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People are 
increasingly 

reliant on online 
social networks 
as sources of 

news and 
information 



The spread of information online 
affects policy, opinion, and 

personal interactions



How is content spread?
User preference:  

Users are more likely to share a false story if it confirms 
or supports their biases

Manipulation of content spread:  
Bot, cyborg, and sockpuppet accounts



Today’s talk
• Building our model: social network structure 

• Building our model: content updating dynamics 

• Quantifying media impact 

• Effects of network parameters 

• Model upgrade: content spread with bias and quality



We represent online social media 
network structure with a directed graph

i
<latexit sha1_base64="Y3uuVtudDXjFOsVR6Bxh0mOGroU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU4P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo1riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A0HmM8A==</latexit>

j
<latexit sha1_base64="gREFavtgwTUsZLl1REiXwIoMf6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVa9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0f2M8Q==</latexit> Account i is a follower 

of account j if there is a 
directed edge from i to j

This graph can be 
represented with adjacency 
matrix A

G(VN , E)
<latexit sha1_base64="DHB29idEV5WApBJdYhxyrh7ApDg=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahgpREBV0WRXQlFewD2hAm00k7dDIJMxOhhGzc+CtuXCji1n9w5984aYNo64GBM+fcy733eBGjUlnWl1GYm19YXCoul1ZW19Y3zM2tpgxjgUkDhywUbQ9JwignDUUVI+1IEBR4jLS84UXmt+6JkDTkd2oUESdAfU59ipHSkmvuXlW6AVIDjFjSTN2bw5/fZXrgmmWrao0BZ4mdkzLIUXfNz24vxHFAuMIMSdmxrUg5CRKKYkbSUjeWJEJ4iPqkoylHAZFOMr4ihfta6UE/FPpxBcfq744EBVKOAk9XZjvKaS8T//M6sfLPnITyKFaE48kgP2ZQhTCLBPaoIFixkSYIC6p3hXiABMJKB1fSIdjTJ8+S5lHVPq7atyfl2nkeRxHsgD1QATY4BTVwDeqgATB4AE/gBbwaj8az8Wa8T0oLRt6zDf7A+PgG4z6YLg==</latexit>

set of (non-media) accounts set of follower relationships

A =

0

BB@

0 1 0 1
0 0 1 0
1 0 0 1
0 0 1 0

1

CCA

<latexit sha1_base64="MgIZXGFSAEVEQJm+ujfXkBjDggI="></latexit>
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We add media accounts as 
influencer nodes

M = number of media accounts
nM =

<latexit sha1_base64="KP2TitYvq6jOdljWlMOvTmkuUqI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MWLEMGYQLKE2clsMmQey8ysEJb8ghcPinj1h7z5N84me9DEgoaiqpvurijhzFjf//ZKK6tr6xvlzcrW9s7uXnX/4NGoVBPaIoor3YmwoZxJ2rLMctpJNMUi4rQdjW9yv/1EtWFKPthJQkOBh5LFjGCbS7J/d9Wv1vy6PwNaJkFBalCg2a9+9QaKpIJKSzg2phv4iQ0zrC0jnE4rvdTQBJMxHtKuoxILasJsdusUnThlgGKlXUmLZurviQwLYyYicp0C25FZ9HLxP6+b2vgyzJhMUkslmS+KU46sQvnjaMA0JZZPHMFEM3crIiOsMbEunooLIVh8eZk8ntUDvx7cn9ca10UcZTiCYziFAC6gAbfQhBYQGMEzvMKbJ7wX7937mLeWvGLmEP7A+/wBqVqN+Q==</latexit><latexit sha1_base64="KP2TitYvq6jOdljWlMOvTmkuUqI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MWLEMGYQLKE2clsMmQey8ysEJb8ghcPinj1h7z5N84me9DEgoaiqpvurijhzFjf//ZKK6tr6xvlzcrW9s7uXnX/4NGoVBPaIoor3YmwoZxJ2rLMctpJNMUi4rQdjW9yv/1EtWFKPthJQkOBh5LFjGCbS7J/d9Wv1vy6PwNaJkFBalCg2a9+9QaKpIJKSzg2phv4iQ0zrC0jnE4rvdTQBJMxHtKuoxILasJsdusUnThlgGKlXUmLZurviQwLYyYicp0C25FZ9HLxP6+b2vgyzJhMUkslmS+KU46sQvnjaMA0JZZPHMFEM3crIiOsMbEunooLIVh8eZk8ntUDvx7cn9ca10UcZTiCYziFAC6gAbfQhBYQGMEzvMKbJ7wX7937mLeWvGLmEP7A+/wBqVqN+Q==</latexit><latexit sha1_base64="KP2TitYvq6jOdljWlMOvTmkuUqI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MWLEMGYQLKE2clsMmQey8ysEJb8ghcPinj1h7z5N84me9DEgoaiqpvurijhzFjf//ZKK6tr6xvlzcrW9s7uXnX/4NGoVBPaIoor3YmwoZxJ2rLMctpJNMUi4rQdjW9yv/1EtWFKPthJQkOBh5LFjGCbS7J/d9Wv1vy6PwNaJkFBalCg2a9+9QaKpIJKSzg2phv4iQ0zrC0jnE4rvdTQBJMxHtKuoxILasJsdusUnThlgGKlXUmLZurviQwLYyYicp0C25FZ9HLxP6+b2vgyzJhMUkslmS+KU46sQvnjaMA0JZZPHMFEM3crIiOsMbEunooLIVh8eZk8ntUDvx7cn9ca10UcZTiCYziFAC6gAbfQhBYQGMEzvMKbJ7wX7937mLeWvGLmEP7A+/wBqVqN+Q==</latexit><latexit sha1_base64="KP2TitYvq6jOdljWlMOvTmkuUqI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoBch6MWLEMGYQLKE2clsMmQey8ysEJb8ghcPinj1h7z5N84me9DEgoaiqpvurijhzFjf//ZKK6tr6xvlzcrW9s7uXnX/4NGoVBPaIoor3YmwoZxJ2rLMctpJNMUi4rQdjW9yv/1EtWFKPthJQkOBh5LFjGCbS7J/d9Wv1vy6PwNaJkFBalCg2a9+9QaKpIJKSzg2phv4iQ0zrC0jnE4rvdTQBJMxHtKuoxILasJsdusUnThlgGKlXUmLZurviQwLYyYicp0C25FZ9HLxP6+b2vgyzJhMUkslmS+KU46sQvnjaMA0JZZPHMFEM3crIiOsMbEunooLIVh8eZk8ntUDvx7cn9ca10UcZTiCYziFAC6gAbfQhBYQGMEzvMKbJ7wX7937mLeWvGLmEP7A+/wBqVqN+Q==</latexit>

number of followers per 
media account

Assume: media accounts are not influenced  
(they do not follow other accounts)

A =

0

BBBBBB@

0 1 0 1 1 1
0 0 1 0 1 0
1 0 0 1 0 0
0 0 1 0 0 1
0 0 0 0 0 0
0 0 0 0 0 0

1

CCCCCCA

<latexit sha1_base64="yOZ4wZCqbY+kURx+IWUL4VGGRvQ="></latexit>



Bounded-confidence 
mechanism for content updating

(
f(xj ,xi) = 1 dist(xj ,xi) < c

f(xj ,xi) = 0 otherwise
<latexit sha1_base64="Ic5HOK7RGhyjcIQ3gyI5dqoU8fs="></latexit>

where

Ii = {j 2 {1, . . . , N +M}|Aij = 1; dist(xj ,xi) < c}
<latexit sha1_base64="3GqT5oINonihtRQ9Rd0dbyFQGJA="></latexit>

and

Content ideology of node i at time t is xt
i 2 [�1, 1]d

<latexit sha1_base64="FiJM05nwgOGGnBZmF96vWkHQ5G4=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1oSFXRZdOOygn1AkobJZNIOnUzCzEQsobjxV9y4UMStX+HOv3HaZqGtBy4czrmXe+8JUkalsqxvo7SwuLS8Ul6trK1vbG6Z2zstmWQCkyZOWCI6AZKEUU6aiipGOqkgKA4YaQeD67HfvidC0oTfqWFKvBj1OI0oRkpLvrmXu0EEH0Y+7SroUg6hc2If21439M2qVbMmgPPELkgVFGj45pcbJjiLCVeYISkd20qVlyOhKGZkVHEzSVKEB6hHHE05ion08skLI3iolRBGidDFFZyovydyFEs5jAPdGSPVl7PeWPzPczIVXXo55WmmCMfTRVHGoErgOA8YUkGwYkNNEBZU3wpxHwmElU6tokOwZ1+eJ63Tmn1Ws2/Pq/WrIo4y2AcH4AjY4ALUwQ1ogCbA4BE8g1fwZjwZL8a78TFtLRnFzC74A+PzB81Llb4=</latexit>

which is updated according to

xt+1
i =

1

|Ii|+ 1

0

@xt
i +

N+MX

j=1

Aijx
t
jf(x

t
j ,x

t
i)

1

A

<latexit sha1_base64="PTMN+MeqI0wz2d7JIadM+Xy8e/o="></latexit>



Schematic of content updating rule

(b)(a)

xt+1 =
1

4
(0.7 + 0.5 + 0.9 + 0.9) = 0.75

<latexit sha1_base64="dq4xy1q05EuLZYm62JaSU8O2YIk="></latexit>



Example: simulation of one trial with a 
one-dimensional ideology space

Network architecture: Facebook100 Reed College (N=962)
Media ideology: xM = 0.9

<latexit sha1_base64="dDDibR+xBzsAywV7+AWEF/NqXRc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hUUA9CwYsXoYL9gDaUzXbbLt1swu5ELKE/wosHRbz6e7z5b9y2OWj1wcDjvRlm5oWJFAY978spLC2vrK4V10sbm1vbO+XdvYaJU814ncUy1q2QGi6F4nUUKHkr0ZxGoeTNcHQ99ZsPXBsRq3scJzyI6ECJvmAUrdR87N5eee5lt1zxXG8G8pf4OalAjlq3/NnpxSyNuEImqTFt30swyKhGwSSflDqp4QllIzrgbUsVjbgJstm5E3JklR7px9qWQjJTf05kNDJmHIW2M6I4NIveVPzPa6fYvwgyoZIUuWLzRf1UEozJ9HfSE5ozlGNLKNPC3krYkGrK0CZUsiH4iy//JY0T1z91/buzSrWax1GEAziEY/DhHKpwAzWoA4MRPMELvDqJ8+y8Oe/z1oKTz+zDLzgf3xFxjrk=</latexit>



Increasing media accounts and number of 
followers per account leads to different dynamics

Media ideology: 
Network architecture: Facebook100 Reed College (N=962)

xM = 0.9
<latexit sha1_base64="dDDibR+xBzsAywV7+AWEF/NqXRc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hUUA9CwYsXoYL9gDaUzXbbLt1swu5ELKE/wosHRbz6e7z5b9y2OWj1wcDjvRlm5oWJFAY978spLC2vrK4V10sbm1vbO+XdvYaJU814ncUy1q2QGi6F4nUUKHkr0ZxGoeTNcHQ99ZsPXBsRq3scJzyI6ECJvmAUrdR87N5eee5lt1zxXG8G8pf4OalAjlq3/NnpxSyNuEImqTFt30swyKhGwSSflDqp4QllIzrgbUsVjbgJstm5E3JklR7px9qWQjJTf05kNDJmHIW2M6I4NIveVPzPa6fYvwgyoZIUuWLzRf1UEozJ9HfSE5ozlGNLKNPC3krYkGrK0CZUsiH4iy//JY0T1z91/buzSrWax1GEAziEY/DhHKpwAzWoA4MRPMELvDqJ8+y8Oe/z1oKTz+zDLzgf3xFxjrk=</latexit>



How to quantify impact of 
media accounts on the network

Ri =
1

N

NX

i=1

kx⇤
i � xMk2

<latexit sha1_base64="wq3g11+2CGsQyL7AIxWfFlYOjOA="></latexit>

R0 =
1

N

NX

i=1

kxb
i � xMk2

<latexit sha1_base64="gVFC0k0SU1B6IzG2dMQs5ZVkIDQ="></latexit>

R =
R0

Ri
<latexit sha1_base64="Fz9uh9q0Jk///8wa2gCGCbRaYLg=">AAACHXicbVBLSwMxGMz6rPW16tFLsAieyq4W9CIUvXisYh/QXUo2zbah2WRJskJZ9o948a948aCIBy/ivzHb7qEPBwKTmW9IvgliRpV2nF9rZXVtfWOztFXe3tnd27cPDltKJBKTJhZMyE6AFGGUk6ammpFOLAmKAkbaweg299tPRCoq+KMex8SP0IDTkGKkjdSza54wdp5OHzJ4Db1QIpzOiD0ny+buNMt6dsWpOhPAZeIWpAIKNHr2t9cXOIkI15ghpbquE2s/RVJTzEhW9hJFYoRHaEC6hnIUEeWnk+0yeGqUPgyFNIdrOFFnEymKlBpHgZmMkB6qRS8X//O6iQ6v/JTyONGE4+lDYcKgFjCvCvapJFizsSEIS2r+CvEQmX60KbRsSnAXV14mrfOqe1F172uV+k1RRwkcgxNwBlxwCergDjRAE2DwDF7BO/iwXqw369P6mo6uWEXmCMzB+vkDtlejkA==</latexit>

N
um

be
r 

of
 m

ed
ia

 (
M

)

Followers per media account (nM )
<latexit sha1_base64="9mILQO8exSZQX+cEN1aAre9pVjA=">AAACDHicbVDLSgMxFM3UV62vqks3wVaomzJTF7osCOJGqGAf0A4lk7ltQzPJkGSUUvoBbvwVNy4UcesHuPNvTNtZaOuBwOGcc8m9J4g508Z1v53Myura+kZ2M7e1vbO7l98/aGiZKAp1KrlUrYBo4ExA3TDDoRUrIFHAoRkML6d+8x6UZlLcmVEMfkT6gvUYJcZK3XzhSnIuH2wCx6BwBCEjmFAqE2FwqSi6N8VTm3LL7gx4mXgpKaAUtW7+qxNKmkQgDOVE67bnxsYfE2UY5TDJdRINMaFD0oe2pYJEoP3x7JgJPrFKiHtS2Wd3mKm/J8Yk0noUBTYZETPQi95U/M9rJ6Z34Y+ZiBMDgs4/6iUcG4mnzeCQKaCGjywhVDG7K6YDogg1tp2cLcFbPHmZNCpl76zs3VYK1WpaRxYdoWNUQh46R1V0jWqojih6RM/oFb05T86L8+58zKMZJ505RH/gfP4A20KaLA==</latexit>

For each (nM ,M) pair, calculate impact summary diagnostic
<latexit sha1_base64="WDo94QPadCRnqmKq+Na1ZQpyzIU=">AAACJXicbVC7SgNBFJ31bXxFLW0GE0EhhN1YaGEREMRGUDBRSEK4O7lrBuexzMwKIeRnbPwVGwtFBCt/xcmawtetDufc1zlxKrh1YfgeTE3PzM7NLywWlpZXVteK6xtNqzPDsMG00OY6BouCK2w47gRepwZBxgKv4tvjsX51h8ZyrS7dIMWOhBvFE87AeapbPDrRhiKwPi3vqu5Z5WyvTFPgpkIZCJYJcEi5TIE5ajMpwQxoj/sV2jrOusVSWA3zon9BNAElMqnzbvGl3dMsk6gcE2BtKwpT1xmC8csEjgrtzKK/dQs32PJQgUTbGeYuR3THMz2a+H8TrRzN2e8TQ5DWDmTsOyW4vv2tjcn/tFbmksPOkKs0c6jY16EkE9RpOo7MGzbInMidM8P9r5T1wfhMfLAFH0L02/Jf0KxVo/1qdFEr1euTOBbIFtkmuyQiB6ROTsk5aRBG7skjeSYvwUPwFLwGb1+tU8FkZpP8qODjE0neo/0=</latexit>

where the order parameter for 
ideology without media is

and with media is



R
<latexit sha1_base64="RNQ03e5dOP8XgUD3fCZ4mETYKno=">AAAB83icbVDLSgMxFL1TX7W+Rl26CRbBVZlRQZcFNy6r2Ad0hpJJM21oJhmSjFCG/oYbF4q49Wfc+Tdm2llo64HA4Zx7uDcnSjnTxvO+ncra+sbmVnW7trO7t3/gHh51tMwUoW0iuVS9CGvKmaBtwwynvVRRnEScdqPJbeF3n6jSTIpHM01pmOCRYDEj2FgpCKQ1i2z+MBu4da/hzYFWiV+SOpRoDdyvYChJllBhCMda930vNWGOlWGE01ktyDRNMZngEe1bKnBCdZjPb56hM6sMUSyVfcKgufo7keNE62kS2ckEm7Fe9grxP6+fmfgmzJlIM0MFWSyKM46MREUBaMgUJYZPLcFEMXsrImOsMDG2ppotwV/+8irpXDT8y4Z/f1VvNss6qnACp3AOPlxDE+6gBW0gkMIzvMKbkzkvzrvzsRitOGXmGP7A+fwBhh6R/Q==</latexit>



Media entrainment in Facebook100 networks
Caltech (N=762)Amherst (N=2235) Bowdoin (N=2250)

Haverford (N=1446) Simmons (N=1510) Swarthmore (N=1657)



 Media entrainment in synthetic networks
Star Ring Lattice

Complete Erdȍs—Rényi Watts—Strogatz



Increasing k, the average number of non-
media followers, increases media entrainment

k = 2
<latexit sha1_base64="50IqcakMK5dZ9C+1tP097lWtzyk=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8NOME/YgOJA85o8ZKD6Praq9UdivuDGSZeDkpQ456r/TV7ccsjVAaJqjWHc9NjJ9RZTgTOCl2U40JZSM6wI6lkkao/Wx26oScWqVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7QheIsvL5NmteKdV7z7i3LtJo+jAMdwAmfgwSXU4A7q0AAGA3iGV3hzhPPivDsf89YVJ585gj9wPn8AxqmNdQ==</latexit>

k = 10
<latexit sha1_base64="7rK0KyX+Cd/wvfPizTSBIHoidXU=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mooBeh6MVjBWsL7VKyabYNTbJLkhXK0r/gxYMiXv1D3vw3Zts9aOuDgcd7M8zMCxPBjfX9b6+0srq2vlHerGxt7+zuVfcPHk2caspaNBax7oTEMMEVa1luBeskmhEZCtYOx7e5335i2vBYPdhJwgJJhopHnBKbS+Nr7PerNb/uz4CWCS5IDQo0+9Wv3iCmqWTKUkGM6WI/sUFGtOVUsGmllxqWEDomQ9Z1VBHJTJDNbp2iE6cMUBRrV8qimfp7IiPSmIkMXackdmQWvVz8z+umNroKMq6S1DJF54uiVCAbo/xxNOCaUSsmjhCqubsV0RHRhFoXT8WFgBdfXiaPZ3V8Xsf3F7XGTRFHGY7gGE4BwyU04A6a0AIKI3iGV3jzpPfivXsf89aSV8wcwh94nz8ztY2u</latexit>

k = 25
<latexit sha1_base64="Kn1Y8VtNk6/dlN5cU0+QNEycVvA=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mtFb0IRS8eK9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxlfueJKs0i+WimMfUFHkkWMoJNJk1uapeDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doTOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa89lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqd1H1HuqVxm0eRxFO4BTOwYMraMA9NKEFBMbwDK/w5gjnxXl3PhatBSefOYY/cD5/ADzOjbQ=</latexit> k = 50

<latexit sha1_base64="Yvisj6IzhK2HaUQl1/hHJEux2Q0=">AAAB63icbVDLSsNAFL2pr1pfUZduBovgqiQ+0I1QdOOygn1AG8pkOmmHzkzCzEQoob/gxoUibv0hd/6NkzYLbT1w4XDOvdx7T5hwpo3nfTulldW19Y3yZmVre2d3z90/aOk4VYQ2Scxj1QmxppxJ2jTMcNpJFMUi5LQdju9yv/1ElWaxfDSThAYCDyWLGMEml8Y3l17frXo1bwa0TPyCVKFAo+9+9QYxSQWVhnCsddf3EhNkWBlGOJ1WeqmmCSZjPKRdSyUWVAfZ7NYpOrHKAEWxsiUNmqm/JzIstJ6I0HYKbEZ60cvF/7xuaqLrIGMySQ2VZL4oSjkyMcofRwOmKDF8YgkmitlbERlhhYmx8VRsCP7iy8ukdVbzz2v+w0W1flvEUYYjOIZT8OEK6nAPDWgCgRE8wyu8OcJ5cd6dj3lrySlmDuEPnM8fOcmNsg==</latexit>

We also observe increased entrainment when increasing number 
of non-media accounts and increasing receptiveness parameter  



Media in real online networks: their content has 
a distribution of ideological bias and quality 



Our model with content 
ideology and quality

Content state of node i at time t is xi 2 [�1, 1]d ⇥ [0, 1]
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and qi,j =
1

c
dist(x1,i, x1,j)
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where g(xt
i,x

t
j) =

(
1 , if x2,j � qi,j
0 , otherwise
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content ideology content quality



Create media distribution in ideology-
quality space based on the Ad Fontes 

Media Bias Chart

M=103 media accounts

We choose the number of 
followers per media account to 
be proportional to the 
approximate number of 
followers that each media 
source had on Twitter on 15 
Feb 2019 at 17:36 PST (under 
the constraint that each media 
source in the model has at least 
one follower)



We observe the emergence of two primary 
communities (“echo chambers”) of content  

Colors of contour plot show values of media impact function over 200 trials

Moderate 
ideology, 
complex 
analysis/

fact 
reporting

Conservative 
ideology, 
opinion/

persuasion



There are many next steps!
• Mathematical analysis of media entrainment 

• Incorporating account heterogeneity 

• Structural homophily (particularly in ideology) 

• Incorporating multiple types of social media: generalizing 
to a multilayer network 

• Sentiment analysis of online content to get ideologies 
inferred from data  

• Transient dynamics and time-dependent networks (rewiring 
followers) 



Our model of content spread is very 
generalizable, and we hope this work will 
build the theory of online content spread 

and 
 provide a step toward the development 

of control strategies and novel 
algorithms for mitigating the spread of 

undesirable content.
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Two key factors: ideology 
and quality

VoteView: 116th Congress, House of Representatives



Increasing N narrows region of media entrainment



Increasing c increases media entrainment



Media impact positively correlates with 
convergence time

Color in heat map represents number of time steps to convergence
Each dot represents one trial for Erdȍs—Rényi graph with N=100, k=25.



We can also measure impact for media 
ideologies drawn from distributions

M=100 media drawn from a uniform random distribution on [-1,1]

nM = 1
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nM = 25
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nM = 50
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nM = 100
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Two ideological dimensions
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