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LLMs

LMs have come a long way, leading to LLMs.

| feel really tired, what should | do? When tired, you must
rest, lie down and close your eyes, take a gentle walk, put
your feet up.

If you're feeling really tired, here are some quick, effective ways to recharge:

1. Take a Short Nap (10-20 minutes)

]
B . W e I l rea I I y t I red [ . mm ] ¢ A quick power nap can boost energy without leaving you groggy. Try not to exceed 20 minutes so

you avoid deeper sleep stages, which can make waking up more difficult.

2. Stay Hydrated

¢ Sometimes fatigue is linked to dehydration. Drink a glass of water to see if that helps perk you up.

Chat GPT:

¢ Stepping outside or opening a window for fresh air and sunlight can instantly improve energy.

The natural light can help reset your internal clock and boost mood.

4. Stretch or Move Around
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you avoid deeper sleep stages, which can make waking up more difficult.

Their predictions are lexical, over the next most probable sequence of words.

Chat GPT:

¢ Stepping outside or opening a window for fresh air and sunlight can instantly improve energy.

The natural light can help reset your internal clock and boost mood.

4. Stretch or Move Around



Human Language Understanding

e Psycholinguistic experiments: humans language
understanding is based on prediction:

e Structural

e Syntactic, semantic, pragmatic, phonologic,
morphologic, ....

e A famous test: Garden path sentence



Garden Path

The faithful employees understood the technical
contract would be changed very soon.



Garden Path

The faithful employees understood
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The faithful employees understood

SbjVerb ->
Obj



Garden Path

The faithful employees understood the technical contract

SbjVerbObj -> Adv



Garden Path

The faithful employees understood the technical contract
would be.

SbjVerbObj Verb



Garden Path

The faithful employees understood the technical contract
would be changed very soon.
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Garden Path Sentences

As the woman edited the magazine entertained the guests.

SV — SVO — SVOV

g

SV_,SVS ., SVSV -g@-

Pinned by Bever 1970, arguing for existence of

primordial relational structures in human sentence &
processing.



Related Work for Humans

* Psycholinguistic experiments with Eye Tracking to measure human reading time.
e Pickering and Traxler, 1998, “Recovery from Garden Path sentences”, classified GP, including:
1. NP/S: a sentential complement S is mistaken for a noun phrase NP.

e The faithful employees understood the technical contract would be changed very
soon.

2. NP/Z. amain verb is expected to have an NP as object, but it does not (Z for zero objects).
» Because the employees negotiated the technical report would be changed very soon.
e Sturt, Pickering Crocker, 1999, “Structural change and reanalysis in language comprehension”
64 GP + controls
e Grodner et al, 2003, “Reanalysis in human sentence comprehension”

e 80 GP + controls



Related Work for LLMs

* Surprisal was related to human reading times.

e Hale, 2001, 2003, 2006: the information theoretic
measure of surprisal should correlate with humane
cognitive load.

Levy 2008, Smith&Levy 2013: experimental evidence
but only for naturalistic data.

 Wilcox et al 2023: 5 different language families,
above.




Problems with SP

e Schijndel and Linzen 2018, 2021, Arehalli et al 2022,
Huang et al 2023:

e SP does not correlate well with human reading times in
Garden Path sentences

e |t cannot distinguish between different structural types
of GP, e.g. easy versus hard garden path.



Our solution

e A framework that combines statistics and structure.

* An event presheaves Px, <) over a preorder (X, <) and a set
of events s: U — O consists of:

sends an element U of X to its “data”

U— P(U
() each data point is called a “section”

acts on the preorder by restricting PU to

V<U P(V<U
— ) PV, i.e. the data on U to the data on V.




Glueing and Compatibility
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There is a glueing between PU and PV
whenever there is an intersection between U and V, so is one between
their restrictions PU |~y and PV | 41



Probabilities

When the data is probabilistic, the presheaf map is composed with the
distribution map.

The probabilistic presheaf assigns probability distributions to elements U of X:

9PU= {d|d: U — R}

whenever V< U , 9P computes the marginals of probabilities of
elements of U when restricted to V

dv(v) = 3 du(u)
ueV

We call these presheaves, probabilistic event presheaves.
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Dependency
Graphs
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Dependency
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common prefix
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Human Sentence Processing

A vocabulary:
{the, employees, understood, contract, change, would}
The set of phrases over this vocabulary:

{The, The employees, The employees understood, The employees understood the
contract, ... }

The prefix relation defines the preorder:

The <The employees <The employees understood< The employees understood the
contract

The predictions over subphrases (completions) is the data of presheaf.

Comprehending the subphrases by assigning interpretations are the events: syntactic,
semantics, pragmatic, all of this together.



The employees The employees understood mployees understood the report would change.




\ \

The employees The employees understood mployees understood the report would change.
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The employees

The employees understood

mployees understood the report would change.




Incompatibility Fraction

 The degree of cognitive dissonance caused by correction is computed by
taking the divergence of the probabilities of interpretations of the larger
subphrase (the 2nd one) restricted to the smaller one (the 1st one).

dm1m2‘m1 (0) — ZO’EO d’m1m2 (OO/)

e Different divergence can be used here:

IF-min : 1 — 3, min(d,, (0), dmyms |mq (0))
IF-KL : KL(dml ’ ’dmlmg |m1) KL(dml’dmmml)_zojdml(o)bgdmjl::,:)(o)
IF-JS : IS(dim, ||dimyms lmi)

Surprisal: SP(wp|wy. . wn,_1)




Experiments

e Completions from GPT-2 and their syntactic structures from spaCy.

Probabilities were obtained by grouping same structures and sampling

from the GPT-2 model.
4 Psycholinguistic Datasets:

e 2 from Pickering and Traxler 1998

e 2 from Sturt and Pickering 1999

Dataset 1. (1) GP. The dog catcher wor-
ried the terrier which fell wouldn’t fit

e 48 Easy into the box.

Dataset 2. (1) GP. After the judge de-

cided the verdict of the trial caught the
* 48 Harad old man’s attention.

Dataset 1. (i1) DisAmb. The dog catcher
worried that the terrier which fell
wouldn’t fit into the box.

Dataset 2. (i1) DisAmb. After the judge
decided, the verdict of the trial caught
the old man’s attention.




Results

Pickering and Traxler

Equation

p-value

[F-min

0.0018 X IF i — 0.0776

0.595

0.00032

IF-JS

0.0016 x IF ;g — 0.1333

0.568

0.00068

IF-KL

0.0066 X IF g1, — 0.4238

0.445

0.0106

SP

0.7361 x SP 4 268.8467

0.356

0.045




Results

Pickering and Traxler

All Hard (NP/Z) GP || Easy (NP/S) GP

Method GPE | SE GPE SE GPE SE

IF-min 39.47 | 0.17 || 53.94 2.72 24.99 2.74

IF-JS 39.69 | 043 || 52.22 2.40 27.16 2.31

IF-KL 52.81 | 3.64 || 62.20 4 43.42 3.30

Surprisal 0.35 | 0.16 || 0.72 0.32 -0.02 0.05
Human First Pass | 39.5 46.5 32.5
Human Total 185.5 215.5 155.5




Results

Sturt and Pickering 1999

IF, i IF ;g SP
F; 0.8744 0.8805 0.5536
p-value | 1.99 x 1074 | 1.57 x 10~% | 0.062
[ IF ;¢ SP Human
NP/S | 96.07+79 | 163.60+119.29 | 2.05 £ 42 87
NP/Z | 137.48 + 76 211.97 + 99 —27.69 £+ 51 400
p-value 0.0396 0.0873 0.0148
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Abstract

Psycholinguistic experiments reveal that efficiency of human language use is founded on predictions at both syntactic and
lexical levels. Previous models of human prediction exploiting LLMs have used an information theoretic measure called
surprisal, with success on naturalistic text in a wide variety of languages, but under-performance on challenging text such as
garden path sentences. This paper introduces a novel framework that combines the lexical predictions of an LLM with the
syntactic structures provided by a dependency parser. The framework gives rise to an Incompatibility Fraction. When tested
d garden path,
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Future Work

Summary: Combining Psycholinguistics theories with LLMs makes them more natural.
Better Syntax: incremental probabilities of parsers rather than the extravaganza!
Beyond syntax: a theory of interpretation/comprehension, e.g. adding semantics and pragmatics

SP vs IF, SP with IF

Large NLP datasets: Huang et. al 2023.

More reliable human reading data: FMRI, OVP

Reanalysis using causal orders or Bayesian™

P2

Connections to QM (Kin lan Lo QTM 2024, QPL 2023, Tilen Stokin-Lambik)



