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The effects of driving performance during driving with sending text message and searching

navigation : a study among 50s taxi drivers
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Abstract

The purpose of this study was to evaluate the effects of secondary task such as sending text message (STM) and
searching navigation (SN) using the variable indicating control of vehicle ((Medial-Lateral Coefficient of Variation,
MLCYV), (Anterior-Posterior Coefficient of Variation, APCV)) and motion signal (Jerk-Cost function, JC). Participants
included 50s taxi drivers; 14 males and 14 females. Participants were instructed to keep a certain distance (30m)
from the car ahead with constant speed (80km/hr or 100kmvhr). Experiement consisted of driving alone for 1minute
and driving with secondary task for Iminute. Both MLCV and APCV were significantly increased during Driving +
Sending Text Message(STM) and Driving + Searching Navigation(SN) than Driving only. Also, JC was increased
during Driving + STM and Driving + SN than Driving only. In this study, we found that even in the experts
group who are taxi driver and have 25 years driving experience, the smoothness of motion is decreased and the
control of vehicle is disturbed when they were performing secondary tasks like sending text message or searching
navigation.

Keywords : secondary task, driving performance, motion analysis, driving simulator, 50s taxi drivers
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Ao 5ot gA] SAAE o ® B2 A5 Jerk-Cost functionJC)2F A7FA7 ] HAMAS=
(Anterior-Posterior Coefficient of Variation, APCV), =}do]lA Aol &4k (Medial-Lateral Coefficient of

Variation, MLCV)$} 22 212 B4 Hlo]HE o] g3t &4 F % wAx] dE E= du|Ale|d A}
22 FA A Fe] M Y sH oud JIFE MA=AE Lot At SpGith 34 1487 o4 14
He giaoz A3 A&Psret). IR 9A &5 (80km/hr or 100km/hr) = Tt M3 xFy 9 A

Hm

o
2] 30mE FAEH FYSEE ST AS 1w 2ANS s sder, the 1w Bk ARt
& TG A A A e FASFES St MLCVEE APCVE 80kmv/hrel 100km/hr =3 A]
Driving only®l H]3l Driving + Sending Text Message(STM)<} Driving + Searching Navigation(SN)oll A -f-2] 3} 7]
Z7FskAtt JC E3§ =38 Al Driving only®ll B]3 Driving + STM¥} Driving + SNellA 718t} & A4E

ol o Aol A &4 ALt & Qe Sod "A] A= oﬂ‘j}% Fast= Aol vl& &

A A 22 wiAAl AF == dbAleld A AAE s 2 B 2 sido]l AdoA L Ak
SAZE o= AME 25T 5 Sl
FHO ;A A, EH Y sH, 4 B4, 24 AlEdlH, 50t #A 47}
1. M2 T3 S7ekal QJvk(Choi et al., 2007). 53], Foid 3}
L vE Aol S AbE Wl AA] 718 Abgel =
oo uwel HEHo] QFH= zjolth &3 HAA AL Q= ol Rk A o} A 7e] AR
&9l 99, BR#7H 29, 4F aql Fol g A T/ w&E dste} agAba WAl 4
¢ wed aEARE olEg 29 F @ A Fe el Ha
1 o|ate] At ola] wrAlsth 1A Qole] o] = T ol A3E ARl 23 3 FEel vA
WEAZE dutd o2 A 43 5Ho| n|<s ALY = A7, Fdolv 557 4 8 sHol nA=
o AR} theret S AA ALSto] Ul A AshA v S Hrrsk AT, T8 SRl wE & F Sl
SokA] Xe uf A gek(Summala, 1996; Merat et al., AePrFgo] =4 3ol vA= &l i A+, &
2005). ¢4 A FoHe BT AT I B A T F3F EBe SoF FFHAVE Bola ®ES AR
Aol ZJolw AT EAlY T2 AL = AL n|X]= gk #3F A5 Electroencephalogram(EEG)
+d 8 599 AstE = ITHWester et al, elgstel =4
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T A 3 Al o] s}
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S

21l o = urAl 3} |24 Fago] &4 3o v
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©
AR 94 223 A] 9lA gole] Aate AE TS AT dyEol FIHAANST

=]
o7l A7 = 9lth AT} $A Fo] Aule= A (Anderson et al., 2010; Becic et al., 2010; Choi & Lee,

[<

Aol 71 Fas Ar Ao = ., 2006). =3 Froll A ShE ARESkelE W A

1 o] v (Mcknight and Adams, 1970; Rockwell, 1972), *4 49 2k Ag7h o HolAH, kg AJzte] ¢
ulbd o & ek oA 7P S8 Aol & 9= Al s A7 735 2t AIm and Nisson, 1995;

Hi Ao iy Az ARE 3] f=dn) el 2003; Donmez et al., 2006; Lin et al., 2011; Strayer et
O

744 o] Bal gole Fro As Al T uynA Hancock et al., 2003). Strayer®} Drews(2004)= &7 &
ol AMR S8 o7 5 5 Q) Fo A3t ks =9l Ak WS AIRRE AR3E
A2 AA7)7) So) waw s A%y dxpy)y) 7S EelHl dna maeksln.
o) zzpolup Abgo] F7ske FAlolth EAH u ditHen A9 d7Es £4 9 FHI 27
27 2011d 49 71F FgAs 719 £ 51304 at7] Sl AP Aol & AlEECIHE ol
mo & ot tin] 103.9%7} Ful A= BHS3tu 9 ato] gkom, o]& B xH7hAE 9
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S 5 A 3 58S Hr1eto] Yk Alexander et
al., 2002; Brumpy et al., 2009; Cantin et al., 2009;
Hosking and Young, 2009; Lee et al., 2011; Mun et al.,
2010; Yang et al., 2011).

2AR] £4 59 SHe ¢4 ABAlHR
ko)

3 F=of s& 3 Al A2 A FgE HAA |
TH(Remy-Neris et al., 2003; Zatsiorsky, 2002). A=+
FE oy B T 22 549 Fudgs i
Vet Wolow  AlgEolx]  $htK(Hogan, 1984;
Hreljac, 1993, 2000). s}A|%F 4% 853 43S &
o AolA=  Felols] Wio] £7 3 Fele)

Aol AAE o]&d = Utk 53], T4 E S(2010)
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Fig. 1 Driving simulator and marker set
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%(80km/hr or 100km/hr)i 37HA F5el Al
F3Y(Driving only), = + A HIAIA] HF
(Driving + Sending Text Message (STM)), <% + U]
Alol A 74*—‘.4(Driving + Searching Navigation (SN)))E

Faste] F 6w TdsAY A =M=
counterbalancmg AT £ wAlA] HdEe] g T
A7t 7 AbgE 9ol Fa Fsty, W=
30cm ©]A A7} o] A]A| 3¢tk vlH) Ao
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L s 2 & R

’ﬁ“&
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40sec

Rest (3min.) Driving (1min.)

Driving only
or Driving + Secondary task
(1min.)

Driving
StartPoint

Fig. 2 Experimental paradigm
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Table 1. Examples for sending text message and searching
navigation
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9] 7}l 2 (Motion Analysis Corp. Santa Rosa, CA
USA)E o]-&ste] 9@zte] &4 2ss SAs %
a9 1% #Zo] 54 As SAHE flal LA
Aol 6F-H(FE: o] Zl(shoulder), %]
(elbow), £=E-(hand)), 3FAoll= 3HF-E(F-= vheleo]
Z(R.knee), TE-(R.ankle), &7 (R toe))oll F-2H5130 0
1, Ritoe 9] - Al flof] 23191t} 120Hz2)
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MLSTD 2]
MLCV= ML, D
APSTD
= Al
APCV ARMzan (w' 2)

2 AFolA] MLCVS} APCVE Driving only %%
Driving + Secondary taskE 33l 183+ #+3+ =
ANA A5 1025 AT 4025 A5 THL
H 2).

A NS SA AARRE de 7 dE v Y
A 3z dlolHZHE T2 Feges YEds
A A1) -8-3F=(Jerk-Cost function, JC)= AAFsFith &
WHAo g Ade 40 FEYE §& sdEE A
FAoR JAd F e HFE YA AxRE
tiste] Al 2He] wEgE gholw, o] JCF At A=
(Normalized Jerk)& ©l-&3te] A=Fst & + ot
(Schneider and Zernicke, 1989; Hreljac, 2000; Park and
Lee, 2005). 2] 30A] r2 vlA oA 9] x, y, z A A A&
o Wk WHE oustH, t= A kel A e Azk
<= om) gtk

Td3,r
JO:/ =) . dt
o(dts)

= Ay Avrs 38 @
A IAE o= g &
stAl Wstselth sd e 2ol o
Al AlEHelH e 7HE HE vhE
Driving only %+ Driving + Secondary task <=3] -7}
(40zx9] A ) ol A Fxte] 7HE HeE vkg
o] 0%l A 100%7H4] sl Al 7M1 E vlolH &
A e 2 ARSI THLE 3). A e A5 A
A 34 Al Ass Aojstes 9% R mprT
A5

AAEE Matlab v7.3(Mathworks Inc., USA)S ©]-&3}
Atk EE HMLCY, APCV, JO)ol tha] £=
(80kmv/hr, 100kmv/hr)®} Z}A|(Driving only, Driving +
STM, Driving + SN)& =¥ WF=E 3} repeated
two-way ANOVA 3-21(SPSS 12.0k, SPSS Inc., USA)S:
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Fig. 3 Analysis period of Jerk-Cost function (JC)
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3.1. ZHM oA AHz|e E&HAF=(MLCV)

O% 4= FE wE 37FA A g gk
MLCVE YERd 13lo]th, MLCV+= Aol upeba] vt
o]t 2o 7} Y THp<.001, 3 2). Bonferroni A}
T HAS5 A3, 80km/hre] 7% Driving only®l] H]3|
Driving + STM¥} Driving + SN Z}A] 8§ A] f-2]s}
A 57k tHp=.018, p<.001). T3}, Driving + STM
Aol Hl &l Driving + SN Al $=8) Al F-2J5HA &
7}8+ 3 tHp=.016). 100kmv/hre] 7
&l Driving + STM*} Driving + SN Z}#] =3}
SHAl 5718 BHp=.003, p<.001).

4% Driving only®l] H]
Al 4]

MLCV
0.6

ok

0.5

0.4

0.3

0.2

0.1 %
0

Driving only Driving + STM Driving + SN Driving + STM Driving + SN

Fig. 4 MLCV due to secondary task and speed
Note: (p<.05[], p<.01[++], p<.001[**+])

Table 2. Results of repeated two-way ANOVA analysis of
MLCV and APCV

source Type III sum of squares df Mean square F Sig.

MLCV 24516.644 2 12258.322 46.821 .000

_— task
APCV 57556.442 2 28778.221 21.968 .000
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3.2. A2t A2lel Z2&HAHS(APCY)

O 55 Fxo wE 37E Al Sl dig
APCVE UERd T19o|th APCVE Aol mhehai vk
T3 YEgtHp<.001, ¥ 2). Bonferroni A} 7
< A7, 80km/hre] 7d-9- Driving only®l|l H]3l] Driving
+ STM¥} Driving + SN Z}A| =8 A] F-2]8HA] Z7}s)
A THp=.017, p=.001). 100km/hr2] 7J-¢- Driving only®l
H] 3l Driving + STM3} Driving + SN ¥} =3 A]
oJsHAl 718k A tH(p=.015, p=.004).

APCV ki

08 ’ .
06 ‘

0.4

=

Driving only Driving + STM Driving + SN Driving only Driving + STM Driving + SN

Fig. 5 APCV due to secondary task and speed
Note: (p<.05[+], p<.01[*+], p<.001[*+])

3.3. M 3H|28t(Jerk-Cost function, JC)

3E 33} Zo] 37FA] Aol mheba]= Lshoulder(p=.017),
L.elbow(p=.003), L.hand(p=.016), R.knee(p=.006) -3
A IC7E freld Abelzb ARaL, el wpebA =
R.toe(p=.025)0ll A=t F-¢] gk 2}o] 7}k QlA Tt Ritoe®] 7
O AHA ] L% zpo]lE WA T = JHE HY FE
Z2d Aoz AztEr)

a9 62 80km/hr 53 Al 37FA] A el o gt
JCE YEld 29olt} Bonferroni A A5 A
Driving only®l H|3] Driving + SN IA] 43 A
L.elbow(p<.001)2} L.hand(p=.002)°l A 2l &tA =7}
3} T} Driving only©ll H]3l Driving + STM A 433
Al Rkneeoll A F-9]sHAl F7Fak 3 thp=.021).

a9 72 100km/hr =388 Al 3 7FA] A S8
3l JCE Yeld 2@ o|t) Bonferroni AFE A5 A
Driving only®ll H|3] Driving + SN IA] 423 A
L.shoulder(p=.001), L.elbow(p=.001), L.hand(p=.002),
R.ankle(p=.023), R.toe(p=.008) -0l A JC= <] 3}

Ol A . =X . EFAY 2}

4 . A
— —_— O - o = =

<7}k th. E3F Driving onlyoll Bl Driving + STM
A =3 Al L.shoulder(p=.025), L.elbow(p=.011) &
AN K5t STkt

IC[m¥s]
700.0 - Driving only
6000 HDriving + STM

*x HDriving + SN
500.0 -
400.0
300.0
200.0
100.0

.
€I
L.shoulder L.elbow Lhand Rknee R.ankle Ritoe
80km/hr
Fig. 6 JC due to secondary task at 80km/hr
Note: (p<.05[+], p<.01[*], p<.001[*])
JC[m?s%]
7000 7 Driving only
600.0 HDriving + STM
HDriving + SN
500.0
400.0
300.0 =
200.0 *k
1000 | [
o | ol Py i
L.shoulder L.elbow Lhand Rknee R.ankle R.toe

100km/hr

Fig. 7 JC due to secondary task at 100km/hr
Note: (p<.05[+], p<.01[*+], p<.001[**+])

Table 3. Results of repeated two-way ANOVA analysis of JC

source Type III sum of squares df Mean square F  Sig
L should: task 463479.240 2 231739.62 4438 017
showder speed 3454637 1 3454637 047 830
task 3568381.112 2 1784190.556  6.739 003
L.elbow

speed 150891.007 1 150891.007 483 494
L hand task 4027190.451 2 2013595.225  4.505 016
A speed 170989.069 1 170989.069 355 557
task 98167.184 2 49083.592 5.728 .006

R knee N
speed 25045.234 1 25045.234 3.118  .090
Rankl task 100959.293 2 50479.647 1779 179
ande speed 71.904 1 71.904 003 954
Rt task 154985.757 2 77492.879 1516 230

toe

speed 105179.695 1 105179.695 5.753  .025
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2 AFA = 50t BA] A2 o ® 4
Az dHolg et 3 AlEdolE tlolHE o]&3at]
74 % 5274 (Driving + Secondary task) $=3©] -
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ek e Rl dAelA szt &3l
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20~60t)] Alo]e] thekel A
g e Y AlAA Aoks
Al olHl 58S FAom Ztegdel Fus]
2 o go] FopxivkeE AR
and Mallon, 2001). 3+ &4 F Fd] As}E AFE3
A e Aol vs fFol dsE Abgske
2E Al 9 ApdelAAR Y] WAl AXtE A
T7F 28 %) A THBrumpy et al., 2009). A& x}F}o]
2 A7t HoldE wskgo] Fopxitk= AT
(Mun et al., 2010), =% 5 v¥] Aol AR Al 2bA
ol AAR e} ApZA R 9] WA o] ATk AT Tol
218 F A THMun et al., 2010). o]} & Ag A=
FE MLCV % APCVE zhFe] &4 oS vheh)
v AEE 2L Axdhe AMES 4 5tk

. A5 A3} Driving onlyoll B]3) Driving + STM¥}
Driving + SN =3 A] MLCV$} APCV7} S7}8Sdt.
o] 21L& STM % SNolgh= FA] HA7} 2pke] £,
A WS ST AL 9n|gith STMY
H)3] SN 4] 4=3] A] MLCVe} APCV S71sk= 7

ko] vjelutel. STMell Bls) SNo| 7 iz o=z
&5 H-Re7A] &A7LeF ek 54 Falrt 57
Ao wAste] A SAld o olywS A2 AL
2 FeEch MLCVeF APCVe] Aol A & = %
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Frdl dstel din) Aol ARgo] & Faledl A=
Al FFgEs vla B ARdow B
A7 F8 A Aol A d dAErkta &
T A 50t BA] LAAE Fe A} nprA 2
TANES FeehE Aol vE dT A EA; v
AA A T v Aol A BAE st 2
75 &2 sjEo] AFAX AL A FA7E o] H 7]
e AMS 55T AT &5 A Al A&
W3] AxAQl vzt o] Foithd AR wE
A 7 FeH AolE BWEs A # S A
olg} AlRH) i A7 A= obd 4 FES
gk Thel=giel AAje] AF5Hom &8d F US
Zo|t},
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