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ABSTRACT

KEYWORD

ose: Ecological crises such as climate change, biodiversity loss, and pollution increasingly threaten the — AFAMMEfA 2LL| S48
Purp g ge, y loss, p gly

sustainability of human life. Addressing these challenges requires a shift toward symbiotic living, in which humans

SDGs 3ZA|4

A&I7tsHHn

are understood not only as beneficiaries of nature but also as decision-makers whose everyday choices influence .y EfA|OIA

. g . . . . . . . . o
ecological stability. This study aims to design an Empathy Index for Symbiotic Living with the Natural Ecosystem 0|22 E}':—)Hg
(EIS-NE) to diagnose citizens’ symbiotic competence and to provide a conceptual foundation for evaluating

symbiosis-oriented education, policy, and environmental interventions.
conceptualized through a dual-position framework integrating ecological embeddedness with human

Method: Symbiotic living was

Symbiotic Living with Natural Ecosystem
Empathy Index for SDGs
Sustainability Education

decision-making agency. The content domain was structured using Sustainable Development Goals (SDGS)  Ecological Citizenship
directly related to natural ecosystems (SDGs 6, 7, 12, 13, 14, 15, and the environmental dimension of SDG 11).  Theoretical Validity
Based on multidimensional empathy theory, symbiotic competence was defined as a three-dimensional construct

comprising cognitive awareness, emotional sensitivity, and behavioral intention. A theory-driven measurement
system was designed in three scalable formats: Extended (36 items), Standard (24 items), and Brief (12 items).
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Results: The EIS-NE provides a coherent conceptual framework and a multi-scale measurement system that Accepted Mar. 5, 2026
translates symbiotic living into measurable indicators. The index enables diagnostic assessment, pre—post

evaluation, and comparative analysis across education, policy, and environmental planning contexts. Future

research should focus on empirical validation through expert review, factor analysis, and reliability testing.
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Table 1. Classification of SDGs by ecological domain

N Goal UN summary |Dom* Rationale
End poverty and Poverty reflects structural
1 | No Poverty ensure social Sl | inequality shaped by social
protection systems. systems.
Achieve food Hunger results from social
Zero . . . .
2 security & Sl inequality and community
Hunger |. o . .
improved nutrition. survival conditions.
Good Ensure healthy Health depends on social
3 | Health and |[lives & well-being| Sl institutions, equity, and
Well-being for all. welfare systems.
Quality Ensure inclusive Education shapes social
4 Education & equitableT S mobility and opportunity
quality education. structures.
Achieve gender
5 Gender | equality & empo- S Gender equality represents
Equality wer women & inclusion, rights, and justice.
girls.
Clean Ensure availability .
Water is a natural resource
6| Water & of water & N |. . ..
o oo tied to ecological conditions.
Sanitation sanitation.
Affi 1 E i
ordable Ensure access fo nergy systems depend on
7| &Clean . N natural resources and
sustainable energy.
Energy ecosystem health.
Decent Promote Employment and economic
Work & sustainable ploy e
8 . . S structures are institutional
Economic | economic growth
systems.
Growth & employment.
Industry, Build resilient
r.y . Industry affects ecosystems;
Innovation | infrastructure & . .
9 D infrastructure shapes social
& Infra- promote
. . systems.
structure mnovation.
Reduced Re‘du-ce inequality . ln.eql.lality arises from
10 .. within & among S institutional and structural
Inequalities .
countries. factors.
Inequality
arises from Make cities Cities combine
11| institutional | inclusive, safe & | D | environmental systems with
& structur- sustainable. social structures.
al factors
Responsible Promote
. . Resource use and waste
Consumption sustainable . .
12 . N directly impact natural
& production &
. . ecosystems.
Production consumption.
. Combat climate Climate is a core ecological
13 Climate change & its N system requiring global
Action . 8 4 q. g8
impacts. action.
Conserve and
. . Oceans are fundamental
Life Below | sustainably use
14 . N | components of the natural
Water ocean & marine
ecosystem.
resources.
. Protect terrestrial s
Life on Biodiversity & land systems
15 ecosystems & N .
Land s reflect ecological health.
biodiversity.
Peace, .
. Promote peaceful Governance, justice, and
Justice & . . s .
16 & inclusive S institutions are social
Strong .
oo societies. structures.
Institutions
Partnerships Partnership & cooperation
P Strengthen global P . P
17| for the ; S | are global social-governance
partnerships. .
Goals functions.
*Domain. Social Natural, Dual
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2.2. A A o SDG FEF9 1z A

SDGs % SDG 6(&3} ¢14), SDG 7(e=]), SDG 12(A&7Hs
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SDG 15(574 el A= A A e A €] 34l oh9] Al AR B o=
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Table 2. Components and theoretical foundations

Table 3. Theoretical foundations for the multiple empathy scales for
symbiotic living with natural ecosystem

Theoretical Major | Rationale for index

K
foundation ey concepts sources development

Subcategory Description Theoretical basis
Structural understanding of
Cognition | environmental and ecological [9,10]
issues
Emotion Affetc.ti\./e responses and [6.7]
sensitivity toward nature
Intentions and tendencies
Behavior | toward ecological conservation [5,11]
actions

Basis for establishing

Empathy consists of . .
patly the three-dimensional

Multidimensional .. .
cognitive, emotional,

1) A3 914 (Ecological Cognition)

A AL £, 715, $17] 84 thet AAH o] = on|
gt} o] = 71591719 ¥, a9 on], oz gt
o] Za4d 5ol thet olsE Attt

2) AA A g7 (Ecological Emotion)
24 et A 971 tiet ZE A ¥Eg-E ofulsiH, et

=, =% Add, ddid 5o A E 2ot

3) 3 5 (Ecological Behavior)
AFABEH A B-E Slol HAA-ALR] A Apo| A S = B
i} o] oA E ofu| gttt
olgigt L2+ FHE UA-AA-BFo & P or Het
T2 27 o] 28,912 e o2 S 2123t A0 2 Table 2.
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Structure of . [5,6] structure of the
and behavioral .
Empathy Symbio-Empathy
components
Index
Biological symbiosis Theoretical

Expansion of | has been extended to background for
the Symbiosis | human-social-natural-| [3,4] |measuring natural and

Concept technological social ecological
ecosystems symbiosis
Ecological and |SDG goals encompass .
Social multilayered domains Ensures alignment of

[1,12] item domains with

Dimensions of across social and

DG target
the SDGs natural ecosystems SDG targets
Highlight .
. ighlights . Foundation for
environmental/social constructin
. o i
Ecological responsibility, e
.. . . . [13] empathy-based
Citizenship intergenerational . .
justice, care, and ecological and social
. ’ ’ itizenshi
interdependence ciizensiip

Emphasizes affective
Eco-sensitivity | responses such as
in Natural and awareness of
Social ecological degradation,
Ecosystems | climate emotions, and
environmental justice

Core component of
[7] the emotional
sensitivity dimension

Attitude—intention—
behavior framework
and staged transitions | [15,16]
toward sustainable

Theoretical basis for
developing items
related to practical

Behavioral
Change Theory

"
behavior actions
Basis for it
Scale Early stages require asts or. tem
. generation,
Development strong theoretical [17] .
Theory validity categorization, and
refinement
. Principle fi
. Emphasizes learner . n‘nmp N (.)r
Universal . designing multi-type
. diversity and the need
Design for for multinle. flexible [11,19] formats
Learning (UDL) P, (36/24/12-item
approaches .
versions)

Climate crisis and

Environmental . . Rationale for
. social inequality .
and Social hiehlicht promoting
Polycrises & em ag;h iase d [9,10] empathy-driven
the Role of paty . ecological and social
competencies as i
Empathy transition

essential

4 FEBDE £AH 22 AARI.

3.1, A9 BT 34
B AFE 7|E A2 Aol A AASk= o] 27)9 H
(theory—driven scale development) =& =5}
A2 oot B +49 =24 S
T4 A A F)’*—‘V Bl alBEA W AR A5S ol HE
H
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A 2R Wg A AA 7] 915 SDGs % A A9 2] oz £ 3hole}.
HH o7 APE BRFS U8 9 me9loz SgstAcH5]. & B, 7] 2ol ool 8ok B el L% 2o 17}
A, BHAGY] ZARRL RS QA - AA - A5 o| B I AEES ANt B ATA, B Wh, g 22 o8 dolx
© 7 o|ajat kb 27 o] 2 7|5ho 2 A skAITHB 9], AlA 522 AAA o] DA BAH AT H% o) o] A &
Hg weh( @AY B 24/ AA) ) hpge nelste] T 2A, AE ANE ddste] B RIS 44 B Y6t T RS
AIES GAFANE 24 Beke 24 5 QEE oF 24 Y Zsyst .
(B39 - 539 - 7139) 122 Hasteh. UA, 25— 2 B - AR, BEH (482 49 3653 FoIA 72 249 A4
2afo] PAS Hets] shof, A4l £AH 52 AR A HA < tjEah B2 /1K At FASHE A 71FE 24y
A5 32y FARQ BFL A EE ZH5HE P&ROR Ho ol E4, SDG =ulQl Ave] ], B9 WaAyn S shsA, B
steleH16). ZHEFEA, B Wt Hg golAoltt
ol4to] 0|24 7]uku} 47| =)= Table 3.0 He]5tA. A, 7 (12892 7 249 a4 de b Agd oz
shelsts BehS 4K RS FASHC e A7 =
3.2. AQREIALe FATHA 748 A 3 B R ZAAGOIA 34 B A $EL A58 A
A AYENA TA BLAS(EIS-NE)E 2 a0l mah A7) & Q=S AR,
ot o4Fe] Mt A7} o2 J]ut AA DAL A2 she
A7), W89 44 Qelof at SDGse] AAAEA B ZH T4 Ao BY ARE /|HOR QIR W AL BY 5
Fe zA 0@ 20 Y& Ho2 HAstATHS]. o] A e A < 53] FEH ggsts 3 Bast 9lti6,17]
WA 715807 U, AQe, -S4 WA BT 5 A7k}
oA 450 2H0] FERE WY ol4E BTG 2AH 7] o] 34. SDGs 7% =vidl € 8 g4 344 wigel o
o[2,18], £afo] £ o]0 Tz ohA] BEH A L5 sk o] 23 =F A

f

2 A7 AR A BAS FAHOR GO 4715
CRICHSICE EETE RE BRSO ER R

O

=4, H4NE(EA i) 28t dejof bt 3 S A 4 ]
(Cognition), A1 (Emotion), -5 (Behavior) 9] 32t 0 & &} FQRIA - A - qF) o= Z4 7FeotA Westr] Sl =l A
ATHS.9]. 17 2k A A A 22k 9171 2] tgt o], d -2 g - 3 =& 0] A4S A8t o A A
A AE A fE 9 715 ool dig g U Ay A 348S A sfAfe] obyeh, 2= A T date] AR
4, BF ALe 18 AT o oA ZFP. o= o A& & 71EE oA Fx3e7] A3 A FAjolnt
ool - g - A oz oo = HAHA Aol Al 7]vt Table 4.9 A|ARE Aapel] e}, 2 A= AFAEHA T4
3H8]. SDG6,7,12,13, 14, 15 E SDG 11(AH2H g4 ) ] tf-5-== Y
AR, g F44 delol wet 2% 5 Dt 3 #HA € ¢ 9(domain) 0.2 AA A HTH1EA). o= A A F
(36-24-122%)Z F4otAet. ol A8 A, 2% @4 ¥7%, of A& A7 Aol 9] FA] Aol ofy e}, SA A o' grofE A&7}
TR ZAF B AR A ol A A o2 Z8e 4 Y= of 4 ZRAA el oo rn 23 =& MAE B o
7] Sitoldt. 7] 913 Aoltt(s]. o2 3 qFE A - A - BF] 3%
A, 28 9 o] dejof wheh 29 &2 Haska Wast Yoz Fx3fsto] 4 A x= AHSHATQEA(S,9].
Al FAdsh, vheret stk A e ofe] 7k S °]% SDG &Ml 34 32kAS wast sfESAE AARe
& 1ot (UDL ¥219] 282 35004 FAH ez AT 24, E4 SDG ot B4 24dofl o] BEHA =5 £
th19] =& =2d V&S mhst TR A).
oA, 2% 748 2 SO golM e g dRg, HlF e, o olgHger 27 2 B2 2T H, 2 A4 9A(RA,
ol ®H 7] #, SDG EHQ AHEAE 7]E0R =8 TE 74, vl E)E Aol AeT& AAskL 2436
gt o] 84 AL FESHGTHI6,17]. ) FEIS FSHATHERAN16,171.
E3H Y BYTS BAR EEFQ %6(} 7} 2r (1283
3.3. 2% M A% & TAsHE HANAE OB 6 SR A, (DAY BEE
B3} AL o] 27]8F H 5 Aut Axjo] et BA| o 7 Sk o 234, (h) w44 487164, @D 5 24s), (b dol=
ATH16,17). 4 Od 50 F3L F8 7|1F0 2 H45H T GHEAN[16,17] Al
AR, AFAREA ZA D 27 7 o] 242 59 (SDGs, 3+ HA2 28 S0l wet -2ots], A Aol Azt A ot of
97] HuA, 7 o]2)S BAste] 27] B 2 LA i (SEA LR AR, A Bt mhet WA E-go] 7155t
[2,5.8.9]. 27] BaHe o12]-AA-HE 7+ 24 Lo] 122814 v Es 5 A s e e & 27t 3919] =3 AR BYA £
o] 236202 AAFO BN 24 W7t EA 2] 202 7] off thet A=) 2 = A H& Fsl 2o Y=, HEd, 4
& BAst YEETEE kst AP, 2 A< °l8
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Table 4. SDGs-based domain alignment and three-dimensional empathy mapping procedure for ensuring international legitimacy

Input
(sources/evidence)

Alignment/mapping rule

Step (procedure)

Notes
(selection/reduction criteria)

Output
(methodological deliverable)

SDG set directly related to
the natural ecosystem: SDG
1|6, 7, 12, 13, 14, 15 + SDG
11 (environment-related

elements) urban ecology)

Reclassify SDG targets into “natural
ecosystem sub-system domains” (water,
energy, circularity/consumption-production,
climate, oceans, terrestrial ecosystems,

SDGs serve as a globally agreed
policy framework; used as the basis
for international comparability and
legitimacy [1]

Domain framework for
symbiotic living with the
natural ecosystem (domain set)

Empathy theory (CEB) and
2 key literature in EP &

environmental education . .
each dimension

Establish the three empathy dimensions
(cognition/emotion/behavior) as measurement
indicators; define measurable sub-elements for

Three-dimensional indicator
system (cognitive, affective,
behavioral)

Prevents affect-only bias and secures
a cognition—emotion—behavior
linkage structure [5,8]

Step 1 domains x Step 2

Construct a domain—dimension matrix so that

Initial it 1 for th . . .
nitial flem. poot for the Designed to satisfy both domain

3 . . o items do not over-concentrate on a single extended scale . .
three-dimensional indicators . . . . . . coverage and dimensional balance
domain or a single dimension (candidate items)
T Reﬁnc? 1tem§ 1.nt0 o.bserv.able s.te{terpents Extended form candidate set Remove conceptual redundancy;
Initial item pool + (clarity, unidimensionality, minimized . .
4 . .. .. . . . (36 items; balanced across ensure difficulty balance; reduce
item-writing principles value-laden wording, behavior-friendly . .
. dimensions) response burden
phrasing)
Apply reduction rules to derive Standard Although each form has typical
. 24 Brief (12): intai i . . - , fc i fi

Extended-form candidate set (24) and Brief ( . ). (@ mam am doma'm Multi-form item set (36/24/12) us'e cases, forms are de§1g11ed 9r

5 coverage, (b) proximity to citizen behavior, flexible cross-use depending on time

(36 items)

(d) minimize redundancy

(c) feasibility for education/policy use,

and reduction logic . .
constraints, audience level, and survey

context

. . . . Content-validity-based Statistical validation (EFA/CFA, etc.)
Expert review Independent review — discussion of . .. .
. . . .. . refinement is positioned as future work; this
6 | (3 experts) and consensus | discrepant items — item revision/merging — . . .
(clarity, representativeness, |study focuses on theory-driven content
procedure final agreement . o .
appropriateness) validation at the design stage

CEB (cognition—emotion-behavior), EP (environmental psychology)

7| AA Al sfgetez, $A4 AF(EFA/CFA §)2 §%
Aol s dakz A A ge16,17].

35. 2A19 798 AA 2 A8 A=

°o]t}H16,17].

Eo] u& oA AgS 1T ), 2 A
UDL (Universal Design for Learning) ¥2]3 1
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Table 5. Item composition & selection criteria

Primary lecti Theoretical
Type |Items Characteristics 52 ,e ¢ 'on eore‘ ¢
use criteria basis
Research Tf };cz(l)c\)/eirsie Full coverage
Type 36 |and policy & socigal of ecological | [5,8,7,10,19]
P analysis core concepts
constructs
ional
Educationa Representati-
Standard assessment | Balanced and
24 .. . veness and [15]
Type & civic practical balance
education
Brief Earrf:'ssc";lf Administratively|  Difficulty,
Toe | 12 " Kj 5| efficient & |conprehensibiiy, [17]
P . easy response ease
education

(©2026. Korea Institute of Ecological Architecture and Environment all rights reserved. 53



A of0] BAY BZER|A Tt
Table 6. Item composition by 3 types ol2d EYE Al gt B3t o= RS 2 A&7 TS
N Ttem s[B oA HHEA 0 & A o] 2 1A} 5 1o A’ EAIE AW
1 |I believe environmental destruction threatens human survival.| O | O A2Fo] Bl JLX otof| A TS 4 Q= A A A tjoto|gt= AofA] 9]
) I think human activity weakens the resilience of o u)7} 9},
ecosystems. )
3 |I agree that climate change is caused by human responsibility. | O | O o8 & 2|4 SDG 6, 7, 12, 13, 14, 15 9 SDG 119] At
4 I recog.nize that resource depletion will harm future o A QA B} LA o] A 7)1Z 0 2 Aob A H A 2L E
generations. LA o] & - = -
7} oty =223 21& 7= A oA & ES kA O I A #
5 |Environmental pollution threatens both health and safety. 0|0 B olgr7t ofd SR8 AL7Fs A A & ok A= 944417
6 |I believe urban development is linked to the climate crisis. tH1]. o] & 5ol B2 Tt A ES HEE do], & 79t
7|1 think reckless consumption worsens environmental crises. | O | O AAE 1z B o2& vtelsl 2 AA Qi) npxjgto g 7
I’'m aware of how technological advances affect the = - 5 - - _
8 | environment. T EE Y S e A7t goE Fo A2 HEYT
9|1 feel heartbroken when I see images of destroyed nature. | O FHS AAR R HESIH o, o] = A X A 27] dA 9] Y&
10[1 feel the pain of climate disaster victims as my own. e 8t 27 BalstoH 16].
11|1 feel distressed seeing marine animals suffering from waste.| O
12|I feel guilty when I see deforested areas. 1 . =
71X S k=0
13|I feel anxious about fine dust or abnormal weather. 0|0 2) &8 7k gl Wet =9 L -
14|Irresponsible development cases make me angry. O AFAREHA T T 5, B, A D A5 EA
15|’m emotionally shaken by videos of animal suffering. 0|0 Holol| A AHA &g 7540 =& 212 sjAE 4 9it), 7] &9
16|Sometimes I cry while watching climate-related documentaries. = = o= =
ST oY £ EAZSE o] 224 Feolu A8 71e SHLE H7tE
17|1 prioritize choosing low-carbon products. OO o
18|I am willing to join environmental campaigns. O S, 2 2= AT1e] A Q143 F7 IS YA o s et
191 practice reducing single-use items in daily life. 0|0 sto 2 n A9t o] T djof S LAY 7|8t AFS] A AL THA
20[I actively search for information to consume eco-friendly. =11 =1 = [ -
YR O . " Shetet, B9t @ wgo] =7t 9 AR A 29 F7] A
21|I have participated in local environmental clean-up events. | O
= 5 AL ¢ 71 5
22|I’ve taken part in online climate action challenges. O of whet FXE= A, & A5e He-AA -g7H 7 &8
23|I try to practice thorough recycling. = A AAE A Yot AA xR 7|58 4 om[21,22],
24(1 t to rai ice about i tal policies. = = = ] ] T = ,
war-1 0 r.als.e m}f voice al F)u fenv1ronm.ena policies T8 A2 W} 7o Fej2 2 Aok stk AAH g TotE
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o o e e p = AT o] 24 7oA A A e 54 7Hs T A
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