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Abstract

Recently, the number of accidents caused by drivers aged 65 and above on highways has
been steadily increasing. The physical changes associated with aging among elderly drivers are
known to be a contributing factor to these accidents. However, there is a lack of research that
specifically identifies the circumstances under which accidents involving elderly drivers occur.
In this study, we conducted a Focus Group Interview (FGI) with drivers aged 65 years and
above who have brain and cardiovascular diseases to collect unstructured data on situations that
induce stress. Through text mining, we derived five types of stressful situations for elderly
drivers by categorizing the main topics as the causes of stress during driving and the sub topics
as the traffic situations when they get stressed. We intended to construct scenarios for stressful
situations for elderly drivers by combining the five types of main topic and sub topic. However,
due to the lack of necessary sub topic for scenario construction, we extracted only accidents
involving elderly drivers from traffic accident analysis system in Korea to build a database
specifically focused on accidents caused by elderly drivers. By applying Latent Dirichlet
Allocation (LDA) and identifying accident groups with topics matching the main topics of
stressful situations for elderly drivers, we were able to supplement the sub topics and develop
the scenarios for the elderly driver accident database. Our study can be used as a test scenario
for traffic safety policy development in a super-aged society.

Keywords: elderly driver, focus group interview, latent dirichlet allocation, scenario development,
text mining
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Table 1. Framework of this study

Step 1. FGI Step 2. Types of stress situations for Elderly drivers
v Screening survey v Using Korean morphology analyzer

v Moderator guidelines design v Main Topic as the cause of stress while driving
v Conducting FGI v'Sub Topic as traffic situations while driving

Step 3. Elderly driver accident database Step 4. Scenario development

v Elderly driver accident data(2016-2020) v/ Combining Main and Sub Topic

v’ Making accident group using LDA v Complement Sub Topic based on accident group

v Scenario development for elderly driver
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Table 2. Information interviewees in FGI
No. Group Gender Age Years.of t AI\.Iumber o Disease within last 6 months Phys1cal.

license driving per week Abnormality

1 Gl Male 76 38 years Twice Coronary artery disease Arteriosclerosis No

2 Gl Male 66 Over 30 years Twice Hypertension Stroke Yes

3 Gl Female 68 Over 30 years Twice Hypertension Yes

4 Gl Female 67 24 years Once Hypertension No

5 G2 Female 69 30 years 5 Times Hypertension No

6 G2 Female 66 30 years 3 Times Hypertension Yes

7 G2 Male 77 40 years 4-5 Times Hypertension Yes

8 G2  Male 70 40 years 3-4 Times Hypertension Stroke Yes
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Table 3. Questions of FGl in the main stage

Main Stage Question

Elderly driver’s behavior QL.

Q2.
Q3.
Q4.
Q5.

What is your usual driving time?

What time of day do you usually drive?

Do you drive on the highway?

How often do you drive on the highway

Do you think physical abnormalities can appear when you are
stressed while driving?

Have you ever had any physical abnormalities while driving?
In what situations did you feel stressed while driving?

Stress & Physical Abnormalities

Q.
Q7.

Situations about stress while driving

Day&Night Weekly Lane Aligner'{:-;dof the Vertical Grade Road Condition Weather
Day Weekday Lane 1 Right Curve Downhill Dry Road Rain
Night Weekend Lane 2 Left Curve Uphill Wet Road Snow
Lane 3 Straight Road Flat Snowy Road Sunny
Lane 4 Normal Road Fog
Lane 5 Falling Objects Cloud
Pot Hole
Traffic Flow Facility rDﬁJ\ﬁr Object Highway Cause of Accident Dﬁ:’i‘:g [;:ve:]dg |
Normal Flow MSet(riiisn Drinking Passenger Car Ramp Speeding
CoIvrgaggtcion Guardrail Normal Van Shoulder Road Debris
Remianling Iliness Truck Bridge Car Fire Alone
SBEEH!"?S Fatigue Person Junction Safetysg‘i:ﬂ:?ence not
Bus Tollgate Driving in Reverse
Emer?/t;gicg/le!otcr Expresstv?eya Service Defective Brake
C&”;ﬁ:?ﬁg‘;ﬂ Tunnel Distraction
Stop Vehicle Interchange Defective Vehicle
Tire Damage
Lane Change
Overmanupulating of
Handels
Overtaking
Stop Suddenly
U-Turn
Figure 1. Guideline of transportation terms in FGI
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Figure 3. Graphical representation of LDA (Hong, 2018)
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Table 4. Results from elderly drivers’ behavior

Question Label Frequency

Q1. What is your usual driving time? 30 Minutes 2
1 Hours
3 Hours
4 Hours
6 Hours
Q2. What time of day do you usually drive? Day
Night
Q3. Do you drive on the highway? Yes
No
Q4. How often do you drive on the highway? Once a week
2-3 times a month
Once every two months
2-3 times a year
Once on vacation

— o = = NN NN

Cold Sweat 5.6%
Hang-Wringing 5.6%
Tetany 5.6%
Decrease Sense of Distance 5.6%
Increase BPM = m—— 1 1.1%
Decrease Reaction Time - — 1 1.1%

Narrow Sight S ————— 16.7%
Cramp on Leg e ——— 16,7%
Distraction N ) 0,

0 1 2 3 4 5

Figure 4. Physical abnormalities when elderly drivers drive
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Table 5. Type of stressful situation for elderly drivers on highway

Main Topic Sub Topic
Highway Lane change (Suddenly) Highway Ramp, Front
Lane change (Suddenly), Truck Day, Traffic congestion, Lane 2, Lane 3, Drive

Lane 3, Smooth traffic, Sunny, Day
Highway Ramp, Day, Sunny

Close—up driving (Side), Truck Day, Highway Ramp, Lane change
Tire Damage, Truck =
Tire Damage, Overmanipulating of handles Lane 2, Sunny, Day
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Map(IDM)Z &3fl 22H/dolM A4 ez 2y Exof f22] @A B A wtefe = 3lor, g Ve &
T of hoj5o] bt &5 LAl oA R QleA] gl 4 AL, ¥ 7Ele BT 1] fAMS st
tt. Figure 59141 IDM2 379 o] 2] WolA Qlo] 18 A AP TE2 FARRE EZjo] obd Az F32Ql
AL ITEAE AARI. LDAS] 370 AL EE a3t B d7Ae Fa4 oA wiAISH ] sl Pegasus
5-Layerg 7|50 2 EFoIAL}. Pegasus 5-Layer= AH&FPA}2] HIAE AU & FA517] 9§ Pegasus I
RAEE 574 ooz 4 AuE].2 FA4 22 Table 6= 5719 F|ofo] G4l 2t lo]ofo] £4& HojErt
(Park et al., 2019). LDA B-40 2 A1 122 1 A8 71958 HolelH AL 152 A2 =3 Zo0]7] mj&o
17 2 2EH A T 7P T8 7IYERt TP AR AR 719 2] Heto] Zhesi.

H

Intertopic Distance Map(via multidimensional scaling)

[ 5 6
iumber of Topics

Figure 5. Elderly driver accident database (Coherence score, IDM)

LDA A4S Eaf 18 242} 3719] AF 152 2535 A AA1E 1(Table 7)2 thofst Ab1e] 4 ¥l
(Main cause of accident) ¥+ X}t A (Accident subject type) ETo] EA OS2 AR TIF 2(Table 8)+= E&(Car
type) 2t I (Accident point) EHo] EX 02 At 55 3(Table 9)9] 7%, AFthAFE(Accident subject type)©]
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EZ o7 yepgth LDA E4A3} AFal15E Tables 7, 8, 9049t o] 118 A} AFAL 152 Pegasus 5-layer
o et HizLo g2 EXL Aysty)

Table 6. Pegasus 5-layer format components (Park et al., 2019)

Layer Components
Layer 1 Description of the street layout, road geometry, and condition of the road surface
Layer 2 All the permanent physical barriers, traffic guidance infrastructure, road furniture, and lane markings
Layer 3 Any temporary physical barriers as well as any temporal modifications that would alter the geometry and
topology of layers 1 and 2
Layer 4 Description of the actors participating in the scenario including information about interactions between

actors based on maneuvers

Layer 5 Information about weather and lighting conditions in which the scenario will take place, as well as
information about communications coverage

Table 7. Elderly driver accident group 1

Pegasus 5—Layer Components Topics
Layer 1 Alignment of the road Straight road, 2. Left curve, 3. Right curve
Vertical grade Flat, 2. Downhill, 3. Uphill
Layer 2 Accident point Highway
Lane 2 Lane, 2. 3 Lane
Layer 3 Traffic flow Normal flow
Road condition 1. Normal road, 2. Dry road, 3. Wet road
Layer 4 Cause of accident (Driver or Vehicle) Driver, 2. Vehicle
Main cause of accident Speeding, 2. Overmanipulating, of handles,
3. Distraction, 4. Car fire alone
Operating a vehicle in an accident Driving
Accident type Shoulder, 2. Guardrail, 3. Median strip, 4. Alone
Accident subject type Car—facility accident
Car type Passenger car, 2. Truck
Layer 5 Day & Night Day, 2. Night
Weather Sunny
Table 8. Elderly driver accident group 2
Pegasus 5-Layer Components Topics
Layer 1 Alignment of the road 1. Straight road
Vertical grade 1. Flat, 2. Uphill
Layer 2 Accident point Ramp
Lane 1. 4 Lane, 2. 5 Lane, 3. 3 Lane, 4. 1 Lane
Layer 3 Traffic flow Normal flow, 2. Traffic congestion due to
construction, 3. Traffic congestion
Road condition 1. Normal road, 2. Dry road, 3. Wet road
Layer 4 Cause of accident (Driver or Vehicle) Driver
Main cause of accident Distraction, 2. Safety distance not secured, 3. Road deris
Operating a vehicle in an accident Driving, 2. Lane change
Accident type Collision, 2. Side crash
Car type 1. Passenger car, 2. Truck
Layer 5 Day & Night 1. Day, 2. Night
Weather 1. Sunny
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Table 9. Elderly driver accident group 3

Pegasus 5-Layer Components Topics
Layer 1 Alignment of the road 1. Straight road, 2. Left curve
Vertical grade 1. Downbhill, 2. Flat, 3. Uphill
Layer 2 Accident point Highway
Lane 1. 2 Lane, 2. 1 Lane, 3
Layer 3 Traffic flow 1. Normal flow, 2. Construction, 3. Stop vehicle
Road condition 1. Dry road, 2. Normal road
Layer 4 Cause of accident (Driver or Vehicle) 1. Driver
Main cause of accident 1. Distraction, 2. Safety distance obstruction, 3. Safety
distance not secure
Operating a vehicle in an accident Driving
Accident type 1. Collision, 2. Driving in reverse, 3. Head—on collision
Car type 1. Passenger car, 2. Truck
Layer 5 Day & Night 1. Day, 2. Night
Weather 1. Sunny

18 AR AEY A IS G0 T8 71 A 7| E Y] AgE AlvE] e e ¥z o g2 At
&G 719EE Hetolr] flofl 118 2 WEARLL A A o] AF Z]HEo = LDA #4-& Fof 1L
B A AL EE ST 1% 18 A7 AEY A IS {0 o 7]-‘?459} dA|ot= 7|9 EE
7 AL FO A Hgto] H At A% 71 EE 79 Ay @B JidskIth 11 AR AEH A {HE
AR 19] 8 7|9 E+= Lane Change(Suddenly)’ ©]al 4%} 719 E+= nghway Ramp’¢} ‘Front' o]t} 4
7191=2]1 ‘Lane Change(Suddenly)’ ¢t AFX1 7155 29] Layer 4 Operating a vehicle in accident®] ‘Lane Change’ 7}
Ax]slr] o AFALTE 204 ‘Sunny’, ‘Day’, ‘Straight Road’, ‘Flat’, ‘Normal Flow’, Normal Road’, ‘4
Lane’, ‘Passenger Car’ EX-S Heksto] ‘FZF BRe V47 ZIHH Hekly w53l glon F4r20l 4212
L2 19 7L 9 F 58P A A& 8 YIB QLS Qo A2 AHFOR AEYAE
Hh= el o0 2 Alue] @ & FESF L Alu] @ 29] 8 719 =+ ‘Lane Change(Suddenly)’, ‘Truck’o]a A2¢
7191+ ‘Sunny’, ‘Day’, Traffic Congestion’, ‘Lane 3°, ‘Drive’, ‘Highway Ramp o]t} 8 7]91=2] ‘Lane
Change(Suddenly)” ¥ Truck’ o] At2L715E 29] Layer 4 Operating a vehicle in accident®] ‘Lane Change’ ¥} Layer
4 Car Type®] ‘Truck’ o] &AJst7] wfgof| AL 2014 “Straight Road’, ‘Flat’, ‘Normal Road” EH-& K ¢Fo}o
‘F7H PR NEL R B FEsl wESF FA FYEE 332 B2 18 LA 39 F ABA} vir
2 YIRS Sfo) GRARE AMRAO R AEU LS BE 4T 02 ALje] 05 TEslsch Alkele 39
A, 32 719=7F ‘Close—up Driving(Side)’, “Truck’©]1 Sub Topic2 ‘Day’, Highway Ramp’, Lane Change’
oltt. F8 ZIYE9l Truck’o] AFL1E 29] Layer 4 Car Type2] Truck’ @ dx|5H7] wf&of AL TE 2004
‘Sunny’, ‘Straight Road’, ‘Flat’, ‘Normal Flow’, ‘Normal Road’, ‘4 Lane’, ‘Side Crash’ EX-& B¢sto] ‘=77 gF
2 F3 T BEF gor] FYER 4PE w2 13 LUAA 39 F V4L JIRAUL Aol
A BE 5 SR A&AFY ot SH FEL 4 Qlo] AEHAE W= AR 08 AU & ST Alv
2] Q 4= 59 7IYI=7} Tire Damage’, ‘Truck o] 1 A8 711 == 131t Main Topic®l ‘Truck’©] Layer 4 Car
Type?] Truck’ ¥t Yx|ste] AFAL1E 204 ‘Day’, ‘Sunny’, ‘Straight Road’, ‘Flat’, ‘Normal Flow’, ‘Normal
Road’, ‘4 Lane’©] 4%} 7191E& Helolo] "FZ BRS 1& L 2 YR FHol wEFo o F4= 20 43F
Z LR 17 LA 9 F SHERC] golo] g0 8 AEYAE W= A8 0 2 FE51e]], niA]H o R A]
Ul 5= F8 719)=7F Tire Damage’, ‘Overmainiputing of Handles'0]1 4%} 7191+ Lane 2°, ‘Sunny’,
‘Day’o]7] tj-Zo] 8 7] =21 ‘Overmainiputing of Handles'©] At2L715E 1 Layer 4 Main cause of accident®]
‘Overmainiputing of Handles’¥F @ x|5to] AFaT5E 10f|4] ‘Day’, ‘Straight Road’, ‘Flat’, ‘Normal Flow’, “Wet

i}
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Road’, Guardrail' & B9Vl ‘FZF gHo 14T 72 XIHE FeR| 1 w53 8l 7P Q= 232 2 19
A7 79 5 Etolo] w0 = o] FERARZC R 7tEHYS TAL & o] 2AEHAE W= AT o
AlUe] 25 F5513I Table 102 12 Aol 25A 02 /gt e 242k0] AEY A S Alve] e
= ZA3to]™, Main Topic &E, Sub Topic o/&/g/ 118 72} WFALL 2| A o] AR HE AT AR &

oA Bekat Sub Topic ZE9f ojgefo & 1 7]5tc},

Table 10. Scenario development about stressful situations for elderly drivers

Scenario
Number
1

Overall flow of situation Description

The elderly driver of the 4 lanes, which is a flat, normal flow,
strajght, and normal road, is stressed because the passenger car
suddenly changed lane to enter the front ramp on a sunny day

The elderly driver of the 3 /anes, which is a flat, traffic congestion,
strajght, and normal road, is stressed because the truck suddenly
changed lane to enter the ramp on a sunny day

The elderly driver of the 4 lanes, which is a flat, normal fow,
strajght, and normal road, is stressed because the truck drives close up
while /ane changing to enter the ramp on a sunny day

The elderly driver of the 4 fanes which is a fat, normal flow,
strajght, and normal road, is stressed due to truck’s tire damaging on
a sunny day

The elderly driver of the 2 /anes, which is a fat, normal fow,
strajght, and wet road. is stressed because elderly drivers can have a
car—facility accident about guardrad due to tire damage and
overmanipulating of hadles on a sunny day

a4=

& Aol E T A 2B A ARl et AluE| 2 S flsl WA 2 A dee de IE =
AAE 2= FGIE AASIAH FGIE Sof 218 23R Al 23 ZEFH20F A1A] o dof] tidt Ay ~E
ALE FEths ARl die Fde viA Y HolHz +A4E 4= AH. 4T vA S dioleE 24517 Sl
£E npolidof] dF4Q1 JHja 4S5 Tl YAE FEREN 24 T AEHAE FESE AR dde F8
ZIER, FAIA Y sigohe Aol didt d8e 4% 7IHER olste] 17 2340 2EHAE FEshe A
F2 VMR EFsht 1% A4S 2B A AR did Al 2 752 F8 71 HER SR 7=
Ao 2oz NLSHIARL AR 71HE7E AU 28 500 o] HE5IRR TAAS WEARaL HloJ8 & 719t
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