Supplementary Online Material (SOM)
Engineering Social Contagions: Optimal Network Seeding in the Presence of Homophily


1. Data Collection and Sampling Procedure
The data-driven simulation is based on a sample of the anonymized Yahoo Instant Messenger (IM) network. We collected detailed demographic, geographic and behavioral information for each of the sampled users. We collected a 2% random sample of the entire Yahoo IM network (yielding 2,974,288 users) and all of the Yahoo GO! application users who adopted it in the first five month since its launch - between June 1, 2007 and October 31, 2007 – and recorded at least one page view (532,365 users). We further expand our sample by performing a two-step snowball sample procedure around each of these nodes. The 3,506,653 complete local networks obtained in this way have 9.1 million ‘first-step nodes’ (directly connected to at least one of the ego nodes) and 14.9 million of the unique nodes two step away from them. These 27.4 million users registered over 14 billion page views and sent 3.9 billion messages over 89.3 million distinct relationships during a sample month. In addition to the detailed demographic[footnoteRef:1], we have obtained the record of the user’s Internet surfing behavior in terms of the number of the page views aggregated by category: portal’s front page, news, finance, sports and weather. Finally, we recorded the Yahoo! GO adoption curve for the five months starting one month prior to the official launch date tracking the adoption of the application in the IM network.  [1:  These data include primary country, secondary country, age and gender. Primary country refers to the country from which users accessed the portal most often. Secondary country refers to the country from which users accessed the portal second most often.] 

The data represent an anonymized sample of the Yahoo! Instant Messenger (IM) network where each node is an IM user for whom we collected detailed demographic, geographic, and behavioral information as well as daily IM message traffic. We first sampled all Yahoo! IM users who adopted Yahoo! Go between June 1, 2007, and October 29, 2007. This ‘‘seed experimental sample’’ consists of 532,365 users that we labeled ‘‘service adopters.’’ We then created a ‘‘seed control sample’’ by taking a random sample of 2% of the entire IM network. This seed control sample consists of 2,974,288 nodes that we labeled ‘‘random control seeds.’’ We executed a two-step snowball sampling procedure that traversed network links, defined by the existence of IM message traffic, two steps out from every control and experimental seed node, collecting the complete local network neighborhoods of all seed nodes. The first step of the snowball sampling procedure yielded 9.1 million new nodes (labeled ‘‘first-step nodes’’) that were IM contacts of the seed node populations. We then collected the local network neighborhoods of all first-step nodes by sampling all users who received at least one message from any of the first-step nodes. The second step of the snowball sampling procedure yielded an additional 14.9 million users, each of whom is two steps away from a seed node.

2. Yahoo Go
Yahoo! Go is a zero-marginal cost, free mobile software application designed to deliver personalized content to users’ devices and to enhance mobile search capabilities. Yahoo! Go provides personalized information across several domains including news, sports, weather and financial information, as well as access to e-mail, calendaring, location based services, photo sharing and web search services.  Users are identified by their Yahoo! ID which is used for their everyday interaction with the Yahoo! portal, instant messaging (IM), e-mail and other services from all platforms including personal computer (PC) and mobile devices. Consequently, observations of activities and behavior across different platforms can be attributed to each unique user. 
It should be noted that Yahoo! Go 2.0, the subject of this study, does not support instant messaging services. In this respect Yahoo! Go is not networking software and does not exhibit direct network externalities, whereby the value of the product to a user is a function of the number of other users with whom one can connect or communicate using the product. Therefore, its adoption is not likely to be driven by the desire to communicate with one’s friends. It is likely that peer influence effects are quite different for products that exhibit network externalities. We therefore encourage the application of our methods to influence estimation in adoption processes of such products.

3. Data
Individual Behavioral Data: Online Activity and Browsing Behavior (PC, Mobile and Go Platforms) 
In Table A1 we list basic statistics of user surfing activities for different types of content across PC, Mobile and Go platforms. All page view distributions are heavy tailed (Figure S1).  Most users surf infrequently, but some are remarkably active consumers of certain types of content such as News, Finance and Sports.  We find users online behavior to be highly predictive of Yahoo! Go adoption and (due to homophily) the propensity of having adopter friends.
IM Network and Message Traffic 
Our sampling procedure (described in Methods and Materials in the manuscript) produced complete data in local network neighborhoods two steps away from any sampled seed node. The sampling strategy was designed to make sure we a) captured all adopters of the product (so that we could comprehensively observe the adoption curve), and b) to have a representative sample of all Yahoo users. These two seed samples (all adopters and the random sample) served this purpose. The two-step snowball sample was used to capture the local network neighborhoods of all the initial seeds (both random seeds and adopters). Table A1 presents basic IM network and message traffic summary statistics and reports strength of tie measures based on the number and fraction of IM messages exchanged between users. 
Combining the detailed demographic and behavioral data with the IM network, we measure each user’s social environment by computing averages of their friends’ characteristics. In order to assess homophily we compute average values across users’ friends using each of the online behavioral characteristics.
 [image: ]
Demographic, Device and Geographic Location Data 
Gender - 25.0 million users (91%) report their gender.  10.3 million (41.2%) are female and 14.7 million (58.8%) are male. 99.8% of people who have accessed the Yahoo! website (active users) at least once report their gender.
Age - 22.3 of 27.4 million users (81.5%) and 19.9 of 22.5 active users (88.5%) report their age. However, the percentage of users reporting their age climbs to 97.6% for Go service adopters. In general, the propensity of a person to disclose his age increases with higher levels of activity. Left panel of Figure A1 shows the age distribution of Yahoo! users.  
Device Data - Mobile device type and the fraction of mobile page views from that device are reported daily for mobile users and Go adopters. A total of 2030 distinct mobile devices were used to access the Yahoo! portal while 111 different devices were used to access Go.  
Country - The dataset contains a self-reported record of each user’s native country. In addition, there is a daily record of the main and secondary country locations from which users access Yahoo! services based on their IP addresses (defined in Table 1), along with the number of page views originating from each of them. The Yahoo! portal is accessed from 239 distinct countries, areas and administrative territories.  However, the distribution is uneven. 90% of Yahoo! users live in 19 countries. The top six countries are the United States (59.4%), India (7.6%), the United Kingdom (3.5%), the Philippines (2.7%), China (2.0%) and Taiwan (1.9%). 90% of mobile users live in only 12 countries. The United States (52.4%), Taiwan (7.0%), India (6.4%), Romania (5.4%) and the Philippines (5.3%) are the top five most represented countries Figure A1, right panel). Adoption of Yahoo! Go is also not uniform across the globe. 90% of all Go adopters operate from only 14 countries. The United States (62.2%), India (7.3%), the United Kingdom (5.3%), Indonesia (3.0%), the Philippines (2.5%) and Romania (2.0%) are the top 6 most represented countries.
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Figure A1. The a) Age Distribution and b) Number of Users by Country.

4. Model Specification and Estimation Procedures
Estimating Influence ()




We used dynamic matched sample estimation to generate estimates of characteristics based adoption () and influence based adoption (). To estimate , we first needed to distinguish influence from homophily and other confounding factors in the natural adoption of Yahoo Go. We did this by fitting a dynamic matched sample estimator detailed in Aral et al(Aral, Muchnik, & Sundararajan, 2009) . We created a dynamic matched sample of ‘treated’ and ‘untreated’ nodes over time, where receiving varying degrees of the “treatment” is defined as having 1, 2, 3, 4 or more friends who adopted the product. We matched treated nodes with untreated nodes that were as likely to have the same number of adopter friends, conditional on a vector of observable characteristics and behaviors, but who did not have as many adopter friends. For every period, we estimated, the propensity to have been treated at time, using a logistic regression of the likelihood of having a friend who adopted as a function of users’ attributes and dynamic behaviors up to and on day, as follows:

,












whereis the treatment status of  on day  and  represents the vector of demographic and behavioral covariates of. As treatment status (the number of friends who have adopted), adoption outcome (whether the focal node has adopted) and the vector of observable characteristics all vary over time, we performed daily, weekly and biweekly matched sample tests over the four month period. We drop matched pairs for which the distance of propensity scores exceeds two standard deviations of the observed distribution of propensity score differences. For all treated nodes we choose an untreated match j such that  subject to  where . This process yielded matched pairs who are equally likely to have a certain number of adopter friends due to observed and correlated latent homophily, contrasting them on the sole dimension of their neighbors’ actual adoption status – treated nodes had more adopter neighbors than their untreated matches. We then compared fractions of treated and untreated adopters over time. The number of adoption decisions explained by the homophily effect is the difference between the treatment outcome (Go service adoption) estimated by propensity score matching, and the treatment outcome estimated by random matching which ignores all user similarity on characteristics and behaviors. These estimates give us an empirically derived value for the level of natural influence observed in the original diffusion process of Yahoo Go (

Estimating Characteristics Based Adoption ()
We then utilize logistic regression estimated with maximum likelihood to assess the effect of personal and local network characteristics on the probability of Go adoption, as follows:

,

where is a vector of covariates for each user, described below, which contains both categorical (such as gender or country of residence) and continuous user characteristics. The simulation of application adoption in the network over time relies on parameters estimated with logistic regression using the user demographics and the observed behavior to evaluate the probability of product adoption. Considering the adoption lifecycle (Rogers, 2003) and the fact that different subpopulations may tend to adopt  at different times, we dissect the adoption timeline into a sequence of consecutive periods and assess the impact of each of the covariates on product adoption in each of these periods distinctly.

5. Empirical Estimates
The five tables, Table A2 to Table A6 list the coefficients, the standard errors and the p-values computed by these regressions for each of the time intervals. The vector  includes several variables of interest in predicting adoption including: Country – the fraction of Yahoo! GO adopters in the user’s main country; Degree – the IM network degree of the node; Seedness – the distance of the node from the ego: 0 if the node is the central node of the snowball sample, 1 if it is a first neighbor, and 2 if it is a second neighbor; Adopter Friends – the number of user’s IM friends who had adopted the applications by the time of his adoption or by the end of the current time interval. Device – the fraction of Yahoo! GO adopters with user’s mobile device; Age – the user’s age; Gender – a binary self-reported covariate with 0 representing male and 1 female; Total PC PV – the total number of the Yahoo! portal page views (PV) recorded for the specific user from a desktop device; and Weather, News, Finance and Sports PC PV – the number of page views by category from a desktop device. These page view measures are most relevant for predicting product adoption because the Yahoo! GO application was designed to simplify access to these information feeds.
Table A2 to Table A6:
	Time interval: 33-37 days

	
	Parameter name
	Beta
	SE
	p-value

	1
	Intercept
	4.542
	1.14E-01
	0.00E+00

	2
	Country
	-0.07
	9.90E-02
	4.83E-01

	3
	Degree
	0.471
	5.70E-02
	1.78E-16

	4
	Seedness
	-0.036
	1.06E-01
	7.33E-01

	5
	Adopter Friends
	0.045
	3.70E-02
	2.19E-01

	6
	Device
	-0.526
	3.50E-02
	1.43E-50

	7
	Age
	-0.689
	7.80E-02
	6.11E-19

	8
	Gender
	-0.711
	1.24E-01
	8.53E-09

	9
	Total PC PV
	-1.01
	1.08E-01
	9.89E-21

	10
	Weather PC PV
	-14.27
	2.22E-01
	0.00E+00

	11
	News PC PV
	-0.003
	1.00E-03
	1.40E-02

	12
	Finance PC PV
	-0.127
	3.00E-02
	2.48E-05

	13
	Sports PC PV
	-0.135
	2.10E-02
	2.68E-10



	Time interval: 38-54 days

	
	Parameter name
	Beta
	SE
	p-value

	1
	Intercept
	3.324
	1.02E-01
	8.82E-233

	2
	Country
	0.424
	8.70E-02
	9.84E-07

	3
	Degree
	0.172
	4.70E-02
	2.89E-04

	4
	Seedness
	0.052
	9.70E-02
	5.92E-01

	5
	Adopter Friends
	-0.069
	3.40E-02
	4.27E-02

	6
	Device
	-0.667
	3.80E-02
	2.09E-69

	7
	Age
	-0.89
	8.10E-02
	6.39E-28

	8
	Gender
	-0.53
	1.45E-01
	2.50E-04

	9
	Total PC PV
	-1.03
	1.07E-01
	6.89E-22

	10
	Weather PC PV
	-10.767
	3.24E-01
	1.82E-242

	11
	News PC PV
	0.001
	1.00E-03
	3.93E-01

	12
	Finance PC PV
	-0.097
	2.80E-02
	4.97E-04

	13
	Sports PC PV
	-0.007
	1.90E-02
	7.08E-01




	Time interval: 55-64 days

	
	Parameter name
	Beta
	SE
	p-value

	1
	Intercept
	3.599
	9.30E-02
	0.00E+00

	2
	Country
	0.269
	8.00E-02
	7.68E-04

	3
	Degree
	0.144
	4.00E-02
	3.53E-04

	4
	Seedness
	0.099
	9.40E-02
	2.92E-01

	5
	Adopter Friends
	0.149
	2.90E-02
	2.08E-07

	6
	Device
	-0.406
	4.60E-02
	1.09E-18

	7
	Age
	-0.464
	1.12E-01
	3.38E-05

	8
	Gender
	-0.478
	1.73E-01
	5.78E-03

	9
	Total PC PV
	-0.677
	1.31E-01
	2.21E-07

	10
	Weather PV
	-5.602
	1.32E-01
	0.00E+00

	11
	News PV
	-0.003
	1.00E-03
	1.44E-03

	12
	Finance PV
	-0.169
	2.60E-02
	1.49E-10

	13
	Sports PV
	-0.193
	1.80E-02
	5.71E-27




	Time interval: 65-88 days

	
	Parameter name
	Beta
	SE
	p-value

	1
	Intercept
	2.581
	7.40E-02
	1.64E-266

	2
	Country
	-0.13
	6.70E-02
	5.44E-02

	3
	Degree
	0.024
	3.20E-02
	4.67E-01

	4
	Seedness
	0.267
	8.20E-02
	1.15E-03

	5
	Adopter Friends
	0.118
	2.40E-02
	6.68E-07

	6
	Device
	-0.257
	3.90E-02
	6.26E-11

	7
	Age
	-0.351
	9.50E-02
	2.16E-04

	8
	Gender
	-0.462
	1.38E-01
	7.87E-04

	9
	Total PC PV
	-0.452
	1.13E-01
	6.28E-05

	10
	Weather PV
	-3.665
	1.27E-01
	2.87E-182

	11
	News PV
	-0.007
	1.00E-03
	9.17E-24

	12
	Finance PV
	0.108
	2.00E-02
	3.52E-08

	13
	Sports PV
	-0.067
	1.40E-02
	8.66E-07



	Time interval: 65-88 days

	
	Parameter name
	Beta
	SE
	p-value

	1
	Intercept
	1.148
	6.20E-02
	1.21E-76

	2
	Country
	-0.041
	5.50E-02
	4.60E-01

	3
	Degree
	0.084
	2.80E-02
	2.56E-03

	4
	Seedness
	0.16
	7.20E-02
	2.70E-02

	5
	Adopter Friends
	0.023
	2.10E-02
	2.66E-01

	6
	Device
	-0.249
	3.70E-02
	2.36E-11

	7
	Age
	-0.377
	9.10E-02
	3.64E-05

	8
	Gender
	-0.44
	1.41E-01
	1.79E-03

	9
	Total PV
	-0.499
	1.09E-01
	4.42E-06

	10
	Weather PV
	-0.751
	7.30E-02
	1.41E-24

	11
	News PV
	-0.009
	1.00E-03
	8.19E-52

	12
	Finance PV
	0.151
	1.60E-02
	1.98E-20

	13
	Sports PV
	0.058
	1.10E-02
	2.59E-07
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