
ECON3430 Managerial Economics
Lecture 11 (Week 12), Semester 2, 2015
Cameron Murray

Topic 11: Evolution and networks in markets
Readings: Baye and Prince Chapter 13 (p508-514).

Additional materials:
Penetration pricing vs Price skimming
Multi-level selection explained
Watts model of cascading network failure
Muir’s chicken breeding experiment (yes, it is relevant, and recommended)

Key concepts:
Groups and multi-level selection
Cascades in networks

A biology of markets? 
Given the course material and the general impression of economics as a robotic, optimising, 
analytical view of the world, it might seem surprising that the current cutting edge in understanding 
markets and production stems from biology, specifically evolutionary biology. 

The two main elements of from evolution that inform the stud of economic organisation are, and 
which form the backbone of all evolutionary theories, are variation and selection. Markets are 
conceptualised as the environment in which firms with high fitness are able to replicate and 
expand, while those with low fitness contract and become extinct. Such a process implies that what 
matters for economic success are not profits per se, but relative fitness compared to others in your 
environment (aka market). Absolute profits are irrelevant in this type of competitive environment. 
You can be making low profits or returns, but as long as it is higher than your competitors, they will 
go bust first allowing you to expand into their environmental niche (the market share, product 
space etc). 

The relevance of the evolutionary view can be demonstrated by looking at multiple levels of 
cooperation and competition in an economy. While we always assume that firms are competitive 
with each other, there is an implicit notion that within each firm individuals are cooperative with 
each other, i.e. they act in the interests of the firm rather than their own interest (though we don’t 
always make this assumption such as when dealing with principle agent problems). As I may have 
stated before, principle agent problems can also be understood in a more sophisticated and 
accurate way by appeals to evolutionary theory. 

The fundamental concept at play here is multi-level selection, which says that selection pressures 
operate on many levels, including both at the individual level and the group (tribe, flock, company) 
level. If successful groups survive over unsuccessful ones, than groups that exhibit any ability to 
increase their total fitness will benefit. Yet within each group, those individuals that are more 
competitive, who shirks and free-ride, are likely to be the more successful at a lower within-group 
level. So there is a trade-off for any individual within a group that is the sum of these selection 
pressure - act in your personal interests to gain at a cost to the group, or act in the interests of the 
group to make sure the group survives. 
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Imagine that each employee plays a type of prisoners dilemma, where cooperate means to always 
act in the interests of the company, even when there is opportunity for personal gain, while defect 
means to take those personal gains and shirk when possible, skim, etc. 

In the two player setup the payoffs are as below, though we can examine how the degree of 
cooperation and shirking affects a larger group by randomly matching amongst the population (i.e. 
in a firm with 20 employees there will be 10 random pairs each time, some of which will be in each 
quadrant (as long as there is a mix of cooperators and defectors). 

 
The diagram below shows how firm level output can be conceptualised as the product of 
cooperative effort of it’s staff. So if all the staff act cooperatively the 10 pairings are all in {C,C}, 
each of which gives a payoff of 2x10, which gives a total group payoff across the 20 people in the 
firm of 200. If all 20 staff shirk (defect), than the 10 random pairings will all by in the {D,D} 
quadrant, and result in a payoff of 5 each and 100 for the company. Think about non-cooperation 
within a company as using your power for personal gain, such as employing relatives who aren’t 
qualified, skimming and using company resources for personal gain, etc. Any action that increases 
you own benefit at the expense of the group and hence increases your gain at the risk of the 
group.

Let’s say there are four firms in a market, and each year the one with the lowest profits, as 
measured by the group output that results from cooperating or defecting by staff within the firm, 
goes broke, while the highest profit firm expands to take their share of the market. 

In Firm 1 there are 20 cooperators (blue), 15 in Firm 2 (green), 10 in Firm 3 (yellow) and 5 in Firm 
4 (orange) with the number of cooperators and defectors in the company shown by the N column in 
each below). 

From the top we can look at the blue Firm 1 with 20 cooperators making 200 profit, while each 
individual in the firm make 10 each. In the green Firm 2, with 5 defectors, the cooperators make a 
little less each (7.5 instead of 10) and the defectors make a little more than they could as 
cooperators in Firm 1 (12.5 instead of 10). 

t = 1
N P G N P G N P G N P G N

Co 20 10
200

Co 15 7.5
175

Co 10 5
150

Co 5 2.5
125

50

Def 0 0 Def 5 12.5 Def 10 10 Def 15 7.5 30

t = 2
N P G N P G N P G N P G

Co 20 10
200

Co 15 7.5
175

Co 10 5
150

Co 20 10
200

65

Def 0 0 Def 5 12.5 Def 10 10 Def 0 0 15

t = 3
N P G N P G N P G N P G

Co 20 10
200

Co 15 7.5
175

Co 20 10
200

Co 20 10
200

75

Def 0 0 Def 5 12.5 Def 0 0 Def 0 0 5
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A / B Cooperate Defect

Cooperate 10 , 10 0 , 15

Defect 15 , 0 5, 5



Moving now to Firm 4, the defectors make 7.5 each, which is more than the cooperators at 5 each, 
so a naïve interpretation would be that defecting increases individual payoffs and is hence the 
choice that maximises fitness. That may well be the case for the individual, but individual level 
fitness within a firm can come at a cost of firm-level fitness in the market - which is exactly what 
happens for Firm 4 after the first period, where is is out competed by the more cooperative firms 
and fails. 

In period two (the next row down) the most successful firm (blue Firm 1) is able to use it’s relatively 
high profits to fund expansion into Firm 4’s market. Notice that in the first period the total individual 
cooperators is 50 and total individual defectors are 30 across all four firms. Then, because the 
most cooperative firm replicates/expands, the number of individual cooperators in the market as a 
whole increases to 65. So while in each of the firms with mixed cooperators and defectors the 
defectors make the most money, as a the firm-level selection process ensures that individual 
cooperators become more prevalent across the whole workforce population. 

Costly cooperation (cooperate to impose externalities)
Cooperation within a group is not always beneficial on the whole if such cooperation leads to 
externalities on others. A good example of this is the competition for resources within departments 
of the same company or organisation. Say there are two ways to cooperate in a department, one of 
which creates a departmental payoff of 10, and another that increases the department’s payoff to 
20, yet imposes a cost on the rest of the company of 15. If there is competition and selection at the 
department level within a company there will be incentives to cooperate within the department to 
get the 20 at the expense of other departments. This type of process is what can lead to ‘silo’ 
within large organisations, as different areas prefer to compete with each other rather than 
cooperate. 

To give a numerical example, take the company below with two departments. If a department 
cooperates on A it imposes a cost of 15 on the rest of the company, which is Dep. 2. If both 
departments cooperate on B, the company makes 20 profit, 10 from each department. But if Dep. 1 
cooperates on A to increase their performance relative to Dep 2., the company as a whole makes 
15 profit. As long as the company survives, and rewards each department in a way that can’t 
account for this externality (it is implicit or hidden), then departments that externalise their costs by 
cooperating on A will thrive, while others will not.  

This type of within-organisation behaviour arises especially in non-competitive areas of the 
economy where department-level selection pressures outweigh firm-level selection pressures, 
such as large monopolists and government departments (and organisations such as universities). 

You can imagine that a company experiencing this costly internal departmental competition may 
cease if an external threat arises that puts the existence of the company at risk unless it improves 
it’s performance. At that point selection pressure will be at the company level, not the departmental 
level, and should increase company-wide cooperation. 

In sum: 
Competitive markets lead to cooperative firms! 
Silos can arise in large organisations where this is a high level of internal competitiveness.

Company as a whole

Dep. 1 A B Dep. 2 A B

A 20 0 A 20 0

B 0 10 B 0 10

Externality of A = -15
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Networks, cascades, fads and fragility 
The idea of networks has a long history in sociology, yet the economic importance of both formal 
(trade and production) and informal (social and friendship) networks has only recently become a 
research focus. 

The main important feature of networks for managers to understand is that because each person 
or company is connected in a particular way to other people of companies through particular types 
of relationship (such as friendships, or supplier-customer relationships), changes in the economic 
system propagate through these relationships in the network. This propagation across networks is 
known by many names: herding, bandwagon effects, information cascades, and more. We will 
simply call them all cascades. 

Networks edges can provide a flow of information, can reduce costs of transacting with other 
nodes, can represent flows of physical production goods (or services), or simply relationships 
between individuals which capture their loyalties. 

Basics of networks
To make sense of networks characteristics of behaviour we must provide some conceptual tools. 
First, each firm or individual can be represented as a point in the network, know as a node or 
vertex. Each of these nodes will have various characteristics including which other nodes they are 
connected to by way of edges, which can be any type of relationship that matters for the analysis 
at hand. In the case of fashion trends edges might comprise personal friendships, while in the case 
of production networks, edges might indicate that two firms trade with each other. These edges can  
have a direction or not (i.e. trade can be from Firm A to Firm B, or vice-versa). The point being that 
the relationships represented by the edges allow the flow of information between nodes. 

Representing graphs and measuring connectedness
Have a look at the two representations of an 8-node graph below. For now ignore the size of the 
nodes and the titles. 

The first thing to notice is that looking at a graph as points and lines can 
obscure what is happening (the graphs on the next page are actually the 
same as this one, just played out differently). Another way to look small 
graphs is with an adjacency matrix which puts the nodes on each row and 
column, and puts a 0 if the two nodes have no edge, and a 1 if they do. 
Only the lower triangle of the matrix is requires for edges that have no 
direction, but when there are edges in both directions the upper and lower 
triangles of the matrix are used to represent each of the two possible 
directions of an edge between nodes. 

The other thing to do with networks is to measure the relative positions of 
each node within them, which can be done a number of ways. We can look 
at how many edges a node has by simply adding up the edges in the 
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matrix. In this case node 5 is “degree 5”, highlighted in blue in the adjacency matrix, while node 8 
has “degree 1”. 

More sophisticated measures can also be used. Returning to the previous image, the nodes are 
size in each image by two other measures. Fist is “betweenness centrality”, which is a measure of 
how many paths must go through the node to connect all other nodes. In sociology this measure is 
often used to find out which individuals or firms have a monopoly on the flow of information and 
hence are often first to learn about new information no matter where it arises in the network.

The second measure is “closeness centrality”, which measures how close the node is to all other 
nodes. Here node 5 is again well connected, but so is node 4, whose only difference is the extra 
one link between them and nodes 6, 7 and 8. This measure has been used to predict which mafia 
members make the most money, and which landowners are favoured in rezoning decisions. The 
idea here is that when you have a lot of people close to you, and more so if your friends know each 
other, it is easier to exchange implicit favours and monitor each other’s behaviour.

Cascades in networks
The focus here is on two main functions of networks as they relate to firm decisions. First is an 
understanding of customers and their networks required when your product has network 
externalities. Second, is an understanding of the firm’s position in a production network to 
understand its risks from supplier and customer relationships. 

Underlying both of these ideas is a fundamental principle of network cascades. The basic idea of 
cascade is that each node in a graph has a threshold value to make a change to a new ‘type’. I use 
the word type as a generic term that can capture many changes that propagate through networks. 
The threshold value is a share of neighbours who are the new type - if you observe more than, say 
a 0.5 share of your neighbours being “type A”, you will switch from whatever type you are to “type 
A”. 

Examples of cascades occur in fashion, riots, standing ovations, building construction, asset 
market investing etc. 

Let’s say we have the above graph, and each node has a threshold value of 0.3. That is, if they 
observe more than 30% of their connected nodes wearing a bowler hat, they will wear a bowler hat 
next period. Node 1 wears a bowler hat first. 

The only other who can observe Node 1 are Nodes 2 and 3, who each have 3 other connection. 
Their threshold is 0.3, but for each only 0.25 of their connections are wearing the bowler hat. 
Therefore the don’t become a “bowler hat type” and Node 1 looks silly being the only one in a hat 
for a while.

The same outcome happens if we introduce the hat at Node 8. They have very little influence on 
others in the network. They have lower measures of degree, closeness and betweenness. 
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But if give a bowler hat to Node 5, the most well connected, we can start a cascade. Next round 
Node 8 observes 100% of their connections wearing the hat and becomes a “bowler hat type”. 
Node 6 observes 50% of their connections wearing the hat, above the 0.3 threshold, and becomes 
a “bowler hat type”. Node 4 has two other connections, so has 0.33 of their friends in bowler hats, 
and also switches to the “bowler hat type”. Now all the red nodes in the image below have 
switched to bowler hats as a result of observing Node 5 wearing one.

From this point another round of “social pressure” ensures. Node 7 sees their only connection 
wearing a hat and so switches (100% > 30%). Node 3 sees 2 out of their 4 connections (0.5 share, 
above 0.3 threshold) and switches. Node 2 sees the same as Node 3 and switches, so the 
situation is as below.

Lastly, in the next round, Node 1 see both of their connections in a hat and switches. We know 
have a complete cascade. 

To recap, the ingredients in a model of cascades in networks is 1) a network of nodes and edges, 
and 2) a threshold value for each node that captures when it will switch based on its share of 
directly connected nodes that have switched. That’s all that is needed. This model of cascades in 
networks was introduced in this general form by Duncan Watts, and applies to many realms of 
economic life. 

Specific examples of cascades in networks

1. Failure of interconnected systems 
When a power grid is connected in a particular way, the failure of key components may trigger 
failures of connected components, which may trigger further failures in the system.  
 
The more redundancies in the network, the less likely that these cascades can arise. If we look 
at the network above, if Noes 4, 8 and 6 had more connections between them the cascade 
would not have happened.  
 
This type of reasoning applies to firms in the marketplace during a recession. If you have just 
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one supplier of a key input, or one customer, and they fails during a recession, your firm may 
also fail, which in turn may lead other firms relying on you to fail, and so on. This type of 
network risk is closely related to earlier discussions on contracting and specialist inputs, and 
that if you do have specialist inputs it is worth considering merging or insuring your contracts. 
For firm decision makers one critical question concerns how much the business is at the mercy 
of the other interdependent businesses. 

2. Introduction of new platform goods (or two-sided markets) 
Platform goods obtain greater value the more that other counterparts use the same platform. 
For example, Visa, Mastercard, Paypal and other payment systems, Skype, online games, 
mobile phones with discounts to cal the same provider, etc.  
 
Arguable Tesla’s choice to make their patents freely available in order to stimulate other car 
makers to increase production is because of their role as a charging centre platform provider, 
along with their favourable position in the electric car market. What is good for the electric car 
market in general is good for Telsa. 
 
Uber is also a platform with drivers and customers, where the value to each side depends on 
the actions of the other side of the market.  

3. Fashions and fads 
To capitalise social behaviours in “fickle” markets, such as fashion, toys, games, etc., It may be 
worth investing in learning about the social networks of customers and finding out where they 
get information about products from. This way, you can market to those in critical points in the 
network, knowing that each customer who buys the product will have a cascading effect on 
others.  
 
These effect have been quantified even in established markets such as cars. It can be shown, 
for example, that the neighbours of lottery winners (within 4 houses or 25m) increase their 
probability of buying a new car by 7%. 

Penetration pricing
For example, Uber has used this in many cities by discounting their product in the first months of 
operation. In mobile apps the Free-mium model is variation on this theme. For shopping centre 
owners the ‘anchor tenant’ discounts are also a type of penetration pricing, whereby a large 
destination retailer will be secured on a long lease for a low price in order to attract other smaller 
tents at high price leases, who gain from being co-located with anchor tenant. Large stores such as 
Woolworths, Coles, Myers, etc. are typically anchor tenants who have a network effect on other 
tenants in the shopping centre. 

Price Skimming
The opposite of penetration pricing is price skimming, whereby prices are initially set high, but low 
enough to attract customers who value the product very high, and then later lowering the price to 
attract other customer with lower private values. Price skimming can still be an approach to market 
penetration of new products, by first capturing high value connected users. As the price becomes a 
barrier to propagation of the product, prices are then reduced. Think of high-tech sports equipment, 
high end musical equipment and so forth, that high high value to few connected users (sports 
starts, music industry professionals), but that eventually becomes the desired product in the wider 
network, and a later reduction in price allows further propagation.

Path dependence
A final point to notice about the introduction of networks and evolution in economic analysis is that 
the a choice at one time has effects on the range of choices at future times (the same idea arises 
in real options). Thus we have what is known as path dependence, whereby the actions at one 
point in time change the locally optimal future choices, and perhaps lead a group on to a sub-
optimal path.
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Think about the coincidental choice of Sydney as penal colony by the British. That choice changed 
the cost of future location choices such that Sydney became the largest city. Not we could ask the 
question today, is the current location of Sydney the optimal choice from the point of view of 
supplying goods, services, infrastructure etc., if one was starting out again designing a country 
from scratch. Probably not. But the point is that once a choice is made that has network 
externalities (or just network effects), then it sets of a chain of future choices that depend on 
previous choices, none of which may be optimal from a global sense. 
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