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ABSTRACT

In recent years, the population of children has been declining in Korea. Moreover, the phenomenon of
elementary school closures is on the rise, particularly in non—urban and some new city areas, highlighting
the need for school buses for children. Despite the mandatory safety features in place, accidents involving
school buses for children are on the rise, underscoring the need for improvement in the safety of these
vehicles. While various studies have been conducted to enhance the safety of children during their school
commute, there has been a notable gap in research analyzing the school commuting environment concerning
the vehicle safety of these buses. Hence, this study aims to develop a set of service evaluation criteria for
school bus routes, considering vehicle safety through the Analytic Hierarchy Process (AHP). By conducting
a survey to gather information on the current status of school buses for children and through questionnaires
targeting stakeholders in the school bus sector, the study analyzed requirements and operating conditions.
These results were used to select evaluation criteria and structure the hierarchy based on the external and
internal aspects of school bus services. Through AHP surveys conducted based on the designed criteria,
experts identified safety as the most crucial aspect, with a specific emphasis on Vehicle Safety. Using these
developed service evaluation criteria, the study plans to identify service—vulnerable routes through a real
route analysis and recommend improvements, with the ultimate goal of creating a safe and convenient school

commuting environment for children.
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Table 1 School bus facilities and vehicle status

Facilities School Bus
Kindergarten 4,039 8,552
Elementary school 2,066 3,840
Academy 10,011 15,961
Special school 173 801
Training center 141 136
International school 22 182
Alternative school 6 12
Early Childhgod Education 9 6
& Promotion Center
Total 16,460 29,490
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Table 2 Recent school bus traffic accident

Region Date
Jeju 2022.01.25 | Door Pinching Accident
Paju 2022.06.20 Collision Accident
Busan 2022.07.04 Pedestrian Accident
Busan 2022.07.12 | Door Pinching Accident
Busan 2022.08.10 Collision Accident
Changnyeong 2022.10.25 Collision Accident
Namyangju 2022.10.31 Collision Accident
Daejeon 2023.04.04 Collision Accident
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% Safety }— Vehicle Safety Accident Prevention Safety
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Vehicle Noise
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Fig. 4 Hierarchical structure of school bus service evaluation
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Table 3 Evaluation method for child school bus services

First—tier Second—tier

. . . . Third—tier Dimensions Score
Dimensions Dimensions

Installed more than 4 1.0
3 installation 0.75
Accident Prevention Safety 2 installation 0.5
Vehicle Safety 1 installation 0.25
Not installed 0.0
o 3 point seat belt for children 1.0

Collision Safety - -
2 point seat belt for children 0.5
Safety Children's Boarding and Installation 1.0
Alighting Signs Not installation 0.0

Boarding & Alighting }

Environment Safety Differentiation of Boarding All sections 1.0
and Alighting Points on Section over 50% 0.5
roadway Section less than 50% 0.0

Route Safety

Proportion of School Zone

Standardization of the ratio of School Zone
compared to the total route

Safe Driving Behavior Score | Standardization of safe driving behavior score

Appropriateness of
Information Provision

Provide 1.0
Not provide 0.0

Convenience -
Punctuality -

Satisfaction score through survey

Route Curvature -

Standardization of route curvature

Vehicle Aging - Standardization of vehicle age standards
Com Electric, Hydrogen, Hybrid 1.0
omiort
Vehicle Noise Level - Gasoline, LPG 0.5
Diesel 0.0
T 8 Folstelct
. ¥ A device with cameras installed in the blind spots of a _ -
wvehicle, allowing 360-degres rmonitoring of the swroundings —%\—"S‘]—i]— ‘_751 f‘)_%j)\c‘)]vlo_— O]%O]E:Q—-ﬁgjﬂ LH —/6\—'5‘]—'}- Z] A
of oile] abak TAZE Ao} Q= A% e B
4 device tha i und whe i =] =13 - =
" 5 m e o b s, soring e eild FE Folakglon, SEAA HAte e EheA
SaAAT A0 WA} o] e A Ee
v 4 device that genemates an slert when the driver engages AZ2=2 Helglod 20 -2 0] O} A AL EFHH A -
the reverse gear to signal the external swroundings of the HTT= —,—O% O]—Mq— E'_‘E 'J_L“/] = ‘:]‘ oL © _‘Er]___ -
el e & e 4 % Qg o) ojRlo|nE T A wEg BER
0 2oy wa B =] <25 =
:;mnmsn ¥ A device that, using obstacls detection sensors on the O]'o% @‘I"E ‘%]—%0]'93\
vehicle's door, autoratically opens the door when it detects - “ = = -
d' nsarby obetacles as the door is closing C\)l—%_%%j 3%@—?1— fﬁfﬂ%ﬂ'{%‘ﬂ'ﬂ ¢ @_‘%{ §
f f & 71O 100 kmd AE2AHE S5 100004
Fig. 5 Examples of vehicle safety devices & = . . -
W ke AerE itk A¥+AdY TS T 17
flom 2 ATt o] F F7H 9 M @714,
2 5) 9 el wel AaE Fofsksith =), 58S 78 OGS, 3EADE AR A

FEAA L ojuol g kN9 FF @34, 374
<) Al J—

of wpet FEAPLE R b 374 ko] &2 A

ArsxotE st Xl M153, M4s, 2023

83



Ho

)= dlole] A dAIA A glstAr.

DTG dleolHE 1299% FHE0on Fat 1
TELA, ol FEE, olF AR, 7 TSR AAH
olglo] fgEAAE Vel uet 182 E SlE
A 5 Sl RS AR A
AR vt 2

IS

8, =100— ———x100 o))
>, DD,
i=1

i ERaA

r ANE

no o F YT

WA Y] J7bE, 52, 9, SAA Ve

Table 48} 2t}
A% A =

olr
ol

Table 4 Criteria of dangerous driving behavior for buses

Criteria
Category
Bus Speed
Accelerate more than
<
10 kmvh =< 8 km/h per second
Sudden Accelerate more than
9 <
Suddenl Acceleration* 20 km/h < 7 km/h per second
Acceleration ool N
Type ccelerate more than
20 km/h > 6 km/h per second
Sudden Accelerate more than
Starts 8 km/h per second
Decelerate more than
: <
30 km/h < 9 km/h per second
Rapid Decelerate more than
. = <
Rapld. Deceleration= 50 km/h = 10 km/h per second
Deceleration Docel N
Type ecelerate more than
50 kanh > 12 km/h per second
Sudden Decelerate more than
Stopsss 9 km/h per second

# 0 At a speed of 6 km/h or higher
#* © Starting from a speed of 5 km/h or less
#x+ . The speed becomes 5 km/h or less
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Table 5 The results of safe driving behavior score of sugi
elementary school

Frequency
Date Suddeg Sudden Rapid A Sudden total
Acceleration | Start | Deceleration | Stop
23/05/08 1 0 0 1 2
23/05/09 2 0 1 0 3
23/05/10 - - - - -
23/05/11 0 0 1 0 1
23/05/12 1 0 1 0 2
total 4 0 3 1 8
total distance (km) 36
score 77.78
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Table 7 School bus service evaluation analysis results

Score

First—tier Second—tier Third—tier Di .

Dimensions Dimensions ird—tier Limensions Route | Route | Route | Route | Route | Route | Route | Route
1 2 3 4 5 6 7 8
. Accident Prevention Safety 0.04 0.04 0.04 0.04 0.00 0.00 0.00 0.00
Vehicle Safety —

Collision Safety 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03
Children's Boarding and 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Boarding & Alighting Alighting Signs

Safety . - — -
Environment Safety | Differentiation of Boarding and

Alighting Points on roadway
Proportion of School Zone 0.04 0.00 0.02 0.00 0.00 0.00 0.04 0.00
Safe Driving Behavior Score 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

0.08 | 0.08 | 0.08 | 0.04 | 004 | 0.04 | 0.08 | 0.04

Route Safety

Appropriateness of

. . - 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
Information Provision

Convenience

Punctuality - 0.08 | 0.08 | 0.08 | 005 | 008 | 0.08 | 0.08 | 0.05

Route Curvature - 0.06 | 0.06 | 0.06 | 0.00 | 0.04 | 0.06 | 0.06 | 0.03

Comfort Vehicle Aging - 024 | 024 | 024 | 0.24 | 0.00 | 0.00 | 0.00 | 0.00
Vehicle Noise Level - 0.05 | 0.05 | 0.05 | 0.05 | 0.00 | 0.00 | 0.00 | 0.00

Total 066 | 063 | 064 | 049 | 022 | 024 | 032 | 018
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