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Chapter 4: Social Demand
This Chapter illustrates how agent-based modelling can be applied when
consumers influence one other. Consumers are influenced by their family, friends
and acquaintances and these relationships can be modelled as social networks.
Agent-based modelling is well-suited to modelling social networks and the first
model in this Chapter does this very simply using the concept of social circles. Next
we introduce threshold models and show how these can be combined with the social
network model to examine possible adoption patterns of new products. The Chapter
then reviews the adoption of new technology by households in the UK and finally
presents a case study of the adoption of fixed-line phones in the UK from 1951 to
2001.

Key words: technology adoption, consumer durables, phones, positive feedback, social
networks, threshold models
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Introduction
The previous Chapter looked at the conventional modelling of consumer demand where
purchases depend on incomes, prices and preferences. Conventional economics ‘assumes,
either implicitly or explicitly, that agents interact only indirectly, through economic variables
like prices and interest rates, instead of directly with one another through social networks’
(Axtell, 2006, p209) While conventional economics can be used to assess the short term
impact of changes in prices and incomes, it cannot be used to address the longer term
question of why some goods come to be adopted by the majority of the population while
others do not (Douglas and Isherwood, 1979, p99). Deaton & Muellbauer (1985, pp.71-72)
noted that ‘the most important and obvious shifts in the pattern of demand in Britain in this
[twentieth] century…cannot apparently be explained in terms of changes in real income or
price structure’. This Chapter shows how agent-based modelling can be used to explore what
might happen to consumption when consumers influence each other so that what they buy
depends on what others buy.

Social networks
Relationships between people can be aggregated into social networks. There are many
different types of relationships between people such as kinship and affection, and business
and political relationships and so there can be many different types of social networks. There
is a very large literature on social networks (see, for example, Bruggeman (2008) for an
accessible introduction and Jackson (2010) for a mathematical approach). In this section, we
present the basics that are needed to model how consumers might influence one another in
their consumption choices. We start with some definitions.

Personal networks consist of the relationships of one person. A model of personal networks
should reproduce certain characteristics:


Personal networks are of limited size, the limit depending on the type of
relationships being studied; for example, for close friends, the size will be small,
for acquaintances, large.
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Personal networks vary in size between individuals, with the possibility of some
individuals having much larger personal networks than average (except for very
close relationships, where it is not possible for a large number to be sustained).



Members of an individual’s personal network tend to know each other: in
network jargon, this is called ‘high clustering’.



Personal networks change over time, as relationships change: people leave and
new people join.

Social networks are the aggregation of personal networks. A social network model should
reproduce certain characteristics of social networks too:


Only a very few of the potential links in a social network actually exist; that is, it
is far from the case that everyone has a relationship with everyone else.
Technically, there is a low ‘whole network density’.



Those with large personal networks tend to know others with large personal
networks; a feature known as ‘positive assortativity’.



Social networks include communities, sometimes known as ‘cliques’ i.e. groups
of people who have many connections within the group but few connections
outside it.



Social networks are structured so that any other can be reached by following a
small number of links i.e. have short ‘path lengths’.

To reproduce these characteristics in agent-based models we have developed a simple
approach based on the idea of social circles. Agents are distributed across social space and
each agent has its personal network defined by a circle drawn round it. The circumference of
the circle contains all those points within a distance set by the radius – which we call the
‘social reach’ – and creates a cut-off, limiting the size of personal networks. This approach
enables us to rely on the mathematics of the circle, as shown in Box 4.1. If the social reach is
small, it replicates a network of close family and friends: if bigger, it becomes a model for
larger personal networks including acquaintances. Because agents are distributed unevenly
across the social space, they will automatically have personal networks of different sizes.
Examples are shown in Box 4.2. This simple model of social networks also displays the other
characteristics of static personal and social networks. (For more on this model, see Hamill &
Gilbert, 2009 & 2010, and Hamill, 2010.) In this rest of this Chapter, we use the terms
‘personal network’ and ‘social circle’ interchangeably.
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Box 4.1: Mathematics of social circles.

Area of a circle = 𝜋𝑟 2 where 𝑟 is the radius or social reach.
The number of agents in the circle will depend on the population density. For example, if the
density is approximately 1 per cent and the social reach is 10, then the average number in the
circle will be will be 𝜋 × 102 × 0.01 = 3.14.
Trebling the social reach to 30 will give an area of 900 𝜋, which with the population density of
about 1 per cent, will give an average number in the circle of 9𝜋 or 28.26
So the average number in the social circle = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 × 𝑎𝑟𝑒𝑎 =

𝑛𝑜. 𝑜𝑓 𝑎𝑔𝑒𝑛𝑡𝑠
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑤𝑜𝑟𝑙𝑑

× 𝜋 × 𝑟2

A density of about 1 per cent is achieved by spreading 1 000 agents over an area of 315 by 315 (or
99 225 patches). Reducing the number of agents in the world or increasing the size of the world
will reduce the population density and reduce the average number in a circle of given reach
accordingly.
For example, to work out how to attain the same average circle size with only 500 agents – to
make the program run faster for instance – would mean re-arranging the equation to calculate the
area of the world
𝑛𝑜.𝑜𝑓 𝑎𝑔𝑒𝑛𝑡𝑠
500
= 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑖𝑟𝑐𝑙𝑒 𝑠𝑖𝑧𝑒 × 𝜋 × 𝑟 2 = 3.14 × 𝜋 × 102 = 500 × 100 = 50 000
Taking the square root of the area to find the dimensions of a square world, gives 223 (instead of
315 as usedfor 1 000 agents).
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Box 4.2: Simulation results: examples of personal and social networks.
1 000 agents over a world (315 x 315) (i.e. 99 225 patches), giving a density = about 1%
Results over 30 runs
Examples of single runs: the lines indicate links
Social reach = 10
Personal network:

- Minimum: 0 (sd 0*)
- Maximum: 9.63 (sd 0.96)
Average size: 3.19 (sd 0.08)
*All runs have a minimum of 0.

Social reach = 15
Personal network:

- Minimum: 0.40 (sd 0.50)
- Maximum: 7.13 (sd 0.96)
Average size: 16.13 (sd 1.25)

Social reach = 30

Personal network:
- Minimum: 13.63 (sd 1.16)
- Maximum: 44.70 (sd 2.17)
Average size: 28.39 (sd 0.21)
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However, except for short time periods, social circles change: people drift apart, either by
physically moving away or by changing behaviour, or they die and are replaced by a new
generation. Unfortunately, although not surprisingly given the obvious difficulties,
longitudinal studies of social networks are rare. However, two studies (Wellman et al, 1997;
Suitor & Keeton, 1997) found that over a period of 10 years, around three quarters of close
ties disappear and that non-kin are more likely to change than kin.

In the social circles model, a simple way to allow for change is to ask a proportion of agents
to move one unit (patch) each time step: we call this ‘socialshifting’. If this change is random,
the size and composition of individual agents’ networks will change, but the overall structure
of the ‘society’ will not. When an agent moves, its personal network may change in size,
composition or both. Furthermore, moves may affect others who do not themselves move.
Indeed, the larger the social reach, the more agents will potentially be affected by another
agent’s move. In this model, agents do not die. This simplification is not uncommon in
economic models; for example, see Wickens (2008, Chapter 4, especially p.71).

Figure 4.1 shows the proportion of agents whose personal networks change in size,
composition or both when socialshifting is set at 5 per cent i.e one in twenty agents move one
unit at every step:


If the social reach is set at 10, giving an average personal network size of about
3, then after 10 time steps, the personal networks of 28 per cent of agents are
changed; after 50 steps, 75 per cent of networks are changed.



If the social reach is set at 15, giving an average personal network size of about
7, then after 10 time steps, the personal networks of 39 per cent of agents are
changed; after 50 steps, 88 per cent.



If the social reach is set at 30, giving an average personal network size of about
28, then after 10 time steps, the personal networks of 60 percent of agents are
changed; after 50 steps, 98 percent.

Of course, if a lower rate of socialshifting is assumed, then the proportion of agents affected
is less; if higher, more.

Now we have a way of modelling personal networks and how they change, we can turn to
modelling adoption of consumer products.
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Figure 4.1: Effect of 5 per cent of agents ‘socialshifting’: per cent of agents for whom
social circles changed over time (in composition or size).
1 000 agents, 30 runs (1)
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(1) There is little variation between runs and so the standard deviations are not shown.

7

Agent-based Modelling in Economics: Hamill & Gilbert (2015)

Threshold models
The idea of consumers influencing one another is encapsulated in threshold models. In these
models, a consumer’s decision to purchase an item depends on how many others have
purchased it. There is positive feedback system because the more other people have bought
the item, the higher the perceived benefits in relation to the costs and the more likely the
consumer is to buy. It could be that the item is seen as fashionable, or the utility of the item
may depend on joint consumption by others. Granovetter (1986) cited the example of not
wanting to eat in an empty restaurant. Communication technologies fall into this category
too; there is no point having a phone if no-one else does.Threshold models are similar to
epidemiological models, in which infections are passed from person to person, but the
common epidemiological models are not necessarily suitable for studying adoption or
consumption as is explained in Box 4.3. (For a wider discussion of threshold models, see
Granovetter, 1978 & 1986; and for positive feedback, see Arthur, 1989.)

Box 4.3: Epidemiological models.
Epidemiological models show how disease is spread. These medical models date back to the
nineteenth century and assumed that people mixed at random. But, they do not. People mix with
friends, relatives, work colleagues and so on. More recent models have been based on social
networks (Keeling & Eames, 2005).
There are two basic types of epidemiological models: Susceptible-Infect-Removed (SIR) and
Susceptible-Infect-Susceptible (SIS).


SIR models are more common and assume that once a person has recovered, they are no
longer infectious. But in the context of technology adoption, an adopter remains ‘infectious’
in that they affect the adoption by others. There is an example of a SIR model in the NetLogo
library: Virus on a Network model (Stonedahl & Wilensky, 2008).



SIS models assume that people return to susceptibility after infection, which in this context
means they are free to consume again. So the SIS approach may be appropriate for looking
at purchasing if people are expected to purchase more than once, for example, to upgrade.
But SIS models are not appropriate for technology adoption as a once-off decision.

Different people may have different thresholds. But even those with the same threshold may
adopt at different times, depending on the adoption by their personal network. Some people
may have a threshold of 100 per cent and so will never adopt. Provided their threshold is
below 100 per cent, once a person’s threshold is met, they adopt. So those with low
thresholds adopt when their exposure is low and the lower the individual’s threshold, the
8
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earlier the adoption. Some will have a zero threshold and will adopt irrespective of others’
adoption. Bass (1969) – who produced the classic model of the timing of the initial purchase
of new consumer durables – divided the buying public into two groups: ‘innovators’ and
‘imitators’. Innovators are not influenced by others: in other words, their threshold is zero.

A threshold model may be particularly relevant in the case of an innovative product because
adoption of an innovation involves risk, and people look to those they know for information
on costs and benefits (Valente, 1995, pp.70-71). Having studied the adoption of many
innovations over many years, Rogers (2003, pp.281-282) divided adopters into five groups;
innovators, early adopters, early majority, late majority and laggards.


Innovators account for 2½ per cent of the population. They have wide social
networks, financial resources and technical knowledge but they tend to have weak ties
to wider society.



Early adopters account for 13½ per cent of the population. They are somewhat similar
to innovators but are more embedded in the society, being opinion leaders and
respected role models, for whom status is likely to be important (Rogers, 2003,
pp.251, 316-319).



The early majority comprise 34 per cent of the population. They interact frequently
with their peers but are rarely opinion leaders.



The late majority account for another 34 percent and are persuaded to adopt by peer
pressure although they have limited resources.



Laggards comprise the last 16 percent of the population, and tend to interact with
other laggards.

Adoption is often initially slow, then fast and finally slow again. Mathematically, this is a
logistic function but is most commonly known as an S-curve. (See Chapter 10 for more on
logistic functions.) Figure 4.2 imposes Rogers’ analysis of adopters on this S-curve.
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Figure 4.2: The classic S-curve of adoption.
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Agent-based models are particularly suited to threshold models because ABMs can deal with
both the local, micro – the individual and their personal network – and the global, macro, or
society as a whole. To explore the characteristics of these models, we present two basic types
of threshold model, which we label ‘infection’ and ‘influence’ respectively.


In the infection models, if one member of an agent’s personal network adopts, then
that agent adopts.



In the influence models, each agent has a threshold expressed as a percentage of their
personal network and if the percentage of adopters in their personal network exceeds
that threshold, then that agent adopts.

But in both cases, there must be one or more agents who ‘seed’ the process. Following
Rogers (2003, pp.281-2), these innovators are assumed to account for 2.5 per cent of the
population.

Infection models
In the infection models, if one agent in an individual’s social circle adopts, then that agent
adopts. The innovators can either be scattered through the population, or clustered.
-

If the size of social circles average 3 – giving a network like that shown in the top row
of Box 4.2 – and innovators are scattered throughout the population, adoption is much
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more likely to take off than if they are clustered in one or two groups. Social shifting
is also important in raising adoption rates in the long run. But in none of the scenarios
does adoption reach 100 per cent: at most, it reaches 57 per cent after 25 time periods.
These scenarios are shown in the top panels of Figure 4.3.
-

If the size of social circles average 7 – giving a network like that shown in the middle
row of Box 4.2 – then all adopt irrespective of the distribution of innovators because
there are more links in the network. The distribution of innovators only affects the
speed at which 100 per cent adoption is reached: with scattered innovators, this
happens after about 10 time periods, and if innovators are clustered, about 20. But in
neither case does social shifting have an effect, again because the agents are better
connected. These scenarios are shown in the bottom panels of Figure 4.3.
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Figure 4.3: Infection model results: innovators 2.5 per cent.
1 000 agents. 30 runs.
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Influence models
Unlike the infection models, in these models each agent has a different threshold and if the
percentage of adopters in the agent’s social circle exceeds that threshold, the agent adopts.
The innovators are the 2.5 per cent with the lowest thresholds. It is possible, although
unlikely with large social circles, that some agents may not have anyone in their personal
network. In that case it is assumed that the agent adopts if the overall adoption rate (of the
‘society’) exceeds its threshold. The adoption rate depends crucially on how thresholds are
distributed. Take two illustrative cases: in the first, thresholds are distributed uniformly from
1 to 100 per cent; while in the second, they are distributed normally with a mean and standard
deviation of 50. So in both cases, the average threshold is 50 per cent. Yet as shown in Figure
4.4, the resulting adoption patterns are very different: when the thresholds are uniformly
distributed the adoption rate reaches 12 per cent after 25 periods but in the normally
distributed case, it only reaches 3 per cent. This is because with a normal distribution there
are relatively fewer agents with low thresholds than when thresholds are uniformly
distributed.
Figure 4.4: Influence model results: innovators 2.5 per cent and social circles average 28
(social reach = 30) with social shifting: thresholds distributed uniformly or normally. (1)
1 000 agents. 30 runs.
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(1) In both cases, thresholds vary from 1 to 100 per cent and average 50 per cent.
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These simple models have shown that the path of take-up will vary dramatically according to
the model used and the assumptions made; Table 4.1 shows that after just 10 periods, the
adoption rate could vary between about 10 per cent and 100 per cent. This means that to
predict accurately what will ‘take off’ and what will never become popular, it would be
necessary to have a very good idea of how people are likely to be influenced. Granovetter
(1986) argued that ‘individual differences in sensitivity to others’ behavior’ means that
‘unstable, oscillatory and even completely indeterminate market situations may result’. And
Arthur (1989) argued that the selection of successful innovations are essentially
unpredictable. So in the next section, we focus on a specific example.
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Table 4.1: Summary of results for threshold models: adoption rates after 10 and 25
periods.
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Adoption of innovative products
Some examples of the adoption of household appliances in the UK are shown in the top panel
of Figure 4.5. For some of these, the data were not collected until adoption was already
widespread, which means that only the very end of the adoption curve can be observed. For
some appliances – fridges, washing machines and microwaves – adoption has reached
saturation in the sense that almost all households in the UK own one (as shown in the top
panel of Figure 4.5). Others – such as tumble driers and dishwashers – have remained less
popular, probably due to space constraints in British houses. In contrast, televisions – first
black and white and then colour – were adopted by almost all households (as shown in the
bottom panel of Figure 4.5), and now many households own several TVs.

For communication devices, adoption most nearly follows the classic S-curve of Figure 4.2.
The top panel of Figure 4.6 shows how the adoption of home computers and the internet grew
together, which is hardly surprising given that initially the internet could only be accessed
with a computer. (In future, internet adoption is likely to be more popular than computer
ownership as tablets and smart phones spread.) The bottom panel shows the spread of fixed
line and mobile phones (cell phones in the US). In 1951, just 10 percent of households in the
UK had phones; by the mid-1970s, half; at the end of the twentieth century, adoption peaked
at 95 per cent of households. Since then, an increasing proportion of households have relied
exclusively on mobile phones, so that by 2012, ‘only’ 88 per cent of households had fixed
line phones.

Adoption of phones and other consumer durables was generally much earlier in the United
States; see Fischer (1992: 22) and Bowden and Offer (1994).

.
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Figure 4.5: Adoption of domestic appliances in the UK (1).
Fridges, washing machines, microwaves: 1964-2012
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Source: ONS (and its predecessors): Family Expenditure and Family Spending Surveys: various years.
Televisions: 1946-1996
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Sources: Bowden and Offer (1994) and ONS (and its predecessors): Social Trends, General Household
Surveys and Family Expenditure Surveys.
(1) Data not available for all years.

17

Agent-based Modelling in Economics: Hamill & Gilbert (2015)

Figure 4.6: Adoption of communication devices by households in the UK.
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figures: ONS (and its predecessors): Family Expenditure and Family Spending Surveys: various years.
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Case study: household adoption of fixed-line phones in Britain
This case study produces an ABM to replicate the adoption of fixed-line phones in Britain
between 1951 and 2001. As becomes clear, this is a rather complicated model compared to
others in the book. This is because in order to replicate what happened in the real world, all
sorts of real world factors, in particular, demographic changes and changes in income have to
be taken into account. We start by explaining briefly how the model took into account these
changes.
Modelling demographic changes
Fixed-line phones belong to households, so in this model agents represent households. The
number of households increased from 14½ million in 1951 to 24 million in 2001. For
simplicity, the total number of households in the model is kept constant, at 1 000, so that, in
effect, the agents resemble a longitudinal sample. However, two key demographic changes
are modelled because they are likely to directly affect phone adoption: the trebling of the
proportion of single person households and the more even age distribution of households
(Coleman, 2000, p.78). The model reproduces these two key demographic changes:


the increase in the proportion of one-person households, rising from 11 per cent to 30
percent by 2001, half of which were pensioner households; in the model the
proportion rises from 11 percent to 28 per cent (s.d. 0.8), half of whom i.e. (14 per
cent, s.d. 0.6) were aged 60 and over.



the decline in the proportion of households aged 40 to 59 from 44 per cent to 37 per
cent, while the percentages aged under 40 and 60 plus increase; in the model the
proportion of households aged 40 to 59 declines from 44 per cent to 39 percent (s.d.
0.5) in 2001, with more younger and older households.

More information on modelling demographic changes is in Appendix A4.3.
Modelling income
Over the 50 years, phones became more affordable. Data on the price of phones is limited and
for simplicity, the price of phones was not included in the model. More importantly real
incomes grew. From 1951 to 2001, real GDP per head grew by 2 percent a year on average.
This means that by 2001, real income was almost three times that in 1951. In the model, no
attempt is made to reflect differences in year-on-year growth rates: it is simply assumed that
incomes rise at 2 percent a year. (Details in Box 4.4.)
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Box 4.4: Price of phones and income growth.
Price of phones
It is not straightforward to measure the price of a fixed line phone: there is the rental charge plus
the cost of the calls, which, during this period, depended on length, distance and often the time of
day. However, the price of phones has been separately identified in the Retail Price Index (RPI) since
1974. Prior to that, from 1956, phones were combined with postal services. The graph below shows
that the price of phones tended to follow the RPI until 1993, since when it fell sharply.
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The adoption of phones crept up the income scale gradually as real incomes grew, as shown
in Figure 4.7. In 1964, only 7 per cent of the poorest households had phones but by 2001, this
had reached 81 per cent. In contrast, 45 per cent of the richest households had phone in 1964.

Figure 4.7: Adoption of phones by households’ income, Great Britain: 1964*-2001.
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Sources: Ministry of Labour (1965); Department of Employment (1975 & 1986) & ONS (2002).
*Data not available for earlier years.

The model incorporates key features of changes in the labour market over the period, such as
falling economic activity rates among men of working age but higher rates for women and
higher unemployment rates later in the period. As noted in Chapter 3, the overall distribution
of income can be described by the Gini coefficient and in recent years has fluctuated around a
third. The model is designed to produce an income distribution consistent with a Gini
coefficient around this level. More information is in Appendix A4.3.

Results: an income-only model
We start by taking the conventional approach in which adoption depends only on income. It
is assumed that a household adopts if it can afford to do so i.e. if its income exceeds a given
threshold. In the model, the income figure is an index number, with 1 taken as the average in
1951.


To obtain an initial distribution of 10 per cent of households with phones in 1951, the
income threshold would have to be set at 1.85 i.e. nearly twice average income. But
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although such a high threshold gives a reasonable approximation of take-up in the
1950s and 1960s, it would significantly underestimate phone adoption from the
1970s.


A lower income threshold of 1 (i.e. average income) would match adoption since the
1970s better but would significantly over-estimate adoption in earlier years.

These alternatives are illustrated in Figure 4.8. This suggests that an income threshold alone
could not track the observed adoption path.
Figure 4.8: Results of the model using an income threshold only and no network effect.
1 000 agents. 30 runs
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Source: actual – as Figure 4.6.

Modelling network effects
Although by 1958 nearly 17 per cent of households had phones, phones were limited to the
‘upper class’ ABs and ‘middle class’ C1s; two-thirds of the ABs had phones as did a quarter
of C1s but phones were rare among the ‘lower class’ C2s, Ds and Es (Douglas & Isherwood,
1979, p100). This is consistent with Rogers’ (2003, pp.288-291) observation that those who
are better educated, of higher social status, and wealthy are more likely to be early adopters.
By 1973, most AB households had phones, and so too did a fifth of DEs (Douglas &
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Isherwood, 1979, p.100). Class is defined in terms of occupational group: ABs include
doctors, senior civil servants, bankers and economists while DEs are semi-skilled and
unskilled workers. The spread down the classes is reflected in the spread of phones down the
income scale shown in Figure 4.7.

However, there is little point having a phone unless at least one of those in your personal
network also has a phone and those in your personal network are likely to be like you:
homophily ‒ the principle that contact between similar people occurs at a higher rate than
among dissimilar people – is well-established characteristic of social networks. (See, for
example, McPherson et al., 2001). In this case study, the personal network of interest is very
specific and narrow, namely those who will influence another to adopt a phone. There is no
direct evidence on this for fixed-line phones although ‘AT&T research shows that half of the
calls from any given residence go to only five numbers’ (Fischer, 1992, pp.225-226).

To reflect the importance of class and homophily, the model groups together the upper class
ABs in one quadrant, the lower class DEs in another and the Cs in the remaining two as
illustrated in Box 4.4. As the households are distributed randomly, this will produce
approximately the 25/50/25 per cent split between ABs, Cs and DEs recorded in Census data
(General Register Office, 1952 & Casweb, 2014). It also ensures that each household’s
personal network will typically be dominated by similar others.

Socialshifting is assumed at the rate of 5 per cent each year (as previously illustrated).
Furthermore it is clear that households containing more than one person will tend have larger
personal networks than single people; there are likely be more kin for example. So the model
allows larger households to have larger networks.

As 10 per cent of households had phones in 1951, the model starts by generating a network of
phone adopters comprising 10 per cent of households. In effect, these 10 per cent of
households are a cluster of innovators. Phones then spread through personal networks as
explained in Box 4.5.
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Box 4.5: Modelling the distribution of social class

The ABs are distributed in the top left hand
quadrant and the DEs in the bottom left hand
quadrant. The Cs occupy the rest of the space.
(Because the grid wraps round, the fact that the
minorities are in ‘corners’ does not matter.)
The model assumes that a seed household of
social class AB has a phone. An initial phone
network is then grown through the personal
network of this household until about 100
households – 10 percent – have phones.
These may not necessarily be AB households
but they must have an income above any
threshold that is set.

So it is now assumed that households obtain a fixed-line phone if


someone else in their social circle has a phone; and



they have enough income.

The income thresholds for phones and personal network sizes were set by experimentation.
The results were:


The income threshold for phones was set at 0.35 (i.e. 35 percent of the 1951 average,
set at 1). Ninety per cent of households had incomes above that level in 1951 and
given real growth of 2 percent a year by 1968, all households had incomes above that
threshold and so income did not constrain phone adoption after 1968.



Personal networks were modelled in the way explained earlier in this Chapter, using
social circles, the size of which depend on the social reach and the population density,
which was about 1 per cent. The best result was obtained with social reach for oneperson households set at 8 and for multiperson households, a social reach of 12. For
one-person households this gave a personal network size ranging from 0 to 8, with an
average size of 2 (s.d. = 0.06); and for multi-person households, a personal network
size ranging from 0 to 12 with an average personal network size of 4½ (s.d. = 0.10).
The networks therefore look similar that shown in the top two panels of Box 4.2.

On this basis, the model broadly replicates the adoption of phones by households from 1951
to 2001 as shown in the top panel of Figure 4.9. By comparing Figures 4.8 and 4.9, it is clear
that most of the ‘work’ of replicating the adoption pattern is done by the social network
24

Agent-based Modelling in Economics: Hamill & Gilbert (2015)

effect. This provides a nice example of Deaton & Muellbauer’s observation (noted above)
that changes in incomes and prices alone are not sufficient to explain changes in consumption
patterns.

The best model slightly overestimates the adoption of phones until 1978. The model was not
expected to track adoption in each year exactly as, for instance, year-on-year economic
growth was assumed constant and no account was taken of the fall in the relative price of
phones from 1993. Nor was the model expected to reproduce the decline in adoption rate in
the last two years as no attempt was made to model the impact of the introduction of mobile
phones. However, the model does track the income and class adoption patterns as shown in
the lower two panels of Figure 4.9.
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Figure 4.9: Model results compared to actual: phone adoption.
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Discussion
Of this book’s three central themes – heterogeneity, interaction and dynamics – this Chapter
has focussed on interaction although heterogeneity and dynamics are also important. Agentbased modelling is not the only way this positive feedback can be modelled but it is a very
powerful approach because it can also allow for heterogeneity, for example, in incomes and
adoption thresholds of the agents.

To model interaction between consumers requires a model of social networks. The model
presented here, based on social circles, is simple and flexible in that it can be used to model
networks of close family and friends or wider networks of acquaintances, while reproducing
the key characteristics of social networks. In particular, agents do not all have networks of the
same size. However, other network models are available in the NetLogo library.
Threshold models can be used with the assumption that all agents have the same threshold –
as indeed has been done here with our ‘infection’ model – but allowing heterogeneity
produces quite different results. This illustrates Granovetter’s (1978) point that because of
interaction, two groups ‘whose average preferences are nearly identical could generate
entirely different results’. It demonstrates the importance of modelling heterogeneity rather
than using averages or representative agents.

Further, the simple threshold model showed how a wide range of results can be produced
unless the values of parameters can be restricted by theory or data. This echoes Arthur’s
(1989) discussion about the difficulty of predicting the outcomes under increasing returns,
which is precisely what can be seen in Table 4.1. In this case, the increasing returns are to
consumers who can obtain greater benefit the wider the ownership is spread. This increasing
benefit is obvious in the case of communications devices. (For more on modelling the
adoption of new products, see Watts & Gilbert (2014.))

While agent-based models are very good for exploring concepts, they can be elaborated to
produce highly descriptive models. To contrast with the simple threshold model, the Chapter
also presented a model that replicates the adoption of fixed-line phones over 50 years. It is
clear from this phone adoption model, however, that an enormous amount of detail is
required to build a ‘real world’ model. Much work had to be done to model adequately the
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underlying demographic and economic changes before the social network and the adoption
models could be super-imposed to address the question of the adoption of phones. This
example illustrates nicely a key challenge facing agent-based modelling if it is to be used
widely for policy-making or business development: the creation of basic building blocks. We
will say more about this in the final Chapter.
In the next Chapter, we show how consumers can interact directly in another way – by barter.
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Appendix to Chapter 4: How to do it
A4.1 Social circles model
Purpose: The aim of the model is to generate personal networks i.e. social circles.
Entities: Agents represent people or households.
Stochastic processes: Distribution of agents across the world and if socialshifting if used,
which agents move.
Initialisation


Choose the social reach to determine the sizes of the personal networks.



Choose whether links are to be shown.



Choose whether socialshifting is desired and if so, what proportion of agents move
each time step and the number of time steps.



Choose the number of runs.

Output: The sizes of the social circles: minimum, average and maximum, are recorded in a
csv file. For the first run, a histogram is drawn to show the distribution of the size of personal
networks and the window shows the links (if that option is selected). If socialshifting is
selected, the number of agents with changed social circles is recorded.

The pseudo-code is in Box A4.1 and a screen shot in Figure A4.1. For the full code see the
website: Chapter 4 –Social Circles Model.
Box A4.1: Pseudo-code for the social circles model.
Create a world 315 x 315.
Create 1 000 agents and distribute them randomly across the world.
For each agent, count the number of other agents within the distance set by the reach.
For the first run:
- If selected, for each agent, draw links between them and the other agents within the radius.
- Draw a histogram of the number of agents in each agent’s social circle.
If socialshifting is selected, ask agents to move and then recalculate social circles and measure
changes in number or in identity of agents in each one’s personal network.
Collect data
Collect information about the minimum, average and maximum social circle sizes and print
the averages over all the runs to csv file.

Figure A4.1: Screenshot for the social circles model.
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Things to try using the social circles model


Change the social reach to see the impact on the numbers in the agents’ social circles.



Examine the impact of socialshifting by changing the socialshift%.

Advanced – requiring amending the program:


Instead of each agent having the same social reach, use different social reaches for
each agent. (But remember to check that if Agent A is in Agents B’s network, Agent
B is also in Agent A’s network!)



Extend the model to show that the networks produced do display the desired
characteristics, such as clustering.

For more on this modelling social circles, see Hamill (2010: Chapters 3 and 4), Hamill &
Gilbert (2009 or 2010).
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A4.2 Threshold Model
Purpose: The aim of the model is to explore threshold models of adoption.
Entities: Agents represent people or households.
Stochastic processes: The personal networks and, depending on the options used:


The distribution of innovators



The distribution of thresholds



The impact of social shifting.

Initialisation:


Choose whether socialshifting required and if so, the rate i.e. the proportion of agents
who move each year.



Choose the threshold option:
- infection model:
Choose whether the initial adopters are scattered randomly or are clustered i.e.
are linked by social circles
- influence model
Thresholds are set randomly uniformly or distributed normally. If normally,
set the mean (which will also equal the standard deviation).



Choose the number of time periods.



Choose the number of runs.



Choose whether links to be displayed.

Outputs: The main output is the adoption curve. It is based on the average over all the runs.
Data is also produced on social circle sizes and thresholds.

The pseudo-code is in Box A4.2 and a screen shot in FigureA4.2. For the full code see the
website: Chapter 4 – Threshold Model.
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Box A4.2: Pseudo-code for the threshold model.
Create a world 315 x 315
Create 1 000 agents and distribute them randomly across the world.
For each agent, count the number of other agents within the distance set by the reach.
Determine which agents are the innovators:
- Infection
o Innovators scattered: select agents at random
o Innovators clustered: grow a network of innovators from a ‘seed’ agent. If the network
cannot be extended to generate the required number of innovators, re-seed and start
another network.
- Influence: heterogeneous thresholds:
o Distribute the thresholds. For the normal distribution, any thresholds greater than 100
or less than 0 are set to the mean.
o sort agents by threshold and select those with the lowest thresholds to be innovators.
After the first run, and if selected, carry out the socialshifting, and recalculate the social circles.
Adoption spreads according to the mechanism chosen:
- Infection: if there is one adopter in the agent’s social circle, the agent adopts
- Influence: if the percentage of adopters in the agent’s social circle exceeds its threshold, the
agent adopts. If the agent does not have anyone in its social circle, it adopts if the overall
adoption rate (of the ‘society’) exceeds its threshold.
Measure the number of new adopters.
Collect data
Collect information about the minimum, average and maximum social circle sizes and print
the averages over all the runs to csv file.
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Figure A4.2: Screenshot of the threshold model.

Things to try using the threshold adoption model


Explore the conditions which lead to high adoption rates.



Try to generate the adoption curves shown in Figures 4.5 and the top panel of Figure
4.6.

Advanced, requiring programming


Devise different ways of allocating thresholds.



Model the effect of broadcast media. (Hint: adapt the social effect, used in the
influence option.)
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A4.3 Phone Adoption Model
Purpose: The aim of the model is to reproduce the adoption of phones in Britain, 1951-2001
Entities: Agents are households.
Stochastic processes: initial distributions and changes in households’ characteristics,
economic status and social networks.
Initialisation


Choose the income level above which phones are adopted.



Choose whether a social network effect is required and if so, choose the social reaches
for multi-person and one-person households.



Choose the rate of socialshifting i.e. the proportion of households who move each
year.



Choose the rate of growth of GDP.



Choose the number of years.



Choose the number of runs.



Name the file to which the results will be written.

Output: Graphs on phone adoption, demographic and economic status are drawn and the
results written to a file.

The pseudo-code describing the key features are summarised in Boxes A4.3 and A4.4. (More
details are available in Hamill, 2010: Chapter 7.) A screen shot is in Figure A4.3. For the full
code see the website: Chapter 4 – Phone adoption.
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Box A4.3: Summary of whole model.
Initialisation

Create a world 315 x 315.
Create 1 000 agents and distribute them randomly across the world.
Allocate class, household type and income.
Class: to give a 25/50/25 per cent split by class, households in top left quadrant
designated class AB, in bottom right quadrant, class DE. Others, class C. (See Box 4.5.)
Households type: one-person or multi-person; single or couple and ages. (See Box A4.4.)
Incomes are distributed following social class, subject to a minimum, to reproduce a Gini
coefficient of about a third. (See Chapter 3.) A distribution of income is generated for each
class using a normal distribution with the following means and variances:
Class AB: mean 1.6, variance 0.6
Class C: mean 1, variance 0.4
Class DE: mean 0.8; variance 0.35
Allowing for:
- second earners contributing an average of 25 per cent of household income
Initially 25% of ‘wives’ under 60 work and 10% of those over 60 are assumed to have
worked in the past.
- unemployment: initially the rate is 0.95 per cent
- early retirement: 5 percent of households aged 50 to 64.
- half the lone parents economically active.
- 1 percent of households long-term sick.
- retired have half income of workers. (Household retires i.e. both husband and wife.))
Select a ‘seed’ class AB household and from that household generate a phone network
comprising about 10 percent of households built through personal networks (subject to
affordability if desired).
Execution
Households age, split, combine and die. (See Box A4.4).
5 per cent percent of households socialshift each year.
Replacement households are created.
Incomes are determined:
The proportion of second earners rises from about a half to three-quarters
Once second earners go out to work, they are assumed to continue. On retirement,
the second earner’s contribution continues, reflecting a pension
Unemployment
Most unemployed return to work and are replaced by newly unemployed. (Each
year, 95% of those who were unemployed last year return to work and the remaining
5 % become unoccupied. The appropriate unemployment rates are then applied
again:
1951-1970: 0.95 per cent
1971-1980: 2.9 per cent
1981-2001: 5.5 per cent
- Retirement
Per cent of households aged 50 to 64 who are rises by 0.5 per cent each year,
reaching 30 per cent by the end of the period.
Those still working at 65 retire and their income halves.
- Growth: incomes grow at 2 per cent a year.
See example in Box A4.5.
Phone adoption spreads through personal networks (subject to affordability if desired): if a
neighbouring household within the appropriate social reach has a phone (and if the household
can afford a phone if an income threshold is applied), then that household adopts. Once adopted,
the phone it is kept.
Data collected : graphs drawn and date sent to csv file at end of all runs.
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Box A4.4: Demographic pseudo-code.
Initialisation
Allocate ages
Divide population into 3 broad age groups and then divide each age group into narrow bands
of roughly equal size. Allocate age up to 75 randomly within groups.
Allocate marital status, then divide singles between one person households and multi-person
households.
Execution
Existing households changed.
Households age.
Mortality rates applied.
Widow rates applied to those 40 and over and widowed households become one person
households.
Some single households under 60 combine into multi-person households.
Divorce rates applied to under 60s: divorcing households split between one-person and multiperson households.
New households created
Population counted and new households created to bring the total back to 1 000.
New households are distributed randomly and aged 25.
A proportion of new households become single and some of these singles become one
person households.
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BoxA4.5: Example of changing income.
The income figure is an index number, with 1 taken as the average in 1951. The example is a
household comprising a married couple with the husband aged 25 in class C on average income
i.e. an income of 1 in 1951.
Event
1971: wife starts work and her
contribution is 25 percent.

Income
1.98

1991: husband reaches 65

1.47

1996: husband dies

1.22

2001

1.35

Calculation
Given the cumulative growth rate of 2 percent a
year, the household’s income will have
20
increased to 1 x 1.02 = 1.49
The wife working raises the household’s income
to 1.49 / (1 – 0.25) = 1.98
Income has grown at 2 percent a year to reach
20
1.98 x 1.02 = 2.94
Retirement halves the income to 1.47
Given the cumulative growth rate of 2 percent a
year, the income will have risen to
5
1.47 x 1.02 = 1.63
The income is reduced by the wife’s contribution
rather than the husband’s as the widow will
receive a pension. The income will then be:
1.63 * (1 – 0.25) = 1.22
Given the cumulative growth rate of 2 percent a
year, the household income will be
5
1.22 x 1.02 = 1.35.
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Figure A4.3: Screenshot of the phone adoption model.

Things to try using the Phone Adoption Model
Test the sensitivity of the results to the assumptions using the various sliders to answer
questions such as:


What would have happened had there been less economic growth?



What is the effect of setting the income threshold to zero?



What if the personal networks were bigger? Or smaller?



Does more social shifting increase adoption?

Advanced, requiring programming
The model is essentially an infection model. Change it to an influence model i.e.
requiring more than one member of a personal network to adopt before the household
adopts.
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