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From Computation to Emotion

How can a computational system
experience emotion?

What is emotion?
What is experience?

Relationship between experiencer and experience?
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Emotional states as cognitive configurations
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Emotions as cognitive configurations
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Emotions as cognitive configurations

AAAIl 2018 Emotion and Motivation Tutorial



Overview

e AGI perspective on minds

® Basic architectural components

¢ Modeling motivation (MicroPsi model)
®* Models of emotion

e Emotion in the Psi theory

e Modeling personality

e Emotion, self and prosociality

AAAI 2018 Emotion and Motivation Tutorial



Basic perspective on general Al

e Mind as machine

e Machine = computational system

® computation = regular state change

® universal computation: set of computable
functions that can compute all computable
functions (when given unbounded resources)
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Basic perspective on general Al

e Access to universe via discernible differences
— Information

¢ Meaning of information:
relationship to changes in other information

® |ntelligence: ability to model
e Modeling is function approximation

e Purpose of modeling is regulation,
to maximize rewards
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Basic perspective on general Al

e Classical Al:

direct modeling of cognitive functionality
— “first order Al”

® Deep Learning:
systems that model functionality themselves;
compositional function approximation
— “second order Al”

® Meta Learning:

systems that learn how to build learning systems
— “third order Al”
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Basic perspective on general Al: open questions

® Are humans meta learning systems?

¢ |s evolution a (slow and ineffective) search for
meta learners?

® |s there a class of universal function approximators
that can approximate any function that can be
approximated by a computer (when given
unbounded resources),
and does it contain itself and us?
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Al perspective on the mind

e Constructed architectures (Minsky, Simon, Newell)
— classical cognitive architectures

e Generated architectures (Schmidhuber, Hutter, ...):
general recursive function approximation +
reward system

e Hybrid perspective:
mostly generated, but with complex prerequisites
and biases
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Layers of Cognition

Reflective

Deliberative

Reactive
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Columns of Cognition

Perception

Cognitive
Processing

Action
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Cognitive Grid

Reflexive
. Meta- Management
Perception :
Management Action
Deliberative Planning, Deliberative
Perception Reasoning Action
Reactive Reflexive
. Reflexes .
Perception Action
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Conceptual Analysis: HCogAff (Sloman 2001)
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Artificial General Intelligence

Methods should focus on components and performances
necessary for intelligence:

e Whole, testable architectures

¢ Universal Representations:
Dynamic model of environment, possible worlds, and agent

e (Semi-) Universal Problem Solving:
Learning, Planning, Reasoning, Analogies, Action Control,
Reflection ...

¢ Universal Motivation:
Polythematic, adaptive goal identification

e Emotion and affect
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Components for Cognitive Al

e Universal mental representations
(compositional + distributed = neurosymbolic)
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Components for Cognitive Al

e (Semi-) General problem solving: Operations over these
representations

Op,| |Op,| |Ops| |Ops| ... |Op,
eeeee [ [ ]S~

behavior
program

episodic
schema

.

situation action situation  consumptive situation

(neural learning, categorization, planning, reflection,
consolidation, ...)
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Components for Cognitive Al

e Perceptual grounding
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Components for Cognitive Al

e Perceptual grounding and action
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Components for Cognitive Al

e Perceptual grounding and action
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Components for Cognitive Al

e Model of current situation, and protocol of past situations
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Components for Cognitive Al

* Model of self
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Components for Cognitive Al

e Abstractions of objects, episodes and types
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Components for Cognitive Al

¢ Anticipation of future developments
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Components for Cognitive Al

e Action selection and executive control

Longterm memory

World
model

Mental
stage

T

Perception

Action
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Components for Cognitive Al

e Action selection and executive control

Longterm memory

World
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Mental
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Action selection
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Components for Cognitive Al

¢ Universal motivation: autonomous identification of goals

Longterm memory World Mental
model stage

~

Action selection Action
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and Decision making
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Components for Cognitive Al

e Emotional modulation and affect

Memory

Perception

Action selection

Action

Securing rate

Motivational system:
Motive Selection
and Decision making

Urges/drives

Selection
threshold
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Cognitive Architectures

Perception

Long Term Memory:
Productions control what to
do next in working memory

by specifying preferences

Firing during
Elaboration Cyle

ChunkingT

Y
Working Preference Memory:
Memory: Current preferences

for available elements,
governed by productions
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Action
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specifying cognitive
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“Classical Cognitive Architectures” tend to focus on
cognition as an isolated problem solving capability.
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Components for Cognitive Al

Memory

Perception

Action selection

Action

Securing rate

Motivational system:
Motive Selection
and Decision making

Urges/drives

Selection
threshold
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MicroPsi architecture
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MicroPsi Architecture—simplified

MicroPSI Agent
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Agent Functionality

e Episodic learning

® Goal-directed behavior, motivational system
®* Emotional modulation

e Hypothesis based perception

¢ Simple planning

e Execution of hierarchical plans
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Implementation: MicroPsi (Bach 03, 05, 04, 06)

__________________ 1
: Eclipse Environment |
| |
| Node Net Editor World Editor |
I
I A A |
I \ 4 \ 4 |
| Net Simulator/ |« >

| Agent World Simulator I
| Execution |
| I A |
| I
. Console |
: Monitoring Application |
| I
_______________ B ———

Y

3D Display
Server
A
Y
3D Display
Client
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Implementation: MicroPsi (Bach 03, 05, 04, 06)
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Implementat

ion: MicroPsi (Bach 03, 05, 04, 06)
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Low-level perception
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boolean firsttime = true; at

Stack makroStack = new Sta

Slot abortsSignal:
Slot scrhctSignalr
Slot debug:

1

< > Tasks | LogView | Parameteriiew

Control and simulation
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Implementation: MicroPsi (Bach 03, 05, 04, 06)

TEON Q=0

(5 mopmesm e 54 - =

I
IOMEHME TG E L | 3 metoteriammain. | dotators ([T smopmpe S i | sotetere | FEE—@mn

Low-level perception

o

& Brain - ScriptExecution. java - Eclipse Platform

File Edit Source Refactor Navigate Search Project Run Window Help
B weq-|[dnme-[3-%-&-[ e

ot 0-1041642705496 Agent: micropsi B 1109040565738 x
d_urten: 1 el n
nCreation java - ey Name [ma
Fie Rt Soute Reacor Ngwe Seach Propc Run Agens Vindon Hep o
$70 Q|7 S @ run S tEa BPOg o = 3
s @ Viordvap & e PoR -
ReT
Slots:
,7@
N LinkageEitview x

LinkageEdityiew | IncomingLinksView

@50 X | Ji0t5pe | ) Event| 3164 » || @ Porameterven

~
final int STATE_IDLE = 0; — M~ ictonurce

final int STATE_NORMAL EXE

int state = STATE_IDLE;
int waitcounter =

boolean firsttime = true;
Stack makroStack = new Sta

Slot abortsSignal:
Slot scrhctSignalr
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Implementation: MicroPsi (Bach 03, 04, 05, 06)
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Implementation: MicroPsi 2 (Bach, Welland, Vuine, Herger 12, 14, ...)

1Y MicroPsi

C @ localhost:6543/# oy

roPsi 2 vO.1 L Administrator ~

> N n 0 Nodespace: Root ®

Y BLUEPRINTS ? Blueprint1
lueprint2
lueprint3
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THER BLUEPRINTS
lueprint10
lueprint11

CTIVE CONTEXT
bject1
bject2
bject3

\x

¥ Nodenet Monitor

> Context M » N n 0
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Cognitive Artificial Intelligence

Methods should focus on components and performances
necessary for intelligence:

¢ Universal Representations:
Dynamic model of environment, possible worlds, and agent

e (Semi-) Universal Problem Solving:
Learning, Planning, Reasoning, Analogies, Action Control,
Reflection ...

¢ Universal Motivation:
Polythematic, adaptive goal identification

e Emotion and affect

e Whole, testable architectures

AAAI 2018 Emotion and Motivation Tutorial
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Modeling Motivation

AAAIl 2018
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Modeling Motivation in a Cognitive Architecture

e General intelligence needs General Motivation
e Motivational system structures cognition

e Motivational dynamics: physiological, social and
cognitive drives

® |ntention selection and action control

e Motivation vs. affect
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Motivation vs. emotion

¢ Motivation:

- reflects needs
— gives rise to goals and directed behavior
- does not have to be associated with emotions

e Emotion:

- modulates perception, cognition, action
— receives valence from motivation

— receives objects from cognition

- leads to affective expression

AAAI 2018 Emotion and Motivation Tutorial
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Motivational System

e All goals attempt to satisfy a (hard-wired) demand
— flexible goals, but (evolutionary) suitable behavior

Intention

y 3

Motive selection

AN

Food
Water
Integrity
Affiliation
Legitimacy
Competence
Certainty
Aesthetics

Urges/drives
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Motivational System

e Drives correspond to set of demands of the agent
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Physiological Drives

e if autonomous regulation of body processes fails
— actively manage physiology (seek food, water,
healing, shelter, rest, warmth, ...)

— escape perilious situations
—> implicitly seek physical survival
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Social Drives

e Affiliation: structure social interaction beyond
rational utility

® increased by ‘legitimacy signals’, decreased by
‘anti legitimacy signals’ (and adaptively over time);
allows for non-material reward and punishment

e external legitimacy: group acceptance

e jnternal legitimacy: “honor”, conformance to
internalized social norms

AAAI 2018 Emotion and Motivation Tutorial
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Cognitive Drives

e Competence
— epistemic (problem specific)
— general (ability to satisfy demands)
- effect oriented

¢ Uncertainty reduction

- novelty seeking

e Aesthetics

- evolutionary preferences (stimulus oriented)
— abstract (representation oriented)

AAAI 2018 Emotion and Motivation Tutorial
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Motivational System

All possible goals correspond to (at least one) demand
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From Needs to Behavior

Priming + Modulation

Needs

AAAIl 2018 Emotion and Motivation Tutorial
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Reward signals

Pleasure and distress:

- Change of a demand is reflected in pleasure or distress
signal

- Strength is proportional to amount of change

— Pleasure and distress signals deliver reinforcement
values for behavioral procedures and episodic
sequences and define appetitive and aversive goals.
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Motivational System

e drive = demand + urge indicator

target >

o

urge indicator

current
level

Water
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Motivational Learning

® motive = urge + goal situation

target >

o

urge indicator

current
level

Water
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Motivational Learning

® motive = urge + goal situation

target >

current
level

urge indicator

Water

aversive situation
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Goals

e Goal: situation or action that affords to satisfy a
need

e Aversive goal: situation or action that frustrate a
need

e All behavior is directed on satisfying an appetitive
goal or avoiding an aversive goal

e Needs are predefined, goals are learned
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Physiological needs

® Thirst

® Hunger
® Rest

e Warmth
e Libido

- Survival as emergent property
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Social needs

o Affiliation (Attention from others, external
legitimacy)

¢ |nternal legitimacy

e Nurturing (caring for others)
e Affection

e Dominance

AAAI 2018 Emotion and Motivation Tutorial



Cognitive needs

e Competence:
— Skill acquisition (epistemic competence)
- Coping/control ability (general competence)
— Effect generation

e Uncertainty reduction:

- Exploration

e Aesthetics:

— Stimulus oriented
— Structure oriented (abstract aesthetics)

AAAI 2018 Emotion and Motivation Tutorial
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Needs and urges

Need

Physiological Needs

Urge Strength —).
____________ T Pleasure —).
1 Displeasure —p» @)
Urgency_‘| > @

Current Value

Social Needs Affiliation

Nurturing

Affection

Legitimacy

Dominance

Cognitive Needs
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Motivational Learning

® association by learning:

urge
indicator

demand

goal
situation

\ 4

change
indicator

P ) aversive
”’ . .
-— situation

valence associator

AAAI 2018 Emotion and Motivation Tutorial

62



Motivational Learning

e retrogradient reinforcement

protocol chain
4_

urge
indicator

demand

change
indicator

valence associator
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Motivational Learning

Motivator:

situations leading up to goal = plan

autonomous
regulation
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Motivational Learning

Intention:

autonomous
regulation
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Motivational learning

Current
Protocol Memory Situation/Action

e e S s
Retrograde Reinforcement ( Associated with Urge
Need PISeiaiL;:e_,‘) .{ppetetive
ee 9 Reinforcement
Target Value ———... T

—> Mt
Current Value mee - 1 .Aversive
Reinforcement
Displeasure —)»
Signal

Aversive Goal

ot '
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Motive selection

Need becomes active

No autonomous regulation possible:
Trigger Urge Signal

Try to satisfy urge opportunistically

No opportunistic satisfaction possible:
Urge Strength — Suppression > Strength of Leading Motive: If no strategy is found:

Try to recall strategy to satisfy urge Construct a plan to satisfy urge

expected reward * urgency * competence
cost of strategy

motive strength =

Turn strongest motive into leading motive (intention)

If no plan is found:
Increase need for exploration
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Need parameters

e Strength: relative importance
e Decay: rate of replenishment
e Gain: effect of satisfaction

e |oss: effect of frustration

e different configuration of need parameters =
different personality traits
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Anticipated needs

e Actual reward determines reinforcement
(striatum, basal ganglia)

e Anticipated reward determines action
(prefrontal dopamine)

e Valenced reactions are not only caused by present
rewards, but also by imagined/anticipated rewards
(expectations, memories)
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Implementation of motivation

(type € {physiological, social, cognitive},
value , € [0,1],
value .y € [0, 1],
urge ; € [0,1],
urgency ; € [0,1],
pleasure , € [0, 1],
pain ; € [0,1],
weight € RT,
decay time € [—1,1],
Need := | gain € [0, 1],
loss € [0,1],
satisfaction'™9 € [0, 1],
frustration'™9d € [0, 1],
pleasure sensitivity € RY,
pain sensitivity € RT,
pleasure decay time € R,
pain decay time € RY,
pleasure sensitivity™ € [0,1],

\ pain sensitivity'™9 € [0,1] J

AAAIl 2018
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Urge strength and urgency

® urge; = Weight [1 — value t—1](1)2

k—remaining time;

* urgency; = weight [ ;

12

I
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Value and decay of a need

* value, =

e decay(v,_q) = o (0_1(%—1) +

+gain X satisfaction'™9 &,

| +loss X frustration

decay(value;_q)
consume

+gain X §;

+loss X (%werswe
img consume

img 5tlm g aversive

duration(t,t—l))

decay time

AAAIl 2018
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Pleasure and pain associated with a need

‘decay(pleasure;_q, pleasure decay time)]

o pleasure, = | tgain X pleasure sensitivity x &

; img consume
img s St g

|+gain X pleasure sens.

decay(pain,_q, pain decay time)

+loss X pain sensitivity x §aversive

° ain, = ] . :
patie +loss X pain sensitivity"9 X 6tlm‘g averstve
+pain from depletion(value;_;) 1,
value 14
e pain from depletion(value) := [(1 - )]0
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Events and consumptions

o Lvent = <

e Consumption = <

expected reward € [—1,1],
certainty € (0,1],
skill € [0,1],
\  remaining time, € RT

( need € Needs,
reward; € R,
total reward € R,
reward duration € R,
max reward € R,

. discount € |0, 1]

cconsumption € Consumptions,

J

\

)

AAAIl 2018
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Reward signal and reward summation

1

Y
o signal(t):= te 2
k .
o t1 =(t—t,cer) D m——— duration(t,t — 1)
k

e t1 = (t— tycer) duration(t,t — 1)

reward duration

max reward

{ o
kX total reward t; 2
* reward, = — [“te 2
reward duration “t1
d—max reward
max reward
kX total reward ( _1,2 _L2
= e 2 | e 2 2
reward duration
d—max reward
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Actualized rewards change values of needs

consumption1®
o §omsume = [reward, PR
0
. - 0
o saversive _ [TBWCLT dconsumptwn]
t t oo
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Dealing with anticipated rewards

consumption
rewardt p

o §,9 T = certainty X skill X —
1+d X remain.time;

consumption

e 5 img aversive reward,
t

00)

l

0

cert.X (1 — skill) X [

(d is discount; hyperbolic discounting)

1+d X remain.timet] oo
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Cognitive Artificial Intelligence

Methods should focus on components and performances
necessary for intelligence:

¢ Universal Representations:
Dynamic model of environment, possible worlds, and agent

e (Semi-) Universal Problem Solving:
Learning, Planning, Reasoning, Analogies, Action Control,
Reflection ...

¢ Universal Motivation:
Polythematic, adaptive goal identification

e Emotion and affect

e Whole, testable architectures

AAAI 2018 Emotion and Motivation Tutorial

78



Modeling Emotion

AAAIl 2018
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Emotional expression

e Paul Ekman: Facial Action Coding

| Fear Il Anger |l Sadness | Disgust I
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Emotional expression

e Paul Ekman: Facial Action Coding

AAAIl 2018 Emotion and Motivation Tutorial
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Emotional expression

e Paul Ekman: Facial Action Coding

AU 10+12+ AU 22+25+26 AU 12+25+26 AU 6+10+
12+16+25+27

AU 17+24
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Affective computing

Recognize, process, simulate, express human affects




Appraisal models

e Magda Arnold, Richard Lazarus:

- Emotion as cognitive appraisals of relations, motivation, cognition

e Klaus Scherer:

— Stimulus evaluation checks
— innate (sensory motor) — learned (schemas) — deliberate
- relevance — implication — coping potential & normative signific.
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Conceptual analysis: Ortony, Clore, Collins 1988:

i

Valenced reaction to

T

consequences of events

actions of agents

:

aspects of objects

Cpleased, displeased etc.) Capproving, disapproving etc) ( liking, disliking, etc. )

i

:

focusing on focusing on
consequences consequences / \
for other for self self (agent) other agent

N\

PN

desirable undesirable prospects prospects
for other for other relevant irrelevant

i i i

:

Y

(happyfor...) ( gloating ) ( hope ) (

joy )| ( pride ) ( admiration )

( love )

(resentment) C pity ) C fear ) (

distress ) C shame ) ( reproach )

( hatred )

fortunes of others prospects well-being attribution attraction
confirmed disconfirmed

:

N/

(satisfaction) ( relief )

(gratification) ( gratitude )

@onﬁrm. of fea@ @isappointmenD

( remorse ) ( anger )

prospect-based

well-being/attribution compounds




Affective dimensions in the PSI theory (Dérner 1999)

Valence
(appentence/aversion)

Selection threshold
(motive dominance)

Arousal
(unspecific
sympathicus
syndrome)
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Compare: Affective dimensions (Wundt 1910)

A

Pleasure
Tension
Calmness
——— ——
Arousal
Relaxation
Displeasure
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Affective dimensions in the PSI theory

A
Valence

. Selection threshold
(appentence/aversion)

(motive dominance)

> Arousal
(unspecific
sympathicus
syndrome)

A
v

Goal directedness

Resolution level
(focus)

> Securing rate
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The Psi theory about emotion

e Affect is seen as a configuration of a cognitive
system

e Modulators of cognition:

- arousal, selection threshold, securing threshold,
resolution level

— estimate of competence and certainty
- pleasure/distress signals — valence

e Affective state is emergent property of modulation

e Directed affects (higher-level emotions) emerge by
association of demand with appetive or aversive
objects/situations
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Purpose of emotional modulation

e Control width, depth and bias of operations on mental
representations of the agent
— modify perception, memory, planning and action
selection

e Reduce complexity of cognitive processes
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Modulation in PSI/MicroPsi

"Protocol memory |

~

Long term memory

Present

Resolution
level

Perception

Action selection

Planning

Currently
active
motive

Motive selection

P \
Demand sensors

Action
execution

Selection
threshold

Energy
Water

Integrity

Affiliation

Certainty

Competence |«
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Primary modulators

Arousal unspecific sympathicus syndrome

situation evaluation (good/bad)

fight or flight

Pleasure

Aggressive

Arousal

Calm ‘ -

Agitated

Submissive

Displeasure

AAAIl 2018
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Attentional modulators

Resolution Level width of focus
_ depth of focus; motive stability
Securing Rate rate of checking the environment

Detailed Cognition/Perception

Narrow Focus

Internal

Securing Rate
External

Wide Focus

AAAIl 2018
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Modulator dynamics

Urgency: All Needs

General Competence

Exploration Need (Uncertainty)

_—Obstacle Prevents Satisfaction
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Modulator parameters

e Baseline
® Range
e Volatility

e Duration

e Different modulator parameter configurations =
different temperaments
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Emotions as directed affect + Modulation

Examples:

Fear: anticipation of aversive events (= neg. valence) +

arousal

Anxiety: uncertainty (= neg. valence) + low competence +
arousal, high securing behavior (frequent background checks)
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Emotions as directed affect + Modulation

Examples:

Anger: Perceived obstacle (usually agent) manifestly prevented reaching
of an active, motivationally relevant goal (= neg. valence), sanctioning
behavior tendency (= goal relevance is re-directed to sanctioning of
obstacle), arousal, low resolution level, high action readyness, high
selection threshold

Sadness: Manifest prevention from all conceived ways of reaching
active, relevant goal, without relevant obstacle (= neg. valence), support-
seeking behavior (by increased demand for affiliation), low arousal,
inhibition of active goal = decreased action readyness
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Emotions as directed affect + Modulation

Examples:

¢ Pride: high competence (= low securing rate), high
internal legitimacy, likely coincidence with high external
legitimacy

¢ Joy: high arousal + high perceived reward signal from
satisfying a demand

e Bliss: low arousal + high perceived reward signal from
satisfying a demand (since physiological demands often
involve high arousal, mostly related to cognitive demands,
such as aesthetics)
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Implementation of affective modulation

( min € R )
max € R,
level; € [min, max],
baseline € [min, max],
volatility € RT,
\ decay time € Rt )

e Modulator = <

~"

max — baseline, if level,_, > baseline

e jnterval = . .
{ baseline — min, else

e §, = (target X interval + baseline — level,_,) volatility
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Implementation of valence

Sn o= Vn

limit

e marginal sum(V, limit): = Zlnvzlo S,

o [imit = max({a)lw € Weightneeds})
e combined pain = marginal sum({weight,..q X Pain,..q})

e combined pleasure = marginal sum({weight,..q X pleasure,oq})

o targe tvalence _ combined pleasure—combined pain

limit
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Implementation of arousal

marginal sum({weight,eeq X UTrgeneed]})

e combined urge = o

marginal sum({weighteeq X Urgencyneeqd})

e combined urgency =
g y limit

o target®o¥d = combined urge + combined urgency — 1
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Implementation of aggression/regression

e epistemic competence = SKillcyrrent goal event

e general competence = \/ valuecompetence e epistemic comp.

o target®99Tession = general comp. +epistemic comp. —1

AAAI 2018 Emotion and Motivation Tutorial 102



Emotion viewer
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Personality modeling

® Motivation parameters: Personality properties

e Modulation parameters: Temperament
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Individual Variations by Parameterizing

Possible grounding of personality properties (FFM):

¢ Openness: appreciation of art and new ideas,
curiousity

® Conscientiousness: rulefollowing vs. chaotic

e Extraversion: tendency to seek stimulation by
environment and others

e Agreeableness: tendency for cooperativeness and
compassion

e Neuroticism: emotional stability, effect of failure
to self-confidence
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Needs and Big Five

Affiliation
Nurturing
Affection
Legitimacy

Dominance
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Example: Mapping to FFM (Big Five)

Demand dynamics:

: _ Internal Gen./Epis. ||Uncertainty :
Food || Water || Integrity | |Affiliation Legitimacy| Competence | Reduction Aesthetics
Physiological Social Cognitive

AAAI 2018 Emotion and Motivation Tutorial
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Example: Mapping to FFM (Big Five)

Demand dynamics:

Affiliation Int.e.rnal Gen./Epis. Uncerta_mty Aesthetics
Legitimacy| Competence | Reduction
Social Cognitive

AAAIl 2018
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Example: Mapping to FFM (Big Five)

Demand dynamics:

J J/

v

Affiliation

Y

Internal
Legitimac

Gen./Epis.
Competence

V\

Uncertainty
Reduction

Aesthetics

$

\

A Y

T

AAAIl 2018
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Example: Mapping to FFM (Big Five)

Valence: Pleasure/Pain signals

V+ ¢

v

Internal Gen./Epis. | |Uncertainty
Affiliation . :
Legitimac Competence‘ Reduction
%

AAAI 2018 Emotion and Motivation Tutorial
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Example: Mapping to FFM (Big Five)

Neuroticism: stronger experience of negative emotions, lower

emotional stability
(strong negative reward/stronger loss of competence, certainty;
stronger decay -> more frequent nee ' ; [

proneness to anxiety due '

wer gain),

V+ ¢

Internal Gen./Epis. | |Uncertainty Aesthe

@ A Legitimacy+ [Competencew.. Reduction
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Example: Mapping to FFM (Big Five)

Extraversion: surgency, activity in social relations, expressivity

(strong gain for affiliation and competence, high decay of affiliation)

)/

Internal Gen./Epis.

Affiliation Legitimac Competence

Uncertainty
Reduction

_\

Aesthe

Iy

AAAIl 2018 Emotion and Motivation Tutorial



Example: Mapping to FFM (Big Five)

Openness: desire for novelty, intellectual independence, non-
conservatism, appreciation for art and new ideas

(strong gain for uncertainty reduction, high epistemic competence for
uncertainty reduction, pro or all em

Y

Affiliation Int.e.rnal Gen./Epis. Uncertalmty Aesthe
Legitimac Competencey\ Reduction -
* f\/ \_/

|

—_—— e =
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Example: Mapping to FFM (Big Five)

Agreeableness:

(strong positive and negative reward for affiliation, lower

gains for competence)

Y

_ Internal Gen./Epis. | |Uncertainty
Affiliation . :
Legitimac Competence‘ Reduction -
f \/
| _—

AAAIl 2018 Emotion and Motivation Tutorial
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Example: Mapping to FFM (Big Five)

Conscientousness, Rigidity:

(high loss in competence, high selection threshold,
possibly low effect of demands on arousal and resolution

level) ——
Affliation | | 'ntemal | Gen./Epis.| |Uncertainty

Legitimac Competence‘\ Reduction \

4 \/ W,

AAAIl 2018 Emotion and Motivation Tutorial
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Example: Mapping to FFM (Big Five)

¢ Why not one free variable per FFM dimension?
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FFM does not tell the complete story

Shyness != Introversion

(high loss of affiliation, low competence)

|

v

—

B

Affiliation

Internal
Legitimac
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How can we evaluate a model of motivation?

¢ Games!
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Space Invaders (1978, Tomohiro Nishikado)

SCORE<1> HI-SCORE SCORE<Z>
aa7’a agsa

A dh A b A G ey G ey

2 M M N

CREDIT 99
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World of Warcraft (Rob Pardo, Jeff Kaplan et al. 2004)

— - - y Lower Sumprusheg ‘\Tn
§,“",ft,l \\ A ¢ :

ET NS M T ) 1) S50 )

Bis

55, m’
M

""n \{ Alchemy
% 600/600
-1 All

Filter: Has skill up
Transmutation

Riddle of Steel
|

Transmute: Imperial Amethyst
Transmute: Primordial Ruby
Transmute: River's Heart
Transmute: Sun's Radiance

Riddle of Steel

Requires: Philosopher’s Stone
%

Using Spirits of Harmony to create Living Steel does not

tax the alchemist, allowing them to ignore the normal
one day of rest.

Reagents
—
q Spirit of
403 Harmony

[Fool s Cap]
[Life Spirit]
[Flask of Spring Blossoms]
You have learned how to create a new item: Riddle of Steel.
[Pink Turnip]
[Windwool Cloth]
You loot 9 Silver, 1 Copper

f/ ““ [ I3 AL

#o0 ¢ <

S(&r&r Lava'
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Player personality types

Richard Bartle (1996): “Hearts, Clubs, Diamonds, Spades: Players Who suit MUDs”

PLAYERS
>
Socializer Killer
Interacting-with Players Acting-on Players
INTERACTING ACTING
Explorer Achiever
Interacting-with World Acting-on World

WORLD

AAAIl 2018

Emotion and Motivation Tutorial

121



Motivation and personality

* Personality properties can be modeled as motivational

variability
Affiliation
So;ia(lizer Killer
Uncertainty
reduction Feem Achiever

Competence
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Needs and player types (with S. Tekovsky)

Affiliation

Nurturing

Affection

Legitimacy /-
Dominance

—>»  Hedonists
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Emotion and the Self
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Neocortex as a modeling system

e cortical modeling is a predictive model
of sensory patterns,
as a dynamic simulation of world and agent

simulations
objects processes maps

complex features _
\ motor actions

percepts X

sensory patterns
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Neocortex as a modeling system

language
i

concepts

objects K !

\ ’; * :

complex features K
motor actions

AN

percepts

N

sensory patterns

126
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Neocortex as a modeling system

.y language

conductor | .

concepts

self regulation ] executive
™ . function

short term protocol
\

direction<:.
of attention

biographical memor \,:, s
grap y S|mulat|ons,'

procedural memory / \ \

objects ,  processes maps

I, :

\ I f ,‘

1

complex features '
motor actions

AN

percepts

N

sensory patterns

127
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Neocortex as a modeling system

® Primary model: environment and agent

e Secondary model: interaction of agent with
environment

e Tertiary model: functioning of secondary modeling
-2 Self

e Consciousness as a model of attention
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Integration of emotion and motivation

e Control and self regulation depends on learned
functional representations in cortical structure

e Attentional biases

e Attention is mechanism for directed learning

e Experiential access via attentional protocol

e Structure of self determines experience of emotion
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Social emotions

e Object of emotion requires representation and
motivational relevance

e Social urges: affiliation, romantic affect, libido,
dominance are transactional

® Love: non-transactional emotion

® |Love requires shared purpose, via legitimacy
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Thank you!

Interesting questions:

e |s recursive function approximation plus
motivational system sufficient for general
intelligence?

e Could we functionally recreate human-like minds
with our model?

e How does a motivated/emotional system evolve
when it can modify itself?
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