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01
They are sometimes 
illogical and unexpected -
Bounded rationality 

02
They can learn and 
update their beliefs –
inductive thinking

03
Their behavior is 
correlated with others’–
Social influence, signaling, 
contagion, homophily

04
They form a 
connected system -
Connectivity

05
They are heterogeneous in 
a weird way -
Broken symmetry
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Social events do 
not occur in a 
constant rate 
over time

Riots

Olzak, Susan, Suzanne Shanahan, and Elizabeth H. McEneaney. "Poverty, segregation, and race riots: 1960 to 
1993." American Sociological Review (1996): 590-613.
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Strikes
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More Strike data

Wallace, Michael, Kevin T. Leicht, and Lawrence E. Raffalovich. "Unions, 
strikes, and labor's share of income: A quarterly analysis of the United States, 
1949–1992." Social Science Research 28, no. 3 (1999): 265-288.

A Strike wave

A year when the number of striking workers and the 
frequency of strikes both exceed the average of the 
preceding five years by at least 50%, all within the 
boundaries of a national state.

Shorter and Tilly (1974, pp. 106–7)



5/14/2017

5

Example Chicago 1886

Haymarket affair
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Meme tracking

Leskovec, Backstrom, Kleinberg (2009)
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Voting

Strikes

Riots

Migration
Bubbles

Crusades

Crimes

Why?

Are they all responding to an exogenous pressure?

Can we come up (similar to the previous cases we discussed) 
with an explanation that is more self-emergent from the 
dynamics of the population?
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Individual 
prioritization
Barabasi 2005
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Spikes are generated through 
prioritization and repetition

Barabasi (2005)
Individual time dynamics in 
performing tasks is spiky 

Oliviera and Vazquez (2009) 
especially in interactive tasks 

A spike in aggregate behavior –
A high priority task for many individuals

External event
(trailer, press conference)

Spontaneous internal activity.
Enhanced due to the repetition effect, 
(Cacioppo and Petty 1979; Campbell and Keller 2003)
but short term (Singh et al. 1994)

Pros? Cons?

What is missing?
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Variation in 
action 
thresholds
Granovetter 1978

Individuals have a personal 
Threshold for action

Different individuals require different levels of safety before acting 
(e.g. entering a riot) and also vary in the benefits they derive from 
rioting. 

Every person has a threshold which is the proportion of the group 
she would have to see join before she would do so. 

“Radicals”= low threshold    “Conservatives”= high threshold
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Variation in threshold
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r(t) = number of people who have joined by time t.
Equilibrium in r(t) = 100 people. 
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For a general F(x)

r(t+1)=F(r(t))

For a normal distribution 
with mean=25
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The main claim

The distribution is perturbed and slightly fluctuates 
over time. Therefore, similar situations will generate 
spikes of different magnitudes (if at all).
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Pros? Cons?

What is missing?

Hardship vs 
Legitimacy of 
a central 
authority
Epstein 2002
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Pros? Cons?

What is missing?

Positive 
feedback and 
Recency
Gelper, Peres and Eliashberg 2017
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The context: Spikes in Pre-release WOM

Release date: 
November 26, 2010

Spikes in Pre-release WOM
Increasing trend towards release + WOM spikes
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Why are WOM spikes interesting?
A focused burst of interest and communication among 
consumers.

Dynamical aspects of WOM are hardly studied.

Associated with sales.

Theory: ignition, positive feedback, recency

Positive feedback
Biggs (2003); Bikhchandani, 
Hirshleifer and Welch (1992) 

External event
(trailer, press conference)
(Shi et al 2013)

Spontaneous internal 
activity
Myers, Zhu, and Leskovec (2012) ; Crane and 
Sornette (2008) ; Strogatz (2004 )

Shift of focus to 
more Recent

topics
Myers, Zhu, and 
Leskovec 2012
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A simple agent-based model
Pr. Communicate(topic j, time t)=
f(number of mentions    ) * r(time since the topic initiated     )

If no external event happens
(probability 1- Pevent )

If an external event happens
(probability Pevent)

An individual chooses an existing topic j at time t 
with probability 

݂ ݊௧௝ ݎ ݐ − ௝ݐ

∑ ݂ ݊௧ௗ ݎ ݐ − ௗݐ
ேା௧ିଵ
ௗୀଵ + ݂ 0 (0)ݎ

An individual chooses an existing topic j at time 
t with probability 

݂ ݊௧௝ ݎ ݐ − ௝ݐ

∑ ݂ ݊௧ௗ ݎ ݐ − ௗݐ
ேା௧ିଵ
ௗୀଵ

 (1 − ௡ܲ௘௪)

An individual choose the new topic at time t with 
probability

݂ 0 ݎ 0
∑ ݂ ݊௧ௗ ݎ ݐ − ௗݐ

ேା௧ିଵ
ௗୀଵ + ݂ 0 (0)ݎ

An individual choose the new topic at time t
with probability

௡ܲ௘௪

N=120, T=500, Pevent=0.01, Pnew=0.2, f(n)=100+nk and r(t)=1/exp(t)1/a. Larger values of k
indicate a stronger positive feedback, while smaller values of a indicate a stronger preference 
for recent topics. 
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Spikes – medium positive feedback and low recency

Our goal – Shed some light on WOM spikes

Suggest why spikes are generated?

Identify spikes using a robust Kalman filter

Content Analysis  on spikes vs non spike 
WOM

Box office model to see whether 
pre-release spikes are an indicator of 
future success

Describe the characteristics of spikes on a movies pre-
release WOM dataset
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A Model of Spiky WOM

௧݈݁ݒ݁ܮ = ௧ିଵ݈݁ݒ݁ܮ + ௧ିଵ݀݊݁ݎܶ + ௅௧ߟ

௧݀݊݁ݎܶ = ௧ିଵ݀݊݁ݎܶ + ௧்ߟ

,௧~ܰ(0ߝ ௧ߪ
ଶ

)

௧ߪ = ௧ିଵߪ ௏௧ߟ+

Identifying Spikes

(௃௨௡௘ଶଷ݈݁ݒ݁ܮ)ܧ
= ௃௨௡௘ଶଶ݈݁ݒ݁ܮ + ௃௨௡௘ଶଶ݀݊݁ݎܶ

June 22
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Identifying Spikes

௃௨௡௘ଶଷܯܱܹ < (௃௨௡௘ଶଷ݈݁ݒ݁ܮ)ܧ + (௃௨௡௘ଶଷߪ)ܧ5

Identifying Spikes

௃௨௡௘ଶଷܯܱܹ > (௃௨௡௘ଶଷ݈݁ݒ݁ܮ)ܧ + ௃௨௡௘ߪ)ܧ5 )



5/14/2017

22

Robust Kalman Filter
Decomposing a signal into its components

Standard Kalman Filter: level + noise

Robust Kalman Filter: level + spikes + noise (Gelper, Croux & Fried 2010)

Observed WOM

Standard Kalman Filter

Robust Kalman Filter

Robust Kalman Filter

෣݈݁ݒ݁ܮ ௧ = ෣݈݁ݒ݁ܮ ௧ିଵ + ෣݀݊݁ݎܶ ௧ିଵ + λ1(ܹܱܯ௧
஼ − ෣݈݁ݒ݁ܮ ) ௧ିଵ  + ෣݀݊݁ݎܶ ௧ିଵ))

௧ܯܱܹ
஼ = ቊ

௧݁݇݅݌ܵ ௧                                  ifܯܱܹ = 0
ܧ ௧݈݁ݒ݁ܮ + ܧ5 ௧ߪ         if ܵ݁݇݅݌௧ > 0

௧෣݀݊݁ݎܶ = ෣݀݊݁ݎܶ ௧ିଵ + λଶሾ(݈݁ݒ݁ܮ௧෣ − ෣݈݁ݒ݁ܮ ௧ିଵ) − ෣݀݊݁ݎܶ ௧ିଵ൧

ො௧ߪ = ො௧ିଵߪ + ଷߣ MAD ௦ܯܱܹ − ෣݈݁ݒ݁ܮ ௦; ݏ  = ,ݐ ݐ − 1, ݐ − 2 − ො௧ିଵߪ

MAD(x)=c*median(|x-median(x)|) ; c=1.48
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Our goal – Shed some light on WOM spikes

Suggest why spikes are generated?

Identify spikes using a robust Kalman filter

Content Analysis on spikes vs non spike 
WOM
Box office model to see whether pre-release spikes are 
an indicator of future success

Describe the characteristics of spikes on a movies pre-
release WOM dataset

Data

157 Hollywood movies 
released between August 2010 to August 2011

WOM: 
Number of mentions + content
60 days before release, blogs, user forums and 
Twitter.

External events: 
For all movies from industry and news publications
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Typology of Spikes

Spike Magnitude

Pre-release WOM spikes follow a power law.

Biggs (2005)
“Natural events like wildfires, 
landslides, and epidemics are 
characterized by a power-law 

distribution of event sizes.” 
“Just like wildfires, landslides, and 
epidemics, strikes follow a power 

law.”

Biggs (2005) Strikes as Forest Fires: Chicago and Paris in the Late Nineteenth Century, American Journal of Sociology (110) 1684-1714.
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Our goal – Shed some light on WOM spikes

Suggest why spikes are generated?

Identify spikes using a robust Kalman filter

Content Analysis on spikes vs non spike WOM

Box office model to see whether pre-release spikes are 
an indicator of future success

Describe the characteristics of spikes on a movies pre-
release WOM dataset

Content analysis

Omg I want to see Judy moody and the not so bummer summer! 
#dontjudgeme

Your Invited to a Pajama Party with Judy Moody!

Can't wait for Judy Moody! yay! :DDD My friend and I love you, 
Camryn! :)

Cant wait to go see Judy Moody on The 10th(: My little cousins r 
soo excited lol((:

Watching Switched at Birth. Judy Moody commercials are pissing 
me off. Bay is a bitch so far. Daphne is so sweet.

Is it weird i wanna go see judy moody lol that name is so funny to 
me #random

Our site GiantHello is featured in the new Judy Moody Movie!!!! 
Ya gotta check it out!
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Content Analysis

Topic –actor, director, storyline, another movie, the 
genre, a trailer, reviews, and movie listing

Sentiment – positive, negative, mixed, neutral

External Event –No external event, trailer, early 
release, press event, and movie premiere. 

Tone – call for others, watching intentions, opinion, a 
non-opinionated description of the movie, gossip, 
mention

Mturk task

67,740 tweets, 11,655 blog posts, and 12,840 user forum posts.
368,940 classifications
1953 workers
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Content Analysis

TOPIC TONE
Actor 12.36% Call For Action 7.84%
Director 2.26% Watching Intentions 22.92%
Storyline or film-making 57.35% Opinion 20.37%
Trailer 9.41% Gossip 7.98%

Critics 4.18% Non-Opinionated Description 5.58%
Genre 1.43% Mere Mention 31.85%
Another Movie 2.48% Other or no response 3.46%
Movie Listing 3.55% EXTERNAL DRIVER
Other or no response 6.98% Trailer 13.82%
SENTIMENT Press Event 12.89%
Positive 43.92% Early Release 3.57%
Negative 6.96% Movie Premiere 7.94%
Mixed 4.26% Another Movie Event 11.46%
Neutral 44.79% No External Event 45.33%
No response 0.07% Other or no response 4.98%

Spike WOM differs in content from non-spike WOM

݃݋ܮ
Pr(ܥ௜௝௟௧ = ݇)

Pr(ܥ௜௝௟௧ = ݇଴)
= ௞௝௟ߚ + ݐ௞ଵߚ + ௜௝௧݁݇݅݌௞ଶܵߚ + ௜௝௧ݎ݈݁݅ܽݎ௞ଷܶߚ +

௜௝௧ݐ݊݁ݒܧݏݏ݁ݎ௞ସܲߚ + ௜௝௧݁ݏ݈ܴܽ݁݁ݕ݈ݎܽܧ௞ହߚ + ௜௝௧݁ݎ݁݅݉݁ݎ௞଺ܲߚ

Relative to non-spikes days, messages on spike 
days are more likely to be:
Dedicated to specific aspects of the movie, 
Opinionated 
Express sentiment (either positive or negative), 

Category for message i, movie j, 
channel l, and time t.
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Spikes and External Events

31% of the spikes - on the same day of an external event 
69% of the spikes  - do not co-occur with an external event

DV: Probability of a spike to occurs t days before release

Days before release (t) -0.02*

Release of the Trailer 0.83*

Early Release 1.57*

Press Event 0.70*

Premiere 0.88*

Movie Fixed Effects Included

Relative to non spike messages, messages on spike days
refer more to external events as their drivers. 

External events echo in spike content

Our goal – Shed some light on WOM spikes

Suggest why spikes are generated?

Identify spikes using a robust Kalman filter

Content Analysis on spikes vs non spike WOM

Box office model to see whether pre-release spikes are 
an indicator of future success

Describe the characteristics of spikes on a movies pre-
release WOM dataset
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Box office model
Model 1 Model 2 Model 3 Model 4

Intercept 6.905 ** 3.890 ** 2.790 * 2.675 *
log(Production Budget) 0.205 0.022 0.078 0.082
log(Ad Spending) 0.746 ** 0.659 ** 0.635 ** 0.642 **
log(Star Power) 0.079 0.034 0.052 0.060
MPAA Ordinal -0.410 ** -0.369 ** -0.325 * -0.315 *
Genre Dummies ** ** ** **
log(WOM volume) 0.580 ** 0.525 ** 0.548 **
log(# Spikes) 0.641 **
log(# Internal Spikes) 0.612 **
log(# Event Spikes) -0.123
# Premieres -0.047

F-statistic 31.08 ** 41.36 ** 40.56 ** 37.96 **
R2 0.704 0.778 0.789 0.792
Adjusted R2 0.681 0.759 0.770 0.771
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Box office model
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The predictive power of spikes

Spikes improve prediction

Estimate parameters on 79 movies, and predict BO revenues 
on the others for 1-30 days before release

Conclusion
Spikes matter.
A theoretical and technical framework for studying WOM spikes

1. They are not noise but an integral part of WOM.
2. They are ignited by external events and also spontanously, grow 

due to positive feedback and decay due to recency.
3. WOM messages on spike days are more likely to be dedicated to 

specific aspects of the movie, opinionated, express sentiment 
(either positive or negative), and refer to external events as their 
drivers. 

4. Spikes are associated  with box office revenues.

Practice – Managing pre-release strategy
Research – Celebrate the wonderful world of irregularities
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Pros? Cons?

What is missing?

Let’s discuss

What is missing?


