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The Effects of School Districts Adjustments on Educational Accessibility and
Operational Efficiency Based on Projected Grid-Level School-Age Population
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Abstract

As the school-age population declines and schools are merged or closed, students increasingly face longer commutes.
This situation necessitates re-examining school district configurations to ensure both accessibility and educational
equity. Focusing on the rural areas of Muju-gun, Jinan-gun, and Jangsu-gun in Jeollabuk-do, this study projects the future
elementary school-age population at a detailed spatial scale and proposes school district configurations that improve
efficiency and equity relative to current arrangements. Using the cohort-component method, the study estimates future
elementary school-age populations within 500-meter grids for the year 2030. Accessibility is evaluated through the
shortest travel times by walking and public transport. The analysis also incorporates the Inverted Two-Step Floating
Catchment Area model to assess school operational efficiency. Three scenarios are compared: maintaining current
school districts, merging districts within each county, and fully integrating districts across all three counties. The results
reveal that expanding school district boundaries increased the proportion of students who could reach school within 30
minutes, improved the distribution of student enrolment across schools, and reduced the number of schools at risk of
closure, thereby enhancing overall operational efficiency. This study contributes both academically and practically by
demonstrating the effectiveness of adjusting school district boundaries through detailed spatial analysis grounded in
demographic projections. Its findings offer actionable insights for improving educational accessibility and sustaining small
schools in rural settings.
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Figure 1. Research flow
Table 1. Characteristics and significance by scenario
Scenario School district Features Significance
Scenario 1 Status quo 32 Districts - 2 Shared districts Comparison with other scenarios
Scenario?2  Integration by county 3 Districts (Muju, Jinan, Jangsu)  Effects of integration at the administrative unit level
Scenario3  Complete integration 1 District Integration effects with the living area
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Figure 3. Location of the schools
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Figure 4. Result of the cohort component method (Estimated
2030 population)

Table 2. Projected population in 2030 by the cohort compo-
nent method

County Total Muju Jinan Jangsu
Total students 1437 511 482 444
Total grids 587 158 262 167
Avg. students per grid 245 324 184 266
Std. students per grid 572 792 391 555
Median students per grid 1 1 1 1
Min. students per grid 1 1 1 1
Max. students per grid 72 72 49 55

212 "=EAE, He0H M4z (2025)
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Table 3. Educational accessibility assessment by scenarios

Scenario County Type Total Less than 10 min 10~20 min 20~30 min Above 30 min
Tesial Grid 587 (100%) 435 (7411%) 1156 (19.59%) 29 (494%) 8 (1.36%)
Population 1437 (100%) 1229 (8553%) 168 (11.69%) 32 (223%) 8 (0.56%)
) Grid 158 (100%) 113 (7152%) 30 (18.99%) 13 (8.23%) 2 (1.27%)
. MUY Population 511 (100%) 432 (8454%) 62 (1213%) 15 (2.94%) 2 (0.39%)
Heanang | . Grid 262 (100%) 184 (70.23%) 62 (23.66%) 13 (4.96%) 3 (1.15%)
Jnan Population 482 (100%) 393 (8154%) 73 (1515%) 13 (2.70%) 3 (0.62%)
o Grid 167 (100%) 138 (8263%) 23 (13.77%) 3 (1.80%) 3 (1.80%)
Population 444 (100%) 404 (9099%) 33 (7.43%) 4 (0.90%) 3 (0.68%)
Grid 587 (100%) 465 (7751%) 111 (1891%) 18 (3.07%) 3 (0.51%)
L Population 1,437 (100%) 1253 (87.20%) 157 (10.93%) 24 (1.67%) 3 (0.21%)
Muju Grid 158 (100%) 120 (7595%) 32 (20.25%) 6 (3.80%) 0 (0.00%)
e Population 511 (100%) 439 (8591%) 64 (12.52%) 8 (1.67%) 0 (0.00%)
. Grid 262 (100%) 192 (7328%) 60 (22.90%) T (2.67%) 3 (1.15%)
Jinan Population 482  (100%) 402 (8340%) 67 (13.90%) 10 (207%) 3 (0.62%)
Grid 167 (100%) 143 (85.63%) 19 (11.38%) 5 (299%) 0 (0.00%)
ik Population 444 (100%) 412 (9279%) 26 (5.86%) 6 (1.35%) 0 (0.00%)
o Grid 587 (100%) 467 (79.56%) 105 (17.89%) 12 (2.04%) 3 (0.51%)
Population 1,437 (100%) 1269 (8831%) 151 (10.51%) 14 (0.97%) 3 (0.21%)
) Grid 168 (100%) 120 (7595%) 33 (20.89%) 5 (3.16%) 0 (0.00%)
. Muu Population 511 (100%) 439 (85091%) 65 (12.72%) 7 (1.37%) 0 (0.00%)
Soenanos . Grid 262 (100%) 200 (76.34%) 56 (21.37%) 3 (1.16%) 3 (1.15%)
Jnan Population 482 (100%) 416 (86.31%) 60 (12.45%) 3 (0.62%) 3 (0.62%)
i Grid 167 (100%) 147 (88.02%) 16 (9.58%) 4 (2.40%) 0 (0.00%)
Population 444 (100%) 414 (9324%) 26 (5.86%) 4 (0.90%) 0 (0.00%)
Scenario 1 - Educational Accessibility Scenario 2 - Educational Accessibility S io 3 - Educational A ibility
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(a) Scenario 1 (b) Scenario 2 (c) Scenario 3

Figure 5. Spatial distribution of educational accessibility by scenarios
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o Y 2589 20304 &% A4S F7% Ak (E 9
2o, AA A RN Y 4= B2 Al AlvE] e 25 oF
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Sh 7F S 4= Bt EE 9Bl o] TS HojEt &
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Table 4. Operational efficiency assessment by scenarios

A AU 2 20k 30lA 242} 6.6, 1R F7181] hal 2
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A diAE 4= Aok A WA= HuE e 1] A
o] A&AY £ gloy, B 9= 5EAYY S HIH BF
I A AL 2)&7HsAdE 4 e I ol A Akekalt,

AQHUR AHEH, F2d2 A A F 7 g2 88 =8
w3 Bou, AU 2004 St sHY 4= St 51,117,
wEHALR} AUAF7E 42 39.92, 0.3952 7FF & A &
2ot i o st == 37 aefA 17]as E9eH, sy
= gt HHizke] A2k A 4EpEgic), Ak ARk
oz o Wit s (9F 369)E Eyon, 27] XUAee}
BZUA7L Foko Ave] L. 304 242t 0.408, 32.77= 74l
=t fli 71& v S 3vjaoA 27 nE gagoH,
£3] Hdl 3P = 192.4F04 1109 =EL2 Fol50] gL
THE HA7E A4 S0l & Ao] §Aolt}, AL Alye] L 19
A Bt S 4= F 498, AU A= 0,400, EFHAL 42,052 T
A o]l vls] AiF 02 B+t A=t Hekeu, Alue L 293
ol A= AYUAIE7E0.308, 0.306°-2 F7t A= 9o, EEH
2% 26T 2 ek qict,

Al Alde] L. 7t 848 = B2 2 Apol7t flAIR, S8
AR AR 2 29 30| A= Bl 7F S RS T PR
HAL7F 28] A=, 58] qf Shal =7F g4kl F
- Ha Y = H FA S0l AL T 20| 29 A
E4& Bole AR =HUE AAR, ol B8 i
o] W& A ohzt, She] A|&7ks/d AR uiEe]
B8 FEoE FHAU FFE S HojE

(& 5+& A+ VA W 2 st Ave| e Aad 4 274

County Total Muju Jinan Jangsu
Scenario 1 2 3 1 2 3 1 2 3 1 2 3
Avg. students 4467 4481 4481 5104 5111 506 3654 3685 3716 4933 4932 4943
Std. students 4744 34722 3401 5B037 3992 4001 4799 3320 3277 4206 26565 2641
Min. students 3 6.7 6.6 6 109 11 9 6.7 6.6 3 96 96
Max. students 1924 1393 1392 1781 1393 1392 1924 1104 1097 188 979 977
Median students 28 342 354 3756 409 3885 21 254 264 30 416 425
Sma e g4 4 4 3 1 1 3 2 2 1 1 1
Gini coefficient 0484 039 0392 0488 0395 0398 0482 0417 0408 0409 0308 0306
Total schools 32 10 13 9
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Table 5. Number of students per school

Number of students by school for each scenario

County School Scenario 1 Scenario 2 Scenario 3
Students Closure status Students  Closurecriteria  Students  Closure criteria
MuA 133 Closed 2456 Not closed 244 Not closed
MuB 51 Not closed 505 Not closed 505 Not closed
MuC 1781 Not closed 1134 Not closed 1134 Not closed
MuD 103 Not closed 1393 Not closed 1392 Not closed
] MUE 26 Not closed 291 Not closed 291 Not closed
B MuF 11 Closed 109 Closed 11.0 Closed
MuG 6 Closed 166 Not closed 16.6 Not closed
MuH 51 Not closed 447 Not closed 442 Not closed
Mul 49 Not closed 451 Not closed 114 Not closed
MuJ 22 Not closed 376 Not closed 36.3 Not closed
JiA 17 Not closed 16.7 Not closed 19.7 Not closed
JiB 21 Not closed 36.0 Not closed 36.0 Not closed
JiC 37 Not closed 368 Not closed 36.8 Not closed
JiD 31 Not closed 276 Not closed 276 Not closed
JIE 9 Closed 6.7 Closed 6.6 Closed
JIF 14 Closed 203 Not closed 21.0 Not closed
Jinan JiG 296 Not closed 331 Not closed 348 Not closed
JiH 28 Not closed 254 Not closed 254 Not closed
Jil 13 Closed 196 Not closed 19.6 Not closed
JiJ 21 Not closed 250 Not closed 250 Not closed
JIK 16 Not closed 137 Closed 137 Closed
JiL 46 Not closed 1077 Not closed 107.0 Not closed
JiM 1924 Not closed 1104 Not closed 109.7 Not closed
JaA 33 Not closed 62.7 Not closed 62.2 Not closed
JaB 28 Not closed 16 Not closed 125 Not closed
JaC 28 Not closed 217 Not closed 217 Not closed
JaD 3 Closed 96 Closed 96 Closed
Jangsu Jak 30 Not closed 307 Not closed 307 Not closed
JaF 50 Not closed 86.0 Not closed 859 Not closed
JaG 88 Not closed 584 Not closed 584 Not closed
JaH 158 Not closed 979 Not closed 97.7 Not closed
Jal 26 Not closed 353 Not closed 362 Not closed

& Hojzn o]2 A7 A= (17 6)of RS A
Ul 2 1014 A2 e 22 Fehoo] B A, Sl oA
ol TRt ¥s7h vebdt 7P 2 AaE B Sae g
T IMZSSHLR, 82789 3 7 astgltt. ol 7€
Bk AER Q8] 24 shuol] Faeix] £3d o],
Eakrejo] g3lEHA v 7Pk iGR S 5 oY Swa

o153 ANz AN F, BoTAL 2YFORA AHO
2 o 3 SHE 3P 07} AEelE Rolt), v, R
o) MuF2 53T, FQH20] ARSI, B30 uERS e
W 5L BT ol Bk S 4o 2 Wb gl
ol BhiL e aAo] AAe] $1X8) 9L, el 30
% ol 53 7K53t the Bhvt glo] A%} S0 wale] e

&
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Figure 6. Spatial distribution of operational efficiency by scenarios
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