94, p < 0.001, 95% CI[0.2827, 0.3521]), indicating that higher levels of digital literacy
were associated with greater environmental responsibility.

Historical Empathy

*

*

A ©
& %

A47** Environmental

Digital Literacy ®  Responsibility

Figure 1. Mediation Model of the Relationship Between Digital Literacy and Environmental Respon-
sibility Through Historical Empathy.

Table 4. Summary of Total, Direct, and Indirect Effects in the Mediation Model.

Effect Type Coefficient SE t p 95% CI Standardized Effect
Total Effect (c)
DL — ER 0.3174 0.017 17.94 <0.001 [0.282, 0.352] 0.5081
Direct Effect (¢”)
DL — ER 0.2793 0.021 13.06 <0.001 [0.237,0.321] 0.4472
Indirect Effect (ab)
DL — HE — ER 0.0381 0.013 — — [0.013, 0.063] * 0.0609

Note. * Confidence interval based on bias-corrected bootstrap; interval not containing zero indicates statistical
significance.

The decomposition of this total association into direct and indirect components re-
vealed a significant statistical mediation pattern. The direct association of digital literacy
with environmental responsibility, controlling for historical empathy, remained statistically
significant (¢’ = 0.2793, SE = 0.0214, t = 13.06, p < 0.001, 95% CI [0.2373, 0.3213]), with
a standardized coefficient of ¢’ = 0.4472. Simultaneously, digital literacy demonstrated
a strong positive association with historical empathy (a = 0.4775, SE = 0.0228, t = 20.97,
p < 0.001, 95% CI [0.4328, 0.5222]), with a standardized coefficient of 0.5676, accounting
for approximately 32.22% of the variance in historical empathy (R? = 0.3222). Historical
empathy, in turn, was significantly associated with environmental responsibility (b = 0.0797,
SE =0.0254, t = 3.14, p = 0.002, 95% CI [0.0298, 0.1296]), with a standardized coefficient of
0.1073. These path coefficients are summarized in Table 5, which provides comprehensive
statistical information for all regression pathways in the mediation model.
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Table 5. Regression Coefficients for Mediation Model Pathways.
Pathway Outcome Predictor B SE t P 95% CI B R?
a path HE DL 0.477 0.022 20.97 <0.001 [0.432, 0.522] 0.567 0.322
b path ER HE 0.079 0.025 3.14 0.002 [0.029, 0.129] 0.107 0.266 *
¢’ path ER DL 0.279 0.021 13.06 <0.001 [0.237, 0.321] 0.447 0.266 *

Note. * For outcome variable ER with both predictors (DL and HE) in the model.

The indirect effect of digital literacy on environmental responsibility through historical
empathy was statistically significant, as evidenced by the bootstrap confidence interval
that did not include zero (indirect effect = 0.0381, SE = 0.0130, 95% CI [0.0132, 0.0636]). The
completely standardized indirect effect was 0.0609 (95% CI [0.0200, 0.1054]), indicating that
approximately 12.0% of the total effect of digital literacy on environmental responsibility
was mediated through historical empathy. Correspondingly, the direct effect accounted
for 88.0% of the total effect, suggesting partial mediation. These results indicate that
while digital literacy exerts a substantial direct influence on environmental responsibility,
a meaningful portion of this relationship operates indirectly through the enhancement
of historical empathy. The model explained 26.60% of the variance in environmental
responsibility (R% = 0.2660, F(2, 924) = 167.40, p < 0.001), indicating that while the model
explains moderate variance, additional mediating variables likely contribute to the digital
literacy—environmental responsibility relationship.

The statistical mediation findings provide empirical support for an explanatory model
in which historical empathy is associated with the relationship between digital competen-
cies and environmental attitudes and behaviors. Students with stronger digital literacy
skills appear better able to access, interpret, and emotionally engage with historical environ-
mental narratives, which is associated with a sense of responsibility toward contemporary
and future environmental challenges. Nevertheless, the predominance of the direct associa-
tion suggests that digital literacy relates to environmental responsibility through multiple
pathways beyond historical empathy, warranting further investigation of additional vari-
ables in future research.

4. Discussion

The statistical mediation analysis revealed that historical empathy partially accounts
for the relationship between digital literacy and environmental responsibility among univer-
sity students, explaining approximately 12% of the total association. This finding suggests
that digital competencies are associated with environmental responsibility through dual
pathways: a substantial direct relationship and a meaningful indirect pathway through
historical consciousness. The strong correlation between digital literacy and cognitive
empathy, compared to affective and behavioral dimensions, indicates that digital tools
are primarily associated with students’ capacity to contextualize historical environmental
decisions rather than emotional engagement. Although historical empathy accounts for
a modest 12% of the total association, its unique contribution lies in temporally contex-
tualizing environmental decisions—connecting past failures, present choices, and future
consequences—a dimension not captured by traditional mediators such as moral norms or
environmental concern, which typically explain 15-35% of variance individually.

The modest proportion of variance explained by historical empathy (12% of total
effect) and the model overall (26.6% of variance in environmental responsibility) warrants
careful interpretation. From a practical perspective, a 12% mediation effect represents a
meaningful educational target: interventions integrating historical environmental narra-
tives with digital tools could complement existing approaches that address direct pathways.
The substantial unexplained variance (73.4%) suggests multiple mechanisms operate si-
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multaneously. Likely contributors include self-efficacy beliefs regarding environmental
action [31], environmental identity and personal connection to nature [30], moral norms
and perceived behavioral control [29], social norms and peer influence [14], access to
sustainable infrastructure, and socioeconomic factors affecting sustainable consumption
choices [10,11].

These findings align with previous research establishing positive correlations between
digital literacy and environmental responsibility. However, the current study extends
understanding by identifying historical empathy as a statistical mediator previously over-
looked in sustainability education literature. The results corroborate evidence that digital
competencies are associated with environmentally responsible behaviors through access to
environmental information and enhanced critical evaluation capacities [7,15]. However,
our findings advance beyond prior work by demonstrating patterns consistent with a
model in which digital tools relate to engagement with historical environmental narra-
tives, which is associated with empathy that may motivate sustainable action [23,24]. The
partial mediation observed supports the theoretical proposition that digital literacy oper-
ates through multiple pathways, consistent with research highlighting the importance of
metacognitive strategies and ethical engagement in translating environmental knowledge
into action [8,13].

These findings carry significant implications for curriculum development and peda-
gogical practice in higher education. Educators should integrate digital literacy instruction
with historical environmental case studies, enabling students to explore past ecological
failures and successes through digital archives, simulations, and interactive media. This
approach may address the persistent attitude-behavior gap in student environmental
engagement by fostering emotional and ethical connections that complement cognitive
awareness. Universities should design interdisciplinary courses that deliberately cultivate
historical empathy alongside digital competencies, positioning sustainability education
within temporal contexts that illuminate contemporary choices” consequences for future
generations. Furthermore, institutions should develop digital learning environments that
facilitate critical engagement with diverse environmental histories, thereby transforming
abstract environmental concerns into personally relevant moral imperatives. Such peda-
gogical innovations may enhance students’ self-efficacy and moral obligation, identified as
critical predictors of sustainable behavior.

These findings should be interpreted within the Egyptian cultural and educational
context. Egyptian university students engage with environmental responsibility through
frameworks influenced by Islamic environmental stewardship principles (khilafah, mizan)
that emphasize intergenerational justice and resource trusteeship, which may amplify the
relevance of historical consciousness in environmental decision-making. Additionally,
Egypt’s unique environmental history—including millennia of Nile-dependent agriculture,
ancient sustainability practices, and contemporary challenges such as desertification and
water scarcity—provides regionally specific historical narratives that may differentially
activate historical empathy compared to contexts with different environmental legacies.
The mediation patterns observed here may reflect culturally specific ways of connecting
past, present, and future environmental concerns that warrant empirical examination across
diverse cultural settings before broader generalization.

Several limitations warrant consideration when interpreting these findings. The cross-
sectional design precludes causal inferences, as the directionality of relationships among
digital literacy, historical empathy, and environmental responsibility remains uncertain.
While statistical mediation analysis can identify patterns consistent with theoretical models,
it cannot establish that digital literacy causally influences historical empathy, which in
turn causally affects environmental responsibility. The observed associations may reflect
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alternative causal structures, reverse causation, or reciprocal relationships that cannot be
distinguished with cross-sectional data. Convenience sampling from a single Egyptian
university limits generalizability across diverse cultural, educational, and socioeconomic
contexts. Reliance on self-report measures introduces potential social desirability bias,
particularly for environmental responsibility assessments where students may overreport
sustainable attitudes and behaviors. The study did not account for potential confounding
variables such as prior environmental education, socioeconomic status, or access to digital
resources, which may influence observed relationships. Additionally, the mediation model
explained moderate variance, suggesting unmeasured variables contribute substantially to
environmental responsibility. The lack of behavioral observations limits conclusions about
actual pro-environmental actions versus reported intentions.

Future research should employ longitudinal designs to establish temporal precedence
and examine how digital literacy and historical empathy develop concurrently to influence
environmental responsibility over time. Experimental interventions testing pedagogical
approaches that integrate digital tools with historical environmental education would
provide causal evidence for the proposed mechanisms. Studies should investigate addi-
tional mediators and moderators, including self-efficacy, moral obligation, and critical
thinking dispositions, to comprehensively map pathways linking digital competencies with
sustainable behaviors.

Cross-cultural research across diverse geographical and institutional contexts would
enhance generalizability and reveal cultural variations in these relationships. Future studies
should specifically examine how Arabic dialect variations and regional cultural contexts in-
fluence the conceptualization and expression of environmental responsibility and historical
empathy, as linguistic nuances and cultural values may moderate the observed media-
tion pathways. Comparative investigations across Arab-speaking countries with different
dialects (e.g., Egyptian, Gulf, Levantine, Maghrebi) and varying educational systems—
including public versus private institutions, traditional versus technology-enhanced learn-
ing environments, and nations with different emphases on environmental education in their
national curricula—would illuminate whether these relationships operate similarly across
diverse Arabic-speaking populations and reveal how systemic educational factors shape the
development of digital competencies and environmental consciousness. Mixed-methods
approaches incorporating behavioral observations, digital trace data, and qualitative inter-
views would address self-report limitations while capturing nuanced processes underlying
environmental decision-making. Finally, research should examine domain-specific applica-
tions, exploring how particular digital tools and historical narratives differentially influence
environmental attitudes and actions.

5. Conclusions

This study identifies historical empathy as a significant, though partial, statistical
mediator in the relationship between digital literacy and environmental responsibility
among university students. The findings demonstrate associations consistent with a model
in which digital competencies relate to environmental stewardship both directly and in-
directly through historical consciousness, which may render environmental challenges
personally meaningful and morally compelling. The mediation analysis revealed several
theoretically significant patterns: digital literacy demonstrated differential associations
with historical empathy dimensions, correlating most strongly with cognitive empathy
compared to affective and behavioral dimensions. This pattern suggests that digital tools
primarily enhance students’ capacity to contextualize and understand historical environ-
mental decisions rather than fostering emotional engagement or behavioral intentions.
These findings provide the first empirical validation of theoretical arguments that digital ac-
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cess to historical environmental narratives cultivates empathy that subsequently motivates
sustainable action, addressing a critical gap in sustainability education literature.

These findings advance the theoretical understanding of the attitude-behavior gap in
environmental engagement by identifying historical empathy as a variable that is associated
with the relationship between cognitive awareness and moral commitment. Previous re-
search has documented persistent discrepancies between students’ positive environmental
attitudes and actual sustainable behaviors, yet the psychological processes underlying this
gap remained inadequately explained. The current study demonstrates patterns consistent
with a model in which historical empathy is associated with rendering abstract environmen-
tal concerns personally relevant by connecting contemporary choices to their consequences
for past and future generations. This temporal perspective addresses limitations of models
focusing solely on knowledge transmission or attitude formation, revealing that emotional
and ethical engagement with environmental histories represents a distinct pathway to be-
havioral change. As future decision-makers navigate unprecedented ecological challenges,
educational interventions that synthesize digital competencies, historical understanding,
and ethical engagement may prove essential for cultivating informed, empathetic, and
responsible environmental stewardship.
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AGFI Adjusted Goodness-of-Fit Index
AMOS Analysis of Moment Structures

CFA Confirmatory Factor Analysis
CFI Comparative Fit Index
CI Confidence Interval

RMSEA  Root Mean Square Error of Approximation
HE_Aff  Historical Empathy—Affective

HE_Beh Historical Empathy—Behavioral

HE_Cog Historical Empathy—Cognitive

HES-AF  Historical Empathy Scale~Adult Form
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