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Designing with Social Feedback Effects

Political blogs
(Adamic and Glance, 2005)

Book recommendations
(Leskovec-Adamic-Huberman 2006)

Technological networks have become intertwined with social ones.

Profound broadening of design problems for information systems.

Social feedback effects from large interacting audiences:
reputation, recommendation, ranking, collaboration, ...

Interface of algorithms and economic principles:
designing for agents with incentives.



Computational Perspectives on Social-Scientific Questions

Pajek

On-line friendships
(Backstrom-Huttenlocher-Kleinberg-Lan 2006)

Corporate e-mail communication
(Adamic and Adar, 2005)

Science advances when we make the invisible become visible.

Social interaction is leaving digital traces on-line.

Can algorithms recognize fundamental patterns of human
behavior from these raw traces?

Can new computational models together with this data
address long-standing social-science questions?



How I Got Here: A Retrospective View

Stanley Milgram’s small-world experiment (1967):

Choose a target in Boston, starters in Nebraska.
A letter begins at each starter, must be passed between

personal acquaintances until target is reached.
Six steps on average −→ six degrees of separation.

Routing in a (social) network:
When is local information
sufficient? [Kleinberg 2000]

Network models based on
Watts and Strogatz [1998].

Add edges to lattice: u links to v
with probability d(u, v)−α.

Optimal exponent for search is α = 2.



From Distance Scales to Rank

Definitions to handle more
general notions of “distance.”

[Kleinberg 2001,
Watts-Dodds-Newman 2002,

Liben-Nowell et al. 2005]

distance d

rank ~ d 2

Each node v ranks all other nodes by closeness.

rank(v ,w) = # of nodes that are closer to v than w is.

Node v connects to w with prob. ∼ 1

rank(v ,w)
.

Now compare to data from on-line social networks:

LiveJournal (East/West Coasts) [Liben-Nowell+ 05]: ∼ 1

rank(v , w)1.05
.

Facebook [Backstrom et al. 2010]: ∼ 1

rank(v , w)0.95
.



A Plan

Use computational models and on-line data to explore
long-standing problems in sociology.

What is the probability you form new friendships or engage in
new activities based on behaviors of existing friends?

[Backstrom-Huttenlocher-Kleinberg-Lan 2006,

Kossinets-Watts 2006, Leskovec-Adamic-Huberman 2006]

Why are you similar to your friends? Because they influence
you, or because you seek out people who are already similar?

[Anagnostopoulos-Kumar-Mahdian 2008,

Crandall-Cosley-Huttenlocher-Kleinberg-Suri 2008,

Aral-Muchnik-Sundararajan 2009]

How do you evaluate other people? How do positive and
negative interactions mix in a social network?

[Danescu-Niculescu-Mizil-Kossinets-Kleinberg-Lee 2009,
Leskovec-Huttenlocher-Kleinberg 2010,

Szell-Lambiotte-Thurner 2010]



Evaluation in On-Line Settings

Many situations on-line where one person expresses an opinion
about another (or about another’s content).

I trust you [Kamvar-Schlosser-Garcia-Molina 2003]

I agree with you [Adamic-Glance 2004, Thomas et al 2006]

I vote in favor of admitting you into the community
[Cosley et al 2005, Burke-Kraut 2008].

I find your answer/opinion helpful [Danescu-Niculescu-Mizil et al 2009]

Natural analogies to off-line domains as well.



Overview

How can we tell what purpose an evaluation is serving in a given
context?

Basic social-science theories

– A theory of structural balance
[Heider 1946, Cartwright-Harary 1956,
Antal-Krapivsky-Redner 2005,

Marvel-Kleinberg-Kleinberg-Strogatz 2011]

– A theory of status
[Davis-Leinhardt 1968, Guha et al. 2004]

Identifying different forms of evaluation in on-line data

– Comparing balance and status in on-line data
[Leskovec-Huttenlocher-Kleinberg 2010]

– Evaluation of opinions
[Danescu-Niculescu-Mizil-Kossinets-Kleinberg-Lee 2009]

An application to the allocation of scientific credit
[Kleinberg-Oren 2011]



The Theory of Structural Balance

Balance theory [Heider 1946, Cartwright-Harary 1956]

The friend of my friend is my friend;
the enemy of my friend is my enemy;
the friend of my enemy is my enemy;
the enemy of my enemy is my friend.

Look for signings of triangles consistent with this logic.
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Balance is a Theory of Polarization

mutual friends 
inside X

mutual friends 
inside Y

set X set Y

mutual
antagonism

between
sets

Theorem [Harary 1953,Cartwright-Harary 1956]:

If all triads in a signed complete graph are balanced,
then the nodes can be partitioned into two sets of mutual
friends (one possibly empty), with all negative edges between.

Applied to international conflict, group fission, ...

Local constraints imply global structure.

Question: describe a plausible dynamics that leads to this
global structure [Antal-Krapivsky-Redner 2005].



Dynamics of Polarization in Complete Graphs

Discrete dynamics [Antal-Krapivsky-Redner’05,

Marvel-Kleinberg-Strogatz’09]:

Choose an edge A-B: update to sign
that makes most triangles balanced.

B
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Like physical spin models, but signs are on the edges.

System gets trapped in numerous local optima.

Continuous dynamics [Ku lakowski-Gawroński-Gronek’05]

The edge weight between nodes i and j is a real number xij .

Evolves according to
dxij

dt
=

∑
k

xikxkj .

Theorem [Marvel-Kleinberg-Kleinberg-Strogatz 2011]:

For generic initial conditions, and with normalization, system
converges in finite time to xij = yiyj for numbers yi on the
nodes.



The Theory of Status

A different interpretation of positive and negative evaluations:
Relative status [Davis-Leinhardt 1968, Guha et al. 2004]

A B+

A has lower status

A B-

A has higher status

Apply this principle transitively over multi-step paths.

Can replace each occurrence of A
−−→ B with B

+−→ A:
an all-positive network with same status interpretation.

At a global level:

Status implies that the all-positive directed network should be
(approximately) acyclic.

Balance ignores directions and implies that subgraph of
negative edges should be (approximately) bipartite.



Comparing the Theories

Compare predictions of the two theories
[Leskovec-Huttenlocher-Kleinberg 2010]

On-line datasets with large numbers
of user-to-user evaluations.

Aggregate tendency toward status

A

B

X
-

--

A

B

X+

+-

Different theories appropriate in diff. parts of the networks.
(Balance more applicable on links that are reciprocated.)

Design implication: “I agree with you” vs. “I respect you.”



Challenge: Learn new theories from data

Predict signs from neighborhood features
[Leskovec-Huttenlocher-Kleinberg 2010]

Counterpart to classical social-psych. theories.

Uses 16 dimensions instead of 4 for classical ones.

Over 90% accuracy on multiple datasets, and
with strong generalization.
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Exposes subtleties in how users evaluate each other.

Example: voting for adminship on Wikipedia, as function of differences in
achievment level between voter and candidate.
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Scientific Communities

Natural analogies to how evaluation works in scientific
communities:

Acceptance of papers to conferences and journals.

Funding of grant proposals.

Who gets hired, who receives awards, ...

A lot of decentralization, but to some extent a planned economy:

Program/hiring/award committees, ...

Strategic priorities of funding agencies.

Communities articulating their own strategic priorities.



...

...



Two kinds of Pathologies in Evaluating Scientific Work

1) Certain research questions receive an “unfair” amount of credit.

Progress on some questions is heavily rewarded, even when the
community generally agrees that others are equally important.

Often wrapped up with the technical difficulty of the
questions.

2) Certain people receive an “unfair” amount of credit.

Robert Merton’s “Matthew Effect” (1968): the more famous
researcher gets more of the credit in an independent/joint
discovery.

Maybe this is just a story of human biases leading to unfairness.
Or maybe there’s more going on ...



Why Give out Scientific Credit?

Scientific credit creates incentives:
Causes people to distribute effort over different research problems.

Philosophy of science [Kitcher 1993, Strevens 2003]

Economics of science [Peirce 1877, Arrow 1962, Bourdieu 1975]

Theories of research and development [Dasgupta-Maskin 1987]

Pierre Bourdieu: Researchers’ motivations “are organized by reference to –

conscious or unconscious – anticipation of the average chances of profit ...

Thus researchers’ tendency [is] to concentrate on those problems regarded as

the most important ones ... The intense competition which is then triggered off

is likely to bring about a fall in average rates of symbolic profit, and hence the

departure of a fraction of researchers towards other objects which are less

prestigious but around which the competition is less intense, so that they offer

profits of at least as great.”



A Model for Scientific Credit

Kleinberg-Oren (2011): Begin by adapting
a model due to Philip Kitcher (1993)

Each researcher (player) chooses a
project.

Each project j has an importance wj

and a difficulty fj .

Let kj = number of players who
choose project j .

a

b
x

y

wx fx

c

d
z

wy fy

wz fz

Society’s expected benefit from all research (social welfare):∑
j

wj(1− f
kj

j ).

Expected benefit of a player on project j :

wj(1− f
kj

j )

kj
.

Nash equilibrium: No player has incentive to change projects.



The Outcome Might Not Be Optimal
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On the left: the unique Nash equilibrium.

Each player gets 3
4 ·

1
2 = 3

8 in current assignment; switching
would only yield 1

3 <
3
8 .

On the right: the unique socially optimally solution.

Society gets a benefit of 1
2 + 3

10 = 4
5 >

3
4 .

Suppose you were in charge: could you do something about this?



Re-Weighting the Projects
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Declare that the credit for project y will be some w ′y > wy ;

if w ′y is large enough (> 9
8 ), unique Nash eq. is socially optimal.

Note: Social welfare still computed using true importance.

The community still agrees that x is more important;
credit has become decoupled from importance in the service
of optimality.

In other words, to optimize collective productivity, the community
needs an internal value on projects diff. from outside world’s value.



Re-Weighting the Players
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Rel. shares

Declare that you value contributions of a and b in a ratio of c to 1:

If both players succeed on same project, a receives credit with
probability c/(c + 1).

For c large enough, breaks symmetry and produces optimality.

A kind of “Matthew Effect” (though we are breaking symmetry
arbitrarily, not based on “fame”).



Main Results
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Theorem [Kleinberg-Oren 2011]:

For any players and projects, there exists a re-weighting of
projects such that all Nash equilibria are socially optimal.

For any players and projects, there exists a re-weighting of
players such that all Nash equilibria are socially optimal.

Theorem extends to players of heterogeneous abilities:

Player i has ability 0 ≤ pi ≤ 1.

Player i succeeds on project j of hardness fj
with probability pi (1− fj).

Also results on price of anarchy without re-weighting.



Approach
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Tolls

Ordering

Selection of projects is a congestion game
(See [Monderer-Shapley 1996, Roughgardern 2005]).

Can interpret modifications to payoffs in this framework.
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Interpretations and Extensions

Potential interpretations of the model.

Re-weighting projects: Bourdieu was right about competition, but
this force needs some help to actually spread people out optimally.

Re-weighting players: When the community marginalizes certain
people, it can (perversely) cause them to choose strategies that
raise social welfare.

A community-size effect: For same set of projects, equilibria look
different depending on number of players.
(Crowded communities are more obsessed with hard problems.)

Open questions:

Player i has probability pij of succeeding on project j .
(Now re-weighting projects doesn’t always achieve social optimality.)

Collaboration, and multiplexing of players’ effort.

Dependence among projects.

Limited information and dynamic arrival of projects.



Reflections

General challenge: In many situations, you see opinions and
evaluations being formed and expressed, but the underlying
principles driving them may not be obvious.

Basic models provide a vocabulary for dissecting the
fundamental ingredients.

On-line domains: people are applying multiple dimensions of
evaluation, but the interfaces they use generally collapse them
to a single dimension.

Evaluations create incentives (and sometimes unfair
evaluations can produce better outcomes).

An opportunity to understand the range of forces at work, and use
this to inform the design of new applications.


