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Developing a Structural Equation Model of Drivers' Preference on Route Diagrams of
Variable Message Sign
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ABSTRACT

VMS(Variable Message Sign) helps drivers to choose their path to destinations on roadways. Some types of VMS often provide traffic
information with clearly visible and comprehensible graphical route diagrams. Currently many diagramed types of VMS are installed on urban
arterial and highways. This type of VMS surely enhances drivers’ ability to comprehend traffic route information while they are driving on the
roadway. Nevertheless, some of them are presented with so much information and design elements and they sometimes lead to decline of drivers’
comprehensible level for traffic information. Drivers would fail to decide their preferable route in this state of information overflow. The purpose
of this paper is to develop a drivers preference model for effective design principle including size and height of displaying font, and the amount
of information in the route diagram considering driving speed, sex and age of the driver. This model is developed using structural equation
modeling techniques. This model considers driver’s emotional factor and, human factor and design component of route diagram. To collect data,
we built driving simulator which is able to replicate real driving condition. 72 people who participated in the simulation were selected considering
gender and age. The developed model showed that the amount of information, and visibility are more influential factors to the drivers’ preference
of the route diagram on VMS than design elements such as the shape and the font of the diagram.

Key words : VMS, Route Diagrams of Variable Message Sign, driving simulator, structural equation model, human sensibility ergonomics
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(E 1) 71E AF 2% EES BAR 7MY S5 4R 7Y wARE
(Table 1> Summary of Research Z351, VMS EZHo] U3 Ass 9 A e
Researcher Main Substance Aol tigt H4E Hxo AEX A SR3IHT. I
lSluggestion onbthe evaluation of tunngl usuﬁg A7 NEYolAd F3 874 9 & A2
uman sensibility ergonomics and sight s oolem AE A ololo .
. = A < 2 =
Wang;3(]2 010) analysis by grasping corelation between T ooEs Add A Aol AdEes dg 79
components of the tunnel and emotional T, B APs JYss. =5 dkEE dge=m
factors. olgk Holg 3 A5 WA std, A EY
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) Z3) o 19|t} 5}3]
Lee.(2003) traveling speed, is the road image and the I8 42 1909 8312 Adstsint i
4] geometry of road in dynamic condition. SRR METE IA AR AN &4, 22
Kim. (2008 Main factor of satisfaction is the number of A T4 84 ANy AAF add g3 FFE
1m.[(5 ] ) being provided traffic information and e Aoz B B ALdAE LA A
accuracy of information o] 2xog of AWO wleldd o T=m
as 1 o ) _§_\_Z =)
Establishment of the evaluation of letter size A FHom A8 4Ee A 0_0}9?\'—]11’ =
Kang.(2005) adequacy of traffic sign. Verification of letter T 2av <E 2>9 o] vkt
(6] size adequacy of present traffic sign.
Grasp process of modal split using SEM. (B 2) B0 M 94 &M
Sakano.(2009 . . e . AL arsEd o oL Jo
[7]( )| Evaluation of the suitability of Model using (Table 2) Attributes of displays
SP data and RP data.
Attribute Level
Road line Straight line Curve line
3. 7|& oi7Qo| XM Travel time Not providing Providing
Outline and node | Nothing Outline Node
NE AT AR A3, =34 vMse £ A Font size (om) | 30 4 S0
Gothic Gulim Mingstyle
EE l§7]'9’]' J\%Ej_g__ O\i‘?_ }\]'Eﬂ O-]‘_ 7_] Oi ‘\%‘a— Font Type type type type
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(Table 3) Fixed attributes in displays

Attribute Applied in simulation
Day and night Day
Ratio of width vs height 1:1 (in some cases 1:0.9)
Arrow thickness 0.5H
Space between words 0.375H
Space between letters 0.25H

* H: letter size
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(Table 4) Specification of simulation

Composition Specification
Computer -Intel i7 Ghz, GTX 460, 4GB Ram
Display -50“ PDP -Resolution 1920x1080
Controller -Driving Controller (wheel, pedal)
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(Table 5) Attributes of subjects

Human factor Male Female
20’s 8 6
30’s 10 8
40’s 11 8
50’s 8 5

More than 60’s 5 3
Total 42 30
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(Table 6) Emotional adjectives

Emotional adjectives
easy to understand difficult to understand

definite not definite
reliable unreliable
clear dim
visible invisible
noticeable unnoticeable
refined countrified
sensuous not sensuous
interesting not interesting
easy to knowable difficult to knowable
harmonious inharmonious
safe unsafe

suitable information unsuitable information

composed not composed
natural unnatural

comfortable uncomfortable
helpful unhelpful

conspicuous inconspicuous

o 2
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(Table 7) Test of KMO and Bartlett

Test of KMO and Bartlett

Kaiser-Meyer-Olkin measurement .875
hi- 1571.708
Test of Bartlett carsquare
sphericity degree of freedom 153
P p- value .000
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(Table 8) Result of commonness analysis

Emotional adjectives Initial Extraction
easy to understand 1.000 .875
definite 1.000 .883
reliable 1.000 812
clear 1.000 .843
visible 1.000 .872
noticeable 1.000 .863
refined 1.000 797
sensuous 1.000 815
interesting 1.000 788
easy to knowable 1.000 .868
harmonious 1.000 727
safe 1.000 912
suitable information 1.000 .832
composed 1.000 .820
natural 1.000 782
comfortable 1.000 .837
helpful 1.000 .805
conspicuous 1.000 784
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(Table 9) Rotated component matrix

S.D
20.13881
21.73135
20.99391
20.58338
19.47253
20.99368
20.93748
24.06798
20.99391

Average
65.4878
60.0605
63.1510
66.3661
63.8264
64.7697
60.2321
56.4286
63.1510

328
248
576
112
144
152
112
56
576

Male
20
30
40
50

Female

Total

Classification
Total

Sex
Age
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(Table 11> Analysis of variance of human
factor-preference

Classification SS df MS |F- valuep- value
g | btw groups | 4159.815 | 1 |4159.815| 9.579 | .002

e | In groups |249268.04 | 574 | 434.265
*|  Total |253427.85| 575
A btw groups | 5106.59 4 11276.647| 2936 | .020
g | In groups |248321.27 | 571 | 434.888
© | Total |253427.86 | 575

x2W TAHLAY FYPER WE HIEE
BAstgon, 24 A3E <% 12>3 2

(B 12) FHRA-MZE J7|&8EHEN
(Table 12) Descriptive statistics of compo-
nent-preference

Classification N Avg. S.D

Road | Straight 288 | 64.5347 | 2149221
line Curve 288 | 617674 | 2042710
Travel Not 288 | 643333 | 18.80785
time | Providing | 288 | 61.9688 | 22.94522
Font 30 288 | 58.8542 | 21.08601
) 40 144 | 68.1736 | 21.10524
stze 50 144 | 667222 | 1894764
Outline | Nothing | 288 | 632917 | 20.51391
and Outline 144 | 629792 | 23.81381
node Node 144 | 630417 | 1898578
Gothic 288 | 642326 | 20.64849
Font Gulim 144 59.3472 20.60936
Ming-style 144 64.7917 | 21.72874
3 144 | 732639 | 18.04152
N“g;ber 5 144 | 65.1181 | 19.33673
7 144 | 587708 | 21.62934

nodes
8 144 | 554514 | 2047165
el 30 192 | 632240 | 20.17507
cpoed 40 192 | 657604 | 20.94783
50 192 | 604688 | 21.60834
Total 576 | 63.1510 | 2099391

rx
0

A A 7 FeadA =2AY0] HAd
B, TS AFIA e B, FAECVL
40cmQl 735, S HA e WA ¥ B F, A
7h xS AS, k2 57N A, FASETL

(E 13) FHA-Mzr BAEM ZT)
(Table 13> Analysis of variance of compo-
nent-preference

Classification ss i | ms | B P

value|value
Road [P groups| 110279 | 1 [1102.79]251] 114
h‘;ae In groups | 25232507 | 574 | 439.59

Total 253427.86 | 575
btw groups| 805.14 1 | 805.14 | 1.83|.177
In groups | 252622.72 | 574 | 440.11
Total 253427.86 | 575
btw groups| 10786.44 2 15393.22|12.74| .000
In groups | 242641.42 | 573 | 423.46
Total 253427.86 | 575
Qutline [btw groups 11.67 2 5.84 |.013]|.987
and |In groups| 253416.19 | 573 | 442.26
node Total 253427.86 | 575
btw groups 2808.06 2 |1404.03|3.21 |.041
Font |In groups | 250619.80 | 573 | 437.38
Total 253427.86 | 575
btw groups| 26583.80 3 |8861.27|22.34| .000
In groups | 226844.06 | 572 | 396.58
Total 253427.86 | 575
btw groups| 2689.70 2 |1344.85|3.07 | .047
In groups | 250738.16 | 573 | 437.59
Total 253427.86 | 575

Travel

time

Font
size

Number
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Travel
speed
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(E 14) HE2F MY di4]
(Table 14) Method of amount of information
calculation

Display

Seodaemun- GwangHwa Changkyung

Station Mun Gung
15 min 10 min 13 min

]
min

Seoul
Station

Myung-dong
Station
t 4 min

Information units

- Place name: 5 units

- Travel time: 7units

- Traffic information per link: 7 units
- Total: 19 units

* White Letter : Name of Destination
* Arrow And Intersection : Link and Node

Aol AgE ZEHY AR
A HY 3099 E, = 10719 Jo
H SAEAARE &I 2ok

(E 1b) HHZ-MEE J|&SEAIEN
(Table 15) Descriptive statistics of informa-
tion-preference

hﬁonpation N Ave. SD

units
7 72 65.8611 17.01971
11 72 80.6667 15.96122
12 72 68.0556 17.94663
16 72 59.9444 21.99289
18 36 60.0833 14.63728
19 72 62.1806 20.33475
20 36 66.8611 19.13434
26 36 54.5278 22.38556
27 36 60.6667 20.10117
30 72 47.4306 20.39251

Total 576 63.1510 20.99391

(£ 16) FE-M5T B2LEAN
(Table 16) Analysis of variance of informa-
tion-preference

Information Ss i | MS | T pvalue
units value
btw groups 46685.36 9 |5187.26|14.201| .000
In groups 206742.50 | 566 | 365.27
Total 253427.86 | 575
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Preference
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Factor

Component
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(Flg. 4) Driver's preference evaluation path
analysis
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2 AT A, Az gFE HAA 42 A
o2 449 Wae Z¥d wgsiA ogsten, 4
2 Wes Frhste E4sln B3 b A
stota Add $AAES FHLLE sl
ARsE 45t HF Z¥ & 2AsAH

Factor

Information Travel
Font Size Font Type Unit Speed
(8 5) MEx "t 25 &9

(Flg. B) Driver’s performance evaluation model

o]% %Z Et-ﬂ(fsg\?ﬂ/\])jll. :[LEEE“(T}‘])OE ;&

s O3 2o (3, PREKIEE), EMO(ZA &
A, ATIEAASH 8 FHA2E 285 ¢
AALH B T ade %—é—u& £ X~ X, A
299 B2HSE X, ~ X, 08 BHIT)

Measurement Equation:

‘Xrl )\Tl 0 61

‘X; )\12 0 62

Xy Ay 0 9,

'Xi )\14 0 64

)(5 _ )\15 0 65

‘Xﬁ N )‘16 0 (ZATT)Jr 66 (1)

X, 0 A, EMO (?7

‘X;J 0 >\19 09

Xio 0 Ao b1

Structural Equation:

Y pre = YpreMero T € )

Nevo = YarrMarr TS0 3

2. &8 DY (Measurement Equation) &3

FAMse #SHTY #AE ;4-0_}6}7] 9|8k
(Factor Score Weight)E ©]&3}9 4&
ST [10] EAAEA F :T“t‘_{i“: Az,

A, BEF, FREE, AY 5709 ASHTl o3
AEoiAm e 3 BY L <O 6> 2ok

fo
Lo
X
&
1-ﬂ
Ha o

Human
Factorand
Component

Information Travel

Font Size Unit Speed

Font Type

TTELE

(33 6) SHXEY U PH2L Hols 20184

(Flg. 6) Confirmatory factor analysis of human
factor and component

914 QRN A% LAASH U THLL F
Aol U AFE A4 Avs <E 1753 2o

(E 17) 2HXEN 4 FHeA EHolN Q0l2M XNat
T AN A
(Table 17) Result of human factor and compo-
nent CFA suitability

Suitability . Evaluating the

ndex Result Criteria | g Liability

2
CMINCEY | 0450984 | p>0.05 | suitability

p-value
CMIN/DF 0.174 inscetﬁtz suitability
SRMR 0.0112 Less than 0.05] suitability
GFI 0.999 More than 0.9| suitability
RMSEA 0000 (15 T 005 ity

(E 18) 2HMXEM U FAQA Q0|ML
(Table 18) Factor score weight of human factor
and component

Information | Travel

Font size| Font .
units speed

Age

Factor
Score | -0.121 | 0.002 0.185 0.037 | 0.082
Weight
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Understand

ability
Emotional
Factor

(a7 7>zl el eolRy
(Flg. 7) Confirmatory factor analysis of
emotional factor

Attention

Fel7 fQleH A HYEE <X 19>

(E 19) Z4Q0l =eld ol Matx Y Zo}

(Table 19> Result of emotional factor CFA

(E 20) #Meol @ol8s(Factor Score Weight)
(Table 20) Factor score weight of emotional factor

Understand

Ability Attention

Safety | Aesthetics

Factor
Score 0.314 0.192 0.153 0.144
Weight

Moo= 0-314 < X; +0.192 % X, +0.153 < X,

+0.144 X X,

~
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(E 21) M=k g7t & 2o T4

(Table 21> Model estimation coefficient

Estimate| S.E. CR. P
-0.752 | 0.349 | -2.156 | 0.031

Font size <— Human
factor and component
Font < Human factor

suitability and component 0012 | 0.024 | 0514 | 0.608
0 : Information units <«
Suitability | p ult Criteria | CYuating the Human factor and | 1776 | 0.646 | 2.748 | 0.006
Index Suitability component
CMIN(x*)/ A Travel P
4.61/0.10 >0.05 suitabilit ravel speed Human
p-value p y factor and component | 153 | 0236 | 065 | 0516
CMIN/DF 2.31 Less than 3 good | suitability Age < Human factor 1
SRMR 0.01 Less than 0.05 suitability and component
GFI 100 | More than 09 | suitability Understand Ability < |
Loss than 0.0 Emotional factor
RMSEA | 004 excellent suitability Safety < omotional | 868 | 0033 | 26197 | *
AesthetlcsfazorEmononal 0885 | 0034 | 25796 |+
‘-| "J’—‘i Jg-?_%@l Z‘E"ﬂ' ﬁ?l’é"ﬁ(Factor Score Weight) Attention <— Emotional 081 0034 | 23723 o
factor ) ) '
[

o, 2o wE A a]l A

Emotional factor «—
Human factor and -0.721 | 0.251 | -2.872 | 0.004
component

Preference <— Emotional

16312 | 0.568 | 28.737 | ***
factor
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FxUEA 2¥E 0|88 DA JHHCHf X Ee| RHAL NS HIL 2y sfd
A7182012), ©1FA2008) 59 71E ATFNA o2 ©¥9 validation® 3 ou|E x&sta 9l
L EF 2457t 2442 W5 T 4BBA RS ATAE RMR ASE Bol AgIYO
b ok WA RS HAE o] rha B U, B AFE BSW4Y AE5} 2] HE o
ekt [1L,12] ¥ A7 2F3} FAA S of tdt 4 T RMR WAl BEE X<
g AR A% A55o] 71 2 9FES vH = SRMR< AH8-38FH. [13,14]
art Augor uuor, BAAe g VE EESH 37 dole ] FRaqPe ol
T W AOE UehiTh o Filel AE & o mie| 278 FI ol
ot PR E AT RG] A3d A=
FEFS =S Ae € F AT ZES FAAAT X = (N—1) x[EE do]&] ZEA A (S) ©)
A= <® 2259 2T} - B2 FEAE ()]
(£ 22) MEE B7} 55 Yo EFS FHAS RMRE &34 F43kel 2Agte At
(Table 22) Model standardization estimation
coefficient
NMis—o)?
Estimate RMR= |-~ A ™
Font size <— Human factor and component -0.14
Font «<— Human factor and component 0.023
Information units <— Human factor and 0372 GFI= ZE "oy FEAYH o iz
component ) ZHAe] 2 TBEASA P ol3tal Ao =
Travel speed <— Human factor and 0,029 gate] F4 Fwdddel fstel dRHAAE
component ’ %S 9udth. AGFI= Ed9 AFEE o] &35ty
Age < Human factor and component 0.124 = =
GFIS R A3} o
Understandability <— Emotional factor 0.889 = © wela
Safety <— Emotional factor 0.826
Aesthetics <— Emotional factor 0.819 GFI=1-F,,/F, ®
Attention <— Emotional factor 0.781
Emotional factor «— Human factor and 20.998 AGFI=1—(1— GFD[v(v+1) /20{]"1 1] )
component )
Preference <— Emotional factor 0.867 _ . .
ZE AR (incremental fit index)= EE A
HAE 022 7HHse EEY 712Ed(ul
w3 A Qe 47 T FJRA 15 = 0] - > ‘_
ERURATA VI AT BEA S T modeysh waste] ok & 2RHEAR e
Aotz Aol = gke mx]= Ao
o, U0 ] \_]OoqE ] ]1‘]_. /\-—-i ‘%Ez‘%,\l‘ l‘l_—_—/t‘(_'"_‘_,:__ ,CFI,NFI,IFI%‘O] E@'%E}
= o] AlmlA]l Z=E X = o3& A o
Az vMsel v, FEA R o843 NFIe Szwde] ¥s] @mde] FAHCE
d4e ¢

w
4
pg!

311

8l(Structural Equation) &S

i
o
H1
>
>

—_
~

2oAFA AL SR
CMIN(x?)/p#t, CMIN/DF, SRMR, GFI, AGFI, CFI,
NFL, IFI, RMSEAY| A& AFE 13 4

2yE AF8I

o) A 32| 4~ (absolute fit index)= 743 ZF 7 53
tolE gte] Aol & St AJEE HSse A

- A% FAHYEIIE Yed

NFT=1—-3,/% (109

CFl, IFI= NFI9| ©H& B3 A524 wd
o] A2 3 THF TR I T Jg
S A9 B e AHe] Qo

CFI=1-3, /s, (1D

(6=max(? —df,0))
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(E 23) 2o MEX|s
(Table 23) Model suitability index

Su}tablhty Result Criteria Evah.latn-lg the
index suitability
CMIN(x?%) | 103.04 N I
0.05 unsuitabilit
[p-value /0.00 P Y
CMIN/DF 294 | Less than 3 good | suitability
SRMR 0.030 Less than 0.05 suitability
GFI 0.97 More than 0.9 suitability
AGFI 0.95 More than 0.9 suitability
RMSEA 0.06 |[Less than 0.08 good| suitability
CFI 0.97 More than 0.9 suitability
NFI 0.95 More than 0.9 suitability
IFI 0.97 More than 0.9 suitability
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