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KNOWN…?

• leads to per formance decrements.
(e.g. ,  Broadbent  1958;  Kahneman,  1973;  W ickens,  1984) 

Cognitive load

The amount  o f  resources requ i red  to  per fo rm concur ren t  ac t i v i t ies  wh ich  take  d r ivers ’ m ind  o f f the  
road is  re fe r red  to  as  .(Engst röm,  2013).  

• f rees up cogni t ive resources!
(Durso & Dat te l ,  2006;  Engst röm et  a l . ,  2017)

The Cognit ive control  hypothesis                         :  
.

(Engst röm et  a l . ,  2017)
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KNOWN…?

• Repeated exper ience leads to 
• M of  the envi ronment di rects .

(Crundal l  e t  a l . ,  2005,  Er icsson et  a l . ,  1993;  Tuhkanen et  a l . ,  2019)

Exper t  d r i vers ,  who rece ive  and ,    hor izon ta l  search .            
.(Crundal l  & Underwood,  1998;  Crundal l  e t  a l . ,  2003;  Land & Tat ler,  2001;  Lappi  e t  a l . ,  2017;  van Leeuwen et  a l . ,  2017)

Driving expertise
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• Cogni t ive load f ixat ion and    towards the 
,  part icu lar ly when the curves.

(Lehtonen et  a l . ,  2012;  Ni lsson et  a l . ,  2020;  Wang et  a l . ,  2014)
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KNOWN…?

• Road s igns might  serve as impl ic i t  cues for  .
(Char l ton,  2004;  Crundal l  & Underwood,  2001)

• the  and the  

Curve  warn ings  emphas iz ing reduced dr iv ing  speed even fo r  

(Char l ton,  2004).
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• Studies using eye t racking data show inconsistent  f indings.

(Babi  e t  a l . ,  2020;  io l i  e t  a l . ,  2023)
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… & UNKNOWN?
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Dr iv ing expert ise? 

(Crundal l  & Underwood,  2001; Wontorczyk & Gaca,  2021)

Long and short  f ixat ions? 

(Leneman & Backs,  2018; Negi  & Mi t ra ,  2020)

– Automatic 
fixations used to maintain lateral 
vehicle control.

– Controlled
fixations used to maintain 
longitudinal vehicle control.  



AIM & HYPOTHESES
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Does  t he  use  o f  a  t ha t  p rov ides  a  o f  an  upcom ing  cu rve  

a l t e r s  o f  and  - ?

H1 H2 H3
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Cogn i t i ve  load  wi l l  
decrease the  number  and 
dura t ion  o f  long  f i xa t ions ,  
and  reduce dr ivers ’ v isua l  

search .

The s ign ,  compared to  no-s ign ,  
wi l l  decrease the  dura t ion  o f  
shor t  and  long  f i xa t ions  and 

inc rease  v isua l  search  o f  
cogn i t i ve ly  loaded dr ivers .

Exper t  d r i vers ’ shor t  and  
long  f i xa t ions  wi l l  be  o f  
lower  dura t ion  and the i r  

hor izon ta l  and  ver t i ca l  gaze  
d ispers ion  wi l l  be  wider.
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PARTICIPANTS

N O N - E X P E R T
D R I V E R S

E X P E R T  
D R I V E R S

• -
dr i ve rs

(n = 18) .

(Ma g e = 38 .05 ,  SD = 5 .77 )

•
and  

(n = 14) .  

(Ma g e = 43 .14 ,  SD = 6 .98 )

• A l l  m a l e
• D r o v e  m o r e  t h a n  1 5 0 0 0  k
• H a d  v a l i d  d r i v i n g  l i c en s e s  f o r  

.  

• D r o v e  r e g u l a r l y  d u r i n g  t h e i r  
wo r k  s h i f t .  

• C o m p l e t e d  a n  
a n d  h e l d  a  U K  

a d v a n c e d  d r i v i ng  p e r m i t  f o r  a t  
. ( M =  11 . 7 9 ,  S D =  6 . 7 3 )
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STUDY ENVIRONMENT AND DESIGN
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EXPERIMENTAL DESIGN

• M ixed  mode l  des ign

COGNIT IVE LOAD x  ROAD 

S IGN x EXPERTISE

• 8  ha i rp in  cu rves  

• 70  MPH 

• Coun te rba lanced  o rde r

Indicated curve direction 
and degree of the turn 

required.

1-sec long, presented 400 
m before the curve entry.
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EXPERIMENTAL DESIGN

2-BACK TASK

The auditory-verbal version 
(Mehler  e t  a l . ,  2011). 

The task started 400 meters before 
the curve entry and finished 400 

meters after the curve exit.  
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DATA SEGMENTAT ION01

02
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RESULTS

ENTRY TANGENT
(after the sign)

versus CURVED 
SEGMENT
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02 MET RIC CALCULAT IONS
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RESULTS
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• Number of fixations
• Mean duration of

fixations
• Vertical gaze dispersion
• Horizontal gaze 

dispersion

Short fixations < 
250 

Long fixations 
250 – 1000 

Standard deviation 
of gaze Pitch

Standard deviation 
of gaze Yaw



Human Factors & Safety, Institute for Transport Studiesatea e i 13

RESULTS
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The road sign does not affect the 
number of long fixations but 

the number of fixations. 

The 2-back task does not affect the number 
of short fixations but the 

number of fixations.
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The road sign supports ambient vision while the 2-back task 
deteriorates focal vision!
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RESULTS
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x
(p = .03)

Automatic processing is slower for non-experts? 
The presence of the road sign the 
duration of non-expert drivers’ fixations.
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Cognitive load affected controlled information 
processing?

The road sign the effects of cognitive load!
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RESULTS
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x
(p = .03)

The cue activated experts’ mental representation of 
the curve?

The cue experts’ vertical visual search.
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RESULTS
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Cognitive load reduces horizontal visual search, but 
only without the road sign.

The sign the effects of cognitive load!
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RESULTS

N O  TA S K ;  N O  C U E

TA S K ;  C U E

N O  TA S K ;  C U E

TA S K ;  N O  C U E
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CONCLUS   ONS

1 7 / 1 7

H1

Cogn i t i ve  load  wi l l  
decrease the  number  and 
dura t ion  o f  long  f i xa t ions ,  
and  reduce dr ivers ’ v isua l  

search .

H2 H3

Exper t  d r i vers ’ shor t  and  
long  f i xa t ions  wi l l  be  o f  
lower  dura t ion  and the i r  

hor izon ta l  and  ver t i ca l  gaze  
d ispers ion  wi l l  be  wider.

Cogn i t i ve  load  
the  number  and dura t ion  o f  

long  f i xa t ions ,  and  
dr ivers ’ hor izon ta l

gaze  d ispers ion .

Road s ign  the  
dura t ion  o f  shor t f i xa t ions  fo r  

non-exper ts and the  
e f fec ts  o f  cogn i t i ve  load  on  long  

f i xa t ions  and hor izon ta l gaze  
d ispers ion .

Exper ts ’ shor t f i xa t ions  
were  o f  ,  

wh i le  the  d i f fe rences  
be tween exper ts ’ and  non-

exper ts ’ gaze  d ispers ion  
were  no t  ob ta ined.  

The s ign ,  compared to  no-s ign ,  
wi l l  decrease the  dura t ion  o f  
shor t  and  long  f i xa t ions  and 

inc rease  v isua l  search  o f  
cogn i t i ve ly  loaded dr ivers .
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