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Bap,
Ba(p⇒h)
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q, q⇒p

Observable information
sequence of moves (r   i  n)

mi = ⟨Agent, MoveType, Argument⟩

Credulous view
strengths of arguments 

without considering belief
(Quantitative bipolar argumentation)

Semantic verification
belief deduction

belief change axioms; inertia

Skeptical view
strengths of arguments 

by considering 
belief atoms as arguments

(Quantitative bipolar argumentation)
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Calculate agents' believed strengths of arguments.
Construct a new QBAF for each agent:
- Remove disbelieved attack and support relations
- Add belief atoms as arguments
- Generate base scores for each belief atom (argument)
- Add supports from belief atoms to resp. arguments
- Add attacks from disbelief atoms to resp. arguments

[ ⟨a, open, p⟩, 
  ⟨b, assert, q⟩,
  ⟨a, close, p⟩,
  ⟨b, close, p⟩ ]

q, p, h
q  ⇒  p  ⇒  h
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Belief Strength
of Agent a

Belief Strength
of Agent b

- BCA axiom: Ba
tp ∧ Ba

t(p→q) ∧ not Ba
t(r⇒q)  ¬Ba

t+1q

- BCS axiom: Ba
tp ∧ Ba

t(p⇒q) ∧ not Ba
t(r→q)  Ba

t+1q
- Intertia Rule: Unchanged belief in t is preserved to t+1.

Example

Agent
b

Contrasting
belief between a and b

Time steps r to n
Belief states of both agents in each time point

QBAF: Quantitative Bipolar Argumentation Framework
QBAFB: Quantitative Bipolar Argumentation Framework with Belief

→ Attack relation  
⇒  Support relation

Dialogue Game Protocol

QBAF

Dialogue

→
⇒

     Removed Attack relation  
     Removed Support relation

b is lying about q to manipulate a's belief in h

⇓
⇒

Example Strength function
Supports add accumplated strength
Attacks subtract accumulated strength

...

Truthful telling

Lying

Bluffing

Concealment

Example 1: real case adapted from (Singleton, Gerken, and McMahon, 2023).We introduce Quantitative Bipolar Argumentation Framework with Belief

Belief reasoning and verification Successful Manipulation

This paper introduces a formal framework and logic for verifying and recognizing manipulation in human-agent interactions, where
one agent gradually influences another's beliefs. To reason about manipulation, we extend Quantitative Bipolar Argumentation Frameworks
(QBAFs) to include agents' beliefs about arguments, attacks, and supports, forming QBAF with Belief (QBAFB). By defining axioms of belief
change, the effects of actions on beliefs can be inferred. By integrating QBAFB into dialogue games, we establish necessary and sufficient
conditions for manipulation—belief change, concealment, and intent—where strategies are shaped by (dis)honesty. The framework generates
belief state trajectories, serving as explanations for manipulation.

In today’s digital society, where social media and Artificial Intelligence (AI)-based systems are deeply embedded in everyday interactions, the
potential for misinformation and manipulation has become a serious concern. From fake news and online scams to erroneous AI-generated
information, users are increasingly vulnerable to being misled, whether by people or automated systems, such as chatbots. Whether it regards
potentially harmful behaviors of humans, such as malicious activities on social media, or actions of systems that interact with humans—there
is an urgent need for methods to verify and detect manipulation in digital communication.

         Verification Workflow
1. Observable actions
2. Belief reasoning in agent a and agent b
3. Verification of 

Gradual belief change
(Dis)honesty
Manipulation

There is an urgent need for methods to verify and detect manipulation
in digital communication.

Chatbots for mental health; Increasingly Human-like; mimicking empathy
Conversely, manipulation by humans in social media

We introduce an Interpersonal Dialogue System
A belief state of each agent is associated to each dialogue state

in each state of the interaction

Disbelieved relations 
are removed,

Disbelieved arguments
are attacked

Believed arguments
are supported
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