
What	
  is	
  (are)	
  execu/ve	
  
func/on(s)?	
  

Insights	
  from	
  individual	
  differences	
  
research	
  



Execu/ve	
  Func/ons	
  (EFs)	
  

•  General	
  purpose	
  control	
  mechanisms	
  that	
  
enable	
  us	
  to	
  regulate	
  our	
  own	
  thoughts	
  and	
  
ac/ons	
  

•  EF	
  tasks	
  recruit	
  a	
  network	
  of	
  frontal,	
  parietal,	
  
and	
  subcor/cal	
  regions	
  
– But	
  PFC	
  is	
  considered	
  a	
  key	
  player	
  



Hypothesis	
  

Assump/ons:	
  

•  Language	
  control	
  requires	
  domain-­‐general	
  EFs	
  
– We	
  know	
  what	
  those	
  EFs	
  are	
  and	
  can	
  measure	
  them	
  

•  Everyday	
  use	
  trains	
  EFs,	
  and	
  that	
  training	
  
transfers	
  to	
  other	
  tasks	
  

Bilingualism	
   Flanker	
  



Hypothesis	
  

Assump/ons:	
  
•  Language	
  control	
  requires	
  domain-­‐general	
  EFs	
  

– We	
  know	
  what	
  those	
  EFs	
  are	
  and	
  can	
  measure	
  
them	
  

•  Everyday	
  use	
  trains	
  EFs,	
  and	
  that	
  training	
  
transfers	
  to	
  other	
  tasks	
  

Bilingualism	
   Flanker	
  



Overview	
  

•  Measuring	
  EFs	
  
•  Mul/ple	
  EFs	
  

– Possible	
  mechanisms	
  

•  Gene/c	
  influences	
  
–  Implica/ons	
  for	
  bilingual	
  advantage	
  hypothesis	
  

•  Conclusions	
  and	
  considera/ons	
  



Measuring	
  EF	
  

Execu2ve	
  
Func2on	
  

(EF)	
  

Flanker	
  

Simon	
  

ANT	
  

.50	
  

.50	
  

.50	
  

.75	
  

.75	
  

.75	
  



Measuring	
  EF	
  

Execu2ve	
  
Func2on	
  

(EF)	
  

Flanker	
  

Simon	
  

ANT	
  

.40	
  

.40	
  

.40	
  

.84	
  

.84	
  

.84	
  



Implica/on	
  

EF	
  

Flanker	
  

Simon	
  

ANT	
  

.40	
  

.40	
  

.40	
  

.84	
  

.84	
  

.84	
  

Bilingual	
   .50	
  

Predicted	
  effect	
  on	
  individual	
  task:	
  
	
   	
   	
   	
  .50*.40	
  =	
  .20	
  



Other	
  EFs?	
  

•  Stroop,	
  Go/NoGo,	
  Stop-­‐Signal	
  
•  N-­‐back,	
  working	
  memory	
  tasks	
  
•  Task-­‐switching	
  (e.g.,	
  Color-­‐Shape)	
  
•  Verbal	
  fluency,	
  dual	
  tasking,	
  problem	
  solving,	
  
reasoning,	
  planning	
  

Interference	
  
Resolu2on	
  

Flanker	
  

Simon	
  

ANT	
  

.40	
  

.40	
  

.40	
  

.84	
  

.84	
  

.84	
  



Mul/-­‐Component	
  Structure	
  

•  EF	
  is	
  not	
  a	
  single	
  ability,	
  but	
  a	
  family	
  of	
  
func/ons	
  
–  Normal	
  young	
  adults	
  	
  

•  Friedman	
  et	
  al.	
  (2006);	
  Ito	
  et	
  al.	
  (2015);	
  Miyake	
  et	
  al.	
  (2000)	
  

–  Older	
  adults	
  	
  
•  Fisk	
  &	
  Sharp	
  (2004);	
  Hedden	
  &	
  Sharp	
  (2006)	
  

–  Children	
  	
  
•  Huizinga	
  et	
  al.	
  (2006);	
  Lehto	
  et	
  al.	
  (2004);	
  van	
  der	
  Sluis	
  et	
  al.	
  (2007)	
  

–  Neuroimaging	
  studies	
  	
  
•  Collece	
  et	
  al.	
  (2005);	
  Sylvester	
  et	
  al.	
  (2003)	
  



Three	
  EFs	
  	
  

•  Inhibi/on	
  
– Stopping	
  prepotent	
  (dominant	
  or	
  automa/c)	
  
responses	
  

– Example:	
  An/saccade	
  



+	
  6	
  

Inhibi/ng:	
  An/saccade	
  task	
  



Three	
  EFs	
  	
  

•  Upda/ng	
  
– Monitoring	
  and	
  rapid	
  addi/on/dele/on	
  of	
  working	
  
memory	
  contents	
  

– Example:	
  Keeptrack	
  



Upda/ng:	
  Keeptrack	
  Task	
  

READY?	
  

RELATIVES   METALS 

Germany Copper Dog Orange Tin Aunt Mile England Black Cow Father Steel Centimeter Green ??? 



Three	
  EFs	
  	
  

•  Shiging	
  
– Switching	
  flexibly	
  between	
  tasks	
  or	
  mental	
  sets	
  
(switch	
  costs)	
  

– Example:	
  Number-­‐Lecer	
  

15	
  



Shiging:	
  Number-­‐Lecer	
  Task	
  

4E!

R3!9K!

R2! A8!3U!

5I! M6!9A!



Miyake	
  et	
  al.	
  (2000)	
  

Inhibi/ng	
  

An/saccade	
  

Stop-­‐signal	
  

Stroop	
  

.68	
  

.89	
  

.84	
  

.57	
  

.33	
  

.40	
  

Upda/ng	
  

Keep	
  track	
  

Lecer	
  memory	
  

Tone	
  monitoring	
  

.79	
  

.60	
  

.80	
  

.46	
  

.63	
  

.45	
  

Shiging	
  

Number-­‐lecer	
  

Plus-­‐minus	
  

Local-­‐global	
  

.68	
  

.65	
  

.79	
  

.57	
  

.59	
  

.46	
  

.63	
  

.56	
  

.42	
  



Friedman	
  et	
  al.	
  (2008;	
  2011)	
  

Inhibi/ng	
  

An/saccade	
  

Stop-­‐signal	
  

Stroop	
  

.84	
  

.80	
  

.82	
  

.40	
  

.45	
  

.43	
  

Upda/ng	
  

Keep	
  track	
  

Lecer	
  memory	
  

Spa/al	
  2-­‐back	
  

.57	
  

.55	
  

.82	
  

.65	
  

.67	
  

.43	
  

Shiging	
  

Number-­‐lecer	
  

Color-­‐shape	
  

Category-­‐switch	
  

.56	
  

.62	
  

.50	
  

.66	
  

.61	
  

.71	
  

.77	
  

.38	
  

.79	
  



Unity/Diversity	
  Framework	
  
.77	
   .38	
  

.40	
   .45	
   .43	
  

.56	
   .62	
   .50	
  .57	
   .55	
   .82	
  

Upda2ng	
   ShiLing	
  

.65	
   .67	
   .43	
   .66	
   .61	
   .71	
  

.84	
   .80	
  

An/saccade	
   Stop-­‐signal	
   Stroop	
  

.82	
  

Inhibi2ng	
  

Keep	
  track	
   Lecer	
   S2back	
   Number Color	
   Category	
  

.79	
  

.54	
   .63	
   .51	
  .52	
   .56	
   .81	
  .79	
  

An/saccade	
  

.75	
  

Stop-­‐signal	
   Stroop	
  

.82	
  

Keep	
  track	
   Lecer	
   S2back	
   Number	
   Color	
   Category	
  

.46	
   .50	
   .43	
  
.43	
   .42	
   .49	
  

.39	
   .42	
   .39	
  

Upda2ng-­‐	
  
Specific	
  

ShiLing-­‐	
  
Specific	
  

Common	
  
EF	
  

.57	
   .52	
   .19	
   .53	
   .45	
   .50	
  

Friedman et al., JEP: General, 2008; Friedman et al., Dev. Psych., 2011"



No	
  Inhibi/ng-­‐Specific	
  Factor	
  

Friedman et al., JEP: General, 2008"

1.0!
.67!

.66!

Common	
  
EF	
  

Number" Color" Category"

Shiging	
  

.66! .63! .74!

.56!

Keep" Letter" S2back"

Upda/ng	
  

.65! .66! .46!

.55!

Antisac" Stop" Stroop"

Inhibi/ng	
  

.47! .56! .42!

.78! .69! .82!

.00"

.58! .56! .79! .56! .60! .45!

•  Replicated in 3 additional independent datasets"



Specific	
  Components	
  Like	
  Residuals	
  

An/saccade	
   Stop-­‐signal	
   Stroop	
   Keep	
  track	
   Lecer	
   S2back	
   Number	
   Color	
   Category	
  

Upda2ng-­‐	
  
Specific	
  

ShiLing-­‐	
  
Specific	
  

Common	
  
EF	
  

1.0!
.67!

.66!

Common	
  
EF	
  

Shiging	
  .56!Upda/ng	
  .55!Inhibi/ng	
  .00"



Mechanisms	
  

•  Common	
  EF:	
  ac/ve	
  maintenance	
  of	
  goals	
  (in	
  
working	
  memory)	
  and	
  the	
  use	
  of	
  these	
  goals	
  
to	
  bias	
  ongoing	
  processing	
  

•  Shiging-­‐Specific:	
  speed	
  of	
  replacing	
  goals	
  in	
  
working	
  memory	
  
– Flexibility-­‐stability	
  tradeoff	
  

•  Upda/ng-­‐Specific:	
  effec/ve	
  ga/ng	
  of	
  
informa/on,	
  controlled	
  retrieval	
  from	
  long-­‐
term	
  memory	
  



Common	
  EF	
  =	
  Inhibi/on?	
  

•  Is	
  the	
  term	
  “inhibi/on”	
  more	
  informa/ve	
  
about	
  the	
  underlying	
  mechanism	
  than	
  goal-­‐
related	
  processes?	
  

•  Whether	
  there	
  is	
  a	
  common	
  inhibitory	
  
func/on	
  (acributed	
  to	
  right	
  inferior	
  frontal	
  
cortex)	
  across	
  diverse	
  tasks,	
  and	
  whether	
  it	
  
determines	
  performance,	
  is	
  s/ll	
  debated	
  
– E.g.,	
  Banich	
  &	
  Depue,	
  2015;	
  Munakata	
  et	
  al.,	
  2011	
  



Rela/ons	
  to	
  Other	
  Frameworks	
  

•  Controlled	
  or	
  execu/ve	
  acen/on	
  (Engle,	
  Kane,	
  
et	
  al.)	
  

	
  “Our	
  view	
  is	
  that	
  WM	
  capacity,	
  the	
  construct	
  measured	
  by	
  
WM	
  span	
  tasks,	
  reflects	
  the	
  general	
  capability	
  to	
  
maintain	
  informa/on,	
  such	
  as	
  task	
  goals,	
  in	
  a	
  highly	
  
ac/ve	
  state.”	
  	
  
–  Kane	
  et	
  al.	
  (2001,	
  p.	
  170)	
  



Rela/ons	
  to	
  Other	
  Frameworks	
  

•  Proac/ve	
  vs.	
  reac/ve	
  control	
  (Braver)	
  

“The	
  proac/ve	
  control	
  mode	
  can	
  be	
  conceptualized	
  as	
  a	
  
form	
  of	
  ‘early	
  selec/on’	
  in	
  which	
  goal-­‐relevant	
  
informa/on	
  is	
  ac/vely	
  maintained	
  in	
  a	
  sustained	
  manner,	
  
before	
  the	
  occurrence	
  of	
  cogni/vely	
  demanding	
  events,	
  
to	
  op/mally	
  bias	
  acen/on,	
  percep/on	
  and	
  ac/on	
  
systems	
  in	
  a	
  goal-­‐driven	
  manner.	
  By	
  contrast,	
  in	
  reac/ve	
  
control,	
  acen/on	
  is	
  recruited	
  as	
  a	
  ‘late	
  correc/on’	
  
mechanism	
  that	
  is	
  mobilized	
  only	
  as	
  needed,	
  in	
  a	
  just-­‐in-­‐
/me	
  manner,	
  such	
  as	
  ager	
  a	
  high	
  interference	
  event	
  is	
  
detected.”	
  
–  Braver	
  (2012,	
  p.	
  106)	
  



Other	
  EFs?	
  

•  Selec/ve	
  acen/on	
  or	
  resistance	
  to	
  distractor	
  
interference	
  
– e.g.,	
  Flanker	
  task	
  



Friedman	
  &	
  Miyake	
  (2004)	
  

Response	
  

An/saccade	
  

Stop-­‐signal	
  

Stroop	
  

.78	
  

.87	
  

.80	
  

.47	
  

.36	
  

.45	
  

Distractor	
  

Eriksen	
  flanker	
  

Word	
  naming	
  

Shape	
  matching	
  

.84	
  

.90	
  

.82	
  

.41	
  

.31	
  

.42	
  

.67	
  



Other	
  EFs?	
  

•  Mixing	
  costs	
  
–  In	
  switch	
  tasks,	
  RT	
  in	
  mixed-­‐block	
  repeat	
  trials	
  >	
  in	
  
single	
  task	
  blocks	
  

– Used	
  as	
  measure	
  of	
  monitoring	
  (e.g.,	
  Paap	
  et	
  al.,	
  
2014)	
  

•  May	
  also	
  be	
  related	
  to	
  Common	
  EF	
  
– Preliminary	
  analysis:	
  switch	
  task	
  mixing	
  cost	
  latent	
  
variable	
  related	
  to	
  Common	
  EF	
  (r	
  =	
  –.59)	
  

– Not	
  related	
  to	
  Upda/ng-­‐Specific	
  or	
  Shiging-­‐
Specific	
  (rs	
  =	
  –.11)	
  



E/ology	
  of	
  Unity	
  and	
  Diversity	
  
•  Why	
  do	
  EFs	
  show	
  unity	
  and	
  diversity?	
  

– Common	
  gene/c	
  factor?	
  	
  

– Unique	
  gene/c	
  influences?	
  
•  Twin	
  Studies	
  

– Decompose	
  covariances	
  in	
  MZ	
  and	
  DZ	
  twins	
  to	
  
es/mate	
  	
  
•  A:	
  Addi/ve	
  gene/c	
  variance	
  
•  C:	
  Shared	
  environmental	
  variance	
  
•  E:	
  Nonshared	
  environmental	
  variance	
  

29	
  



Longitudinal	
  Twin	
  Study	
  

Friedman et al., 2008; 2011; under review!

Updating- 
specific"

Shifting- 
specific"

100%! 0%"

A" C" E"

0%"

A" C" E"

79%! 0%" 21%!

Common"
EF"

A" C" E"

96%! 0%" 4%"

30	
  

Updating- 
specific"

Shifting- 
specific"

99%! 0%" 1%" 79%! 0%" 21%!

A" C" E" A" C" E"

Common"
EF"

A" C" E"

81%! 4%" 15%!

Age	
  17	
  

Age	
  23	
  



Community	
  Twin	
  Study	
  

Updating- 
specific"

Shifting- 
specific"

86%! 0%"

A" C" E"

14%!

A" C" E"

84%! 0%" 16%!

Common"
EF"

A" C" E"

84%! 0%" 16%!

31	
  

Age	
  21	
  



Implica/ons	
  of	
  Heritability	
  

•  Where	
  would	
  bilingualism	
  be?	
  
– C	
  or	
  E?	
  Not	
  A?	
  
– A	
  es/mate	
  can	
  include	
  gene-­‐environment	
  
correla/ons	
  

– Relevant	
  to	
  training	
  (e.g.,	
  music);	
  not	
  relevant	
  to	
  
bilingualism?	
  	
  

•  Es/mates	
  are	
  specific	
  to	
  a	
  trait,	
  popula/on,	
  
and	
  /me	
  
– Sample	
  includes	
  bilinguals?	
  



Conclusions	
  

•  EF	
  tasks	
  are	
  impure	
  
– Acenuates	
  effects,	
  and	
  makes	
  it	
  important	
  to	
  use	
  
mul/ple	
  tasks	
  

•  EFs	
  show	
  unity	
  and	
  diversity	
  
– Which	
  EFs	
  are	
  thought	
  to	
  be	
  involved	
  in	
  bilingual	
  
language	
  control?	
  

•  EFs	
  are	
  highly	
  heritable	
  at	
  the	
  level	
  of	
  latent	
  
variables	
  
–  But	
  this	
  should	
  not	
  be	
  interpreted	
  as	
  evidence	
  against	
  
training	
  effects	
  



Original	
  Model	
  

Bilingualism	
   Flanker	
  



More	
  Explicit	
  Model	
  

CEF	
  

Bilingualism	
  

SHI	
  

UPD	
  

CEF	
  

SHI	
  

UPD	
  



Considera/ons	
  

•  Does	
  bilingualism	
  require	
  the	
  same	
  EFs	
  that	
  
we	
  are	
  measuring?	
  
– Novelty?	
  
–  If	
  so,	
  which	
  EFs,	
  given	
  mul/-­‐component	
  structure?	
  

•  Does	
  using	
  those	
  EFs	
  actually	
  train	
  them?	
  	
  
– And	
  does	
  that	
  training	
  transfer?	
  

•  Do	
  those	
  benefits	
  persist	
  throughout	
  the	
  
lifespan?	
  


