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ABSTRACT

Purpose: This study identifies preventive measures for VOC management by analyzing the causes and effects
of factors that contribute to high risk service failure using FMEA on KORAIL VOC data.

Methods: Two research methods were used. First, a Risk Priority Number (RPN) was assigned to each KORAIL
VOC based on Failure Mode and Effect Analysis (FMEA). Second, multiple regression analysis was run with
RPN factors that include severity, occurrence, and detection as the independent variables and customer dissat—
isfaction as the dependent variable.

Results: Multiple regression analysis showed that RPN factors including severity, occurrence, and detection
had significantly positive relationship with customer dissatisfaction. Based on these results, an FMEA was
performed on VOC categories with high RPN for railroad stations including platform, ticketing, ticket ver-
ification, parking, and escalator, and VOC categories with high RPN for trains including entrance doors, cafes,
air quality, announcement, and ticket verification.

Conclusion: This study has practical implications to service failure management. A priority order using FMEA
was established for the list of customer dissatisfactions that should be addressed to actively manage service

failure, and strategies for tackling this priority list are offered.
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Table 1. Previous Studies on Railroad Services

Researcher Subject Contents

Value estimation for station facilities improvement,

Gleave(2000) Station and Train : L
vehicle performance, quality improvement, and so on

An overview of previous studies on quantified railway
vehicular performance improvement and itemized value
estimation for vehicle performance and quality
Improvement

Wardman and Whelan(2001) Train

Assessment of current railway conditions,
Yoo(2004) Station characteristics, divisions, etc. for facility
improvements proposal

Analysis of importance for inside and outside of
passenger facilities, platform areas, sanitation

Ko and Chung(2010) Station facilities, moving equipment, etc. in railroad stations
using AHP
Gleave(2000)& HE o] 8AES O o = o] A e, dake] A FA4st

)
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Table 2. KORAIL Railroad Services Classification

Category Item Category Item
Parking Ticket Verification
Ticketing Entrance Door
Ticket Verification Passage Door
Escalator Shelf
Elevator Seating
Bicycle Storage Restroom
Restroom Lactating Room
Lactating Room Cafe
Station Stairs Train Announcement
Announcement Information Sign
Station Assistance Monitor
Timetable Lighting
Information Sign Temperature
Lighting WiFi
Temperature Air Quality
WiFi Noise
Air Quality Vibration
Platform Premium Travel Services
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2.3 VOC
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2.4 FMEA
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HAgslete As HAo= o, A9 Age ogk A dRldl 24& wETh AR, ZEAA FMEAE AlZxe}
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Ayl g BAshed AHEE SR, B8 A4S B 2RSS Ajssis AL BHOE s, A2E EE
2A|229] Aol o3 s A dJe 28E gE
System Design Process —>] Service
Manpower/
Manpower Human
Components Components mz:&g&e Mr:csr?il:‘l:es
—>| Subsystems —>| Subsystems > Material i Method -
Main systems Main systems Measurement E Material E
Environment | Measurement | !
E Environment :
Machines = Human A
resources
Tools Task
Work stations Work stations
Production lines Service lines
Processes Services
Gauges Performance
Operators’ Operators’
training training

source: Stamatis(2003)

Figure 1. Types of FMEAs
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Figure 2. Research Model and Process
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FMEAE sk anrAel
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=
(Occurrence), &%= (Detection)S H7}3tc), AL Ao Q2o oldf t}E A &4, A|2~E AA & 117

M3 5 gl Gl AEE ojulaha, WANEE Aulz Asie] w4 FsAe tehile, AEwEes A9 A5
S B = AT 7 JE AEE Yehdh vpute s 7h A2 sl QQIHE AZH], MRIE, A&k
o] oz AELAEARPN)E Al RPNS| gho] 2 AL dlgds = An]2 Au) 22le] ko] Al A4
9 a7 Fo Al A& @e] Aa, ago] A LS X HY] offHrbe RS ofu]gt)

Ao HARIES] HEE FY L] 201295 A VOC vlolE ] BA SIF+E 7o = g o,
77152 1~10e7 &2 T8kl oleldh B7} 71E5 o) A& SHaly] 98kl (Weber 1985) $hrd=gAb
AT AAATAHANA FAT Aol A 2 Ao HEE ©& £ Fr} VEES A o] A ¢
FAEFA AU DE I ARAAH NS 93 BHOR $5n Y= Aoz, (A 2 AT
I W) 39, AT AHEATAH D AFALA D) 49, AQAEEES 2D A4 AT dA 9 2o
% 9ollth. 0|9} o] ARk )AL ugow Aw Anlsglo] A3 AL, WS, AEE B} 7)F
< T #ol AAsielth

Table 3. Severity Measure Standard

Criteria Explanation Ranking
Risk without Warning | Possible injury to customers or employees 10
Risk with Warning Illegal products or services 9
Very High Proper use of products or services hindered 8
High High customer dissatisfaction 7
Average Losses in main business performance 6
Low Customer dissatisfaction from business performance losses 5
Very Low Mild business performance losses 4
Mild Mild discomfort but recoverable without loss in business performance 3
Extremely Mild Undetectable minimal impact on business performance 2
None No visible impact on business performance 1
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Table 4. Incident Occurrence Measure Standard

Criteria Explanation Probability Ranking
At least twice a day 1/13 10
Very High
Once a day 1/26 9
Once every three days 1/78 8
High
Once a week 1/181 7
Once every two weeks 1/362 6
Average
Once every three weeks 1/543 5
Once a month 1/724 4
Low
Once every three months 1/2,172 3
Once every six months 1/4,343 2
Very Low
Once a year 1/8,685 1
Table 5. Detection Measure Standard
Criteria Explanation Ranking
Absolutely Undetectable | Cannot detect any failure caused by defects 10
Very Rare Certain services are occasionally detected with defects 9
Rare Check service failure through systematic sampling 8
Very Low Manually check service failure 7
Low Carry out service failure prevention measures and manual investigations 6
Average Monitor service processes and manually inspect them 5
High Respond immediately to uncontrollable situations 4
Moderately High Inspect 100% of uncontrollable circumstances and respond immediately 3
Very High Automatically check all service failures 2
Almost Certain Defects are obvious but preventable from impacting customers 1
3.2 £4 A8
B Auas Qo) 20124% VOC A4 A5 FolA o A3} Bl g B3

Az}, FoolA, oMY &

8,68572] Hlo]E]= o] &3}
o

tloket ARz o] @MSe] BHAES A Ay 9]

k..
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£S5 TAH R A EW <Table 6>3 2t} =y d

7 A2 el B8 )
EEE O]

HrdAdeA, BHAR] W89 Muls Ao 79, 49, a7 BN A AE
(Likert) H=2 3 4917, <ol oleld 19 BAAGS ofaA Aelshin S| W& sjetsto] VOC #]
£ skar vk

Table 6. State of 2012 KORAIL Passengers VOC Segment
Category ltem Occurr\;(rjlge Rate Category ltem Occurr\ggcce Rate
Parking 77 Ticket Verification 422
Ticketing 6,536 Entrance Door 31
Ticket Verification 422 Passage Door 3
Escalator 41 Shelf 16
Elevator 18 Seating 28
Bicycle Storage 6 Restroom 43
Restroom 48 Lactating Room 6
Lactating Room 2 Cafe 99
Stairs 10 Announcement 226
Station Announcement 31 Train Information Sign 4
Station Assistance 6 Monitor 6
Timetable 3 Lighting 3
Information Sign 30 Temperature 110
Lighting 7 WiFi 20
Temperature 13 Air Quality 69
WiFi 1 Noise 151
Air Quality 14 Vibration 7
Platform 171 Premium Travel Services 5
Total 7,436 Total 1,249
2R £4S RET 5 UE $5H EBE FEA7] sl $F B2 FES s, 1 FAE RYd
S ol 79 ske Bdew FEE F, 74 kel Addeld AR ZEE FEce I 28 FEY
(Stratified Sampling)s ©]-§-3t3tt. 24 =82 207] wwkel A--olli= A 2z, 207] o4 4-%-lli= 20
WA & AdAst] o 2407, A 2500 0% F 4901& FFS9lT



: FMEA Measures for Service Failure Management 53

Kim et al.

C
%
)
<

4.1 B53AEH

£ X 4907

o}, 89134 Aol

foz
A

)

o))

o

s

ol

SHA| veht]

=9 ol A1

N

0.000), EANI%=(B=0.077, t=2.009,

H A )9

9

0.429, t=8.568, p

Eel(s

0.150, t=2.994, p=0.003)= L

25

ol §9]

1:‘1_]__

H
=

o2

(B=

=k

0.045), 7
3| AAT] Agke v

p=

Table 7. Relationship between RPN and Customer Dissatisfaction
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Table 8. Comparison of RPN by VOC Category for Railroad Stations

Category Item VOC Occurrence Rate RPN
1 Platform 171 344.6
2 Ticketing 6,536 341.0
3 Ticket Verification 422 297.5
4 Parking 77 277.8
5 Escalator 41 260.4
6 Stairs 10 253.0
7 Temperature 13 232.6
8 Air Quality 14 190.3
9 Announcement 31 187.4
10 Elevator 18 182.5
11 Information Sign 30 181.8
12 Restroom 48 178.0
13 Station Assistance 6 143.8
14 Lighting 7 137.6
15 Timetable 3 105.3
16 Bicycle Storage 6 97.0
17 WiFi 1 92.5
18 Lactating Room 2 70.8

Total 7,436 -

)

%o] g RPN vlasluw, 57379 RPNe| 71 9k, 7 thg-e olul, A, 7414, o 22 elole §9
_/g_ 7

AT 53, 58783 olle Al AfdE ook sl Alow vEbtEd, 57780 759l RPN(344.6)¢] 71
EANE VOC B (1705 Al WA= s29kow, o= RPN(341.0)0] + WA= =3kAwk VOC 24 5+(6,536)
= 7P =T @ HEe RPN(297 5)o] Al A= AR VOC BA F(422)= F WA= =9kl a2

RPN(277.8)3 VOC A +(77)7F 57 vl A= Erh npA2to 2 o] =4 oJE &= RPN(260.4)0] tHA WA=
EARE VOC ¥ (41)= oAl HMHE =Uth =, FAGE A e A9 8QQES BF RPN A7}
VOC LA 1579] =A9h A8k Fuch

93 HAE 187 FEE FolA AP AT =S An 2 Asfo] A AFE F3ete] AR sk <Table
9>} Zt}. ojue] Asf {3, *‘Jﬂ A1, Al g L] AA VOC A=l = dlF An|2 Ao g5
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Table 9. FMEA for VOC with High—Priority Risks Related to Railroad Stations

o
$1 8 |2
No. Item 5 % a RPN Failure Mode Failure Cause Failure Effect
< 9:; S
* Various
.  Customer
construction work o
. . hospitalization
within station and surve
Safety risks | » Heavy rain, snow, . Com ensagon for
1 Platform 7.3 80 |59| 344.6 and copper etc. D
. . . medical treatment
interference | * Passing trains ,
. . » Customer’s
using embarking/ . .
. . psychological distress
disembarking ..
* Customer attrition
tracks
» Ticketing systems
Ticketing error error * Refund due to double
and refund » Lack of customer payment charges
2 Ticketing |6.2| 10.0 |5.5| 341.0 . knowledge in * Decline in staff
processing s
card payment credibility
requests process  Customer attrition
* Unfriendly staff
* Problems of equity
resulting from
» Lack of staff imposing
training in surcharges over 5-10
Dissatisfaction customer service times the normal rate
Ticket with the » Lack of customer * Increased wait time
3 e . 5.8 9.0 |5.7] 297.5 . . . .
Verification behavior of cooperation in from ticket verification
station staff orderly service + Customer’s
» Lack of staff psychological distress
expertise * Negative
word-of-mouth
reputation
 High parking
expenses
* Unapplied free * Refunds for excessive
parking benefits parking fees
Dissatisfaction for drop-offs + Customer’s
4 Parking 64| 70 [6.2| 277.8 on service * Unapplied psychological distress
rates discounts for * Negative
small vehicles word-of-mouth
* Differentiated reputation
parking fee rates
by station
* Frequent )
. * Customer’s
malfunctions . .
« Metal erindin psychological distress
Malfunctions oise gexcessgive ¢ Decline in staff
5 Escalator [6.2| 7.0 |6.0| 260.4 |and malfunction N credibility
. vibration, etc. . Negative
prevention « Staff behavior on &
. word-of-mouth
preventing R
. reputation
malfunctions
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Table 10. Comparison of RPN by VOC Category for Trains

Category Item VOC Occurrence Rate RPN
1 Entrance Door 30 398.2
2 Cafe 99 275.6
3 Air Quality 69 250.6
4 Announcement 226 249.6
5 Ticket Verification 422 243.0
6 Premium Travel Services 5 220.8
7 Noise 151 213.7
8 Temperature 110 205.8
9 Restroom 43 203.3
10 Seating 28 1914
11 Vibration 7 188.6
12 Shelf 16 166.5
13 Lactating Room 6 139.5
14 Passage Door 3 113.9
15 Lighting 3 101.1
16 WiFi 20 82.9
17 Information Sign 4 81.0
18 Monitor 6 79.3

Total 1,249 -

1 N(398.2)0] 7Hg =3kA % VOC A 4+(30)& 04%3 WA 2 Eglton] Fh¥e] ¢
RPN(275. 6)°l % A2 QA VOC A 2(99)&= oAl WAl 2 ko], 3712 7% RPN(250.6)0] A H
AR EA R VOC LA F(69)= AN WA =34tk vhad] g RPN(249.6)2 Ul WA= %A% VOC
WA (226)= T MAIE =34aL, AT RPN(243.0)0] Tl fIAl = =9kA]w VOC A 7(422)= 7Hd =9ttt

o]g]g A= <Table 8> AAE o] &= RPN H| 1 A7}e} dWMAES = Aoz XH|AE A= 7Y
o] Aol A w&s| el Bl VOC AN LY} =rhal sto] g 58 Als| ZlAdsof sk AL ofd &
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<Table 11>} gt} ojuje] Huf 9, A €<,
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Table 11. FMEA for VOC with High—Priority Risks Related to Trains

| 8|8
No. Item § % 8 RPN Failure Mode Failure Cause Failure Effect
218 |¢
» Customer hospitalization
* Faster opening and | ¢ Impossibility for customer
Entrance Malfunctioning closing doors o to diseml))ark '
1 Door 791 80 | 6.3 | 398.2 or out—of- (when the train is | * Customer’s psychological
order doors behind schedule) distress
* System error » Compensation for taxi
+ Customer attrition
» Uncomfortable
facﬂ}tles * Customer’s psychological
- » Unfriendly staff .
Poor facilities . Lack of publicity distress
2 Cafe 5.21 10.0 | 5.3 | 275.6 | and insufficient . * Decline in staff credibility
about trains cafe .
announcements cars . Negath.e word-of-mouth
* Noise and lack of reputation
order
* Smoking in front of
doors/gates + Customer’s
» Lack of staff psychological distress
Odor inside awareness on » Compensation and
3 | Air Quality | 5.8 | 9.0 | 4.8 | 250.6 | trains and poor customer apology
ventilation satisfaction * Negative word—-of—-mouth
* Negligence in reputation
environmental » Customer attrition
management
* Lack in work manual | ¢ Impossibility for customer
* Lack of staff care and to disembark the train
awareness for the * Customer’s psychological
4 Announce 591100 | 48 | 2496 . Lack of disabl.e(.i distresg
ment information * Insufficient *» Professional
announcement compensation
system * Negative word-of-mouth
» Unfriendly crew reputation
» Problems of equity
» Lack of staff training resulting from Imposing
in customer service surcharges over 5-10
Ticket Dissgtisfaction * Lack of customer times the normal rate
5 . 5.4110.0 | 45| 243.0 with staff cooperation in * Negative word-of-mouth
Verification . . .
behavior orderly service reputation
* Lack of staff * Customer’s psychological
expertise distress
» Customer attrition
A AFSHAEA M =& EUT I8 E9F 277 9E g9 AE, o]eh 2 Byo] TS gilo=
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