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Abstract

This study evaluated the adequacy of supply and the spatial equity of child-friendly facilities in fostering a Child-Friendly
City in Busan, South Korea, to ensure the protection of children's rights. Spatial accessibility to child welfare facilities
and playgrounds for elementary school children was assessed using the Enhanced Two-Step Floating Catchment Area
(E2SFCA) method. Additionally, Tobit regression analysis was conducted using average accessibility to each facility
as dependent variables to identify the socioeconomic and regional factors influencing accessibility and to evaluate
disparities in socioeconomic equity. The analysis revealed that approximately 70% of children in Busan fall into lowest
accessibility groups for playgrounds, and about 50% for child welfare facilities. This indicates that the overall accessibility
of child-friendly facilities in Busan is poor. Furthermore, the accessibility of both types of facilities varied according to
socioeconomic characteristics. Higher average apartment prices were associated with accessibility to playgrounds.
Similarly, the higher the proportion of basic living security beneficiaries and aged housing, the greater the accessibility to
child welfare facilities. Additionally, as the proportion of non-housing residences increases, accessibility to both facilities
decreases. The results highlight disparities in access based on parental income and living conditions, suggesting that
many children are unable to access both playgrounds and welfare facilities equally. This suggests the need to consider
both the efficiency of supply and location in public facility provision, along with distributive equity based on socioeconomic
characteristics. This study serves as a foundational resource for evaluating and guiding a Child-Friendly City in Busan. In
addition, by identifying characteristics based on regional types and proposing corresponding policy implications, this study
offers valuable insights for shaping future policies regarding the supply of child-friendly facilities.
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Table 1. Preceding studies on factors influencing accessibility of public facilities

Category Variables

Child and youth population ratio & density

1
O

2 3 4 5
o O

10 11 12 13

o

Elderly population ratio & density

(@]

Demographic . :
Population density

O|O0|0 @

Race

Household & per capita income

2 (/12|

Car ownership status

College graduate population ratio

Ratio of basic livelihood security recipients

Unemployment rate

Ratio of professional occupations

i T o

Ratio of single-parent families

GRDP

Socio-economic — -
Fiscal self-reliance

o

Average housing sale price

Average government assessed land value

Ratio of apartment (apartment units)

Ratio of non-apartment housing (units)

Ratio of old housing

Owner-occupied housing ratio

Rental housing ratio, tenant ratio

Residential area

Commercial area

Green space & park area

Land use and

A Total floor area for residential use
facilities

Total floor area for commercial use

Q| D x| @

Number of elementary school

Mixed-land use

(@]

Source: 1. Jung, et al. (2023) 2. Choi, et al. (2004) 3. Eun and Lee (2020) 4. Jung and Jung (2020) 5. Mun (2022) 6. Mun et al. (2017) 7. Kim et al. (2015)
8. Kim and Wang (2019) 9. Martori et al. (2020) 10. Arroyo-Jhonson et al. (2016) 11. Talen and Anseline (1998) 12. Cutter et al. (2003) 13. Smoyer-Tomic &t

al. (2004)
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Research Flow

Spatial accessibility of Child-friendly facilities
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Figure 1. Flow chart
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oA 22 AAAR Y 5Y 7R Ao AjH AAIBHA] 25t
A2 BAE E3 7154 4 flsiMe axe A4
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& A7gslejof 3t Y EY A A 4APgE {3 B2 AR 15
o] T asjcy, EAof ARSSH A= the: (E 29 Zrh,

FoAR= oFFABA AME- obgolH WHE 544 A7) 2l
TE G830}, otFe 71ES HHel ut it 2 Aol
e 25T AT~ 13M)E o522 i, Wit & ofF
o] uio] Wix|o]] FH L Fo] AAT B 5@ g 7k Zah)
A2 o) oflE Faokes Alelgi

TFARE OFERIBAA FolAE oFgE A AR oFgEolA]
A2 73t ol RSHEA| Q) #4Ql ofF e W] P

H 2 E2SFCARM EE X2
Table 2. Data list for conducting E2SFCA

BAS 9130 8 % 3’ ZAIE Cs] flsiAE oksol &l
oA 7t} wslal BEE F3te] Wasit,

oFEEAI A A= AR EE iolEhs AlRIAE A
T3 0L 71| g ot thoRt RIS S 4
AHE 3 EshH ol&2 B3 ofef 3] HE = ATk & Al
A o3k oFERAIAIER: et BAVISHIEE 2 Qlojof
Shz ARLe] ojE9] BEE W 4 gl $4E w0 wEt
A AT RS WA 915 AH|A0t B Qi 7S TS
ARl BRIV, oFs A, stdiulslota4E], AR
YA T2 ARt BHF A5 ARIAE A 2FEEE
FTEERAA dFshe 7SS} | HolsAE & &
SR} 7 Al B AR obgel dfsh 83 - e AulAE
SR OB T AV S B SEEIUTHE R 24, 2024).

OFEEOIAE 2 OFERAIAET BE, ARA EIot E80
2k JidelA Ylojut obgo] Eafiel o2 w0l BE2 ¥
UES AAo] 23T Fto g Holjitt, ok g2 Ad %
TR 5015 R Alo] 2R of-o] EolE7t 1 i
ojct. tiAfl olRlolEolEE ofdolTHoE XHH| leuz
ool Fee w4 A AlEE ARt ofdlolFd o &F¥
9] B¢ AR, WA, 2t 53] FOoEY o]0 A glo] ol
SN FoA AR B7] of2en 2T HA] ool B
3 AFA|elA ERE HTE7]olE A7t EA He7H ' el of
& 82| ZolA Yl wolEfkE Ael7t A EA0lA AlLlRit,
EEo] BE ofgo] Aol ARt Qo] FE2& FE U= F
FAEE oE Btk AMd AW 0189 A g =
o|u ofIhE TA| Y] ol E TA| W FHoE FFo] A|gkE o]
o] BE ofge] T +E 4 IR Aot A &
oEl = FF ohgEoIAEY ARAE T5 B & Ut oA
sp710l ofgtge] JeBE FFAA AR ofoleHTE of
o g

HIEYR 24 A 288 AAPE 89079 B I8A %
B Bt A2E 18 5 oI5t AT-5Al gkol <19 A= (N/A) =
o} tt. ol a7t WA ke Ro|BE AeJsial £4E

Category Data Source Explanation

Demand Elementary school student National Geographic Number of elementary school students
population by grid Information Platform (8~13 aged) by 100mx=100m grid

Child Child welfare and facility Child care center,

welfare facilities information in Busan Busan Open Data Portdl Community children’s center

Bl Spatial facilities data V-World Children's park

playgrounds

Road network Road central line data

National Geographic
Information Institute

Road central line from
Digital Topographic Map
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g & OD Cost Matrix® 53] 89179} 35 A4 7HHEY
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4, OIS HIBIAIe] T2Y HHROI A

1) BM2Y U X247

oFE SIS 2] LS A= RUSS 245§
8t Ay PolA HES TS At (& DS ufReR
A AR Ris-ES ARSI sfe] =Rl 29 =l 4%
I BARRRE M AlLdsten] ofurt gAR Mese 54
< B FA 0 R veRfiE ReR ARESH] 42 A5
ok & o] 8oe FFAE A FFAJAE EehE 9l
28g o] F obFRTHAI L By Aol 3= g B A
3ttt olof ulEh =Rt B4 Byl ol (& I Pk F
SRR oS RSAIE 9] 2L oFsEAIAE H2AT otF
oA A2 02 ZEsh 7 7le] BEE 533

Tl B2 SUR FEo SRR FAE, SHs
€ A Q43 B4, AREAE B4, FAREEYeE 4
Hoh 473 SAcle A9 AT vl JdFUESE F3
Al o] a3l 1] BREe} Ald Aol gl UeA
AT EI1A} 85T AR RIS AR A1 A
A2 oA EFE JIARIAAIS e Y B9l
ARRIE A9, £5 F, WK $F 58 UEiT FAESA
<= STt AFSRe 87 S92 ukiat, viFE AXR F
g o] AAE WohH LuAd, 7|5AL 9 S ARJAIY, B3t
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SR =5 ASE T HEY AA oA A5E0] 30 o3 H
off A8 301 ol AW A=EL 22 HolEE 753t
Ak EXolE R AH S =AY BIE, A5E SETIE
A ERE, oFsRIgiAdel 9 VA & e 258 5
7t ZHEH FEAIE A2 W £F0) 9FE FE BT &
& gLzt sqirk,

2) EYlSIFEN

2 4 B ) BHEYS 7o 2 BYIE A S AAISH
of o} FRIBAVE Al FFE VA= MFSS Fselch
42 JFs)7)of 94 Wg= T ggEAAE S Adsiein B8l
AR 34 ATS A% A7 OE gle o2 SPSS
£ 8831l 24 Wy 344 SRS g A 2E
W40 32710120} 331 VIFgEe] 10 n|fte 2 o W32 gk
& Hol ¥ 2 S0 EA471 el Eelsigict EXl3
142 James Tobin(1985)°] AIIeE BF o2 FHLE7] A
A 730l B8t FTEHEFTHATH AL FE A &
E(Censored Data) &2 A% A& (Truncated Data)Z ©|3]%E
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Table 3. Model for analyzing factors influencing accessibility to child-friendly facilities

Category Variables Data Source Definition
Accessibility of child % g ; ;
playgrounds Author-generated 'ggﬁf;gﬂ;ﬂg;ﬁg'gfﬂli d
\[?aerﬁ)aeglgem Accessibility (m?/ person)
Accessibility of child welfare T m—— Accessibility of child welfare
facilities (capacity / person) 9 facilities considering demand
Child population ratio Ministry of the Child population
(person) Interior and Safety / Total population
; Elderly population ratio Ministry of the Population over 65 years old
Bemogeaphic (person) Interior and Safety / Total population
Population density Ministry of the Population density of the
(person/m?) Interior and Safety administrative district
Proportion of population 20-69 aged low-educated
with a high school education Census population
or less (person) / 20-69 aged population
gg;gﬁé SRR Average price of apartment V-World Average price per unit area of
2
characteristics Q10,000 £ il
Proportion of basic . s .
Socio economic livelihood security recipients Soc!ai _welfare Hasic livelihood ?ecuntly ;
el (person) statistics system  recipients / Total population
Independent Proportion of non-residential Non-residential dwellings
variable dwellings Census households
Residential (household) / Total dwellings households
environment idi
Proportion of aging housing » Numbelijof buildings over 30
(household) N yEone s
/ Total number of buildings
Proportion of residential V-World Residential area
area (m?) / Area of administrative district
Proportion of commercial V-World Commercial area
area (m?) / Area of administrative district
Landuse and facility - _ Proportion of mixed-use
characteristics Facility mixed-use index V-World buildings by function: residential,
commercial, and office
Ministry of
Number of elementary Education glé‘hrgggt? . Zic?rrr?i?]?st?rgive
schools (number) (School district y
information)

H(OLS)ollA] 78 /& &SR] 23R OLS Z¥ o
B FAT A Hol7H I = QltHBoarnet et al., 2008; 4
314, 2014). ERIARE S 0|5 fEY + Y= HBAYU T
At 319 2F(Censored Regression Model) ©.24 |3+ F
EHe L2513 FolW Y Wl FS5HLE AT QAo
(Owen et al., 2004; Manaugh and El-Geneidy, 2011).
EYI3 RN i Fed e 4% £588} Zo] o1
ot 2 HejolA d&5Ho 0ol AdE Fefl s B off #E H
15 £0l7] Y3l &8 = AHEAIS 9, 2017). EZH A 7]
d|Yx} o] 002 TaEE 49| vj&o] Ui wou SHMS
9] 32 23| A 71T vol = B EHEE, 2017; 1A
8- A2, 2020). ElE0] FE5E57H0 Yol A B gholl |

FE o] 9l& ol = ARgRItE,

£ A7 TSR ol g EA A Y ofgEo|A A A2
0 4k RIZ7} o g0} 0 ) Rpmolr}, 5471 o] A" 0 ¢t
O HFH AL Ut HaAFFHYE AN 002 HOE
£ %o WAFHGreene, 2003). o] w2t & AFoi= E
H13] A 2§ -& A3 Alo] A skl Hstgict.

AU G Bl AR G T Alg
2 EAof digte] 53 2954 H(Maximum Likelihood
Method)& AME3ITE, |8 Fof 2A3He] 27|14 2 of&
A BAE sld 7Fs3te AR o 4] (3), 4 @ 2o
(Greene, 2003; 3FA]8]|- 7342 2020).
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Figure 2. Child population ratio and distribution of children's
park by administrative area (Eupmyeondong)
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Figure 3. Accessibility to child playgrounds by grid
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Table 4. Child population by level of accessibility of children's

park
Group Range (_J_f Child_ Proportion
accessibility population (%)
Group 1 0.023556 - 1.048152 5,783 414546
Group 2 0.009213-0.023555 8,719 6.26009
Group3  0.003507-0.009212 13407 9610615
Group4  0.000001-0.003506 13,026 9.337501
Group 5 0 98,667 70.65633
Total 139,602 100
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Figure 4. Accessibility to child playgrounds by administrative
area (Eupmyeondong)
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Figure 5. Child population ratio and distribution child welfare
facilities by administrative area (Eupmyeondong)
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Figure 6. Accessibility to child welfare facilities by grid
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Table 5. Child population by level of accessibility of child welfare

facilities
Group Range of Child_ Proportion
accessibility population (%)
Group 1 0.147146- 4833333 11,060 7.928202
Group2  0.074691-0.147145 14,498 10.39268
Group 3  0.033505-0.074690 19464 13.95249
Group 4  0.000001 -0.033504 24,285 17.40835
Group b 0 70,195 50.31828
Total 139,502 100
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Figure 7. Accessibility to child welfare facilities by administra-
tive area (Eupmyeondong)
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6. EYIS|IHEA 2}
Table 6. Results of Tobit regression

Dependent variable: Dependent variable:
Category In (Child playground accessibility) In (Child welfare facility accessibility)
Independent variable Coef. Independent variable Coef.
Child population ratio -9.8887 Child population ratio -36.7666
Population . : E n : : ¥ s
N In (Elderly population ratio) 172736 In (Elderly population ratio) 89741
Population density -0.3471 Population density 4 6645™*
In (Proportion of population with 06531 In (Proportion of population with a 07062
e a high school education or less) ) high school education or less) '
socioeconomic In (Average price of apartment) 0.0463* In (Average price of apartment) -0.0227**
characteristic : e : T
In (Proportion of basic livelihood In (Proportion of basic livelihood
; s 48313 : i 35637
security recipients) security recipients)
. . Proportion of . Proportion of 5 *
Residential non-residential dwellings Aas non-residential dwellings 145081
environment - - : - - -
Proportion of aging housing 1552565 Proportion of aging housing 8.0352**
Proportion of residential area 6.2001 Proportion of residential area -5.6573*
In (Proportion of commercial : :

Landuse and facility aréa) P -0.2320* In (Proportion of commercial area) 0.0093

characteristics = — = —
Facility use mix index -5.3300 Facility use mix index 42385
Number of elementary schools 4 2489% Number of elementary schools -0.1476

Wald Chi? 1.321e-06™* 2.2e-16™*

Log Likelihood -578.7183 -649.4156

Num of Obs 205 205

Leﬁfengored 84 29

observations

Uncenso_red 121 183

observations

*p<0.10, #p<0.05, **p<0.01

7N gL} Feo] o Zho] 8 ZL- fgo] i FoRjt
ojck, e AA wlgo] WarE Aol ¥4 vEhtEA
A B 8| ofmEL 8 Q) st AFskE
FERE FEo] B2 o] Aol YAEE & 4 A =T
8 B&2 ofFEAAIL A4l AT F(+)e BAE 2
o, A2 B3} 7 FHPF oFsEolAdETE o
SEAALY] A0l =22 YT 4 AU

Exol§ % Al 542 A9 7 A9 dAH F4S AvE
S 8Qlolth, BEAY F FAXGL AUAY WA vl
= 7 Al disf At 9% VA ATk FARA G0 A&
5 oFFEAIAIE HIAo] wou, AUA A HA ulgo] z}
275 ofdolFel dis] Aol wrt. BEXAELS A™olF
ol vsf 2 v7go] Wil ulalA] FAR|2} A =7 W23t
o MHIAE 7 5 82 FAX Y WA ulgo] Yok A
A2 =4 UERE 4= Stk 28y ofs g Bo 2 A2EE
A FARAY el JAsHAY 28 ol YAt

18 "=E7IE, HMe0H H3Z (2025)

ob&2| By S HalRt ol AME AAsoF gk, ERE o
ol B¢ oyt Aoy Aol B elle 74
7 AS7] g2l Aol 2= S Al7HAf of™e]
TS Z AR o= AR o9 4= 3l

Al BE U= A5E §E SRS AR Ao,
ol AI7HA Wi 7 AEL EX] o83 SHoA Y TS
Hepdied, 7 Al A28 2o fofuiet 98 HolA] ¢
Tt 258 2 A9 ohs oA A28 AR R
oAU’k )2l FF WAE B 25T 7 BETS =
oAl dA HEE 4 e BREUS & 4 k. v 255
I 77} oFEEAI A vlAlE frejulRt 9% WA= et
A g3kt

BN 20E S, AFNEY &5 aF0] ¥l
FAe| FEo] B2 Aol AFShe oks ST oA §
gt ARl A o A F 4 ok 2Ry ARlE S5 A8
HAo] EolA &5 A o8 718 Ao, K2 k=35



OFSZIStAIEL| 7t F2Y | TRl 2Ms 8t 35 HEY &t

ol B2 A9, &5 $F0] B2 AQAH AF @730 4] o=
2 BRI F2 UA|8IA FolAld ARIAE 27 94
2t o2’ Ak obEol Aal e A QY AF B wet
T A o8l AR B8t AL AT AR BRI 4 3l
B, oFgRISH EA| 24 AoA A Aol Baghe AlAF
it

3. 3t 20|l E XY 7s A &Y
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LLEHFF -5, 2021). IPA B4 W9 3 AEHE
TFEIH= 718 58 47 359 Wtgh, SRS Wi R
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Hagrel o] wABE R Yigho] oid FYgkE 7IELR
3ot

A9 78 12 SolAET BAAE H2Aol BF w2 A9,
A 79 29 4= 242 B AT Fol A4 e H2AT w2 A
¥, A 79 32 F A A0 BT H2 A Fo|tH (| 8),
£ AFofA ARgs A2 28 diE] 5% gJulE Y2
2 8 A7 002 sk gk 57 B8 FS A AL E
EEE 4 glo] 022 A3t o|AY oA AL Kol
570 B2 9GEF, AFT5, dA2%, 45E, 7IEEoEN 1|
7 NG o2 53] 470 fr3oll 3R] AL A|3taict,

AR A4S B9 A9 435 A (8 1] 5070, [ 2]
5270, [+ 3] 4570, [+ 8 4] 537119 A Qo] =EE] Uk, AR

Median =-6.48313
Type2 Type 1
Accessibility of Accessibility of
Playground L Playground T
Welfare facility T Welfare facility T
)
o= playground = -6.48313 playground = 648313
=8 welfare = -2.83887 welfare = -2.83887
r% » Median = -2.83387
]
g = Type 3 Type 4
=
Accessibility of Accessibility of
Playground | Playground T
Welfare facility | Welfare facility 1
palyground < -5.48313 playground = 648313
welfare =-2,83887 wedfare < -2.83837
Accessibility of

Child playground

J3 8 MEH EMREE 7IE
Figure 8. Criteria for quadrant analysis types

o] FHTE A /2 (Y 9= =i <+ Sk

A 182 7 54E Uehile ¥ B 37 A9
HIIHR 7). A9 73 19] 3¢ oFF solA T EA) /o]
240l 2% EA Uehle 802 ofg59 a7t AR A
A& 23 Aol & A o] = e A9t
obs 87} el A9 F50) AR 20l w2 A9
o] I EARITE Ak AT diALE, 57 931, 2, 3%,
TELIE, AV W, E, A AL, 25, 4191, 2F
501 Tk 819 ool A, F, AMY, ARsket o) A F-
AHdol st o] A9 otF #8287} WHET AL YWER
TESIA|RL, 7SR 2 AR YA AldE & A5t

F oREE2 F Al B E7F, ARI2E 2] B4
e, AR A 02 SR+ H1E, 525, TFT B

Regional Type
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7] Type 2
B Type3
[ | Type4

]  Non-classified region

J8 9. SHEE X% /Y
Figure 9. Regional types of administrative area(Eupmyeon-
dong)
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HE7.X9Rgd S48
Table 7. Characteristics variables by region type

Variable Type 1 Type 2 Type 3 Type 4 Busan
Accessibility of child playground

(m?/ person) 003173 0.00008 0.00021 0.01250 0.01104
Accessibility of child welfare facility

(capacity / person) 0.19763 0.20158 0.01868 0.02763 0.110568
Child population ratio (person) 0.05756 0.05391 0.06997 0.08162 0.06497
Ppationtensiy 0.00868 0.01311 0.01409 0.01230 001174
(person / m?)

Proportion of basic

livelihood security recipients 011672 0.09795 006316 0.05791 0.08412
(person)

Average price of apartment

(10,000 / m?) 168.79137 168.29828 22826284 21687216 190.13731
Proportion of aging housing

(household) 080117 0.80300 0.71608 0.70266 0.75514
Apartment ratio

(household) 057336 0.42861 0.63921 0.67231 054176

&, AR W74E, B 2E2E 2 obF A Bok 8k
EAIT A o] FE3hal F AL BF 8 fju] 5] &
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A 9 29 785 oFsEAIAA L] ML wo wolAA
o] AL W2 fr¥olth % 2= Tt sl 1 F
T Q=T AV BlFe] w9 B 2/, 2, 35,
Y 1, 5%, 9 $¢E d95%, 8351F, 57 951E U
E BEoE, Q= F9F. B, 28, AT AT AEE
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S42 A 35 Y 75 ojolnh, /%3 A9 i
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