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What does it mean to succeed
at syntactic island acquisition?
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One answer: To develop the target behavior
we observe about syntactic Iislands...




/ One answer: To develop the target behavior
we observe about syntactic islands...
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‘Some example behavior:
| jJudgment patterns and (dis)preferences for |
| certain utterances related to syntactic islands |
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One answer: To develop the target behavior
we observe about syntactic islands,

given the input children get What
and the time they have to learn.
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What does it mean to try?




“.trying”

One answer: Learn about syntactic islands
directly. For instance, look for language-
specific “bounding nodes” (subjacency: Chomsky
1973, Huang 1982, Lasnik & Saito 1984) that signal
syntactic island structure in wh-dependencies.

What BN [BN2 __what]]?
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z 5 “without really trying”

Learn about syntactic islands indirectly by
learning about wh-dependencies more generally.

\Where _Where? \What _What?
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| “Learning the right building blocks

Proposal: The child is trying to learn about the
building blocks that combine into wh-dependencies.
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| “Learning the right building blocks

»

Proposal: Learn about syntactic islands
Indirectly by learning about the probabillities
of the building blocks for wh-dependencies.
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Proposal: Learn simultaneously from the input
() what the building blocks are, and

(i) their probabilities This turns out to work really well.

Dickson, Pearl & Futrell 2022, Dickson, Futrell, & Pearl 2024, Dickson, Futrell, & Pearl in prep
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But first, let’s briefly review some
relevant information about the
acquisition of syntactic islands.

What [
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Syntactic islands
iInvolve wh-dependencies.

This kitty was bought as a present for someone.

Lily thinks this kitty is pretty.

What’s going on here?

Who does Lily think the kitty for is pretty?

What does Lily think is pretty, and who does she think it's for? :



Syntactic islands
iInvolve wh-dependencies.

What’s going on here?

There’s a dependency between the wh-word who and where it's
understood (the gap)

Who does Lily think the kitty for__wno IS pretty?

~_ -




Syntactic islands
iInvolve wh-dependencies.

What’s going on here?

There’s a dependency between the wh-word who and where it's
understood (the gap)

Who does Lily think the kitty for__wno IS pretty?

()

This dependency is strongly dispreferred in English.

One explanation: The dependency crosses a
“syntactic island” (Ross 1967)




Syntactic islands
Involve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno is pretty? |Subject island




Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

Jack is somewnhat tricksy.

He claimed he bought something.

What did Jack make the claim that he bought __wnat?




Syntactic islands
iInvolve wh-dependencies.

[ syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

Jack is somewnhat tricksy.
He claimed he bought something.

Elizabeth wondered if he actually did
and what it was.

What did Elizabeth wonder whether Jack bought __what?




Syntactic islands
iInvolve wh-dependencies.

[ syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

Jack is somewnhat tricksy.
He claimed he bought something.

Elizabeth worried it was something
dangerous.

What did Elizabeth worry if Jack bought __what?
~




Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

What did Elizabeth worry if Jack bought __wnat?  |Adjunct island

Important: It’'s not about the length of the dependency.

(Chomsky 1965, Ross 1967)



Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

What did Elizabeth worry if Jack bought __wnat?  |Adjunct island

Important: It’s not about the length of the dependency. Elizabeth

¢

What did Elizabeth think __what?

N



Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island Elizabeth

¥

What did Elizabeth worry if Jack bought __wnat?  |Adjunct island

Important: It’s not about the length of the dependency.

\What did Elizabeth think Jack said _ what?



Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Elizabeth

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

What did Elizabeth worry if Jack bought __what?  |Adjunct island

Jack

Important: It’s not about the length of the dependency.

What did Elizabeth think Jack said Lily saw __what?




Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

What did Elizabeth worry if Jack bought __wnat?  |Adjunct island

English adults judge these island-crossing
dependencies to be far less acceptable than many
others, including others that are very similar except that
they don’t cross syntactic islands (Sprouse et al. 2012).




Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

What did Elizabeth worry if Jack bought __wnat?  |Adjunct island

English-learning children strongly disprefer one of these island-
crossing dependencies compared to others (de Villiers et al. 2008).




Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

What did Elizabeth worry if Jack bought __wnat?  |Adjunct island

Additional wh-dependency knowledge:
The frequency of a lexical item can also affect adult
acceptablility judgments of potential syntactic islands.

What did Elizabeth say that Jack saw__what?
O

What did Elizabeth whine that Jack saw__ wrat?

©
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Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

What did Elizabeth worry if Jack bought __wnat?  |Adjunct island

These judgments and
(dis)preferences are a measurable
observable behavior that can
signal the successful acquisition
of syntactic island knowledge.




Syntactic islands
iInvolve wh-dependencies.

syntactic island  (Ross 1967)

Who does Lily think the kitty for__wno IS pretty? |Subject island

What did Jack make the claim that he bought __wnat? |Complex NP island

What did Elizabeth wonder whether Jack bought __wnat? | whether island

CN

S0, these judgments and

(dis)preferences can serve as a
target for successful acquisition
— an outcome we can measure.

What did Elizabeth worry if Jack bought __wnat?  |Adjunct island




Syntactic islands
@)

Adult judgments %
= behavioral target outcome @/‘K

Adult knowledge as measured by acceptability judgment behavior

Sprouse et al. 2012: magnitude estimation judgments
 factorial definition controlling for two salient properties of island-crossing dependencies

length of dependency presence of an island structure
(matrix vs. embedded) (non-island vs. island)

\Who  who? Who [non—island ] ?
\Who [CP. . _Who]? \Who [island ]7



Syntactic islands

Adult judgments
= behavioral target outcome

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Who _ thinks [the necklace is expensive]? matrix | non-island
\What does Jack think [ is expensive]? embedded | non-island
VWho  thinks [the necklace for Lily] is expensive? matrix | island
“Who does Jack think [the necklace for | is expensive? embedded | island

Sprouse et al. 2012



Syntactic islands

Adult judgments
= behavioral target outcome

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Whether island stimuli |

{!‘

Who _ thinks [that Jack stole the necklace]? matrix | non-island
\What does the teacher think [that Jack stole |7 embedded | non-island
Who __ wonders [whether Jack stole the necklace]? matrix | island

“What does the teacher wonder [whether Jack stole — |?  embedded | island

Sprouse et al. 2012



Syntactic islands

Adult judgments
= behavioral target outcome

Adult knowledge as measured by acceptability judgment behavior
iength of dependency N4 presence of an island structure

(matrix vs. embedded) (non-island vs. island)

Adjunct island stimuli

{!‘

Who _ thinks [that Lily forgot the necklace]? matrix
\What does the teacher think [that Lily forgot |7 embedded
Who _ worries [if Lily forgot the necklace]? matrix

“What does the teacher worry [if Lily forgot |7 embedded

non-island
non-island
Island
Island

Sprouse et al. 2012



Syntactic islands

Adult judgments
= behavioral target outcome

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Who _ claimed [that Lily forgot the necklace]? matrix | non-island
\What did the teacher claim [that Lily forgot _ ]? embedded | non-island
Who _ made [the claim that Lily forgot the necklace]? matrix | island

“What did the teacher make [the claim that Lily forgot  ]? embedded | island

Sprouse et al. 2012



Syntactic islands
O

Adult judgments %
= behavioral target outcome @A«

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
( vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors.
This is additional unacceptability that arises when the two factors

— length & presence of an island structure — are combined, above
and beyond the independent contribution of each factor.

Sprouse et al. 2012



Syntactic islands
Adult judgments ©o,
= behavioral target outcome @/“

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors

island effect no island effect
o o
= =
: s
o o
@) o
. O O
Who [non—|sland ]7 ? 1 - § - k)
\Who lisland |7 - %
T nonslend structure RS non-island structure
- . Island structure I _  island structure
matrix embedded matrix embedded
Who _ who? Who [cP... __who]?

N NS

Sprouse et al. 2012



Syntactic islands
Adult judgments ©o,
= behavioral target outcome @/“

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)
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Syntactic islands
@)

Adult judgments %
= behavioral target outcome @/“

Adult knowledge as measured by acceptability judgment behavior
iength of dependency N4 presence of an island structure

(matrix vs. embedded)

(non-island vs. island)

Syntactic island = superadditive interaction of the two factors

island effect

z-score rating

\Who [non—island
\Who [island

N

"~

— non-island structure ~ o
— —. island structure K

matrix embedded

Who __who? Wh

z-score rating

no island effect

-~
s~
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- o
- o
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non-island structure
- island structure

matrix embedded

0 [cp... __who]?

Sprouse et al. 2012



Syntactic islands
Adult judgments ©o,
= behavioral target outcome @/“

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors
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Syntactic islands
Adult judgments ©o,
= behavioral target outcome @/“

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)
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Syntactic islands
Adult judgments ©o,
= behavioral target outcome @/“

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors

island effect no island effect
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Syntactic islands
Adult judgments ©o,
= behavioral target outcome @/‘K

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors

island effect no island effect
2 non-parallel lines 2| g paralellines
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Syntactic islands
@)

Adult judgments %
= behavioral target outcome @/«#

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors

“Island difference”:

island effect main-non - embedded-non -

()}
o D .
: . main-islan embedded-island
o island difference”: §| main-island
® | extra difference in acceptability &
3 D
Who [non-island 17 ? 1 —  / Y 3
V. 4 =
\Who [island ]7 - ) : : =
—— non-island structure ‘~§\\\\ \ ] ©
_ — . island lstrSctLret N \\QI w
matrix embedded matrix embedded
\Who __who? Who [CP e _Who] ?

N NS

Sprouse et al. 2012



Syntactic islands
Adult judgments ©o,
= behavioral target outcome @/«#

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors

(O]
3
20 p
9 \
O I “r " ”
g o island difference”:
\Who [non-island 17 ? O | || s » :
= ' superadditivity = positive difference
Who lisland |7 o ‘Al (positive slope)
‘;;; |
i\ /}
matrix embedded
Who __who? \Who [CP e _Who] ?

N NS

Sprouse et al. 2012



Syntactic islands
Adult judgments %
= behavioral target outcome @/“

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors

Sprouse et al. (2012): acceptability judgments from 173 adult subjects

1.5 Complex NP: p < .0001 1.5 Subject: p < .0001
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Syntactic islands

Adult judgments
= behavioral target outcome

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors

Sprouse et al. (2012): acceptability judgments from 173 adult subjects
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Syntactic islands

Adult judgments
= behavioral target outcome

Adult knowledge as measured by acceptability judgment behavior

iength of dependency N4 presence of an island structure
(matrix vs. embedded) (non-island vs. island)

Syntactic island = superadditive interaction of the two factors

Sprouse et al. (2012): acceptability judgments from 173 adult subjects
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Syntactic islands

Child judgments
= behavioral target outcome @/«« é

Child knowledge as measured by preferred interpretation behavior

De Villiers et al. 2008:
How do children prefer to interpret potentially ambiguous wh-questions”?



Syntactic islands

Child judgments N
= behavioral target outcome @/‘« é

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions?

De Villiers et al. 2008



Syntactic islands

Child judgments
= behavioral target outcome

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions”

De Villiers et al. 2008



Syntactic islands

Child judgments
= behavioral target outcome @/««

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions”

What did the boy fix the cat that was lying on the table with __ ywpat?

De Villiers et al. 2008



Syntactic islands

Child judgments
= behavioral target outcome @A« é

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions”

What did the boy [fix the cat that was lying on the table [with __whad]?

De Villiers et al. 2008



Syntactic islands

Child judgments
= behavioral target outcome

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions”

What did the boy [fix [the cat [that [was [lying [on [the table [with __ what][]111]]?

R

a penguin

De Villiers et al. 2008



Syntactic islands

Child judgments Y
= behavioral target outcome @A« é

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions?

What did the boy fix the cat that was lying on the table with _ wpat”?

children strongly prefer

- this interpretation

De Villiers et al. 2008



Syntactic islands

Child judgments Y
= behavioral target outcome @/‘« é

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions?

What did the boy fix the cat that was lying on the table with _ wpat”?

\

..and strongly disprefer

- this interpretation

De Villiers et al. 2008



Syntactic islands

Child judgments
= behavioral target outcome @/«« é

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions”

What did the boy [fix [the cat [that [was [lying [on [the table [with __ what][]111]]?
i &
This means they strongly

disprefer the wh-dependency
this interpretation relies on.

De Villiers et al. 2008



Syntactic islands

Child judgments
= behavioral target outcome @/««

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions”

What did the boy [fix [np the cat [that [was [lying [on [the table [with _ waad]]]1]7?

I ©

...which is a dependency that
crosses a Complex NP.

De Villiers et al. 2008



Syntactic islands

Child judgments
= behavioral target outcome @/«« é

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions”

What did the boy [fix [np the cat [that [was [lying [on [the table [with _ waad]]]1]7?

O
0.00 025 050 0.75 1.00
Child Preference

De Villiers et al. 2008



Syntactic islands

Child judgments
= behavioral target outcome

Child knowledge as measured by preferred interpretation behavior

How do children prefer to interpret potentially ambiguous wh-questions”

What did the boy [fix [ne the cat [that [was [lying [on [the table [with __ wrai]]l]]]]?

+ other wh-dependencies @W® O

0.00 0.25 0.50 075 1.00
Child Preference

Who did the little sister ask how to see __?  \What did the mother say

Who did the boy ask what to bring __? she boughtl 12
How did the mom learn what to bake 7  /Vho did the policewoman

_ , , help to call __7?
How did the girl ask where to ride __?
How did the boy who sneezed drink the milk ___ 7

De Villiers et al. 2008



Syntactic islands
@)

More adult judgments o,
= behavioral target outcome @/“

Adult knowledge as measured by acceptability judgment behavior

Liu et al 2019, 2022: Acceptability of wh-dependencies
can depend on the lexical item in the main verb.

What did she think  [that he saw _ ]?
What did she say [that he saw |7

What did she whine  [that he saw __ |7
What did she mumble [that he saw _ ]?

Liu et al. 2019, 2022



Syntactic islands
More adult judgments
= behavioral target outcome

Adult knowledge as measured by acceptability judgment behavior

Liu et al 2019, 2022: Acceptability of wh-dependencies
can depend on the lexical item in the main verb.

What did she VERB [that he saw __ ]?

What did she think  [that he saw _ ]?
What did she say [that he saw |7

CP

What did she whine  [that he saw |7
What did she mumble [that he saw _ ]?

rating

65 5 4 3

frequency of main verb with CP (log-transformed)

Liu et al. 2019, 2022



Syntactic islands
More adult judgments
= behavioral target outcome

Adult knowledge as measured by acceptability judgment behavior

Liu et al 2019, 2022: Acceptability of wh-dependencies
can depend on the lexical item in the main verb.

What did she VERB [that he saw __ ]?
Important pattern: |

Positive correlation between
main verb with CP frequency
and judged acceptability.

rating

65 5 4 3

frequency of main verb with CP (log-transformed)

Liu et al. 2019, 2022



Syntactic islands

Adult & child judgments
= behavioral target outcome

Subject island

@

Complex NP island

Whether island @/0( Y
Adjunct island

®
O .
. ﬁ What did she VERB [that he saw __ ]? What _What?
g Q 7 L
g % ’ \ -(% v
O I | -
0D 1 L & .
= I § Complex NP | + other wh-dependencies
l I
© <
S 1 | S @e o @
2 1 [ = 0.00 025 050 0.75 1.00
= 3 Child Preference
matrix embedded e
al
Sprouse et al. 2012 De Villiers et al. 2008
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Syntactic islands

How long do children have to learn?




Syntactic islands

How long do children have to learn?
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De Villiers et al. 2008:
Data from four-year-olds.
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Syntactic islands

How long do children have to learn?

112 4
10 s 2
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So input through age four.
(<60 months)

NP lcP __what]]?

Complex NP//+ other wh-dependencies
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Syntactic islands

What input do children get”




Syntactic islands

What input do children get”
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Syntactic islands

...which is where a theory of acquisition comes in.




Syntactic islands

...which is where a theory of acquisition comes in.

Learn the right building blocks



We can evaluate a theory by
implementing it concretely in a
computational cognitive model.

Learn the right building blocks



Syntactic islands

Ql |
The model generates A &

oredictions that can be
compared with available
empirical data.

L7

Learn the right building blocks



And then we can look
INside it to see what makes
't work (or not work).

Learn the right building blocks



So let’s do this for

our theory.
Learn the right building blocks



Intuition:
e |earn what you can from the wh-dependencies you observe in
the input over time

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



Intuition:
e |earn what you can from the wh-dependencies you observe in

the input over time

* Apply it to generate behavior for wh-dependencies you haven't
seen before, like those crossing syntactic islands (or other longer
wh-dependencies).

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



View wh-dependencies in terms of their building blocks
and track those building blocks in the input.

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



Dependencies represented as a sequence of container nodes

What phrases contain the gap
(out not the wh-word)?

Pro V NP;

you SEC

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



Dependencies represented as a sequence of container nodes

What phrases contain the gap
(out not the wh-word)?

CP
NP1/>\
| did IP
What P
. NP VP

What did you see __? o~
= What did [IP you [\/p see _]]’? P1|'o \" N|Pl
= start-IP-VP-end you see

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



Dependencies represented as a sequence of container nodes

What phrases contain the gap
(out not the wh-word)?

What did you see __? CP
= What did [ip you [ve see __]]?
= start-IP-VP-end N
NP, IP
| N
What NPl VP
| |
What __ happened? v
= What [ __ happened]? |
= start-IP-end happened

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



Dependencies represented as a sequence of container nodes

What phrases contain the gap
(out not the wh-word)?

CP
What did you see __?
= What did [ip you [ve see __]]? NP,
= start-IP-VP-end | did P
What __ happened? What
= What [r __ happened]? NP/\VP
= start-IP-end | /\
Pro Vv P
. | |
What did she wanttodo 7 she want K\VP
= What did [ she [ve want [pto [ve do __]]I]? to VB
= start-IP-VP-IP-VP-end o !
do

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



What did you see __ 7
= What did [p you [ve see __]]?
= start-IP-VP-end

What __ happened?

= What [ __ happened]?

= start-IP-end
What did she wanttodo __ 7?
= What did [p she [ve want [pto [ve do __]]]]7?
= start-IP-VP-IP-VP-end

(Much) less acceptable dependencies have low probability segments

lceWho  did  [pLily [w t}ﬂsZ[CP—that lp [ne the Kitty [op for __ || was pretty ?]|]]

start-1P-VP-CPiat-IP-NP-PP-end

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



What did you see __ 7
= What did [p you [ve see __]]?
= start-IP-VP-end

What __ happened?

= What [ __ happened]?

= start-IP-end
What did she wanttodo __ 7?
= What did [p she [ve want [pto [ve do __]]]]7?
= start-IP-VP-IP-VP-end

lceWho did  [pLily [ W‘SZ[CP-that lp [\p the Kitty [pp for ]| was pretty ?]|]]

start-1P-VP-CPnat-IP-NP-PP-end

So if children break these dependencies into smaller building blocks,
they can identify if a dependency has bad segments (made up of one
or more low probability building blocks).

Pearl & Sprouse 2013
Dickson, Pearl, & Futrell 2022, 2024, in prep.



Learn the right
building blocks

Theory: The child tries to learn
what the “best” building blocks are

at the same time she learns about the|r
distributions in the input.

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

the best building blocks

(1) Look for the best-sized units
(2) Sometimes include the lexical item
with the phrasal node (XP)

CPc-ihat
VPV:say

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

How can the child learn what
the best building blocks are”

(1) Look for the best-sized units
(2) Sometimes include the lexical item

MO Yo R WD\ 4

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

How can the child learn what
the best building blocks are”

(1) Look for the best-sized units
(2) Sometimes include the lexical item

Theory: Look for an “efticient” set of building blocks.

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

How can the child learn what
the best building blocks are”

(1) Look for the best-sized units
(2) Sometimes include the lexical item

Efficient building blocks allow the representation of
current and future wh-dependencies to be more probable.

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

How can the child learn what
the best building blocks are”

(1) Look for the best-sized units
(2) Sometimes include the lexical item

Efficient building blocks allow the representation of
current and future wh-dependencies to be more probable.

Why”? One idea: Higher probability wh-dependencies are
faster to process (comprehending or producing).

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

learning efficient building blocks

How”? Look for building blocks that are

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

CP

NP1/>\

| did IP

What /\
What did she say that he saw __ ? N

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Start-| Ppast'vpsay‘cptha’[' | Ppast‘vpsee‘end o /VP\

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'f' | Dpast'VPsay‘C Pthat‘ I Ppast‘vpsee‘end

start

Pieces can be small, so that many of past /VP\
them make up a wh-dependency v ap
|
54y that IP
/\
past VP
B
V  end

see

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'f' | Dpast'VPsay‘C Pthat‘ I Ppast‘vpsee‘end

start

- v
/\
It may be slower to put together past /VP\
many small pieces. v ap
|
54y that IP
/\
past VP
-
V. end

see

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'-t' | Dpast'VPsay‘C Pthat‘ | Ppast‘vpsee‘end

start

many smaller |

@y slower because many N
/\
\Y CP
|
. 5aY  that IP
But these pieces may get reused, so o _—
that makes them faster to access. -

4

see

Dickson et al. 2022, 2024, in prep.




Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'-t' | Dpast'VPsay‘C Pthat‘ | Ppast‘vpsee‘end

many smaller * !
# siower because many o~ . -
‘Y tht/\IP thi‘nk /\ Vy
pt/\vp that t/IP\VP
1T & L gk
But these pieces may get reused, so P - o
that makes them faster to access. i ¥

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'f' | Dpast'VPsay‘C Pthat‘ I Ppast‘vpsee‘end

start

many smaller |

. P Pieces can be big, so
b O any past/\VP that only one makes up
pa@dreused P a wh-dependency
7 - \Y CP
|
szlly that/\IP aY that P
past VP pa(\VP
V. end -
| V  end

see |

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'-t' | Dpast'VPsay‘C Pthat‘ | Ppast‘vpsee‘end

start

many smaller |

" 4ECMany o~ 't may be faster to put
. D vP together one big piece.

vt A reused P

A% CP A/ L

|
szlly that/\IP aY that P
past VP pa(\VP
Vo ond _~

| V  end

see |

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'-t' | Dpast'VPsay‘C Pthat‘ | Ppast‘vpsee‘end

start

many smaller | one big
. - faster because one
| many T
o~ past VP
past /Vdreused /\ -
V CP "
; /CP\ S ;y . t/\IP It may be slc()jvver nlc the
@y gm Jip A piece is used rarely.
past /VP\ pa(\VP
\lf end md

see |

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'-t' | Dpast'VPsay‘C Pthat‘ | Ppast‘vpsee‘end

tart

start

‘ [
many smaller L 4. One big

N | past VP

o & oy R AA/Q faster because one

/\ Se‘ze \lf 54 that
past Vv re u S e d sal,y past /VP\ -
start start V  end
\

v ap b b It may be slower if the
ay that/\IP 2 % T ' : d |
B piece is used rarely.
past VP | o~ \Y% Cp
V/\en J want  to /VP\ thilnk 0 at/\IP
Sele Y o pa(\VP

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

a balance between

(1) how big they are

(2) how fast they are to put together to
make a wh-dependency

Stal'-t' | Dpast'VPsay‘C Pthat‘ | Ppast‘vpsee‘end

| tmany smaller The most efficient option is probably a balance one RIg
pd OBy of bigger and smaller blocks that collectively o ) one
are faster to access and put together. =
pa@dreused PUL TOGEIne rare
e a ¢ e
=, that IP
past VP pa(\\/P
Vo ond .

see |

Dickson et al. 2022, 2024, in prep.



T g

past

a balance between
(1) how big they are
(2) how fast they are to put together to

ma

v

Learn the right
building blocks

Ke a wh-dependency

Stal'-t' | Dpast'VPsay‘CPthat‘ | Ppast‘vpsee‘end
many smaller ‘ one bIg
start
w4 mMany s sar one
IP P IP
v reused . = rare
CP v cp T
| .. v ap
S8Y  that iz pe X Salty that v
as past VP /\

see

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

learning efficient building blocks

How can children find
the best balance?

many smaller one bIg
" 4RCmany - lone
pa“reused = rare
v Y/\CP
58Y  that P say e X
past V/VP\m d st VP

| | V  end

see |

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

Use Bayesian inference to search
through the hypothesis space of

all possible bullding blocks (O’Donnell 2015)
and find an efficient set for children’s input.

Dickson et al. 2022, 2024, in prep.



Learn the right
building blocks

112 4
.............'o“wszi..........>

9 o NZ 3

=

wh-dependency
distribution

Dickson et al. 2022, 2024, in prep.



Evaluating the theory

It we learn from the input children get
the way this theory specifies, can this theory
output the behavior children (should) produce?

112 4

.............1055‘05 2"

Mo oS

[
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u
o s #Xi
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\\91

Dickson et al. 2022, 2024, in prep.



What's the input look like”

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



12.7K wh-dependencies from the CHILDES
Treebank (Pearl & Sprouse 2013) oOf speech
directed at 25 children between the ages of
1 and 5 years old.

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



This lets us estimate which wh-dependencies
children hear and how often they hear them
(the wh-dependency distribution).

Han allki= =
Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.




'osssos 2vi..........>

9 « 5 3
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wh-dependency

distribution We can then estimate how many wh-dependencies
children hear during the learning period.

(<60 months)

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



Evaluating the theory

112 4

......O......Ioss:is 2\'..........

9 « i = 3]
il #

(<60 months)

wh-dependency
distribution

Children begin to represent the full structure of
wh-dependencies (e.q., wh-questions and relative clauses)
around 18 months: Perkins & Lidz 2021.

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



Evaluating the theory

..O...O...O..'ossz

ST #

(18 months < age < 60 months)

wh-dependency
distribution

Educated guess: This is when children can start
processing wh-dependencies reliably from their input

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



Evaluating the theory

e ¢ ¢ 6 6 ¢ o6 o o o o o o 0555 )| ®© 6 ¢ © 6 o o o o o

) #

(18 months < age < 60 months)

G
How many minutes is this? In particular,
children are awake for only a certain portion of
[

wh-dependency
distribution

the day at different ages (Davis et al. 2004).

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



Evaluating the theory

...........O.Iosﬁos 2yi

oS

9 s ;“ 5 3
8“35':25” #
7iis

wh-dependency (18 months < age < 60 months)

distribution e
How many minutes:
~10,442,258

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.
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9 s m 15 3
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7iis

(~10,442,258 minutes)

wh-dependency
distribution

How many wh-dependencies is this? #

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



Evaluating the theory

5
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11'21 Ot
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/>

(~10,442, 258 minutes)

wh-dependency
distribution

Hoff-Ginsberg (1998) and Rowe (2012): #
Estimates of utterances per minute in speech directed at
children from different backgrounds.

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



Evaluating the theory

...........O.Ios‘;;szi..........

9 s < 3
8“35'::25”4
7iis

(~10,442,258 minutes)

wh-dependency
distribution

~ 2.15 million
wh-dependencies

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



Evaluating the theory

#

~ 2.15 million
wh-dependencies

wh-dependency
distribution

An additional wrinkle:
Children’s memory isn't perfect

Dickson et al. 2024




Evaluating the theory

#

~ 2.15 million
wh-dependencies

wh-dependency
distribution

Memory is an important part of processing
dependencies (McElree et al. 2003).

Dickson et al. 2024




Evaluating the theory

#

~ 2.15 million

wh-dependency wh-dependencies
distribution

Children’s short term memory, along with related
abilities like encoding information with context and
maintaining attention, develops over time (Paris 1978,

Gathercole et al. 2004, Fandakova et al. 2014). Dickson et al. 2024




Evaluating the theory

#

~ 2.15 million
wh-dependencies

wh-dependency
distribution

Upshot: Children might not take in all
the wh-dependency distribution

information in their input.
Dickson et al. 2024




Evaluating the theory

#

~ 2.15 million
wh-dependencies

wh-dependency
distribution

Learner intake:
Some parts of any particular wh-dependency

may be forgotten in the moment.
Dickson et al. 2024




wh-dependency
distribution

Learner intake:
Some parts of any particular wh-dependency

may be forgotten in the moment.
Dickson et al. 2024



Evaluating the theory

| start
perfect intake |

TN

past VP

wh-dependency N
distribution V  end
See

Learner intake:
Some parts of any particular wh-dependency
may be forgotten in the moment.

Dickson et al. 2024



Evaluating the theory

imperfect intake start
(a little forgetting) |

1P
VP
V CP
| /\
SaY  that P
/\
past VP
/\
h-depend
M disbuton V  end
|
see

Learner intake:
Some parts of any particular wh-dependency

may be forgotten in the moment.
Dickson et al. 2024



imperfect intake start
(a little more forgetting) |

IP
VP
Vv CP
| /\
that 1P
/\
VP
/\
h-d d
" istribution V  end
|
see

Learner intake:
Some parts of any particular wh-dependency
may be forgotten in the moment.

Dickson et al. 2024



imperfect intake start

a lot of forgettin |
( getting) ns

TN

VP

V CP
| /\
IP
/\
VP
/\
h-d d
" istrioution V  end
|
see

Learner intake:
Some parts of any particular wh-dependency

may be forgotten in the moment.
Dickson et al. 2024



Evaluating the theory

We can investigate memory-impacted start
learners with a recency effect |

(Anderson & Milson 1989), where more 1P
recent information is more likely to be/\
remembered. VP

\Y CP

| /\

that IP
/\
past VP

wh-dependency TN
distribution V  end
See

| earner Iintake:

Some parts of any particular wh-dependency
may be forgotten in the moment.

Dickson et al. 2024



Evaluating the theory

Anderson & Milson 1989

1.00;
= —
1 5
@ 0.75;
.y Z a
(position + 1)* © alpha
< 0.50 y
O = 0.8
QO -4
% 0.25/
c
®

1 2 3 4 5
position from end

wh-dependency
distribution

Learner intake:
Some parts of any particular wh-dependency

may be forgotten in the moment.
Dickson et al. 2024



Evaluating the theory
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~ 2.15 million
wh-dependencies

8 “u:zs

7 6

wh-dependency
distribution

Can the modeled learner
produce the appropriate
observable behavior?

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates 2022
Dickson et al. 2022, 2024, in prep.



Z-score rating

Island Difference Score

Reminder: Target behavior

Subject island

Complex NP island

\

e e o ==
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L=
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Y4
matrix embedded

Sprouse et al. 2012

Whether island @/w %
Adjunct island

What did she VERB [that he saw __]? \What

Proportion Acceptable

Evaluating the theory

_What?

Complex NP

NS

+ other wh-dependencies

0.00

5 5 4 5

frequency of main verb with CP (log-transformed)

Liuetal. 2019, 2022

0.25 050 0.75 1.00
Child Preference

De Villiers et al. 2008



Z-score rating

Island Difference Score

Evaluating the theory

Subject island 1.00

©
~
()]

Complex NP island
Whether island @/ﬂ( 0,
Adjunct island
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o
I3
=)

Remember probability
5

o
o
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Position from end

\ Complex NP Subject

I

I |
I |
| |
l I
1 I
1 |
W\l

\/

Y4
matrix embedded

/ % Forgotten

* 0%
Whether Adjunct = 9%

52%

= 96%
matrix  embedded matrix  embedded

Sprouse et al. 2012

modeled learner (log) probability

Dickson et al. 2022, 2024, in prep.



Z-score rating

Evaluating the theory

Subject island 1.00
Complex NP island % 0.75
Whether island @,w > 50
e
Adjunct island 3 -
9 o0 1 2 3 4 5
(o) Position from end
8 g
) .
e | Complex NP Subject
¥ 2
2 1Y fo I I
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S Whether Adjunct
CLU -
The modeled learners can @
. (o
predict the observed s
pattern (positive slope = 3B .
“island difference”). = /
matrix  embedded matrix  embedded

% Forgotten

* 0%
= 9%

52%
= 96%

Dickson et al. 2022, 2024, in prep.



Z-score rating

Island Difference Score

Evaluating the theory

Subject island 1.00
Complex NP island % 075
Whether island @,w % §°'5°
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| Complex NP Subject
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o Whether Adjunct = 9%
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This happens even it they s
forget a whole lot. I 2
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matrix  embedded matrix  embedded

Dickson et al. 2022, 2024, in prep.



modeled learner (log) probability

ComplexNPH Subject |
Whether Adjunct

_|_

matrix embedded

matrix  embedded

%

Forgotten
0%
9%
52%
96%

Proportion Acceptable

1.00

0.75

0.50

0.25

Remember probability

0.00

1 2 3 4 5
Position from end

What did she VERB [that he saw __]?

5 B 4 3

frequency of main verb with CP (log-transformed)

Liu et al. 2019, 2022

Dickson et al. 2022, 2024, in prep.
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I / Evaluating the theory
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Most modeled learners can predict
the observed pattern (positive

correlation with frequency).
Dickson et al. 2022, 2024, in prep.



Complex NP ||  Subject

/ Evaluating the theory

modeled learner (log) probability
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This happens, except when there's an

extraordinary amount of forgetting.
Dickson et al. 2022, 2024, in prep.
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Takeaway: Modeled learners implementing
this learning theory can generate most of
the observed target behavior patterns,
even with human(-like) memory limitations.
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Learn the right

building blocks

Bigger takeaway:
This theory can work (pretty well) for
learning knowledge about syntactic islands.

.............105560 2

wh-dependency .
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Learn the right

building blocks

Key idea: Learning about
the building blocks of wh-dependencies leads to
knowledge about syntactic islands.

wh-dependency .
distribution

Dickson et al. 2022, 2024, in prep.



Learn the right

building blocks

Key idea: This strategy works
when the child’s goal is finding
efficient building blocks.

wh-dependency .
distribution

Dickson et al. 2022, 2024, in prep.



The big picture

One way to succeed at learning about
constraints on wh-dependencies
(syntactic islands) is to learn them indirectly.

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates
2022, Dickson et al. 2022, Dickson et al. 2024, in prep.



The big picture

In particular, learn how to represent

wh-dependencies efficiently using
pleces that can be used to represent

any wh-dependency.

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates
2022, Dickson et al. 2022, Dickson et al. 2024, in prep.



The big picture

The efficient pieces that are learned, with
thelr associated probabillities, allow the
constraints to emerge automatically.

Pearl & Sprouse 2013, Bates & Pearl 2019, Pearl & Bates
2022, Dickson et al. 2022, Dickson et al. 2024, in prep.
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