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Today'’s talk

How is structural information used to encode and access
linguistic representations in memory?




Today'’s talk

How is structural information used to encode and access
linguistic representations in memory?

Upshot?

Syntactic positional associations gates access to memory representations.



Agreement attraction in Turkish

target

|

1) [[Mijlteci-ler-in] [avukat-l-z]] durmadan  konus-tu.
refugee-pL-GEN lawyer-rposs-Nom non-stop talk-psT
*The refugees’ lawyer was talking non-stop.’

(Lago et al., 2019; Tirk & Logacev, 2024) 4



Agreement attraction in Turkish

target
2) * [ Mdllteci-ler-in  avukat-1-2 ] durmadan konU§-tu

refugee-pL-GEN lawyer-rposs-Nom non-stop talk-psT-PL
*The refugees’ lawyer were talking non-stop.’

Ungrammatical sentences with a plural, GENITIVE-marked attractor
occasionally accepted as grammatical

(Lago et al., 2019; Tirk & Logacev, 2024) 5



Agreement attraction in Turkish

target
2)*[[Mij|teci-ler-in] [avukat-l-z]] durmadan  konus-tu-lar.
refugee-pL-GEN lawyer-rposs-Nom \non-stop talk-psT-PL
[+GEN] [+NOM]
[+PL] [+SG]

NOM (BARE) — main subjects
GENITIVE — OR embedded subjects

(Lago et al., 2019; Tirk & Logacev, 2024) 6



Agreement attraction in Turkish

target
2)*[[Mij|teci-ler-in] [avukat-l-z]] durmadan  konus-tu-lar.
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Agreement attraction in Turkish

target
2)*[[Mij|teci-ler-in] [avukat-l-z]] durmadan  konus-tu-lar.
refugee-pL-GEN lawyer-rposs-Nom non-stop talk-psT-PL
[+GEN] [+NOM]
[+PL] [+SG]
[-SUBJECT] [+SUBJECT]

/" TODAY: What type of structural information modulates memory interference?

@ Surface structural similarity to the subject (cask)

L -% @ Syntactic associations with suBJECT PHRASE




Experiment 1:

Overview

Surface similarity to the target or syntactic associations with the subject?

A speeded acceptability judgment task;

2x3 within-subject design

Npa ricipant 92 Turkish speakers
Nitem =24
N..  =48(16 ungrammatical)

pre-registered on OSF



Experiment 1:

Surface similarity or syntactic associations?
ATTRACTOR WITHIN SUBJECT

Dun / Yesterday... ’
TARGET MATCH: [ milteci-nin [avukat-la_r-l }] ... durusma-ya ... | katildi-lar. /\/>\
refugee-Gen lawyer-pL-POSS trial-DAT joined-pL
VAWAN
NO MATCH:

‘Yesterday, the refugee’s lawyers joined the trial.’ 0
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Surface similarity or syntactic associations?
ATTRACTOR WITHIN SUBJECT

Dun / Yesterday... ’
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refugee-GEN [Iawyer-ﬂ-Poss} trial-pat N\
*[[ multeci-ler-in avukat-I ] ... katildi-lar. A A
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NO MATCH:

‘Yesterday, the refugee’s lawyers joined the trial.’



Experiment 1:

Surface similarity or syntactic associations?
ATTRACTOR WITHIN SUBJECT

Dun / Yesterday...

TARGET MATCH: [ miilteci-nin [avukat-la_r-l } ] ... durusma-ya />\
refugee-Gen lawyer-pL-POSS trial-DAT joined-pL /\
*[[ multeci-ler-in avukat-I ] ... katildi-lar. A A
refugee-pPL-GEN lawyer-poss join-pL
NO MATCH: * [ milteci-nin avukat-| ] ... katildi-lar.
refugee-Gen lawyer-poss join-pL

‘Yesterday, the refugee’s lawyers joined the trial.’



Experiment 1:

Surface similarity or syntactic associations?

ATTRACTOR WITHIN SUBJECT

Dun / Yesterday...

TARGET MATCH: [ milteci-nin avukat-lar-i ] ... durugsma-ya ... | katildi-lar. />\
refugee-Gen lawyer-pL-POSS trial-DAT joined-pL A/\A

*[[ multeci-ler-in avukat-I ] ... katildi-Iar.

refugee-pPL-GEN lawyer-poss join-pL

NO MATCH: * [ milteci-nin avukat-I ] ... katildi-lar
refugee-Gen lawyer-poss join-pL

ATTRACTOR WITHIN OBJECT ’

TARGET MATCH: avukat-lar ... [ milteci-nin durusma-sin-a] ... |katildi-lar />\
lawyer-pL refugee-Gen trial-pPoss-DAT join-PL A

AA

NO MATCH:

‘Yesterday, the (refugee’s) lawyers joined the (refugee’s) trial.’



Experiment 1:

Surface similarity or syntactic associations?

ATTRACTOR WITHIN SUBJECT

Dun / Yesterday...
TARGET MATCH

[ milteci-nin
refugee-Gen
*[[ miilteci-ler-in
refugee-PL-GEN
* [ milteci-nin
refugee-Gen

NO MATCH

ATTRACTOR WITHIN OBJECT

avukat-lar

lawyer-pL
* avukat

lawyer

* avukat
lawyer

TARGET MATCH

NO MATCH

[avukat-la_r-l } ] ... durugsma-ya
lawyer-pL-POSS trial-DAT
avukat-I ] ...
lawyer-poss

avukat-I ] ...
lawyer-poss

[

[ miilteci-nin
refugee-Gen
[ milteci-ler-in 1
refugee-pPL-GEN
[ miilteci-nin
refugee-Gen

trial-poss-DAT

durugsma-sin-a ...

katildi-lar.
joined-pL
katildi-lar.
join-pL
katildi-lar

join-pL

katildi-lar.

join-PL
katildi-lar

join-pL
katildi-lar
join-pL

(((((((((

‘Yesterday, the (refugee’s) lawyers joined the (refugee’s) trial.’
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Experiment 1:

Surface similarity or syntactic associations?
ATTRACTOR WITHIN SUBJECT

Dun / Yesterday...
TARGET MATCH [ milteci-nin
refugee-GeNn

[avukat-la_r-l } ] PREDICTIONS
S

lawyer-pL-POS

|
| :
|
L) . - - - L] I
*[[ m?'tec"'e—r'm IGVUkat" ] | Surface similarity; |
% T AWYETPOSS [ both attractors look like SUBJECT :
NO MATCH [ milteci-nin avukat-i ] I
refugee-Gen lawyer-poss : SUBJECT =~ OBJECT I
|
ATTRACTOR WITHIN OBJECT ’ : I
|
TARGET MATCH avukat-lar ... [ milteci-nin ' :
lawyer-pL refugee-Gen : |
* avukat [ milteci-ler-in | [
lawyer refugee-pL-GEN : I
NO MATCH * avukat [ milteci-nin @ === === === == === = — — — — |

lawyer refugee-Gen
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Experiment 1:

Surface similarity or syntactic associations?
ATTRACTOR WITHIN SUBJECT

Dun / Yesterday...
TARGET MATCH [ milteci-nin

|
avukatdari | PREDICTIONS :
refugee-Gen lawyer-pL-POSS | :
*[[ multeci-ler-in avukat- ] ' Surface s|mi|ar|ty; |
-PL- - |
% retugeg CoGER lawyer-poss [ both attractors look like SUBJECT :
NO MATCH [ milteci-nin avukat-i ] I
refugee-Gen lawyer-Poss : SUBJECT =~ OBJECT I
|
| . T
TARGET MATCH avukat-lar ... [ miilteci-nin | attractqr \{vithin SUBJECT is syntactically ,
lawyer-pL refugee-Gen : more similar to SUBJECT I
* avukat [ multeci |e_r -in | SUBJECT > OBJECT |
lawyer refugee-pL-GEN : I
NO MATCH * avukat [ milteci-nin @ === === === == === = — — — — '

lawyer refugee-Gen
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Experiment 1:

Results

+targetMatch - attractorMatch #noMatch

90%1 +
70% {
50%

30%: + + +

Subject Object

Response 'Yes'
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Experiment 1:

Results

+targetMatch - attractorMatch #noMatch

90%
_g + Grammaticality B=.77 61, 93], P(8>0) > .99
—>- 70%:- *
)
2 50%:
o
Q.
B 30%:; +
o + +
10%:

Subject Object
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Experiment 1:

Results

+targetMatch - attractorMatch #noMatch

90%!
5 +
L 70%: * i
O Position*Attractor Num - 16102, 29], P(>0) = .97
& 50%!
@)
o
D 30%: +
10%:

Subject Object
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Experiment 1:

Results

+targetMatch - attractorMatch #noMatch

90%:

- +

L 70%: *

3

c 50%: _

Q Subject: Attraction g- 3719, 55, P@E>0)= .99

S 30%: + . :

o + + x Object: Attraction - 0712 25 P>0)= .73
10%:

Subject Object
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Experiment 1:

Results

+targetMatch - attractorMatch #noMatch

90%1 +
70% *
50%

30%: + + +

Subject Object

Response 'Yes'

Syntactic association with the subject

leads to attraction
21



Experiment 2:

Overview

Does attraction extend to other attractors with similar syntactic associations?

A speeded acceptability judgment task with Bare Attractors;
2x3 within-subject design

N = 58 Turkish speakers

participant

N =24

item

N..  =48(16 ungrammatical)

22



Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET MUIteci-m’avukat-la_r-l durusmada durmadan konustu-lar.
MATCH refugee-GeN | lawyer-pL-POSS at.trial non-stop talked-pL
*(Multeci-ler-in | avukat-I [ konustu-lar ]
refugee-PL-GEN / lawyer-Poss talked-pL
NO MATCH  * Multeci-nin avukat-i konustu-lar.

refugee-GeN  lawyer-Poss talked-pL
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Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET MUIteci-nin' avukat-lar-i durusmada durmadan
MATCH refugee-GeN | lawyer-pL-POSS at.trial non-stop

*Multeci-ler-in | avukat-I
refugee-PL-GEN / lawyer-Poss

NO MATCH ¥ Multeci-nin avukat-I
refugee-GeN  lawyer-Poss

BARE ATTRACTOR »
TARGET Multeci [avu kat-lar-1 ]
MATCH refugee lawyer-pL-POSS

*Multeci-ler avukat-
refugee-pL lawyer-poss

NO mAaTCH ¥ Multeci avukat-I
refugee lawyer-poss

konustu-lar.
talked-pL

konustu-lar
talked-pL

konustu-lar.
talked-pL

konustu-lar.
talked-pL
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Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET Multeci-nin avukat-lar-i e ge
WATCH refugee-gen [Iawyerﬂ_mss} Probabilistic inference for

*[Mijlteci-ler-in ] avukatol alternatives with high frequency

refugee-PL-GEN / lawyer-Poss

NO MATCH ¥ Multeci-nin avukat-I
refugee-GeN  lawyer-Poss

BARE ATTRACTOR
TARGET Multeci [avu kat-lar-1 ]
MATCH refugee lawyer-pL-POSS

*Multeci-ler avukat-
refugee-pL lawyer-poss
NO MATCH  * Multeci avukat-i

refugee lawyer-poss -



Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET Multeci-nin avukat-lar-i e ge
WATCH refugee-GeN [Iawyerﬂ_mss} Prob_ablllstlg mfgrence for
*(VitTtecilerain ) avukat- alternatives with high frequency
[refugee-PL-GEN l lawyer-poss
NO mAaTCH ¥ Multeci-nin avukat-
refugee-GeN  lawyer-Poss
> :
BARE ATTRACTOR P(target.pL | .PL) P(target.sG | PL)
TARGET Multeci avukat-lar-i ]
MATCH refugee lawyer-pL-POSS

*Multeci-ler avukat-
refugee-pL lawyer-poss
NO MATCH  * Multeci avukat-i

refugee lawyer-poss -



Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET Multeci-nin avukat-lar-i e ge
WATCH refugee-GeN [Iawyer_ﬂ_mss} Prob_ablllstlg mfgrence for
*(VitTtecilerain ) avukat- alternatives with high frequency
[refugee-PL-GEN l lawyer-poss
NO mAaTCH ¥ Multeci-nin avukat-
refugee-GeN  lawyer-Poss
>
BARE ATTRACTOR P(target.pL | .PL) P(target.sG | .PL)
TARGET Multeci avukat-lar-i ]
MATCH refugee lawyer-pL-POSS ﬁ
*Multeci-ler avukat-
refugee-pL lawyer-poss Plural target assumed in
NO MATCH  * MUlteci avukat-i —s attraction
refugee lawyer-poss

(Hahn et al., 2022; Ryskin et al., 2021, cf., Cartner et al., 2025)



Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET Multeci-nin avukat-lar-i
MATCH refugee-GeN | lawyer-pL-POSS
*Mlteci-ler-in | avukat-i — P(target.pL | .PL)

refugee-PL-GEN / lawyer-Poss >

nowmaTcH  * Milteci-nin - avukat-i P(target.sG | .PL)
refugee-GeN  lawyer-Poss

BARE ATTRACTOR

TARGET Multeci avukat-lar-i ]

MATCH refugee lawyer-pL-POSS

*Multeci-ler avukat- :>
refugee-pL lawyer-poss

NO MATCH  * Multeci avukat-

refugee lawyer-poss -



Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET Multeci-nin avukat-lar-i
MATCH refugee-GeN | lawyer-pL-POSS
*MUlteci-ler-in | avukat-1 — P(target.pL | .PL)
refugee-PL-GEN / lawyer-Poss >
nowmaTcH  * Milteci-nin - avukat-i P(target.sG | .PL)
refugee-GeN  lawyer-Poss
BARE ATTRACTOR
TARGET Multeci avukat-lar-i ] 1!
MATCH refugee lawyer-pL-POsS hgra pmatica®”
u
*Multeci-ler avukat-
M [awyer-Foss ) [ PL+target.PL ] ) ¢
NO MATCH ¥ Multeci avukat-1 ?*miilteciler avukatlari

refugee lawyer-poss -



Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET Multeci-nin avukat-lar-i
MATCH refugee-GeN | lawyer-pL-POSS

*Multeci-ler-in | avukat-I
refugee-PL-GEN / lawyer-Poss

NO MATCH ¥ Multeci-nin avukat-I
refugee-GeN  lawyer-Poss

PREDICTIONS

|

|

|

: Syntactic associations;

| both attractors are comparable and

| syntactically similar to SUBJECT
BARE ATTRACTOR | GEN =~ BARE

|

|

|

I

|

|

I

|

TARGET Multeci avukat-lar-i
MATCH refugee lawyer-pL-POSS

*Multeci-ler avukat-
refugee-pL lawyer-poss

NO mAaTCH ¥ Multeci avukat-I
refugee lawyer-poss
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Experiment 2:

Bare attractors?

GENITIVE ATTRACTOR = ATTRACTOR WITHIN SUBJECT IN E1

TARGET Multeci-nin avukat-lar-i
MATCH refugee-GeN | lawyer-pL-POSS

*Multeci-ler-in | avukat-I
refugee-PL-GEN / lawyer-Poss

NO MATCH ¥ Multeci-nin avukat-I
refugee-GeN  lawyer-Poss

PREDICTIONS

|

|

|

: Syntactic associations;

| both attractors are comparable and

| syntactically similar to SUBJECT
BARE ATTRACTOR | GEN =~ BARE

|

|

|

I

|

|

I

|

TARGET Multeci avukat-lar-i N
MATCH refugee lawyer-pL-POSS Probabilistic inference
*(Multeci-ler avukat-i target in GEN is likely to be corrected to
refugee-pL lawyer-poss a plural form
NOMATCH  * MUlteci avukat-i GEN > BARE
refugee lawyer-poss
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Experiment 2:

Results

<targetMatch +#attractorMatch #noMatch

100%
.8 80%. + + Grammaticality B = .92 .76, 1.09], P(8>0) > 0.99
>
O 60%:7
n
= -
o 40 /o' +
3 200 + }
T +

0%

Genitive Bare
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Experiment 2:

Results

<targetMatch +#attractorMatch #noMatch

100%:
~ +
ko 80%: +
—3 60% Genitive: B = .20 [-.03, .42], P(3>0) = .92
-
5._) 40%; + Bare: B =.31[.06, .56], P(3>0) = .98
e~ ;

0%

Genitive Bare
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Experiment 2:

Results

<targetMatch +#attractorMatch #noMatch

100%:1
B 80% + t
>
O 60%:7
n
= e
o 40 /o' +
8 200/0' + + A H
oC + Attraction B = .26 .09, .42], P(B>0) = .99
0%:1

Genitive Bare XCase * Attraction  g=-05[-23 .14}, P>0)= 34
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Summary

In two experiments on agreement attraction in Turkish, we
replicated attraction with GeNITIVE attractors embedded within the suBJECT
presented evidence for attraction with BARE attractors

X found *no evidence* for attraction with GENITIVE attractors within the oBJECT
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Summary

In two experiments on agreement attraction in Turkish, we
replicated attraction with GeNITIVE attractors embedded within the suBJECT
presented evidence for attraction with BARE attractors

X found *no evidence* for attraction with GENITIVE attractors within the oBJECT

Main take-away:

Memory access in Turkish gated by syntactic associations with the suBJecCT
— role of surface cues such as case & probabilistic inference?
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Summary

In two experiments on agreement attraction in Turkish, we
replicated attraction with GeNITIVE attractors embedded within the suBJECT
presented evidence for attraction with BARE attractors

X found *no evidence* for attraction with GENITIVE attractors within the oBJECT

Main take-away:

Memory access in Turkish gated by syntactic associations with the suBJecCT
— role of surface cues such as case & probabilistic inference?

Potential role for surface cues? — attractors with non-subject cases 37



é ? How to model associations between lexical items and syntactic positions in memory?
2

Items maintained through transient bindings with their syntactic positions,

with memory access guided by cues linked to these positions

(Keshev et al., 2025; Neu et al. 2025; Bakay et al., 2026)

[Spec, TP] [Comp, PP]
P ) r; (Peceeecccee
vi b+ ) v; (Veooeoceeee)(000)
Vkey SG Ycabinet PL

— Attraction then would be a by phenomenon of structural similarity to controllerhood.

38



? How are different sources of information used crosslinguistically?

@ Syntactic associations, surface cues, probabilistic inference...
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? How are different sources of information used crosslinguistically?

@ Syntactic associations, surface cues, probabilistic inference...

LLMs: Cognitive-general architecture + language-specific properties;

— attention allocation in transformer-based BERT in Turkish

Does the verb attend to target OR more?

(Ryu & Lewis, 2025)

40



LLMs as a probe of retrieval

attractor - e Transformer’s attention as a
O/ OU 0 measurable analogue of retrieval
target ~ :
O /0O interference
OO C®
noun noun . "
oo o e With a controller-sensitive head, we
adverb o\ O adverb looked at the difference between
OO0 attention to target vs.
verb OO verb

(Ryu & Lewis, 2025)

41



Selection of the attention head in BERT

- We analyzed 1 million sentences from the Leipzig corpus;

- We extracted dependency relations and located ‘nsubj’ heads;

- We identified a single attention head that gives the strongest attention to subjects;
- We used that as a agreement-sensitive probe;

- Using that, we compared attention to target vs.

42



BERT’s attention to target vs. attractor

BERT attention difference

0.03 1

o
o
S

Attractor vs. Target

-0.03 4

o

o

®
L

gen-Subject

® Target match @ Attractor match @ No match

gen-Object

bare

predicted
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BERT’s attention to target vs. attractor

BERT attention difference

0.03 1

o
o
S

Attractor vs. Target

-0.03 4

o

o

®
L

gen-Subject

® Target match @ Attractor match @ No match

gen-Object

bare

predicted
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BERT’s attention to target vs. attractor

BERT attention difference

0.03 1

o
o
S

Attractor vs. Target

-0.03 4

o

o

®
L

gen-Subject

® Target match @ Attractor match @ No match

gen-Object

bare

predicted
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BERT’s attention to target vs. attractor

BERT attention difference

0.03 -

o
o
S

Attractor vs. Target

-0.03 4

o

o

»
L

gen-Subject

® Target match @ Attractor match @ No match

gen-Object

bare predicted
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BERT’s attention to target vs. attractor

BERT attention difference

0.03 1

o
o
S

Attractor vs. Target

-0.03 4

o

o

®
L

gen-Subject

® Target match @ Attractor match @ No match

gen-Object bare predicted
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BERT’s attention to target vs. attractor

® Target match @ Attractor match @ No match

o gen-Subject gen-Object bare predicted
8 0.03

S T +

o D

% 1S (s son { + —————————————————————————————————————————————————————
52

T 5-003-

O

£ ¢ + + .
E g-ooe

L

m
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BERT’s attention to target vs. attractor

® Target match @ Attractor match @ No match

o gen-Subject gen-Object bare predicted
8 0.03

S T +

o D

% |C—Uo.oo ————————— { i ++ + ——————————
52

T 5-003-

O =

SRREY Y
E g-ooe

L

m
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Experiment 2:

Corpus data on probabilities of alternative targets

GENITIVEATTRACTOR ATTRACTOR: GENITIVE (GEN)
. . . Attractor Target
TARGET: Mdalteci-nin avukat-lar-1
MATCH refugee-GeN lawyer-pL-POSS s 56
Multeci-ler-in avukat-1 PL
refugee-pPL-GEN) lawyer-poss -
Mdilteci-nin avukat-I PL oL
refugee-GeN lawyer-poss
BAREATTRACTOR ATTRACTOR: BARE NOUN (BARE)
TARGET  Mllteci avukat-lar-| frizector  Texset
MATCH refugee lawyer-pL-POSS SG
SG
Multeci-ler avukat- PL
refugee-pPL lawyer-poss s
Milteci avukat-i PL oL
refugee lawyer-poss

Counts (out of 1M)

Counts (out of 1M)

Pr(TargetPL | Att)

4901.8
11.4%

631.5

1684.7
24%

540.3

Pr(TargetPL | Att)
18407
17%
3842 .4
655

37
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Experiment 2:

Sensitivity Analysis

Attraction Genitive: Attraction Bare: Attraction -e- Case * Attraction

10 -

Bayes factor (BF o)
!
(6)]

0.25
@
0.05
0.05 0.08 0.1 0.35 0.5
Prior o
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Experiment 1:

Sensitivity Analysis

N O
o O

0.25

Bayes factor (BF;q)
8 - N O, S

o
e

0.05

-~ Position * Attraction Subject: Attraction Object: Attraction

0.05 0.08 0.1 0.35 0.5
Prior o
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