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DISSOCIATING LANGUAGE AND THOUGHT
IN LARGE LANGUAGE MODELS

A PREPRINT
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ABSTRACT

Large language models (LLMs) have come closest among all models to date to mastering human
language, yet opinions about their linguistic and cognitive capabilities remain split. Here, we evaluate
LLMs using a distinction between formal linguistic competence—knowledge of linguistic rules and
patterns—and functional linguistic competence—understanding and using language in the world. We
ground this distinction in human neuroscience, showing that formal and functional competence rely
on different neural mechanisms. Although LLMs are surprisingly good at formal competence, their
performance on functional competence tasks remains spotty and often requires specialized fine-tuning
and/or coupling with external modules. In short, LLMs are good models of language but incomplete
models of human thought.

* The two lead authors contributed equally to this work.

Mahowald, K., Ivanova, A. A., Blank, I. A., Kanwisher, N., Tenenbaum, J. B., & Fedorenko, E. (2024).

Dissociating language and thought in large language models. Trends in Cognitive Sciences.
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SKILLS REQUIRED FOR
SUCCESSFUL LANGUAGE USE

EXAMPLE OF A FAILURE

COMPETENCE phonology, morphology, syntax, The keys to the cabinet is on the table.

lexical/compositional semantics...

FORMAL linguistic knowledge ‘

formal reasoning Fourteen birds were sitting on a tree. Three left, one

logic, math, planning... joined. There are now eleven birds.

world knowledge The trophy did not fit into the suitcase

FUNCTIONAL facts, concepts, common sense.... because the trophy was too small.

COMPETENCE

situation modeling
Sally doesn’t own a dog. The dog is black.
discourse coherence, narrative structure....

social reasoning

Lu put the toy in the box and left. Bo secretly moved it
to the closet. Lu now thinks the toy is in the closet.

pragmatics, common ground, theory of mind...

Figure 1: Successful use of language relies on multiple cognitive skills, some of which (required for formal competence)
are language-specific and some (required for functional competence) are not. A failure to acquire a particular skill
would result in a specific type of language use deficit. Determining whether a particular failure stems from a gap in
formal competence or functional competence is key to evaluating and improving language models.



But! Y= A|H0|H

« "ot H|O|E{ 0l 2JaH d3et=A| e AxE HO[= Al AT JI=E S
oS 7|7 |= 'E-.-AIL'IIOIH(hallucmatlon)’OI M= 02 e
OIH |E|01 L AMAZEE === O|O[E 0| 7[2i61K] 42 Rl=Y
ol Of':'E1 H2|7Zl 10| SO 2 HA|GH= AL HIAE QOF [3}
1= = HO[H SO0f tort 4%, HA 5 2= Ef 5._ %*OHM J?J’SE._'EL

0|

- ot=X FMY|Q} SEHGH0] HGPTE AtEolHA S0|EH &r&st A= &
12|ZE0| MM5H= 70t @12 (fake CltatIOH)O|E” oAl Eoll Rl ===
KA 2HE HAlot= AO|L.




Hallucination is Inevitable:
An Innate Limitation of Large Language Models
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Hallucination has been widely recognized to be a significant drawback for large - = |—I E T == J EI A 7 — =
language models (LLMs). There have been many works that attempt to reduce the | H = O_” Al .” .” :” = |_ = - H
extent of hallucination. These efforts have mostly been empirical so far, which O 7 [[ L ’ EI A 7 = I:' T L— I:'
cannot answer the fundamental question whether it can be completely eliminated. =] O_I = O Hdd
In this paper, we formalize the problem and show that it is impossible to eliminate ﬁ-E O|_-I O-I E = |A-I E 2'|_|-7—|I-: E7 |-]1|
hallucination in LLMs. Specifically, we define a formal world where hallucina- 3”—— n
tion is defined as inconsistencies between a computable LILM and a computable = E—l- .

ground truth function. By employing results from learning theory, we show that
LLMSs cannot learn all of the computable functions and will therefore always hal-
lucinate. Since the formal world is a part of the real world which is much more
complicated, hallucinations are also inevitable for real world LLMs. Furthermore,
for real world LLMs constrained by provable time complexity, we describe the
hallucination-prone tasks and empirically validate our claims. Finally, using the
formal world framework, we discuss the possible mechanisms and efficacies of
existing hallucination mitigators as well as the practical implications on the safe
deployment of LLMs.

Xu, Z., Jain, S., & Kankanhalli, M. (2024). Hallucination is inevitable:
An innate limitation of large language models. arXiv preprint arXiv:2401.11817.
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Pragmatic competence computational methods developed in NLP, and four statistical tests. The findings reveal
that ChatGPT performs equally well as human participants in four out of the five tested
pragmalinguistic features and five out of six sociopragmatic features. Additionally, the
conversations generated by ChatGPT exhibit higher syntactic diversity and a greater sense

of formality compared to those written by humans. As a result, our participants are unable Chen X| L| Jun & Ye Yut|ng (2024) A feaS|b|||ty Study for the app“cation Of Al_
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to distinguish ChatGPT-generated conversations from human-written ones.

© 2024 Elsevier BV. All rights reserved. generated conversations in pragmatic analysis. Journal of pragmatics, 223. 14-30.
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Enhancing academic writing skills
and motivation: assessing the
efficacy of ChatGPT in Al-assisted
language learning for EFL students

Cuiping Song®* and Yanping Song?

Introduction: This mixed-methods study evaluates the impact of Al-assisted
language learning on Chinese English as a Foreign Language (EFL) students’
writing skills and writing motivation. As artificial intelligence (Al) becomes more
prevalent in educational settings, understanding its effects on language learning
outcomes is crucial.

Methods: The study employs a comprehensive approach, combining quantitative
and qualitative methods. The quantitative phase utilizes a pre-test and post-test
design to assess writing skills. Fifty EFL students, matched for proficiency, are
randomly assigned to experimental (Al-assisted instruction via ChatGPT) or control
(traditional instruction) groups. Writing samples are evaluated using established
scoring rubrics. Concurrently, semi-structured interviews are conducted with
a subset of participants to explore writing motivation and experiences with Al-
assisted learning.

Results: Quantitative analysis reveals significant improvements in both writing skills
and motivation among students who received Al-assisted instruction compared to the
control group. The experimental group demonstrates enhanced proficiency in various
aspects of writing, including organization, coherence, grammar, and vocabulary.
Qualitative findings showcase diverse perspectives, ranging from recognition of Al's
innovative instructional role and its positive influence on writing skills and motivation
to concerns about contextual accuracy and over-reliance. Participants also reflect on
the long-term impact and sustainability of Al-assisted instruction, emphasizing the
need for ongoing development and adaptation of Al tools.

Discussion: The nuanced findings offer a comprehensive understanding of Al's
transformative potential in education. These insights have practical implications
for practitioners and researchers, emphasizing the benefits, challenges, and the
evolving nature of Al's role in language instruction.
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Learning and Instruction
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Jacob Steiss® , Tamara Tate?, Steve Graham ”, Jazmin Cruz ¢, Michael Hebert?, Jiali Wang?,
Youngsun Moon “, Waverly Tseng “, Mark Warschauer “, Carol Booth Olson *

2 School of Education University of California, Irvine, USA

feedback to large classes.

Aims: We examined the ability of generative AI (ChatGPT) to provide formative feedback. We compared the
quality of human and Al feedback by scoring the feedback each provided on secondary student essays. We scored
the degree to which feedback (a) was criteria-based, (b) provided clear directions for improvement, (c) was
accurate, (d) prioritized essential features, and (e) used a supportive tone.

Sample: 200 pieces of human-generated formative feedback and 200 pieces of Al-generated formative feedback
for the same essays.

Methods: We examined whether ChatGPT and human feedback differed in quality for the whole sample, for
compositions that differed in overall quality, and for native English speakers and English learners by comparing
descriptive statistics and effect sizes.

Results: Human raters were better at providing high-quality feedback to students in all categories other than
criteria-based. Al and humans showed differences in feedback quality based on essay quality. Feedback did not
vary by language status for humans or AL

Conclusion: Well-trained evaluators provided higher quality feedback than ChatGPT. Considering the ease of

gm:_ratlinﬁ f(ﬂjed;mck tt]:mugthl-:ialGﬁl:T ar{dittsoveral:jquality, ?lel:efati\‘;ei\i]mztty s.tillbeus.elﬂljjllinsnme contexts, Ste'ss’ J_’ Tate’ T_’ Graham’ S_’ Cruz’ J_’ Heber‘L M_’ Wang’ J_’ & Olson’ C
particularly in formative early drafts or instances where a well-trained educator is unavailable. ) )
B. (2024). Comparing the quality of human and ChatGPT feedback of
students’ writing. Learning and Instruction, 91, 101894.
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Abstract

The rapid development of generative artificial intelligence (GenAl), including large
language models (LLM), has merged to support students in their academic writing
process. Keeping pace with the technical and educational landscape requires careful
consideration of the opportunities and challenges that GenAl-assisted systems create
within education. This serves as a useful and necessary starting point for fully lev-
eraging its potential for learning and teaching. Hence, it is crucial to gather insights
from diverse perspectives and use cases from actual users, particularly the unique
voices and needs of student-users. Therefore, this study explored and examined
students’ perceptions and experiences about GenAl-assisted academic writing by
conducting in-depth interviews with 20 Chinese students in higher education after
completing academic writing tasks using a ChatGPT4-embedded writing system
developed by the research team. The study found that students expected Al to serve
multiple roles, including multi-tasking writing assistant, virtual tutor, and digital
peer to support multifaceted writing processes and performance. Students perceived
that GenAl-assisted writing could benefit them in three areas including the writing
process, performance, and their affective domain. Meanwhile, they also identified
Al-related, student-related, and task-related challenges that were experienced during
the GenAl-assisted writing activity. These findings contribute to a more nuanced
understanding of GenAl’s impact on academic writing that is inclusive of student
perspectives, offering implications for educational Al design and instructional
design.
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- Al =ofl& 2= (Lack of Al literacy) (98%)
- AI0|| Chot B ™A Ef . (Negative attitude toward Al) (84%)

- 0P| Z=H| XA 2= (Lack of task topic knowledge) (80%)
-=2M | 712 B = (Lack of writing skills) (76%)

3. IMN| £t A2l = (Task-related):
- A7t H|2F (Time constraints) (89%)

Kim, J., Yu, S., Detrick, R., & Li, N. (2024). Exploring students’ perspectives on Generative Al-assisted academic
writing. Education and Information Technologies, 1-36. https://doi.org/10.1007/s10639-024-12878-7
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Al 2 HHA] ZYYY3 (Warschauer, et al.)

[= LH A

Ol

Al e|HelA| Ze|»93: AE U0 Al=1'E S&

. "i—l}xH, 6I-AH§% I-': | 7|L 1 OFX j_El_l ]I=|8I=A'IO-|| [H%I- 7|

1 C — o) o 160
=X01 O|offE 7 Hﬁ F3._Ef (Ng et al.,, 2021,“Know and Understand”).
ST, SPUES =2 T 0|0 K, EE HH W 2T} P2 EX

711':'T|—|5’1|0I_*.j TS 23517| h Al 2 =700 H25}D 0= EfAfat
= QUOOf Bt} (Ng et al.,, 2021, “Use and Apply”).

I'

Warschauer, M., Tseng, W., Yim, S., Webster, T., Jacob, S., Du, Q., & Tate, T. (2023).
The affordances and contradictions of Al-generated text for writers of english as a
second or foreign language. Journal of Second Language Writing, 62, 101071.



o AW, BHESS XRAIO| K2 RE | M351D QB RHXE MAGITE
AIS MEXNOR DEOES 2 9J0{0f BiTf

YUY, SHYS S RH2 U 7 THY TUHO|A] ALZF AT REIR O] FEHA
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- DR[O R, SIS AT} M5 EIAES XpAIC| 20 22/X0|1 &1
MOR Slols WIS R, A2 IHHOYA AIS ABHSS HAlGHD
OISO} B},

Warschauer, M., Tseng, W., Yim, S., Webster, T., Jacob, S., Du, Q., & Tate, T. (2023).
The affordances and contradictions of Al-generated text for writers of english as a
second or foreign language. Journal of Second Language Writing, 62, 101071.
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2. HdR. (2024). BHAY o5 A& /et QSK|s Had QS XS
2|E{2{A| WO AtAlE, Ottt 56,123-154.
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Access

Build

Internalize

Provide multiple means of

Engagement

Affective Networks

The “"WHY" of Learning \V)

Provide options for
Recruiting Interest

Provide options for
Sustaining Effort & Persistence

Provide options for
Self Regulation

Expert learners who are...

Provide multiple means of

Representation

Recognition Networks

The “"WHAT" of Learning

Provide options for
Perception

Provide options for
Language & Symbols

Provide options for
Comprehension

_ L‘._/ The "HOW" of Learning

Provide multiple means of

Action & Expression

Strategic Networks

Provide options for
Physical Action

Provide options for
Expression & Communication

Provide options for
Executive Functions

Purposeful & Motivated Resourceful & Knowledgable Strategic & Goal-Directed

hitps://udiguidelines.cast.org/more/ahout-graphic-organizer
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Can you explain this image in detail?

Certainly!

The image depicts a picturesque landscape, likely during late afternoon or early evening, given the warm
hues and lighting. Here are some prominent features:

1. SKy: The sky occupies a significant portion of the image. It is filled with scattered cumulus clouds that
have a tinge of gold, indicating either a setting or rising sun. The clouds create a dramatic effect against
the blue backdrop of the sky.

2. Water: A calm body of water is seen in the foreground. Its surface reflects the sky above, along with the
tree and other elements from its surroundings.

3.Lone Tree: Dominating the water is a solitary, lush green tree that seems to be growing on a small piece
of land or an island. The tree is dense, tall, and appears healthy.
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* Lexile700: "Schools need to change how they teach because things are different now. We
have more technology, fewer young people, and more older people. Old ways of teaching just
gave facts, but we need new ways that help students think better, work well with others, and
stay active.”

* Lexile 1900: "Given the confluence of digital evolution, demographic shifts characterized by
low fertility and an aging populace, there's an exigent need for an educational renaissance. The
antiquated paradigm, which predominantly focused on a unidirectional transfer of knowledge,
proves inadequate. Contemporary pedagogical approaches should holistically cultivate

cognitive proficiencies—ranging from ... (0|} 242f)



BTS+Shakespeare 2t 2 (Y2HEY)

As in the looking glass my gaze doth meet,

Thy heart shall melt in twain, so true and clear,

For I possess a glow, a star most sweet,
And in my presence, thou shalt boogie near.

Shakespearean Sonnet (1st)

In smoothness like butter, |, a thief
concealed,

Doth make thy heart to break, as
trouble's kin.

Original Lyric (1st)
Smooth like butter, like a criminal undercover

Gon' pop like trouble breaking into your heart
like that, ooh
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