PLINOO33
27 March 2026

When Psycholinguistics meets
Computational Linguistics

Surprisal Theory and Beyond

Mario Giulianelli



What is the role for computational models in linguistic theory?

Auxiliary

Computational

Algorithmic

Implementational



What is the role for computational models in linguistic theory?

Italy
Canada Spain ,«.
@ @ ra
Turkey d . o
" .‘ Rome
7 Ottawa Madrid Germany
K
Ank:ra Russia . @
Q@ ¥
et @)
4 Berlin
o _\
Moscow Japan
Vietnam ®
() 7 China
/, .’ ‘
Y L’
@) Tokyo .t
Hanoi o
Belijing
Country-Capital
man walked
®-.. - woman v.
- \A. I
. ~< O .t ’
. el swam
king A. walking ®
queen v
swimming
Male-Female Verb Tense

Distributional word
and sentence representations

runs

I
LA

I

run+V+3p+Sg

Morphological analyser

Y

I prefer the morning flight through Denver

Parsers



What is the role for computational models in linguistic theory?

Computational h

Algorithmic

Implementational



What is the role for computational models in linguistic theory?

Computational h

Algorithmic

Hoover et al. (2023). The Plausibility of Sampling as an
Algorithmic Theory of Sentence Processing. Open Mind.

Implementational
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What is the role for computational models in linguistic theory?

“The most abstract is the level of what
the device does and why.”

“Ia] level of understanding at which the
character of the information-processing

tasks carried out during perception are pr
analyzed and understood in a way that ‘ «
IS Independent of the particular

mechanisms and structures that

implement them in our heads.

..]

the analysis of the problem as an
information processing task.”

“mapping from one kind of information
to another”

Marr (1982). Vision.
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Behavioural and neural responses provide a window Into
the information processing tasks carried out during
language processing.
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The What and the Why
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The Surprisal model of incremental comprehension
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The Surprisal model of incremental comprehension

The Surprisal hypothesis: “The effort a reader must spend to comprehend
a word is a function of the word’s contextual predictability.”
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The Surprisal model of incremental comprehension

The Surprisal hypothesis: “The effort a reader must spend to comprehend
a word is a function of the word’s contextual predictability.”
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The Surprisal model of incremental comprehension

The Surprisal hypothesis: “The effort a reader must spend to comprehend
a word Is a function of the word’s contextual predictabillity.”

Stimulus > Predictability > Effort > Response

Reading
time

.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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The Surprisal model of incremental comprehension

The Surprisal hypothesis: “The effort a reader must spend to comprehend
a word Is a function of the word’s contextual predictabillity.”
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The Surprisal model of incremental comprehension

The Surprisal hypothesis: “The effort a reader must spend to comprehend
a word Is a function of the word’s contextual predictabillity.”

Stimulus > | —log prym(w, [ W) > Effort > Response
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The Surprisal model of incremental comprehension

The Surprisal hypothesis: “The effort a reader must spend to comprehend
a word Is a function of the word’s contextual predictabillity.”
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

Data

Dataset: Multilingual Eye Movement Corpus (MECO;
Siegelman et al., 2022)

- L1 speakers (between 29 and 54 per language)
» 12 simplified Wikipedia-style articles (1.5-3k words)
» 13 languages (5 language families)

« Korean (Koreanic), Turkish (Turkic), Hebrew (Semitic),
Finnish (Uralic), Dutch, English, German, Greek,
ltalian, Russian, and Spanish (Indo-European)
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

Data

Dataset: Multilingual Eye Movement Corpus (MECO;
Siegelman et al., 2022)

- L1 speakers (between 29 and 54 per language)
» 12 simplified Wikipedia-style articles (1.5-3k words)
- 13 languages (5 language families)

« Korean (Koreanic), Turkish (Turkic), Hebrew (Semitic),
Finnish (Uralic), Dutch, English, German, Greek,
ltalian, Russian, and Spanish (Indo-European)

* Predicted variables

* First fixation time: the duration of the first fixation
on a word during its first pass.

» Gaze duration: the sum of all first-pass fixations on
a word.

« Total fixation time: the sum of all fixations on a
word during the trial.
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

Data

Dataset: Multilingual Eye Movement Corpus (MECO;
Siegelman et al., 2022)

- L1 speakers (between 29 and 54 per language)
» 12 simplified Wikipedia-style articles (1.5-3k words)
- 13 languages (5 language families)

- Korean (Koreanic), Turkish (Turkic), Hebrew (Semitic),
Finnish (Uralic), Dutch, English, German, Greek,
ltalian, Russian, and Spanish (Indo-European)

* Predicted variables

* First fixation time: the duration of the first fixation
on a word during its first pass.

- Gaze duration: the sum of all first-pass fixations on
a word.

« Total fixation time: the sum of all fixations on a
word during the trial.

Language models

Monolingual LMs
- decoder-only transformer (6 layers)
- context window size of 512 tokens
- trained on the Wiki40B dataset

Multilingual LM
- pre-trained mGPT
- decoder-only transformer (24 layers)

- trained on Wikipedia +Cleaned
Common Crawl Corpus
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

Data

Dataset: Multilingual Eye Movement Corpus (MECO;
Siegelman et al., 2022)

- L1 speakers (between 29 and 54 per language)
» 12 simplified Wikipedia-style articles (1.5-3k words)
- 13 languages (5 language families)

- Korean (Koreanic), Turkish (Turkic), Hebrew (Semitic),
Finnish (Uralic), Dutch, English, German, Greek,
ltalian, Russian, and Spanish (Indo-European)

* Predicted variables

* First fixation time: the duration of the first fixation
on a word during its first pass.

- Gaze duration: the sum of all first-pass fixations on
a word.

« Total fixation time: the sum of all fixations on a
word during the trial.

Language models

Monolingual LMs
- decoder-only transformer (6 layers)
- context window size of 512 tokens
- trained on the Wiki40B dataset

Multilingual LM
- pre-trained mGPT
- decoder-only transformer (24 layers)

- trained on Wikipedia +Cleaned
Common Crawl Corpus

Statistical models

Linear regression and generalised
additive models (GAMSs)

Baseline predictors: word frequency
and length
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

Baseline predictors

reading time (w,) ~ surprisal (w,) + frequency (w,) + length (w))

26



Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

Baseline predictors

reading time (w,) ~ surprisal (w,) + frequency (w,) + length (w))
+ surprisal (w,_;) + frequency (w,_;) + length (w,_,) | Spillover
+ surprisal (w,_,) + frequency (w,_,) + length (w,_,) | effect
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

Delta Log Likelihood
(average per word)

reading time (w,) ~ surprisal (W) -

Eye Movement Measure

—o— First Fixation
—o— Total Fixation

—8— (Gaze Duration

Baseline predictors

+ surprisal (w,_) + frequency (w,_,) + length (w,_)

- frequency (W) -

- length (w))

Spillover

+ surprisal (w,_,) + frequency (w,_,) + length (w,_») effect

28



Testing the Predictions of Surprisal Theory in 11 Languages

(Wilcox et al. 2023, TACL)
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reading time (w,) ~ surprisal (w,) + frequency (w,) + length (w))
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

Predictive power
How much better than
the baseline Is the
surprisal model?
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- frequency (W) -

- length (w))

Spillover

+ surprisal (w,_,) + frequency (w,_,) + length (w,_») effect
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Testing the Predictions of Surprisal Theory in 11 Languages

Predictive power
How much better than
the baseline Is the
surprisal model?

(Wilcox et al. 2023, TACL)

Delta Log Likelihood
(average per word)

0.075 4
0.050 4
0.025 4

0.000+= ===

kkk kkk

(T1e) Jouow
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Eye Movement Measure
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Total Fixation

—8— (Gaze Duration



Delta Log Likelihood

(average per word)

Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

All Dutch English Finnish German Greek Hebrew Italian Korean Russian Spanish Turkish
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Delta Log Likelihood

(average per word)

Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

All Dutch English Finnish German Greek Hebrew [talian Korean Russian Spanish Turkish
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Surprisal predicts reading time above and beyond control predictors

33

Predictive power: first fixation < gaze duration < total fixation




Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

What is the relationship between gaze duration and its predictors?

Dutch English Finnish German Greek Hebrew [talian Korean Russian Spanish Turkish
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

What is the relationship between gaze duration and its predictors?

Dutch English Finnish German Greek Hebrew [talian Korean Russian Spanish Turkish
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=

0 -

_10 1 1 | 1 | | | ] | Il | | | | | | 1 | | | | | | | 1 | il 1 | | 1 | | 1
Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi Wi

model . mGPT(long)
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Slowdown due to Surprisal (ms)
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Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

What is the relationship between gaze duration and its predictors?

Dutch English Finnish German Greek Hebrew [talian Korean Russian Spanish Turkish
=
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Surprisal of Word (bits)
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Slowdown due to Surprisal (ms)

90
60 -
30

90
60 -

30

Testing the Predictions of Surprisal Theory in 11 Languages
(Wilcox et al. 2023, TACL)

What is the relationship between gaze duration and its predictors?

Linear relationship between surprisal and reading time

( = Logarithmic relationship between probability and reading time )
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Interpretations of Surprisal
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* *

Stimulus > Predictability > Effort > Response

Reading
time

.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



Interpretations of Surprisal

&( ) | W<t) p'&( ) | w<twt)

BBC wants to change its viewers’ habits

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* *

Stimulus > Update > Effort > Response

§T —— Reading
time

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Interpretations of Surprisal

p(-wo) p(-lww)

BBC wants to change its viewers’ habits
Stimulus > Update > Effort > Response
%
L Reading
_longum(wt | w<t) fime
: *Under standard assumptions; see: :
[ € 1..T Levy (2008). Epectation-based Syntactic Comprehension. Cognition.

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

40


https://www.sciencedirect.com/science/article/pii/S0010027707001436?casa_token=YlgytjvUPAkAAAAA:T5CNhs3nUZZG__SZl-1afLxHJfW-OMRHxqAIIc5pZHdsYfwKzSSG3G4uksmdTHw4gyyUryJVkrA

Interpretations of Surprisal

political

mind

w<t

habits

BBC wants to change its viewers’ lite
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P’ *

Stimulus > Prediction Response

ik 1 Reading
e 1

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



Interpretations of Surprisal

political

mind

w<t

habits

BBC wants to change its viewers’ ife habits
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P’ *

Stimulus > Prediction Response

ik 1 Reading
e 1

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



Interpretations of Surprisal

BBC wants to change its viewers’ habits

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* *

Stimulus > Prediction > | Prediction error > Response

Sm time

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



Interpretations of Surprisal

BBC wants to change its viewers’ habits

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* *

Stimulus > Prediction > | Prediction error > Response

§T —— Reading
= time

108 (Evcpyocy 100= 1)

- lngHum(Wt ‘ w<t)

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------



Beyond Surprisal

BBC wants to change its viewers’ habits

customs

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
P’ *

Stimulus > Prediction > | Prediction error > Response

ST Reading
o SOEm t|me

~10g (e iy 5(v2w1) )

*
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Beyond Surprisal

BBC wants to change its viewers’ habits

customs

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* *

Stimulus > Prediction > | Prediction error > Response

; Reading
A— / . e
— i

Linear model | Mixed-effects | GAM | ...

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Beyond Surprisal

BBC wants to change its viewers’ habits

customs

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* *

Stimulus > Prediction > | Prediction error > Response

; Reading
A— / . e
— i

Linear model | Mixed-effects | GAM | ...

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Beyond Surprisal

,w;) | Semantic

w<l‘

BBC wants to change its viewers’ diapers

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
* *

Stimulus > Prediction > | Prediction error > Response

ST | Reading
= time

Y P

Linear model | Mixed-effects | GAM | ...

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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w<t

Beyond Surprisal

habits

BBC wants

to

change

its  viewers’ life
customs

diapers

Syntactic
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Giulianelli et al. (2023). Information Value: Measuring
Utterance Predictability as Distance from Plausible
Alternatives. EMNLP

Giulianelli et al. (2024). Generalized Measures of
Anticipation and Responsivity in Online Language
Processing. ACL Findings.

Meister et al. (2024). Towards a Similarity-adjusted
Surprisal Theory. EMNLP,

Giulianelli et al. (2026). Incremental alternative sampling

as a lens into the temporal and representational
resolution of linguistic prediction. JML.

BBC wants to

Beyond Surprisal

change its viewers’

Syntactic

habits

life

customs

diapers

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
P’ *

Prediction

Prediction error >

Response

Y P

Reading

h e time

AT IR
J |

Linear model | Mixed-effects | GAM | ...

*
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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The dimensions of prediction

next word'’s identity
next word'’s part of speech

next word’s semantics

whether there will be a gap

the head of the upcoming noun phrase
the argument structure of the upcoming verb

the direct object of the main verb
the syntactic structure of the rest of the sentence
the speaker’'s communicative intent
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The dimensions of prediction

next word'’s identity
next word'’s part of speech

next word’s semantics

whether there will be a gap

the head of the upcoming noun phrase
the argument structure of the upcoming verb

the direct object of the main verb
the syntactic structure of the rest of the sentence
the speaker’'s communicative intent

_

Time

Representation
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The dimensions of prediction

the speaker’s

next word’s communicative
semantics the head of Intent
the upcoming
noun phrase
next word’s the syntactic
fth
part of whether there  Structure of the
speech - rest of the
will be a gap
sentence
next word’s the direct object
identity of the main verb

-_—

Time

Representation
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Giulianelli et al. (2026).
Incremental alternative sampling

as a lens into the temporal and
representational resolution of
linguistic prediction. JML.

Incremental alternative sampling

Representation function
Measure prediction error at varying
representation domains

Forecast horizon
Sample alternative continuations
of varying length

Time

Representation

o4
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https://www.sciencedirect.com/science/article/pii/S0749596X25001081
https://www.sciencedirect.com/science/article/pii/S0749596X25001081
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Giulianelli et al. (2026).
Incremental alternative sampling

as a lens into the temporal and
representational resolution of
linguistic prediction. JML.
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If time permits



Language comprehension

What is the role of prediction in language processing?

At which representational and temporal resolution does
prediction take place?

Can behavioural and neural responses to language input be
explained in terms of the input’s information profile?
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Language production

What is the rate at which producers transmit information?
Do producers make rational use of the communication channel?

How does context (linguistic and non-linguistic)
modulate information rate?
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Information contours In texts and dialogues

Information Contour
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Information (bits/word)

Information contours In texts and dialogues

we
=T
confirmed ,
confirmed
B absolutely -
_ML,—E%?—J that, LErer = absolutely |
My we were- clazy .
crazy
100.5 101.0 101.5 102.0 102.5 103.0 103.5 104.0

Time (seconds)

Jaeger. Cognitive Psychology (2010).

Hypothesis 1: Uniform Information Density

Subject to the constraints of the grammar, speakers optimise their
linguistic signals such that the surprisals 1,, are distributed as

uniformly as possible throughout a communication episode w.
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Information contours In texts and dialogues

Hypothesis 1: Uniform Information Density

Subject to the constraints of the grammar, speakers optimise their
linguistic signals such that the surprisals 1,, are distributed as

uniformly as possible throughout a communication episode w.

That 1s 0 partbecause of the effect of having to average the number of shares”outstanding

— information rate decreases in dialogues

Giulianelli & Fernandez. CoNLL 2021.
Giulianelli, Sinclair, Fernandez. AACL 2021.
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Information contours In texts and dialogues

Hypothesis 1: Uniform Information Density
Paragraph boundaries -~ Sentence boundaries -+ EDU boundaries Subject to the constraints of the grammar, speakers optimise their

linguistic signals such that the surprisals 1,, are distributed as

10 : uniformly as possible throughout a communication episode w.
/\/\/\/\/\ — no evidence of local uniformity, pressure toward a global mean

2627263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278279 — information rate decreases in dialogues
That 1is in_ partbecause of the effect of having to average the number of shares”outstanding
¥ m N . Hypothesis 2: Structured Context
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100 200 300 400 500 po W

episode w are (partially) determined by the position of w, within the
Time (word position in communication episode w) hierarchy of w’s constituent structural units.

— a unit’s position within contextual structure predicts its surprisal
— RST discourse units in texts
— task-specific contextual units in dialogues




Information contours In texts and dialogues

Hypothesis 1: Uniform Information Density

Paragraph boundaries -~~~ Sentence boundaries -+ EDU boundaries Subject to the constraints of the grammar, speakers optimise their

linguistic signals such that the surprisals 1,, are distributed as

10 : uniformly as possible throughout a communication episode w.
/\/\/\/\/\ — no evidence of local uniformity, pressure toward a global mean
Q - - - - - - - i - - - - - - - - . . .
2627263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278279 — information rate decreases in dialogues
That 1s in_ partbecause of the effect of having to average the number of shares”outstanding o _ )
Giulianelli & Fernandez. CoNLL 2021.

Giulianelli, Sinclair, Fernandez. AACL 2021.

Information (bits/word)
3
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10+ ' x' ] EE Hypothesis 2: Structured Context
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episode w are (partially) determined by the position of w, within the
Time (word position in communication episode w) hierarchy of w’s constituent structural units.

— a unit’s position within contextual structure predicts its surprisal
— RST discourse units in texts
— task-specific contextual units in dialogues

1.1 H(S) Giulianelli, Sinclair, Fernandez. EMNLP 2021.
—— H(S|C) Tsipidi, Nowak, Cotterell, Wilcox, Giulianelli, Warstadt. EMNLP 2024.
+
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1 2 3 4

reference chain index




Information (bits/word)

[—
)

[
-

)

-

Paragraph boundaries Sentence boundaries EDU boundaries

Information contours In texts and dialogues
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Time (word position in communication episode w)
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Hypothesis 1: Uniform Information Density

Subject to the constraints of the grammar, speakers optimise their
linguistic signals such that the surprisals 1,, are distributed as

uniformly as possible throughout a communication episode w.

— no evidence of local uniformity, pressure toward a global mean
— information rate decreases in dialogues

Hypothesis 2: Structured Context

Values 1 (w[; w<t) in the surprisal contour t,, of a communication

episode w are (partially) determined by the position of w, within the
hierarchy of w’s constituent structural units.

— a unit’s position within contextual structure predicts its surprisal
— RST discourse units in texts
— task-specific contextual units in dialogues

Hypothesis 3: Harmonic Surprisal

Values 1 (wt; w<t) in the surprisal contour t,, of a communication
episode w vary periodically, with periods that correspond to the
boundaries of structural units within y .
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Information contours In texts and dialogues

Paragraph boundaries Sentence boundaries EDU boundaries

0 25 50 75 100 125 150 175 200

Time (word position in communication episode w)

— EDU-scaled sinusoid

Hypothesis 1: Uniform Information Density

Subject to the constraints of the grammar, speakers optimise their
linguistic signals such that the surprisals 1,, are distributed as

uniformly as possible throughout a communication episode w.

— no evidence of local uniformity, pressure toward a global mean
— information rate decreases in dialogues

Hypothesis 2: Structured Context

Values 1 (wt; w<t) in the surprisal contour t,, of a communication

episode w are (partially) determined by the position of w, within the
hierarchy of w’s constituent structural units.

— a unit’s position within contextual structure predicts its surprisal
— RST discourse units in texts
— task-specific contextual units in dialogues

Hypothesis 3: Harmonic Surprisal

Values 1 (wt; w<t) in the surprisal contour t,, of a communication
episode w vary periodically, with periods that correspond to the
boundaries of structural units within y .
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Information contours In texts and dialogues

Paragraph boundaries Sentence boundaries EDU boundaries

0 25 50 75 100

Time (word position in communication episode w)
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Hypothesis 1: Uniform Information Density

Subject to the constraints of the grammar, speakers optimise their
linguistic signals such that the surprisals 1,, are distributed as

uniformly as possible throughout a communication episode w.

— no evidence of local uniformity, pressure toward a global mean
— information rate decreases in dialogues

Hypothesis 2: Structured Context

Values 1 (wt; w<t) in the surprisal contour t,, of a communication

episode w are (partially) determined by the position of w, within the
hierarchy of w’s constituent structural units.

— a unit’s position within contextual structure predicts its surprisal
— RST discourse units in texts
— task-specific contextual units in dialogues

Hypothesis 3: Harmonic Surprisal

Values 1 (wt; w<t) in the surprisal contour t,, of a communication
episode w vary periodically, with periods that correspond to the
boundaries of structural units within y .
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Information contours In texts and dialogues

Producers’ communicative strategies through the
lens of information rate modulation

- facilitating production (e.g., repetitions)
Giulianelli, Sinclair, Fernandez. AACL 2022.

- enhancing coordination in dialogue
Yee, Giulianelli, Sinclair. LREC-COLING 2024.

- style, genre, and writing quality
- human-generated vs. model-generated texts
- facilitating comprehension

- In multimodal contexts
Gay, Haley, Giulianelli, Ponto. EACL 2026.
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