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Quick Recap – Last Tuesday’s Lecture
Power, influence, prominence of an individual is relational: They originate from 
relationships that the individual has with others

Network centrality quantifies this relational view of power 

- Degree centrality
- Closeness centrality
- Betweenness centrality
- Eigenvector centrality

Centrality measures tend to be correlated (e.g., degree and closeness), but they 
quantify different facets / dimensions of power
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Where Centrality Breaks: 
Positive Sum vs. Zero-Sum Relations
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The Social Exchange Perspective
All human interactions are “exchanges” that are social by nature

- Market exchange of goods/services
- Non-market exchange: gift, favors, advice, respect, emotion, invitation, etc.
- Interdependence (needs/wants) drives social interaction in the form of 

exchange

Trust is the basis of all exchanges (and social interactions)
- “How can I be sure that they won’t cheat?”
- Market vs. non-market exchanges use different mechanisms to solve the 

problem of trust
- What are they?
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The Social Exchange Perspective
Market exchange: 

- Terms of exchange: Negotiation
- Time frame: Immediate (spot market)
- Enforcement: Institutional sanctions, formal law
- Problem of trust: solved by central enforcers (state)  
- Zero-sum: A’s profit is B’s cost

Non-market exchange:
- Terms of exchange: Reciprocity
- Time frame: Unspecified
- Enforcement: Social pressure, norms
- Problem of trust: solved by the decentralized collective (reputation, 

ostracism)
- Not clearly zero-sum: A’s profit does not directly mean B’s cost
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The Social Exchange Perspective
Social ties we use to construct networks and the network measures we apply 
implicitly assume social interactions to resemble non-market exchange

- Reciprocity
- Social pressure discourages norm violation (trust from triadic closure)
- Power and influence grows with having more exchange partners (centrality)
- Not clearly zero-sum: A’s social support to B can be reciprocated at a later 

time in-kind or with different resources (e.g., labor, status, loyalty)
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Positive vs. Negative Connections
Network measures cannot be blindly applied to any network

Example: The Interdependence between ties
- one exchange relation is contingent on the (non)exchange in a neighboring 

relation

- positive connections: Flow of resources from B → A → C. C can receive 
resources from A only if B transfers them to A. 

- negative connections: zero-sum relations. A’s exchange with B implies 
that A does not need to exchange with C  (B’s gain is C’s loss)
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Positive vs. Negative Connections
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Example: supply chain

Positive sum relation

Zero-sum relation

Example: One buyer and 
two competing sellers



Positive vs. Negative Connections
Degree centrality predicts “power” in networks of positive connections

Question: Does centrality predict power in networks of negative connections (i.e., 
zero-sum relations)? Why?
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Power-Dependence Theory
For negative connections:

- If B depends on A more than A depends on B → A has that much more power 
over B (Emerson, 1962)

- These dependencies (hence power) stem from positions in the exchange 
network

So, does centrality and power-dependence logic make the same predictions about 
powerful positions in negatively connected networks?
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https://www.jstor.org/stable/2089716


Centrality in Negatively Connected Exchange Networks
Exchange network experiment by Cook et al. (1983) 
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Lines: Exchange opportunities 
- Solid lines: Two people 

negotiate how to split $24 
(larger pot)

- Dashed lines: Negotiate how 
to split $8 (smaller pot)

-
Alphabets: Exchange positions

- Same alphabet positions 
(e.g., B1 and B2) are identical

Local knowledge: Participants do 
not know the exchange network 
(only the ties that they have)

https://www.jstor.org/stable/2779142


Centrality in Negatively Connected Exchange Networks
Exchange network experiment by Cook et al. (1983) 
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Network 1(a): A can exchange with 
only one among B1, B2, and B3 in 
one round

A and a partner in position B can 
negotiate how to split $24 (solid 
line)

B1 and B2 can negotiate how to 
split $8 (dashed line)

Negatively connected: In a round, 
If A chooses B1 as partner, then B2 
and B3 cannot exchange with A

https://www.jstor.org/stable/2779142


Predictions of Power According to Centrality
Exchange network experiment by Cook et al. (1983) 
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Power: Measured by the total 
points that an occupant of a 
position earns through multiple 
rounds of exchanges

Centrality: A is the most central in terms of weighted 
degree, closeness, and betweenness centrality

Therefore, centrality predicts that power should be
A > B1 = B2 = B3

https://www.jstor.org/stable/2779142


Predictions of Power According to Power-Dependence Theory
Power-dependence theory Prediction
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If B1 exchanges with B2 or B3 → $4 
If B1 exchanges with A: 

- any point above $4 is more beneficial
If B1 suggests to A for an equal split ($12:$12)

B2 and B3 are in the same situation as B1
They will offer equal split to A
B1, B2, and B3 all depend on A to get a better outcome than $4

In turn, A can bargain with all three for a better deal
Q: At equilibrium, what is the maximum amount A can get?



Predictions of Power According to Power-Dependence Theory
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At equilibrium: A’s expected payoff: $20, B’s expected payoff: $4

B position is dependent on A position to maximize payoff
→A’s power over B is equal to B’s dependence on A

Power: A > B1=B2=B3

(Same as centrality)



Predictions of Power According to Centrality
Exchange network experiment by Cook et al. (1983) 
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D is the most central in terms of 
closeness and (weighted) 
betweenness centrality for all 
configurations
Power: D > E > F

https://www.jstor.org/stable/2779142


Predictions of Power According to Centrality
Exchange network experiment by Cook et al. (1983) 
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D is the most central in terms of 
closeness and (weighted) 
betweenness centrality for all 
configurations
Power: D > E > F

D and E have same degree 
centrality in 1c and 1e 
Power: D = E > F

D has larger degree than E in 1d 
Power: D > E > F
 
E has larger degree than F in 1f 
Power: E > D > F 

https://www.jstor.org/stable/2779142
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Q: Who is the most powerful according to 
power-dependence theory?

Predictions of Power According to Power-Dependence Theory
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Q: Who is the most powerful according to 
power-dependence theory?

F is dependent on E for higher payoff
→ E can ask for $20 to F
→ E can also ask D for a “price match” ($20)

D cannot earn more than $4 because each E 
can exchange with their F for equivalent 
payoff

D’s and F’s expected payoffs will be $4

Power: E > D = F

Predictions of Power According to Power-Dependence Theory



Experiment designed with network 1c
Recruited 100 university students 
27 transaction rounds
Negotiate with connected partners each round
Only one transaction per round per person 

- negatively connected
Transactions are not revealed to others
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Experimental Evidence
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Experimental Evidence

Why was E’s power realized 
clearly in the last 9 rounds 
(Block 3)?

Why didn’t E reach theoretical 
maximum (20 points)?



23

Simulation Evidence



Zero-Sum Relations 
Centrality does not accurately capture power in networks of zero-sum relations
Then, centrality might not predict power in a society where people believe social 
life is zero-sum 
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Power Centrality: A Synthesized Measure
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Incorporating Negative Connections
Phillip Bonacich (inventor of eigenvector centrality) 

- Proposes modification to eigenvector centrality (Bonacich 1987)

Insight: The source of power comes from
- Connections to powerful actors (positive connections)
- Connections to dependent actors (negative connections)

- Those who do not have alternative options for exchange

Eigenvector centrality squarely captures power in positive connections

A modified measure should make a node central to the extent that neighbors are 
less central
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https://www.jstor.org/stable/2780000


Bonacich Power Centrality

Beta parameter determines the importance of the 
centrality of the neighbors

Beta > 0: higher neighbor centrality increases my 
centrality 
→ Connections to powerful actors

Beta < 0: higher neighbor centrality decreases my 
centrality
→ Connections to dependent actors

Beta = 0: Degree centrality
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Eigenvector Centrality

Power Centrality



Bonacich Power Centrality
Example: 
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Bonacich Power Centrality
Example: 
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Robustness vs. Fragility
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Creative Variations on Power Centrality
Bothner et al. applies the recursive intuition in power centrality

One’s structural fragility is a function of the fragility of the alters

Insight: 
- Fragility roughly means too much reliance/dependence on few people
- The position is even more fragile if those few people are also in fragile 

positions
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https://www.jstor.org/stable/10.1086/658293


Structural Fragility

Herfindahl Index (H): Measures concentration

The more that i’s weight is concentrated to fewer alters, i’s fate is greatly affected 
by those few

32

Tie weight of i-j edge

Proportion squared
Example:
[1, 2, 3] → (1/6)2 + (2/6)2 + (3/6)2 = 14/36 
[2, 2, 2] → (2/6)2 + (2/6)2 + (2/6)2  = 
12/36



Structural Fragility

Use the herfindahl index matrix instead of the adjacency matrix
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Structural Fragility
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Creative Applications of Power Centrality
Example: University department 
prestige and fragility in the network 
of faculty hiring

PhD faculty job placement network 
is hierarchical
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Clauset et al. 2015

https://www.science.org/doi/10.1126/sciadv.1400005


Creative Applications of Power Centrality
Example: University department 
prestige and fragility in the network 
of faculty hiring

“A fragilely located department is 
one that trades scholars [faculty 
hiring between department i and j ] 
with a limited set of departments 
that are similarly restricted in their 
set of exchange partners (Bothner 
et al. 2010).”
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Creative Variations on Power Centrality
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Example: University department 
prestige and fragility in the network 
of faculty hiring

“A fragilely located department is 
one that trades scholars [faculty 
hiring between department i and j ] 
with a limited set of departments 
that are similarly restricted in their 
set of exchange partners (Bothner 
et al. 2010).”

Question:  What do c=0 and c=0.99 
mean? (c is the beta weight in 
power centrality)



Different centrality measures for different 
aspects of power

Ask if centrality is the right way to think about 
power, given the nature of the tie (positive vs. 
negative connections)

Centrality does not quantify power  accurately in 
negatively connected exchange networks

Power-dependence theory gives better 
prediction 

Bonacich power centrality modifies eigenvector 
centrality to measure centrality in negative 
connections

Creative variation: Structural fragility

Summary
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