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Used slide material for today‘s lecture
§ Almost every slide deck from the lectures of this course
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Date Lecture AIL (Tuesday 12-14) Seminar AIL (Tuesday 14-16)

1 14.10.25 Introduction Introduction

2 21.10.25 Noncooperative Game Theory

3 28.10.25 Social Choice Talk 1 (Game theory + LLMs)

4 04.11.25 Mechanism Design Talk 2 (Game Theory + LLMs)

5 11.11.25 First-Order Logic (FOL): Basics Talk 3 (Mechanism Design + LLMs)

6 18.11.25 First-Order Logic: Advanced and beyond Talk 4 (FOL + LLM)

7 25.11.25 Modal Logic Talk 5 (Logic and Neurosymbolic Reasoning)

8 02.12.25 Epistemic Logic Talk 6 (Modal Logic + LLM)

9 09.12.25 Dynamic Epistemic Logic (DEL) Talk 7 (Epistemology: Knowledge first)

10 16.12.25 Knowledge and Time Talk 8 (Epistemology + LLMs)

Christmas Holidays

11 06.01.26 Modal Logic for Social Choice Theory Talk 9 (Logic(s): Pluralism-Monism Debate)

12 13.01.26 Belief Revision I Talk 10 (DEL and Game Theory)

13 20.01.26 Belief Revision II Talk 11 (Belief Revision + LLMs)

14 27.01.26 Wrap-Up Talk 12 (Belief Revision + DEL)
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Topics covered in the course
§ Social Mechanisms 
§ Social Choice (SCT)
§ Game Theory (GMT)
§ Mechanism Design (MD))

§ Logics, logics, logics 

§ Epistemology
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More to come 
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Purpose of today’s lecture   &     Agenda
§ Give an overall conclusion

§ Pointers to 
current research

§ Pointers to
upcoming courses

§ Social mechanisms

§ Logic, logic, logic

§ Epistemology
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Social Mechanisms
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Social Ability 
§ We are living in a multi-agent environment
§ Some goals can only be achieved with the 

cooperation of others
§ Account for self-interested agents which 

will show strategic behavior

§ Social ability in agents is the ability to interact 
with other agents (artificial or human)

§ Test those abilities à Durkheim test
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Date Lecture AIL (Tuesday 12-14)

14.10.25 Introduction

21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

04.11.25 Mechanism Design

11.11.25 First-Order Logic (FOL): Basics

18.11.25 First-Order Logic: Advanced and beyond

25.11.25 Modal Logic

02.12.25 Epistemic Logic

09.12.25 Dynamic Epistemic Logic (DEL)

16.12.25 Knowledge and Time

Christmas Holidays

06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision I

20.01.26 Belief Revision II

27.01.26 Wrap-Up
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Durkheim test (Leigh Star 89)
§ Language is (one of many forms of ) (inter-)acting à generalize this… 

§ Thesis: Of relevance is testing how the agent contributes to the overall 
multi-agent systems: how it interacts, adapts, how it profits the common 
goals of the system, … 

§ à Requires the study of (social) mechanisms as dealt with in sociology
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One-slide summary of sociology ;)  
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Where Sociology and GMT/SCT/MD meet
§ MD = GMT + SCT

§ GMT: Equilibria 𝜎∗ induced by 
agents’ strategic behaviors 𝜎∗(𝜃")

§ SCT: Good aggregations	𝑓

§ MD: Good aggregations in 
equilibria via outcome function 𝑔
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{𝜃!} {𝜎∗(𝜃!)}

𝜎∗ ; 𝑓
(in equilibrium)

𝑓
𝑔

Game setting; MD

And where does AI come in?
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SCT meets LLMs: RLCHF
§ There is not a single 

human involved but many

§ How to cope with this 
systematically?

§ Example: Reinforcement 
learning from collective 
feedback (RLCHF)
(Conitzer et al 24)
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Reinforcement learning from collective human feedback 
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Basic RLHF rating RLCHF using aggregated ranking

texts ratings 
𝑟 = 𝜌(𝑥, 𝑦)

text pairs 

Aggregated rankings
𝑅 = 𝐹( 𝑅# #∈%)

Individual rankings
𝑅!(𝑥, 𝑦)

𝐹: social choice function

𝑥: prompt; 𝑦: response

Control and better understanding 
via axiomatically specified properties

An approach based on social choice theory
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GMT meets LLMs
§ Examples of sociology and 

psychology motivated 
current research in AI

§ Behavioral game theory 
for LLM-based agents
§ (Lore et al 24)
§ (Akata et al 25)
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MD meets LLMS 
§ Use of LLMs for the automatic 

designing of mechanisms
(Liu et al 25)
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Socioprudence 2.0
§ Socioprudence: 

mixture of 
sociology, social 
psychology, and 
practical advice for 
socially intelligent 
behavior

§ (Albrecht 25)

§ Towards Socioprudence 2.0
§ Formal foundation with 

concepts of influence/winning 
strategies, equilibria

§ Advices for socially intelligent 
behavior as feasible 
approximations for non-
idealized agents

§ May become part of SSF
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Outlook: Causality (à UCC)
§ “Mechanisms” in sociology rather 

have a “causal” flavor, not a purely 
functional one as in MD

§ A thorough treatment of causality 
in particular w.r.t. LLMs is 
necessary 

§ Action formation mechanisms, in 
particular, require fundamental 
discussion of mental causation 

§ Discuss also responsibility 
(of LLMs)
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𝜎∗ ; 𝑓
(in equilibrium)

𝑓
𝑔

Game setting; MD
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Example: Co-STORM
§ STORM = Synthesis of Topic 

outlines through Retrieval and 
Multi-perspective Question 
Answering (Shao et al 24)

§ Co-STORM = Collaborative Storm
(Jiang et al 24)

§ https://github.com/stanford-
oval/storm
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Understanding Co-STORM à topics to understand
§ Produce knowledge artefact

§ cooperating with group of agents 

§ relying on experts

§ reflecting aggregated judgments

§ Which (sub-)coalition of 
agents/humans is fruitful? 

§ How to systematically aggregate 
judgments of agents/humans into 
knowledge artefact? 
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Outlook: Cooperative Game Theory SSF
§ So far, we dealt with individuals as 

the only relevant unit in games

§ However, we should consider also 
coalitions/groups and their 
influences as relevant 

§ à cooperative game theory

§ Group influence

§ Strategic behavior of a group

§ Judgement aggregation

§ Jury theorems

§ Fairness aspects 
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Logic, logic, logic
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Example: Reasoning Agents
§ Recent LLMs (such as ChatGPT) are 

attributed advanced reasoning 
capabilities

§ Holy grail is general-purpose 
reasoning in artificial agents

§ What is “correct reasoning”?
à Ask discipline of Logic 

Winter term 25/26 AIL | Özgür L. Özçep 22



CHAI
Humanities-Centered AI

Logic
§ Field of logic has formal 

foundation for validity (and other 
semantic notions)

§ It discusses also how to check for 
validity (à calculus) 

§ Expressibility vs. feasibility 
(à complexity theory)
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Date Lecture AIL (Tuesday 12-14)

14.10.25 Introduction

21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

04.11.25 Mechanism Design

11.11.25 First-Order Logic (FOL): Basics

18.11.25 First-Order Logic: Advanced and beyond

25.11.25 Modal Logic

02.12.25 Epistemic Logic

09.12.25 Dynamic Epistemic Logic (DEL)

16.12.25 Knowledge and Time

Christmas Holidays

06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision I

20.01.26 Belief Revision II

27.01.26 Wrap-Up
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Logic
§ Concepts of logic are a firm 

ground – until you find a better 
ground to stand on
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Date Lecture AIL (Tuesday 12-14)

14.10.25 Introduction

21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

04.11.25 Mechanism Design

11.11.25 First-Order Logic (FOL): Basics

18.11.25 First-Order Logic: Advanced and beyond

25.11.25 Modal Logic

02.12.25 Epistemic Logic

09.12.25 Dynamic Epistemic Logic (DEL)

16.12.25 Knowledge and Time

Christmas Holidays

06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision I

20.01.26 Belief Revision II

27.01.26 Wrap-Up
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“LLMs for Reasoning and
Reasonings for LLMs”
§ Much of current research deals with 

(logical) reasoning in LLMS

§ Recent survey (Cheng et al 25)
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“LLMs for Reasoning and
Reasonings for LLMs”
§ Other direction also relevant, e.g., for model 

checking of LLMs
§ Like checking traffic lights regarding 

properties would like to use some (modal) 
logic to check properties of LLMs

§ Relevant, e.g., also for alignment aspects

§ See upcoming tutorial at KR 2026 by Potyka
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Logics for Modeling Multi-agent Systems 
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§ Models of 
§ mental attitudes: 

epistemic, doxastic logic
§ preferences (game 

theory, social choice)

§ Models of change 
§ of attitudes: dynamic 

epistemic logic, belief 
revision mental 

§ Actions: STIT
§ Causality 

§ Models of interaction 
§ Logics for Social choice 

and Game theory
§ Judgment aggregation
§ Group knowledge SSF UCC

§ Models of moral 
attitudes &reasoning

(Deontic logic)

SSF
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Reinforcement learning from human feedback
§ There is not a single 

human involved but many

§ How to cope with this 
systematically?

§ Example:
§ Constitutional AI  

(Bai et al. 22)
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§ Constitution = set of rules/principles set 
up by humans

§ Example rule: „Please choose the 
response that is the most helpful, 
honest, and harmless.“

§ Presupposes understanding of 
normative concepts à formal ethics
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https://www.anthropic.com/research/
constitutional-ai-harmlessness-from-ai-feedback

(Bai et al. 22)
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Formal Ethics
§ investigates questions from ethics, moral and political philosophy with 

formal frameworks such as
§ Logics (deontic logic)
§ Decision theory
§ Game theory and social choice theory

§ Lays the foundations for fields of AI safety and  machine ethics, which aim 
at designing agentic systems that behave ethically towards other agents 
(human and artificial)

Winter term 25/26 AIL | Özgür L. Özçep 30



CHAI
Humanities-Centered AI

Alignment
§ Associated with ethical behavior toward humans is alignment with 

human values, principles, norms, preferences … 

§ The many words used above already indicate that there is not the unique 
moral theory, though each of them claims universality  

§ The big four moral theories discussed in the literature:
§ Utilitarianism, deontology, virtue theory, social contract theory
§ Deontic logic is a modal logic of obligations 
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One logic to rule them all?
§ Is/should there be just one logic? à

monism vs pluralism debate 
(Paseau & Griffiths 22)

§ Plea for research agenda: The one logic 
for LLMs?
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Epistemology 
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Logics for Modeling Multi-agent Systems 
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§ Models of 
§ mental attitudes: 

epistemic, doxastic logic
§ preferences (game 

theory, social choice)

§ Models of change 
§ of attitudes: dynamic 

epistemic logic, belief 
revision mental 

§ Actions: STIT
§ Causality 

§ Models of interaction 
§ Logics for Social choice 

and Game theory
§ Judgment aggregation
§ Group knowledge SSF UCC

§ Models of moral 
attitudes &reasoning

(Deontic logic)

SSF
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Epistemology  
§ Considered 
§ various instances of modal logic for 

modelling epistemic attitudes
§ Doxastic Logic and belief revision for change 

of agents’ beliefs 

§ With that we laid the foundation for 
epistemics of groups 𝐺 = 𝑎#, … , 𝑎$  
From 𝐾%	𝐹 to 𝐾&𝐹
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Date Lecture AIL (Tuesday 12-14)

14.10.25 Introduction

21.10.25 Noncooperative Game Theory

28.10.25 Social Choice

04.11.25 Mechanism Design

11.11.25 First-Order Logic (FOL): Basics

18.11.25 First-Order Logic: Advanced and beyond

25.11.25 Modal Logic

02.12.25 Epistemic Logic

09.12.25 Dynamic Epistemic Logic (DEL)

16.12.25 Knowledge and Time

Christmas Holidays

06.01.26 Modal Logic for Social Choice Theory

13.01.26 Belief Revision I

20.01.26 Belief Revision II

27.01.26 Wrap-Up
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From individual to social epistemology
§ Epistemology in a multi-agent 

world must take into account 
others’ epistemology

§ Collective belief 𝐵& and collective 
knowledge 𝐾& is part of social fact 
and social outcome
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Outlook: Social Epistemology à Course SSF
§ But how to understand 𝐾{%",…,%#}?
§ Everyone knows
§ Common knowledge
§ Distributive knowledge
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Social Epistemology (SE)
§ Soci(ologic)al aspects of knowledge within/of a group 

§ Deals with topics in the intersection of
§ philosophy (epistemology, philosophy of science, moral philosophy)
§ sociology, psychology, political science, economy, mathematics (game 

theory)
§ computer science (AI, argumentation theory)

Winter term 25/26 AIL | Özgür L. Özçep 38



CHAI
Humanities-Centered AI

Three Basic Research Strands in SE 
1. Interpersonal SE: Knowledge of individual agent based on other agents

Testimony; (Peer) Disagreement; Expert identification

2. Collective SE: Beliefs/knowledge of doxastic groups (juries, committees) 
§ Relation to members‘ beliefs/knowledge of members
§ Aggregation procedures (decision making à discursive dilemma) 
§ Justification of group beliefs

3. Institutional SE: Beliefs/knowledge of non-doxastic groups (social 
institutions such as legal systems) 
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Outlook: Social Epistemology 2.0 à Course SSF
§ Topics of SE are of utmost importance for current theory and practice of AI 

(Gonzalez-Barman et al 24)
à Social Epistemology 2.0

• The term „Social epistemology 2.0“ is mine 

• Research on social epistemology 2.0 is conducted rather under terms such 
as „cooperative AI“ , „AI safety“, “Behavioral game theory”
and related terms
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Understanding Co-STORM à topics of the course SSF
§ Produce knowledge artefact

§ cooperating with group of agents 

§ relying on experts

§ reflecting aggregated judgments

§ à Social Epistemology 2.0

§ Ensuring S comes to know P in 
group and by knowledge artefact

§ Choosing the appropriate 
representatives (experts)

§ Who can testify facts?

§ Does knowledge artefact/mind 
represent „joint“ knowledge of 
group agents? 
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Belief revision and LLMs
§ Interesting research along two lines
§ Globally: training as belief revision? 
§ Locally: Change of “opinions” in 

dialogue 

§ Relevant points: 
§ Does the agent really has beliefs? 

(à bullshitting (Hicks et al 24))
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Belief revision and LLMs
§ Relevant points: 
§ If yes, does it tell you about them  

honestly (à cheating, honesty)
(Joglekar et al 25)
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Belief revision and LLMs
§ Relevant points: 
§ How should you revise your beliefs in 

dialogue with agents? Trust it?
§ Should the agent always trust you?
§ Should it make you feel satisfied? 

(à sycophancy, (Turner & Eisikovits 25)
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Your conclusion should be at least one of …
§ “Wow, I learnt a lot!” 

§ “But AI research and development is ongoing and has to go on – even if 
some already talk of a burst of AI or a new AI winter …”

§ “And I will take responsibility and aim at contributing to it”

§ “I am looking forward to the next courses” ;) 
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Thanks for your attention!

Winter term 25/26

https://www.philosophie.uni-hamburg.de/chai/personen/oezcep.html
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