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Designing Questionnaires for Better Reliable Survey: Case Study
of Using Railway Safety Culture Survey Data

ABSTRACT

The study of safety culture estimate has received a wide attentions in many other industries, rather in the contexture of railroad stands
at an initial phase. A factor analysis and internal reliability test were conducted to check if the survey results are reliable by looking at
how the factors are dimensioned and how the questionnaires are sub-grouped in accordance with such factors, and further if there are
any other common attributes being extracted as a new factor. The designed 5 factors were expanded to 7 through the test, and they were
renamed accordingly. The questionnaires are reorganized according to the new 7 factors. It implicates that thorough investigation of
the common attributes is important in reducing the gaps between interviewers' and interviewees' understanding. Moreover, the results
of internal reliability test represent the new design of questionnaire is reasonably acceptable with the high reliable values. We expect
such approaches can be applied for the railway culture survey study to be more reliable and applicable.

Key words : Railway safety culture, Internal reliability, Factor analysis, Factor extraction
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Table 1. Descriptive Statistics g 991S F-3] AWshs THEE TAAHIES grlshH,
Q N Mean | Median |Std Dev| Skewness | Kurtosis Ao agl wHe] 7hsvhe SRS, w3ks 1t TS
Ql | 8 | 199 2 0.82 0.71 0.28 AT 7Fsd0l 2
Q@ | 83| 18 2 0.86 0.93 0.54
Q3 | 83 | 1.88 2 0.79 0.68 0.18 4.2 0| 2A(Factor Analysis)

Q4 | 83 | 187 2 0.79 0.84 0.65 O oFE H& AFAURIYAE) e BalEe] sfd 841
Qs | 83 | 192 2 0.81 0.85 0.62 o AAs] Ausls Ao vrkslo] gole] 12w} o] ghe
Q6 | 83 322 4 1.31 -0.18 -1.28 A3} o)20] Bojg Aoz AYzR & gk T AEZAJeA
Q7 | 8 1.99 2 0.79 0.63 0.29 =ol3) i **7601'7] 5] AAE A= Ax Falsoe] AW
Q8 | 83 | 223 2 0.91 021 -0.80 oA =4 %}o}i o 37} aeh
R
Qi | 83 | 213 2 0.96 0.92 0.76 TRRL Ol cfgSte] 2hEE E%sm =L 28 HaR 22
Q2| 83 | 164 2 0.73 0.87 0.17 Folgh = 9l aQltAe] mgo] itk B 1 #akEe] Ui
QI3 | 83 | 148 1 0.65 1.56 3.52 A== Cronbach a2 Stk

Ql4 | 83 | 192 2 0.83 0.82 0.41 [QEAe|g n7l|e] HEEFE] AT o AL AEA
Q5 | 83 | 182 2 o070 | 070 0.85 AAste] eE mle] v AFo R e 2E ofEi,
Q16 | 83 | 1.8 2 0.54 0.15 -1.06 ol ¥l Ui ¥AE dHE 43 SHE 248 Y
Q17 | 83 | 154 2 0.55 0.29 -1.03 71e] 842 UAlE IAE FH38]) BT 5 JerksE wetk
QI8 | 83 | 1.80 2 0.69 0.52 0.07 ]oﬂ-« 57) ol Theat 2o oRlE Azte) BAk Eeje} Z5loe)
Q19 | 83 | 195 2 0.81 0.65 0.14 L = la] gole] QL 7} 99 Sl oS8 AAF| sk
Q0 | 83 | 1.73 2 0.73 1.03 148 AERESe] TAE0] QL) ‘Eal e} <Z5p olafs of2e Ky
Q1 | 83 | 195 2 0.82 0.76 0.34 35t odelom TR Bele Folals Aol 48RS Tolet
Q2 | 83 | 177 2 0.74 0.77 0.49 oo B o A% okl AuTHA} 92 2 ok
Q3 | 83 | 187 2 0.89 1.21 2.08 = = g o] e Sl el ek 2Ae
s o oo 2 Tom | 1o [ 2o SEUS S dudem aduie el woit
Q6 | 83 | 201 2 0.83 1.40 3.24 AU S48 Hoplal 2 wet REE A 2k S
Q7| 83 | 177 2 0.67 0.55 0.39 A R

Qs | 83 | 1.90 2 | 0s8 1.08 137 Aol Eshs a1l palloading)S AHESkL 5
Q9 | 83 | 190 2 | o084 121 2.18 HA o5 Eol= Aotk A’k Ve 7Hyel t=d
Q0 | 83 | 181 2 0.86 0.97 0.42 ZF AR mle & AL fudll 7FA 19] 53 gt
Q31| 8| 175 2 0.85 L.12 0.80 A=A e 9aF €] Fo = vERd F gtk S,

Q32 | 83 | 199 2 0.94 1.19 1.54

Q33| 83 | 192 2 0.90 1.09 124 2, Ll (fy €

Q4| 83 | 177 2 0.85 133 2.30 Tyl / ’ by | [ o | |6 )
Q5 | 83 | 177 2 0.75 1.28 3.39 ) e ) :

Q36 | 83 | 237 2 1.00 0.78 0.29

Q37 | 83 | 176 2 0.77 126 2.93

Q8 | 8 | 1.53 1 0.57 0.49 -0.74 VI, & e} AAEELONP, b n WA AEEe] 84
Q3 | 83 | 16l 2 060 | 041 -0.65 Jooll FIFRE 7HEAE ERAT) ol2fdt 7EAE SA o R
Q40 | 83 | 187 2 o] 06 0.15 ‘821 A factor loading)’o]2} F-21] SRJIHAAP} of= A=
Q41 | 83 | 164 2 0.62 0.73 1.25 371 opgolofof frefeirial Bt ofo) thil 7l eS|
Q42| 8 | 1.70 2 0.62 0.62 1.10 Ai-rae] 7 9 8819 Vg Tl Wt EEm, AR AR
Q43 | 83 | 2.19 2 0.92 0.67 0.24 olzf <29l F3Pola] Argsic). Qo1 25l Alg] W YFa)
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Slol|x] FHSS AME-E= F AdEE-(Principal Component
Analysis, PCA) 38 AF8319T, SAS 21218 AMgaleich
H])=- Ledesma and Valencia (2007} PCA *Ho| BRAIA QolE
2J(Exploratory Factor Analysis, EFA) WH=ET Q9] 59|
A SHolA AEAdo] HolRitkal Fstgloyt 2 =g
T ol Wy qle] HlaAErk Bo] opjug ARl
A Wle) SHEEE PCA WS AFEET

4.2.1 359! F&(Common Factor extraction)

PCA$} EFA R thiA =i Multivariate) SA4124] W
a3 A2 ofH AL Ashe AH3} T fre TE
otk o Ztl, #}243Z(Under-extraction) Z=)2]¢] &L
¢l 255 AEs] T o glal o= dagh JHo &4
oJujshd, "hde] ZE(Over-extraction)S &ju]e] 8
A ofeles el B g ARE dEs |
(Tabachnik & Fidell, 2007). A|F7}A] 845 &3P Tkt
o] ASHEIITh PCASH kAR Aol 71 mpHo
2 AMEE e Kaiser (1960)9] <3 7Rk K1 Rule
(K1-Kaiser's eigenvalue-greater-than-one Rule)2A] eigenvalues
(ZF 8Rlo] 7R HHE o= H= AWsk=AlE ekl
AERA, o] Frh= & T aQlo] JiFEL] ks 2 vt
2 Rzt 15T & FE Fs8or FE5H €
71 EAH o 2= AA, eigenvalue Fho] AAlY] = B¢
2, 1.003} 0.997} A M= e FE 7)) SR} tigh
=doltk B4, AR I FEShs ARl Sk olefgh #Al
& =E3}a1A} Cattell's Scree test (Cattell, 1966), Minimum
Average Partial (Velicer, 1976) H|~E, Parallel Analysis (PA)
(Horn, 1965)9} 28 thetkso] 7=} Zwick & Velicer
(1986)= 53] PA o] 7Pg Aekst 9918 FE38lke Ao
Hskek

o2&t ofqrell= B8kl & = 7P BEA 02 Al

HHH o]rt]

[e}
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N %2

2 225} eigenvalueZ} 1B & §210] IR ©EE|glon),
oS Aol 89l A B85 8 & 9UA oM HAF
0.6 o == Arale] §lo] IAES AlLfet 7] a9k&
T TEaR10E FE3ITE HEA R 2 s At
9] 27%7} Factor 12 A, [x15o=2 65%7} 77119 factor=
drgo] 7Fs3ltk o= Frazier et al(2013)7} B|ulabots: of i
oz A BZHAN50%).

4.2.2 Q21 H5K(Factor loading)

99l B3} AxjEke] H2HCutt-off) 7]132e B ATAS
o3 A=Ak thiER 0 2 Tabachnik & Fidell (2007)2 0.33
S A Fe] HA& 7|F 0= AQK}IaL, Frazier et al. (2013)&
olfdt 7kes = ARSIt et o]9] ol A
T U] 3ke] Hlgo] 2700 oPFo R e B 47 SHE
AEA FF o2 A AL BE SRS ] S8Rk
HE 193 E ARESH 2 ] 79 1 7KES IiE ARSEP 1ol
F2]7F Ik o]ol Haier et al. (1998, p.112 #x2)2 PCA
S ARSE 92l F8l Aol B2 Il EE fofgt s
3k -3t drt 71ES the Table 33 o] AR £
= 0.6 Frofgh 7RE(S AT 83%) 2= ARESII) e
L AT M) -SR] HIEe] LO3HIR o Yo% E'a)
aL o]2gk 7kee] & Ate] Aol IR A8-=
SR AFol Basith

Table 4] ©¢1 ¥-3l(factor loading)d3}, FA71E 0.6 AME:
s o) 43705 3R AR who] gk Ao s FAE
A A A g2 04290, 5, A VIE 04 ARE A B
ATEY FoFh. Ao, AEEd 34, 5, 19, 33, 28, 40, 1,
1388 15 Factorlol] 283} € ¢ 93-S ¢njgith 12719

T ooMT =
rerel ARale] A9 ThE ARt 1 ot Sk 397}

Lo o rfr

S Qe

p

Table 3. Significant Cut-off Points of Factor Loading by Sample

KIS Q01330 AMe3190aL 71 2= t}S Table 29} 2t} Size
Cut-off Point Sample Size needed for significance
Table 2. Factor Analysis Results: Eigenvalues and Percent of 0.30 =350
Variance 035 250
Factor| Eigenvalue | Variance percentage | Cumulative percentage 0.40 200
1 11.63 27.05 27.05 0.45 150
2 6.10 14.18 41.23 0.50 120
3 3.21 7.47 48.70 0.55 100
4 2.18 5.07 53.77 0.60 85
5 1.86 433 58.10 0.65 70
6 1.70 3.95 62.05 0.70 60
7 1.30 3.03 65.08 0.75 50
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Table 4. Factor Loadings

Factorl Factor2 Factor3

Factor4 Factor5 Factor6 Factor7

Q34 0.870

Q5 0.857

Q19 0.788

Q33 0.766

Q28 0.720

Q40 0.669

Ql 0.661

QI3 0.601

Q20 0.859

Q23 0.745

Q30 0.722

Q27 0.718

oY 0.716

Q26 0.637

Q4 0.867

Q9 0.859

Qs 0.823

Q10 0.701

Q11 0.699

Q31

0.668

Q35

0.663

Q32

0.642

0.631

Q42

0.630

Q36

0.614

QI8

0.727

Q17

0.706

Q

0.789

Q29

0.605

Q38

Q39

e
32
v
2
it
it
[
—r
J

£ AREe 37, S ) mE Hle]
g 2457} o] wlo] Ik of 4l Ale] ekt A

(o]
by
2,
=
r

oJsdkaL ULy & EF Factor 79| 38. <17} tf2 A|YE<)
kel thgt QS QlAlska ik’ 9} vjwslS i, 7]
gkt A9 oglehs SHAA U n|E = BHER
EREL vRRE e AR 7. AYzle okdET

SRl o]oks 94X & A, o |she HFEEE ofslslaL Uk
+ Factor 1¢] ‘1. 9% & #Aejxl= g7]-S ok ~

=
29, 29 F2e] SRS Q4lska Slek s} S Qe
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L 5ol AR ofn)E Fofstarat sigltk ofuf, T e
TEE0] TEHoE ufshs Ale w2y YR Aokl
A AEebdwsl s B a4 ofFS AU 283kl
Ty AR WS gk B3] oY gl EREAU MR
UE /g E&o] $43 Tl el Sl A7t Slo] et
7L 9] olFS s ofedsitk 7FR Factor 1] 3313}
Factor 49)] 453} #E2 AplaAlehs 54 Aehes 2874
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Table 5. Factor Description

Factor Description Quest. #
1 Safe system and interface 34,5,19,33, 28,40, 1, 13
2 Safety policy 20, 23, 30,27, 4,26
3 Management concern 24,9,25,10, 11
4 Incident/Aczi;i;Sts ir:porting and 31,35, 32, 43, 42,36
5 Communication responsibility 18,17
6 Management responsibility 2,29
7 Personal Responsibility 38,39

=

o], Factor 59| F&E2 AR 1387 ¢k& 735-2] A
gk oJslE AFdhs U802 Z= Factor 7 7HQ1] Q)3
A FEgick olefdt Y91 F 7S AR B 4 lvk 3,
AR5} O] SE1] 531 T (Table 25 FESE AME3)H 71F0)
w, AEEE ] HE2 v 2EE). B4, B1E oHd 89l Fat
TS SR o= A AR 7ge] w3Ee] ofn] FEEIk
SEjEhe AP} At ahs AT wiRE =X A A=
T 25 The S 2 tre] S
o8] A & < Uk wEh dEEee
Zr B AAEEate] 2PdE] flste] E3arEes
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