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• Sociology

• Computational Social Science
• Network analysis
• Agent-based modelling
• Online experiments
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Data-driven research

“Out with every theory of human behavior, from linguistics to
sociology. [...] Who knows why people do what they do? The point
is they do it, and we can track and measure it with unprecedented
fidelity. With enough data, the numbers speak for themselves.”

“Petabytes allow us to say: ”Correlation is enough.” We can stop
looking for models. We can analyze the data without hypotheses
about what it might show. We can throw the numbers into the
biggest computing clusters the world has ever seen and let statistical
algorithms find patterns where science cannot.”

“Correlation supersedes causation, and science can advance even
without coherent models, unified theories, or really any mechanistic
explanation at all. There’s no reason to cling to our old ways.”
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Theory- vs./ data-driven research

Theory-driven research
(Deductive reasoning)

general theory

testable hypothesis

empirical test

confirmation/rejection

Data-driven research
(Inductive reasoning)

empirical observation

detectable pattern

tentative hypothesis

general theory
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Theory-focused research

Theory-driven research
(Deductive reasoning)

general theory

testable hypothesis

empirical test

confirmation/rejection

Data-driven research
(Inductive reasoning)

empirical observation

detectable pattern

tentative hypothesis

general theory
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Theory-driven research

general theory

testable hypothesis

empirical test

confirmation/rejection

causality

• Correlation

• Counterfactual approach

• Experiments
• Natural experiments
• Randomized controlled experiments

• Field experiments
• Lab experiments
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Randomized controlled
experiments

• Recruitment

• Random assignment

• Intervention: treatment + control

• Outcome measurement
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Online experiments

• Simple recruitment

• Diverse samples

• Low/no costs per participant

• Fast completion times

• Easy to scale up

Not just a quantitative change – can now run entirely new
experimental designs
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Running online experiments

Salganik, M. (2017). Bit By Bit: Social Research in the Digital Age. Retrieved from:
http://www.bitbybitbook.com.
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Success breeds success

• Social feedback in human reward systems produces
inequality

• Funding to 200 Kickstarter projects
• Positive ratings to 305 Epinions reviews
• Barnstars to 521 Wikipedia editors
• Signatures to 200 Change.org petitions

van de Rijt, A., Kang, S.M., Restivo, M., & Patil, A. (2014). Field experiments of success-breeds-success
dynamics. Proceedings of the National Academy of Sciences, 111(19), 6934–6939.
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Success breeds success

• Success breeds success but with decreasing marginal returns

initial differences were introduced between individuals, how
much more severely would the subsequent allocation of resources
be impacted?
To test the effects of larger initial endowments on cumulative

returns, we subsequently varied the strength of the treatment in
both the funding study and the rating study. In the funding study
we included funding goals of up to $5,000 and withheld a dona-
tion, donated 1% of the funding goal through one donor, or
donated 4% of the funding goal through four separate donors.
By holding the per-donor contribution level constant across
treatment conditions, we neutralized any social influence effects
that the size of the average prior contribution may exert on
followers. In the rating study we again sampled previously un-
rated reviews, and when we found them to be of high quality, we
left them unrated, rated them as “very helpful” once, or rated
them as “very helpful” four times by four different raters.
Among subjects in the zero-donor condition, 32% attracted

subsequent funding from one or more donors, whereas 74% of
the subjects in the one-donor condition and 87% of the subjects
in the four-donors condition collected subsequent funds. The
difference between the one-donor condition and the control
condition is statistically significant (χ2 = 11.0; P = 0.001), as is
the difference between the four-donors condition and the con-
trol condition (χ2 = 19.4; P = 0.000). However, the increase in
the size of the initial advantage as represented by the difference
between the one-donor and four-donors conditions did not result
in a significantly higher chance of one or more donations (χ2 =
1.65; P = 0.199). In the endorsements study, reviewers who wrote
high-quality reviews but received no positive rating from us
exhibited a 77% chance of receiving one or more positive ratings,
compared with 90% of reviewers who received one positive re-
view from us and 94% of reviewers who received four positive
reviews from us. Again, the treatment effects are positive in both
experimental conditions (χ2 = 9.54; P = 0.002 and χ2 = 9.38; P =
0.002) but do not differ from one another (χ2 = 0.926; P = 0.336).
Together, these patterns of one-by-one comparisons between
conditions suggest decreasing marginal returns: Each additional
unit increase in input yields a progressively smaller increase in
output. Indeed, in each experiment an increase in input from
zero to one produces a significant increase in per-unit output,
whereas the additional increase in input from one to four never
yields a noticeable increase in per-unit output.
To quantify these marginal returns, we calculated average

posttreatment success as a function of the number of successes

applied through treatment, shown in Fig. 3. Fig. 3A displays the
average total dollar amount raised by the number of donations
bestowed. Fig. 3B displays the average number of donations
accumulated by the number of donations made. Fig. 3C displays
the number of positive ratings received by the number of positive
ratings experimentally bestowed. The averages reported in each
panel exclude the dollars, donations, and ratings applied through
our experimental intervention. Consistently across all panels, the
average marginal returns of an increase from zero to one exceed
the average marginal returns of an increase from one to four.
The average return on a single donation (on average $24.52) is
$191.00, but the additional three donations are estimated to
bring in only $89.57 each (Fig. 3A). Accordingly, the difference
in the amount of dollars raised between the zero-donations and
one-donation conditions is significant (signed-rank test; z = 3.02;
P = 0.003), and so is the difference between the zero-donations
and the four-donations conditions (z = 3.61; P = 0.000), but the
one-donation and four-donations conditions do not deviate sig-
nificantly (z = 1.70; P = 0.090). A single donation raises the
number of subsequent third-party donations by 4.3, whereas each
of the additional three donations brings in only 1.7 subsequent
third-party donations (Fig. 3B). Indeed, the difference in the
number of donations elicited in the zero-donations and one-
donation conditions is significant (z = 3.20; P = 0.001), as is the
difference between the zero-donations and four-donations con-
ditions (z = 4.16; P = 0.000), whereas the difference between the
one-donation and four-donations conditions falls just short of
statistical significance (z = 1.95; P = 0.051). Finally, a single “very
helpful” rating given to a product reviewer increases the number
of subsequent third-party “very helpful” ratings by 3.48, but
awarding an additional three positive ratings does not appear to
increase the expected number of “very helpful” ratings further,
as indicated by a slightly negative marginal effect of −0.43 (Fig.
3C). The difference between the zero-ratings and one-rating
conditions is significant (rank-sum test; z = 3.21; P = 0.001), but
the four-ratings condition differs from neither the zero-ratings
condition (z = 1.83; P = 0.067) nor the one-rating condition (z =
1.07; P = 0.288).

Discussion
Our findings reveal the presence of a noticeable feedback effect
in each of the distinct settings that we investigated, in that initial
arbitrary endowments create lasting disparities in individual
success. These results suggest that the inadvertent magnification

Fig. 2. The success-breeds-success effect over time. The curves represent running numbers of donations (blue), positive ratings (red), awards (yellow), and
campaign signatures (green) in the experimental condition (solid lines) and the control condition (dashed lines). The horizontal axis is normalized so that
0 marks the time of experimental intervention, and 1 marks the end of the observation period. The vertical axis is normalized so that for each system a value
of 1 equals the maximum across time and conditions.
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van de Rijt, A., Kang, S.M., Restivo, M., & Patil, A. (2014). Field experiments of success-breeds-success
dynamics. Proceedings of the National Academy of Sciences, 111(19), 6934–6939.
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MusicLab

• Social influence generates inequality and unpredictability in
cultural markets

• Artificial music market, multiple “universes”, 14,341 participants

��

Subjects

condition
Independent

condition

World

World 1

World n

Social influence

Figure S1: Schematic of the experimental design.

were about to participate in a study about musical tastes and that in exchange for participating they would

be offered the chance to download some free songs by up-and-coming artists. Subjects next gave their

informed consent, filled out a brief survey, and were shown a page of instructions. Finally, subjects were

presented with a menu of 48 songs.

In experiment 1, the songs were presented in a three column jukebox-type design (see Fig. S2) and

displayed in a random order to each subject. By randomizing the order for each subject we avoided favoring

any songs by placing them in advantageous screen-locations. However, the specific order for each subject

was fixed for the entire experiment. Subjects in the social influence condition were also presented with the

song download counts in their world while subjects in the independent condition were not.

In experiment 2, the songs were presented in a one column design (see Fig. S3). Subjects in the social

influence worlds were presented the songs sorted by number of downloads, along with the download counts in

their world. If several songs shared the same number of downloads, the ordering of the songs was determined

randomly for each user. Subjects in the independent condition in experiment 2 were presented with the

songs in the same one column design, but in random order and without the download counts.

Once at the menu of songs, if a subject clicked on a specific song, they were taken to a new screen where

the song automatically began playing in a Macromedia Flash Player, streamed in the mp3 format encoded

at 96kbps (Fig. S4). While a subject listened to the song they were asked to rate it on a scale from 1 star

(“I hate it”) to 5 stars (“I love it”) which could be done at any time while the song was playing; subjects

did not need to wait for the song to complete. After the rating was recorded, subjects were asked if they

would like to download the song (Fig. S5). After making the download decision, subjects were returned to

the menu of 48 songs and were able to choose again.

Once a subject had listened to as many songs as they wished, they could click “log off” and were taken to

a screen thanking them for participating and providing them links to the webpages of all 48 bands. Subjects

who returned to the website while the experiment they participated in was still underway were automatically

2

Salganik, M.J., Dodds, P.S., & Watts, D.J. (2006). Experimental study of inequality and unpredictability in
an artificial cultural market. Science, 311(5762), 854–856.
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• Social influence increases inequality, unpredictability of success

Figure S2: Screenshot of the song menu in the social influence world in experiments 1. Screenshot from the
independent condition (not shown) was identical except that the download counts to the right of each song
are removed.

Figure S3: Screenshot of the song menu in the social influence world in experiments 2. Screenshot from the
independent condition (not shown) was identical except that the download counts to the right of each song
are removed.

3

Salganik, M.J., Dodds, P.S., & Watts, D.J. (2006). Experimental study of inequality and unpredictability in
an artificial cultural market. Science, 311(5762), 854–856.
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• Social influence increases inequality, unpredictability of successFigure S2: Screenshot of the song menu in the social influence world in experiments 1. Screenshot from the
independent condition (not shown) was identical except that the download counts to the right of each song
are removed.

Figure S3: Screenshot of the song menu in the social influence world in experiments 2. Screenshot from the
independent condition (not shown) was identical except that the download counts to the right of each song
are removed.

3

Salganik, M.J., Dodds, P.S., & Watts, D.J. (2006). Experimental study of inequality and unpredictability in
an artificial cultural market. Science, 311(5762), 854–856.
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• Social influence increases inequality, unpredictability of success

Figure S4: Screenshot of the listening screen. While a song was playing subjects where required to rate it
on a scale of 1 to 5 stars. This rating could be submitted before the song was finished playing.

Figure S5: Screenshot of the download decision screen. After rating the song, subjects had to decide to
download the song or not.

4

Salganik, M.J., Dodds, P.S., & Watts, D.J. (2006). Experimental study of inequality and unpredictability in
an artificial cultural market. Science, 311(5762), 854–856.
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• Social influence increases inequality, unpredictability of successFigure S4: Screenshot of the listening screen. While a song was playing subjects where required to rate it
on a scale of 1 to 5 stars. This rating could be submitted before the song was finished playing.

Figure S5: Screenshot of the download decision screen. After rating the song, subjects had to decide to
download the song or not.
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Salganik, M.J., Dodds, P.S., & Watts, D.J. (2006). Experimental study of inequality and unpredictability in
an artificial cultural market. Science, 311(5762), 854–856.
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• Pro-social behavior can spread through generalized reciprocity
and third-party influence

• 518 AMT workers with up to 6 interactions in groups of 150
2. E-mail invitation 

  
From: Cornell SDL <mvt9@cornell.edu> 

Subject: You have been invited to the Invitation Game 

 

Message from Cornell SDL (mvt9@cornell.edu) 

--------------------------------- 

 

Dear turker, 

 

You have been invited to complete the task associated with the MTurk HIT "Sign up to participate in the 

Invitation Game," which you submitted. Your invitation is valid for the next 24 hours. 

 

To complete the task, please use the following information: 

 

    *  MTurk Worker ID:  A27L6Z6PBCE04Y 

    *  Invitation ID:  ILUS 

 

and: 

 

    1.  Go to https://sdlab.soc.cornell.edu/study11/igame/ and complete the task. 

    2.  After you have completed the task, go to 

https://www.mturk.com/mturk/preview?groupId=2FH56XBAT2D5PP8RRYUQ7JG7YZP04I and submit the 

HIT. 

 

Thank you for your participation! 

 

Best regards, 

 

Milena Tsvetkova, Cornell SDL 

 

 

*** 

If you have questions, you may contact me at mvt9@cornell.edu. If you have any questions or concerns 

regarding your rights as a subject in this study, you may contact the Cornell Institutional Review Board (IRB) at 

607-255-5138 or access their website at http://www.irb.cornell.edu. You may also report your concerns or 

complaints anonymously through Ethicspoint (www.hotline.cornell.edu) or by calling toll free at 1-866-293-

3077. Ethicspoint is an independent organization that serves as a liaison between the University and the person 

bringing the complaint so that anonymity can be ensured. 

 

--------------------------------- 

 

Greetings from Amazon Mechanical Turk, 

 

The message above was sent by an Amazon Mechanical Turk user. 

Please review the message and respond to it as you see fit. 

 

Sincerely, 

Amazon Mechanical Turk 

https://workersandbox.mturk.com 

410 Terry Avenue North 

SEATTLE, WA 98109-5210 USA 
 

  

Tsvetkova, M., & Macy, M.W. (2014). The social contagion of generosity. PLoS ONE, 9(2), e87275.
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• Pro-social behavior can spread through generalized reciprocity
and third-party influence

• 518 AMT workers with up to 6 interactions in groups of 150

Tsvetkova, M., & Macy, M.W. (2014). The social contagion of generosity. PLoS ONE, 9(2), e87275.
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• Pro-social behavior can spread through generalized reciprocity
and third-party influence

• 518 AMT workers with up to 6 interactions in groups of 150

Tsvetkova, M., & Macy, M.W. (2014). The social contagion of generosity. PLoS ONE, 9(2), e87275.
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• Pro-social behavior can spread through generalized reciprocity
and third-party influence

• 518 AMT workers with up to 6 interactions in groups of 150

Tsvetkova, M., & Macy, M.W. (2014). The social contagion of generosity. PLoS ONE, 9(2), e87275.
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• Pro-social behavior can spread through generalized reciprocity
and third-party influence

• 518 AMT workers with up to 6 interactions in groups of 150

Tsvetkova, M., & Macy, M.W. (2014). The social contagion of generosity. PLoS ONE, 9(2), e87275.
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• Receiving generosity increases generosity but observing it may
have the opposite effect
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Tsvetkova, M., & Macy, M.W. (2014). The social contagion of generosity. PLoS ONE, 9(2), e87275.
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Cooperation

• Strategic partner selection helps the emergence of cooperation

• 1,529 AMT workers in 90 networks of ≈ 17

 2 

 

Supplementary Figures 

 

Supplementary Figure S1 

Screenshots for the initial description of the tutorial where rewiring is allowed. They are 

included the first practice rounds. 

 

 

 

Shirado, H., Fu, F., Fowler, J. H., & Christakis, N. A. (2013). Quality versus quantity of social ties in
experimental cooperative networks. Nature Communications, 4, 2814.
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• Strategic partner selection helps the emergence of cooperation

• 1,529 AMT workers in 90 networks of ≈ 17

 3 

 

Supplementary Figure S1 (continued) 

 

 

 

  

Shirado, H., Fu, F., Fowler, J. H., & Christakis, N. A. (2013). Quality versus quantity of social ties in
experimental cooperative networks. Nature Communications, 4, 2814.
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• Strategic partner selection helps the emergence of cooperation

• 1,529 AMT workers in 90 networks of ≈ 17

 4 

Supplementary Figure S1 (continued) 

 

 

 

 

  

Shirado, H., Fu, F., Fowler, J. H., & Christakis, N. A. (2013). Quality versus quantity of social ties in
experimental cooperative networks. Nature Communications, 4, 2814.
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• Optimal levels of cooperation are achieved at intermediate levels
of change in social ties

rate and cooperation. Controlling for period, there is a peak at the
70% rewiring rate (Supplementary Table S1). Dynamic partner
selection favours cooperation; however, at very high rewiring
rates, consistent with one set of prior theoretical predictions17, it
has an adverse effect on cooperation.

In these experiments, participants’ connections and strategy
both change. Figure 1b shows network density, which is defined
as the ratio of the number of existing connections to the number
of all possible connections, for different rewiring rates. Every
density (except, of course, for the 0% rewiring rate) approaches
an asymptotic value between 60 and 70%, but the length of time it
takes for this to happen varies by the update rate. For instance, at
high rewiring rates, the density dramatically increases in the
initial rounds and then stays roughly constant. We call the initial
rounds the ‘pre-stable’ state and the later rounds the ‘stable’ state;
we determined the number of rounds needed to transition from
the pre-stable and the stable state for each rewiring rate
(Supplementary Table S2 and Supplementary Fig. S5). Modelling
of the transition from the pre-stable to the stable state shows that
sessions with a 10% rewiring rate reach a stable density at round
9, whereas sessions with 90% or 100% rewiring rates do so at the
very first round (Supplementary Fig. S4). Note that this transition
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Figure 1 | Experimental results by rewiring rate. (a) The fraction of cooperative players by round. Light grey lines show results for each session, black

lines show the average across all experimental sessions (N¼ 10) and orange dotted lines show the initial average value. Every average line (in black)

starts at a similar initial value of B65% cooperators. Sessions with a 70% rewiring rate show the greatest maintenance of cooperation. (b) Network

density (number of connections divided by maximum possible connections) by round. As a point of comparison, orange dotted lines show unbiased

expectation values in networks where subjects randomly choose whether to keep or cut a tie. Densities become stable, at roughly the same level, after

increasing at a speed related to the rewiring rate (larger rewiring rates are associated with more rapid convergence to a stable density). (c) Structure

and strategy snapshots at round 10. Blue nodes indicate cooperators and red nodes indicate defectors. Node size is proportional to number of connections.

Individual connections are shown as black lines.
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Figure 2 | Average change in rates of cooperation by round. Estimates

based on GLMM, incorporating fixed effects for individual strategy choice

and random effects for session and individual. The error bars are s.e.

(N0%¼ 161, N5%¼ 203, N10%¼ 165, N30%¼ 153, N50%¼ 184, N70%¼ 157,

N80%170, N90%¼ 172 and N100%¼ 179). Note that the relationship peaks at

a 70% rewiring rate, suggesting that moderate rates of social change

in the network (rather than low or high) are optimal for cooperation.
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The Spread of Behavior in an Online
Social Network Experiment
Damon Centola

How do social networks affect the spread of behavior? A popular hypothesis states that networks
with many clustered ties and a high degree of separation will be less effective for behavioral
diffusion than networks in which locally redundant ties are rewired to provide shortcuts across the
social space. A competing hypothesis argues that when behaviors require social reinforcement, a
network with more clustering may be more advantageous, even if the network as a whole has a
larger diameter. I investigated the effects of network structure on diffusion by studying the spread
of health behavior through artificially structured online communities. Individual adoption was
much more likely when participants received social reinforcement from multiple neighbors
in the social network. The behavior spread farther and faster across clustered-lattice networks than
across corresponding random networks.

Many behaviors spread through social
contact (1–3). As a result, the network
structure of who is connected to whom

can critically affect the extent to which a behav-
ior diffuses across a population (2–8). There are
two competing hypotheses about how network
structure affects diffusion. The “strength of weak
ties” hypothesis predicts that networks with
many “long ties” (e.g., “small-world” topologies)
will spread a social behavior farther and more
quickly than a network in which ties are highly
clustered (4–6). This hypothesis treats the spread
of behavior as a simple contagion, such as dis-
ease or information: A single contact with an
“infected” individual is usually sufficient to trans-
mit the behavior (2). The power of long ties is
that they reduce the redundancy of the diffusion
process by connecting people whose friends do
not know each other, thereby allowing a behavior
to rapidly spread to other areas of the network
(3–5). The ideal case for this lack of redundancy
is a “random” network, in which, in expectation
for a large population, each of an individual’s
ties reaches out to different neighborhoods (4, 9).
The other hypothesis states that, unlike disease,
social behavior is a complex contagion: People
usually require contact with multiple sources of
“infection” before being convinced to adopt a be-
havior (2). This hypothesis predicts that because
clustered networks have more redundant ties,
which provide social reinforcement for adoption,
they will better promote the diffusion of behav-
iors across large populations (2, 7). Despite the
scientific (6, 7, 10) and practical (1, 2, 11) im-
portance of understanding the spread of behavior

through social networks, an empirical test of
these predictions has not been possible, because
it requires the ability to independently vary the
topological structure of a social network (12).

I tested the effects of network structure on
diffusion using a controlled experimental approach.
I studied the spread of a health behavior through
a network-embedded population by creating an
Internet-based health community, containing 1528
participants recruited from health-interest World
Wide Web sites (13).

Each participant created an anonymous online
profile, including an avatar, a user name, and a set
of health interests. They were then matched with
other participants in the study—referred to as
“health buddies”—as members of an online health
community. Participants could not contact their
health buddies directly, but they could receive
emails from the study informing them of their
health buddies’ activities. To preserve anonymity
and to prevent people from trying to identify

friends whomay have also signed up for the study
(or from trying to contact health buddies outside
the context of the experiment), I blinded the
identifiers that people used. Participants made
decisions about whether or not to adopt a health
behavior based on the adoption patterns of their
health buddies. The health behavior used for this
study was the decision to register for an Internet-
based health forum, which offered access and rat-
ing tools for online health resources (13).

The health forum was not known (or acces-
sible) to anyone except participants in the ex-
periment. This ensured that the only sources of
encouragement that participants had to join the
forumwere the signals that they received from their
health buddies. The forum was populated with ini-
tial ratings to provide content for the early adopters.
However, all subsequent content was contributed
by the participants who joined the forum.

Participants arriving to the study were randomly
assigned to one of two experimental conditions—
a clustered-lattice network and a random network—
that were distinguished only by the topological
structure of the social networks (Fig. 1). In the
clustered-lattice–network condition, there was a
high level of clustering (5, 6, 13) created by re-
dundant ties that linked each node’s neighbors to
one another. The random network condition was
created by rewiring the clustered-lattice network
via a permutation algorithm based on the small-
world–network model (6, 13–15). This ensured
that each node maintained the exact same number
of neighbors as in the clustered network (that is, a
homogeneous degree distribution), while simulta-
neously reducing clustering in the network and
eliminating redundant ties within and between
neighborhoods (4, 6, 14).

The network topologies were created before
the participants arrived, and the participants could

Sloan School of Management, Massachusetts Institute of
Technology, Cambridge, MA 02142, USA. E-mail: dcentola@
mit.edu

Fig. 1. Randomization of
participants to clustered-
lattice and random-
network conditions in a
single trial of this study
(N = 128, Z = 6). In
each condition, the black
node shows the focal
node of a neighborhood
to which an individual is
being assigned, and the
red nodes correspond to
that individual’s neigh-
bors in the network. In
the clustered-lattice net-
work, the red nodes share
neighbors with each other, whereas in the random network they do not. White nodes indicate individuals who
are not connected to the focal node.
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registered), and were able to visit new sites, add new ratings, and see the most recent ratings 

by their health buddies. 

 

Subject Recruitment 

 The study was run for a 124-day period from May 4, 2009 through September 5, 

2009, over which time a series of recruitment campaigns were used to attract subjects to the 

experiment.  In total, 1,528 subjects participated in the study, 764 in the clustered lattice 

network condition, and 764 in the random network condition.  Most subjects were recruited 

through email advertisements sent to members of health websites such as Prevention 

(http://www.prevention.com), Self (http://www.self.com), Men’s Health 

(http://www.menshealth.com), Women’s Health (http://www.womenshealthmag.com), and 

Shape (http://www.shape.com).  Figure S6 shows examples of recruitment advertisements.  

Additionally, a small fraction of subjects were recruited from Your Disease Risk, a cancer 

risk evaluation site run by Washington University in St. Louis 

(http://www.yourdiseaserisk.wustl.edu).  

 

       

Figure S6.  Advertisements used to recruit subjects to the study. 

 

Network Structures  

Centola, D. (2010). The spread of behavior in an online social network experiment. Science, 329(5996),
1194–1197.
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which displayed her own user avatar and health interests, as well as the avatars and health 

interests of her health buddies.  Figure S2 shows a health buddy page.  Because of the 

similarity of the networks across conditions within a given trial of the study, subjects’ health 

buddy pages showed the same number of health buddies regardless of which condition they 

were randomly assigned to.   

 

 

Figure S2.  Screenshot of a health buddy page.   

 

 Once a subject completed the sign-up process, she received a confirmation email 

asking her to verify that her email address was working.  This allowed me to make sure that 

Centola, D. (2010). The spread of behavior in an online social network experiment. Science, 329(5996),
1194–1197.
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all subjects in the study could be reached by email.  For the duration of the study, subjects 

only received email signals if their neighbors in the network adopted the behavior.  Each 

subject could receive at most one email from each health buddy.  Each email let the subject 

know which of their health buddies had registered for the health forum website, and provided 

a web-link to the health forum registration page.  An email signal is shown in figure S3.   

 

 

 

Figure S3.  Email signal inviting a subject to join the health forum. 

 

 Once subjects registered for the forum, they could visit any of the websites listed 

under the different category headings (including “Healthy Lifestyle,” “Fitness,” “Nutrition”, 

“Smoking Cessation”, and “Weight Loss”), and rate the quality of the websites.  Figures S4 

and S5 show the registration page, and the home page, respectively, of the health forum.  

Every subject who registered for the forum saw the most current list of sites and ratings, 

available to all members.  The only difference in the content of the health forum across 

subjects was the list of health buddies shown in the lower left panel – this was determined by 

which of the subject’s health buddies had already registered for the forum.  The ratings for 

Centola, D. (2010). The spread of behavior in an online social network experiment. Science, 329(5996),
1194–1197.
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the websites, and the listed order of the websites, changed in real-time as subjects interacted 

with the health forum.   

 

 

 

Figure S4. Registration page for the health forum website.  Subjects were required to register 

in order to access the forum. 

 

Centola, D. (2010). The spread of behavior in an online social network experiment. Science, 329(5996),
1194–1197.
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• The behavior spreads farther and faster across clustered
networks than random networks

not alter the topology in which they were em-
bedded (e.g., by making new ties). In both condi-
tions, each participant was randomly assigned
to occupy a single node in one network. The
occupants of the immediately adjacent nodes in
the network (i.e., the network neighbors) consti-
tuted a participant’s health buddies (13). Each
node in a social network had an identical number
of neighbors as the other nodes in the network,
and participants could only see the immediate
neighbors to whom they were connected.

Consequently, the size of each participant’s
social neighborhood was identical for all par-
ticipants within a network and across conditions.
More generally, every aspect of a participant’s
experience before the initiation of the diffusion
dynamics was equivalent across conditions, and
the only difference between the conditions was
the pattern of connectedness of the social net-

works in which the participants were embedded.
Thus, any differences in the dynamics of diffu-
sion between the two conditions can be attri-
buted to the effects of network topology.

There are four advantages of this experi-
mental design over observational data. (i) The
present study isolates the effects of network
topology, independent of frequently co-occurring
factors such as homophily (3, 16), geographic
proximity (17), and interpersonal affect (4, 18),
which are easily conflated with the effects of
topological structure in observational studies
(2, 3, 11). (ii) I study the spread of a health-
related behavior that is unknown to the partici-
pants before the study (13), thereby eliminating
the effects of nonnetwork factors from the dif-
fusion dynamics, such as advertising, availability,
and pricing, which can confound the effects of
topology on diffusion when, for example, the

local structure of a social network correlates
with greater resources for learning about or
adopting an innovation (11, 19). (iii) This study
eliminates the possibility for social ties to change
and thereby identifies the effects of network
structure on the dynamics of diffusion without
the confounding effects of homophilous tie
formation (1, 20). (iv) Finally, this design allows
the same diffusion process to be observed
multiple times, under identical structural condi-
tions, thus allowing the often stochastic process of
individual adoption (21) to be studied in a way
that provides robust evidence for the effects of
network topology on the dynamics of diffusion.

I report the results from six independent trials
of this experimental design, each consisting of a
matched pair of network conditions. In each pair,
participants were randomized to either a clustered-
lattice network or a corresponding random net-
work (13). This yielded 12 independent diffusion
processes. Diffusion was initiated by selecting a
random “seed node,” which sent signals to its net-
workneighbors encouraging them to adopt a health-
related behavior—namely, registering for a health
forum Web site (13). Every time a participant
adopted the behavior (i.e., registered for the health
forum), messages were sent to her health buddies
inviting them to adopt. If a participant had mul-
tiple health buddies who adopted the behavior,
then she would receive multiple signals, one from
each neighbor. Themore neighbors who adopted,
themore reinforcing signals a participant received.
The sequence of adoption decisions made by the
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Fig. 2. Time series showing the adoption of a health behavior spreading through clustered-lattice (solid
black circles) and random (open triangles) social networks. Six independent trials of the study are
shown, including (A) N = 98, Z = 6, (B to D) N = 128, Z = 6, and (E and F) N = 144, Z = 8. The success
of diffusion was measured by the fraction of the total network that adopted the behavior. The speed of
the diffusion process was evaluated by comparing the time required for the behavior to spread to the
greatest fraction reached by both conditions in each trial.
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Fig. 3. Hazard ratios for adoption for individuals
receiving two, three, and four social signals. The
hazard ratio g indicates that the likelihood of
adoption increases by a factor of g for each ad-
ditional signal k, compared to the likelihood of
adoption from receiving k – 1 signals. The 95%
confidence intervals from the Cox proportional
hazards model are shown by error bars. The effect
of an additional signal on the likelihood of adop-
tion is significant if the 95% confidence interval
does not contain g = 1 (13).
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• Costly behavior such as voting spreads through social influence

• 61 million Facebook users, 6.3 million matched to voter records

who received the social message were 0.39% (s.e.m., 0.17%; t-test,
P 5 0.02) more likely to vote than users who received no message at
all. Similarly, the difference in voting between those who received the
social message and those who received the informational message was
0.39% (s.e.m., 0.17%; t-test, P 5 0.02), suggesting that seeing faces of
friends significantly contributed to the overall effect of the message on
real-world voting. In fact, turnout among those who received the
informational message was identical to turnout among those in the
control group (treatment effect 0.00%, s.e.m., 0.28%; P 5 0.98), which
raises doubts about the effectiveness of information-only appeals to
vote in this context.

These results show that online political mobilization can have a
direct effect on political self-expression, information seeking and
real-world voting behaviour, and that messages including cues from
an individual’s social network are more effective than information-
only appeals. But what about indirect effects that spread from person
to person in the social network? Users in our sample had on average
149 Facebook friends, with whom they share social information,
although many of these relationships constitute ‘weak ties’. Past
research indicates that close friends have a stronger behavioural effect
on each other than do acquaintances or strangers9,11,13,21. We therefore
expected mobilization to spread more effectively online through
‘strong ties’.

To distinguish users who are likely to have close relationships, we
used the degree to which Facebook friends interacted with each other on
the site (see Supplementary Information for more detail). Higher levels
of interaction indicate that friends are more likely to be physically
proximate and suggest a higher level of commitment to the friendship,
more positive affect between the friends, and a desire for the friendship
to be socially recognized29. We counted the number of interactions
between each pair of friends and categorized them by decile, ranking
them from the lowest to highest percentage of interactions. A validation
study (see Supplementary Information) shows that friends in the highest
decile are those most likely to be close friends in real life (Fig. 2a).

We then used these categories to estimate the effect of the mobil-
ization message on a user’s friends. Random assignment means that
any relationship between the message a user receives and a friend’s
behaviour is not due to shared attributes, as these attributes are not
correlated with the treatment (see Supplementary Information). To
measure a per-friend treatment effect, we compared behaviour in the
friends connected to a user who received the social message to beha-
viour in the friends connected to a user in the control group. To
account for dependencies in the network, we simulate the null distri-
bution using a network permutation method (see the Supplementary
Information). Monte Carlo simulations suggest that this method
minimizes the risk of false positives and recovers true causal effects
without bias (see Supplementary Information).

Figure 2 shows that the observed per-friend treatment effects increase
as tie-strength increases. All of the observed treatment effects fall outside
the null distribution for expressed vote (Fig. 2b), suggesting that they are
significantly different from chance outcomes. For validated vote
(Fig. 2c), the observed treatment effect is near zero for weak ties, but
it spikes upwards and falls outside the null distribution for the top two
deciles. This suggests that strong ties are important for the spread of
real-world voting behaviour. Finally, the treatment effect for polling
place search gradually increases (Fig. 2d), with several of the effects
falling outside the 95% confidence interval of the null distribution.

To simplify the analysis and reporting of results, we arbitrarily
define ‘close friends’ as people who were in the eightieth percentile
or higher (decile 9) of frequency of interaction among all friendships in
the sample (see the Supplementary Information). ‘Friends’ are all other
Facebook friends who had less interaction. A total of 60,491,898 (98%)
users in our sample had at least 1 close friend, with the average user
having about 10 close friends (compared with an average of 139 friends
who were not close).

The results suggest that users were about 0.011% (95% confidence
interval (CI) of null distribution 20.009% to 0.010%) more likely to
engage in an act of political self-expression by clicking on the I Voted
button than they would have been had their friend seen no message.
Similarly, for each close friend who received the social message, an
individual was on average 0.099% (null 95% CI –0.042% to 0.048%)
more likely to express voting.

We also found an effect in the validated vote sample. For each close
friend who received the social message, a user was 0.224% (null 95% CI
–0.181% to 0.174%) more likely to vote than they would have been had
their close friend received no message. Similarly, for information-
seeking behaviour we found that for each close friend who received
the social message, a user was 0.012% (null 95% CI –0.012% to 0.012%)
more likely to click the link to find their polling place than they would
have been had their close friends received no message. In both cases
there was no evidence that other friends had an effect (see
Supplementary Information). Thus, ordinary Facebook friends may
affect online expressive behaviour, but they do not seem to affect
private or real-world political behaviours. In contrast, close friends
seem to have influenced all three.

The magnitude of these contagion effects are small per friend, but it
is important to remember that they result from a single message, and in
many cases it was not possible to change the target’s behaviour. For
example, users may have already voted by absentee ballot before
Election Day, or they may have logged in to Facebook too late to vote
or to influence other users’ voting behaviour. In other words, all effects
measured here are intent-to-treat effects rather than treatment-on-
treated effects, which would be greater if we had better information
about who was eligible to receive the treatment.
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Figure 1 | The experiment and direct effects. a, b, Examples of the informational message and social message Facebook treatments (a) and their direct effect on
voting behaviour (b). Vertical lines indicate s.e.m. (they are too small to be seen for the first two bars).
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Voting mobilization

• Social messages make people more likely to claim they voted

• Information messages have no effect on voting

• Social messages make users 0.39% (p = 0.02) more likely to
vote compared to no messages

who received the social message were 0.39% (s.e.m., 0.17%; t-test,
P 5 0.02) more likely to vote than users who received no message at
all. Similarly, the difference in voting between those who received the
social message and those who received the informational message was
0.39% (s.e.m., 0.17%; t-test, P 5 0.02), suggesting that seeing faces of
friends significantly contributed to the overall effect of the message on
real-world voting. In fact, turnout among those who received the
informational message was identical to turnout among those in the
control group (treatment effect 0.00%, s.e.m., 0.28%; P 5 0.98), which
raises doubts about the effectiveness of information-only appeals to
vote in this context.

These results show that online political mobilization can have a
direct effect on political self-expression, information seeking and
real-world voting behaviour, and that messages including cues from
an individual’s social network are more effective than information-
only appeals. But what about indirect effects that spread from person
to person in the social network? Users in our sample had on average
149 Facebook friends, with whom they share social information,
although many of these relationships constitute ‘weak ties’. Past
research indicates that close friends have a stronger behavioural effect
on each other than do acquaintances or strangers9,11,13,21. We therefore
expected mobilization to spread more effectively online through
‘strong ties’.

To distinguish users who are likely to have close relationships, we
used the degree to which Facebook friends interacted with each other on
the site (see Supplementary Information for more detail). Higher levels
of interaction indicate that friends are more likely to be physically
proximate and suggest a higher level of commitment to the friendship,
more positive affect between the friends, and a desire for the friendship
to be socially recognized29. We counted the number of interactions
between each pair of friends and categorized them by decile, ranking
them from the lowest to highest percentage of interactions. A validation
study (see Supplementary Information) shows that friends in the highest
decile are those most likely to be close friends in real life (Fig. 2a).

We then used these categories to estimate the effect of the mobil-
ization message on a user’s friends. Random assignment means that
any relationship between the message a user receives and a friend’s
behaviour is not due to shared attributes, as these attributes are not
correlated with the treatment (see Supplementary Information). To
measure a per-friend treatment effect, we compared behaviour in the
friends connected to a user who received the social message to beha-
viour in the friends connected to a user in the control group. To
account for dependencies in the network, we simulate the null distri-
bution using a network permutation method (see the Supplementary
Information). Monte Carlo simulations suggest that this method
minimizes the risk of false positives and recovers true causal effects
without bias (see Supplementary Information).

Figure 2 shows that the observed per-friend treatment effects increase
as tie-strength increases. All of the observed treatment effects fall outside
the null distribution for expressed vote (Fig. 2b), suggesting that they are
significantly different from chance outcomes. For validated vote
(Fig. 2c), the observed treatment effect is near zero for weak ties, but
it spikes upwards and falls outside the null distribution for the top two
deciles. This suggests that strong ties are important for the spread of
real-world voting behaviour. Finally, the treatment effect for polling
place search gradually increases (Fig. 2d), with several of the effects
falling outside the 95% confidence interval of the null distribution.

To simplify the analysis and reporting of results, we arbitrarily
define ‘close friends’ as people who were in the eightieth percentile
or higher (decile 9) of frequency of interaction among all friendships in
the sample (see the Supplementary Information). ‘Friends’ are all other
Facebook friends who had less interaction. A total of 60,491,898 (98%)
users in our sample had at least 1 close friend, with the average user
having about 10 close friends (compared with an average of 139 friends
who were not close).

The results suggest that users were about 0.011% (95% confidence
interval (CI) of null distribution 20.009% to 0.010%) more likely to
engage in an act of political self-expression by clicking on the I Voted
button than they would have been had their friend seen no message.
Similarly, for each close friend who received the social message, an
individual was on average 0.099% (null 95% CI –0.042% to 0.048%)
more likely to express voting.

We also found an effect in the validated vote sample. For each close
friend who received the social message, a user was 0.224% (null 95% CI
–0.181% to 0.174%) more likely to vote than they would have been had
their close friend received no message. Similarly, for information-
seeking behaviour we found that for each close friend who received
the social message, a user was 0.012% (null 95% CI –0.012% to 0.012%)
more likely to click the link to find their polling place than they would
have been had their close friends received no message. In both cases
there was no evidence that other friends had an effect (see
Supplementary Information). Thus, ordinary Facebook friends may
affect online expressive behaviour, but they do not seem to affect
private or real-world political behaviours. In contrast, close friends
seem to have influenced all three.

The magnitude of these contagion effects are small per friend, but it
is important to remember that they result from a single message, and in
many cases it was not possible to change the target’s behaviour. For
example, users may have already voted by absentee ballot before
Election Day, or they may have logged in to Facebook too late to vote
or to influence other users’ voting behaviour. In other words, all effects
measured here are intent-to-treat effects rather than treatment-on-
treated effects, which would be greater if we had better information
about who was eligible to receive the treatment.
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Figure 1 | The experiment and direct effects. a, b, Examples of the informational message and social message Facebook treatments (a) and their direct effect on
voting behaviour (b). Vertical lines indicate s.e.m. (they are too small to be seen for the first two bars).
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Challenges

• Recruitment and retention

• Strong stimuli and engagement

• Repeated social interaction

• Retention and engagement similar across treatments

• Retention and engagement uncorrelated to outcome

• Undesirable repeated participation
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Thinking ahead

• Gaming

1.8 billion gamers online worldwide
711 million active gamers

48% of active gamers play social games
35 years old on average

41% female gamers

Image: REUTERS/Jessica Rinaldi. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
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Thinking ahead

• Gamification: use of game design elements in non-game
contexts
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Thinking ahead

• Gamification in science

Image tagging

Protein folding

Neuron mapping

Quantum computing
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Thinking ahead

• Gamification in social science

• Use of non-financial incentives to conduct social
experiments online

• e.g. Axelrod’s PD tournament

• Good game design is essential!
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Theory-Driven Social Research with Online
Experiments

Tutorial
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Running online experiments

Salganik, M. (2017). Bit By Bit: Social Research in the Digital Age. Retrieved from:
http://www.bitbybitbook.com.
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Recruiting participants

• Crowdsourcing platforms, online marketplaces
• Amazon Mechanical Turk

• CrowdFlower

• craigslist

• Citizen science projects

• Online advertisement

• Social media

• Traditional methods

http://www.mturk.com/mturk/welcome
https://www.crowdflower.com/
https://newyork.craigslist.org/
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Building an experiment

• Single, sequential, or periodic interactions
• HTTP + server-side scripting (Python, PHP, etc.)

• Multi-player, real-time interactions
• e.g. Node.js + Socket.io + HTML5

• Intervention and observation
• APIs, web-scraping
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Using existing experimental
platforms

• Volunteer Science

• Lab in the Wild

• Test My Brain

• Network game experiments
• TurkServer

• breadboard

• nodeGame

http://volunteerscience.com/
http://www.labinthewild.org/
http://testmybrain.org/
http://turkserver.readthedocs.io/en/latest/
http://breadboard.yale.edu/
http://nodegame.org/
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Task: Participate in an experiment

• Complete an experiment/study from one of these sites:

• http://www.mturk.com (if you have worker account)

• http://volunteerscience.com/

• http://www.labinthewild.org/

• http://testmybrain.org/
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Task: Design an experiment

• Design an experiment to answer a specific research
question:

• Does the proliferation of choice options produce more
unequal cultural markets?

• Are bronze-medal winners happier than silver-medal
winners?

• Does higher uncertainty in product quality produce more
unequal consumer markets?

• Are women discriminated against on social media?

• Do good news spread faster than bad news?

• Discuss modified question, participant recruitment,
technical implementation, treatments, dependent variable,
ethical considerations
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