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95 years ago in New York

Chr. Sylwan, 1919
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Chr. Sylwan, 1919

“Physical and psychological space”

Chr. Sylwan, 1919

Predictions of other road users’ behavior
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Chr. Sylwan, 1919

Predictions of other road users’ behavior

20 years later

• Gibson and Crooks 1938,

• Field of safe travel, of possible
paths which the car may take
unimpeded

• The skillful driver recognizes the 
valences of obstacles quickly and 
automatically, and projects their
clearance-lines correctly

Gibson and Crooks 1938
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Gibson & Crooks 1938

• For the experienced driver, the car is 
in a sense projected to its potential
location at the front of the stopping
zone.  

• Hence, when the field of safe travel
contracts by reason of an obstacle
which encroaches upon it, 
deceleration occurs in proportion as 
the forward margin of the field
recedes toward the minimum
stopping zone.

Gibson and Crooks 1938

Taylor 1961-64

• Donald Taylor 1962, skin
conductance responses
(SCR, GSR) while driving

• Taylor 1964,
• Driving is a self-paced task 

governed by the level of 
emotional tension or 
anxiety which the driver 
wishes to tolerate

Taylor 1962
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Näätänen and Summala 1974-76
• A motivational model of driver behaviour

• ”Emphasis on  what the driver actually does in 
any given traffic situation rather than on his
driving skills and/or traffic conditions as such”

• Simple control loop

• Drivers learn to control safety margins as based
on expectancies

• Motives and emotions push towards higher
speed and risk, towards the threshold margins
that trigger ”subjective risk monitor” - feeling of 
risk

• Habituation: drivers ”adapt to risk”, most of time
in everyday driving they do not feel any risk
(”zero-risk model”)

• Full subjective control and self-confidence with
practice

Näätänen and Summala, 1974, 1976

COGNITIVE (TENSION) ESTIMATE SKIN CONDUCTANCE RESPONSE

TRU
Summala et al ICTTP2012

”Keep 50 km/, drive through the gate”
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CTS: comfort through satisficing

• Sufficient space and time margins, for survival
• Sufficient progress of trip and in motion, for 

mobility
• Driving comfort: not too high accelerations or

vibration
• Conforming to social and legal rules

Summala 2007

Safety problems
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Time?

Summala 1997

Problems

• Full subjective control, feeling of safety
• Plenty of time,
• Monotony, drowsiness
• Driver distraction
• Selective and deceptive skills: subjective and 

objective

• Fun of driving
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Visual guidance

Visual guidance and eye movements

• Early eye-movement
research

• Mourant & Rockwell
1969, Drivers’ eye
movements and visual
workload

Read all
road signs

Read
necessary
signs

Try not to 
read any

Open driving Car following

Mourant & Rockwell 1969
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Visual guidance: dynamic modelling

Lappi et al Journal of Vision in press

Future path - Tangent point

Lappi et al PlosOne 2013

Donges 1978 
two-level model of steering

Land and Lee 1994
Tangent point

Boer 1996
Future path

Wann Swapp 2000
Gaze polling
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Ramp experiments

Lappi et al PlosOne 2013

Lappi et al PlosOne 2013
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Saccades – Pursuit eye movements (OKN)

Lappi et al PlosOne 2013

Donges 1978 two-level model of steering

Land and Lee 1994 Boer 1996

Wann Swapp 2000

Egocentric - allocentric coordinates

Lappi & Lehtonen JEMR 2013 
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Guiding and look-ahead fixations

Guiding and look-ahead fixations

• In hand
washing

• Orienting

• Guiding the current
subtask

• Anticipating the next
subtask in sequence

Pelz & Canosa 2001
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Guiding and look-ahead fixations

Lehtonen et al TRF 2012

Guiding and look-ahead fixations

Lehtonen et al TRF 2012

Gaze eccentricity / wheel rotation

Wheel 
rotation

Left

Right
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Cognitive non-visual load vs. control

• Self-paced additive serial task (Lamble et al
1999)*, listening to a series of numbers, ”add
the two last numbers continuously”

• Cf. N-back, listening to a series of numbers, 
repeat it (N-0) or an earlier one (N-1, N-2, 
etc.)**

*original PASAT Sampson 1956, Gronwall 1977
**e.g. Reimer & Mehler 2011

Cognitive load: SPASAT

Wheel 
rotation Right

Left

Lehtonen et al TRF 2012
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Focal and ambient vision

Focal and ambient vision

Lappi 2013

Mandelbaum Sloane 1947

Optic flow

Visual acuity

4.9.2013

Heikki Summala Univ Helsinki TRU



17

Peripheral vision in lane keeping

• Mourant & Rockwell 1970, lane keeping with peripheral vision
• Mourant & Rockwell 1972, novices look closer to vehicle

”Maximum performance” experiments
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”Forced peripheral vision driving paradigm” 

Lane keeping
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Car following

Lane keeping vs. Car following
• Illusory effect

• With practice, drivers learn

• to keep the car in lane when
looking away from road, *

• but not to detect braking or
deceleration of the lead car

Hum Fact 1996

AAP 1998

*no experience differences when blindfold
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”Everyday performance”: 
Time sharing while driving

• Zwahlen, 1988
• Wierwille 1988 

• Vision in Vehicles 1988

”Everyday performance”: 
Time sharing while driving

Klauer, Dingus et al 100-car naturalistic study

Wierwille VIV 1993
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Visual demand/available time
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Tsimhoni & Green 1999, visual occlusion by curve radius,  
proportion time eyes on road

Senders 1967, speed by visual occlusion

Wikman et al 1997, continuous visual in-car task on a motorway,   
by curve radius, speed,  and target eccentricity

The experience effect

Wikman et al Ergonomics 1998, mobile phone, radio adjustment, cassette change
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Task switching strategy and age

Wikman & 2005 Optometry & Vision Science
On chunking and interruptions, 
also e.g. Brumby et al 2009, Kujala 2010

Task switching strategy and Alzheimer

Summala, Wikman, Warjus, Elomaa, Harjula, Sulkava, unpublished
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The experience effect:
on-road vs. simulator

On road (Wikman et al 1998) Simulator (Chan et al 2010)

Can we generalize these results to 
outside-vehicle targets?

Dukic et al TIP 2013
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Outside-vehicle targets: 
billboards in a simulator

Divekar et al 2012

External task distracts hazard
perception also among experienced

drivers

Divekar et al 2012

b

a

a b
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In-vehicle vs. outside-vehicle targets
• Egocentric vs. 

allocentric reference

• Visual field asymmetry

• More information
available

• Practice in primary and 
secondary task

• Illusion of control

Dukic et al TIP 2013 Summala 1997

Summary

• Modern eye recording facilities already make
possible focussed real-life research and 
modelling of dynamic visual guidance and 
anticipation -

however, with considerable amount of work
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Summary

• Visual guiding in curve driving:

• The first detailed real-life data to solve the 
future path vs. tangent point debate

Summary

• Visual guiding in curve driving:

• Drivers plan a future trajectory, follow it with 
guiding fixations and anticipate further up
with look-ahead fixations;

• the latter however drop out when the driver is 
cognitively loaded
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Summary

• Experience effect in the use of peripheral
vision not unproblematic:

• Learning to keep the car in lane with 
peripheral vision facilitates time sharing with 
in-car targets,

• but may deceive an experienced driver in car
following

Summary

• Inside-vehicle vs. outside-vehicle target difference:

• Outside-vehicle targets may deceive experienced drivers
even though they have learned to manage with inside-
vehicle targets.   

• One proposed explanation is their location in the 
allocentric (world) coordination that supports the primary
lane keeping task.

• More research is needed on egocentric vs allocentric/car vs
world /peripersonal vs extrapersonal space
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Thank you

heikki.summala@helsinki.fi
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