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Philosophical implication of
computational cognitive science
(symbolic or connectionist):

If mental states and processes can be
expressed as algorithms,
then they are capable of being implemented
in non-human computers.

Are computers executing such algorithms
merely simulating mental states and

processes, or are they actually exhibiting
them?

Do such computers think?

Answer: Turing's Test

Objection: Searle’'s Chinese-Room Argument



The Turing Test

—questions— - -
I eresponses—H' / C

“I believe that at the end of the century the use
of words and general educated opinion will have
altered so much that one will be able to speak
of machines thinking without expecting to be
contradicted.” (Turing 1950)




Thinking vs. “Thinking”

C ul




S. h cotd

Cartoon works because:
one does know with whom one is
communicating via computer.

Nevertheless, we assume we are talking to

a human

(i.e., entity w h. thinking capacities)
Turing’'s point, namely:

Argument from Analogy:

solution to Problem of ther inds
I know I think
how do I know you do?

you are otherwise like me

(probably)
you are like me w.r.t. thinking



h S. h co td

hat's wrong with Arg't. from Analogy:
— I could be wrong about whether you're
biologically human.

Am I wrong about your thinking
(human) cognitive abilities?
Turing: No.

ore cautiously, whether I'm wrong depends
on def of (human) cognitive abilities thinking

pass / passer th s b de.
/ passer sats es
the th s
or
or o | super call sats
but does treall th C .
or th s

etaphor cal or e te ded se se



S. h co td

irds .

Do people vy?

Do planes y7?

don’t ap wings



h S. h co td

ut planes do v:

metaphorical extension ( ako ohnson)
— planes vy planes “ vy
— "use of words” changed

apping wings not essential to vying

— physics of ight is same for birds & planes
more gen’l, abstract theory of vying
— "“general educated opinion” changed

N : seof vy & gen’'l educated opinion
have changed
spaceships “ y' planes vy
single abstr. theory can account for
metaphorical extension




h S. h co td

: computers were (only) human

: computers are (only) machines

eneral e cate opinion:
computers are viewed not as implementing
devices but in functional, I terms

Ditto for think’' (see later)

T: it's not really thinking (7)



The Chinese-Room Argument

It's possible to pass TT, yet not (really) think

—story questions
(in Ch.)
I
(native
Chinese
speaker)
<—responses
(in uent Ch.)

(who can't
understand Ch.)

(Eng.) prog
for manipulating
Ch. ‘'squiggles”




he h ese 00 ru ets

ru et ro bolo

O puter pro ra sare o bolo cal.
e talt s bolo cal.

O O bolo cal co puter pro ra
ca e hbtbolo cal e talt.

O OO

ruya et ro se a tcs:

O puter pro ra s are purel s tactc.
e talt sse a tc.
ta aloes otsu ce t orse a tcs
O purel s tactc co puter pro ra
ca e hbtse atc e talt.

n n n om
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O to ca be character ed abstractl
ple e ted dffere t eda

ta sSu ces orse a tcs
etter: r to buld
hat s eeded or

11



earle stll do t u dersta d a word o h ese

a d ether does a other d tal co puter

because all the co puter has s what ha e:
a or al pro ra
that attaches o ea terpretato or co te t

to a O thes bols.

here ore o or alpro ra b tsel

ssu ce t oru dersta d

N. .: Aprogram that did attach meaning, etc.,
might understand

UT: Searle denies that, too

12



“I see no reason in principle why we couldn’t
give a machine the capacity to understand
English or Chinese, since in an important sense
our bodies with our brains are precisely such
machines.

ut we could not give such a thing to a
machine whose operation is de ned solely in
terms of computational processes over formally
de ned elements.”

13



. .. because:

“ nly something having the same causal powers
as brains can have intentionality” (i.e., mental
states and processes).

“These causal powers are due to the (human)
brain’s biological (i.e., chemical and physical)
structure”

...hamely...7



A simulated human brain

“made entirely of old beer cans rigged up to
levers and powered by windmills”

would not really exhibit intentionality
even though it appeared to.



hy must intentionality be biological?

Searle:
nly  biological systems have the
requisite causal properties to produce
intentionality.

hat are the causal powers?

Searle:
The ones that can produce perception,
action, understanding, learning, and other
intentional phenomena.

Isn't this a bit circular?



Possible clue to what the causal powers are:
“ ental states are both

caused by the operations of the brain
reali ed in the structure of the brain”

i.e., implemented in the brain.




“ ental states are as real as any other
biological phenomena, as real as lactation,
photosynthesis, mitosis, or digestion.

ike these other phenomena, mental states are
caused by biological phenomena and in turn
cause other biological phenomena.”

Searle’'s “mental states” are implementations
of abstract mental states.




“Intentional states are both caused by and
reali ed in the structure of the brain.”

UT: rains & beer-cans levers windmills can
share structure

“Intentional states are both caused by and
reali ed in the neurophysiology of the brain.”

: “Intentional states stand in causal
relation to the neurophysiological”

“Intentional states are reali ed in the
neurophysiology of the brain.”

I.e. they are implemented in the brain.




ADT

stack

natural numbers
(Peano axioms)

musical score
play script
liquid

liquid

mental states
mental states

Implementation

array

any sequence of items
satisfying Peano axioms

performance
performance

water
alcohol

some brain states processes
some computer states processes



Summary of biological argument:

Searle:
— understanding is biological
human brain can understand Chinese
— T: computer running Chinese N
program cannot understand Chinese

Rapaport et al. :

— on abstract, functional, computational
notion of understanding as an ADT,
understanding can be implemented in
human brain & computer

both can understand

21



Argument from Semantics

(S1) Computer programs are purely
syntactic.
(S ) Cognition is semantic.
(S ) Syntax alone is not su cient
for semantics.
(S ) No purely syntactic computer
program can exhibit semantic
cognition.

(S ): Syntax su ces for semantics

22



S ntactic Semantics:
ow syntax can su ce for semantics

SS : Semantics (relations between
symbols & meanings)
syntax (relations among symbols &
internali ed (symboli ed)
meanings)
syntax can su ce for semantic
interpretation

SS : Semantics is recursive:

e understand syntactic domain in terms
of antecedently understood semantic
domain
base case: syntactic understanding
(cf. proof theory)

SS : Internal, narrow, 1st-person P is what's
needed for understanding modeling
cognition

23



Searle:

Syntax can't su ce for semantics
because links to external world are missing

ass mptions:

computer has no links to external world
(solipsism?)

external links are needed to attach
meanings to symbols
( ut, if so, then computer can have
them ust as humans do)



Semiotics

Given: A system of “markers”
(“symbol system' )

Syntax: Study of relations among markers

grammar, proof-theory

no relations between markers &
non-markers

Semantics:
Study of relations between markers &
“meanings”

n this theory, should be clear that
syntax can't doesn’'t su ce for semantics

ra at cs:
tud o relat o s betwee ar ers terpreters
tud o relato sa o ar ers ea S

terpreters



e otcs cotd

if set of markers is unioned with set of
meanings

& if union is taken as a new set of markers

.e. sare ter al ed thes Dbols ste
then what was once semantics
relat o s betwee old ar ers ea S
becomes syntax
relato sa o ew ar ers

(& thus syntax can do the ob of semantics)

s de: ustcse a tcs sl e ths:
stud o s o a to e tal e t etc.
w/0 © ea S or e ter ale ttes



Syntactic Semantics I:
Turning Semantics into Syntax

Can the semantic domain be internali ed?
es: under the conditions obtaining for

human language understanding

ow do we learn the meaning of a word?
ow do I learn that tree' means tree?

by association ... o tree w/ tree 0
... O ter al represe tato o tree
w th ter al represe tato o0 a tree

internal representation could be activated
neurons
(binding of multiple modalities)




Ditto for computer (Cassie):
I say something to C. in English

C. builds internal nodes representing
my utterance

I show pictures to C.
(or: C. sees something)

C. builds internal nodes representing
what she sees

These sets of nodes are part of same
(semantic network)

Ditto for formal semantics:
syntax & semantics are both de ned
syntactically



Points of iew

To understand how a cognitive agent
understands,

and to construct a computational cog agent,

we must take 1st-p. P

what is going on “in” agent’s head,
from agent's P

Don't need to understand causal historical
origins of internal symbols

Searle-in-CR's P VvS. interrogator’'s P

CRA:
S 'sP trumps interrogator’'s P

TT & SynSem:
interrogator’'s P trumps S 's P

2



ro au . .
hen oq saw her silver shoes he said,

ou must be a great sorceress.”

i

hy?" asked the girl.

ecause you wear silver shoes and have killed
the wicked witch. esides, you have white in
your frock, and only witches and sorceresses
wear white.”

(X

y dress is blue and white checked,” said
Dorothy, smoothing out the wrinkles in it.

“It is kind of you to wear that,” said o0q.
“ lue is the color of the unchkins, and white
is the witch color so we know you are a friendly
witch.”

Dorothy did not know what to say to this,
for all the people seemed to think her a witch,

and she knew very well she was only an ordinary

little girl who had come by the chance of a
cyclone into a strange land.




s oroth a w tch
S 0
u ch © es

bels shes ot a w tch
as she u dersta ds w tch

tch
el tch

hat cou ts as be
a wtch
d spute s t re whether

s reall a w tch SO

co tet dep. se se

d spute s re whether
tch u ch

se se u ch

tru ps S

S

oes u dersta d h
S e
at e hsprs © es
bels that

he does t u dersta d h
as he u dersta ds
u dersta ds h

h
el h

hat cou ts as reall
u dersta d h

at esp rs
tru ps S
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ore on CR situation:

t S could insist that he doesn't
understand Ch

Cf.: I bel that I understand 0O of rench
& can express myself 5
but always feel I'm missing something

Should I bel native r spkr who says
I'm uent?

Searle: No

32



The Systems Reply

tS me

S can’'t insist that he alone doesn’t
understand Chinese
& that his P trumps

beca se S isn't alone:

S has instruction book (systems reply)

S book, stranded on desert island,
could communicate with
native Chinese-speaking riday

33



ore on the Systems Reply

utchins, “Cognition in the ild”

extended cognitive system
(crew instruments) that navigates ship
is real-life counterpart to S book

“systems that are larger than an individ-
ual may have cognitive properties in their
own right that cannot be reduced to the
cognitive properties of individual persons”
( utchins 1995)

S external book has cognitive property
of understanding Chinese,

even though S (simpliciter) lacks that
property



cotd

Cognitive agent has no direct access to
external entities

hen I point to a tree,
I'm aware of internal visual image of:
my hand pointing to a tree

ant: phenomena vs. noumena

y access to external world is mediated by
internal representatives

Argument from Illusion:
see di erent things with each eye



cotd

rd-person P

you (can) have access to:
external world
my Cassie's internal world

we both see same tree, no?

N : you have access to
your internal representations of:
external world
my Cassie’s internal world

a t was r htl pressed b the thou ht that we
as whether we ha e a correct co cepto o the world
we ca ot step e trel outsde our actual co cepto s
a d theores so as to co pare the wth aworld that s

ot co ceptual ed at all a bare whate er there s.

er ard lla s



by merging internali ed semantic markers
with internal syntactic markers,
semantic pro ect of mapping meanings
to symbols

can be handled by syntax
(symbol manipulation)

syntax su ces
for 1st-person semantic enterprise



Syntactic Semantics II:
Recursive Theory of Semantic nderstanding

Semantics :: domains 1 binary relation:

syntactic domain (markers) S N
char edb s tactc or ato / ere cerules
semantic domain SE
ed S terpretat o s
semantic interpretationI : S N SE

e use SE to understand S N
we must antecedently understand SE

oW~

Treat SE asanew S N
& nd new SE for it
(correspondence continuum)




base case:
understand “last” domain
in terms of itself,
vi ., syntactically

i.e., we understand a domain syntactically
by being conversant with manipulating its
markers (or by knowing which w s are thms)

meaning of node is its location
(  relns to all other nodes) in network

can constrain this to a subset
yields theory of vocabulary acquisition



I understand what you say by interpreting it
I.e., mapping it into my concepts

I (semantically) understand a purely
syntactic formal system by interpreting it

— i.e., providing a (model-theoretic)
semantics for it

estion:
hat would it be for a formal system
to understand me~?

Answer:
y treating what I say as a formal system
and interpreting it

N. .:
— links to external world are irrelevant
— “semantic” interpretation of formal
system is a syntactic enterprise



N system S1 understands the N output
of N system S by building and
manipulating the symbols of its (S1's)
internal model (i.e., an interpretation) of
S ’'s output considered as a formal system.

S understands native Chinese speakers
as I understand you:

by mapping internal representations
of your utterances

(considered as syntactic markers)
to my internal symbols

& then doing symbol manipulations
(i.e., syntax)

syntax su ces



hat is needed for (computational) N 7

Domain of inquiry:
— understanding narrative text



ind as Syntactic System

To understand, a cognitive agent must:

take discourse as input
understand ungrammatical input
make inferences & revise beliefs
make plans
— for speech acts
— to ask answer questions
— to initiate conversation
understand plans
— speech-act plans of interlocutor
construct user model
learn (re: world, language)
have background world c.s. knowledge
remember
— what it heard, learned, inferred, revised

have a mind



