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Nonhuman consciousness

The experimental study of nonhuman metacognition offers
new avenues to the study of a central domain of
phenomenal consciousness: what it is like to think.

This talk will summarize the scientific state of the art and
propose a theoretical framework for

v’ explaining evidence of metacognitive abilities across
species

v Exploring the function of phenomenal consciousness in
these abilities




Outline

Metacognition, phenomenal self-awareness: definitions
Nonhuman metacognition:evidence and implications
Informational processes underlying metacognition

From implicit heuristics to conscious affordance-sensings

Conclusion: Thoughtawareness in non-humans has two dimensions




1. Metacognition, self
awareness: definitior




Phenomenal awareness

Sensory p-awareness = Df The conscious experience thatis elicited by
perception, memory, emotion, and motor activity

Thought p-awareness = Df the conscious experiencethatis
specifically elicited when agents are "thinking", i.e. whenthey are
engagedinfirst-order cognitive activitiessuch as reasoning,
discriminating orinterpreting.




Bodily and mental actions across species

* Humans and nonhumans perform bodily actions, and are p-aware
that they move

* They discriminate whetherthey act or are acted upon, and many
nonhumans(e.g. birds, fishes, mammals) discriminate when others
act and what they are up to.

« Humans are able to perform cognitive actions, and, hence,

* They are aware that they think, know, learn
 That othersthink, know or learn
* That othersurge themto think, to remember or to learn

e What about nonhumans?




Awareness of mentally acting in humans

Has two forms ( Koriat & Levy-Sadot, 1999)

* Experience-based = awareness derived from the action itself =2 p-
awareness of action

* Concept-based = verbal or observational knowledge gained outside
action 2 knowledge made p-accessible through innerspeech or
imagery




"Experience-based"” metacognitionis the ability to

Control occurrent cognitive action Monitor occurrent cognitive action
e.g. e.g.
* Try to discriminate a * Feeling of easy/uneasy

perceptual pattern from discrimination
another

* Try toremember where the e Feali £k :
food was located eeling ot knowing

« Try to solve a problem * Feeling of ease/difficulty
* Feeling of being right/wrong

* Terminatea cognitive action
Koriat & Levy-Sadot (1999)




Function of procedural metacognition

Is to allow agents to collect reliable information
* By way of specialized conscious "noetic feelings"

* Based on implicit (nonconscious) predictive heuristics and
decision thresholds that are constantly recalibrated.

Are nonhumans able to act cognitively, and if so, what are
they p-aware of knowing or not knowing?




2. Non-human
metacognition: evidence,
implications




Main types of tasks have been used to test nonhumans'
sensitivy to their own informational states

 Seeking for information (SI) tasks:
"ask for information" only when needed (Call & Carpenter, 2001)

* Buying hintswhen learning (Kornell, Son, & Terrace, 2007) .

* Choose-or-decline-to-respond (« opt out ») paradigm (Smith et al.,
2006, Beran et al. 2010)

* Wagering tasks (bettingon correctness of a given response after it has
been made).

* Movingto get reward based on internal confidence feedback (Beran
et al. 2015)




Smith and/or coll. on metacognition in monkeys

* Rhesus monkeys decline most the most difficult trials in visual
discrimination tasks (Shield, Smith & Washburn, 1997) and in
memory tasks (Hampton, 2001).

* They generalize their U- responses to new tasks. (\WWashburn,
Smith & Shields, 2006)

« Macaques also use U-responses with blocked feedback (Beran,
Smith, Redford & Washburn, 20006)
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Metacognition in Phylogeny

Initially negative Finally positive

« Pigeons no U-R (Sutton & Shettleworth, P' 33352(%)1 1R opt out (Adams

2008) _ _ Rats Foote & Cr%stal &2007
« Rats: Smith & Scholl (unpub.), Smith et al. Kepecs et al (200

2007 (no U-R) Capuchin monkeys: U-R

« Capuchin monkeys: no S|, no U-R (Beran (Fujita 2009)
et al. 2006) Rhesus macaques (S| & U-

R) (Smith et al, Kornell,
Hampton))

Bottle-nosed dolphins U-R
(Smith)

ChlrrL\Jos and orangutans (Sl)
and UR (Suda-King 2008)

U-R= Uncertainty response
SlI: Search for information




Some examples of non-human metacognition

* Monkeys evaluate whether they can reliably classify a cloud of dots as
dense or sparse relativeto a criterion

* Rodentsknow whether or not they can reliably remember what
stimulus was associated in prior presentations with the probe.

* Chimpanzees know when they have correctly performed a task in a
trial.




Evidence for experience-based metacognition
in young children

* 20-month: Goupil, Romand-Monnier &
Kouider (2016)(non-verbal request for
information)

* 3 yr-olds:
* Balcomb & Gerken (2008), (metamemory)

* Paulus, M., Proust, J. and Sodian, B. (2013)
(metamemory).

* Bernard, S., Proust, J., & Clément, F. (2015)
(metaperception).




Implications of the evidence

* Presence of metacognition in nonhumanssuggests that it does not
depend on mindreading, i.e. the capacity to attribute mental states to
oneself.

* |t rather dependson a procedural, i.e. nonconceptual ability to
controland monitorone's own cognitive abilities, such as perception
and memory.




Nonhumans' ability to control their first-order
cognition (i.e., to act cognitively) raises two

guestions

1. What are the informational processesengaged?

2. Do these processes crucially involve subjective experiences?




3. What are the processes underlying
animal metacognition?




Processes claimed to be used for cognitive
control and monitoring in nonhumans

MAIN ALTERNATIVES SIMILAR/DISSIMILAR to human mc processes
. Based on reinforcement —
oD c e .
learning: Dissimilar
. Only executive, goal-directed "
abilities? _

Metarepresentations?

d. Specialized heuristics for Similar

predicting cognitive outcome?




Processes claimed to be similar or dissimilar across
humans and nonhumans: 4 mains views

a. Based on reinforcement a. Incompatible with
learning? experimental findings

b. Only executive, goal-directed
abilities?

c. Metarepresentations?

d. Specialized heuristics for
predicting cognitive outcome?




Processes claimed to be similar or dissimilar across
humans and nonhumans: 4 main views:

iy . Incompatible with
learning: experimental findings

Reward sensitivity
independentfrom mc
c. Metarepresentations?

d. Specialized heuristics for
predicting cognitive outcome?




Processes claimed to be similar or dissimilar
across humans and nonhumans

a—Based-onreinforcement
learning?

d. Specialized heuristics for
predicting cognitive outcome?

Incompatible with
experimental findings

Reward sensitivity
independentfrom mc

No mindreadingin monkeys




Processes claimed to be similar or dissimilar across
humans and nonhumans: 4 mains views

a. Incompatible with experimental
findings

b. Reward sensitivity independent from
mc

No mindreading in monkeys

Specialized heuristics for predicting

i 2 ] o
cognitive outcome: Behavioral and neuroscientific

evidence converges.

References in Non-human Metacognition.
Proust, (2017)




"Traditional" unconscious heuristics used in
humans' metacognitive monitoring

* Cue familiarity: elicited by the terms of the question
(Reder, 1987)

* Overall accessibility of pertinent information regarding
the target: elicited by the activity triggered by the
question (Koriat, 1993)

* Fluency heuristic: responses that come to mind quickly
are deemed correct. (see priming experiments as a source
of confidence enhancement: Kelley & Lindsay, 1993)




Recently discovered activity-dependent
heuristics

 Predictive neural dynamics: Kepecs & Mainen (2012).

* Predictiveinteroceptive cuesfrom the respiratory, circulatory,
digestive, and endocrine systems: Barrett & Symons (2015), Park &
Tallon-Baudry (2014).

* In humans: Proprioceptive (postural, facial) cue-based heuristics.

Eskenazi, T.,Montalan, B., Jacquot, A., Proust,J., Grezes, J. & Conty, L.
(2016). Quarterly Journal of Experimental Psychology.




Informational source of noetic feelings in nonhumans and
humans

Not thought content, but the dynamic signature of the
neural vehicle:

* Processing onset,
* intensity (amplitude of activation)
* coherence of cognitive activity over time

 Latency to reach threshold (fluency)

togetherpredict likely cognitive success of a given
decision.

(Kiani & Shadlen, 2009,Kepecs & Mainen, 2012).




4. Do these informational processes crucially involve

subjective experiences?

From implicit heuristics to conscious affordance-
sensings




Explaining nonhuman & human experience-
based metacognition

* Involves characterizing the relation between
* Nonconscious predictive heuristics
* Consciousfeelings
* Decisionand action guidance

* Hypothesis: All these elements are part of an evaluative
attitude, called an affordance-sensing.




Acting requires minimally a sensitivity to one of
two types of "affordances":

e Opportunities & risks in the
environment: world affordances

e Opportunities & risks in information
acquisition/retrieval: cognitive
affordances (Proust, 2013, 2015, 2016)




As the word "affordance" suggests,

* Such an attitude has the double function of detecting
opportunities and acting on them.

* An AS is a conscious, non-propositional attitude whose
function is to detect and evaluate the opportunities and
risks present in an agent's current environment.

* On these attitudes: see philosophers Cussins (1992), Dreyfus & Kelly (2007), Gendler (2008),
Griffiths & Scarantino (2009), Proust (2015), Strawson (1959), and psychologists Gawronski &
Bodenhausen (2006).




Differentiating the two kinds of affordances

* Evaluatinglikely reward in bodily acting on a given opportunity
(sensing a world affordance)

 Evaluatinglikely cognitive success in cognitively actng on a given
opportunity (sensinga cognitive affordance)

Depend on different sources of information and are processed by
distinct brain structures. (Kepecs & Mainen,2012).

Most decisionsto act have to integrate subjective cognitive
uncertainty and world affordances




Cognitive "affordance" sensing

* Does not require concepts such as uncertainty, memory,
perception, reliability.

* It requires

e Pursuing a cognitive goal ( < sensitivity to a given informational
need)

* detectingthe present availability of information orlack thereof
while performing a task.

* Adjustingcommands to task progress (" control sensitivity")




An affordance sensing is a dynamic occurrent
cognitive event

Including
» Affordance detection (predictive cues) in present context of activity

e Affordance recognition (conscious sensoryindex)

 Evaluation of valence and intensity (unconscious heuristics+conscious
feelings)

* Total motivation to act (others feelings involved)
* Decision to act

Nb: blue= nonconscious
Orange = conscious




Heuristics = feelings = decision

* Input of predictive heuristics: affordance detection and
disposition to act, with a calibrated comparator mechanism.

e Qutput of predictive heuristic: graded valence and arousal

* This output is consciously expressed in
* sensory imagery of goal type (affordance type)

e conscious noeticfeelings for goal status (affordance valence ad
intensity)

* Noetic feelings (monitoring) in turn guide decision to act




Cognitive affordance

Cognitive
Affordance

X Conscious
detection — o
recognition

/\

Feeling

Action
Pre-selection
integration

Decision to /
act

Concurrent
Feelings




Affordance Conscious
detection | > recognition

/A"

Valence Intensity
:> Conscious

Feeling Concurrent
@ Feelings
Action
Pre-selection
Feeling
integration

Decision to
act




Noetic feelings represent cognitive affordances

Examples:

* Affordance familiar/ rememberable, clear, [Tlme=
present task],

* [Valence,]

, positive

° :IntenSitya (on a scaleOto 1)]'
* [motivation to act of degree, according

to action programa]' Identify! Remember! Accept!
* New cues can be added over time




5. Conclusion: why p-awareness
in all metacognitive agents?

Dimensions of nonhuman metacognitive
p-awareness




In summary

It is plausible that nonhumansand humans alike, when able to monitor their
cognitive activity, are phenomenally aware of their thinkingactivity in three
ways

1. They maintain in working memory a conscious sensory marker of their
ongoinggoal, e.g. of the test display.

2. They experience conscious noeticfeelings as a consequence of their
engagementin the cognitive activity toward this goal.




Cognitive affordance: conscious elements

Cognitive

?ff::gaﬂce Conscious
etection I recognition

Concurrent
Feelings

Action
Pre-selection
integration

Motivation /
to act




Cognitive affordance: conscious elements

Cognitive
Affordance

X Conscious
detection — o
recognition

Intensity - » Conscious

Noetic
Concurrent

Feelings

Feeling

Action
Pre-selection
integration

Motivation /
to act




Cognitive affordance: conscious elements

Cognitive
Affordance

X Conscious
detection — o
recognition

Concurrent
Feelings

Action
Pre-selection
\ integration

< /
Motivation /

to act




Function of p-awareness?
(Koriat 2000, Proust, submitted)

1. Allowingexecutive attention to maintain an action program active
until completed.

. "Commoncurrency" (conscious awareness)of feelings (Sugrue et
al. 2005) enables
v'Fusion of feelings from different affordance-sensings
v'Decision flexibly based on most powerful opportunity in a
context.
v'Availability to episodic memory (and verbal report in humans)

v'Graded motivation to act also depends on having a common
currency. based on AWARENESS of valence and intensity.




Thanks for your
attention!

THIS PRESENTATION AND RELATED ARTICLES ARE AVAILABLE AT
http://www.joelleproust.org




Cognitive actions are embedded in world-
directed actions

C-affordance sensing
\W-
Affordance
sensing

[} I

Will | retrieve
my pin code?
Yes | should




Cognitive actions are iIn world-
directed actions

W- Affordance
detection &
sensing

C-affordance sensing

[}

No retrospective
evaluation needed: it
worked!




