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Abstract

In the recent years, the internet has become accessible without limitation of time and
location to anyone with smartphones. It resulted in more convenient travel information access
both on the pre-trip and en-route phase. The main objective of this study is to conduct a
stationary test for traffic information web/mobile application access indexes from TCS (Toll
Collection System); and analyzing the relationship between the web/mobile application access
indexes and actual traffic volume on expressways, in order to analyze searching behavior of
expressway related travel information. The key findings of this study are as follows: first, the
results of ADF-test and PP-test confirm that the web/mobile application access indexes by
time periods satisfy stationary conditions even without log or differential transformation.
Second, the Pearson correlation test showed that there is a strong and positive correlation
between the web/mobile application access indexes and expressway entry and exit traffic
volume. In contrast, truck entry traffic volume from TCS has no significant correlation with
the web/mobile application access indexes. Third, the time gap relationship between time-series
variables (i.e., concurrent, leading and lagging) was analyzed by cross-correlation tests. The
results indicated that the mobile application access leads web access, and the number of
mobile application execution is concurrent with all web access indexes. Lastly, there was no
web/mobile application access indexes leading expressway entry traffic volumes on
expressways, and the highest correlation was observed between webpage view/visitor/new
visitor/repeat visitor/application execution counts and expressway entry volume with a lag of
one hour. It is expected that specific individual travel behavior can be predicted such as route
conversion time and ratio if the data are subdivided by time periods and areas and utilizing
traffic information users’ location.
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Figure 1. Travel related information / data source
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Table 1. List of variables of access data in web/mobile-app and TCS traffic

Variable Description
Web_Pageview requests for a file, or sometimes an event such as a mouse click
Web_Visitor visitors at website "Roadplus” of the Korea Expressway Corporation
Web_New visitors that has not made any previous visits
Web_Repeat visitors that has made at least one previous visit
Web_Unique refers to the number of distinct individuals requesting pages from the website
Mobile_Click refers to a single instance of a user following a hyperlink from one page in a site to another
Mobile_User refers to the number of distinct individuals requesting pages from the App
Entry_Total vehicles at expressway toll to enter
Entry_TCS vehicles to enter through traditional TCS
Entry_Hi-Pass vehicles to enter through ETC
Exit_Total vehicles at expressway toll to exit
Exit_TCS vehicles to exit through traditional TCS
Exit_Hi—Pass vehicles to exit through ETC
Entry_Class 1 Passenger car, Bus(passengers<16), Truck(gross load weight<2.5t)
Entry_Class 2 Bus(17=passengers<32), Truck(2.5t<gross load weight<5.5t)
Entry_Class 3 Bus(33=passengers), Truck(5.5t=gross load weight<{10t)
Entry_Class 4 Truck(10t<gross load weight{20t)
Entry_Class 5 Truck(20t=gross load weight)
Entry Class 6 Passenger car less than 1,000cc engine
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Table 2. Descriptive statistics for variables

Variable Mean Std. Dev. Minimum Maximum
Web_Pageview 2,992 3,224 53 20,464
Web_Visitor 481 770 11 5,220
Web_New 161 360 0 2,459
Web_Repeat 319 418 9 2,829
Web_Unique 229 431 2 2,852
Mobile_Click 15,332 28,328 221 181,569
Mobile_User 6,266 8,577 183 60,887
Entry_Total 145,963 87,015 11,752 373,663
Entry_TCS 51,907 30,313 5,349 144,997
Entry_Hi~Pass 94,056 57,488 6,403 228,666
Exit_Total 145,560 85,153 11,790 351,687
Exit TCSD 53,379 30,518 5,409 137,537
Exit Hi—Pass 92,181 55,344 6,336 214,672
Entry_Class 1 121,205 75,386 8,067 359,502
Entry_Class 2 4,665 3,859 138 13,182
Entry_Class 3 5,995 4016 147 17,435
Entry_Class 4 3,352 2,329 39 8,982
Entry_Class 5 47745 3,990 97 14,758
Entry Class 6 6,001 3,727 366 14,172

Note: 840 observations(hourly aggregated) per variable

1) = DAC20] Ois AZIHE TCS JEREY S 20153 28 142 0A|2] & A7t 0422 TTE|0], FHO| Zate|?] of2 Tt SY
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Figure 2. 2015.02.09.-15.03.15(5 weeks), time series of page view(web site) and clicks(mobile app)
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of thx|9] #tZ HithH et AdYslaes W g ] ke Eloh T3t HEAE 732 @ F e H
sl oFo] AT @io] Fstdort B Jke 4 AF AAY oA AT Bl AR, EALI A
AL o Sk m2A ARG GAE Aoz EAHG Brte At g HelxRY e BA%
= 1eo] & o, wEgEe] otk 8= A AF9 AAG (@I Y) LE AQst =2 AHE AEEH
Ak siAE 4 SQlot
Figure3-& AA| AIZHA £4 HE 5 155219 4 TﬂlOW‘:‘-@r &R Y wEe] et AAE At=o]
o tfpe) Qaeld vaEE ) BEFe] F7KE olF 9 HMolAR St ks Ak

Journal of Korean Society of Transportation, Vol.34 No.1, February 2016



RYU, Ingon - LEE, Jaeyoung - CHOI, Keechoo - KIM, Junghwa - AHN, Soonwook Article

X

o4
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Atolof] offd AEEAZE glokal At W47 Bt Aol S AAS9 (—FAFe] 277t
71ete] whet A AZINE EshH= 7Hd 2] A (spurious regression)®] #A7F Z#HHHan and Kim,
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o] W dz] AHgEE AXH F DF-HAL Aoz /iitd @9 A4S HHolgks HolA 2oE 7HA]A]
T @apRo] Alg/d T (serial correlation)& WESHA] GH=the HI@AAR] 7MY sty vk EAMS
QFA1 glof, & AtollA= H-go] golg ADF-AFHY} AR o] 45t Pt W= PP-AFHEZ SA
2ottt 9 HEA HFAAE AAste] o ARt HER Jheobd, A 7leel wet 1 Aapt
gl 4 Qleng, 2 AFoMs AIRE 1948 E F7H171H FAE S3skoinh
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chl, B aTe] S8E U/mutd-q) 44 AR BA 244 9ozl A4 HolHE A B9l
Aste] ALgol thet ARAHLS 7129 7K Aol EAE BAel] ALgEIE vlolE o] AAE 7)7te] Lol
A3, WA FAE ol A4S AEALE A5 £F 4 ek AE Sof Lee and Park(2005)2 S-efitet

Table 3. Results of ADF and Phillips-Perron unit-root test
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test Phillips—Perron unit-root test
Variable (Models including constant and trend) (Models including constant and trend)
lag1 lag2 lag3 lagd lagl lag2 lag3 lagd
Entry_Total -1329800000  -1028900000  -1463800000 -1227300000 67330000 -7.5320.0000 -8.054(0.0000  -8395(0.000)
Entry TCS -1228700000  -1260200000 1474500000 -155380.0000 5994000000 -6.830(0.000) -7.522(0.0000  —7.993(0.000)
Entry Hi-Pass  -1330200000 984800000 -141390000 -115960000 -7.3280.0000 -8034(0.0000 -84500.000)  -8692(0.000)
Exit_Total -1304900000 97800000 -150980000 -11L6490000 672800000 -7.4900.0000 -8007(0.0000  -8363(0.000)
Exit_TCS -1451500000  -1102300000 1859200000 -133500000  -59430.0000 683200000 -7.480(0.0000  -7.961(0.000)

Exit Hi-Pass ~ —129680000)0  -950100000 -1505700000 1128400000 -7.2890.000) -7.96400000) -8391(0.000)  -8.663(0.000)
Entry Class 1 -1295900000  -974300000 -1446900000 -1183600000 68200000 -7.5690.0000 -8.0500.000  -8368(0.000)
Enwy Class 2 1036000000 950000000 -1161200000 -1150700000 -48790.0000 -56270000) —6.176(0.0000  —6.595(0.000)
Entry Class 3 974100000 -1180700000 -11.32900000 -110370.0000 -6.188(00.000) —6.9930.000)  -7.508(0.0000  -7.823(0.000)
Enwy Class 4~ -556300000 60430000 641700000  -750400000 -48800000 -514600000 -5366(0.000)  =5.602(0.000)
Entry Class 5 61900000  -718000000  -79280000  -950(0000 -551100000 -58930.0000 620000000  -6.516(0.000)
Enwy Class 6 -1278500000  -980800000 -127770000) -114%00000 -82950.0000 -8779(0.000)  -9.007(0.000) ~ -9.105(0.000)
Web_Pageview 607800000  -8169(0.000)  -8851(00000  -8980(0.000) -4135(0.006) —47280.001)  -5.1790.0000  -5.527(0.000)
Web_Visitor -708100000  -9.5040.0000 943000000  -87580.000) 40510007 —47030.00)  -51910.0000  -5.556(0.000)
Web_New -6.0240000 858300000 926300000  -9.1950.000) -3M50011)  -45520.001)  -5.0200.0000  —5.384(0.000)
Web_Repeat -713400000 955100000  -9.346(00000  -8725(0.000) -4303(0.003) —4966(0.000) -5451(0.0000  —5.804(0.000)
Web_Unique -607100000 8592000000 -9.0140.0000 -88100.000) 40340008 —-46430.001) -51020.0000  —5453(0.000)
Mobile Click ~ -87760.0000 915400000 -775200000 -7.7690.0000 -38460.014) —-4490.002 -49660.0000  -5308(0.000)
Mobile_User -6.533(0000)  -7.727(0.000)  -8305(0.0000  -8.1670.000)  —4.921(0.000)  -5444(0.000)  —-5.823(0.000)  —6.082(0.000)
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9l A&Ez ofgiao] dis) F9Z A2 #IH= 1 A, UEER olgHiee £
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Y/murd o] & A ;et V&AL AIZMHE TCS 5o ©eldo] £AekA] ¥ oz BAE9le
o2 moj& AIA (Pearson correction coefficient) & 53l 7|24 JHIAE HESHAH

FBAG7E +0.33F +0.7 Atolo FSigh oAl AFPAZE EAISHH, +0.73F +1.0 Ate]ol ZFet oFA A9
TAZE EAJITHL s 4= e, A& s A4 s ddeE o ARME F A& wsd Be

/RERA-4O] B4 AL FoAG FH 4P VA EIcHTable 4),

Table 4. Correlation coefficient between access log data in web/mobile-app and TCS traffic

Variahi Web Mobile-App
A Pageview Visitor New Repeat Unique Click User

Entry_Total A458** 470 382%* .539%* AT A433** 5247
Entry_TCS A69** A83** .399** 4T 4437 448** 537
Entry_Hi—Pass A46** 457** 367 S2T** A14** A419** 510%*
Exit_Total HLT7** 478** .385%* .550%* A% A40** 498**
Exit_TCS 491%* 493** A403** 562 439%* A56** 509**
Exit Hi-Pass 463%* 463** .370** .536%* A07** A25%* A85**
Entry_1 SA1** S542%* 453** .609** 496** S521%* .603**
Entry_2 - leA** 004 - 139** =138 -.097** -.199** -103**
Entry_3 017 .062 -.014 126%* .035 -.033 .076*

Entry_4 —259%* - 186** =5 =I5+ - 191** = 205%* - 208**
Entry_5 —213F* - 141** - 179%* - 105** - 142%* - 43 - 152%*
Entry 6 .300** 321%* 231** .392%* 276** .260** 352%*

Note: ** Correlation is significant at the 0.01 level (twotailed).
* Correlation is significant at the 0.05 level (twotailed).
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Yoy (B) = Bl = p, )y, — )] )
= El(y, — p, )@, —p,)]
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pry (1 = 22 o

Equation 2= AAIE vy, xo et AA} kof| A 9] wAg-EAISHS Equation 32 Alxtkof| 419 WA
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Table 5. Cross correlation(with user in mobile-app)

Lag Web
(hour)  Pageview Visitor New Repeat Unique
-5 719 57 749 51 v
-4 .852 .835 .824 .830 199
-3 .902 .893 879 .890 .865
-2 925 928 913 926 911
-1 .920 936 919 935 931
0 .886 912 897 911 .920
1 818 .855 843 .852 873
2 728 769 164 761 798
3 .627 672 675 657 709
4 524 .568 582 547 .612
5 424 464 486 437 013
DEEER TCSO) WEF 5 92 QeI 7H o] 9 4 Qe A9 & wEe] sl U/ Rk
U I P E ) TR 5 JT&E’& 1€ AEsttHTable 6).

Table 6. Cross correlation(entry_total with access data in web/mobile-app)

Lag Web Mobile-App
(hour) Pageview Visitor ~ New  Repeat  Unique  Click User
-5 019 071 083 .060 115 059 171
-4 128 174 162 182 .202 154 274
-3 232 271 235 297 .280 244 .368
-2 .326 358 299 403 .349 325 A47
-1 405 428 350 488 402 391 503
0 458 470 382 539 A21 433 524
1 AT AT5 386 544 420 439 494
2 464 448 .368 509 .385 Al4 423
3 423 .395 329 446 328 .366 .330
4 355 322 273 .358 .255 .301 223
5 .268 233 .205 254 172 223 .108

0 A3t ) ol gt mHtd o] 82k 1EKER K19 F Wi B Azte] AT 7V E=A UE
wth I Qo] @ Ho] X B/ MR/ AR/ AR mHFd AdslLs 95 n&L R A E wEe
I HWA] 1AIZRS] 8 ARt A AT 7HY =A YT

ol IHEZ A WEF] 7t o] ¢ Fo¥sto] wEAHE AMYH F7IS

H
WA TV A2, 48 52 5ol AEER EFe] F748 2
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Table 7. Summary of lead-lag relationship between using measurement in web/mobile-app and TCS traffic

index Lag t (hr) Lag t-1(hr) Lag t=2(hr)
TCS Traffic Exit Total Entry_Total
- Exit_TCS Entry_TCS
Exit Hi—Pass Entry_Hi—Pass
Web/Mobile-App Access Data Web_ Pageview Web_Visitor Web_Unique
Web_Repeat ViF NG Mobile_User
- Mobile Click -
31 Sl AR E, 1 olFo] A Tl nEEdES st e Aotk T § AR SHoAE AEE
2 YESL o]§ T ST FAdWA & r WEFS oln] F7HEHC] Q= ARDsH, HHtdS Fol

BEHRE A3 s Aolch
HEo] n&ER 1% F BEE BAH TCS 159 LEF, stoluls 159 LEFe] dedE 9/mut
U- 9 A& AR WANBEAS AEstAEY, T Ao TableTt 2t
DEERY WY BEFe] HBoks W/REtA- Fh ABE A5 gron], R FAsHAL 5
SHe 2o BARST AR AdmEYe] vle) AELETe] FAekT glom, T AR 1A AR

T AEHSA ZorlA AntEES] WE Hgor S A ofiME &€ Stz AEA YEHZ
& A FGUH. ol % A2 28 FW T AMERY 22 2utd 7718 &85t nEAE AA

A/RHE-qio] HE A xE 7|E Aol 8 Aol fle AAD HolHEA A 24 ol &4
< A%< T B84 ofF o] "Wasith A AW RE & Wt EEo] madgot aEHe ¢l
ok "gflde K e AFHEE 74T & At

ol Higor N&KLE WA e diFLR oF ARMHE T UE}] eI A/Eetd-qo] HE 2w

o] 3 Aol A AT 71 A vER
a g wEHE A Fle D (activity) T F B (travel)o] o] FoIA = AZHA FHA Aot F

ERF A Yot AREE HAIA ol gAF ot
o] &% T dSstedl 785 AHE 5 Sl

AT A/metel-olZ g% AR Bed) A4D e FEel, WL @F
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