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Development of an Evaluation Framework
for School Bus Operation Service
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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
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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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Fig. 3 Survey results on school bus safety
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First-tier Dimensions Second-tier Dimensions ‘Third-tier Dimeasions

% Safety }— Vehicle Safety Accident Prevention Safety
Collision Safety

Boarding & Alighting
Environment Safety

i

Differentiation of Boarding and Alighting Points on roadway
Route Safety Proportion of Schiool Zone
Safe Driving Behavior Score

Appropriateness of

‘{ Convenience ‘{ Information Provision

Punctuality

Route Curvature

{ Comfort Vehicle Aging
Vehicle Noise
Level

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
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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

84

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

4= Ab& A3 oA Table 59 A8 olw) DTG
A8 20239 5€ 8UNEH 59 129745 oz 3
At (2023 5€ 1049] FehH 2 23 HolE & 534

A kot A AbEolM A9)). A A A 713
% 314 % 83], & o5 A 36 kmE HFE HaE 77.78
2 A S

AYA 9 St AEN ARA T AAA ] A9 B3t
WA ZRES AT A 22 F5E Folsiglon, 4
AN AEZANE B8 A w4 &8 ST E Ul
A4 Bgslgieh o A9 FEEE & A9 74

S
[t
o
oo
_O|L
2
2
M
ot
)
o
23]
e
)
ol
2
X
>

i
1
2

G= DS, @
G 71FR 7k WA FE
Dr,;: 857 a~jzt

Fohul2s ol A NAHE AFeFEd £S5
o

ArsxotE st X M153, M4s, 2023



ofZl0]

ofm

SHHA 2F MHA FIHA HE

4.3. AHP 7[dt MH|A =7 X|E 7He o] X9 1A S Ak okxIA (0.23), FokxkEg obAl

23(0.1D), =4 eF4(0.08) o= 7t Q). B+

2 3t , A, b kA o) Abaren) b

Hely A 07 Hrlek gl AqulA FH7E A 0.16)0] 25 A (0.07) BT 238 Ao e

A E MR ARE AAEGICE S 7Nk 5 o) Sakak kA Y A SEkA A AT

g M|~ A kA, HY, AH o) BT Zh F(0.08)0] oj&o] Hakxt A AX F5(0.03) 5 B

Ao pARE 7 FEE QT vE ¢ 7] wliel 24t v Fes AoZ FRIFGITh R0 kA oA = ok
59 FAEE AT (AHP, Analytic Hierarchy

+4%F A 0.043)7F oJ™e] BT H]E(0.036)
Process) & &3l £330t} B} a8 H7ts o, =419 <l /‘é% FIHAE
ke A SAEHTF B2 ARl @A ET U F2

HolA SHol X ARAE 444 (0.13), A4 0.09),
FEE(0.06) ¢o7 ZQT7} E2H9r} & £t

AE] E]Jo] oA o] §Ake] Held Sl

(Consistency Ratio: C. R

0.1 o]3kl A f-oll= T A Ax= =

of e = Qi) 1y, W o] g 2k Aol W2 2
7

(] ral
9]
ol
o
L 2
1o
> o
=
o
ox ©

& 87 (eedback) S $1510] AZE 2AHE AN A M Fosthe 2 et 9, BeAS of
£ o] vebAeh YV AR A, g9l AR HlE 88 5 NGNS Bk IR AP wE
& R 01 o2 et £ 9RYE AARD I 02071 AT SEE005)80 TLAD debic
22 BAT F Yok, AHP H7Va5hE Qobebe, Mg o] g3 B8

AP %7} 431 Table 65 20 1A% Aol 39 Auls 52 %7k A ebile] v Feshn a4
£ FolH BES 4 YAPRY FAEE 04D, RIYS FI} RAME R0 ekt e

#2143 (0.30), B4 (0.29) &2 Lelsieh b 8 29 ok H( b A 9 wA) Bk 24 kA 24
7k T osirtar rHE gL, A A ERE el
Atare kS 9t H7W7‘qg} 344 okAu] FAo] QHEA

Table 6 School bus service evaluation relative weights and S A=Y e 247 FAEES YERich
priorities
First—tier Second—tier . . . . 4.4. o{Zlo| %i"u'lﬁ MH|A rc">17|‘
. . : . Third—tier Dimensions | Score
Dimensions Dimensions
Accident Preventi 3 % ;
Vehicle Safety | enSafert?,V emon ) 0.164 2 do A= oA A MU A HIF ARE T
(0.23) S AE S0lsle AT AN 2Edhy .5l B3
Collision Safety | 0.067 A T A71E A 2ER Sehal §9
A8 =lo] By =305 = FAR Kes
Boarding & Children's Boarding 0,030 = 87 Oﬂ —I%O]— q 07]—E_‘ T o \_].— é = X-" ]O]—Mq—
Alighting and Alighting Signs | A A= Table 73 2}, ke kA 2 A A
01 | ey | g erentiaion o SO B A8 08 0 1,2 05 A 0
g afety Boarding and Alighting | 0.076
©.1D) Points on roadway FUA R FE Ao E YER EP $H, o e (e
Proportion of Sehool | | 1,235, 6, 7)°] Shit Al (e 4, )} AWl 7
Route Safety Zone ) o] =2 Zﬂgi E]";T;l’ﬂ' ]'J.L i g‘f_}d/] 73‘?‘, Z&”‘] @
(0.08) Safe Driving Behavior | . =l o] AH| A FRo] Uil Y] ahar A S E3 4
Score ’
E7h A8 397} Hel e B7hE e Aow dut,
Appropriateness 3 '
of Information - 0.132 I3, AR A o A4 %% A 1E A=
C . . - PR
On(\(/)e;lg(;nte Provision QFAA JfAe] H o3k Ao 7 Yeba, ekaked A
functually - P = aEe glow et ol %i“ﬂé% o188
foute Curvanure - OOLE ) sl 523 a3 oA E Aoy 3 34
Vehicle Aging - 0.242 - _ 1_
Comort (28 b A0 AFA DAL FET 5 G AA
030 enicle Noise _ - = - - -
030 Level 0054 [ Zwle) X9lo] oL vehdick B7act
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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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