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+ There are dedicated working memory and predictive coding resources for language
(cf. Fedorenko et al. 2006; Huettig and Mani 2016)

-+ Syntactic analysis is a core subroutine in typical language processing
(cf. Swets et al. 2008; Frank and Bod 2011)

-+ Some costs don’t register in reading
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Memory and Prediction in Sentence Processing

-+ Memory and prediction effects are central to psycholinguistics
(Grodner and Gibson 2005; Levy 2008; Kuperberg and Jaeger 2016; Ferreira and Chantavarin 2018)
-+ Can differentiate:

+ Processing strategies

(Grodner and Gibson 2005; Lewis and Vasishth 2005; Hale 2001; Levy 2008)
-+ Representations

(Brennan et al. 2016; Lopopolo et al. 2020)

+ Both functions are domain general
(Federmeier et al. 2020)
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+ These studies: Natural Stories corpus, audio, 78 fMRI participants
(Futrell et al. 2018)

<+ Naturalistic stimuli mitigate observer’s paradox
(Hasson and Honey 2012)

-+ Constructed manipulations may engage other processing strategies
(Campbell and Tyler 2018; Hasson et al. 2018; Diachek et al. 2019)

-+ Effects have failed to generalize to naturalistic stim
E.g. Grodner and Gibson 2005 vs. van Schijndel and Schuler 2013
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Functional Localization

-+ Two coherent functional networks:
-+ Fronto-temporal language network (LANG)
(Fedorenko et al. 2010)
<+ Fronto-parietal multiple-demand network (MD)
(Duncan 2010)
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How to investigate?

Shared resources?
Observer’s paradox
Variable functional anatomy
Variable hemodynamics

Ll

imaging

naturalistic stimuli

functional localization
deconvolutional regression
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Estimate HRF using continuous-time deconvolutional regression (CDR)
(Shain and Schuler 2018; Shain and Schuler 2019)
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How specialized is predictive language processing?

+ Prior studies report prediction effects mostly in language (LANG) regions
(Willems et al. 2015; Brennan et al. 2016; Henderson et al. 2016; Lopopolo et al. 2017)

+ Didn’t localize MD to control for variation in functional brain anatomy
(Poldrack 2006; Fedorenko et al. 2010; Frost and Goebel 2012)
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5-gram surprisal
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Results: Prediction
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Neither 5-gram nor PCFG surprisal explain significant OOS variance
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Prediction: Synposis

Q1: Does syntax inform word predictions?
Yes

Q2: Does word prediction recruit domain-general resources?
No

Shain, Blank, van Schijndel, Schuler, Fedorenko (2020). fMRI reveals language-specific
predictive coding during naturalistic sentence comprehension. Neuropsychologia. 138.
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The reporter who the senator attacked disliked the editor.

Q3: Does language comprehension involve memory retrieval?
(Gibson 2000; Lewis and Vasishth 2005)

Q4: Are memory stores are domain-general?
(Stowe et al. 1998; Fedorenko et al. 2006)
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Memory-based comprehension

+ Prior evidence of memory effects mostly
(Grodner and Gibson 2005)

-+ Constructed/artificial stimuli
-+ Little/no control for predictability
-+ Memory effects null/neg using naturalistic stimuli with predictability controls
(Demberg and Keller 2008; van Schijndel and Schuler 2013)
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Memory-based comprehension

+ Does the language system have its own memory stores?
+ Yes

(Caplan and Waters 1999; Fiebach et al. 2001)
+ No
(Stowe et al. 1998; Fedorenko et al. 2006)

-+ If no, should be memory effects in MD
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Critical variable:
Dependency locality theory integration cost (DLT)
Predictability controls:

5-gram surprisal

PCFG surprisal

Adaptive RNN surprisal
(van Schijndel and Linzen 2018)



Results: Memory






BOLD

LANG

' ' ' '
0.15 -
0.10 -
0.05 -
e
0.00 —
~+ Word rate
-5 Sound power
—0.05 - ~* - Pause duration
~¥- End of sentence
~A- Frequency
s
-0.10 - ] )
~#- 5-gram surprisal
~#- PCFG surprisal
—e— Adaptive surprisal
-0.15- bIT
| ! | | i |
0 5 10 15 20 25 30



BOLD

0.15 -

0.10 -

0.05 -

0.00 —

—0.05 -

-0.10 -

-0.15 -

LANG

—¥e——.

EERRISERS

Word rate

Sound power
Pause duration
End of sentence
Frequency

+

5-gram surprisal
PCFG surprisal
Adaptive surprisal
DLT

25 30

BOLD

0.15-

0.10 -

0.05 -

=0.05 -

=0.10 -

-0.15 -

MD

Time

20

(XRERIRE

Word rate

Sound power
Pause duration
End of sentence
Frequency

+

5-gram surprisal
PCFG surprisal
Adaptive surprisal
DLT




BOLD

015-
0.10-
0.05-
0.00 —
—~ Word rate
- Sound power
~0.05 - —+ Pause duration
~¥— End of sentence
-~ Frequency
-+
-0.10 - ] )
~#~ 5-gram surprisal
~4+— PCFG surprisal
—e— Adaptive surprisal
—0.15- o
| i i | 7 7
0 5 10 15 20 25 30
Time

BOLD

0.15-

0.10 -

=0.05 -

=0.10 -

-0.15 -

MD

;vord ra:e
Sound power
Pause duration
End of sentence
Frequency

+

5-gram surprisal
PCFG surprisal
Adaptive surprisal
DLT -

IRERRISERS

5 10 15 20 25 30

Large DLT effect in LANG, null/neg in MD



0.15 -

0.10 -

0.05 -

—0.05 -

-0.10 -

-0.15 -

- 0.15-
- 0.10-
- 0.05 -
- S BBt 2 0.00—
\ —~ Word rate 2
Sl ¥ - Sound power
\ / —+- Pause duration | _ —0.05 -
\ // —¥— End of sentence
\\ / -&- Frequency
\ ) R ~0.10-
\/ ~#- 5-gram surprisal 0.10
4~ PCFG surprisal
~e— Adaptive surprisal
-~ DIT - —015-
| | . \ ; ;
5 10 15 20 25 30 0

LANG

MD

Word rate
Sound power
Pause duration
End of sentence
Frequency

+

5-gram surprisal
PCFG surprisal
Adaptive surprisal
DLT -

B tpendiat]

5 10 15 20 25 30

Time

Large DLT effect in LANG, null/neg in MD

DLT significantly improves generalization in LANG but not MD



015- - 015- - 015- -
o010~ - 010- - o10- -
005~ - - 005~ -
o
a = "
2 2 e
2 —~ Word rate H v
+5%- Sound power
005~ . — Pauseduration | _005- -
¥~ End of sentence
i Frequency
-+
—o0- . —o10- 010~ -
010 010 ~#~ 5-gram surprisal
4+ PCFG surprisal
o~ Adaptive surprisal
—0.15 - - —015- m= DO - -0.15- -
5 10 15 20 25 30 5 10 15 20 25 0 5 10 15 20 2 30
Time Time Time
015~ - 015- -
0.05-
o10- - 010- -
005~ - 0.00—1
2 000—t q
g -0.05-
-0.05 - -
010~ -
~0.10 - -
Zo1s- - ~015- -
B 10 15 20 25 30 5 10 15 20 25 30

Time Time Time



Synopsis: Memory



Synopsis: Memory

Q3: Does language comprehension involve memory retrieval?
Yes



Synopsis: Memory

Q3: Does language comprehension involve memory retrieval?
Yes

Q4: Are memory stores are domain-general?
No
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Conclusion

-+ Comprehenders represent and use syntax by default
-+ Retrieval effects are not explained by prediction
+ Language processing is:

+ Mostly siloed off from domain-general regions
-+ Distributed across language-specialized regions



Epilogue:
Naturalistic Language Processing in Reading Times vs. Imaging
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Puzzle:

Strong syntactic effects when reading constructed stimuli
(e.g. Grodner and Gibson 2005)

Weak/null syntactic effects when reading naturalistic stimuli
(e.g. Demberg and Keller 2008; Frank and Bod 2011; Schijndel and Schuler 2013)

Strong syntactic effects in brains when listening to naturalistic stimuli
this study

Possible implication:
Some computational demands may not cause readers to slow down
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OOS hypothesis tests: COMBINED
Both 5-gram and PCFG surprisal effects are larger in LANG than MD.
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