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Introduction
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Recursion?

FLN

‘We propose in this hypothesis that FLN comprises only the
core computational mechanisms of recursion as they appear in
narrow syntax and the mappings to the interfaces’ (Hauser et
al. 2002:1573).
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FLN

‘We propose in this hypothesis that FLN comprises only the
core computational mechanisms of recursion as they appear in
narrow syntax and the mappings to the interfaces’ (Hauser et
al. 2002:1573).

The plan today

m Sketch a hierarchy of increasingly expressive definitions of
Merges and see how far we have to go before things start
looking uniquely human.
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o0

Recursion?

FLN

‘We propose in this hypothesis that FLN comprises only the
core computational mechanisms of recursion as they appear in
narrow syntax and the mappings to the interfaces’ (Hauser et
al. 2002:1573).

The plan today

m Sketch a hierarchy of increasingly expressive definitions of
Merges and see how far we have to go before things start
looking uniquely human.

m Claim: Constituency would be a more accurate claim than
recursion.
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m Recognisable string languages (Fitch & Hauser 2004,
Gentner et al 2005, Perruchet & Rey 2005)
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Introduction
oe

Two Sources of Evidence for Structure

m Recognisable string languages (Fitch & Hauser 2004,
Gentner et al 2005, Perruchet & Rey 2005)

m Interpretation: what structures does the semantics (etc.)
need to work with?
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A Hierarchy of Grammars
00000000000

Types of Recursion |

Left-recursion Right-recursion
A A
B/\C B/\C
N PR PR N
A A
P P

(Chomsky & Miller 1963, etc.)
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A Hierarchy of Grammars
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Types of Recursion II: Self-Embedding

A
B C
o~ /\
A D
PN PN

(Chomsky & Miller 1963, etc.)
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A Hierarchy of Grammars
00000000000

Regular Grammars

S the <:::> sun //ﬁ\\ is ><:::>shining<i%2>

\_/

The sun
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A Hierarchy of Grammars
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Regular Grammars

S tm@sunﬁ is Qshining@

N

The sun is shining
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A Hierarchy of Grammars
00000000000

Regular Grammars

ONS=O® =0
boy happy

m The sun is shining
m The boy is happy
]

]

]
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A Hierarchy of Grammars
00000000000

Regular Grammars

O+Oi®
happy

m The sun is shining

m The boy is happy

m | think that the sun is shining

m | think that | think that the boy is happy
...
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A Hierarchy of Grammars
000@0000000

Regular Grammars

m Good: Can represent any combination of left-recursion and
right-recursion (— discrete infinity).
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m Good: Can represent any combination of left-recursion and
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Regular Grammars

m Good: Can represent any combination of left-recursion and
right-recursion (— discrete infinity).
m Bad?: Can't represent self-embedding.
m Bad: No representation of constituency.
m The—sun has the same status as sun—is.
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A Hierarchy of Grammars
000@0000000

Regular Grammars

m Good: Can represent any combination of left-recursion and
right-recursion (— discrete infinity).

m Bad?: Can't represent self-embedding.

m Bad: No representation of constituency.

m The—sun has the same status as sun—is.
m The boy who is sleeping is happy —
m *Is the boy who ___ sleeping is happy?
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A Hierarchy of Grammars
000@0000000

Regular Grammars

m Good: Can represent any combination of left-recursion and
right-recursion (— discrete infinity).

m Bad?: Can't represent self-embedding.

m Bad: No representation of constituency.

m The—sun has the same status as sun—is.
m The boy who is sleeping is happy —

m *Is the boy who ___ sleeping is happy?

m Is the boy who is sleeping ___ happy?
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A Hierarchy of Grammars
[e]ele]e] lelelelelele)

Right-linear Grammars

Every rule is of the form ¢ — a.

S
|
think
that S
the/>>\
sun

is shining
Weak generative capacity identical to regular grammars, but
with a representation of simple right-branching constituency.
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00000e00000

Linear Grammars

Every rule is of the form ¢ — (X)¥(y).
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Linear Grammars

Every rule is of the form ¢ — (X)¥(y).
Weakly equivalent (normal form): every rule is either of the

form ¢ — X or ¢ — y.
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A Hierarchy of Grammars
00000e00000

Linear Grammars

Every rule is of the form ¢ — (X)¥(y).
Weakly equivalent (normal form): every rule is either of the

form gb — X1 orqﬁ Py.

A
/\ P
B B C
e N
C
PN
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A Hierarchy of Grammars
000000e0000

Linear Grammars

m Good?: Can represent self-embedding of the A"B" type.
m Bad: No complex sisters of complex constituents.

[ S
/\

the engineers puild aeroplanes

Robert Truswell Center for Cognitive Studies, Tufts University, robert . truswel | @ufts. edu

Order but no Structure



A Hierarchy of Grammars
0000000e000

Context-Free Grammars
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Context-Free Grammars

NP VP

Det N
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Context-Free Grammars
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A Hierarchy of Grammars
0000000e000

Context-Free Grammars

S
NP VP
/\
Det N Y NP

the engineers puild aeroplanes
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Context-Free Grammars

m Good: Full representation of phrase structure.
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00000000800

Context-Free Grammars

m Good: Full representation of phrase structure.

m Bad: No elegant way to capture relations among groups of
sentences.
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00000000800

Context-Free Grammars

m Good: Full representation of phrase structure.

m Bad: No elegant way to capture relations among groups of
sentences.

m Active—passive;
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A Hierarchy of Grammars
00000000800

Context-Free Grammars

m Good: Full representation of phrase structure.
m Bad: No elegant way to capture relations among groups of
sentences.

m Active—passive;
m Declarative—interrogative;
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A Hierarchy of Grammars
00000000800

Context-Free Grammars

m Good: Full representation of phrase structure.
m Bad: No elegant way to capture relations among groups of
sentences.
m Active—passive;
m Declarative—interrogative;
...
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A Hierarchy of Grammars
00000000080

Transformational Grammars

S
NP VP
N
V AP
the boy who is sleeping =
is  happy
Move the first is after the subject NP to the front of the

sentence.
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Transformational Grammars

the boy who is sleeping
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A Hierarchy of Grammars
0000000000 e

Summary

m Regular grammars (also right-linear grammars) can make
infinite use of finite media.
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m Regular grammars (also right-linear grammars) can make
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m They can represent left- and right-recursion. ..
m ...but not self-embedding.
m They also can’t represent nontrivial (uniform
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Summary

m Regular grammars (also right-linear grammars) can make
infinite use of finite media.
m They can represent left- and right-recursion. ..
m ...but not self-embedding.
m They also can’t represent nontrivial (uniform
right-branching) constituency.
m Linear grammars can represent self-embedding. . .
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m Regular grammars (also right-linear grammars) can make
infinite use of finite media.
m They can represent left- and right-recursion. ..
m ...but not self-embedding.
m They also can’t represent nontrivial (uniform
right-branching) constituency.
m Linear grammars can represent self-embedding. . .
m ...and some nontrivial constituency (mixed branching)...
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Summary

m Regular grammars (also right-linear grammars) can make
infinite use of finite media.
m They can represent left- and right-recursion. ..
m ...but not self-embedding.
m They also can’t represent nontrivial (uniform
right-branching) constituency.
m Linear grammars can represent self-embedding. . .
m ...and some nontrivial constituency (mixed branching)...
m ... but not complex sisters of complex phrases.
m Context-Free Grammars can represent full phrase
structure. ..
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Summary

m Regular grammars (also right-linear grammars) can make
infinite use of finite media.
m They can represent left- and right-recursion. ..
m ...but not self-embedding.

They also can’t represent nontrivial (uniform
right-branching) constituency.

Linear grammars can represent self-embedding. . .

...and some nontrivial constituency (mixed branching). ..
... but not complex sisters of complex phrases.
Context-Free Grammars can represent full phrase
structure. ..

... but they can’t capture transformational relations among
sentences.
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Summary

m Regular grammars (also right-linear grammars) can make
infinite use of finite media.
m They can represent left- and right-recursion. ..
m ...but not self-embedding.

They also can’t represent nontrivial (uniform

right-branching) constituency.

Linear grammars can represent self-embedding. . .

...and some nontrivial constituency (mixed branching). ..

... but not complex sisters of complex phrases.

Context-Free Grammars can represent full phrase

structure. ..

m ...but they can't capture transformational relations among
sentences.

m Transformational Grammars can do everything we need.
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Minimalist Equivalents
[ leJele]e]

Protomerge: A Very Minimal Merge

m Base step: Take two lexical items o and § and form
syntactic object {«a, 5}.
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Minimalist Equivalents
[ leJele]e]

Protomerge: A Very Minimal Merge

m Base step: Take two lexical items o and § and form
syntactic object {«a, 5}.

m Recursive step: Take a lexical item ~ and the syntactic
object SO already formed, and form. {~, SO}.
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Minimalist Equivalents
[ leJele]e]

Protomerge: A Very Minimal Merge

m Base step: Take two lexical items o and § and form
syntactic object {«a, 5}.

m Recursive step: Take a lexical item ~ and the syntactic
object SO already formed, and form. {~, SO}.

m This gives you a very weak class of grammars.
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Linearisation

LCA

m Convert asymmetric c-command into linear precedence.
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Linearisation

LCA

m Convert asymmetric c-command into linear precedence.
m This gives us the class of Right-Linear Grammars.
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Minimalist Equivalents
(o] Jelele]

Linearisation

LCA

m Convert asymmetric c-command into linear precedence.
m This gives us the class of Right-Linear Grammars.

No LCA
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Minimalist Equivalents
(o] Jelele]

Linearisation

LCA

m Convert asymmetric c-command into linear precedence.
m This gives us the class of Right-Linear Grammars.

No LCA

m No necessary relation between asymmetric c-command
and linear precedence — mixed branching.
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Minimalist Equivalents
(o] Jelele]

Linearisation

LCA

m Convert asymmetric c-command into linear precedence.
m This gives us the class of Right-Linear Grammars.

No LCA

m No necessary relation between asymmetric c-command
and linear precedence — mixed branching.

m This gives us the class of Linear Grammars.
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[e]e] le]e]

Protomerge Alone is Comparable to a Right-Linear
Grammar

m Take the string output by a regular grammatr;
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Protomerge Alone is Comparable to a Right-Linear
Grammar

m Take the string output by a regular grammatr;
m Insert { immediately before each terminal;
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Minimalist Equivalents
[e]e] le]e]

Protomerge Alone is Comparable to a Right-Linear
Grammar

m Take the string output by a regular grammatr;
m Insert { immediately before each terminal;
m For each { inserted, insert } at the end of the string.
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Minimalist Equivalents
[e]e] le]e]

Protomerge Alone is Comparable to a Right-Linear
Grammar

m Take the string output by a regular grammatr;
m Insert { immediately before each terminal;
m For each { inserted, insert } at the end of the string.

m This essentially ignores ordering information present in the
string and treats it as indicative solely of a linear
grammar-like structure.
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Multiple Derivational Workspaces

] the build
/\

the engineerspuild aeroplanes
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[ the build
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the engineerspuild aeroplanes
[ build
the build

P e

the engineers puild aeroplanes
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Minimalist Equivalents
[e]e]e] Jo]

Multiple Derivational Workspaces

[ the build
/\
the engineerspuild aeroplanes
[ build
the build

P e

the engineers puild aeroplanes

m Only two workspaces need be active at any one time to
generalise this fully (because of binary branching).
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Minimalist Equivalents
[e]e]e] Jo]

Multiple Derivational Workspaces

[ the build
/\
the engineerspuild aeroplanes
[ build
the build

P e

the engineers bpuild aeroplanes
m Only two workspaces need be active at any one time to
generalise this fully (because of binary branching).

m This (if we choose No LCA) gives us the class of
Context-Free Grammars.
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Minimalist Equivalents
[e]e]ele] ]

Transformations

m Option 1: The input to Merge consists only of lexical items
— Linear Grammars.
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Transformations

m Option 1: The input to Merge consists only of lexical items
— Linear Grammars.

m Option 2: Option 1 + the output of the other workspace —
CFGs
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Transformations

m Option 1: The input to Merge consists only of lexical items
— Linear Grammars.

m Option 2: Option 1 + the output of the other workspace —
CFGs

m Option 3: Option 2 + any other syntactic objects
constructed along the way + copy theory (# Merge) —
Transformational Grammars
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m Option 1: The input to Merge consists only of lexical items
— Linear Grammars.

m Option 2: Option 1 + the output of the other workspace —
CFGs

m Option 3: Option 2 + any other syntactic objects
constructed along the way + copy theory (# Merge) —
Transformational Grammars

m Various possible restrictions:
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Minimalist Equivalents
[e]e]ele] ]

Transformations

m Option 1: The input to Merge consists only of lexical items
— Linear Grammars.

m Option 2: Option 1 + the output of the other workspace —
CFGs

m Option 3: Option 2 + any other syntactic objects
constructed along the way + copy theory (# Merge) —
Transformational Grammars

m Various possible restrictions:

m Relativized Minimality/Minimal Link Condition: no SO
bearing [F] if properly contained in another SO bearing [F].
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Minimalist Equivalents
[e]e]ele] ]

Transformations

m Option 1: The input to Merge consists only of lexical items
— Linear Grammars.

m Option 2: Option 1 + the output of the other workspace —
CFGs

m Option 3: Option 2 + any other syntactic objects
constructed along the way + copy theory (# Merge) —
Transformational Grammars

m Various possible restrictions:

m Relativized Minimality/Minimal Link Condition: no SO
bearing [F] if properly contained in another SO bearing [F].
m Phases: Periodically throw out all smaller SOs.
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Minimalist Equivalents
[e]e]ele] ]

Transformations

m Option 1: The input to Merge consists only of lexical items
— Linear Grammars.

m Option 2: Option 1 + the output of the other workspace —
CFGs

m Option 3: Option 2 + any other syntactic objects
constructed along the way + copy theory (# Merge) —
Transformational Grammars

m Various possible restrictions:

m Relativized Minimality/Minimal Link Condition: no SO
bearing [F] if properly contained in another SO bearing [F].

m Phases: Periodically throw out all smaller SOs.

m Uriagereka-style Multiple Spell-Out: Forget derivational
steps conducted within the other workspace.
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Recursion
[ leJele]

Two Versions of Recursion

Standard Theory: Recursion w.r.t. labels

m S—NP VP
m VP—-VS
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Recursion
[ leJele]

Two Versions of Recursion

Standard Theory: Recursion w.r.t. labels

m S—NP VP
m VP—-VS

Minimalism: Recursion w.r.t. structure

m Merge operates on an input to create an output.

m That output is a possible input to further operations of
Merge.

m Outside the earlier typology of recursion.
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Recursion
[e] Jele]

Four Subtypes of Minimalist Recursion

Simple Branching Recursion

m Taking a lexical item and adding it to a syntactic object,
forming a new syntactic object.

m — Right-Linear Grammars (LCA) or Linear Grammars (No
LCA).
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Four Subtypes of Minimalist Recursion

Simple Branching Recursion

m Taking a lexical item and adding it to a syntactic object,
forming a new syntactic object.

m — Right-Linear Grammars (LCA) or Linear Grammars (No
LCA).

Complex Branching Recursion

m Taking a preformed complex syntactic object and adding it
to a syntactic object, forming a new syntactic object.

m — Context-Free Grammars (External Merge),
Transformational Grammars (Internal Merge).
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Recursion
[e]e] o]

Uniquely Human?

Hauser et al. talk about (computational properties of) recursion,
full stop.
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Recursion
[e]e] o]

Uniquely Human?

Hauser et al. talk about (computational properties of) recursion,

full stop.
Let's look at what some other species can and can’t do before

we start making claims like this. . .

Center for Cognitive Studies, Tufts University, robert . truswel | @ufts. edu

Robert Truswell

Order but no Structure



Recursion
[efe]e] )

Cross-species comparison

m Evolution is conservative.

Robert Truswell Center for Cognitive Studies, Tufts University, robert . truswel | @ufts. edu

Order but no Structure



Recursion
[efe]e] )

Cross-species comparison

m Evolution is conservative.

m If homo and pan share some behaviour, then the cognitive
capacities underpinning that behaviour are likely shared
(=not uniquely human).
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Kanzi: Back
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Kanzi
900000000«

Kanzi: Background

m Probably the most impressive nonhuman user of human
language.
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900000000«

Kanzi: Background

m Probably the most impressive nonhuman user of human
language.

m Receptive vocabulary of a couple of thousand words;

m Production vocabulary (via a keyboard of ‘lexigrams’) of a
few hundred.
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Kanzi
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Kanzi: Background

m Probably the most impressive nonhuman user of human
language.

m Receptive vocabulary of a couple of thousand words;

m Production vocabulary (via a keyboard of ‘lexigrams’) of a
few hundred.

m Appears to use words symbolically, use language for
non-instrumental reasons, and various other humanlike
characteristics.
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Kanzi
900000000«

Kanzi: Background

m Probably the most impressive nonhuman user of human
language.

m Receptive vocabulary of a couple of thousand words;

m Production vocabulary (via a keyboard of ‘lexigrams’) of a
few hundred.

m Appears to use words symbolically, use language for
non-instrumental reasons, and various other humanlike
characteristics.

All following data taken from Savage-Rumbaugh et al.’s (1993)
corpus of Kanzi’'s responses to 660 English requests.
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Kanzi
[e] lele]elelele]lo]e:

Kanzi Has Some Syntax

Sensitivity to Word Order

m Put the tomato in the oil.
m Put some oil in the tomato.

Robert Truswell Center for Cognitive Studies, Tufts University, robert . truswel | @ufts. edu

Order but no Structure



Kanzi
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Kanzi Has Some Syntax

Sensitivity to Word Order

m Put the tomato in the oil.
m Put some oil in the tomato.

m 43 such items in 21 pairs.
m 77% accuracy.
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Kanzi
[e]e] le]elelele]lo]e:

A Lower Bound on the Hierarchy

m Word order sensitivity rules out a ‘semantic soup’ strategy.
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Kanzi
[e]e] le]elelele]lo]e:

A Lower Bound on the Hierarchy

m Word order sensitivity rules out a ‘semantic soup’ strategy.

m Kanzi has at least a regular grammar (plausibly
Protomerge + LCA).
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Kanzi
[e]e] le]elelele]lo]e:

A Lower Bound on the Hierarchy

m Word order sensitivity rules out a ‘semantic soup’ strategy.

m Kanzi has at least a regular grammar (plausibly
Protomerge + LCA).

m Do we have evidence for constituency too?
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Kanzi
[e]e]e] lelelele]lo]e:

Some Non-evidence
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Kanzi
[e]e]e] lelelele]lo]e:

Some Non-evidence

Locatives and other Modifiers

Modifiers in the structures where Kanzi saw them can always
be interpreted as semantic soup:

m Go get the rock that’s outdoors —
m Get the rock (outdoors is involved somehow).
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Some Non-evidence

Locatives and other Modifiers

Modifiers in the structures where Kanzi saw them can always
be interpreted as semantic soup:

m Go get the rock that’s outdoors —
m Get the rock (outdoors is involved somehow).

Sentential embedding
The particular sentential embeddings that Kanzi heard can
always be ignored without a significant effect on the semantics:
m | think we need to give the balloon to Kelly —
m Give the balloon to Kelly.
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Kanzi
[e]e]ele] Telelele]e:

Function Words

Some surprising slips from Kanzi:

m Could you pour some/a little Coke in the water? [Kanzi
pours in the whole can]

m Go to the refrigerator and get a tomato. [Kanzi brings back
a bag of tomatoes]

m Kanzi, go get a carrot for Rose, carrot. [Kanzi starts taking
carrots out of a 50lb bag and pushes several towards
Rose]
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Kanzi
[e]e]ele]e] lelele]e:

Function Words

m Kanzi only hears three determiners, the, a and some.
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Kanzi
[e]e]ele]e] lelele]e:

Function Words

m Kanzi only hears three determiners, the, a and some.
m He responds to the appropriately.
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Kanzi
[e]e]ele]e] lelele]e:

Function Words

m Kanzi only hears three determiners, the, a and some.

m He responds to the appropriately.
m He responds to a and some as if they meant the.
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Kanzi
[e]e]ele]e] lelele]e:

Function Words

m Kanzi only hears three determiners, the, a and some.

m He responds to the appropriately.
m He responds to a and some as if they meant the.

m Conclusion: Kanzi ignores determiners and treats every
noun he hears like it means the N(s).
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Kanzi
[e]e]ele]e] lelele]e:

Function Words

m Kanzi only hears three determiners, the, a and some.
m He responds to the appropriately.
m He responds to a and some as if they meant the.
m Conclusion: Kanzi ignores determiners and treats every
noun he hears like it means the N(s).
m Humans interpret the phrase [yp Det (Adj) N (PP)];
m Kanzi interprets the word N alone.
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Kanzi
[e]e]ele]e] lelele]e:

Function Words

m Kanzi only hears three determiners, the, a and some.

m He responds to the appropriately.
m He responds to a and some as if they meant the.
m Conclusion: Kanzi ignores determiners and treats every
noun he hears like it means the N(s).
m Humans interpret the phrase [yp Det (Adj) N (PP)];
m Kanzi interprets the word N alone.
m Any other NP-internal material is plausibly treated as a
sentential modifier rather than an NP-modifier.
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Kanzi
[e]e]ele]e] lelele]e:

Function Words

m Kanzi only hears three determiners, the, a and some.
m He responds to the appropriately.
m He responds to a and some as if they meant the.
m Conclusion: Kanzi ignores determiners and treats every
noun he hears like it means the N(s).

m Humans interpret the phrase [yp Det (Adj) N (PP)];

m Kanzi interprets the word N alone.

m Any other NP-internal material is plausibly treated as a
sentential modifier rather than an NP-modifier.

m Other functional material (auxiliaries, prepositions) is
treated similarly.
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Thematic Relations: Background

m Part of understanding the lexical semantics of a verb is
understanding how many participants it requires.
m Giving requires a giver, a receiver, and a thing given.
m Scaring requires a scarer and a scaree.
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Thematic Relations: Background

m Part of understanding the lexical semantics of a verb is
understanding how many participants it requires.
m Giving requires a giver, a receiver, and a thing given.
m Scaring requires a scarer and a scaree.
m Part of understanding syntax is understanding how those
#-roles relate to other parts of the sentence.
u NPgiver give NPreceiver NPthing given
B NPgcarer Scare NPscaree
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Thematic Relations: Background

m Part of understanding the lexical semantics of a verb is
understanding how many participants it requires.
m Giving requires a giver, a receiver, and a thing given.
m Scaring requires a scarer and a scaree.
m Part of understanding syntax is understanding how those
#-roles relate to other parts of the sentence.
u NPgiver give NPreceiver NPthing given
B NPscarer Scare NPscaree
m The f-criterion for humans: each NP receives a #-role and
each 6-role is assigned to an NP.
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Thematic Relations: Background

m Part of understanding the lexical semantics of a verb is
understanding how many participants it requires.
m Giving requires a giver, a receiver, and a thing given.
m Scaring requires a scarer and a scaree.
m Part of understanding syntax is understanding how those
#-roles relate to other parts of the sentence.
u NPgiver give NPreceiver NPthing given
B NPscarer Scare NPscaree
m The f-criterion for humans: each NP receives a #-role and
each 6-role is assigned to an NP.
m But what if Kanzi only cared about nouns, not noun
phrases?
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Kanzi
000000800

Thematic Relations: Background

m Part of understanding the lexical semantics of a verb is
understanding how many participants it requires.
m Giving requires a giver, a receiver, and a thing given.
m Scaring requires a scarer and a scaree.
m Part of understanding syntax is understanding how those
#-roles relate to other parts of the sentence.
u NPgiver give NPreceiver NPthing given
B NPscarer Scare NPscaree
m The f-criterion for humans: each NP receives a #-role and
each 6-role is assigned to an NP.
m But what if Kanzi only cared about nouns, not noun
phrases?
m A word-level #-criterion: each noun receives a 6-role and
each 6-role is assigned to an noun.
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00000000

Thematic Relations and NP-Coordination

m NP-coordination leads to a discrepancy between the
number of nouns and the number of noun phrases in a
sentence: [xp, [np,Det N1] and [yp,Det No]]
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Kanzi
00000000

Thematic Relations and NP-Coordination

m NP-coordination leads to a discrepancy between the
number of nouns and the number of noun phrases in a
sentence: [xp, [np,Det N1] and [yp,Det No]]

m This requires constituency: such a rule is beyond the
scope of a regular grammatr.

Robert Truswell Center for Cognitive Studies, Tufts University, robert . truswel | @ufts. edu

Order but no Structure



Kanzi
00000000 eC

Results

m 23 test sentences from the Savage-Rumbaugh et al.
corpus involving NP-coordination.
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00000000 eC

Results

m 23 test sentences from the Savage-Rumbaugh et al.
corpus involving NP-coordination.
m 6 have clear confounds and have to be discarded.
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Results

m 23 test sentences from the Savage-Rumbaugh et al.
corpus involving NP-coordination.

m 6 have clear confounds and have to be discarded.

m 1 sentence produced an entirely irrelevant response from
Kanzi.
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Results

m 23 test sentences from the Savage-Rumbaugh et al.
corpus involving NP-coordination.

m 6 have clear confounds and have to be discarded.

m 1 sentence produced an entirely irrelevant response from
Kanzi.

m This leaves 16 good trials.
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Kanzi
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Results

m 23 test sentences from the Savage-Rumbaugh et al.
corpus involving NP-coordination.
m 6 have clear confounds and have to be discarded.
m 1 sentence produced an entirely irrelevant response from
Kanzi.
m This leaves 16 good trials.
m 8 times out of 16, Kanzi ignored the first NP:

Show Sue the toothpaste and the milk. [Kanzi shows only
the milk]
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Results

m 23 test sentences from the Savage-Rumbaugh et al.
corpus involving NP-coordination.

m 6 have clear confounds and have to be discarded.

m 1 sentence produced an entirely irrelevant response from
Kanzi.
m This leaves 16 good trials.
m 8 times out of 16, Kanzi ignored the first NP:
Show Sue the toothpaste and the milk. [Kanzi shows only
the milk]
m 4 times out of 16, Kanzi ignored the second NP:
Show me the ball and the doggie. Show me the ball and the
doggie. [Kanzi shows only the ball]
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Results

m 23 test sentences from the Savage-Rumbaugh et al.
corpus involving NP-coordination.
m 6 have clear confounds and have to be discarded.
m 1 sentence produced an entirely irrelevant response from
Kanzi.
m This leaves 16 good trials.
m 8 times out of 16, Kanzi ignored the first NP:
Show Sue the toothpaste and the milk. [Kanzi shows only
the milk]
m 4 times out of 16, Kanzi ignored the second NP:
Show me the ball and the doggie. Show me the ball and the
doggie. [Kanzi shows only the ball]
m 4 times out of 16, Kanzi acts on both NPs:
Give me the milk and the lighter. [Kanzi does s0]
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Results

m Kanzi's accuracy on this construction is 25%.
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Results

m Kanzi's accuracy on this construction is 25%.

m His accuracy over the 660-sentence corpus as a whole is
72%.
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000000000 ®

Results

m Kanzi's accuracy on this construction is 25%.
m His accuracy over the 660-sentence corpus as a whole is
72%.
m A 2-year-old infant’s accuracy is 66% over the whole
corpus, and > 67% on the NP-coordination trials.
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Summary

m Kanzi’'s impressive performance only dips significantly in
two areas:

Robert Truswell Center for Cognitive Studies, Tufts University, robert . truswel | @ufts. edu

Order but no Structure



Conclusion
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Summary

m Kanzi’'s impressive performance only dips significantly in
two areas:
m He fails to interpret functional content (determiners,
prepositions, etc.) within a phrase.
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Conclusion
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Summary

m Kanzi’'s impressive performance only dips significantly in
two areas:

m He fails to interpret functional content (determiners,
prepositions, etc.) within a phrase.
m He performs below chance on NP-coordination.
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Summary

m Kanzi’'s impressive performance only dips significantly in
two areas:
m He fails to interpret functional content (determiners,
prepositions, etc.) within a phrase.
m He performs below chance on NP-coordination.

m Even a 2-year-old human doesn’t show these deficits.
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Summary

m Kanzi’'s impressive performance only dips significantly in
two areas:
m He fails to interpret functional content (determiners,
prepositions, etc.) within a phrase.
m He performs below chance on NP-coordination.
m Even a 2-year-old human doesn’t show these deficits.

m These are the only cases in the corpus which require
sensitivity to constituency.
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Conclusion
_leJe]e]e]

Summary

m Kanzi’'s impressive performance only dips significantly in
two areas:
m He fails to interpret functional content (determiners,
prepositions, etc.) within a phrase.
m He performs below chance on NP-coordination.

m Even a 2-year-old human doesn’t show these deficits.

m These are the only cases in the corpus which require
sensitivity to constituency.

m Conclusion: Kanzi's model of English syntax is no stronger
than a linear grammar.
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Where does that leave Hauser et al.?

Constituency can have many sources in minimalism.
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Conclusion
o] Jelele]

Where does that leave Hauser et al.?

Constituency can have many sources in minimalism.
V [N1 and N2] can be represented even in a right-linear
grammar.

V

/\
V and

/\
N1 and

N
and N2
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Conclusion
o] Jelele]

Where does that leave Hauser et al.?

Constituency can have many sources in minimalism.
V [N1 and N2] N3 can be represented in a linear grammar (no

LCA).
V
\Y/ N3
/\
V and
/\
N1 and
N
and N2
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Conclusion
o] Jelele]

Where does that leave Hauser et al.?

Constituency can have many sources in minimalism.
[[N1 and N2] [V N3]] can be represented in a CFG (multiple
workspaces).

Y,

T

and \Y
P P
N1 and V. N
N

3
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Conclusion
o] Jelele]

Where does that leave Hauser et al.?

Constituency can have many sources in minimalism.
Kanzi fails on all of these.
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Kanzi and Recursion

m Protomerge + LCA is already recursive, but only generates
a right-linear grammar.
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Conclusion
00e00

Kanzi and Recursion

m Protomerge + LCA is already recursive, but only generates
a right-linear grammar.

m Kanzi can handle something equivalent in weak generative
capacity to a right-linear grammar — Recursion alone is
not in FLN.
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Conclusion
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Kanzi and Recursion

m Protomerge + LCA is already recursive, but only generates
a right-linear grammar.

m Kanzi can handle something equivalent in weak generative
capacity to a right-linear grammar — Recursion alone is
not in FLN.

m A plausible candidate for FLN: full constituency (including
self-embedding). Kanzi can’t do this.
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Conclusion
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Kanzi and Recursion

m Protomerge + LCA is already recursive, but only generates
a right-linear grammar.

m Kanzi can handle something equivalent in weak generative
capacity to a right-linear grammar — Recursion alone is
not in FLN.

m A plausible candidate for FLN: full constituency (including
self-embedding). Kanzi can't do this.

m He could have a problem with any or all of:
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Conclusion
00e00

Kanzi and Recursion

m Protomerge + LCA is already recursive, but only generates
a right-linear grammar.

m Kanzi can handle something equivalent in weak generative
capacity to a right-linear grammar — Recursion alone is
not in FLN.

m A plausible candidate for FLN: full constituency (including
self-embedding). Kanzi can't do this.

m He could have a problem with any or all of:

m More complex linearisation algorithms than the LCA.
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Conclusion
00e00

Kanzi and Recursion

m Protomerge + LCA is already recursive, but only generates
a right-linear grammar.

m Kanzi can handle something equivalent in weak generative
capacity to a right-linear grammar — Recursion alone is
not in FLN.

m A plausible candidate for FLN: full constituency (including
self-embedding). Kanzi can't do this.

m He could have a problem with any or all of:

m More complex linearisation algorithms than the LCA.
m Multiple workspaces.
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Conclusion
00e00

Kanzi and Recursion

m Protomerge + LCA is already recursive, but only generates
a right-linear grammar.

m Kanzi can handle something equivalent in weak generative
capacity to a right-linear grammar — Recursion alone is
not in FLN.

m A plausible candidate for FLN: full constituency (including
self-embedding). Kanzi can't do this.
m He could have a problem with any or all of:
m More complex linearisation algorithms than the LCA.

m Multiple workspaces.
m Internal Merge.
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Conclusions

m A very simple form of Merge + LCA can give you some
amount of recursion, but only relates order to a trivial form
of constituency.
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Conclusions

m A very simple form of Merge + LCA can give you some
amount of recursion, but only relates order to a trivial form
of constituency.

m Kanzi looks like he’s plausibly stuck around this level.

Robert Truswell Center for Cognitive Studies, Tufts University, robert . truswel | @ufts. edu

Order but no Structure



Conclusion
00080

Conclusions

m A very simple form of Merge + LCA can give you some
amount of recursion, but only relates order to a trivial form
of constituency.

m Kanzi looks like he’s plausibly stuck around this level.

m Maybe add-ons to a basic Merge (nontrivial linearisation
and/or greater flexibility in the input to Merge) are a more
plausible candidate for FLN.
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THANK YOU
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