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Active versus Passive 
Crowdsourcing

• So far we have mainly looked at active 
crowdsourcing, where we explicitly solicit 
help from the crowd 

• Many applications of crowdsourcing rely 
on passive information collection from 
multitudes of individual



Example: Apple Maps

• iOS allows users to “help improve maps” by 
enabling a feature called “frequent locations”  

• Frequent locations gives Apple a method to verify 
business locations and other destinations by 
tracking user movements in the aggregate 

• Participation also transmits drive and other travel 
time data to Apple



A/B Testing
• A/B Split Testing is a mechanism for passive 

crowdsourcing that allows web developers to 
empirically optimize the design of their sites 

• Splits web users into two groups and shows 
them slightly different versions of the site 

• Measures the behavior of the groups in 
aggregate and calculates whether one design 
leads to a better measurable outcome



Why A/B tests?
• Lets us evaluate the goodness of alternate 

designs, instead of relying on our intuitions 
• A typical web site may convert only 2% of 

its visitors into customers 
• Small changes can have a big impact 
• Google uses A/B testing all the time, and 

makes it available through Google Analytics



What sorts of things can 
you optimize with A/B tests?

• Whether changing the order of collecting 
form information gets users to stick 
through to the end 

• Whether changing the copywriting on your 
page improves things 

• Whether different images are better at 
motivating web site visitors to do 
something that you want them to



What outcomes could 
you measure?



A/B testing was used to 
optimize the Obama Campaign

• Kyle Rush was the deputy director of 
frontend web development at Obama for 
America 

• Managed online fundraising totaling $690 
million in 20 months 

• Conducted 500+ A/B tests, which increased 
the donation conversion rate by 49% and the 
email acquisition conversion rate by 161%

http://swampland.time.com/2012/11/15/exclusive-obamas-2012-digital-fundraising-outperformed-2008/








Statistics behind A/B 
testing

• One commonly used method is the G-
test  

• Invented by Karl Pearson in 1900 
• Provides a method for comparing 2 data 

sets, or answering a yes/no question 
• Good tutorial by Ben Tilly on “Effective A/

B Testing”



What to measure?
• Start your A/B test 
• Divide your users into groups A and B 
• Decide whether each person did what 

you wanted 
• Reduce your results into 4 numbers: 

$a_yes, $a_no, $b_yes, $b_no



Counts of outcomes

Yes No

A $a_yes $a_no $a

B $b_yes $b_no $b

$yes $no $total



Totals

Yes No

A $a_yes $a_no $a

B $b_yes $b_no $b

$yes $no $total



Yes No

A $e_a_yes $e_a_no $a

B $e_b_yes $e_b_no $b

$yes $no $total

Expectations

$e_a_yes = $a * $yes / $total 
$e_a_no = $a * $no / $total 

$e_b_yes = $b * $yes / $total 
$e_b_no = $b * $no / $total 



G-test

Yes No

A $a_yes $a_no

B $b_yes $b_no

Yes No

$e_a_yes $e_a_no

$e_b_yes $e_b_no

observations expectations

$G_test =  2 * ( $a_yes  * ln($a_yes / $e_a_yes) 
                          + $a_no  * ln($a_no / $e_a_no) 
                          + $b_yes * ln($b_yes / $b_a_yes) 
                          + $b_no  * ln($b_no / $b_a_no) 





http://elem.com/~btilly/effective-ab-testing/g-test-calculator.html

http://elem.com/~btilly/effective-ab-testing/g-test-calculator.html


Optimizely

• http://www.optimizely.com 
• 4 minute video

https://www.optimizely.com


A/B Split Testing 
Protocol

• Identify your initial control web page – 
this could your current landing page or 
whatever you want to optimize 

• Establish your goals – what is the thing 
that you want to optimize?  Number of 
people signing up for your service?  
Revenue generated by a particular ad 
campaign?



A/B Split Testing 
Protocol

• Determine how long you need to run the 
experiment – this depends on how much 
traffic your web site gets, and what level 
of statistical significance you want 

• Create 1 to 3 significant re-designs – your 
designers can propose a bunch of 
different overhauls, use the initial phase to 
hone in on the best high-level re-design



A/B Split Testing 
Protocol

• Use A/B testing to choose among the 
different re-designs.  Ideally you can test 
every pages against every other one, but if 
that is impractical, you can do a tournament 

• Based on the results, choose your true 
control page – this initial pick will likely 
generate the lion’s share of the 
improvements



A/B Split Testing 
Protocol

• Finally, optimize the nitty-gritty elements of the 
web page using A/B testing 
• Headline 
• Call to Action 
• Page Copy 
• Graphics 
• Color 
• Configuration of Page Elements 
• Etc.



A/B Split Testing 
Protocol

• Finally, optimize the nitty-gritty elements of the 
web page using A/B testing 
• Headline 
• Call to Action 
• Page Copy 
• Graphics 
• Color 
• Configuration of Page Elements 
• Etc.



You are part of an 
experiment

• Who uses A/B testing? 
• Pretty much every web site out there 
• Google, Amazon, Facebook 
• At what point does it become creepy?



Not Creepy Creepy

Layout of a web site Manipulating our Facebook feeds 
to modify our emotions

Font choice Dating matches who would be bad 
for our tastes

What ads we see (mostly)
Ads for arrest record that are more 

strongly associated with African 
American names

Companies trying to make a 
good product

People at companies playing 
social scientists w/o normal 

safeguards
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Happiness and other emotions spread between people in direct contact, but it is unclear whether massive online social
networks also contribute to this spread. Here, we elaborate a novel method for measuring the contagion of emotional
expression. With data from millions of Facebook users, we show that rainfall directly influences the emotional content of
their status messages, and it also affects the status messages of friends in other cities who are not experiencing rainfall. For
every one person affected directly, rainfall alters the emotional expression of about one to two other people, suggesting
that online social networks may magnify the intensity of global emotional synchrony.
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Introduction

Happiness and other emotions have recently been an important
focus of attention in a wide range of disciplines, including
psychology, economics, and neuroscience [1,2,3,4]. Some of this
work suggests that emotional states can be transferred directly
from one individual to another via mimicry and the copying of
emotionally-relevant bodily actions like facial expressions [5].
Experiments have demonstrated that people can ‘‘catch’’ emo-
tional states they observe in others over time frames ranging from
seconds to months [6,7], and the possibility of emotional contagion
between strangers, even those in ephemeral contact, has been
documented by the effects of ‘‘service with a smile’’ on customer
satisfaction and tipping [8].

Longitudinal data from face-to-face social networks has
established that emotions as diverse as happiness [9], loneliness
[10], and depression [11] are correlated between socially-
connected individuals, and related work suggests that these
correlations also exist online [4,12,13,14,15]. However, it is
difficult to ascertain whether correlations in observational studies
result from influencing the emotions of social contacts (contagion)
or from choosing social contacts with similar emotions (homophily)
[16].

This problem has been addressed by using experimental
methods to estimate network effects [17,18,19,20,21,22], but these
methods are either limited in scale and external validity, or they
require very close collaboration with private companies, which
means there are limited opportunities to conduct such experi-
ments. Moreover, even when companies are willing to conduct a

large-scale experiment, they may have other goals that constrain
its design. For example, they may wish to provide a uniform online
experience to all users, which reduces their willingness to create
experimental treatment groups of sufficient size to take advantage
of their massive scale.

Here, we propose an alternative method for detecting emotional
contagion in massive social networks that is based on instrumental
variables regression, a technique pioneered in economics [23]. In
an experiment we would directly control each user’s emotional
expression to see what impact it has on their friends’ emotional
expression. However, since this is infeasible in our massive-scale
setting, we identify a source of variation that directly affects the
users’ emotional expression (this variable is called an ‘‘instru-
ment’’). For this instrument, we use rainfall. Importantly, rainfall is
unlikely to be causally affected by human emotional states, so if we
find a relationship it suggests that rainfall influences emotional
expression and not vice versa. We then measure whether or not
the changes induced by the instrument predict changes in the
friends’ emotional expression. Instead of changing the user’s
emotion directly with an experimental treatment, we let rainfall do
the work for us by measuring how much the rain-induced change
in a user’s expression predicts changes in the user’s friends’
expression.

More formally, suppose we can represent one person’s
emotional expression mathematically as follows:

yjt~htzfjzbxjtzc
!

djtSiaijtyitzejt ð1Þ
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Emotional states can be transferred to others via emotional
contagion, leading people to experience the same emotions
without their awareness. Emotional contagion is well established
in laboratory experiments, with people transferring positive and
negative emotions to others. Data from a large real-world social
network, collected over a 20-y period suggests that longer-lasting
moods (e.g., depression, happiness) can be transferred through
networks [Fowler JH, Christakis NA (2008) BMJ 337:a2338], al-
though the results are controversial. In an experiment with people
who use Facebook, we test whether emotional contagion occurs
outside of in-person interaction between individuals by reducing
the amount of emotional content in the News Feed. When positive
expressions were reduced, people produced fewer positive posts
and more negative posts; when negative expressions were re-
duced, the opposite pattern occurred. These results indicate that
emotions expressed by others on Facebook influence our own
emotions, constituting experimental evidence for massive-scale
contagion via social networks. This work also suggests that, in
contrast to prevailing assumptions, in-person interaction and non-
verbal cues are not strictly necessary for emotional contagion, and
that the observation of others’ positive experiences constitutes
a positive experience for people.

computer-mediated communication | social media | big data

Emotional states can be transferred to others via emotional
contagion, leading them to experience the same emotions as

those around them. Emotional contagion is well established in
laboratory experiments (1), in which people transfer positive and
negative moods and emotions to others. Similarly, data from
a large, real-world social network collected over a 20-y period
suggests that longer-lasting moods (e.g., depression, happiness)
can be transferred through networks as well (2, 3).
The interpretation of this network effect as contagion of mood

has come under scrutiny due to the study’s correlational nature,
including concerns over misspecification of contextual variables
or failure to account for shared experiences (4, 5), raising im-
portant questions regarding contagion processes in networks. An
experimental approach can address this scrutiny directly; how-
ever, methods used in controlled experiments have been criti-
cized for examining emotions after social interactions. Interacting
with a happy person is pleasant (and an unhappy person, un-
pleasant). As such, contagion may result from experiencing an
interaction rather than exposure to a partner’s emotion. Prior
studies have also failed to address whether nonverbal cues are
necessary for contagion to occur, or if verbal cues alone suffice.
Evidence that positive and negative moods are correlated in
networks (2, 3) suggests that this is possible, but the causal
question of whether contagion processes occur for emotions in
massive social networks remains elusive in the absence of ex-
perimental evidence. Further, others have suggested that in
online social networks, exposure to the happiness of others
may actually be depressing to us, producing an “alone together”
social comparison effect (6).
Three studies have laid the groundwork for testing these pro-

cesses via Facebook, the largest online social network. This research

demonstrated that (i) emotional contagion occurs via text-based
computer-mediated communication (7); (ii) contagion of psy-
chological and physiological qualities has been suggested based
on correlational data for social networks generally (7, 8); and
(iii) people’s emotional expressions on Facebook predict friends’
emotional expressions, even days later (7) (although some shared
experiences may in fact last several days). To date, however, there
is no experimental evidence that emotions or moods are contagious
in the absence of direct interaction between experiencer and target.
On Facebook, people frequently express emotions, which are

later seen by their friends via Facebook’s “News Feed” product
(8). Because people’s friends frequently produce much more
content than one person can view, the News Feed filters posts,
stories, and activities undertaken by friends. News Feed is the
primary manner by which people see content that friends share.
Which content is shown or omitted in the News Feed is de-
termined via a ranking algorithm that Facebook continually
develops and tests in the interest of showing viewers the content
they will find most relevant and engaging. One such test is
reported in this study: A test of whether posts with emotional
content are more engaging.
The experiment manipulated the extent to which people (N =

689,003) were exposed to emotional expressions in their News
Feed. This tested whether exposure to emotions led people to
change their own posting behaviors, in particular whether ex-
posure to emotional content led people to post content that was
consistent with the exposure—thereby testing whether exposure
to verbal affective expressions leads to similar verbal expressions,
a form of emotional contagion. People who viewed Facebook in
English were qualified for selection into the experiment. Two
parallel experiments were conducted for positive and negative
emotion: One in which exposure to friends’ positive emotional
content in their News Feed was reduced, and one in which ex-
posure to negative emotional content in their News Feed was
reduced. In these conditions, when a person loaded their News
Feed, posts that contained emotional content of the relevant
emotional valence, each emotional post had between a 10% and
90% chance (based on their User ID) of being omitted from
their News Feed for that specific viewing. It is important to note

Significance

We show, via a massive (N = 689,003) experiment on Facebook,
that emotional states can be transferred to others via emotional
contagion, leading people to experience the same emotions
without their awareness. We provide experimental evidence
that emotional contagion occurs without direct interaction be-
tween people (exposure to a friend expressing an emotion is
sufficient), and in the complete absence of nonverbal cues.
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laboratory experiments (1), in which people transfer positive and
negative moods and emotions to others. Similarly, data from
a large, real-world social network collected over a 20-y period
suggests that longer-lasting moods (e.g., depression, happiness)
can be transferred through networks as well (2, 3).
The interpretation of this network effect as contagion of mood

has come under scrutiny due to the study’s correlational nature,
including concerns over misspecification of contextual variables
or failure to account for shared experiences (4, 5), raising im-
portant questions regarding contagion processes in networks. An
experimental approach can address this scrutiny directly; how-
ever, methods used in controlled experiments have been criti-
cized for examining emotions after social interactions. Interacting
with a happy person is pleasant (and an unhappy person, un-
pleasant). As such, contagion may result from experiencing an
interaction rather than exposure to a partner’s emotion. Prior
studies have also failed to address whether nonverbal cues are
necessary for contagion to occur, or if verbal cues alone suffice.
Evidence that positive and negative moods are correlated in
networks (2, 3) suggests that this is possible, but the causal
question of whether contagion processes occur for emotions in
massive social networks remains elusive in the absence of ex-
perimental evidence. Further, others have suggested that in
online social networks, exposure to the happiness of others
may actually be depressing to us, producing an “alone together”
social comparison effect (6).
Three studies have laid the groundwork for testing these pro-

cesses via Facebook, the largest online social network. This research

demonstrated that (i) emotional contagion occurs via text-based
computer-mediated communication (7); (ii) contagion of psy-
chological and physiological qualities has been suggested based
on correlational data for social networks generally (7, 8); and
(iii) people’s emotional expressions on Facebook predict friends’
emotional expressions, even days later (7) (although some shared
experiences may in fact last several days). To date, however, there
is no experimental evidence that emotions or moods are contagious
in the absence of direct interaction between experiencer and target.
On Facebook, people frequently express emotions, which are

later seen by their friends via Facebook’s “News Feed” product
(8). Because people’s friends frequently produce much more
content than one person can view, the News Feed filters posts,
stories, and activities undertaken by friends. News Feed is the
primary manner by which people see content that friends share.
Which content is shown or omitted in the News Feed is de-
termined via a ranking algorithm that Facebook continually
develops and tests in the interest of showing viewers the content
they will find most relevant and engaging. One such test is
reported in this study: A test of whether posts with emotional
content are more engaging.
The experiment manipulated the extent to which people (N =

689,003) were exposed to emotional expressions in their News
Feed. This tested whether exposure to emotions led people to
change their own posting behaviors, in particular whether ex-
posure to emotional content led people to post content that was
consistent with the exposure—thereby testing whether exposure
to verbal affective expressions leads to similar verbal expressions,
a form of emotional contagion. People who viewed Facebook in
English were qualified for selection into the experiment. Two
parallel experiments were conducted for positive and negative
emotion: One in which exposure to friends’ positive emotional
content in their News Feed was reduced, and one in which ex-
posure to negative emotional content in their News Feed was
reduced. In these conditions, when a person loaded their News
Feed, posts that contained emotional content of the relevant
emotional valence, each emotional post had between a 10% and
90% chance (based on their User ID) of being omitted from
their News Feed for that specific viewing. It is important to note

Significance

We show, via a massive (N = 689,003) experiment on Facebook,
that emotional states can be transferred to others via emotional
contagion, leading people to experience the same emotions
without their awareness. We provide experimental evidence
that emotional contagion occurs without direct interaction be-
tween people (exposure to a friend expressing an emotion is
sufficient), and in the complete absence of nonverbal cues.
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that this content was always available by viewing a friend’s con-
tent directly by going to that friend’s “wall” or “timeline,” rather
than via the News Feed. Further, the omitted content may have
appeared on prior or subsequent views of the News Feed. Fi-
nally, the experiment did not affect any direct messages sent
from one user to another.
Posts were determined to be positive or negative if they con-

tained at least one positive or negative word, as defined by
Linguistic Inquiry and Word Count software (LIWC2007) (9)
word counting system, which correlates with self-reported and
physiological measures of well-being, and has been used in prior
research on emotional expression (7, 8, 10). LIWC was adapted
to run on the Hadoop Map/Reduce system (11) and in the News
Feed filtering system, such that no text was seen by the
researchers. As such, it was consistent with Facebook’s Data Use
Policy, to which all users agree prior to creating an account on
Facebook, constituting informed consent for this research. Both
experiments had a control condition, in which a similar pro-
portion of posts in their News Feed were omitted entirely at
random (i.e., without respect to emotional content). Separate
control conditions were necessary as 22.4% of posts contained
negative words, whereas 46.8% of posts contained positive
words. So for a person for whom 10% of posts containing posi-
tive content were omitted, an appropriate control would with-
hold 10% of 46.8% (i.e., 4.68%) of posts at random, compared
with omitting only 2.24% of the News Feed in the negativity-
reduced control.
The experiments took place for 1 wk (January 11–18, 2012).

Participants were randomly selected based on their User ID,
resulting in a total of ∼155,000 participants per condition who
posted at least one status update during the experimental period.
For each experiment, two dependent variables were examined

pertaining to emotionality expressed in people’s own status
updates: the percentage of all words produced by a given person
that was either positive or negative during the experimental
period (as in ref. 7). In total, over 3 million posts were analyzed,
containing over 122 million words, 4 million of which were
positive (3.6%) and 1.8 million negative (1.6%).
If affective states are contagious via verbal expressions on

Facebook (our operationalization of emotional contagion), peo-
ple in the positivity-reduced condition should be less positive
compared with their control, and people in the negativity-
reduced condition should be less negative. As a secondary mea-
sure, we tested for cross-emotional contagion in which the
opposite emotion should be inversely affected: People in the
positivity-reduced condition should express increased negativity,
whereas people in the negativity-reduced condition should ex-
press increased positivity. Emotional expression was modeled, on
a per-person basis, as the percentage of words produced by that
person during the experimental period that were either positive
or negative. Positivity and negativity were evaluated separately
given evidence that they are not simply opposite ends of the
same spectrum (8, 10). Indeed, negative and positive word use
scarcely correlated [r = −0.04, t(620,587) = −38.01, P < 0.001].
We examined these data by comparing each emotion condition

to its control. After establishing that our experimental groups did
not differ in emotional expression during the week before the
experiment (all t < 1.5; all P > 0.13), we examined overall posting
rate via a Poisson regression, using the percent of posts omitted as
a regression weight. Omitting emotional content reduced the
amount of words the person subsequently produced, both when
positivity was reduced (z = −4.78, P < 0.001) and when negativity
was reduced (z = −7.219, P < 0.001). This effect occurred both
when negative words were omitted (99.7% as many words were
produced) and when positive words were omitted (96.7%). An
interaction was also observed, showing that the effect was stronger
when positive words were omitted (z = −77.9, P < 0.001).

As such, direct examination of the frequency of positive and
negative words would be inappropriate: It would be confounded
with the change in overall words produced. To test our hypothesis
regarding emotional contagion, we conducted weighted linear
regressions, predicting the percentage of words that were positive
or negative from a dummy code for condition (experimental ver-
sus control), weighted by the likelihood of that person having an
emotional post omitted from their News Feed on a given viewing,
such that people who had more content omitted were given higher
weight in the regression. When positive posts were reduced in
the News Feed, the percentage of positive words in people’s
status updates decreased by B = −0.1% compared with control
[t(310,044) = −5.63, P < 0.001, Cohen’s d = 0.02], whereas the
percentage of words that were negative increased by B = 0.04%
(t = 2.71, P = 0.007, d = 0.001). Conversely, when negative posts
were reduced, the percent of words that were negative decreased
by B = −0.07% [t(310,541) = −5.51, P < 0.001, d = 0.02] and the
percentage of words that were positive, conversely, increased by
B = 0.06% (t = 2.19, P < 0.003, d = 0.008).
The results show emotional contagion. As Fig. 1 illustrates, for

people who had positive content reduced in their News Feed,
a larger percentage of words in people’s status updates were
negative and a smaller percentage were positive. When negativity
was reduced, the opposite pattern occurred. These results sug-
gest that the emotions expressed by friends, via online social
networks, influence our own moods, constituting, to our knowl-
edge, the first experimental evidence for massive-scale emotional
contagion via social networks (3, 7, 8), and providing support for
previously contested claims that emotions spread via contagion
through a network.
These results highlight several features of emotional conta-

gion. First, because News Feed content is not “directed” toward
anyone, contagion could not be just the result of some specific
interaction with a happy or sad partner. Although prior research
examined whether an emotion can be contracted via a direct
interaction (1, 7), we show that simply failing to “overhear”
a friend’s emotional expression via Facebook is enough to buffer
one from its effects. Second, although nonverbal behavior is well
established as one medium for contagion, these data suggest that
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Fig. 1. Mean number of positive (Upper) and negative (Lower) emotion words
(percent) generated people, by condition. Bars represent standard errors.
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Two parallel 
experiments were 

conducted for positive 
and negative emotion: 

One in which 
exposure to friends 
positive emotional 

content in their News 
Feed was reduced, 
and one in which 

exposure to negative 
emotional content in 
their News Feed was 

reduced.





Basic Ethical Principles
1.Respect for Persons – individuals should be 

treated as autonomous agents, and persons 
with diminished autonomy are entitled to 
protection 

2.Beneficence – do not harm and maximize 
possible benefits and minimize possible harms 

3.Justice – Who ought to receive the benefits of 
research and bear its burdens? 
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Picture is worth 1000 
words?
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Her profile 
contained no text
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Power of Suggestion
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Good science or creepy 
or both? 

If you were in charge of 
OKCupid, how would you 

test the algorithm?


