
Preliminaries Cognitive Processes Comprehension Annotation

COGNITION IN LLMS
KARIN DE LANGIS

1



Preliminaries Cognitive Processes Comprehension Annotation

OUTLINE ¡ Preliminaries: The Cognitive Sciences

¡ [Part 1] Cognitive processes in humans 
and LLMs

¡ [Part 2] Comprehension in LLMs

¡ [Part 3] Supporting high-level cognition in 
human workers

Today: 

What is cognition?

What is the evidence for LLM cognition?
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THE COGNITIVE SCIENCES
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¡ Cognitive revolution (1950s)

¡ Highly interdisciplinary

¡ Goal: understand the mind
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The irony that it took a machine to arouse 

psychologists to an active interest in mental 

processes has been frequently noted.

George Miller
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WHAT IS 
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No conscious 
experience

Cognitive Processes

Cognition refers to the processes by which sensory input is 
transformed, reduced, elaborated, stored, recovered, and used.

-- Cognitive Psychology, Ulric Niesser (1967)

Perception

Attention

Memory

Executive function

Emotion

Thinking / reasoning
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COGNITION AS INFORMATION PROCESSING: MEMORY

Environment

(Stimuli)

Sensory 
Memory

Working 
Memory
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Attention
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(25 – 2000ms)

Forgetting Forgetting

Rehearsal
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QUICK EXAMPLE
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COGNITION AS INFORMATION PROCESSING

Environment

(Stimuli)

Sensory 
Store

Working 
Memory

Long Term 
Memory

Attention
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Decode

Decay 
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Decay 
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Lost
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HIGH-LEVEL COGNITION

Diamond 2001
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SUMMARY

1. Cognition is supported by complex, multi-faceted cognitive processes

2. Cognitive processes ßà information processing

 -- Example: sensory store into working memory, attentional filtering

3. Low-level processes (attention, working memory) support high-level processes (reasoning, planning)
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HOW DO LANGUAGE MODELS COMPARE?
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EMERGENT COGNITION IN LANGUAGE MODELS?

Wei et al., 2022
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Language models learn to complete non-linguistic tasks as a side effect of training.
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COGNITIVE ABILITIES IN LANGUAGE MODELS

Gemini Team, 2025
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Generating “think-aloud” strings can further improve performance.

But ability to perform language doesn’t entail ability to reason.
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LINGUISTIC ABILITY DOES NOT ENTAIL THINKING ABILITY

Fedorenko, Piantadosi, and Gibson (2023)
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FORMAL VS FUNCTIONAL LINGUISTIC COMPETENCE
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Mahowald et al., 2023
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BROADER IMPACTS

¡ Develop more cognitively-aligned language models

¡ These are more helpful for linguists, neuroscientists, 
cognitive psychologists

¡ Complementary explanations of LLM behavior…

¡ at a higher level of abstraction than neural architecture

¡ with frameworks that have predictive power NLP Cognitive
Science
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Cognitive Processes in Humans and LLMs

Executive Functioning

Word-level processing
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Executive Functioning

Word-level processing
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Reasoning

Comprehension

LLMS MATCH WORD-LEVEL PROCESSING

Bonnasse-Gahot and Pallier (2024)

Larger, better performing language models match brains more closely

Wilcox et al., 2020

Transformers have high predictive power for eye tracking data
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WORKING MEMORY AND EXECUTIVE FUNCTION 

Executive Functioning
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WORKING MEMORY AND EXECUTIVE FUNCTION 

de Langis et al (2025)
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MODELS (USUALLY) HAVE HIGHER WMC
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Working
 Memory

HOW DO MODELS UTILIZE THEIR WORKING MEMORY?

We only care about working 
memory capacity because it allows us 
to be smarter!

Does superhuman working 
memory mean superhuman 
executive function? Cognitive

Flexibility

Attentional    
      Control

Executive Functions
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ATTENTION CONTROL
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Rules:

• Only pay attention to the center letter
• If it is “C” or “X” raise your right hand
• If it is “V” or “B” raise your left hand
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ATTENTION CONTROL
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X X X X X
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ATTENTION CONTROL
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C C X C C
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ATTENTION CONTROL
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V V B  V V
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ATTENTION CONTROL
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X X C X X
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ATTENTION CONTROL
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C C B  C C
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FLANKER TASK

People have ~100% accuracy

but when the flanker letters are “right” and the center letter is “left”

people require cognitive processes (inhibition) to ignore, slowing reaction time (300ms à 500ms)
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LLMS ON FLANKER TASK
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LLMS ON FLANKER TASK
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REASONING AUGMENTS
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Working
 Memory

WHAT ABOUT COGNITIVE FLEXIBILITY?

Cognitive
Flexibility

Attentional    
      Control

Executive Functions
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WISCONSIN CARD SORTING TASK
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LLMS DO NOT ESTABLISH AN EFFECTIVE STRATEGY
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LLMS DO NOT ESTABLISH AN EFFECTIVE STRATEGY

37

Llama-3.1-70B-Instruct also fails to maintain the current rule  
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REASONING DOES NOT HELP
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Llama-8B-Instruct: 
 56% accuracy

R1-Distill-Llama-8B: 
 23% accuracy

Qwen2.5-7B-Instruct
 53% accuracy

Qwen3-8B: 
 26% accuracy
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DIFFICULTY CONVERGING

Wait, maybe the rule is that the item's color matches the option's color. …

Alternatively, maybe the rule is based on the count. …

But in the first case, the item was two red squares. If the rule is count, …

Wait, maybe the rule is that the item's shape matches the option's shape. …

Alternatively, maybe the rule is that the item's count matches the option's count. …

Wait, maybe the rule is that the item's color matches the option's color. …

…This is getting a bit tangled.
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Models have very strong working memory

But it does not assist in attentional control and cognitive flexibility as in humans

Reasoning may help but it is not there yet

KEY INSIGHTS
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Comprehension in LLMs
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STORY COMPREHENSION
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Humans build meaning by building a model of the story world

Incoherence: a story becomes incoherent if one “world model” cannot 
explain the whole story.
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APPROACH: PAIRED NARRATIVES
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de Langis et al (2025)
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PROBES REVEAL DISTINCTION ONLY AT EVENT
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RESPONSES SHOW POOR SEPARATION 
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TAKEAWAYS
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Models do not appear to have a strong mastery of “coherence” in a story

Models may be responding to unexpectedness rather than incoherence
   à statistical, rather than meaning-based, understanding
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Thank you!!


