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[Abstract]

This study addresses the structural limitations of small-scale schools through advanced EdTech-enabled connectivity and
proposes a digital environmental competency model suited to the twin transition era. An ADDIE-based ecological inquiry project
was implemented over a three-month period with 12 elementary students in Gyeongsangnam-do using an exploratory
mixed-methods approach that combined qualitative analysis and paired-samples t-tests. The results indicate that the use of diverse
digital tools established a hyperconnected learning ecosystem between geographically isolated schools, thereby enhancing social
interaction and systems thinking. Data-driven inquiry practices transformed students into active producers of knowledge, fostering
greater epistemic authority and learner agency. Furthermore, collaborative experiences facilitated the internalization of “dual
citizenship,” conceptualized as the integration of digital literacy and ecological practice. These findings suggest that joint
curriculum implementation between small schools has significant potential as a model for ecological transition education.
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Table 1. Domains and content of digital environmental
competency

Domains Digital Information Processing

The ability to collect meaningful information
from vast ecological datasets and critically
evaluate its reliability [31].

Digital Information
Processing

The ability to creatively reconstruct inquiry
results into multi-media artifacts such as
infographics and videos [30].

Digital Content
Creation

L Social competency to form collective
Digital . ) L . .
intelligence by communicating and interacting

Collaboration & . o ) .
e with others within online platform environments
Communication [22].031]

Emotional competency to empathize with life
and internalize environmental issues as
personal matters, even through indirect
experiences via digital media [32].

Digital Ecological
Sensitivity

Includes ethical attitudes in online spaces,
compliance with copyright, and a sense of
democratic participation [30].

Digital Citizenship

The capacity to perceive others' emotions in
non—face—to—face environments and move
beyond simple information exchange toward
emotional support and communal practice
[33].

Digital
Social-Emotional
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Table 2. Instructional design of elementary ecological inquiry
project based on ADDIE model

Stage Content
Environmental analysis addressed geographical
. isolation and interaction deficits in small-scale
Analysis: ; o
schools. Ecological continuity between schools
Multi= at the river’s upper and lower reaches served as
. } a core contextual element. Learner analysis
dimensional ) ) o
. ) revealed high technical proficiency but
Diagnosis of ) e . ;
insufficient collaborative problem—solving and
Learner and . L :
. online communication skills. Thus, EdTech was
Environment . . o ; )
utilized as a ‘cognitive tool” for higher—order
thinking rather than mere technical acquisition.
A convergent learning path integrating science
and social studies was designed. Peer tutoring
Design: and cognitive scaffolding strategies were
formulated for multi-grade (5th/6th) settings to
Strategy overcome limited human resources. The
Formulation and | framework employed the four—stage ‘Elementary
Project Ecological Inquiry’ project (Explore, Map, Act,

Promote), with assessments aligned to learners'
cognitive stages to ensure a coherent
instructional sequence.

Structuring

Instructional media and digital spaces were

Development: | developed for implementation. ZEP—based
metaverse maps provided spatial presence,
Media while Canva and Padlet facilitated collaborative
Production and | paths. To ensure rigor, research instruments
Validity were finalized following a Content Validity Index
Verification (CVI) review by three experts in educational

technology and field education.

The project integrated four modules (Eco, Map,
Aqua, and Pollution) into the regular curriculum.
Teachers acted as instructional facilitators,
stimulating online interaction and providing
scaffolding rather than being traditional
knowledge transmitters. Students autonomously
synthesized ecological data using EdTech, while
multifaceted data including observation logs and
reflection journals were collected.

Implementation:

Application and
Facilitator
Engagement

Summative evaluation assessed project
outcomes through mixed methods.
Paired—samples t—tests (following Shapiro—Wilk
normality tests) confirmed significant
improvements in digital environmental

Evaluation:

Multi-faceted

Performance | competency. Qualitatively, thematic analysis
Analysis and | investigated shifts in learners’ perceptions and
Feedback growth. These findings informed a feedback

plan for the sustainable operation of joint
curricula between small schools.
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Fig. 1. A model of learners’ perception changes and growth
through digital-based elementary ecological Inquiry
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