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77) gt WA Al Ae] 914, e A W,
A ARl Ape] S Yl thE AFE0] i, Sl o
ZhaAkshs Ao W, =l et 7hsde ofsst
= ZAERE opet AR 4 Adstell A 77k wEel |
2] 2ol oA Wakd A odaof dh(Gonzalez &
Wimisberg, 2013; Guerty, 1997; Sukthankar, 1997).
g1 oldt AlgRtoll A £ @ Axol] gt A7}, A2}
2450 ofujo] gt olaf, AAY] HHE EuiE 7}
7he: vl clSdhs Aol goje = el ol W
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(comprehension), 35 o1& 4 FEA projection) &
A 502 o]zt (Endsley, 1988, 1995). AFsk

QlAlof tf3t skxlE2] AsfE thHEekd|, Durso (2008)
= Q_Z_]._cq /\1—32}0]}\1.0_ LHuq;ﬂo] x]7]—oﬂ oﬂs‘t__ n}o]

=tk 3131, Klein (1998) & &JFoA Eojo= =}
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Walker (2013) & &AAFe] A8kl 582 2447}k
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R
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A= XA AR A #go] =
d](Adams, Tenney, & Pew, 1995; Smith
1995), 71 5 & AellA] 188t Q=
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% (pattern matching), &% (synthesis), #4] (analysis)
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2] (mental schema)©] A= 7]&2] %7]719 (long
term memory) 2} A Eo] 2= Rl et =7ke] 2]
719} (working memory) ©] 2+-88}>] W4 ¥A}(internal
representation) & -2 o[ E0] WA BcHGuerty, 1997).
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1. == &4 Z HoH +8

E] Hjo] A9l Sc1ence Direct, PubMed, NDSLE }%—“}
Atk FLAMLNE ‘driving, ‘situation awareness’,
‘measurement OR assessment & AFF3sFItE 7] W
TRk Askslo] A A] 15,242709] 1=to] A AE o], 4
bt AAls Sl &4 i Ad = Alstste] At

ow 1 A¥ 1,172708] =ko] AAE Tk o] YA
A = 1428 2427 1A 02 Al 53} 25
3l ATVl AgeA] glsta, 2xA 0% Ei

o i& 1101

W85 Fall A7) E37|el A AR gRlaeith
A9 2SS 1) =12 (situation awareness)
7IRF S ST Ae, 2) A= A 3
o] GoJE 2047 A 4) =] AEs B 9
= TR SIS HiAl 72 1) 29 i gl
2] 7Rk Ao obd 7, 2) 1 gl weREA A,
3) izt obd Bol& A =2 4) Ho|u} Yt Ay
o)tk 71 A3} F 10709) =to] 2 A2 EA Y

07 AM-E I Figure 1).

2. BN THY =20 B 47 24

A o =l A3 9 7= Arbesman, Scheer
$} Liberman (2008) 7} #IAs 5&A1¢] <715 7|Rko2
Sk Ao A4 FF(level of evidence) ¥4 RElZ
AN A A F = ol slidshs A o
A3 A= 171(10.0%) 0193, 5% 07F 571(50.0%),
4% MM°] 47(40.0%) ¢tk (Table 1).

Broad primary search terms : ‘driving,

‘situation awareness’,

‘measurement OR assessment’

!

First literature search
records identified (7=15,242)

l

Filtering : year
(14,070 records rejected)

Second literature search
records identified (2=1,172)

Filtering : reviewed abstracts and selected
research topic relevant article
(1,107 records rejected)

Third literature
records identified (7=65)

Filtering : full text, experimental study,
articles used situation awareness based
measurement

(55 records rejected)

Finally 10 studies were selected

for this review (n=10)

Figure 1. Flow Diagram of the Literature Selection Process
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3. AHEo| 24 2A Gl H|A| A AU AAE ZAE AAA R Aelstes sk 71
I PICO.N F5to] 7Eaisitt. =, &4 52 A7 o
B Aol A ARLE =Ho] A AAMPHE WA A A} (patients/participants), A% (intervention), H]

20] S A A1 LS A %@ 3} 7 e WE A (comparisons), A2 (outcomes) 2] +O.%
T2 Bl &gy wak JEAon dx ap  TESICH 2 AT HHef B AR 7w
S Oig FAR 2AANE BAwa A Arg gy o SEEUE SAREC] Fstet AN,
Table 1. Level of Quality Among Each Study N (%)
Evidence level Definition Frequency
I Systematic reviews
Meta—analyses 1 (10.0)
Randomized controlled trials
I Two groups non—randomized studies 5 (50.0)
I One group non—randomized studies 4 (40.0)
v Single subject designs
0 (0.0)
Surveys
\4 Case reports
Narrative literature reviews 0 (0.0
Qualitative researches
Total 10(100.0)
Table 2. Analysis About Measurement Method in Driving—Situation Awareness of Drivers N (%)
SA Measurement methods Frequency
Verbal probe technique 2(20.0)
Driving error analysis 2(20.0)
SA questions freeze method 5(50.0)
Driving behavior checklist 1(10.0)
SA: Situation Awarenes, Verbal probe technique (Verbal protocol analysis)
Table 3. Analysis About Applied Tools in Driving—Situation Awareness of Drivers N (%)
Applied measurement tools for drivers SA Frequency
On-road course test and real vehicle 2(10.0)
On—road course test and real vehicle with visual detection task 1(20.0)
Driving simulator 5(50.0)
Driving simulator with motion system 1(10.0)
Software based driving scenes in computer 1(10.0)
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Situation Awareness Global Assessment Technique
(SAGAT) ¢ HH<S o]&st A7 (freeze method)
= ARt ARl S %x* SkGITE. 2719 Aol
e AR E 4 sl dis AR sk dolF
ArE w48t SAsk WL oA (verbal
probe technique) & 3331, B o} 2709] Ao+
2] 72 (driving error) & F4dh= WS,
w2 1719 AFellx= 4 5 Fshs 24 39l
)3t A7 (driving behavior checklist) S E3 24 =

4B sEe S5t (Table 2).
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Table 4. Summary of Situation Awareness Based Driving Measures in Final Review Studies

Author Study aims el Intervention & SA measurement method Comparison Outcomes
(yr) pants
Young,  *To investigate based * 23 * Participants drove an converted * Distracted * Visually distracting task did not change
Salmon, real driving situation, healthy  vehicle. situation vs. not  the drivers’ SA and awareness of driving
& whether and how adults  * Vehicle of on—road test included road  distracted situation.
Cornelissen  visual distractors scene system and eye tracking task. situation * Participants used a little visual scanning
(2013) interrupt drivers’ *On—road test was used to analyse skill in distracted situation.
SA. participants SA.
Salmon, *To test on—road 24 * Participants drove an structured test *2 group’s SA  *There was significantly differences
Lem, method for evaluating  healthy  vehicle around a pre—reserved at urban.  on each levels  between experienced and novice subjects
Young, driver SA in for rail adults * Test route which contain four rail level  (novice vs. of SA.
& crossing situations. crossings. experience
Walker * Constructed content analysis was used  driver)
(2013) for subject SA at each levels.
Schomig  *To compare how  * 16 * Participants drove driving simulator ¢ Three level of *Control level: driver was significantly
& different three levels healthy  with motion system of the WIVW that  SA of different road glances item and percent of
Metz of SA in driving with ~ adults included in critical and non—critical  participants road glances, but not fixation duration
(2013) secondary task. driving scene and they performed among critical and non—critical situations;

secondary task.

* The secondary task included numbers
that participants had to read number
and push a button on the wheel.

* Questionnaire was used on participant’s
view about distractive task and driving
and three level of SA model was used
to develop by authors.

* Three levels SA was measured eye—
tracking method by Smart—Eye camera
systems .

this means drivers adjust their attention
between driving and distractive context.

* Decision level: driver more reject to
perform secondary task on critical
situation than non—critical situation.

* Planning level: drivers was showed medium
correlations between real behavior and
distraction; drivers used various strategies
to determine interacting with distracting
task.
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Table 4. Summary of Situation Awareness Based Driving Measures in Final Review Studies (Cont.)

Author Study aims Partici~ Intervention & SA measurement method  Comparison Outcomes
(yr) pants
Kaber, *To assess the * 10 * Participants drove a simulator in two * Young vs. *Driver age & SA: older group show
Zhang, Jin, effect of hazard healthy types of environment. older group lower than SA at all levels than young
Mosaly, exposure in driver young (simple rural vs. complex city) group
& SA, interaction & 10 * Each environments included with two * Environment complexity & SA: the
Garner with age and road healthy types of hazard exposure (static vs. driving environment (complexity) was
(2012) complexity. older dynamic). influence in driver SA.
* Participants drove to a STISIM Drive™ * Older driver showed lower perception
M400 driving simulator. (Level 1) and comprehension(Level 2)
* They had to maintain speed limits, SA than young drivers.
obey traffic rules, mediate traffic flow * Hazard type & SA : young drivers kept
and respond to SA questions. high speed on static hazards; older drivers
were influenced static and dynamic
hazards.
Plavsi¢, *To assessment of *20 *SA of 20 drivers in four critical *Four junction * The information in the driving scene was
Klinker, SA in critical healthy intersection scenarios was explored. scene is objectively missing, this was major error.
& driving situation at adults * Intersection scenarios were composite * Drivers showed inaccurate decision

Bubb
(2010)

to a left—turn, a right turn at interaction,
a left turn at T—junction, a left turn at a
four—lane signaled intersection.

* SA was examined in the four hazard
Jjunction scenarios completed in driving
simulator.

* Specific simulator was used ETUM
simulator (BMW 6 series).

* SA was assessed by key factors: attention,
perception, anticipation, expectation and
risk

intersections by
human errors.

among particular scenarios.

* Complex scenario is the major cause in
accidents because driver receive overload
information.
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Table 4. Summary of Situation Awareness Based Driving Measures in Final Review Studies (Cont.)

Intervention & SA measurement method

Comparison

Outcomes

* There were two testing sessions, one
session for the situation awareness
and another for the tests of executive
ability.

(SAGAT, TMT, WCRT-R, SW, ELF)

*It was used the SAGAT:
driving simulation.

real—life

* High, medium &
low group among
SA level

* Low SA group was badly on all executive
function rather than medium and high
group.

*Low SA group was influenced by
simultaneous load on the central
executive function.

* Subjects drove a simulator while they
perform different load tasks (visuospatial
and phonological load tasks).

* Drivers’ SA was assessed recall ability
the surrounding traffic condition by
simulator.

* Driving simulator was used Drive Safety™
500cc.

* Experiment 1
vs. Experiment 2

* Visuospastial coding was influence to
driver’'s forward decision
situation awareness.

* Working memory coding was influence to
rear view in traffic situation awareness.

in traffic

Author . Partici—
Study aims
(yr) pants
Soliman ¢ To investigate that * 148
(2010) effect of working  students
memory in real
driving SA.

Johanns— * To know relationship * 42
dottir driver SA and healthy
(2010) working memory for  adults

surrounding traffic.

Walker, ¢ To know the effect * 75
Stanton, of advanced driving healthy
Kazi, training in SA of adults

Salmon, drivers

& Jenkins

(2009)

* Participants received advanced driving
training as IAM training and they was
complete checklist to related in driving
behaviors.

* Perceptual cycle theory by Neisser
were used to assess driver’s SA.

* CDM interview as behavioral observations
was used during assessment.

* Advanced driving
training group vs.
control group

* The group of Advanced driving training
was more higher SA and more
concentrative in driving situation than
control.

8 The Journal of Korean Society of Occupational Therapy Vol. 23, No. 2, 2015
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Table 4. Summary of Situation Awareness Based Driving Measures in Final Review Studies (Cont.)

Author
(yr)

Partici—

Study aims
pants

Intervention & SA measurement method

Comparison

Outcomes

Kass, Cole, * To know the phone * 25

& Stanny
(2007)

conversation on SA  novice
and performance of drivers
novice drviers and & 26

experienced experie
drivers. nced
drivers

* Participants were instructed to pay
attention to environmental stimuli and
implemented a direction—following task
for assessment of SA.

* STISIM—Drive simulator software (driving
scene)with hands—free cell phon were
used.

* SA question was used: such as “what
is the speed limits?”

* SA question was given at irregular
interval.

* Novice driver vs. *Novice group (both cell phone distracter

experienced
drivers

* Cell phone
distracter vs.
no distracter

& no—cell phone) is more miss turned
than experienced group about total
driving infraction and driving direction.

* Novice group (both cell phone distracter
& no—cell phone) is more lower exact
correction than experienced group about
SA question.

Parkes &
Hooijmeijer
(2001)

* To know the effect * 15
of cell phone use in  healthy
driving situation. adults

* Participants drove static driving simulator
with unexpected event and they did
hand—free telephone conversation at the
same time.

* Static driving simulator and SA probe
questions were used.

* Unexpected event was appeared in
driving simulator and paused simulator
during 2 second and then, gave to SA
questions.

* Hands free
telephone
situation vs.
non

* When participants used hands free
telephone, they more reduced SA ability
in driving.

CDM: Critical Decision Method, ELF: Excluded Letter Fluency, ETUM: Ergonomics at Technische Universit at Munchen, IAM: Institute of Advanced
Motorists, SA: Situation Awareness, SAGAT: Situation Awareness Global Assessment Technique, SW: Stroop Color Word Task, TMT: Trail Making
Test, WCRT—-R: Wisconsion Card Sorting Test—Revised, WIVW: Wuerzburg Institute for Traffic Sciences GmbH
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Abstract

A Systematic Review of Driving Performance Measurement
Based on Situation Awareness

Park, Myoung-Ok*, M.P.H., O.T., Jung, Bong-Keun**, O.T.D., OTR.
“Dept. of Occupational Therapy, Division of Health Science, Baekseok University
“Dept. of Occupational Therapy, College of Medical Science, Soon Chun Hyang University

Objective : This study was conducted to determine various methods for measuring the Situation Awareness (SA)
based driving ability through a systematic review.

Methods : Previous studies were found in an electronic database (e.g., Science Direct, PubMed, NDSL). The
keyword search terms were ‘driving’, ‘situation awareness’, ‘measurement OR assessment’.

Results : The methods used for measuring the driving—related situation awareness were presented, including the
freeze method (50.0%), verbal probe technique (20.0%), driving error (10.0%), and driving behavior checklist
(10.0%). The tools used for the driving situation awareness measurement of drivers were presented, such as a
driving simulator (50.0%), on—road course (20.0%), on—road vehicle with visual detection task (10.0%), a driving
simulator with a motion system (10.0%), and a computer—based driving scene (10.0%).

Conclusion : Through this systematic review, we found that a majority of studies were concerned with the driving
situation for safe driving. This fact suggests that we have to develop new SA based driving measurements and
tools for driving rehabilitation practice.

Key words : Driving ability, Situation awareness, Systematic review
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