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Metacognition:	
   1	
  or	
  2	
  forms ?

"One	
  system"	
  view:	
  
Human metacognition is cognition	
  about	
  cognition,	
  hence it requires
metarepresentingone's own first-­‐order activities
Dual-­‐process view:
Human metacognitionencompasses two forms:
Ø The	
  ability to	
  guide	
  first-­‐order cognitive	
  decision-­‐makingby	
  using
predictive internal feedback

Ø The	
  ability to	
  verbally report	
  one's own uncertaintyby	
  
metarepresenting it



The	
  issue	
  is relevant	
  to	
  educational practices

• If	
  metacognitionessentially involves formingthe	
  relevant	
  	
  beliefs
about	
  the	
  mental	
  abilitiesengaged at	
  school,	
  then it is justified to	
  teach
students general facts about	
  learning,	
  attentional processes,	
  
metacognitive strategiesetc.

• If	
  metacognitioncrucially depends on	
  a	
  formof	
  subjective	
  evaluation
producedas	
  feedback	
  from task engagement,	
  	
  then it is justified to	
  
organize learning in	
  a	
  way that willmaximise	
  
• active	
  engagement
• opportunities for	
  collecting intrinsic,	
  reliable,	
  positive	
  feedback.
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I.	
  How	
  to	
  validate hypotheses about	
  
(meta)cognitive	
  dissociations?	
  

Jean-­‐Michel	
  Alberola,	
  La	
  
conscience	
  claire,	
  2014



A main aim of this presentation consists in clarifying
the evidence that warrantsmetacognitive duality

•Based on	
  the	
  parallel case	
  of	
  the	
  duality between
implicit and	
  explicit	
  social	
  attitudes,	
  as	
  discussed in

•Greenwald&	
  Nosek,	
  2008,	
  "Attitudinal	
  dissociation:	
  
what does it mean ?"



Two types	
  of	
  arguments	
   for	
  the	
  validity of	
  a	
  
cognitive	
  dissociation.

(a)	
  discriminant	
  validity:	
  which establishes that two types	
  of	
  
measures are	
  not	
  measures of	
  identicallythe	
  sameconstruct,	
  and	
  

(b)	
  convergent	
  validity,	
  which establishesthat the	
  two measures
warrant	
  interpretationas	
  reflectingthe	
  sametype	
  of	
  construct.

Greenwald&	
  Nosek,	
  2008



A	
  Janus-­‐faced issue	
  

"This	
  is an	
  interesting paradox of	
  dissociation	
  — one	
  
must	
  demonstrate that two measures assess the	
  
same type	
  of	
  constructwhile,	
  simultaneously,	
  
demonstrating that they must	
  representdifferent
forms of	
  that construct."	
  

Greenwald&	
  Nosek:	
  2008	
  



Validating dual-­‐processing in	
  metacognition
requires

• Demonstratingthat there is a	
  commonconstruct

• Collectingevidence justifyingdiscrimination	
  of	
  different
representational processes



Convergence:	
  Proposal for	
  a	
  
common construct



Defining cognitive	
  action

A	
  cognitive	
  action	
  consists in	
  using
compensatory mechanisms to	
  maintain a	
  
trajectory toward a	
  cognitive	
  (informational)	
  
goal

From Harry	
  Frankfurt	
  	
  "The	
  problem of	
  action"
(1978)



A	
   common theoretical framework for	
  metacognition
(Nelson	
  and	
  Narens 1990)

• CONTROL
• selecting a	
  cognitive	
  action	
  (e.g.	
   trying to	
  remember),
• adjusting effort	
  to	
  expected rewards,
• modifying commands as	
  a	
  function of	
  obstacles	
  encountered on	
  the	
  way to	
  
the	
  goal
• quitting a	
  task,	
  
• channelling outcomes to	
  other mental	
  areas.

• MONITORING
Consists in	
  using feedback	
  from control	
  and	
  from performance	
   to	
  predict
discrepancies between expected and	
  observed cognitive	
  outcomes at	
  critical
junctures of	
  the	
  task.



Critical	
  junctures are	
  monitored for	
  control	
  purposes

1. Goals	
  
1. Curiosity (relevant	
  information	
  perceivedas	
  available)
2. Predictionof	
  feasibility (e.g.	
  feeling	
  of	
  knowing)
3. Predictionof	
  success (e.g.	
  predictive feeling	
  of	
  confidence)

2. Progress	
  toward the	
  goal:	
  does the	
  action	
  move	
  in	
  the	
  
anticipateddirection?	
  (e.g.	
  feelings	
  of	
  
understanding/confusion,	
  feelings	
  of	
  error)

3. Final	
  outcome :	
  is it correct	
  ?	
  (postdictive feeling	
  of	
  confidence,
feeling	
  of	
  being right)



Variety of	
  cognitive	
  actions	
  generate very
different types	
  of	
  monitoring

•Metaperception
•Metamemory
•Metareasoning,	
  
•Metacomprehension (e.g.,	
   in	
  reading,	
  
communicating)
….



Divergence	
  in	
  metacognition:	
  
2	
  main	
  constructs



Functional hypothesis by	
  Koriat &	
  Levy	
  Sadot (1999)
Two types	
  of	
  informational sources	
  used to	
  regulate own cognitive	
  
activity:
1. activity-­‐dependent feedback:	
  

• "experienced-­‐based"	
  evaluations,"noetic"	
  feelings

2. inferences from (naive)	
  theories:	
  "concept-­‐based"	
  evaluations,

• Beliefs about	
  mental	
  activities,	
  own competence,	
  context,	
  etc.
• Beliefs and	
  motivations	
  related to	
  self-­‐representations(general
competence,	
  self-­‐efficacy,	
  self-­‐identity)



Type	
  1:	
  Noetic feelings	
  at	
  critical junctures
Goal-­‐related predictive
feelings

Process-­‐related evaluative
feelings

Result-­‐related evaluative
feelings

Feeling	
   of	
  curiosity Feeling	
   of	
  confusion	
   Feeling	
   of	
  being right/wrong

Feeling of	
  predictive
confidence

Feeling	
   of	
  error Feeling	
   of	
  retrospective
confidence

Tip	
  of the	
  tongue Feeling	
   of	
  incoherence Feeling	
   that one	
  learned
("judgment of	
  learning")

Feeling of	
  familiarity Feeling	
   of	
  incomprehension Eureka	
   feeling

Feeling of	
  knowing Feeling	
   of	
  interest/boredom



Definition of	
  system	
  1/system	
  2	
  in	
  Shea et	
  al.	
  
(2014)

• System	
  1	
  metacognition generatesa	
  quick	
  response,	
  based on	
  
independentparallel processes,	
  and	
  is little affectedby	
  general
workingmemory	
  load.	
  

• System	
  2	
  	
  metacognition handles problemsserially,	
  takes time	
  to	
  
operate and	
  is affected by	
  generalworkingmemory	
  load.	
  

• System	
  2	
  representationsare	
  characteristicallyexplicit,	
  i.e.	
  conscious,
whereas system	
  1	
  mc	
  representationsneed not	
  be.	
  



Type	
  2:	
  Concept-­‐based predictions

• A	
  concept	
  is an	
  inferential structure,	
  allowingto
• representworld	
  regularities,	
  for	
  predictive and	
  explanatory
purposes.
• reasoncounterfactually
• about	
  the	
  world,
• about	
  the	
  mind (own and	
  other's)	
  
• in	
  a	
  context-­‐detachedway.

• take advantage of	
  culturally accumulated linguisticpractices,	
  beliefs
and	
  theories



Representing conceptually one's own cognitive	
  
activity opens	
  up	
  strategic decision-­‐making

•Controllingone's impulsive	
  responses to	
  structural	
  
aspects	
  of	
  incoming information	
  (e.g.	
  fluency)
•Reporting verbally (or	
  not)	
  one's own cognitive	
  
experience
•Reasoningabout	
  the	
  epistemic conditions	
  that
govern cognitive	
  success in	
  a	
  type	
  of	
  task
•Teaching (and	
  learning from others)	
  how	
  to	
  
improveperformance	
  and	
  metacognitive efficiency,	
  



II.	
  Divergence	
  in	
  metacognition:	
  
evidence



How	
  to	
  demonstrate a	
  metacognitive
divergence?	
  

Crucial	
  dimensions:

1. Phylogenetic transition
2. Developmental/anthropologicalprofiles	
  
3. Functional characteristics
4. Neural	
  correlates



1.	
  Phylogeny



Main  types  of  tasks eliciting decisions under uncertainty in  
nonhumans

• Seeking for	
  information	
  
Will	
  an	
  animal	
  ask for	
  information	
  onlywhen needed?	
  (Call	
  &	
  
Carpenter,	
  2001)

• Buying hints when learning(Kornell,	
  Son,	
  &	
  Terrace,	
  2007) .
• Choose-­‐or-­‐decline-­‐to-­‐respond («opt out »)	
  (Smith	
  et	
  al.,	
  2006,	
  Beran
et	
  al.	
  2010)
• Wagering (betting	
  on	
  a	
  given response).(Kornell,	
  Son	
  &	
  Terrace,	
  
2007,	
  Kepecs&	
  Mainen,	
  2012,	
  	
  Miyamotoet	
  al.	
  2017))
• Action	
  control	
  based on	
  internal confidence	
  feedback	
  (Beran et	
  al.	
  
2015)



What    monkeys can  do

• They  can  solve  the  5  types  of  tasks  in  perceptual  
discrimination  and  memory  paradigms

• They  can  generalize  their  uncertainty responses  to  new  
tasks.

• They  can  also  use  uncertainty  responses  with  blocked  
feedback (which  demonstrates  that  these  are  not  conditioned  
responses)



Spontaneousmetacognition in	
  rhesusmonkeys

• Gheusi &	
  Fagot,	
  (2015)
• Guineababoons requestedexposureof	
  hidden visual stimuli	
  on	
  more	
  
difficultdiscrimination	
  trials.

• Tu,	
  Pani,	
  and	
  Hampton	
  (2015):	
  
• rhesusmacaques	
  dynamicallygathered information	
  about	
  the	
  identityof	
  
a	
  hiddenvisual stimulus	
  on-­‐screen before responding.	
  

• Rosati&	
  Santos	
  (2016):	
  
• rhesus macaques	
  peered intoa	
  center	
  location	
  where they could check	
  
two potential hidingspots—if	
  their view had been	
  occluded and
information	
  seekingwas possible	
  (2	
  tubes	
  versus	
  1	
  tube	
  condition)



2	
  -­‐ Development and	
  diversity



Relevant	
  evidence Procedural evaluation Concept-­‐based explicit	
  
evaluation

Goupil,	
  Romand-­‐
Monnier	
  &	
  Kouider,	
  	
  
2016	
  

20	
  mth	
  olds infants	
  ask
parents	
  for	
  help	
  when they
know	
  they don’t know

No	
  verbal	
  report	
  available

Goupil,	
  &	
  Kouider,	
  	
  
2016

12-­‐month	
  old and	
  18-­‐month-­‐
old	
  infants	
  persist in	
  their
choices more	
  when choices
objectively correct	
  

No	
  verbal	
  report	
  available

Balcomb&	
  Gerken,	
  
2008

opting out	
  from a	
  memory	
  
task in	
  3	
  year-­‐olds

Untested

Bernard,	
  Clément	
  &	
  
Proust,	
  2015

opting out	
  from a	
  perceptual
discrimination task in	
  3	
  year-­‐
olds

False	
  belief task failed



Relevant	
  evidence Procedural evaluation Concept-­‐based explicit	
  
evaluation

Paulus,	
  Proust	
  &	
  
Sodian,	
  	
  2013

Correct	
  fixation	
  patterns	
  
on	
  a	
  confidence	
  scale for	
  
memory	
   in	
  3	
  and	
  a	
  half
year-­‐olds

At	
  chance	
  in	
  reporting
confidence

Rohwer,Kloo &	
  
Perner,	
  2012

Kim,	
  Paulus,	
  Sodian&	
  
Proust,	
  2016

untested

In	
  a	
  partial	
  knowledge
condition,	
  3-­‐ and	
  4-­‐year-­‐old	
  
children correctly accept or	
  
decline informing another
person about	
  hidden content	
  
of	
  a	
  box.

In	
  a	
  partial	
  knowledge
condition, young children
overestimatetheir own
knowledgewhen asked to	
  
verbally report	
  whether
they know the	
  hidden
content	
  of	
  a	
  box	
  

"



Cross	
  cultural	
  studies Procedural evaluation Explicit	
  metacognition

Kim,	
  Sodian,	
  Paulus,	
  
Senju,	
  Okuno,	
  Ueno,	
  
Itakura,	
  Proust, 2020

Partial	
  knowledge +	
  False	
  
belief tasks

Informing condition

German and	
  Japanese four-­‐
year-­‐olds have	
  similar
performances	
  

Reporting condition
German and	
  Japanese four-­‐year-­‐
olds have	
  similar performances	
  
in incorrectly reporting own
knowledge
False belief task
German children outperformed
Japanese children

Kim,	
  Paulus,	
  Sodian,	
  
Itakura,	
  Ueno,	
  Senju,	
   &	
  
Proust,	
  2018	
  

Selective learning and	
  
teaching untested

Japanese children better than
German children at	
  selectively
teaching an	
  ignorant	
  person
over	
  a	
  knowledgeable person,	
  
but	
  not	
  at	
  selectively learning
from knowledgeable others



3.	
  Functional profiles



Relevant	
  evidence Procedural evaluation Concept-­‐based
evaluation

Nussinson &	
  Koriat 2008 Anagram difficulty rating	
  
based on	
  manipulated
subjective	
  fluency

Strategic	
  revision after
debunking becomes
inoperant under
cognitive	
  load.

Koriat &	
  Ackerman 2010 JOL	
  inversely correlated
with study time	
  
(correct	
  prediction)

JOL	
  directly correlated
with study time	
  
(incorrect	
  prediction)

Thomson,	
  Turner,	
  
Pennycook,	
  	
  	
  Ball,	
  Brack,	
  
Ophir	
  &	
  Ackerman,	
   2013

Bat	
  and	
  ball problem
failed

Bat	
  and	
  ball problem
solved



Neurological dissociations



Patients	
  with autism have	
  preserved type	
  1	
  "metacognition"	
  
and	
  impaired type	
  2	
  metacognition (Nicholson,	
  T.,	
  Williams,	
  D.	
  M.,	
  
Lind,	
  S.	
  E.,	
  Grainger,	
  C.,	
  &	
  Carruthers,	
  P.	
   2020).	
  

Patients	
  with autism are	
  impaired in	
  metarepresenting their
confidence,	
  yetwager on	
  their accuracy in	
  a	
  task as	
  neurotyical
participants	
  do.	
  
Authors'	
  conclusion:	
  "Implicituncertainty-­‐monitoring	
  tasksmay not	
  be
truly metacognitive"
Alternative	
  interpretation:	
  "Implicituncertainty-­‐monitoring"	
  is a	
  form
of	
  proceduralmetacognition.



4-­‐ Neural	
  correlates



Relevant	
  evidence Procedural evaluation Concept-­‐based evaluation

Koechlin 2011 Ventromedial prefrontal cortex	
  encodes	
  
goals	
  and	
  	
  monitors	
  the	
  expected
outcomes of	
  actions.
Frontal	
  pole	
  neurons monitor	
  
expected outcomes independently of	
  
outcome values.

region in	
  lateral frontopolar
cortex
• has	
  no	
  functional analogue	
  

in	
  monkeys.
• Provides additional cognitive	
  

flexibility by	
  enabling
cognitive	
  branching

Vaccaro and	
  
Fleming,	
   2018	
  

posteriormPFC and	
  insula	
  mediate
non-­‐conceptual,	
  lower-­‐level epistemic
feelings	
  of	
  uncertainty.	
  

mPFC&	
  anterior dlPFC supports	
  
a	
  conceptual second-­‐order
representation of	
  one’s
epistemic feelings

Rouault	
  and	
  
Koechlin, 2018
Task-­‐set	
  control

1	
  task set	
  monitored
involves dorsomedial ACC	
  and	
  
ventromedial PFC	
  along with rostralateral
and	
  polar-­‐lateral PFC.

2-­‐3	
  task sets	
  monitored
à Task set	
  switching possible
Human only area	
  in	
  lateral polar	
  
PFC with a	
  specific connectivity
ACC-­‐caudal	
  lateral PFC



Convergence	
  and	
  dissociation	
  

suggest that human cognitive	
  activity is controlled&	
  monitoredby	
  
2	
  kinds of	
  processes,	
  which have	
  had an	
  overlappingevolutionary
history.
• Metacognitive judgments in	
  humans are	
  based on	
  

• feedback	
  from forwardmodels of	
  cognitive	
  actions	
  (task set	
  
control	
  and	
  monitoring)
• Conceptual categorizingverballymediated (communication,	
  	
  
internal speech)	
  +	
  higher forms of	
  cognitive	
  control



Competitionbetween the	
  two are	
  
regulatedby	
  trade-­‐offs time/	
  
resources
Proust	
  2015

But	
  higher formsof	
  cognitive	
  
control	
  also require"basic"	
  types	
  
of	
  predictionand	
  evaluation to	
  
detect contradiction,	
  potential
error,	
  etc.



Clarifications	
  

• The	
  notion	
  of	
  "judgment"	
  in	
  the	
  metacognitive literaturedoes not	
  
automatically refer to	
  concept-­‐basedevaluations(compare	
  with
"inference"	
  in	
  cognitive	
  science)

• Judgmentscan be based on	
  analytic inferencesor	
  non-­‐analytic
inferences (unconscious heuristics)	
  (Jacoby&	
  Brooks	
  1984)



Two meanings of	
  implicit

1. Implicit as	
  non-­‐conscious

2. Implicit as	
  non-­‐verbal,	
  synonym:	
  procedural

• Here:	
  implicit used as	
  a	
  synonymof	
  "non	
  verbal".



III.	
  Educational implications



How	
  relevant	
  is metacognitive duality to	
  
educational practices?

• If	
  metacognition essentially involves forming relevant	
  	
  beliefs,	
  
teach students general facts about	
  learning (strategies,etc.)	
  !

• If	
  metacognition depends,	
  in	
  addition,	
  on	
  subjective	
  
evaluations of	
  how	
  they learn,	
  	
  train	
  students to	
  become
sensitive	
  evaluators!



How	
  to	
  enhance metacognitive experience

1. Educational tools allowing young students to	
  learn how	
  to	
  
calibrate their own confidence	
  in	
  a	
  cognitive	
  task.

2. Specific exerciseshelping students to	
  distinguish illusory
from actual comprehension

3. Teaching methods for	
  increasing students'	
  curiosity about	
  
a	
  given subject.



1.	
  Current experimental metacognitive training	
  device
"Mon	
  outil	
  confiance"	
  (my self-­‐confidence	
   tool"



2.	
  How	
  to	
  help	
  students calibrate their
comprehension

•Students tend	
  to	
  vastlyoverestimate their
comprehension of	
  scientific texts or	
  lectures.	
  

•Why ?	
  They conflate the	
  decodingfluency inherent to	
  
superficial processing with the	
  conceptual fluency
obtained through deep processing.	
  (Thiede,	
  Griffin,	
  
Wiley,	
  Redford,	
  2009)



2	
  types	
  of	
  concept	
  processing
(in	
  reading/listening)	
  

• Superficial processing limited to	
  linguistic
encoding/decoding (syntactical parsing,	
  lexical	
  familiarity)	
  

•Deep processing:	
  requires access to
• stored dynamic information	
  concerning concept-­‐relevant	
  
situations	
  (Barsalou,	
  2005),	
  
• relevant	
  background	
  knowledge (McNamara,	
  Kintsch et	
  
al.,	
  1996).



How	
  to	
  produce reliable metacomprehension?	
  

1. REDUCING	
  COHERENCE,	
  allows students to	
  "repair"	
  what they hear or	
  
read,	
  which promotesdeeper processing
• But	
  this method only works for	
  studentswith the	
  necessary
background	
  knowledge (McNamara et	
  al.,	
  1996)

2. Introducing during a	
  teaching episode quick "INTERLEAVING	
  
EXERCISES"	
  that automatically engage	
  monitoring	
  conceptual contents.	
  	
  

3. PERSONAL	
  LEARNING	
  DIARIES	
  allow students to	
  summarize what they
learned at	
  the	
  end	
  of	
  each class	
  or	
  day,	
  compare their summaries and	
  
revise them.



Type	
  1	
  metacognitive engineering	
  is a	
  
precondition for	
  accurate type	
  2	
  metacognition

•"	
  Indeedmanipulations that improve learners’	
  
monitoring	
  accuracy result in	
  a	
  more	
  effective	
  
regulation of	
  study and,	
  in	
  turn,	
  in	
  overall better
test	
  performance"	
  

(Koriat et	
  al.,	
  	
  2009)



Such manipulations	
   are	
  recurrent cultural	
  
features (Proust	
  &	
  Fortier	
  eds.,	
  2018)

•Type	
  1	
  metacognitivesensitivity is present in	
  
all	
  cultures,	
  as	
  a	
  result of	
  the	
  evolution of	
  
cognitive	
  control	
  structures.

• It	
  may also be diversely trainedby	
  cultural	
  
learning (Heyeset	
  al.	
  2020)



Role of	
  implicit informational standards	
  
(Proust	
  &	
  Fortier	
  eds.,	
  2018)

• The	
  respective	
  influence	
  of	
  each type	
  of	
  
metacognition is cross-­‐culturally shaped by	
  implicit
informational standards	
  such as:
• Child	
  rearing (e.g.,	
  observational or	
  formal
education)
• Communication	
  (truth and	
  informativeness
versus	
  safe minimalism)
• Religious or	
  shamanic practices	
  
• Educational goals	
  



Thank you for	
  your attention	
  !

This	
  presentationcan be downloadedon
http://joelleproust.org


