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o Methodological Approach: Data Driven Modeling

» economic databases: ORBIS, Bloomberg, patent databases
» online data: user interaction, communication records, blogs

ETH Chair of Systems Design
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L What are Emotions?

L
What are emotions?

' ' ' '
reflex reactions + neural responses 1 psycological states + cognitive processes 1 lifetime behavior

, physiological level core affect ' mood | personality traits ~
' ' ' . log t

o Definition: Psychological states of high relevance for the
individual that imply cognitive and physiological effects
» short-lived psychological states that consume individual's energy and
strongly bias behavior (for example expression)
o Different levels of description:
Physiological level: brain parts active during emotion (e.g amigdala)
Core affect: basic psychological components of emotions
Mood: long-term psychological states related to cognitive antecedents
Personality traits: lifelong factors of personality sustained by emotions
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Representation of emotions

The circumplex model — Russell (1980)
Aro_used
Russell’s dimensional model

@ Surprise
B Fear

Pleasure associated with the

7 Omer  Lwws  ®Hwm T emotion.
-QE{I . |§
= [\ Disqust
oo Arousal
RS Degree of activity induced by the
emotion.
Nuta;oused

(Credit: Calder et al. 2001)


file:/home/fschweitzer/VORTRAG/10-11-CCSS/figures/Circumplex.png
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L What are Emotions?

T ——
A big difference: Happiness network

a 1“?{3 ‘;,.L 35""#

o time aggregated clusters of happy
individuals based on two snapshots
within 20 years

@ correlations don't show collective
emotional states, but global lifetime
happiness

@ hypothesis of happiness contagion
is not verified

Chair of Systems Design
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I—Quani:if‘ying Emotions

EU PrO_jeCt on Cyber Emotions (CE) http://www.cyberemotions.eu/

To understand the role of collective emotions in creating, forming and
breaking-up /CT mediated communities as a spontaneous emergent
behaviour occurring in complex techno-social networks

o Funded by 7th Framework Programme (start 02/2009)

@ Collaboration of 8 European universities for 4 years

Jacobs uw
N\, Bremen UK
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Emotional Posts in Fora
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Message & - posted by |_amGraceAustin (U1651503) , Feb 20, 2005
What on earth is going on with our justice system?>>>>
My God. That is such an [GHIFaE8 In my country, a man who had

his
 stepdaughter for several years, was given probation. The was 5o loud that the
 judge reversed the sentence, and sent the SOB tofflj where he belongs.
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j§b1011jjb frere] 1ol FBRE man

1 Logged

i got to se her last night and had a WGAGE time with her
Group: member
soined: Nov 2006
ke euddy | om User
" i also lumed the truth s to why our Ffigids introduced lisa and i

there was 3 quy who was [ her and i <o i stood up and told the guy to take 3 walk 50 now shes caling me
her e

they did so in the iBRES that lisa and i would get together as a cuple
and after that quy left us alone she FiUGEEE me and saic *i I6U8 you what can i say i just I6U8 you."

and at the end of the night she and | BSAEEE to the sang you and me by life hause
ek to: respond to this topic

Options: Reply To Toplc | Stat New Topi | Edt Message | Quote Messags | Report abuse.

- - ———
— -
——

Example of a negative (left) and a positive (right) post

o Threads analysed in two different ways

> text-based emotion classification = sentiment analysis
» measuring physiological responses of users




Text-based emotion classification

o Annotated lexicon
> positive and negative score for predefined words
o Supervised learning
> training set: annotated text, output: subjectivity, polarity

negative
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I—Quan!:ifying Emotions

o Survey based lexicon (ANEW)

» dataset of word emotionality = valence, arousal, dominance
» improvement: stemming of words = better accuracy, recall

Lyrics for ANEW L

. i B words k
Michael Jackson's Billie Jean P %”kfk
- : k=1. love | |8.72 Viext =

She was more like a beauty queen B aother 3.30 = fk
from a movie scene. . baby 8.22 k

: . beauty 7.82
And mother always told me, . truth 7.80) A 4

*?;Bi\\ie Jean — 7.1

And be careful of what you do . strong 7.11

2
3
4
5
be careful who you love, ’ g people f83
'cause the lie becomes the truth, g young 6.89

. girl 6.87 [T =6.3
Billie Jean is not my lover, 10. movie 6.86 oThiler
She's just a girl who claims i; perfume gzi 'U — 6.4
. queen b Michael — '+
that I 'am the one. 13, name 5 55| Jackeon

14. lie 2.79

‘.—u—u—n—u—-a:.m»—nm»—-»—-w-—-n—- |';__—o-,

*P. S. Dodds, C. M. Danforth, 2010
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~ Detecting emotions from physiological response
Measuring physiological response

o physiological response to classified pictures’ and fora

» monitoring heart rate, skin conductance, frowning and smiling
» already known to correlate with valence and arousal

TIAPS - International affective picture system

Chair of Systems Design
ol Tk http://www.sg.ethz.ch/



Heart rate and skin conductance

o

@ 1270 variables in SSPS data

o Baseline extraction, rescaling = time series analysis
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I—Quani:ifying Emotions

The Zygomaticus peak
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B ZOe(Bl(Xfe)) X S 97
2(8) = pel-0) x> @

< @ uniform distribution of peak
time ©
@ Yet to understand relation
between valence and parameters

<yyY

10

of fit

@ tools to estimate valence from physiological data
@ training from valence values of IAPS emotional picture system.

Chair of Systems Design
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Exogeneously triggered CE

o example: Michael Jackson's death

» shared sadness about the event
= synchronization of mio of independent emotional expressions
» vast increase of user activity = breakdown of news sites, twitter
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Endogeneously triggered CE

TROLLIN g

JOUSBEZ "o
Tnnlll“l TAM B ?YV

®

illsrmw»" mioomes | LOVE YOU
o example: The Boxxy phenomenon?

» video created strong emotional polarization among mio. of netizens
» community formation built on collective emotion

» spread into other online-communities = Boxxy became a meme

*Most subscribed channel in YouTube, Jan 2009

Chair of Systems Design
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I—Mv:)deling Cyber Emotions

 Emotonal Brownian Agents
Modeling framework: Brownian agents

o Agent i state variables u¥(t)

@ Dynamics based on principle of causality:

Effect <= Causes

changes of u; deterministic + stochastic influences
szuti = fi(u,o,t) + Ai &i(t)

o fi(u,o,t): considers
> nonlinear interaction with other agents j € N
» external conditions (information, resources)
> eigendynamics (relaxation, internal dynamics)

o A;: “other” (fast, heterogeneous) influences

tFrank Schweitzer: Brownian Agents and Active Particles. On the Emergence of
Complex Behavior in the Natural and Social Sciences, Berlin: Springer (2003)

Chair of Systems Design
http://www.sg.ethz.ch/




Modeling framework: Schema

JIb

h

(& —®&— )

o agents described by arousal a, valence v, expression s

@ arousal causes expression wrt on valence
@ emotional information stored in field h
o valence and arousal are affected by the field

iF.Sq D. Garcia: D. An agent-based model of collective emotions in online communities, European Physical
Journal B (October 2010), http://arxiv.org/abs/1006.5305


http://arxiv.org/abs/1006.5305

Emotional information

@ emotional information is stored in a communication field

hi = —yhhe(t) + sne(t) + (1)

» field components for positive and negative emotional information
> information does not last forever — decay of importance 74
» user impact on the field and external information

@ other agents have access to these media

» different forms of access possible (e.g. broadcast)
» mean-field approximation of bidirectional communication



Emotional states

@ emotional state of agent i: E;(t) = {v;(t), a;(t)}
@ without external/internal excitation: v;(t) — 0, a;(t) — 0
> relaxation into a 'silent’ mode

@ dynamics of the Brownian agent:
Vi = i Vi(t) + Jrv + Avi fv(t)
3 = —Yai ai(t)‘i‘fa‘i‘Aaiga(t)

> Yvi, Yai: decay on valence and arousal
» F,, Fa: reflect specific influences



Valence

@ emotional information affects valence of others through F,

> agents respond to positive and negative information at the same time

or

> agents with positive emotions (v;(t) > 0) respond to positive
information, and vice versa.

@ nonlinear influence of information, dependent on valence

Fulhs(t), vi(t)] = he(2) Y bevk(2)
k=0



Arousal

@ nonlinear feedback between emotional information and arousal
» all emotional information affects arousal of others

@ subthreshold dynamics: nonIinear response
Faox (hye(t) + h_( )cha

o after expressing emotion, arousal is set back to zero

a = 3,‘(!‘) @[(Z, — a,-(t)] — a,-(t) @[a,-(t) — T,]



Emotional expression

@ aj(t) > 7j: agent takes action
> expresses emotions in blogs, fora, reviews, ...

si(t + At) = fvi(t)] ©[ai(t) — T/]

o different assumptions: f[v;] = v;, or f[vj] = s - sign(v;) =
importance, distribution: P(At) oc At~
the more important the emotion, the shorter the waiting time



Valence dynamics

o Cubic dependence on the valence

v ==y v(t) + he(t) {bo + biv(t) + bov?(t) + b3v3(t)}

> allow for 'silent’ mode: v(t) — 0: by =0
> positive and negative valences 'equal’: b, =0

o collective emotions emerge if by - hy >,
= regime with high emotional information (!)
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I—Modeling Cyber Emotions

Valence distribution

&

e

num agents

num agents

%2 s 1 05 o 05 1 15 2 ) " ' - v

ps(v) under low h ps(v) under high h
@ polarization of emotions emerges under high information exchange

o agreement of analytical results with simulations

Chair of Systems Design
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Arousal dynamics

quadratic dependence on the arousal
a = —7,a(t) + h(t) {do + dra(t) + cha®(t)}
response to total information h(t) = hy(t) + h_(t)

initial bias to positive arousal dy > 0

if d» # 0, two possible solutions

two cases:

© d> < 0 lower solution unstable, higher stable = one CE
© d> > 0 lower solution stable, higher unstable = fluctuating CEs



Arousal bifurcation

@ below certain value of the field, the system is highly nonstationary
» positive arousals increase the field

@ when the field is high, agents can stabilize in negative arousals
» field starts to decay
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I—Modeling Cyber Emotions

Collective emotion oscillations, T ~ U(T i, Tmax)

30,

25

20

10|

@ amount of agents expressing emotions fuctuates

@ appearance and fading of collective emotions can be observed

Chair of Systems Design
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Collective emotion oscillations

0.5

o valence polarizes with activity fluctuations

@ agent trajectories show change in emotions
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e Applications
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I—Applications

Example: Productivity in OSS

SNF project: /mpact of social interactions on software evolution

o impact on emergence of collaboration

» Why do people contribute to OSS at all?
» emotions solve cooperation paradox =- explain responsibility

e impact on project success/failure

» role of emotional feedback of users and empathy of developers
» emotions as building blocks of self-organized, non-profit community

TN
SOURCEFORGE®

N

Chair of Systems Design
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I—Applications

 LRisksandBenefisof Gber Emotions
Example: OSS Forum fights

Open Source Software fora show bursts of negative conversations
between users and developers:
|

Login | Help/Guide | About Trac | Preference

ABOUT | NEWS | DEVELOPMENT

I T wii [ Timeine [ Roadmap [ ViewTikets [ Searen
40§« Previous Ticket Ne

Ticket #4986 (closed enhancement: wontfix)

automatic chat input field resizing should be optional, regression
from 2.3 Last modified 15 months ago

3 years age

o OSS project
o hampered by CE

G-sus: | believe that it is actually impossible to be unsubscribed from a ticket in trac, at least not without
manually mucking about in the trac databases. Welcome to the varied and Iizafi world of SUEKIthat

makes up trac. SO o EffeCt fOI’k Of

Apewall: | hinted at the reasons in = http://developer.pidgin.im/ticket/4986 #comment:4 | know they
were explained in slightly more detail in one of the other locations this issue was discussed, I'm unsure . . .
which location at the moment offhand, but the essence is that GTK+ did not make having both work P 1 dgln | nto
correctiy at all g8y (or even possible).

Chan irs agot ben J 3
‘ FunPidgin
At this point | really don't understand why automatic chat input resizing isn't optional, and 'm really
beginning to not care. How do | unsubscribe from these e-mails? It's really [fifioying to constantly see
that people are still bickering and saying the same things.

“This leatug@ Bring back the old way that has been in use without any complaints for years!*

"Wah, I'm g leveloper and we like it this way, S0 you guys can go eat a[Gi@RI" *Don't make me go Dr.
Tran on your @8I *Bring it on!" *internet squabble*

Changed 3 years ago by TacBoy in repl

ETH Chair of Systems Design
e et http://www.sg.ethz.ch/
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I—Applications

Example: Impact on product reviews

Amazon, Dooyoo - Burst patterns

4000

3000

2000|

1000

0

A JUh- N, AN Wi Ay
2008 2009 2006 2007 2008 200 2010
t t

Reviews per week for " Harry Potter and the Deathly Hallows” (left) and " Marley and Me”

(right). Amount of ratings (blue), total positive score (green) and total negative score
(red) of emotions.

o different scenarios: marketing campaign vs word of mouth
o combined effect of product experience and herding effects

o feedback between mechanism design (recommender systems,
incentive schemes) and collective emotions

Chair of Systems Design
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I—Applications

CE Project: Benefits for online communities

o virtual humans

» emotional interaction beyond textual expression

o visualization of collective emotions

» monitoring and prediction of emotional state of community

o emotional chatbots

> mitigate emotional problems, online conflicts, encourage
cooperation, interaction = Artificial emotional intelligence

Chair of Systems Design
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I—Applicatiuns

Further benefits for online communities

o Fora / discussion groups

» mediation = mitigate risks, improve user experience
o Social networks

» monitoring interface to real societal emotions

» key point for success in social networks (twitter vs myspace)
o Chatrooms

» real-time chat assistance with emotional support and/or activity
encouragement

o
B |

Lhyspace.coliy

Chair of Systems Design
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Conclusions

@ emotions

» differ from opinions(!), quantified by valence, arousal

» collective emotions important in decision processes
@ empirics on emotions/cyber emotions

» sentiment mining in text, physiological responses

» CE: exogeneously/endogeneously triggered, long-tail of human i.
o agent based model of collective emotions

» considers psychological variables (arousal, valence)
» provides testable hypotheses on agent's response
» predicts distribution of valence = data comparison
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L
Conclusions

e emotions
» differ from opinions(!), quantified by valence, arousal
» collective emotions important in decision processes

@ empirics on emotions/cyber emotions

» sentiment mining in text, physiological responses
» CE: exogeneously/endogeneously triggered, long-tail of human i.

o agent based model of collective emotions
» considers psychological variables (arousal, valence)
» provides testable hypotheses on agent's response
» predicts distribution of valence = data comparison
o applications
» mitigating risks of CE, fostering benefits of CE
» developing bots to enhance user interaction
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