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About me and my research!
•  Research interests: !
– gaze behavior in the real 

world!
–  information processing in the 

visual control of high speed 
locomotion !

– …especially in the domain of 
driving…!



About me and my research!
•  Began experimental work on curve driving 

using on–road eye–tracking in 2009!
!
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Todayʼs topic!
Driving - a ubiquitous real-world task, and 
in many ways an attractive model system 
of skilled visuomotor action!

!
!
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Optic!
flow!

Visual information!
(visual directions,!
retinal flow)!

Linear &!
rotational 
acceleration!

Contact!
forces!

Eye !
muscles!

Eye!
coordinates!

(retinotopic)!

Head!
coordinates!

(craniotopic)!

Locomotor!
axis !

coordinates!

Body!
coordinates!

(skin, joints, muscles)!

3D scene!
coordinates!

!

Locomotion!

Head pose!

Posture!

Allocentric spatial relations!

Retinal image!

Vestibular signals!

Somatosensation,!
proprioception*!

3D FRAMES !
OF REFERENCE!

SENSORIMOTOR!
TRANSFORMATIONS!

Eye position!

Sensory feedback!

Motor commands!

Efference!
copy!

Goals!

Multisensory integration!
Representation of space & motion!

Motor planning!

Neck!
muscles!

Limb/torso!
muscles!

Limb!
muscles!

G
az

e!

O
E!

* Muscle proprioception and skin somatosensation 
from eye– and head frames of references not shown!

PHC PHC PHC 

aPFC aPFC 

Precentral Precentral Precentral 

dlPFC/vlPFC dlPFC/vlPFC 
Precentral Precentral 

PCC/RSC PCC/RSC 

SPL SPL SPL 
POC/PPC POC/PPC 

V1+ V1+ 

IPL 
MTG 

IPL 
MTG 

aPFC aPFC 

V1+ V1+ 

Control subject ISC Racing driver ISC C 

Activated in racers only 
Activated in both groups 

Two-level steering Point (VD) Models!

E Two point model, travel points !
on the road edge: tangent point and a 
near point (Land, 1998)!

F Two point model, travel points !
on the future path: in the far zone and!
the near zone (Salvucci & Gray, 2004)!

TP!

TP!

NPLE!

NPLE!

NPFP!

FPB!

FPFP!

Near zone!

Far zone!

A.Land (1998) two-level 
model with near point and far 
point on the lane  edge: far 
point is the tangent point!
(cf. Salvucci & Gray, 2005). !

NPFP!

Far zone!

B.Two-point model (Salvucci & 
Gray, 2005) with near point 
and far point on the future path 
beyond the tangent point.!
Far point is a future path travel 
point beyond the tangent point 
(cf. Wann & Land, 2000; Lappi 
et al. 2013a).!

VDTP! VDFAR!

Near zone!

FPFP!

VDNP! VDNEAR!

A Tangent point on the !
road edge!
(Land & Lee, 1994)!

TP!

TP!

A.Land & Lee (1994) tangent 
point VD model. Constant TP VD 
can be used as a control signal or 
used for an estimate of trajectory 
curvature. !

VDTP!

Steering point (VD) Models – Travel Points!

B.Travel point on the future 
beyond the TP (as in Wann & 
Land, 2000 constant VD model), 
is tracked visually with an 
optokinetic pursuit movement. 
The Wann & Swapp (2000) 
model makes the same eye-
movement prediction if the future 
path waypoint is initially selected 
at the TP VD.!

B A travel point on the future path!
beyond the tangent point !
(Wann & Land, 2000)!

FPB!

VDFPB!

FPB!

Steering point (VD) Models – Waypoints!

C.Waypoint on the future path 
adjacent to the TP (Boer, 1996).!

C A waypoint on the future path !
adjacent to the tangent point !
(Boer, 1996)!

WPA!

VDWPA!

D.Waypoint on the future beyond 
the TP (as in Wann & Land, 2000 
visual sweep model), is tracked 
visually with an optokinetic 
pursuit movement. The Wann & 
Swapp (2000) model makes the 
same eye-movement prediction if 
the future path waypoint is initially 
selected at the TP VD.!

D A waypoint on the future path!
beyond the tangent point !
(Wann & Land, 2000)!

WPB!

WPB!

VDWPB!

Multiple reference point future path models!

F.Preview points 
on the future 
path. Each 
preview point is 
weighed in online 
control of 
steering, with 
diminishing gain 
for points further 
ahead. Gaze 
would fall in the 
region of the 
point where 
gain-uncertainty 
ratio is highest?!

G.Waypoints on 
the future path, 
locations on the 
desired trajectory 
where the driver 
anticipates various 
steering actions 
(phases in the 
curve negotialtion 
sequence to be 
complete, and 
switching smoothly 
to next phase).!

A Multiple travel points on the future 
path (preview points) !

FP1–4!

VDFP1–4!

B Multiple waypoints on the future path!

WP1–4!

VDWP1–4!

Reversal  point !
(cornering complete)!

Turn point !
(approach complete)!

Max. yaw rate point !
(entry complete)!

Exit  point!
(exit complete)!

FP2!

FP3!

FP4!

FP1!

experience 

performance 

Deliberate practice begins 

Novice Experienced 

Expert 

“10000 h rule” 

Lappi,	
  Front	
  Hum	
  Neurosci,	
  2015	
  

Lappi,	
  Neurosci	
  Biobehav	
  Rev,	
  2016	
  

Lappi	
  et	
  al.,	
  JOV	
  2013	
  
Lappi,	
  Pekkanen	
  &	
  Itkonen,	
  	
  PLOS	
  ONE	
  2013	
  
Lappi	
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  2014	
  
Itkonen	
  et	
  al.	
  PLOS	
  ONE	
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Lappi,	
  JOV,	
  2014	
  

Itkonen	
  et	
  al	
  PLOS	
  ONE	
  2017	
  

Pekkanen	
  et	
  al	
  PLOS	
  ONE	
  2017	
  
Pekkanen	
  et	
  al.,	
  in	
  prepara1on	
  

Lappi,	
  Rinkkala	
  &	
  Pekkanen,	
  Front	
  Psychol	
  2017	
  
Pekkanen	
  &	
  Lappi	
  Sci	
  Rep	
  in	
  press	
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Traffic	
  	
  
psychology	
  

Driving	
  style	
  
Aggressive	
  
Reckless	
  
Conscien9ous…	
  

Driving	
  skill	
  

Traffic	
  	
  
engineering	
  

Road	
  design	
  

Traffic	
  simula9on	
  models	
  Road	
  user	
  
behavior	
  
	
  	
  

Sports	
  	
  
Physiology	
  &	
  
psychology	
  

Driving	
  	
  
performance	
  

Brain	
  	
  
Research	
  

Eye	
  tracking	
   Brain	
  
imaging	
  
	
  	
  

Driving	
  instruc9on	
  
	
  

Safety	
  
Fa9gue	
  
DUI	
  
Seatbelt	
  use	
  
Speeding	
  	
  
Mul9tasking	
  

Neural	
  mechanisms	
  

Expert	
  	
  
performance	
  

Simulators	
  

Field	
  	
  
experiments	
  

Deliberate	
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  &	
  training	
  

1	
  

2	
  

3	
  



Integrating Traffic psychology and 
Traffic engineering!
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•  Car	
  following	
  (CF)	
  models	
  in	
  
traffic	
  engineering	
  onen	
  
cri9cized	
  for	
  not	
  
incorpora9ng	
  “human	
  
factors”	
  	
  

•  Some	
  recent	
  work	
  with	
  the	
  
Task-­‐Capability	
  Interface	
  
(TCI)	
  model	
  

•  We	
  examined	
  assump9ons	
  
using	
  a	
  self-­‐paced	
  visual	
  
occlusion	
  paradigm	
  

Pekkanen,	
  Lappi	
  &
	
  Itkonen,	
  PLO

S	
  O
N
E	
  2017	
  

hlps://doi.org/10.1371/journal.pone.0169704	
  
	
  



CF	
  task	
   Visual	
  occlusion	
  

•  Road	
  scene	
  only	
  intermiXently	
  
sampled	
  
•  Blinder	
  lined	
  on	
  request	
  for	
  

0.5s	
  
•  Reduces	
  capability	
  

•  Infrequent	
  sampling	
  
compensated	
  by	
  9me	
  gap/
short	
  9me	
  gap	
  requires	
  more	
  
frequent	
  sampling	
  

hlps://jampekka.github.io/aladapt-­‐demo/	
  



75th	
  (9me	
  gap)	
  

50th	
  

25th	
  



•  Strong,	
  approximately	
  one-­‐
to-­‐one,	
  correspondence	
  
between	
  occlusion	
  dura9on	
  
and	
  increase	
  in	
  9me	
  
headway	
  

•  Support	
  TCI-­‐CF	
  models	
  that	
  
assume	
  linear	
  increase	
  in	
  
9me	
  headway	
  (reduced	
  
demand)	
  in	
  response	
  to	
  
increased	
  distrac9on	
  
(reduced	
  capability)	
  	
  

•  Between	
  subjects	
  and	
  
within	
  subjects	
  





Itkonen	
  et	
  al.,	
  2017	
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•  The	
  concept	
  of	
  variability	
  in	
  
“driving	
  style”	
  (DS)	
  well	
  
established	
  in	
  traffic	
  
psychology	
  recognized	
  in	
  
engineering	
  but	
  fields	
  rarely	
  
overlap	
  in	
  concepts	
  and	
  
methods	
  
•  Tradi9onally	
  CF	
  models	
  in	
  
traffic	
  simula9on	
  assume	
  
iden9cal	
  drivers	
  following	
  a	
  
simple	
  rule	
  

•  Valida9on	
  of	
  model	
  
parameters	
  done	
  by	
  
modelling	
  an	
  “average"	
  
driver	
  

hlp://journals.plos.org/plosone/ar9cle?id=10.1371/journal.pone.0185856	
  
	
  



“Defini9on”	
  of	
  driving	
  style	
  in	
  traffic	
  psychology:	
  	
  
1.	
  differs	
  across	
  individuals	
  or	
  groups	
  of	
  individuals	
  
2.	
  is	
  a	
  stable,	
  habitual	
  feature	
  in	
  driving	
  behaviour	
  
3.	
  is	
  a	
  preference,	
  which	
  many	
  authors	
  but	
  not	
  all	
  
equate	
  with	
  a	
  conscious	
  choice.	
  

A-­‐type	
  per
sonality	
  

Conscien2ousness,	
  	
  agreeableness	
  (Big	
  Five)	
  

“Young	
  male	
  syndrom
e”	
  

Distrac2ble
	
  vs.	
  focusse

d	
  drivers	
  
Viola2ng	
  drivers	
  vs.	
  error-­‐prone	
  drivers	
  (DBQ)	
  

Accident	
  proneness	
  

Aggressive	
  driving	
  style	
  

Hos2lity,	
  “road	
  rage”	
  

“Speeders
”	
  

Anxious	
  drivers	
  

“Jerky”	
  driving	
  style	
  
“Tailga2ng”	
  drivers	
  



•  Habitual	
  preference	
  
in	
  the	
  “style”	
  of	
  
controlling	
  safety	
  
margin	
  

•  CF	
  longitudinal	
  
control	
  
•  a	
  core	
  behavior	
  for	
  

traffic	
  simula9on	
  



“Jerky”	
  (intensive)	
  vs.	
  “smooth”	
  (calm)	
  
preference/driving	
  style?	
  



Pekkanen	
  et	
  al.,	
  in	
  prepara%on	
  

CF	
  task	
   Visual	
  occlusion	
  

Valida9on	
  experiments	
  
Coming	
  out	
  soon!	
  



Fieldwork on driver eye movements!
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•  On-­‐road	
  eye	
  tracking	
  of	
  
driver	
  eye	
  movements	
  in	
  
curve	
  driving	
  
•  2	
  camera	
  SmartEye	
  
(2009-­‐2015)	
  

•  Pupil	
  Labs	
  (2016-­‐)	
  
	
  hlps://pupil-­‐labs.com/	
  

	
  



Lappi	
  &
	
  Lehtonen,	
  Proceedings	
  of	
  CogSci	
  2012	
  

“Tangent	
  point”	
  
TP	
  

TP	
  

Steering (guiding fixations GF)!



Lappi	
  	
  et	
  al.	
  JO
V	
  2013	
  

hlp://jov.arvojournals.org/ar9cle.aspx?ar9cleid=2193829	
  
(See	
  supplementary	
  Movies)	
  



•  For	
  twenty	
  years	
  “steering	
  
by	
  the	
  tangent	
  point”	
  the	
  
dominant	
  hypothesis	
  for	
  
interpre9ng	
  on-­‐road	
  gaze	
  
data	
  and	
  the	
  textbook	
  
account	
  of	
  how	
  vision	
  is	
  
used	
  for	
  high-­‐speed	
  
steering	
  

Land	
  &	
  Lee,	
  Nature	
  1994	
  

“Tangent	
  point	
  orienta1on”	
  



What I thought


That	
  can’t	
  be	
  
quite	
  right!	
  



Steering	
  models	
  and	
  replica9on	
  studies	
  

"because	
  of	
  its	
  minimum	
  flow	
  speed,	
  the	
  TP	
  is	
  indeed	
  an	
  
op1mal	
  loca1on	
  in	
  the	
  visual	
  field"	
  [Aut12]	
  

"All	
  drivers	
  we	
  have	
  tested	
  in	
  a	
  driving	
  simula9on	
  
naturally	
  adopt	
  this	
  op1mal	
  coordina1on"	
  [Wil07]	
  

“subjects	
  normally	
  look	
  at	
  the	
  tangent	
  point	
  on	
  average	
  for	
  about	
  
three	
  quarters	
  of	
  the	
  9me”	
  [Kan09]	
  

"Our	
  results	
  confirm	
  that	
  subjects	
  normally	
  look	
  at	
  the	
  tangent	
  
point	
  whereas	
  they	
  do	
  not	
  use	
  gaze	
  sampling	
  [i.e.	
  tracking	
  
future	
  path	
  waypoints]	
  of	
  their	
  own	
  accord	
  …	
  In	
  contrast	
  to	
  virtual	
  
environment	
  studies,	
  the	
  tangent-­‐point	
  thus	
  wins	
  out	
  against	
  gaze	
  
sampling	
  in	
  these	
  real-­‐world	
  experiments""	
  [Kan09]	
  

"Our	
  data	
  show	
  that	
  drivers	
  rely	
  heavily	
  on	
  the	
  tangent	
  point.	
  Subjects	
  
spent	
  more	
  than	
  half	
  of	
  the	
  9me	
  on	
  looks	
  at	
  the	
  tangent	
  point.	
  In	
  
contrast,	
  we	
  did	
  not	
  find	
  any	
  evidence	
  for	
  the	
  use	
  of	
  the	
  
alterna1ve	
  gaze	
  sampling	
  method.	
  No	
  subject	
  showed	
  the	
  eye	
  
movement	
  palern	
  of	
  looking	
  at	
  a	
  certain	
  spot	
  on	
  the	
  future	
  path	
  of	
  the	
  
lane	
  and	
  tracking	
  this	
  spot	
  as	
  it	
  approaches."	
  [Kan10]	
  

"direc9ng	
  gaze	
  to	
  successive	
  points	
  along	
  the	
  
intended	
  future	
  path	
  …	
  a	
  succession	
  of	
  saccades	
  
should	
  be	
  evident	
  …	
  having	
  a	
  horizontal	
  
component	
  shining	
  gaze	
  in	
  the	
  direc9on	
  of	
  the	
  
bend.	
  Such	
  sequences	
  of	
  saccades	
  at	
  
corners	
  are	
  not	
  present	
  …	
  rather	
  we	
  see	
  
fixa9on	
  on	
  the	
  tangent	
  point	
  and	
  smooth	
  pursuit	
  
to	
  keep	
  it	
  fixated."	
  [Wil05]	
  	
  



I STILL thought


That	
  can’t	
  be	
  
quite	
  right!	
  



3°! TP!
OP!

FPB!FPA!

3° AOIʼS!

TP!
OP!

FPB!FPA!

3° AOIʼS!AOI	
  overlap	
  problem	
  
Lappi,	
  JO

V	
  2014	
  •  Results	
  interpreted	
  in	
  support	
  of	
  the	
  TP	
  in	
  fact	
  
inconclusive!	
  

•  A	
  number	
  of	
  steering	
  point	
  models	
  actually	
  account	
  
for	
  the	
  way	
  drivers	
  orient	
  gaze	
  by	
  assuming	
  the	
  
target	
  is	
  future	
  path	
  (FP),	
  not	
  the	
  tangent	
  point	
  (TP)	
  
hlp://jov.arvojournals.org/ar9cle.aspx?ar9cleid=2193909	
  
	
  



Observa1on:	
  
Optokine1c	
  nystagmus	
  elicited	
  	
  
by	
  visual	
  flow	
  while	
  cornering	
  	
  

	
  

Lappi	
  &
	
  Lehtonen,	
  JEM

R	
  2013	
  

hlps://bop.unibe.ch/index.php/JEMR/ar9cle/view/23	
  
	
  



!
Why not use !
the systematic OKN SP 
gaze velocity to 
differentiate between 
TP and FP modelsʼ 
predictions where gaze 
position (AOI 
methods) cannot?!

Idea!	
  

“Let’s	
  do	
  it	
  in	
  
velocity-­‐veloc

ity	
  space”!	
  

18.11.2011	
  

“November	
  5th	
  
1955”	
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OKN	
  following	
  
flow	
  differen1ates	
  
Between	
  FP	
  and	
  
TP	
  model	
  
predic1ons!	
  



Just	
  the	
  small	
  maXer	
  of	
  a	
  new	
  event	
  parsing	
  algorithm	
  and…	
  



!"

#"

$
!"# "

!!"#$%$&$"!#'!( 1 
!!"#$%&%'()%&%*%+!"#,-./0($./0% 1 

!"

Some	
  elementary	
  maths	
  and	
  a	
  bunch	
  of	
  new	
  algorithms…	
  
	
  
(and	
  lots	
  and	
  lots	
  of	
  coffee,	
  trial	
  and	
  error…)	
  	
  



Lappi,	
  Pekkanen	
  &
	
  Itkonen,	
  PLoS	
  O

N
E	
  2013	
  

•  …we	
  were	
  for	
  the	
  first	
  
9me	
  able	
  to	
  differen1ate	
  
between	
  quan1ta1ve	
  
predic1ons	
  from	
  the	
  TP	
  
and	
  the	
  FP	
  models	
  	
  
•  Results	
  supported	
  FP	
  

models,	
  undermining	
  the	
  
plausibility	
  of	
  the	
  TP	
  
models	
  as	
  a	
  general	
  
account	
  of	
  steering	
  	
  

!"#$%&$'()*(+*$,-.($

!"#$/&$012213*$3-45167+$$
81967,$36+:$+:($21;-2$<13$
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hlp://journals.plos.org/plosone/ar9cle?id=10.1371/journal.pone.0068326	
  
	
  



½	
  yaw	
  rate	
  here!	
  	
  



H.	
  Eysen
ck:	
  Cogn

i9ve	
  Psy
chology

,	
  A	
  

Student
’s	
  Handb

ook	
  7
th	
  ed.	
  201

5	
  J	
  



Itkonen,	
  Pekkanen	
  &
	
  Lappi,	
  PLoS	
  O

N
E	
  2015	
  

A	
  control	
  	
  experiment	
  

hlp://journals.plos.org/plosone/ar9cle?id=10.1371/journal.pone.0135505	
  
	
  



“Drive	
  as	
  you	
  normally	
  would”	
   “Look	
  at	
  the	
  tangent	
  point”	
  

Time	
  (s)	
   Time	
  (s)	
  

Pursuit	
  eye	
  movements	
  on	
  the	
  path	
   Gaze	
  stable	
  at	
  tang
ent	
  point	
  









2013	
  data	
   2015	
  data	
  



•  2016:	
  New	
  head-­‐
mounted	
  eye	
  tracker	
  

•  Can	
  be	
  used	
  in	
  the	
  sim	
  
and	
  in	
  real	
  driving!	
  

Lappi	
  et	
  al.	
  in	
  prepara9on	
  

Tuhkanen	
  et	
  al.	
  in	
  prepara9on	
  



Custom	
  headband	
  	
  
Improve	
  stability	
  during	
  longer	
  
measurement	
  (parts	
  CAD	
  designed	
  and	
  
3D	
  printed)	
  

World	
  camera	
  

Eye	
  cameras	
  



Fieldwork: eye movements “in the 
wild”!
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Lappi,	
  Rinkkala	
  &
	
  Pekkanen,	
  Front	
  Psychol	
  2017	
  

hlps://www.fron9ersin.org/ar9cles/10.3389/fpsyg.2017.00620/full	
  
	
  
hlps://figshare.com/ar9cles/Supplementary_Movie_1_full_video_mp4/4498466	
  
	
  
hlps://figshare.com/ar9cles/Supplementary_Movie_2_17_21_31_r_mp4/4498613	
  
	
  



“The	
  simpler	
  you	
  make	
  things,	
  the	
  more	
  they	
  can	
  be	
  understood”	
  
	
  -­‐	
  Jackie	
  Stewart	
  



Sim	
   Field	
  

Lappi	
  et	
  al.	
  in	
  prepara%on	
  



no
rm

a1
ve

	
   descrip1ve
	
  

basic	
  

applied	
  

1	
   2	
  

3	
  

“The	
  Big	
  Picture”	
  

“Driving	
  -­‐	
  a	
  ubiquitous	
  real-­‐world	
  task,	
  and	
  in	
  
many	
  ways	
  an	
  aXrac1ve	
  model	
  system	
  of	
  
skilled	
  visuomotor	
  ac9on”	
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no
rm

a1
ve

	
   descrip1ve
	
  

basic	
  

applied	
  

1	
   2	
  

3	
  

“The	
  Big	
  Picture”	
  
On-­‐road	
  gaze	
  targets:	
  
§  Do	
  not	
  travel	
  with	
  the	
  observer	
  (fixed	
  loca1on)	
  
§  An1cipate	
  locomo9on	
  (fall	
  on	
  the	
  “future	
  path”)	
  
§  Have	
  no	
  obvious	
  salient	
  bolom-­‐up	
  features	
  (top-­‐

down	
  selec9on)	
  
	
  
Emerging	
  hypotheses:	
  
1.	
  Locomo9on	
  uses	
  mul9ple	
  waypoints	
  on	
  the	
  future	
  path	
  	
  
2.	
  Waypoints	
  are	
  internally	
  represented	
  in	
  “psychological	
  
space”	
  
3.	
  Waypoints	
  are	
  the	
  basis	
  of	
  sequen1al	
  motor	
  planning	
  	
  
4.	
  These	
  waypoints	
  the	
  fixa1on	
  targets	
  for	
   	
  steering–
related	
  eye	
  movements	
  as	
  well	
  as	
  locomotor	
  targets	
  

Lappi,	
  ECVP	
  2017	
  

hlps://9nyurl.com/jodclpp	
  
	
  



Optic!
flow!

Visual information!
(visual directions,!
retinal flow)!

Linear &!
rotational 
acceleration!

Contact!
forces!

Eye !
muscles!

Eye!
coordinates!

(retinotopic)!

Head!
coordinates!

(craniotopic)!

Locomotor!
axis !

coordinates!

Body!
coordinates!

(skin, joints, muscles)!

3D scene!
coordinates!

!

Locomotion!

Head pose!

Posture!

Allocentric spatial relations!

Retinal image!

Vestibular signals!

Somatosensation,!
proprioception*!

3D FRAMES !
OF REFERENCE!

SENSORIMOTOR!
TRANSFORMATIONS!

Eye position!

Sensory feedback!

Motor commands!

Efference!
copy!

Goals!

Multisensory integration!
Representation of space & motion!

Motor planning!

Neck!
muscles!

Limb/torso!
muscles!

Limb!
muscles!

G
az

e!

O
E!

no
rm

a1
ve

	
   descrip1ve
	
  

basic	
  

applied	
  

1	
   2	
  

3	
  

Lappi,	
  N
eurosci	
  Biobehav	
  Rev	
  2016	
  

“The	
  Big	
  Picture”	
  

hlp://www.sciencedirect.com/science/ar9cle/pii/S0149763415301317	
  
	
  



Lappi	
  	
  Front	
  Hum
	
  N
eurosci	
  2015	
  

PHC PHC PHC 

aPFC aPFC 

Precentral Precentral Precentral 

dlPFC/vlPFC dlPFC/vlPFC 
Precentral Precentral 

PCC/RSC PCC/RSC 

SPL SPL SPL 
POC/PPC POC/PPC 

V1+ V1+ 

IPL 
MTG 

IPL 
MTG 

aPFC aPFC 

V1+ V1+ 

Control subject ISC Racing driver ISC C 

Activated in racers only 
Activated in both groups 

Next	
  steps:	
  Visual	
  strategies	
  and	
  neural	
  
substrates	
  of	
  expert	
  performance?	
  

experience 

performance 

Deliberate practice begins 

Novice Experienced 

Expert 

“10000 h rule” 

no
rm

a1
ve

	
   descrip1ve
	
  

basic	
  

applied	
  

1	
   2	
  

3	
  

hlps://www.fron9ersin.org/ar9cles/10.3389/fnhum.2015.00635/full	
  
	
  



Next	
  steps:	
  Visuomotor	
  skill	
  development?	
  
“Flow”	
  in	
  high	
  performance	
  cogni9on?	
  

no
rm

a1
ve

	
   descrip1ve
	
  

basic	
  

applied	
  

1	
   2	
  

3	
  

Eye	
  tracking	
  	
  

Self	
  report	
  Skin	
  conductance	
  and	
  heart	
  rate	
  



no
rm

a1
ve

	
   descrip1ve
	
  
basic	
  

applied	
  

Traffic	
  	
  
psychology	
  

Traffic	
  	
  
engineering	
  

Sports	
  	
  
Physiology	
  &	
  
psychology	
  

Brain	
  	
  
Research	
  Expert	
  	
  

performance	
  
Lappi,	
  Rinkkala	
  &	
  	
  Pekkanen	
  (in	
  review)	
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Optic!
flow!

Visual information!
(visual directions,!
retinal flow)!

Linear &!
rotational 
acceleration!

Contact!
forces!

Eye !
muscles!

Eye!
coordinates!

(retinotopic)!

Head!
coordinates!

(craniotopic)!

Locomotor!
axis !

coordinates!

Body!
coordinates!

(skin, joints, muscles)!

3D scene!
coordinates!

!

Locomotion!

Head pose!

Posture!

Allocentric spatial relations!

Retinal image!

Vestibular signals!

Somatosensation,!
proprioception*!

3D FRAMES !
OF REFERENCE!

SENSORIMOTOR!
TRANSFORMATIONS!

Eye position!

Sensory feedback!

Motor commands!

Efference!
copy!

Goals!

Multisensory integration!
Representation of space & motion!

Motor planning!

Neck!
muscles!

Limb/torso!
muscles!

Limb!
muscles!

G
az

e!

O
E!

* Muscle proprioception and skin somatosensation 
from eye– and head frames of references not shown!

PHC PHC PHC 

aPFC aPFC 

Precentral Precentral Precentral 

dlPFC/vlPFC dlPFC/vlPFC 
Precentral Precentral 

PCC/RSC PCC/RSC 

SPL SPL SPL 
POC/PPC POC/PPC 

V1+ V1+ 

IPL 
MTG 

IPL 
MTG 

aPFC aPFC 

V1+ V1+ 

Control subject ISC Racing driver ISC C 

Activated in racers only 
Activated in both groups 

Two-level steering Point (VD) Models!

E Two point model, travel points !
on the road edge: tangent point and a 
near point (Land, 1998)!

F Two point model, travel points !
on the future path: in the far zone and!
the near zone (Salvucci & Gray, 2004)!

TP!

TP!

NPLE!

NPLE!

NPFP!

FPB!

FPFP!

Near zone!

Far zone!

A.Land (1998) two-level 
model with near point and far 
point on the lane  edge: far 
point is the tangent point!
(cf. Salvucci & Gray, 2005). !

NPFP!

Far zone!

B.Two-point model (Salvucci & 
Gray, 2005) with near point 
and far point on the future path 
beyond the tangent point.!
Far point is a future path travel 
point beyond the tangent point 
(cf. Wann & Land, 2000; Lappi 
et al. 2013a).!

VDTP! VDFAR!

Near zone!

FPFP!

VDNP! VDNEAR!

A Tangent point on the !
road edge!
(Land & Lee, 1994)!

TP!

TP!

A.Land & Lee (1994) tangent 
point VD model. Constant TP VD 
can be used as a control signal or 
used for an estimate of trajectory 
curvature. !

VDTP!

Steering point (VD) Models – Travel Points!

B.Travel point on the future 
beyond the TP (as in Wann & 
Land, 2000 constant VD model), 
is tracked visually with an 
optokinetic pursuit movement. 
The Wann & Swapp (2000) 
model makes the same eye-
movement prediction if the future 
path waypoint is initially selected 
at the TP VD.!

B A travel point on the future path!
beyond the tangent point !
(Wann & Land, 2000)!

FPB!

VDFPB!

FPB!

Steering point (VD) Models – Waypoints!

C.Waypoint on the future path 
adjacent to the TP (Boer, 1996).!

C A waypoint on the future path !
adjacent to the tangent point !
(Boer, 1996)!

WPA!

VDWPA!

D.Waypoint on the future beyond 
the TP (as in Wann & Land, 2000 
visual sweep model), is tracked 
visually with an optokinetic 
pursuit movement. The Wann & 
Swapp (2000) model makes the 
same eye-movement prediction if 
the future path waypoint is initially 
selected at the TP VD.!

D A waypoint on the future path!
beyond the tangent point !
(Wann & Land, 2000)!

WPB!

WPB!

VDWPB!

Multiple reference point future path models!

F.Preview points 
on the future 
path. Each 
preview point is 
weighed in online 
control of 
steering, with 
diminishing gain 
for points further 
ahead. Gaze 
would fall in the 
region of the 
point where 
gain-uncertainty 
ratio is highest?!

G.Waypoints on 
the future path, 
locations on the 
desired trajectory 
where the driver 
anticipates various 
steering actions 
(phases in the 
curve negotialtion 
sequence to be 
complete, and 
switching smoothly 
to next phase).!

A Multiple travel points on the future 
path (preview points) !

FP1–4!

VDFP1–4!

B Multiple waypoints on the future path!

WP1–4!

VDWP1–4!

Reversal  point !
(cornering complete)!

Turn point !
(approach complete)!

Max. yaw rate point !
(entry complete)!

Exit  point!
(exit complete)!

FP2!

FP3!

FP4!

FP1!

experience 

performance 

Deliberate practice begins 

Novice Experienced 

Expert 

“10000 h rule” 

Lappi,	
  Front	
  Hum	
  Neurosci,	
  2015	
  

Lappi,	
  Neurosci	
  Biobehav	
  Rev,	
  2016	
  

Lappi	
  et	
  al.,	
  2013;	
  Lehtonen	
  et	
  al.,	
  2013/2014	
  
Lappi,	
  Pekkanen	
  &	
  Itkonen,	
  	
  PLOS	
  ONE	
  2013	
  
Itkonen	
  et	
  al.	
  PLOS	
  ONE	
  2015	
  

Lappi,	
  JOV,	
  2014	
  

Itkonen	
  et	
  al	
  (submiXed)	
  

Pekkanen	
  et	
  al	
  PLOS	
  ONE	
  2017	
  

1	
  

2	
  

3	
  

“The	
  Big	
  Picture”	
  




