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Abstract

The purpose of this paper is to develop a traffic culture diffusion model using the system
dynamics analysis technique used to structure and analyze complex social phenomena, and to
perform scenario analysis on changes in the traffic culture index. The diffusion model was built
based on the Bass Diffusion Model, which has a theoretical basis, and focused on deriving the
innovation coefficient and the imitation coefficient by reflecting two types of diffusion by
innovation and diffusion by imitation in the model. The vehicle technology level variable was
considered as the diffusion factor by innovation, and the traffic safety investment variable was
considered as the diffusion factor by imitation. In consideration of these two variables, a scenario
analysis was performed on how the future traffic culture index will change. In the diffusion
model, the innovation coefficient was calculated as 0.0005 and the imitation coefficient as
0.03625. In the scenario analysis, in the case of the diffusion level of transportation culture by

J. Korean Soc. Transp. innovation according to the change in vehicle technology level, it was analyzed that the
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AbEste] A=t @]9 bz 2 8= 9l
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(Traffic Safety Culture Index, TSCD+= €& 7]5H0] MEd ofjd-& A8l 22l AEXA B2 02 164 o4
LAMAG] 22 AE AT e 2 A d o]17(Current Issues) B -2 3J e (Driver behaviors) 5ol T AFgF-S ZANS|o
Aaeeletal Qlok, wsbd ¥l 8 ZARFE O 2= S50, &4 F Froldst AR, & Wl w5, 5 A2
=+, A3 9E E3-24, QA E v]zhg 5o] JItHMOLIT, 2014; AAA Foundation, 2021).
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TSR Sk 972 st SR HHEGE 48, WAL TAAS, AP 5 oY
ST ZF IFER AolsHAl 93-S nlAlE Ao g BAE, 15 59 g et wEALL ot
Fo] BadhE 725t Se0(2019)+= W EAEYE7F wF-ESHY e of v x| = P wpofotaat AFEAS
AL o] Aol HESH APAT W02 = dFuFAI AR o] WwEESeHE-S /s, TS|
F2 F= AL AR wEst o] 8740 Wit gt e, AP e/ B PP/t wF-ESA| Sl FF
< uAE Ao YErd Y, RSt 1573 3PS ekt 7|8 Ao g 25ttt Park(2017)
2 AEA| AR FE AP, QJIFEA, Eol|5=010] TAIE B4ttt W EES A E AA] o] A E
oF 2] A AIE eIt Kim(2017)-2 1 505 o)A A (127]) ol 4] 9] W E-231A] 4= FHE 2] HE F0]
£ 5ol wEEsHA| 4 EAeke] thal AlQboteict. WE-ESA = 1T 1091y o WAL AFARSE, Q1 1059
B g B F AFGAeL ARt 80 A E UElL, WEs H5E, AEE F8-E, o|5x Y Z8-E7
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uSIot SRy TS

1. 22 12

=4 AmE FEUFRA WEZARTCDE, WANeEA A7 (VIL 5t F 2 (TSh=
Z-goArt. wE-Rsh S HHES 915 20085 E1 20179712 2AH WERERHAS Bt D8I A
ZEFES WEARLL i) 710181, o) F Fol wEwekrs Tide SA5ks 8RR A e=tkelr] 5 7] 8%
7hlo] ARLE A s o ARE o185t EEOW FANL FEWEFAN AFohs ERIF e

Ao WEFAER} AA Fol g HrdstaiT,
WEESA|4=2] 49 2018-20201 H/HA|E WA O
=

WERSAS gho] A H whzt 2404 A 2]5t et
olo] whe} B2 2008-2017d WEEFA|S: A= oz

o=
o2 sasheleh

Table 1. Data for analysis

Classification Unit 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Traffic culture  Index 73.20 7425 7471 7520 7520 76.04 76.70 78.75 81.38 81.56 75.25 77.46 78.94

index (TCI)

Vehicle tech Index 58.8 = 63.9 = 78.3 - 789 - 788 - 80.0 - 84.0
level (VTL)

Traffic safety Billion - 15,804 16,404 14,002 14,362 15,789 11,967 12,733 17,594 19,887 19,417 20,714 31,420

investment (TSI)  won
source: KISTEP (2009-2021), MOLIT (2009-2021), TS (2009-2021).

ordst WEESE ZA] o] B oA WEES) ZHAke] kg olof= ¢l g ol ZEFg el ER23E el So] glo
™ o]HSF FFQ 12 Al oJst &4H(Diffusion for Innovation), o] o]t 4H(Diffusion for Imitation) 5
27 A = FESERIT o2 gt FAlol ofgt G4kt el ofgt Skl = SR A HE = 7|2 FFo|H,
2t 2 E = 712 AAE Ao B R o5 Edl® AFE Skt 18 12 &
S FZoket 712 A of| st} 5 4lof o]t HH(Diffusion for Innovation)-2 2}
T A7 i - B o) s, Rl ok &}
529, ZH, wSANAALY 55 5o = o827}

fl

F71e9 5—.3/1‘1, E—Eh”%} A=
AH(Diffusion for limitation)<

oHE 50t S S E4FR <l 5ol A
WEHS EEt @82 she] ARR] Al AE] O = A thalst Q1= ofsl EitehA AR o] jlow, tpekrt
280 2 A A’ BslsHA| dnt, 1 7k AT e e R A 912 WEA A E

= L
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= W5t Gk S8k 2ol s E . A7|eo] a2 7]&94le] o3t Ao = hdstal At wEE
S 2Aoh=A] 71ogith. B, W BRI E2WE FRof gt X524 FAE ol A oR ZHE AR,
W5, FH 5ol thet ot el B2p st = PR wisehE /ol Z]oftith w-sEete] S-S 5ot wEALL
O] Za, WAL HAAE Fe wewet /A B Sk T abgo] oo AlAgle] M3 AT FAlof o)gh g
AR AAAR] A 4= QoL 7149 1k slE Fofl 9412 7HEetE 7| e gt BHfof] oJgt Sk &4l gl
Qo] th9] 9 jlS Bitoh= A0 2 T2 E KA ofz] gQlEo] of7]of T,

B AT A AR Y Sof| A HLE T Q= F XA 4 (Innovation Coefficient) 2t BB Al4=(Imitation Coeffi—
cient) & =&} FAo wE-E8} gt vl 4= 9l o7 89 FollA AFTleeEt PR} 5 27H]
831 FAHOE SMtE S st nt FA4la; ol et 8 Q12 thy EA SRR, wFFalA]4=o] Higte-&
Eof| W-sEet AR S IRt 2 FAA et RYAISE EESt=H TS Tl

diffusion factors by innovation / diffusion factor by imitation

traffic culture level

vehicel safety technology ) traffic safety
road evironment technology (traffic culture index) project or program

safety technology related to _ safety education and marketing
human facotr - (j_/A - policy and institution
innovation of safety agency traffic safety investment
. traffic :

accident

Figure 1. Concept of diffusion model for traffic culture - causal loop diagram

SR HO| JHE: AE-[EF DY (Stock-Flow Diagram, SFD)

3.

& A7 IR WSS EHE WEws) ulEs AH (Non Traffic Culture) oA 1§22t &4
AYell(Traffic Culture) 2 BHAE1= A&F-GaF W (SFD) 2.2, dAlof gt 8hik(diffusion for Innovation) ¥} HH};
of oJ?t #HiH(diffusion for Imitation)= 1L2{SFT. Al tho U] Ao A 2-8 5= 22 (Stock) ©] 7NE2 54
 Fog {FA fEol 9ol Heleh= AS UEhliH, 3 (Flow) 2ty o= A9 ghs HstA7]
2000 (271A17H)-2040E (FEAIZH 2.2 AAotar, A7 E9](time unit)+= E(month) F9|2 o}
AZFE Y (time step)= 0.25= AASIAT. 2 Aol o] 4 AEel= REE5 TN 24
,0.25,0.125)8 = 740 AyE A-gof AAT gtolth. B4 oA= AIPHS= Year, time,
StRoH, Bao] 284 ¢ ct 18 ARMHSE 7= Yetdls ARMHS2A 20183 e 283t
.
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Table 2. Setting for analysis program (Vensim DSS. 8.2.1)

Classification Unit Meaning
Initial time Time=0 (base 2000y) Staring time for simulation
Final time Time=480 (target 2040y) End time (12month*40y)
Time step Time step=0.25 Conduction time for simulation
Time unit Month Base time for analysis of simulation
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&< (exponential function model) ¥} Bl A AR El(bass diffusion model) 27}
E2tof| gt gpAle A48 W E RS gt A2 wlj A St dl
L

Table 3. Modeling pattern (structure and equation)

Model type Model structure

Model equation

Exponential iv1

function -
model S

Bass iY3a iY3b
diffusion
model

Y3 increase

Y1=INTEG (Y1 increase, i Y1)
i Y1=D Y1*p Y1 ini adj
Y1 increase=X1a*p Xla rate

Y3a=-INTEG (Y3 increase, i Y3a)
Y3b=INTEG (Y3 decrease, i Y3b)
1 Y3a=Y3b max-i Y3b
i Y3b=D Y3*p ini adj

Y3 increase=X3a+X3b

S

X3a Y3b max X3b

Y1/Y3a/Y3b: stock variables; X1a/X3a/X3b: flow (rate) variables; i: initial values; D: data; p: parameters; ini adj: initial adjustment para-
meters.

9 Hedtzo] wpet ZF o] digh /i RS Akl o H, ZH2te] Bdlof| tjet X2 2Hoptimize) & 5of X4
o] sietulel gh(p A4 7*)% zh= -2 AR gt e 342 Vensim Z2 130 285 o] 9= vl g A2
of wtet |4 otetu|e & s AA o] Qict. I Axt FAlo oJgt AAL(p traffic culture innovation coeff.)
22 0.0005=, mrdof o]t &-4k(p traffic culture imitation coeff.) -2 0.030625% AF&E5] Tt

WSS AR Y2 S ABE e et EZ kAol tht RSQ(RSquare, 2E 0] H‘ﬂa) 2 0.926
© 2 =7 yepgth RSQRSquare) = 3| AEE 2] SollA TAH Fo4e Brdsls 7|50, 49 AFeat
(squared errors) ] ¥ A Al 2o} 9ho 2 o] 01} 1 Afe] o] gh& UEUH, mar-5 B A¥ o] &5
= ofmf_tth

80

70

60

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040
Index(Score) Year (Year)

D traffic culture : base Traffic Culture : base.vdfx

Figure 2. Forecasting for traffic culture diffusion by the model
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D traffic p traffic culture
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<cct 18> /'
p traffic safety e traffic safety
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Figure 3. Diffusion model for traffic culture (stock-flow diagram)

*box[=] (level variable) / initial letter (D: data; p: parameter; c: constant).
*e variable means future values of p parameter for scenario analysis.

4. 28 HZ(validation) L A= FA(sensitivity analysis)
a] A

£ Ao A2E chol
2L el o] mElo] 72

A5 918 @954 (Unit Check),
) Ao

m{o r

ANt
SHS17 (Unit Check)- 1150] gh9]oh w14 ] 4] o] hel7} 2t
EZA 9 F(error) glo] FAHE Z o7 ypeRty B AR (time step)

EFA AR (time step) o] H3tof| p2 1l
q

zke] Wi} mju|gt A o2 vreht, 0.25 gho 2 eFARlS AAstct.

e A5 RSQ) AEZY, wE522kA4-2o] tigh RSQ+= 0.926(92.6%), AHg71&
%), WEJFAFRLS] RSQE 0.951(95.1%)& w4 =|o] mEle] AP o] zot Bl o] HJ L7} &

=4,

Table 4. Sensitivity analysis of time step change

24, mdlo] Aghy RS 915k Bd ARRSQ) AE, A42hp-values)ol e WAz 14

‘fﬂ TolM F2 -gsts B2 HT (validation) -2 2-830tt. AT
Z

9] RSQ+= 0.717(71.7
e Ao B4

e By time step Sensitivity
lesrificzagon 1.0 0.5 0.25 0.125 1.0—05  05-025  0.25—0.125
Traffic culture index 90.0847  99.0853  99.0847  99.0844 0.0006%  —0.0006%  —0.0003%
AlGgk(p—values)oll thet MIFE B4 WwEESIA|0] Al4gt st A= S BMsl= 7oz mdlo 285
Bt E5317), 4| 402 | 25, 2022\ 42 155
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478 Al4=(e traffic culture imitation coeff., e traffic culture innovation coeff., e vehicle technology level coeff., e
traffic safety investment factor coeff.)oll thsl] +10% ®{loA Wdlsh= H =g EAstA . A2 e gk ¥is)
£ 2457 f1ell elofA] e M o2 m7|ste] A4S AASHITH I E 242 919 AlE o] 2002] A
A= glom, Alggoldols d4E ol 8ok dEA SR EAoke dare|Ee 2H7IEE HH(Monte Carlo
Method)©] A-&=AcHKwak and You, 2016).

WFE2A] 4= o] Z4H2o] A4 ol theh Wt B4 A3} HFA|S=(e traffic culture imitation coeff.) ol T
St T = 7.35%, SPAMAIS (e traffic culture innovation coeff.)o] tigt FIAE = 0.59%, XF=7]&4-(e vehicle
technology level coeff.)of] thet 7= 0.40%, 153 F2He traffic safety investment factor coeff.)oll gt 7l
A= 3.01%2 Ue o, 91 47] 8291 Ao et wawetA] o] 9=+ 9.87%% 4= e}, BiAl9]
= =R Q] 470 Aol tiet wEZebA| o] T =7t & Ueb o, Relo] Hede Asfidtao]
2 ofd o= wohect, ok, oF% ol ofgt ekt A E of 2] Q915 disl AYe A4S Sl A5

HEdS Faskehr] A% 57 A7 a7k

1o Mn H

Table 5. Sensitivity analysis of individual parameter for traffic culture index

Data of traffic culture index (2040y)

Cleshitelien Min. Average Max. Sensitivity
e traffic culture imitaion coeff. 99.357112 99.555655 99.722885 7.35%
e traffic culture innovation coeff. 99.560533 99.574864 99.590113 0.59%
e vehicle technology level coeff. 99.565801 99.575225 99.585777 0.40%
e traffic safety investment factor coeff. 99.496186 99.570926 99.646073 3.01%
Total analysis for 4 parameter 99.275206 99.566016 99.76638 9.87%

50.0%  75.0% [ 95.0% I 100.0%
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100 8
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/ .
1 \.
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Figure 4. Results of sensitivity analysis for traffic culture index Figure 5. Probability density function of sensitivity analysis data
(4 parameter) (results)
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71 AlvrE] @.(base) = Zt T H4=0] Al=Zk(p—values) ol thet &4ty 7|12 3hS A-8otglom, 7t /i B4
< Jefofl St 7HEa} S G0 2 SLEsk 7F 270 9) Alube] @ = AlE3tetiTh 715 Alube] 2. (base) ol A1 S]
AlA 4=(Innovation Coefficient)= 0.00050] 11, BEAS=(Imitation Coefficient)= 0.03625% A5}t

Z}7Fo] Alue] @ = wE B3} SAEg e AlG 7hY] £10%, £20%2 A5k, @91 47]0] Ao
st Alvte] £ H oA Inno20%upe SAIAIS k9] 20% 718, Imit20%dne LAl ko] 20% HAaE
Slci=g

Table 6. Scenario setting for simulation

Classification Parameter name Level of change Scenario name Parameters values
Base scenario Base -
Diffusion by ~ Vehicle tech level +20% of parameter Inno20%up 1.0175064
innovation (p vehicle technology level coeff.) +10% of parameter Inno10%up 0.9327142

-10% of parameter Inno10%dn 0.7631298
—20% of parameter Inno20%dn 0.6783376
Diffusion by = Traffic safety investment +20% of parameter Imit20%up 0.4078452
imitation (p traffic safety investment factor coeff.) +10% of parameter Imit10%up 0.3738581
-10% of parameter Imit10%dn 0.3058839
-20% of parameter Imit20%dn 0.2718968

2. AUl 24 Ext

1) S0 et et Yok AV |seE e AU
Ao ogt E4H(Diffusion for Innovation) 9] FFR 102 27| & Mg el B4 A, A5F7]

an

S5 WS AlUE] 2= 7] (base) Y] £0.12% ofsellAf Wglehe Ao 2 FAS It 27| E43 et ot
2 S4lo] oJgt wERSE A5 APr|e5E £10% A ERSHSTE £0.058% Bl S8
Aoz %—ﬁﬂ‘ziﬂr

Table 7. Traffic culture index change by innovation coefficient change

Traffic culture index
2022y 2024y 2026y 2028y 2030y 2035y 2040y

Scenario name

Base 89.1071 91.6407 93.8245 95.6771 96.9577 98.9237 99.5755
Inno20%up  Values 89.1999 91.7507 93.9366 95.7789 97.0443 98.9676 99.5968
(+20%) Against base (%) 0.104% 0.120% 0.119% 0.106% 0.089% 0.044% 0.021%
Innol0%up  Values 89.1522 91.6942 93.8791 95.7267 96.9999 98.9452 99.5860
(+10%) Against base (%) 0.051% 0.058% 0.058% 0.052% 0.044% 0.022% 0.010%
Innol0%dn  Values 89.0645 91.5902 93.7729 95.6300 96.9176 98.9032 99.5655
(-10%) Against base (%) -0.048%  -0.055% -0.055% -0.049% -0.041% -0.021% -0.010%
Inno20%dn  Values 89.0244 91.5424 93.7240 95.5853 96.8795 98.8836 99.5560
(-20%) Against base (%)  -0.093%  -0.107%  -0.107%  -0.096%  -0.081%  -0.041%  -0.020%

2) 20| Qlgt Bt H3 WESHHTFEZ H AlU2|2
o] oJst ERAH(Diffusion for Imitation) 2] Gk Q010 2 WESFAER HA4E 18 ste] EA5H Ax) ik
WA} s} AL 0 71 (base) ¥ £0.5%(9]) olatolA] Mstae Ao R BHEIRC) WELIREL
o T B Alo] ofgt TERS SIS TEFHEA +10% W] TEFRSAS} oF £0.26% HloIA 2
SHe AR BARSIT DEUVEAS Dofe Bo] ofgh SIS A | E4Eg Defet A ]
AT 2 Aor BA Qi)
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Table 8. Traffic culture index change by imitation coefficient change

Traffic culture index
2022y 2024y 2026y 2028y 2030y 2035y 2040y

Scenario name

Base 89.1071 91.6407 93.8245 95.6771 96.9577 98.9237 99.5755
Imit20%up  Values 89.4281 92.0641 94.2992 96.1484 97.3872 99.1768 99.7099
Against base (%) 0.360% 0.462% 0.506% 0.493% 0.443% 0.256% 0.135%
Imit20%up  Values 89.2657 91.8507 94.0613 95.9140 97.1755 99.0556 99.6473
Against base (%) 0.178% 0.229% 0.252% 0.248% 0.225% 0.133% 0.072%
Imit20%up ~ Values 88.9522 91.4343 93.5894 95.4382 96.7346 98.7812 99.4939
Against base (%) -0.174%  -0.225% -0.251% -0.250% -0.230% -0.144% -0.082%
Imit20%up  Values 88.8011 91.2317 93.3562 95.1980 96.5067 98.6282 99.4020

Against base (%) -0.343%  -0.446%  -0.499%  -0.501% -0.465% -0.299% -0.174%

2 AT E 5w g AmE EYE A AF tho]y 9] A (System Dynamics) 4 S 285 1EE
}A)4=(Traffic Culture Index) 2] HZAl-S d|=st9th B EE3} Mg 018 F A A 4=(Innovation Coefficient) 2}t
A= (Imitation Coefficient) B Qclo g LESIY, QQAHE 217t Agfr|esait nSotHER} HE4E
dlof| ¥hedet W EEst SR S NSkt et iR G2 AT T2 E-8 5 Qs Bl A AR
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o] B AU @ & FASHIh st FAFR ] oftt SHtAl= 0.0005, HHEAS-= 0.030625=
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