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Learning Objectives

What is consciousness”? Should we think of it as an epiphenomenon
or a central (adaptive) characteristic of human cognition?

Discuss the adaptive significance of consciousness by asking
“can machines be conscious”?”

Learn about comparative approaches to consciousness and ask
“are animals conscious”?”

Learn about developmental patterns of consciousness (as in self-
awareness, autobiographical self)

| earn about the neural basis of consciousness



WHAT IS CONSCIOUSNESS?
AND DO WE NEED IT FOR INTELLIGENCE?
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Consclousness

There are many definitions of consciousness that coexist in the
philosophy, psychology, and related literatures (see Van Gulick, 2022).

Consciousness is most commonly defined as a state or the quality of
having subjective experience, that is, to be aware of something,
whether it is the external world, or one’s own thoughts and emotions.

» The Descriptive Question: What is consciousness? What are its principal features? And by
what means can they be best discovered, described and modeled?

» The Explanatory Question: How does consciousness of the relevant sort come to exist? Is it a
primitive aspect of reality, and if not how does (or could) consciousness in the relevant
respect arise from or be caused by nonconscious entities or processes?

» The Functional Question: Why does consciousness of the relevant sort exist? Does it have a
function, and if so what is it? Does it act causally and if so with what sorts of effects? Does it
make a difference to the operation of systems in which it is present, and if so why and how?

Van Gulick, R. (2022). "Consciousness"”, The Stanford Encyclopedia of Philosophy, Edward N. Zalta &
Uri Nodelman (eds.), https://plato.stanford.edu/entries/consciousness/



https://plato.stanford.edu/entries/consciousness/
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Can machines have consciousness!?
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The chinese room argument

John Searle (1980) proposed the Chinese room argument to suggest that a
computer executing a program cannot be shown to have understanding (or
intentionality, or consciousness, etc.) regardless of how intelligently or human-like
the program behaves (by say passing the Turing test, i.e., machine shows intelligent
behaviour equivalent to, or indistinguishable from, that of a human). More
information: https://plato.stanford.edu/entries/chinese-room/

Searle, J. R (1980). Minds, brains, and programs. Behavioral and Brain Sciences, 3(3), 41/—
424. http//doi.org/10.1017/50140525X00005/56
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Can machines have consciousness!?

Type Description Example(s)

CO: Unconscious

. Information processing can be face or speech
processing

realized by (mindless) recognition, priming,

automatons debating, persuading

C1: Global availability reportable aspects of

Selection of information for global .
Sensory experience

broadcasting, making it robust,
and available for computation and

report

C2: Self-monitoring confidence, error-
monitoring, knowledge of

leading to a subjective sense of  strategy efficacy

Self-monitoring of computations,

certainty or error.

Dehane et al. offer minimalistic criteria for consciousness (C1, C2) but others would reject this
position and propose additional criteria (e.g., model of the self, emotional experience, motivation).

Dehaene, S, Lau, H., & Kouider, S. (2017). What is consciousness, and could machines have it?
Science, 358(6362), 486—492. http://doi.org/10.1 1 26/science.aan88/ |
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Do animals have consciousness?

This paper reviews evidence that increases the probability that many animals
experience at least simple levels of consciousness. First, the search for neural
correlates of consciousness has not found any consciousness- producing structure or
process that is limited to human brains. Second, appropriate responses to novel

challenges for which the animal has not been prepared by genetic programming or

previous experience provide suggestive evidence of animal consciousness because

such versatility is most effectively organized by conscious thinking.
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THE MARK TEST

Global availability (C1): Animal intelligence/creativity as evidence of
global broadcasting necessary for making new associations?

Griffin, D. R., & Speck, G. B. (2004). New evidence of animal consciousness.
Animal Cognition, 7(1), 5-18. http://doi.org/10.1007/s10071-003-0203-x
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Do animals have consciousness?

Method for assessing whether monkeys know when they
g;“adsé remember. Each colored panel represents what
monkeys saw on a touch-sensitive monitor at a given

Dg,ay stage in a trial. At the start of each trial, monkeys studied

af;jzal | a randomly selected image. A delay period followed

0=0.33 p=0.67 over which monkeys often forgot the studied image.
I !
Chilie In one-third of trials, monkeys were forced to take the
Phase g AR test (Left).
I— In two-thirds of trials, animals chose between taking a
, memory test (Right, left-hand stimulus) and declining the
Test Phase - test (Right, right-hand stimulus).
or Small
Skl —«« Better accuracy on chosen than on forced tests
Preferred @ Primate indicated that monkeys know when they remember and
Peanut Pellet . e .
If Correct reject tests when they have forgotten, if given the option.

Self-monitoring (C2): Non-human primates can report the presence or absence of
memory: “this study documents in monkeys one important objective functional
feature of human conscious cognition: the ability to make adaptive decisions about
future behavior contingent on the current availability of knowledge.”

Hampton, R. R. (2001). Rhesus monkeys know when they remember. PNAS, 98(9), 5359-5362.
http://doi.org/10.1073/pnas.071600998



http://doi.org/10.1073/pnas.071600998

Do animals have consciousness?

Other criteria: Self-awareness

A Hominids
Mirror self-recognition Humans, great apes, elephants, B
dolphins, magpies 41 MSR

g 1+ MSR @ Elephants,
S - dolphins, magpies
g % Monkeys, parrots
.._? 2 Cleanerfish
[T} -
“ g Dogs, cats, pigs
0

Canines, felines, most birds, fish, Smaller-brained animals

monkeys, most other species

The mirror mark test has encouraged a binary view of self-awareness
according to which a few species possess this capacity and others do not
(A). The gradualist view (B), in contrast, assigns the highest level of self-
awareness to hominids, who spontaneously explore and play with their
reflection and care about their appearance, and assigns intermediate or
lower levels to other species, but no zero level because all animals need a
self-concept. Reactions to mirrors range from permanent confusion about
one’s reflection to only brief or no confusion between one’s reflection and a
stranger. Some species, such as macagues, seem to possess this )
intermediate level and can therefore, with the aid of training, be 'lifted"
(arrow) to a level of mirror understanding closer to self-awareness. 2

de Waal, F. B. M. (2019). Fish, mirrors, and a gradualist perspective on self-awareness.
Plos Biology, 17(2), e3000112-8. http://doi.org/10.1371/journal.pbio.3000112
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Do animals have consciousness?

The New York Declaration on

Animal Consciousness

April 19, 2024 | New York University

The New York Declaration on Animal Consciousness
Which animals have the capacity for conscious experience? While much uncertainty remains, some points of wide agreement have emerged.
First, there is strong scientific support for attributions of conscious experience to other mammals and to birds.

Second, the empirical evidence indicates at least a realistic possibility of conscious experience in all vertebrates (including reptiles,
amphibians, and fishes) and many invertebrates (including, at minimum, cephalopod mollusks, decapod crustaceans, and insects).

Third, when there is a realistic possibility of conscious experience in an animal, it is irresponsible to ignore that possibility in decisions affecting
that animal. We should consider welfare risks and use the evidence to inform our responses to these risks.

https://sites.google.com/nyu.edu/nydeclaration/declaration
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(@ temporally decentered self

The ontogeny of consciousness

(a)

- . . history of self and world
Minimal consciousness: Newborns, restricted to

present intero- and exteroreceptor stimulation (Now) Reflective consciousness 1: 3-year-olds can consider two

events occurring at two different times, including an event
occurring in the present (i.e., now, EventA is occurring, but

(b) yesterday, EventB occurred). History of self and of the
desired world are confounded.
(e) temporally decentered self

Recursive consciousness: Toddlers, past and future
events can be considered but toddlers cannot
simultaneously represent present, past, and future

(¢)

history of world

Self-consciousness: Children (2-year olds) can consider Reflective consciousness 2: 4-5 year-olds have a
descriptions of past or future-oriented events in relation to temporally decentered perspective: Children can

a present experience; but no consideration of events coordinate two series, the history of the self and the
occurring at different times history of the world.
Zelazo, P.D. Gao, H. & Todd, R. (2007). The development of consciousness. In Zelazo, Moscovitch & i

Thompson (eds.), Cambridge Handbook of Consciousness. Cambridge University Press. pp. 405-432.



The ontogeny of consciousness

Description Age Example(s)

newborns attend significantly more toward someone else’s finger
touching their cheek (single touch) than toward their own
hand touching their cheek (double touch).

Implicit self- 8 weeks self-defensive reactions to impending collisions with
awareness objects moving toward them
4 months infants reach for objects within their reach, but inhibit such

action when object is too large or out of reach

Social 7/ months focus on other individuals’ gaze toward novel things; use
referencing emotional cues from others in their decisions to either
approach or avoid novel things

Self-awareness 18 months mirror test, infants who pass the mirror mark test show
social emotions such as embarrassment or pride

Some explanations emphasise cognitive abilities (e.g., multiple representations,
memory; cf. Zelazo et al.) others put more emphasis on social aspects (cf. Rochat)
- the two are not incompatible!

Rochat, P. (2018). The Ontogeny of Human Self-Consciousness. Current Directions in Psycholog/cal
Science, 27(5), 345-350. http://doi.org/10.1177/0963721418760236
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The mechanism(s) of consciousness

There have been many contributions to understanding the neural basis of
consciousness but three key syndromes were likely central:

Amnesia

Blindsight

Split brain

The analysis of amnesia patients (most prominently HM) led to the conclusion that
memory deficits resulting from temporal lobe damage was limited to declarative
memory, that is, memory that could be consciously experienced. Such lesion studies
showed it was possible to understand the contribution of different brain areas to
different aspects of consciously accessible memory.

Damage to the primary visual cortex produces an apparent blindness in the visual
field opposite to the lesion. Yet, when requested to do so, blindsight patients can
make guesses about the identity or presence of visual stimuli presented to the
“blind” field at accuracy levels that are well above chance. They are consciously
blind but can “see” sufficiently to control behavior.

Split-brain surgery involves surgical section of the corpus callosum and other lesser
cerebral commissures in an effort to help relieve intractable epilepsy. The lack of
communication between the hemispheres can lead to interesting patterns of
behaviour and cognition revealing hemispheric specialisation with each hemisphere
not only has separate behavioral control capacities but possibly, separate mental
systems—two conscious beings.

LeDoux, J. E., Michel, M., & Lau, H. (2020). A little history goes a long way toward understanding why we
study consciousness the way we do today. Proceedings of the National Academy of Sciences of the United

States of America, 2(13), 201921623-6984. http://doi.org/10.1073/pnas.1921623117
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Split brain

uF Two MIND Experiments with split-brain patients have helped to
illuminate the lateralized nature of brain function.

Split-brain patients have undergone surgery to cut A word is flashed briefly to the Now a word is flashed to the left
the corpus callosum, the main bundle of neuronal right field of view, and the patient field of view, and the patient is
fibres connecting the two sides of the brain. is asked what he saw. asked what he saw.
[:[ O Visual
fields
Input from
the left field
of view is
processed
by the right Corpus e Nothing
hemisphere callosum - -
and vice
versa.
Because the left hemisphere is dominant The right hemisphere cannot share information
for verbal processing, the patient's with the left, so the patient is unable to say
Left Right answer matches the word. what he saw, but he can draw it.
hemisphere hemisphere .

Split-brain experiments were helpful in proving an understanding of brain lateralisation as
well as a non-unitary view of consciousness: “activities of the brain which underlie
conscious experience are distributed over different functional modules”.

Wolman, D. (2012). The split brain: A tale of two halves. Nature, 483(7389), 260—
263. http://doi.org/10.1038/483260a
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Split brain

From the point of view of the left hemisphere, responses
coming from the right hemisphere are generated
nonconsciously. Split-brain studies sometimes involved
the experimenter asking out loud, “Why did you do/pick
that?” The patient responded via his left hemisphere
with a verbal answer. The left hemisphere routinely took
things in stride, telling a tale that made the responses
make sense. For example, when the right hemisphere
picked “shovel” in response to a snowy landscape (see
figure), the patient (his left hemisphere) would explain
his action by saying, “to clean the chicken coop.” This
can be seen as evidence of confabulation because the
left hemisphere was not privy to the information that
instructed him to pick the shovel.

“The narratives weaved by the left hemisphere were viewed as interpretations of situations and
were proposed to be an important mechanism used by humans to maintain a sense of mental
unity in the face of neural diversity. The narration/interpretation process was later proposed to

depend on cognitive functions of prefrontal cortex (...).

LeDoux, J. E., Michel, M., & Lau, H. (2020). A little history goes a long way toward understanding why we
study consciousness the way we do today. Proceedings of the National Academy of Sciences of the United
States of America, 2(13), 201921623-6984. http://doi.org/10.1073/pnas.1921623117 20
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Global Neuronal Workspace Model

Top-down attention
Bottom-up Absent ‘ Present
stimulus
strength Subliminal (unattended) Subliminal (attended)
« Very little activation _1 *+ Strong feedforward activation
« Activation is already weak in « Activation decreases with depth
Weak early extrastriate areas + Depth of processing depends on attention
o « Little or no priming = ind. task set 5 o
: « No reportability v, * Activation can reach semantic leve
itociptec _!" « Short-lived priming
/  + No durable fronto-
parietal activity
/ ~ + No reportability /
g0 B Y8 56/
,“\//“\//“\//‘\‘//\\_/,‘
Preconscious Conscious
« Intense activation, yet confined to + Orientation of top-down attention
sensori-motor processors + Amplification of sensori-motor activity
« Occipito-temporal loops and local * Intense activation spreading to parieto-
synchrony frontal network
Sufficiently « Priming at multiple levels + Long-distance loops and global synchrony
strong * No reportability + Durable activation, maintained at will
while attention is « Conscious reportability
occupied oo»‘g’* OO\
~
elsewhere o..’* o/ \,oo
~
v/0 Otal v/6 0> >"00
AN e
CICLeforoyas LOCOETL
~vQ ~~>9Q

Shades of color illustrate the amount of activation, and small arrows the
interactions among them. Large arrows schematically illustrate the
orientation of top-down attention to the stimulus, or away from it (‘task-
unrelated attention’). Dashed curves indicate a continuum of states, and
thick lines indicate a sharp transition between states.

Proposed distinction between subliminal,
preconscious, and conscious processing. During
subliminal processing, activation propagates but
remains weak and quickly dissipating (decaying to
zero after 1-2 seconds). A continuum of subliminal
states can exist, depending on masking strength,
top-down attention, and instructions. During
preconscious processing, activation can be strong,
durable, and can spread to multiple specialised
sensori-motor areas. However, when attention is
oriented away from the stimulus (large black arrows),
activation is blocked from accessing higher parieto-
frontal areas and establishing long-distance
synchrony. During conscious processing, activation
invades a parieto-frontal system, can be maintained
ad libidum in working memory, and becomes
capable of guiding intentional actions including
verbal reports. The transition between preconscious
and conscious is sharp, as expected from the
dynamics of a self-amplified non-linear system.

Dehaene, S, Changeux, |.-P., Naccache, L, Sackur, |, & Sergent, C. (2006). Conscious, preconscious, and

subliminal  processing: A testable

doi:10.1016/).tics.2006.03.007

taxonomy.

Trends

in  Cognitive  Sciences, 10(5), 204-211.
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Global Neuronal Workspace Model

What is consciousness good for! (back to adaptive significancel!)

“(...) conscious access Is the extension of brain activation to higher association cortices
interconnected by long-distance connections and forming a reverberating neuronal
assembly with distant perceptual areas. Why would this brain state correspond to
conscious access! Neurocomputational simulations show that once stimulus-evoked
activation has reached highly interconnected associative areas, two important changes

OCCUr:

(1) The activation can reverberate, thus holding information on-line for a long
duration essentially unrelated to the initial stimulus duration;

(2) Stimulus information can be rapidly propagated to many brain systems.

We argue that both properties are characteristic of conscious information processing
which In our view Is associated with a distinct intemal space, buffered from fast
fluctuations in sensory inputs, where information can be shared across a broad variety
of processes including evaluation, verbal report, planning and long-term memory.”
Dehaene, S, Changeux, |.-P., Naccache, L, Sackur, |, & Sergent, C. (2006). Conscious, preconscious, and

subliminal  processing: A testable taxonomy. Trends in Cognitive Sciences, 10(5), 204-211.
doi:10.1016/j.tics.2006.03.007
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Summary

- Adaptive Significance: From an evolutionary perspective, Consciousness is Not
an epiphenomenon but can be seen as an adaptive trait that allows for
flexible/versatile cognition. Different definitions of consciousness allows different
answers to the question of whether machines can (in principle) be conscious.

- Comparative approaches: animals are capable of some levels of creativity,
self-monitoring, and self-awareness that can be seen as indicating components
of CONSCIOUSNESS.

- Development of consciousness: Progression of implicit to explicit self-
awareness and increased complexity in the representation of the self in relation
to the world; both cognitive AND socio-emotional aspects can be emphasised.

- Neural basis: a number of pathologies have made clear that there are important
aspects of unconscious processing that are dissociable from conscious access
(@amnesia, blindsight, split brain); current neural models propose role of prefrontal
and parietal areas for maintenance of information necessary for global availability
and self-monitoring.
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Consciousness

and the Brain

Deciphering , |
How the
Brain Codes
Our Thoughts

Stanislas Dehaene
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Next Week:
Connecting Cognitive Psychology to Real-World Learning

For next week’s session, you’ll take the lead. Please read the recommended readings
before the lecture so you can actively connect the ideas and methods we have been
studying to real-world applications.

Castles, Rastle, & Nation (2018). Ending the Reading Wars: Reading Acquisition from
Novice to Expert.

Dunlosky et al. (2013). Improving Students’ Learning with Effective Learning
Techniques.

Come prepared to:
- ldentify how each paper uses cognitive psychology to understand real-world learning.
- Compare theoretical models and methods with those covered in the course.

- Discuss how the findings inform effective teaching and studying.
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