
Information 
Quality Talk 

Series
-

Valentin Guigon
University of Maryland

Managing Information 
Under Uncertainty 





• Neurocomputational mechanisms of social learning
• Cognitive heterogeneity in solving trust learning games
• Computational phenotyping of social learning

valentinguigon.com



4

“

”Better judgment of information requires better information environments and better strategy selection and 
calibration.

AI is now fully part of our information environments and can decide for us. Does our diagnosis still stand? 



Transformations of human
judgments in the age of AI

I. Complexities of our information environments

II. How do process and make sense of low-level information?

III. How do social and/or mediated information complexify 
judgments?

IV. How are human judgments expected to transform with AI?
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Complexities of 
our information 
environments
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Worlds of 
known & unknown unknowns
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Attributed to Leonard Savage (in The Foudation of Statistics, 1954)
by Gigerenzer, 2025. Behavioural Public Policy.



We mostly live in large worlds
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Easy problems Hard problems

Messy real-world problem but 
exploitable data structure

Messy real-world problem and 
hardly exploitable regularities
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The superiority of a problem-solving strategy depends on 
the environment’s structure exploitability:

• The structure and predictability of the environment 
(largeness, noise, relationships cues-outcomes)

• The quantity and quality of available information 
(richness, relevance, redundancy)

• Resources (number of relationships observed, time 
and computational resources)

• …
• Ability to control variance (bias–variance trade-off, overfitting)

Easy problems Hard problems

• Small worlds: Optimization is feasible and normatively 
appropriate

• Large worlds: Pure optimization is infeasible; simple 
strategies (heuristics) are more adapted 
especially for easy problems or hard problems under 
time and computation constraintsMessy real-world problem but 

exploitable data structure
Messy real-world problem and 
hardly exploitable regularities

Largeness and resources constraint problem-solving



Problem selection -> information-seeking 
-> estimating true states of the world -> 
action
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Global warming trajectories

Belief about the 
true state of the 

world

Most desirable

Least desirable

Current 
scenario

Friston et al., 2015. Cog. Neuro.; Charpentier 
et al., 2018. PNAS; Shalvi et al., 2019

Information value is tied to its capacity to decrease 
uncertainties on contingencies about the world (epistemic value)



Complexities of our information 
environments
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• Most decision-making situations occur in large worlds: uncertainty and intractability

• And most often, time and computational resources are constrained

• But we solve remarkably well easy problems of large worlds and good-enough harder problems

• The reason is our ability to exploit regularities in information environments

• Signal is sovereign: discerning what decreases uncertainties from what cannot



Information is fundamentally complex
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How do process 
and make sense 

of low-level 
information?
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Feature extraction in
low-level information

14

Herzog, Clarke, 2014. Front. Comput. Neurosci; de 
Ladurantaye, Rouat & Vanden-Abeele, 2012. Visual Cortex…

Zhao et Warren, 2015 ; Fiehler et al., 2019
Sims, 2016. Cognition
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How do we estimate the true state of 
a low-level information?
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High-level: Where is there an open path through 
the crowd?

Mid-level: Is there a sufficiently clear corridor on 
the left side of my position?

Low-level: Where are the edges and boundaries 
of the walkway? What are pedestrians’ 
directions and speeds?



How do we estimate the true state of 
a low-level information in the lab?

16



How do we estimate the true state of 
a low-level information in the lab?
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First 
stimulus

Schulz et al., 2023. Psychological Review

Initial 
decision 𝑎𝐼

Confidence 
rating 𝑐𝐼

Seeking decisions
𝑠𝐼

(Second 
stimulus)

Final 
decision 𝑎𝐹

Fleming and Daw, 2017. Psychological Review

World state(d)

Decision
variable (𝑋𝑎𝑐𝑡)

Action (a) Conf  = 
𝑃(𝑐𝑜𝑟𝑟𝑒𝑐𝑡|𝑋𝑎𝑐𝑡)



First 
stimulus
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Evidence accumulation and
confidence-based choices

Fleming and Daw, 2017 ; Schulz et al., 2023 ; 
Fleming, 2024. Annu. Rev. Of Psy.
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Evidence accumulation and
confidence-based choices

Decision threshold

Starting 
point

time

Sensory evidence
by time unit 
(Drift rate)

Crowded
(correct)

Non-crowded
(incorrect)

N

N

C

CPossible directions

Sensory uncertainty Local confidence Diffusion

Confidence-based
behavior

Additional factors

Communication

Initial 
decision 𝑎𝐼

Confidence 
𝑐𝐼

Information-
seeking 𝑟𝐼

N C

Fleming and Daw, 2017 ; Schulz et al., 2023 ; 
Fleming, 2024. Annu. Rev. Of Psy.

First stimulus:
500ms

Is the corridor on the right 
side of my position too 

crowded?



Confidence in the intentions

𝒑(𝒌𝒆𝒆𝒑 𝒔𝒕𝒓𝒂𝒊𝒈𝒉𝒕 = 𝒕𝒓𝒖𝒆|𝒔𝒕𝒓𝒆𝒆𝒕)

Confidence in 
the orientation

𝒑(𝟒𝟓° = 𝒄𝒐𝒓𝒓𝒆𝒄𝒕|𝒐𝒓𝒊𝒆𝒏𝒕𝒂𝒕𝒊𝒐𝒏)

N

N

C

CDirections possibles

Sensory uncertainty Local confidence Diffusion

Confidence-based
behavior

Additional factors

Communication

N C
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Evidence accumulation and
confidence-based choices

Second
stimulus

Decision threshold

Starting 
point

time

Sensory evidence
by time unit 
(Drift rate)

Crowded
(correct)

Non-crowded
(incorrect)

Final 
decision 𝑎𝐹

N C

Possible directions

Fleming and Daw, 2017 ; Schulz et al., 2023 ; 
Fleming, 2024. Annu. Rev. Of Psy.

N C

Second stimulus:
250ms

Confidence in the capacity to 
traverse

𝒑(𝒕𝒓𝒂𝒗𝒆𝒓𝒔𝒆 = 𝒂𝒊𝒎|𝒕𝒓𝒂𝒋𝒆𝒄𝒕𝒐𝒓𝒚)
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Evidence accumulation and
confidence-based choices

Perception

Memory / 
Knowledge

Competence

Pr
ob

ab
ili

ty
Pr

ob
ab

ili
ty

Possibles orientations

Possibles birthdays

Propositional confidence in the 
orientation

Propositional confidence in the 
birthday

Propositional confidence in the 
capacity to score

𝒑(𝑪𝑪𝑾 = 𝒄𝒐𝒓𝒓𝒆𝒄𝒕|𝒐𝒓𝒊𝒆𝒏𝒕𝒂𝒕𝒊𝒐𝒏)

𝒑(𝟏𝟓𝟔𝟎𝒔 = 𝒕𝒓𝒖𝒆|𝒃𝒊𝒓𝒕𝒉𝒅𝒂𝒚𝒔)

𝒑(𝒔𝒄𝒐𝒓𝒆 = 𝒂𝒊𝒎|𝒕𝒓𝒂𝒋𝒆𝒄𝒕𝒐𝒓𝒚)

Fleming and Daw, 2017 ; Schulz et al., 2023 ; 
Fleming, 2024. Annu. Rev. Of Psy.



Main functions

• Monitoring: evaluating the state of a mental process
(e.g., “Am I confident in my answer?”)

• Control (self-regulation): adapting behavior 
accordingly (e.g., re-evaluation, information seeking, 
hesitation) 

• Communication: sharing metacognitive information 
with others (e.g., expressing confidence, uncertainty, or 
error awareness to inform or influence others)

Metacognitive judgments

22

Metacognitive judgments estimate confidence in 
one’s own decisions, actions, or propositions, across 
domains and timescales.

It corresponds to the subjective probability (belief) 
that  the decision has correctly  identified the state of 
the world.

Meyniel et al., 2015. Plos Comp. Bio.; Pouget et al., 2016. Nat. Neurosci; Fleming, 2024; Fleming, 2026. Nat. Rev. Neurosci.

Metacognition: set of processes through which 
an individual forms beliefs about their own 
mental operations and evaluates the 
effectiveness of their cognitive actions.



Gherman & Philiastides, 2018. eLife (N=24); right figure reconstructed

How well do we process 
low-level information?

23

• Humans are great and calibrated at tasks on low-level information like tracking visual vectors
• Performance decreases with information ambiguity

Fleming et al., 2018. Nature Neuroscience (N=25); behavior outside scanner



Processing sensory information

24

Information 
environment

Sensory

Proximal input

Physical signals

Core inference

What state of the 
world generated the 

evidence?

Target

Objects, events, 
perceptual states

Additional sources 
of uncertainty

Noise, ambiguity, 
sensory limitations



How do social 
and/or mediated 

information 
complexify 
judgments?

25



Processing social information

26

1. Extract low-level perceptual components
2. Extract social components
3. Triggers high-level cognitive processes



Processing social information
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Information 
environment

Sensory

Social

Proximal input

Physical signals

Behavior and signals
from other agents

Core inference

What state of the 
world generated the 

evidence?

What does another 
person believe, 

intend…?

Target

Objects, events, 
perceptual states

Intentions, beliefs, 
preferences, norms

Additional sources 
of uncertainty

Noise, ambiguity, 
sensory limitations

Strategic behavior, 
expressive 
ambiguity, 

interpretive biases…



Processing mediated information

28

1. Extract low-level perceptual components
2. Extract social components
3. Triggers high-level cognitive processes

• Physical Input -> Output mediated by artefacts 
(sound, image, etc.)

• Encoded through symbolic systems (language, 
graphism, etc.)

• Mobilize preliminary resources (prior beliefs) and 
high-level processes

• Aim at building a common ground by accessing
spatially and temporally indirect realities



Types of information
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Information 
environment

Sensory

Social

Proximal input

Physical signals

Behavior and signals
from other agents

Core inference

What state of the 
world generated the 

evidence?

What does another 
person believe, 

intend…?

Target

Objects, events, 
perceptual states

Intentions, beliefs, 
preferences, norms

Additional sources 
of uncertainty

Noise, ambiguity, 
sensory limitations

Strategic behavior, 
expressive 
ambiguity, 

interpretive biases…

Mediated Symbolic content What does this 
representation 

mean?
How much should it 

be trusted?

Claims, narratives, 
knowledge, opinions

Source reliability, 
framing, missing 

context, 
manipulation…
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Propositional
judgment on a 

stimulus

How do we process information in 
complex information environments?

What state of the 
world generated the 

evidence?

What does another 
person believe, 

intend…?

What does this 
representation 

mean?
How much should it 

be trusted?
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1

1

2

2Available options

Neural uncertainty Local confidence Diffusion

Confidence-based
behavior

Additional factors

Communication

Propositional
judgment on a 

stimulus

Decision threshold

Starting 
point

time

Sensory evidence
by time unit 
(Drift rate)

True

False

The brain selects then integrates information from multiple sources,
likely using a Bayesian logic, 
downweighting the least certain sources (Park et al., 2017; Guigon et al., under review)

How do we process information in 
complex information environments?
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How well do we process information in complex information 
environments?
-> Plausibility estimation of true/false news

Guigon, Villeval & Dreher, 2024. Comm. Psychol

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Beliefs

Evidence sampling
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How well do we process information in complex information 
environments?
-> Plausibility estimation of true/false news

Guigon, Villeval & Dreher, 2024. Comm. Psychol

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa
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How well do we process information in complex information 
environments?
-> Plausibility estimation of true/false news

Guigon, Villeval & Dreher, 2024. Comm. Psychol

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa
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How well do we process information in complex information 
environments?
-> Plausibility estimation of true/false news

Guigon, Villeval & Dreher, 2024. Comm. Psychol

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa

Emmanuel Macron accuses Russia of 
feeding disinformation in Africa



Discernment in tasks with social / 
mediated information

36

Individuals are not better than chance at:
- Detecting deception 

(Belot & van de Ven, 2017. Exp. econ.; 
Bond & DePaulo, 2006. Pers. and Soc. Psyc. Review; 
Bond & DePaulo, 2008. Psyc. Bulletin)

- Distinguishing between true and false videos about news events 
(Serra-Garcia & Gneezy, 2021. Am. Econ. Rev.) 

- Distinguishing between true and false news
(Guigon, Villeval & Dreher, 2024. Commun Psychol)

Individuals are worse than chance at detecting false income reports 
(Dwenger & Lohse, 2019. Joep; Konrad et al., 2014. Jebo)

Serra-Garcia & Gneezy, 2021



Discernment decreases with task
difficulty

37

Individuals are not better than chance at:
- Detecting deception 

(Belot & van de Ven, 2017. Exp. econ.; 
Bond & DePaulo, 2006. Pers. and Soc. Psyc. Review; 
Bond & DePaulo, 2008. Psyc. Bulletin)

- Distinguishing between true and false videos about news events 
(Serra-Garcia & Gneezy, 2021. Am. Econ. Rev.) 

- Distinguishing between true and false news
(Guigon, Villeval & Dreher, 2024. Commun Psychol)

Individuals are worse than chance at detecting false income reports 
(Dwenger & Lohse, 2019. Joep; Konrad et al., 2014. Jebo)

As task difficulty increases, confidence is decreasingly predicting judgment 
accuracy
(Weber & Brewer, 2004. J. Exp. Psychol. Appl.; 
Moore & Healy, 2008. Psychol. Rev.; Moore & Schatz, 2017. Soc. Pers. Psychol.; 
Boldt et al., 2017. J. Exp. Psychol. Hum. Percept. Perform.)

Jansen et al., 2021, ill calibration (population-level)

Correspondance between

judgments and real performance



38

Summary • Most our judgments/decisions occur under complexity: 
uncertainty, intractability, abundant or noisy information, with time and 
computational constraints

• The more complex, the more levels of judgment we are required to perform
• Leading eventually to adopt good-enough solutions (cf. heuristics & biases)

• Metacognition guides re-evaluation, information-seeking, etc.
• Complexity decreases the relationship between accuracy and metacognition

(how much one knows how much they know)

Curb complexity-related issues:

• Improving metacognition
• Improving information environments
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Crucial to study how to improve people's ability to make 
judgments, with investigating metacognitive training



How are human 
judgments 
expected to 

transform with AI?
I. Can AI make accurate estimations of the 

state of the world?

40



(Super) forecasting

41

See Mellers et al., 2014. Psychological Science,
Mellers et al., 2015. Journal of Experimental Psychology: Applied

Combine intellectual processes based on niche knowledge, 
probabilistic judgment, and performant crowds to estimate

probabilities of highly uncertain events

1. Triage (avoid wasting time on irrelevant problems)

2. Break problems down

3. Balance inside and outside views (identify comparison 
classes)

4. Update beliefs (Bayesian updating + calibrate confidence)

5. Remain open to being wrong

6. Reduce uncertainty (distinguish 60/40 from 55/45)

7. Balance caution and decisiveness

8. Learn from failures and successes

9. Team management (stepping back, precise questioning, etc.)

10. Balance opposing errors

Philip Tetlock & Dan Gardner, 2016, in Superforecasting



AI forecasting

42

Projected LLM-superforecaster parity on 
ForecastBench.

Base model LLM without 
additional tools LLM with additional tools

manticAI calibration plot 
on Metaculus 
(as of February 2026)AI systems can make accurate 

estimations of the state of a large world



II. How is AI changing the process by which 
humans form judgments?

43

How are human 
judgments expected 

to transform with 
AI?



We are incentivized to pair with AI for 
making complex judgments

Cooperation Delegation
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AI can harm knowledge, preferences, 
and the sense of confidence
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Cash et al., 2026. TICS

Skills

• Learned behavior
• Domain-specific
• Aim at accomplishing a 

task effectively
• Acquired/improved with

practice

Cognitive capacities

• Foundational
• Domain-general capacities
• Underlies acquisition and 

execution of skills

• Information storage & 
retrieval from memory

• Learned content
• Mobilized by skills

Knowledge

• Vulnerable to offloading • Vulnerable to offloading• Resilient to change

• Deskilling • Mis-skilling • Never-skilling
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Ke et al., 2026. Nature Medicine
Cash et al., 2026. TICS

Model of mechanistic pathway from AI substitution to clinical competency risk during medical training

Aid

Complement

AI-uses may induce skilling issues 
via metacognition



AI-uses may induce learning 
acceleration

48

Tsim & Gutoreva, 2026, SCAN
Tsim & Gutoreva, 2026, AI as Teammate



Cognitive & 
metacognitive
redistribution

49

First 
stimulus

World state (d)

Decision
variable (𝑋𝑎𝑐𝑡)

Action (a) Conf  = 
𝑃(𝑐𝑜𝑟𝑟𝑒𝑐𝑡|𝑋𝑎𝑐𝑡)

Without AI

First 
stimulus

Integration / control
(trust, verify, override or delegate)

Conf  =
P(correct|𝑋𝑎𝑐𝑡𝐻 )

World state(d)

Human decision
variable (𝑋𝑎𝑐𝑡𝐻 )

Conf  =
P(correct|𝑋𝑎𝑐𝑡𝐴𝐼 )

AI decision
variable (𝑋𝑎𝑐𝑡𝐴𝐼 )

Decision variable (𝑿𝒂𝒄𝒕)
(final estimate used for action)

Action (a)
Conf  = 

𝑃(𝑐𝑜𝑟𝑟𝑒𝑐𝑡|𝑋𝑎𝑐𝑡)

With AI

Human 
processing

AI
processing

Each can be:
Human 

vs 
AI 
vs 

Joint

Judgment’s higher-order 
cognitive operations

1. Problem / inference 
selection

2. Evidence selection / 
transformation

3. First-order 
estimation

4. Second-order 
estimation

5. Metacognitive control

Earlier technologies offloaded targeted skills

AI is changing the process by which humans form 
judgments by breaking/redistributing the higher-
order (metacognitive) operations of judgment
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Supmat
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Beliefs-based processing

52

Born & Bencomo, 2022. Brain Behav Evol
Tscshantz  et al., 2023. PLOS Comp. Bio.

Pezzulo, Parr & Friston, 2022. Philos Trans R Soc Lond B Biol Sci

Ambiguity of sensory information:  two very different 3D 
objects can produce identical 2D projections onto the retina

Perception involves inference over possible external causes

Bottom-up Top-down



Chang et al, 2016 – Geopolitical forecasting
Recruitment: professionals, researchers, alumni associations, blogs, etc.

Training: reasoning principles and probabilistic reasoning

Training probabilistic
reasoning and calibration

53

Stone et al., 2023 – left: example of feedback; right: calibration curve
Recruitment: students interested in baseball

Gruetzemacher et al., 2024 – students 
majoring in business and sport culture: 

prediction of football game winners
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Information-seeking motives



Beliefs

55

Information-seeking motives
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Beliefs

Motives 

(predicted impact)
Search

behavior

positive value = seek

Neg./null value = avoid/ignore

People seek or avoid information depending on: 

the value of information & the uncertainties they wish to clarify
(Charpentier et al., 2018. PNAS; Shalvi et al., 2019. Tinbergen Institute Discussion paper)

positive, negative or null

Value 

estimation

adapted from Sharot & Sunstein, 2020. Nature Human Behaviour

Information-seeking motives



Hedonic and cognitive utility Hedonic utility

57

Motivated beliefs and information 
selection

57Persoskie et al., 2014 ; Charpentier et al., 2018 ; Bromberg-Martin & Sharot, 2020

Instrumental utility

First 
stimulus

Initial 
decision 𝑎𝐼

Confidence 
rating 𝑐𝐼

Seeking decisions
𝑠𝐼



• Veracity-based motivations
• Goal-based motivations (pos./neg.)

Osmundsen et al., 2021. American political Science Review

Scholz et al., 2017. PNAS; Chan, Scholz et al., 2023. PNAS

Information-sharing motives

58

See also Vellani, Glickman & Sharot, 2024, 
Three diverse motives for information sharing



Others’-regarding choices and 
preferences

Own valuation Simulated others’ 
value/action

(Nicolle et al., 2012. Neuron)

Choice on behalf

(Kang et al., 2013. Frontiers in Human Neuroscience)

Predicting others’ preferences

from cue
Predicting others’ 

decisions

(Suzuki et al., 2012. Neuron)

59



Inferring others’ preferences for 
information

60
Guigon, Benistant, Villeval & Dreher, Under review



Inferring others’ preferences for 
information

61

Guigon, Benistant, Villeval & Dreher, Under review



(Super) forecasting

62

See Mellers et al., 2014. Psychological Science,
Mellers et al., 2015. Journal of Experimental Psychology: Applied

Good Judgment Open (gjopen.com)



Cognitive operation

Problem / inference 
selection

Human

What should I estimate?

AI

AI proposes what to ask / 
predict

Joint

Human selects among AI-
proposed problems

Evidence selection / 
transformation

What information do I 
attend to / seek?

AI searchers, filters, 
ranks, summarizes

Human directs and 
checks retrieval

First-order estimation What is likely to be X? AI estimates X Human + AI estimates 
combined

Second-order 
estimation

How likely is the judgment 
to be correct?

AI supplies uncertainty / 
calibration information

Human confidence 
incorporates confidence 

about AI assessment

Metacognitive control Seek more? Reconsider? 
Act?

AI can trigger further 
search / checks

Human decides when to 
trust, verify, override, 

delagate
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