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School Zone Using DEA

ABSTRACT

The improvement project for school zone in Korea is occurring mostly in kindergartens and elementary schools in which children are
mainly active, and is being promoted as part of measures to prevent children's traffic accidents. However, since the study on the essential
installation facilities and proper level of safety facilities for School zone is lacking, this study relatively evaluated the efficiency of safety
facility installation using DEA (Data Envelope Analysis) and suggested improvement plan. We built the facilities and incident data for
28 school zones in Hwaseong City. Six major facilities (Raised intersection, Raised crosswalk, Protective fence, Skid Proof, Speed
hump, Speed cameras) that have proven to be effective in the preceding research were analyzed as input factors. As a result of the
analysis, only 12 out of 28 showed efficiency and 16 out of efficiency. Effective groups of school zones were found to have fewer
installed Protective fences, Skid Proof, and Speed cameras installations than school zones classified as ineffective groups. Protective
fences were found to be efficient even if only 47% of the total extension of the school zone was installed, and the number of slip
prevention facilities was 8.7 per square km. The number of subjects to be compared is 28, so this study is limited to use as a relative
efficiency evaluation index, and it can be grouped into nationwide units and efficiency evaluation can be done for each group.

Key words : School zone improvement project, DEA (Data Envelopment Analysis), Efficiency of installation of safety facilities, Efficiency
group, Inefficient group
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Table 1. Expenses for Improving School Zone (Seoul)
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Lesley Strawderman(2015)-& School Zone W] SFAFEX|<]
e BRI, BAle) ZHA} BE AS FREDVSE
7F itk A7ATE AATEHITE

Jeon(2012)= o] B¢ 43 7)o EskaL ofd
o] WAL 5 mid STFSIAL Sl AR Qslal, oflo]

311
Ho 7oA ofdolEs Had 5 Sl A= E8=, 7

Classify Before 2010 2011 2012 2013 2014 2015 2016
Sites 1,368 126 82 63 40 64 60
Total Expense
(Million Won) 163,306 12,232 5,643 4,596 1,262 1,174 975
Expense per site
(Million Won) 119.37 97.07 68.81 72.95 31.55 18.34 16.25

Source : Plan for the renovation of the Seoul school zone (2017)

Note : Expense per site = The total expense + Sites of improving school zone
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Table 2. 28 School Zones in Hwaseong City

5. XIZAR L IESHEA

5.1 X2AX
ofloli s ele] T84 H7HE Slal AV S ofelol

579 5§29, ofelo]Pe AoJe 25skunt A8/}
om, UukE3ke Table 29} 2t}

52 B MY 3 JIE
5.2.1 fE#HS MY
AR 287 23N ofRle] Baele] /iAo = AAH
WEFANIES] BFe Table 39} 2t} 424 AdESo] ARE
£A0) FY a4 WG Ndu, wEAdasge dE

S wgetk

zSH=EA

JSE

Num Administrative School name School zone | Speed Limit | Road width | Number of Signal
bureau extension (m) (km/h) (m) Intersection (EA)
1 Byeongjeomdong Beolmal Elementary School 626 30 14.5 3
2 Byeongjeomdong Songhwa Elementary School 318 30 16 2
3 Byeongjeomdong Taean Elementary School 689 30 13 3
4 Byeongjeomdong Gubong Elementary School 310 30 8.5 1
5 Byeongjeomdong Anhwa Elementary School 821 30 18 2
6 Jin-andong Byeongjeom Elementary School 621 30 17 3
7 Jin-andong Jin-an Elementary School 300 30 13 2
8 Ban-woldong Gisan Elementary School 730 30 15 3
9 Ban-woldong Yulmog Elementary School 420 30 12.5 3
10 Ban-woldong Donghag Elementary School 1,170 30 13.5 5
11 Songsandong Hwasan Elementary School 1,140 30 7 4
12 Baeyangdong Baeyang Elementary School 777 30 7.5 2
13 Giandong Gian Elementary School 780 30 7 3
14 Ban-woldong Hwaseong ban-wol Elementary School 809 30 23 3
15 Bansongdong Supsog Elementary School 1,188 30 13 3
16 Neungdong Hanma-eum Elementary School 553 30 10 3
17 Neungdong Neungdong Elementary School 415 30 9 2
18 Neungdong Puleun Elementary School 318 30 8 2
19 Neungdong Geumgog Elementary School 258 60 34 2
20 Bansongdong Solbich Elementary School 287 30 15 2
21 Bansongdong Banseog Elementary School 286 30 11 3
22 Bansongdong Bansong Elementary School 596 30 16 2
23 Bansongdong Hagdong Elementary School 408 30 7 3
24 Bansongdong Seog-u Elementary School 470 30 11 3
25 Seog-udong Yedang Elementary School 646 30 15 3
26 Jeongnammyeon Jeonglim Elementary School 260 30 8 0
27 Jeongnammyeon Jeongnam Elementary School 395 30 13 3
28 Annyeongdong Annyeong Elementary School 815 30 35 3
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Table 3. Types of School Zone Facilities

ofdo|Hu NG aE el Wk A

Classity

Installation facilities

Speed reduction facilities

Speed Hump, Raising Intersection, Raising Crosswalk

Information facilities

Integrated signs, Safety signs, Road mark

Input variable Sight guidance facilities Sight line, Reflector, Lane Regulation Block
Pedestrian facilities Protective fence, Remaining indicator, Floodlight, Crosswalk
Etc Bollard, Skid Proof, Speed Camera
Output variable The number of traffic accidents, the traffic accident severity Level (deaths, seriously injury, slightly injury, injury),

The number of pedestrian accidents

o

o
i)
3

S Statistics 2322 pearson -
A s ddska, e de= Fig 13 2ok
SEATPAE 194 mA, 194 Feuwr) ol

M, frefgeo] 90%ex] frefgh o2 Vet k]

AP FARARE BRI} mHBEAL Feldide s
ER} FAR SR ol B0 2 vt APIfEAPES £
Bt 2hdtAE S AbEe] SAH SR ol Ao s v
whoL} xpAlESo] 258k 37040 AX|(2874 ) B
I} 7150] 2AE FAE o] we ApdolRR A oA
Aoletitt. HFAAE L SAH R FoFk AldEo] gidiek
Z[eppd g vImEA AV o] o] A oY, el
90%¢lA frelh Zlo= veldt d7hlehis el dalaol
L frelaE 90%0l I3t Aos vEpal, FEuaRt Eeke
S} MR, Eef=s) TRl o] AR o

Traffic | Traffic accident | Raising Raising | Speed Traffic | Traffic accident | Integrated | Safety | Road
accidents severity Intersection | Crosswalk | Hump accidents severity signs signs mark
Traffic accidents _ Pearson correlation 1 978 -371 339 | -134 Traffic accidents  Pearson correlation 1 978" -102 222 | -093
sig.(2-tailed) 000 052 078 | 497 sig.(2-tailed) 000 606 256 | 637
N 28 28 28 28 28 N 28 28 28 28 28
Traffic accident  Pearson correlation 978" 1 -335 -295 | -152 Traffic accident  Pearson correlation 978 1 -110 212 | -105
severity sig.(2-tailed) .000 081 128 440 severity sig.(2-tailed) 000 579 279 596
N 28 28 28 28 28 N 28 28 28 28 28
Raising Pearson correlation -371 -335 1 -001 021 Integrated signs  Pearson correlation -102 -110 1 147 | -065
Intersection  sig.(2-tailed) 052 081 997 | 915 sig.(2-tailed) 606 579 457 741
N 28 28 28 28 28 N 28 28 28 28 28
Raising Pearson correlation -339 -295 -001 1 277 Safetysigns  Pearson correlation 222 212 -147 1] a3
Crosswalk sig.(2-tailed) 078 128 997 153 sig.(2-tailed) 256 279 457 021
N 28 28 28 28 28 N 28 28 28 28 28
Speed Hump  Pearson correlation 134 -152 021 277 1 Road mark  Pearson correlation -093 -105 -065 435 1
sig.(2-tailed) 497 440 915 153 sig.(2-tailed) 637 596 741 021
N 28 28 28 28 28 N 28 28 28 28 28
Traffic | Traffic accident | Remaining | Crosswalk | Floodiight | Protective
Traffic | Traffic accident | Sight | Reflector | Lane Regulation accidents | severity indicator fence
accidents severity line Block Traffic accidents _Pearson correlation T 578 359 002 261 214
Traffic accdents _ Pearson correlation 1 978" | -066 -268 -017 sig.(2-tailed) 000 061 991 180 275
sig.(2-tailed) 000 | 738 168 930 N 28 2 28 2 28 28
N 28 28 28 28 28 Traffic accident Pearson correlation 978** 1 417 -.048 337 -.144
Traffic accident  Pearson correlation 978+ 1] 007 273 -026 severity 5ig.(2-tailed) 000 027 808 080 464
severity sig.(2-tailed) 000 971 160 896 N 28 28 28 28 28 28
N 28 28 28 28 28 Remaining  Pearson correlation 359 a7 1 361 2% o017
Sight line Pearson correlation ~066 007 1 072 349 ndicator sig 2-tailed) oer 027 059 126 930
28 28 28 28 28 28
sig.(2-tailed) . o7 717 069 Crosswalk Pearson correlation 002 -048 -361 1 -1a1 -012
N 28 28 28 28 28 sig.(2-tailed) 991 808 059 473 952
Reflector Pearson correlation -268 273 | 072 1 a77* N 28 28 28 28 28 28
sig.(2-tailed) 168 160 | 717 010 Floodight  Pearson correlation 261 337 29 -1a1 1 3
N 28 28 28 28 28 sig.(2-tailed) 180 080 126 473 568
Lane Regulation _ Pearson correlation 017 026 | -349 477" 1 N 28 2 28 2 2 | 28
Blod! sig.(2-tailed) 930 896 069 010 Protective fence Pearson correlation -214 -144 017 -012 113 1
N 28 28 28 28 28 sig.(2-tailed) 275 464 930 952 568
N 28 28 28 28 28 28
Traffic | Traffic accident | Bollard | Skid | Camera
accidents severity Proof
Traffic accidents _ Pearson correlation 1 978" 083 | -348 354
sig.(2-tailed) .000 675 070 065
N 28 28 28 28 28
Traffic accident  Pearson correlation 978** 1 -033 | -321 385*
severity sig.(2-tailed) 000 867 096 043
N 28 28 28 28 28
Bollard Pearson correlation -.083 -033 1] 382 344
sig.(2-tailed) 675 867 045 073
N 28 28 28 28 28
Skid Proof Pearson correlation -348 -321 382 1 072
sig.(2-tailed) 070 096 045 77
N 28 28 28 28 28
Camera Pearson correlation 354 385* 344 072 1
sig.(2-tailed) 065 043 073 717
N 28 28 28 28 28

Fig. 1. Correlations Analysis between Input And Output Variables
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Table 4. Results of Analysis on Efficiency of School Zones (Input of Whole Facilities)

Num School name VRS Efficiency Reference group Reference Count
1 Beolmal Elementary School 1 Yes 1. 2
2 Songhwa Elementary School 1 Yes 2. 2
3 Taean Elementary School 1 Yes 3. 2
4 Gubong Elementary School 1 Yes 4. 1
5 Anhwa Elementary School 0.525 - 1,2,8,26,28. 0
6 Byeongjeom Elementary School 1 Yes 6. 1
7 Jin-An Elementary School 1 Yes 7. 1
8 Gisan Elementary School 1 Yes 8. 4
9 Yulmog Elementary School 1 Yes 9. 1
10 Donghag Elementary School 1 Yes 10. 2
11 Hwasan Elementary School 1 Yes 11. 1
12 Baeyang Elementary School 1 Yes 12. 2
13 Gian Elementary School 1 Yes 13. 1
14 Hwaseong Ban-Wol Elementary School 1 Yes 14. 1
15 Supsog Elementary School 1 Yes 15. 1
16 Hanma-Eum Elementary School 1 Yes 3,26, 28. 0
17 Neungdong Elementary School 0.41 - 26. 0
18 Puleun Elementary School 0.32 - 8, 26. 0
19 Geumgog Elementary School 1 Yes 19. 1

20 Solbich Elementary School 1 Yes 20. 1
21 Banseog Elementary School 0.291 - 8, 10, 12, 26. 0
22 Bansong Elementary School 1 Yes 22. 1
23 Hagdong Elementary School 1 Yes 26. 1
24 Seog-U Elementary School 1 Yes 24. 1
25 Yedang Elementary School 1 Yes 25. 1
26 Jeonglim Elementary School 1 Yes 26. 6
27 Jeongnam Elementary School 1 Yes 27. 1
28 Annyeong Elementary School 1 Yes 28. 3
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Table 5. Results of Analysis on Efficiency of School Zones (Input of Main Facilities)

Num School name VRS Efficiency Reference group Reference Count
1 Beolmal Elementary School 1 Yes 1. 1
2 Songhwa Elementary School 1 Yes 2. 4
3 Taean Elementary School 1 Yes 3. 1
4 Gubong Elementary School 0.975 - 2,12, 15, 26. 0
5 Anhwa Elementary School 0.120 - 2,26, 28. 0
6 Byeongjeom Elementary School 1 Yes 6. 1
7 Jin-An Elementary School 1 Yes 7. 1
8 Gisan Elementary School 0.531 - 2, 26. 0
9 Yulmog Elementary School 1 Yes 9. 1
10 Donghag Elementary School 0.585 - 14, 26. 0
11 Hwasan Elementary School 0.298 - 26, 28. 0
12 Baeyang Elementary School 1 Yes 12. 3
13 Gian Elementary School 0.415 - 7,15, 26. 0
14 Hwaseong Ban-Wol Elementary School 1 Yes 14. 2
15 Supsog Elementary School 1 Yes 15. 2
16 Hanma-Eum Elementary School 0.283 - 3, 14, 26. 0
17 Neungdong Elementary School 0.415 - 26. 0
18 Puleun Elementary School 0.159 - 26. 0
19 Geumgog Elementary School 0.018 - 26. 0

20 Solbich Elementary School 0.451 - 2. 0
21 Banseog Elementary School 0.071 - 26. 0
22 Bansong Elementary School 0.108 - 12, 26. 0
23 Hagdong Elementary School 0.408 - 26. 0
24 Seog-U Elementary School 1 Yes 24. 1

25 Yedang Elementary School 0.162 - 26. 0
26 Jeonglim Elementary School 1 Yes 26. 16
27 Jeongnam Elementary School 0.198 - 26. 0
28 Annyeong Elementary School 1 Yes 28. 3
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Table 6. Verification of the Difference between the Facilities of School Zone Efficiency Group and the Inefficient Group

Average ranking
Num Classify Sig. Verification Result
Efficiency group Inefficient group
1 Raising Intersection 14.11 14.89 0.945 no difference
2 Raising Crosswalk 16.79 12.21 0.110 no difference
3 Protective fence 17.25 11.75 0.059 Less installed efficiency group
4 Skid Proof 17.29 11.71 0.013 Less installed efficiency group
5 Speed Hump 17.00 12.00 0.121 no difference
6 Speed Camera 18.96 10.04 0.082 Less installed efficiency group

Table 7. Comparison of Average Installed Facilities between Effective and Ineffective Groups in School Zone

Num Classify Average Efﬁf:iency.group versus
Efficiency group Inefficient group inefficient group

1 Raising Intersection (Ratio of intersection) 0.21 0.19 plenty
2 Raising Crosswalk (Number per km) 1.05 278 little
3 Protective fence (Installation Extension Ratio) 47.31 62.10 little
4 Skid Proof (Point per square kilometer) 8.71 13.06 little
5 Speed Hump (Number per km) 6.75 10.04 little
6 Speed Camera (Number per km) 2.75 4.43 little
7 Traffic accidents per km 9.68 9.30

8 Traffic accident severity per km 42.23 40.28
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