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Aims and Objectives

Aims

study issues of collective decision making and learn about
methods of knowledge aggregation
learn key principles Nowak’s psychological theory of social
influence
understand distributed information processing
learn how to design a multi-agent simulator based on a
psychological theory
identify the effects of social influence in tracking the value of a
signal
identify the effects of social influence in developing explanatory
adequacy

Objectives

understand the role of social influence in knowledge
management in self-governing multi-agent systems
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Self-Governing Systems

Reminder...

Self-Governance ⇔ Collective Decision Making
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Collective Decision Making

Collective decision making is the ability of individuals to jointly
make a decision without any centralized leadership, but only
relying on local interactions.

Collective Decision

Figure: Network of autonomous interconnected individuals
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Collective Decision Making

Collective Decision Collective Decision

Collective Decision

Figure: Groups in a system of systems making a collective decision
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Methods for Knowledge Aggregation

IGA - independent guess aggregation (or “wisdom of
crowds”): each agent expresses a preference for an option,
and some selection method (e.g., majority voting) is used to
identify the most preferred option
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Methods for Knowledge Aggregation

IGA - independent guess aggregation (or “wisdom of
crowds”): each agent expresses a preference for an option,
and some selection method (e.g., majority voting) is used to
identify the most preferred option

EXP - expertise: a group of experts is appointed, and they
decide amongst themselves the preferred option

DEL - deliberation: a formal structure (i.e., a deliberative
assembly) is created and protocols (i.e., rules of order) are
specified and applied for decision-making

REA - relevant expertise aggregation: groups of experts are
formed, perhaps from different domains of expertise. Each
group ranks a given set of options for resolving a particular
social dilemma as an ordered list of policy
recommendations. The non-experts express their
preference on the expert groups’ recommendations.
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How do I know which one to pick?

How can I evaluate it?
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Advantages and Disadvantages

IGA - independent guess
aggregation: each agent expresses
a preference for an option, and
some selection method (e.g.,
majority voting) is used to identify
the most preferred option

Pitt and Mertzani ESSAI-2024 SGMAS – L6/10: Social Influence 12 / 56



Advantages and Disadvantages

IGA - independent guess
aggregation: each agent expresses
a preference for an option, and
some selection method (e.g.,
majority voting) is used to identify
the most preferred option

+ relatively cheap and potentially maximises participation

- requirement for no social interaction, no guarantee that the
majority is infallible

Pitt and Mertzani ESSAI-2024 SGMAS – L6/10: Social Influence 13 / 56



Advantages and Disadvantages

EXP - expertise: a group of experts
is appointed, and they decide
amongst themselves the preferred
option
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Advantages and Disadvantages

EXP - expertise: a group of experts
is appointed, and they decide
amongst themselves the preferred
option

+ maximises use of expertise

- relatively expensive, constrains participation, no social
interaction, might lead to groupthink
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Advantages and Disadvantages
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Advantages and Disadvantages

DEL - deliberation: a formal
structure (i.e., a deliberative
assembly) is created and protocols
(i.e., rules of order) are specified and
applied for decision-making

+ broadens participation, involves social interaction in the
form of rhetoric

- costly and time-consuming
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Advantages and Disadvantages
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Methods for knowledge aggregation

IGA: independent guess aggregation (or “wisdom of crowds”)
+ relatively cheap and potentially maximises participation

- requirement for no social interaction, no guarantee that the majority is infallible

EXP: expertise
+ maximises use of expertise

- relatively expensive, constrains participation, no social interaction, might lead to groupthink

DEL: deliberation
+ broadens participation, involves social interaction in the form of rhetoric

- costly and time-consuming

REA: relevant expertise aggregation
+ epistemic, inclusive, balances the tension between majority preferences and expert judgement

- relatively expensive, time-consuming
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Motivation - Theoretic

We want a knowledge aggregation method that:

optimises for participation, domain expertise, and social
interaction

supports effective performance, i.e., acceptable accuracy for
acceptable cost i.e., investment of resources

is applicable to different types of questions

adapts to the changes of individuals and expertise over time.
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Collective Decision Making and Influence

Collective Decision Collective Decision

Collective Decision

Influence

Figure: Influence between groups
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The Regulatory Theory of Social Influence

Bidirectionality of social influence

Exchange information and information processing rules

Trade-off between cognitive efficiency and quality

Trade-off between coherence and diversity

 

cognitive efficience

diversitycoherence

quality of collective outcome
 

Social Influence

Figure: RTSI

Goal: Formalise a processes of collective decision making using
RTSI

Pitt and Mertzani ESSAI-2024 SGMAS – L6/10: Social Influence 23 / 56



Motivation - Co-housing Community
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Aim

We would like to combine RTSI with agent-based modeling to
achieve effective collective decision making
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The Problem - Collective Agreement on a Qualitative
Assessment

Scenario: a linear public goods (LPG) game where individuals have
to organise themselves, without a centralised authority, as a
distributed information processing unit (DIP), in order to form a
collective decision. This collective decision corresponds to a
qualitative question of distributive justice.
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to organise themselves, without a centralised authority, as a
distributed information processing unit (DIP), in order to form a
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The Problem - Collective Agreement on a Qualitative
Assessment

common-pool resource (CPR)

policy for resource distribution

question: ‘Is the distribution fair?

distribution with respect to eight legitimate claims according
to Rescher’s Theory of Distributive Justice

each individual corresponds to an agent

the individuals are interconnected over a social network

each agent has to form an individual decision

agent can decide using their own rules or by asking an agent
from their social network

the collective decision is the result of the aggregation of all
the individual decisions
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Formalisation - Agents

Definition

i = ⟨attr , ijrtsi , SN,J , ruleset⟩

where:

attr is a set of attributes, including behavioural parameters,
weights, coefficients and values;
ijrtsi is the resource allocation evaluation framework;
SN is i ’s social network;
J is i ’s set of values that affect the agent’s judgements.
ruleset is i ’s set of rules, which is a a subset of the set of 8
legitimate claims (LCs).
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Formalisation - Institution

Definition

It = ⟨A,P, ϵ,G,V,R,R, T ⟩

where:

A is the set of agents (members of the institution)
P is the ‘game’ protocol (for LPG′)
ϵ is the environment
G is the social network (defined by a Small-World Scale-Free
network on A)
V which is the set of institutional values
R the set of processing rules used for the resource distribution
R level of explanation on the resource allocation process
(RTSI/RTSI+)
T a set of threshold values
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Problem Specification
Collective Agreement on a Qualitative Assessment

Environment 
Policy P=<(li, wi)>

Decision DIP

perceive ask aggregate

d new DIP

compare 
& 

update 
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High Level Formal Algorithm
Collective Agreement on a Qualitative Assessment
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SMARTSI Simulator - Implementation - Code Extracts
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SMARTSI Simulator - Implementation - Structural Steps
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Experimental Setup

Experiment 1: Does the expertise of DIP emerge, and are
specialists (transient experts) identified?

Experiment 2: Is knowledge shared between agents? Do some
processing rules emerge?

Experiment 3: What is the division of labour in a network? Is
it equal or not?
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Experiment 1: Emergence of Expertise

Key finding 1: Emergence of expertise while while not experts are
also consulted but less frequently.
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Experiment 2: Divergence of Expertise

Key finding 2: Experts agree on the rules in RTSI+, but those
rules as well as the experts change ⇒ Divergence of Expertise
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Experiment 3: Price’s Law

Figure: Task Delegation

Key finding 3: Price’s Law (50% of the work is done by the square
root of population)
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Experimental Results So Far...

Emergence and divergence of expertise

The group follows the price’s law
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Motivation - Reminder

We want a knowledge aggregation method that:

optimises for participation, domain expertise, and social
interaction

supports effective performance, i.e., acceptable accuracy for
acceptable cost i.e., investment of resources

is applicable to different types of questions,

adapts to the changes of individuals and expertise over time.
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Experimental Results - Balancing Tensions

Setting 1: exchange of opinions (i.e. information) only

Setting 2: exchange of opinions and processing rules

Setting 3: evaluate with respect to the price’s law
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Experimental Results - Balancing Tensions

Setting 1: experts are identified in any case but other agents
have also the chance to participate

Setting 2: experts maintain low diversity (stable), population
supports different rules (diversity), while the opinions of the
non-experts are also attended seldom (flexibility), but
population agrees on the experts and the experts are in
congruence (coherence)

Setting 3: agents delegate decision making to experts
(accuracy) while they avoid doing the computation (economy)
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Conflicting Systemic Drivers

 

Figure: Systemic Drivers
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The Problem - Motivation

Is anyone aware of the Allegory of Plato’s Cave?
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The Problem - Plato’s Cave

A group of people in a cave try to derive the true nature of an
object from the shadow it casts on the cave wall.
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The Problem - Collective Agreement on an Explanation

Scenario: a distributed information processing unit (DIP) needs to
combine diverse knowledge and produce a ‘plausible’ explanation.

In other words, the group has to self organise and agree on the
processing rules that produce the commonly observed signal.
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The Problem - Collective Agreement on an Explanation

Scenario: a distributed information processing unit (DIP) needs to
combine diverse knowledge and produce a ‘plausible’ explanation.
In other words, the group has to self organise and agree on the
processing rules that produce the commonly observed signal.

each agent a knows some rules ri and associates a weight wi

to each of them

each agent’s knowledge is represented by
Ka = {(r1,w1), ..., (rm,wm)} such that ∀i , 0 ≤ i ≤ m.ri ∈ Kr ,
where Kr corresponds to a knowledge base that is a subset of
the complete knowledge base

the ground truth corresponds to the
K = {(ri ,wi )|i ∈ [1..n] ∧∑n

i=1 wi = 1.0}
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The Problem - Collective Agreement on an Explanation

Scenario: a distributed information processing unit (DIP) needs to
combine diverse knowledge and produce a ‘plausible’ explanation.
In other words, the group has to self organise and agree on the
processing rules that produce the commonly observed signal.

each agent a knows some rules ri and associates a weight wi

to each of them

each agent’s knowledge is represented by
Ka = {(r1,w1), ..., (rm,wm)} such that ∀i , 0 ≤ i ≤ m.ri ∈ Kr ,
where Kr corresponds to a knowledge base that is a subset of
the complete knowledge base

the ground truth corresponds to the
K = {(ri ,wi )|i ∈ [1..n] ∧∑n

i=1 wi = 1.0}
Imagine a CPR Problem...
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The Problem - Collective Agreement on an Explanation

each agent a knows some rules ri and associates a weight wi

to each of them

each agent’s knowledge is represented by
Ka = {(r1,w1), ..., (rm,wm)} such that ∀i , 0 ≤ i ≤ m.ri ∈ Kr ,
where Kr corresponds to a knowledge base that is a subset of
the complete knowledge base

the ground corresponds to the
K = {(ri ,wi )|i ∈ [1..n] ∧∑n

i=1 wi = 1.0}
agents have to form individual decision on the rules

agent can either use their rules or ask their neightbours

collective explanation is formed by the aggregation of the
individual explanations

agents can update their own rules by asking their social
network as well
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The Problem Specification

P
K

K = {(r1, w1), (r2, w2), . . . , (wn, rn)}

K(self )
r ⊆ Kr

a1

K(self )
r ⊆ Kr

a2 K(self )
r ⊆ Kr

aN

DIP

inputs output

KDIP

Environment

Three kinds of knowledge:

K: ground truth knowledge
KDIP : the aggregated knowledge of the DIP
K∪: an epistemological limit on what it is possible for an
agent to know, because this knowledge exists somewhere in
the DIP.

The aim is that the DIP develops explanatory adequacy (agree on
KDIP ≃ K )
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The Process

Again an iterative process where:

population changes (new agents join, others leave)

agents observe a signal

each agent forms an explanation (set of processing rules)
based on own knowledge

each agent can ask an agent for knowledge (corresponding to
one or more processing rules depending on the experiment)

agent decides whether they would inlcude that rule into their
knowledge (if it does not exist) or whether they would update
the rule weight (if it exists)

agent forms its final explanation

explanations are aggregated to form the collective explanation
(i.e. collective decision)

agents update their credence to their social network and their
self-condefence
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Evaluation of Explanatory Adequacy

CE1: cosine similarity of the knowledge bases of agents with
the ground truth

CS1: cosine similarity of the knowledge bases of experts with
the ground truth

CE2: ensemble average cosine similarity between knowledge of
agents (to observe the knowledge distribution and diversity
through the exchange of processing rules, i.e. epistemic
diversity)

CS2: ensemble average cosine similarity between knowledge of
experts
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Experimental Setup

Tested conditions:

Static population of agents, with complete fixed
knowledge, and dynamic population with complete fixed
knowledge (all the knowledge is available from the first
epoch of the simulation).

Dynamic population with progressive addition of new
knowledge but non-persistence of ‘discovered’ knowledge.

Dynamic population with progressive addition of new
knowledge and with persistence of already ‘discovered’
knowledge.
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Experimental Results

Key finding: The progressing addition of knowledge into the
population enables the population to develop the most accurate
explanations
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Summary

understand the role of social influence in collective decision
making

learn how design simulations based on a psychological theory

form a formal specification of an algorithm based on a theory
of human behaviour

from RTSI for signal tracking: emergence of expertise leading
to effective knowledge aggregation and resource conservation

need to balance out conflicting systemic drivers

from RTSI for explanations: need for epistemic diversity for
self-improvement in dynamic self-organising systems

Pitt and Mertzani ESSAI-2024 SGMAS – L6/10: Social Influence 55 / 56



Takeaway

We conclude by arguing that this shows how psychological
theories like RTSI can have a crucial role in informing
agent-based models of human behaviour, which in turn may be
critically important for effective knowledge management and
developing explanatory adequacy leading to reflective
self-improvement in both cyber-physical and socio-technical
systems.
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