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Influence Games
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• Players
• Actions
• Rule of the game (best response)

Influence game model
On influence, stable behavior, and the most influential individuals 
in networks: A game-theoretic approach (Irfan and Ortiz, 2014)
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What will be the outcome of a bill?

Who are the most influential senators?

Is the Senate as polarized as people say?
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Schumer (D, NY)

Yes
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Nash equilibrium

Every	player	plays	their	best	response	to	others	
simultaneously

John Nash, Nobel Prize (1994)
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Nash 
Equilibrium
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https://www.youtube.com/watch?v=TUVYYiRIuE4
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The Power of Context in Networks: 
Ideal Point Models with Social 

Interactions 

With Tucker Gordon’17

“the most rewarding academic 
experience of my time at Bowdoin” 
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Ideal Point Model w/ Social Interactions

Polarity of the bill

0

Conservative
X

Liberal
X

Topics or subjects
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Ideal Point Model w/ Social Interactions

Ideal Point of Senator

0

ConservativeLiberal
X X X
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• Influence function of Senator i for bill l

• Influence function > 0 è B.R. is to vote yea
• Influence function < 0 è B.R. is to vote nay
• Influence function = 0 è Indifferent

lation to include i’s ideal point pi and l’s polarity al:

fi(x�i, l) ⌘
X

j2Ni

wijxj � ti + (pi · al) = wT
i,�ix�i � ti + (pi · al) (10)

The calculation of influence remains the same, with each senator i weighting the votes of all other
senators x�i according to their vector of influence weights wi,�i and their threshold ti. Now how-
ever, senators’ decisions are also influenced by the interaction between their ideal point pi and the
bill’s polarity al. If the pi and al have the same sign, it means that the bill lines up well with
the senator’s beliefs and they will be more likely to vote yea. In the equation, this means that
the (pi · al) term will be some positive number, which will increase the value of fi(x�i, l), thereby
making it more likely that the senator’s best response will be to vote yea. Alternatively, if pi and al
have di↵erent signs, it will decrease fi(x�i, l). If the function becomes negative, then the senator’s
best response will be to vote nay.

These situations occur when a senator feels strongly about a bill (they could be in favor or against
it) and outside influence has less of an e↵ect on their decision. Perhaps the bill concerns an issue
that is key to a senator’s platform, or maybe it is a bill that the senator proposed. Alternatively,
the bill might run completely counter to a senator’s beliefs, or the bill’s e↵ect could be very harmful
to the senator’s constituents. In any of these cases, the model needs to be able to reflect a higher
(or lower) probability of that senator voting yea (or nay). This is one of the primary features
of the ideal point model, but was absent from the original LIG model. By adding in ideal point
and polarity parameters similar to those in the ideal point model, our model can account for those
voting instances in which senators’ decisions derive primarily from their feelings about the bill, and
not from external influence.

While our model allows for the more bill-specific voting behavior of an ideal point model, it
also allows for social interactions to decide a senator’s best response. There are cases in which
fi(x�i, l) ⇡ 0, and the other terms in the function (the outside influence) become much more
important. Moderate legislators are particularly susceptible to these instances as their smaller pis
mean that they are not pushed one way or another on very polarizing bills as much as more extreme
legislators are. For example, a far-left senator will have a large negative pi, and will be very likely
to vote yea on a Democratic bill (negative) than on a Republican bill (positive). For a moderate
Democrat though, this e↵ect will be much smaller due to a lower pi value. In the case of moderates
then, the LIG portion of the Eq. (10),

�
wT

i,�ix�i � ti
�
, will have more of a role in the senator’s

voting decision. This is where the real power of social interactions comes in, as negotiating with
more moderate legislators is a crucial part of passing legislation. While the votes of senators at
either extreme of the 2-party political spectrum are more di�cult to change, the votes of moder-
ates could be adjusted through influence. Our model captures this behavior through an interplay
between social interactions and latent voting preferences.

Also of note here is that senators who are particularly susceptible to influence are less likely to
vote according to their preferences. In this case, wT

i,�ix�i� ti will outweigh (pi ·al) and the senator
will vote more according to outside influence, rather than their personal beliefs. The converse could
also happen with a senator who is rigid to influence, and is much more likely to stick to their pref-
erences. In this case, the second part of Eq. (10) would outweigh the first, and the senator will be
voting more in line with their feelings towards the bill, rather than as a result of social interactions.
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Ideal Point Model w/ Social Interactions

Total incoming
influence

Threshold Ideal point *
polarity
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Bill & 
voting data
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Machine 
Learning

Data

Learning graphical games from behavioral data
[Honorio & Ortiz, 2015]
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Compute 
equilibria

Model
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114th U.S. Senate
January 2015 – January 2017
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Ideal Point
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Percentage of Correct Best Responses
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LIG Model

Our Model

Keystone XL Pipeline

§ Passed	62	-	36
§ Polarity:	1.426
§ Model	without	context:

§ 287,400	NE
§ Median	correct	votes:	50
§ 0.005%	of	eq.	had	at	least	90

§ Our	model	(with	context):
§ Only	one	possible	NE
§ 91	correct	votes

22

Climate Change (Amdt. 777)

§ Failed	49	-	50
§ Polarity:	-3.705
§ Model	without	context:

§ 287,400	NE
§ Median	correct	votes:	50
§ 0.005%	of	eq.	had	at	least	
90

§ Our	model	(with	context):
§ Only	one	possible	NE
§ 92	correct	votes
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Spheres Of Legislation: Polarization And Most Influential Nodes In Behavioral 
Context

Complex Networks (2019) and Computational Social Networks (2021)

With Andrew Phillips’19 & Luca Ostertag-hill’20

25

Different “spheres” of 
legislation 

à 
Different networks
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Spheres of Legislation

114th and 115th Senate
(Jan 2015 – Jan 2019)
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Sphere 1: Security & Armed 
Forces 

28
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Sphere 2: Economics & 
Finance
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Sphere 3: Energy 
& Infrastructure
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Sphere 4: Public Welfare

31

Cross-Border Connections
• Sphere 1: Security & Armed Forces

• Sphere 2: Economics & Finance
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Ideal Points

Sphere 1: Security & Armed Forces

Sphere 2: Economics & Finance
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Sphere 1: Security & Armed Forces

Most Influential Senators
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Sphere 3: Energy & Infrastructure

Most Influential Senators
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Going Forward
1. The Challenge of Complexity
• Toward Richer Models 

2. The Reality of Dynamics
• Toward Dynamic Influence Games 

3. The Power of Context
• Toward Context-Aware Influence Games 
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