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Abstract

Empirical evidence for the UK shows that almost all individuals without access to
financial service accounts are not in work. But amongst the total population of those not
in work, the economic and social characteristics, such as age, income, gender and
geographical location, of those with and without financial service accounts are very

smilar.

We set up a theoretical model based on graph theory to see to what extent it is possible
that the different social networks of individuals can @ntribute to whether or not they
have accounts. Using abstract but nevertheless realistic characterisations of networks,
we find that the composition of the group from which an individual is willing to take
advice on financial services can exercise a strong influence on behaviour. Individual
agents without accounts tend to have a much higher proportion of individuals also
without accounts on their particular social networks than does the population as a whole.

This result is supported strongly by empirical evidence

1. I ntroduction

This paper condders the agpplication of grgph theory to the issue of individud agents who
do not have access to financid services. In other words, these are agents who do not
have an account with any financid inditution. Using the current policy jargon in the UK

and Europe, we examine the question of socid excluson from financid services.

The moativation for the paper arises from the characterigics of those individuds without
financid service accounts ( ‘the excuded ) described in Meadows and Ormerod [1].
Informetion is provided on aound 42,000 individuds in the 1997/98 Family Resources
Survey and 3400 individuds in the Office of Nationd Staigics Survey in March and
April 2000. A characteridic shared by \irtudly every single exduded individud is thet
he or she is not in work. This covers a wide range of circumstances, such as the
unemployed, the retired, and thase on invdidity benefit.



Standard logidic regression is used on the whole sample of dl individuds not in work for
both surveys separady, to examine the extent to which the possession or otherwise of a
financia services account can be explaned by differences in economic and socid
characterigtics of these individuds such a age, income, gender and geographicd
location.  In common with previous dudies of this quesion (for example [234] ),
Meadows and Ormerod find that logisic regresson modds have only wesk leves of
explanatory power. In other words, other factors are required in addition to the socid and
economic characterigtics of the individuasin order to account for financid excdlusion.

This paper offers a theoreticd modd which andyses excluson from financid services on
the bess of the socd networks, or grgohs which connect individud agents It is
postulated that the decison of an agent whether or not to dat a financid account is
influenced by the recommendetions of other agents whose opinion the agent vadues on
this matter.

Such agents can be thought of as being connected on a graph. A grgph is a collection of
points or vertices with lines or edges, connecting pars of them. Empiricd andyss of
other types of socid network suggest quite dearly tha their properties require the
individud agents in the network to be connected in non-random ways. Wilmott etd. [5]
and Foder . d. [6], for example report findings on friendship networks, Waits and
Strogaiz [7] the connections between movie actors, and Davis and Greve [8] the
interlocking structure of membership of corporate boards.

Section 2 of the paper s&ts out the basic theoreticd modd. Section 3 describes a range of
different topologies by which agents might be connected. Section 4 describes the results
from rumning the modd on thex different topologies, detaling the effect on the
percolation of financd sarvices amongs individud agents.  Section 5 s out the
conduson.

2. Thetheoretical mode



The empiricd evidence suggests that dmogt dl agents without access to financid
services are not in work. But the economic and socid characteridtics of dl individuds not
in work provide only a low amount of power in discriminating between those with and
without accounts. It is therefore not unreasonable in this context to assume that the n
individud agents who populade the modd have ideticd sodd and  economic

characterigtics.

The empiricd importance of sodd networks in determining whether or not an individud
not in work does or does not have an account is summearised in Table 1.

Table1: USE OF FINANCIAL SERVICESBY FAMILY AND FRIENDS
(non-wor king sample)
column percentages

Use of accounts by friends Proportion of Proportion of people
and family people who have who do not have
accounts accounts

All or mogt have accounts 87 38

Some have accounts 6 26

Few or none have accounts 2 14

Don't know 6 21

TOTAL 100 100

Source: ONS Omnibus Survey March/April 2000

The null hypothess that the use of accounts by family and friends is the same between
those who do and do not have accounts is rejected very decisvely.

In the modd described here, the only factor which determines whether an individud  will
decide to st up an account is a recommendation from another agent whose opinion he or
she respects on this matter. In other words, we abstract from differences between agents
socid and economic characteridics. Further, we dbdract from the supply Sde of
financid services, and assume that an agent who applies for an account is automaticaly
given one.  This is not completdy redidic, but the purpose of this paper is to see how
paterns of finendd exduson can aise purdy on the bass of the flows of information
(recommendations) between agents.



The agents in the modd are connected to each other by a network, and differ only in
terms of the compogtion of the network. An agent is connected only to those agents
whaose opinion is taken into account in deciding whether to have afinancid account.

In terms of the forma mode, an agent can be in one of two dates of the world. He or she
can ether not have an account (date 0), or have an account (Sate 1). To begin with, dl
agentsare in gate 0, and an individud is chosen a random to moveto sae 1.

The modd then evolves in a series of discrete seps.  In each sten an agent is drawn at
random to congder whether or not to change his or her date of the world. If the agent is
in date 1, he or she remains in date 1, and the modd moves onto the next sep. An
implication of this is that agents never move from date 1 back to sae 0. Whilg this is
not a completdy accurate description of redity, it is nevethdess a vey good
goproximation to it. Once someone has an account, it is rare to move back to not having
one

If the agent is in dtate O, the agent examines the dae of the k individuds whose opinions
he or she respects in this maiter. At any particular sep of the solution, m of these will be
in date 1, where 0 £ m £ k. The agent decides to move immediatdy to date 1 with
probability m/k. The mode then proceeds to the next step, where another agent is drawn
a random to decide. The draw is done with replacement.

The modd evolves sep by sep until 90 per cent of dl n agents in the modd are in date
1 Around 90 per cett of dl individuds out of work in the UK have financid accounts
[1], in other words are in gae 1 of the world. Due to the randomness in the generation of
catan types of networks which connect individuds it may not be possble for 90 per
cent of the agentsto end up in sate 1. Solutions where thisis the case are ignored.

For each kind of nework, a large number, S, of segparate solutions of the modd ae
obtained, and the properties of these S amulaions examined.



3. Network Topologies

Our moativation in the paper is to explore the posshility that the socid networks of
individuds can be important in determining whether or not agents have financid sarvice
accounts.  The phrae 'socid network' in this context does not, of course, mean the
gened network of family, friends and acquaintances. It means the specific group of
people whose opinion an individud tekes into account in deciding whether or not to take
up afinancia account.

We st out firg of dl three examples of networks which can be thought of as
benchmarks with which to compare others, the discrete, the completely connected and the
random network. The discrete and completely connected networks are in fact specid
cases of the more generd random network, and can be described briefly.

3.1 Discrete Networ k

Agents can be connected by a wide range of different networks. At one extreme, we
might imagine a network with no connections a dl. In this world, no agent pays
attention to the opinions of any other, and there are no interactions.

3.2  Complete (or Fully Connected) Network

At the other extreme, agents might be connected by a network which links each agent to
every other agent. In the fird step of any particular solution of the modd, one of the n
agents is chosen a random to move from date O to date 1. So in the second step,
providing this same agent is not the one chosen agan, the agent chosen consders the
date of the world of al other agents and observes that just 1 out of the other nl agents
has an account. This agent will therefore take up an account with probability 1/(n - 1).

It is obvious that with this kind of geomery connecting the agents dl agents will
eventudly end up in date 1.



3.3 Random Network

Of more generd interest is the case of a random network. In this case, each of the agents

is connected to any other agent with a fixed probability, p. If agent i is connected to
agent |, this means that agent i takes account of j's opinion in deciding whether to move
from state O to State 1.

In a random network, if agent i is connected to agent j, agent j will not necessaily be
connected to agent i. Indeed, | will be connected to i with probability p. This seems to be
a more redidic property of a network in this context than the assumption that if i pays

attention to j, j will necessxily ligentoi.

It is essy t0 e tha as p gpproaches zero, the random network becomes increasngly
amilar to the discrete network, in which no connections exig a dl. As p gpproaches the
vaue of one, the random network becomes like the completely connected network.

A forma way of expressng the difference between networks is by the dugering
coefficient [7]. The dudering coefficient for an agent is the fraction of totd possble
connections between its neighbours that actudly exis. In other words the custering
coefficient measures the degree of overlgp between the sets to which agents ae
connected. For example, if agent a is only connected to b and ¢, then the totd number of
possible connections between ds neighbours is 2 (b connected to ¢ and ¢ connected to b).
If bisconnected to ¢ but ¢ isnot connected to b then a's clugtering coefficient is 0.5.

The clugering coefficient for the network, C, is the average of dl the agents cludering

coefficients. So for the completdy unconnected network, C = 0. For the completdy
connected network it is 1, and for the more genera random network it isequd to p.

34 Small World Network



As noted in the introduction, random networks have been sudied intensvely, and they
have empiricd application. However, in many soda contexts they lack an important
agect of redity. The probability of two agents being on the same sodd network is
usudly higher if they are both connected to the same third agent, then if they are not. If
agents i and j are both connected to agent k, the probability of i and j being connected is
higher than if they were not connected to k. The dudering coefficient of a random
network is p, the probability of a connection exiging from any given agent to any other
given agent, but in many socia contexts the clustering coefficient is greater than p.

Watts and Strogatz [7] introduced the concept of a smdl world network in 1998. . An
illugrative smdl world network is shown bdow. There are a number of variants of the
amadl world concept, but Figure 1 illugtrates the main festures.

Small World Network with 10 Agents
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Figure 1

In a smdl world network, the agents are initidly aranged in a ring with every agent
being connected to k agents on each side of it (in the figure k=1)'. The agents either side
of any given agent can be thought of as his or her immediate neighbours in a socid
context, or the agents to which he or she fedls closest.



Figure 1 is plotted with k = 1 for ease of graphicad expostion. However, in the case
where k = 1, the dudering coeffident is zero. Agent 5 in Fgure 1, for example is
connected to agents 4 and 6. In theory, agent 4 could dso be connected to agent 6, and
vice varsa.  But with k = 1, none of these links exigt, and hence the dudering coefficient
is zero. It is agpparent, however, that if k > 1, the dudering coefficient becomes
decidedly nonzero. If k = 2, for example, agent 3 would be connected to agents 1, 2 , 4
and 5. Agent 2 would be connected to agents 10, 1, 3 and 4. The dudering coefficient is
05. In generd, each agent is connected to 2 k other agents and the clustering coefficient
isequdto 3* (k-1 /(2* (2k - 1)), (provided the totd number of agents is greater than
2k) so that C increases as k increases.

Fgure 1 illudraes an example of an important extenson of the smdl world concept.
The agents are placed on the ring, and with a given probability p, each connection is
randomly rewired. In other words, the connection from an agent to its immediae
neighbour is removed, and a random one replaces it.  So, for example in figure 1, the
connection from agent 1 to agent 10 is removed, and a random a connection from agent
7 is insarted to agent 10. Agent 10 therefore pays attention not to agents 1 and 9, its
immediate neighbours, but to agents 7 and 9.

An dterndive extenson is to meke further connections across the ring without removing
the immediate connections  Agent i will be connected to agent m, which is not me of its
k-nearest neighbours, with probability p. In this context, the andyticd interest is in how
many further connections need to be added for the network to approximate that of a
completely connected network - a ‘'smdl world in which everyone is connected to
everyone e

Smdl world networks are a fascinating and important set of networks.  However, a
potentiadl drawback of the concept is that for k > 1, the dugtering coefficient of the initid
network is high. For some red world networks this might be desrable  Defining
Hollywood movie actors as being connected if they have gopeared in the same film a

! Moore and Newman [9] examine networks in which not all agents on the ring are connected initially.



clugering coefficient of 0.78 is found [7]. A dudy of friends, rdatives and neighbours in
the UK [6], however, found a dugering coefficient of only 0.34, and cited severd other
amilar kinds of study in which coefficients of between 0.16 and 0.44 were reported.

The dudering coefficdent can be reduced for smdl world networks once random
connections are introduced, with the number of locad connections being reduced pro rata
By way of illudration, consder a sndl world nework of this kind populated by 100
agents, each connected to the two nearest neighbours on eech sde (k = 2 in the context of
the discusson aove). The vadue of Cis 05. Seting the probability, p, to 10 per cent
that agent i is not connected to agent j, where these are near neighbours, but is instead
connected to another agent a random, results from smulations of the network give a
clugtering coefficient which averages around 0.37.

4. Results of the theor etical moddl

Our interest in the modd is to see to wha extent a socid network might influence
the financid exdudon of agents In any paticular Smulaion of the modd, each agent
gdarts off in state 0 (ie without an account), and an agent is chosen a random to switch
over to dae 1. The percolaion of agents into dae 1 is monitored, and the smulation
ended when ether the percentage of al agents in date 1 is 90, or the modd has gone
through 1000n solution steps, where n is the totd number of agents A 90 per cent
penetration of account holders was chosen because it represents redlity [1].

In those solutions in which 90 per cent reach date 1, we examine the date of the world of
the agents who are connected to those agents who remain in date 0. By carrying out a
aufficient number of independent solutions of the modd for any given socid network, we
obtain an edimate of the didribution of this outcome.  We ignore solutions which do not
reach the 90 per cent threshold for agentsin state 1.
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4.1 Discrete and Complete Networ ks

The outcome in both cases is obvious. In the discrete network, since there are no
connections between agents, no agents have neighbours with accounts and s0 the number
of agentsin sate 1 never increases above the one agent drawn a random in the first step.

For the completely connected network, since dl agents are by definition connected to dl
others, the answer is the same for dl agents Thus, for each agent in dae O, the
proportion of dl agents on his or her network which is dso in dae 0 is 10 per cent, and
the proportion in state 1 is 90 per cent.

This implies that if the sodd network is of this later kind, it can play no role in
explaning wrether or not agents remain in sate O once we place it in a more generd
setting dong with the socia and economic characteristics of the agents.  The network of
each agent in sate O isidenticd for dl such agents.

More importantly, if the reevat networks gpproximate the properties of a completey
connected network rather than being absolutdy identicd, a network effect is unlikdy to
offer much explanatory power. Such an outcome would arise, for example, with a random
nework with a high levd of p or with a smdl world networkwhere the totad number of
connectionsis very high.

4.2 Random Networ k

In the case of the discrete and completdly connected networks, the results can be obtained
by smple logic. With other kinds of networks, however, adytica results are ether very
had or impossble to obtan. We therefore rdied upon computer smulations of the

modd.

The precise outcome will of course depend upon the particular specification of the
network. In this case we st the probability of agent i being connected to agent j a 0.05.

1



In other words, any given agent is connected to, on average, 5 per cent of al agents in the
modd.

A smdl number of smulations were caried out with 10,000 agents and compared to
those obtained with just 100 agents. The results scde linearly, so for ease of computation
in these and subsequent results reported we used 100 agents.

Once 90 pea cent of agents are in dae 1 in any paticular smulation, we can then
condder those that remain in sate 0. In genera we find that the agents to whom those in
date 0 are connected have the following propertties.  Fird, the proportion of agents to
which a date 0 agent is connected who are in date 1 is less than 90 per cent. And,
second, the proportion of those agents in state O is in genera more than 10 per cent. In
other words, there is a ceatan amount of potentid explanatory power of the socid
network in this case. Those who remain in sate O tend to have more neighbours in State
0 thanisimplied by the population average, and fewer in date 1.

We peformed 500 smulaions of random networks with 100 agents with an average of 5
connections per agent. We cdibrated the percentage of a non-account holding agent’'s
acquaintances (ie those to whom the agent is connected) who have accounts, so that
“few” is if less than or equd to 25% of the acquaintances have an account; “some’ is if
greater than 25% and less than 75%; and “many” is if greater than or equa to 75% of the

acquaintances have an account. The results are:

» 5% of agents without accounts have few acquaintances with accounts
> 21% " " have some acquaintances with accounts

> 4% " have many acquaintances with accounts

By contradt, in a completely connected network, all agents without accounts have 90 per
cent of acquaintances with accounts and 10 per cent without. In other words, dl agents
without accounts have 'many’ acquaintances with accounts. In the random network in
this example, only 74 per cent fal into the same category.



This difference in the properties of a completely connected and a random network is not
dramédtic, but it is a very important one conceptudly. It illudraies the posshility that a
key reason why certain individuds do not teke up financid sarvices is because of ther
socd networks or, raher, the networks of individuds from whom they are willing to teke
advice regarding financid services.

This property emerges much more clearly in a more redidic geometries, namdy that of
asmdl world network.

4.3 Small World Network

We explored a number of different specifications of this topology, and report here the

results for one which generaies an outcome dmilar to the empirical evidence st out in
Table 1.

Each agent is initidly connected to its four nearest neighbours (two on each sde round
the ring), with a probability p = 02 of rewiring, we have a nework with a smilar
clugering coefficient to [8] and each agent has 4 acquaintances. Peforming 500
gmulaions of the modd and examining the acquaintances of those without accounts we
find:

» 57% of agents without accounts have few acquaintances with accounts
» 26% of agents without accounts have some acquaintances with accounts
» 17% of agents without accounts have many acquaintances with accounts

We can see tha the reaults are different to a random network. In the random network, the
digribution of numbers of acquaintances (of people without accounts) with accounts was
skewed 0 that the people without accounts had a high proportion of acquaintances with
acoounts  For the amdl world network, there is a much higher proportion of agents who
have ether few or some acquantances with accounts, and correspondingly, a much lower
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proportion of agents who have many acquaintances with accounts. This suggests that the
type of socid network can have alarge influence on the ditribution of account holders.

In fact, comparing these numbers to Table 1 (after removing the “Don’t know’s from the
ddidics), the numbers are amilar. From Table 1, the percentages for mogt, some and few
friends and family having accounts are 48%, 35% and 18% repectivdy. Thee ae
clearly smilar to the 57%, 26% and 17% from our modd.

5 Concdlusons

Empiricd dudies of people with and without finencid accounts find that a common
characteridtic of amos everyone without an account is that he or she is not in work.
Apat from this however, ddidicd modds which atempt to diginguish between those
with and without accounts on the bass of the socid and economic characteridtics of
individuas have only alow degree of explanatory power.

In this paper, we st up a theoreticd modd which examines the potentid impact of socid
networks on socid exduson from finencd savices In other words, we investigate
whether the social network of an individud can in princple afect the decison or

otherwise to take up afinancid services account.

The modd is ddiberatdly abdract, and in order to focus on the role of networks, the only
reason in the modd why an individud tekes up a financid service account is on the bads
of whether or not the people from whom the individud is willing to take advice on this
matter themsdves have accounts  The higher the proportion of such agents with an
account, the higher the probability of any given agent without an account acquiring one a
any point intime.
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The =t of people from whom any given individud will teke advice will often be
completdly different for different people, and the networks which we examine reflect this
fact.

Even in a nework in which the connections between individuds ae purdy random, we
find that the outcome permits an influence of the socid network on the date of the world
of any individud, that is whether or not he or she has an account. Those without
accounts tend to have a higher proportion of agents on their networks dso without
accounts than istypical of the population asawhole.

This finding is much dearer when a more redidic type of geometry connecting agents is
conddered, namdy asmdl world network.

In summary, the network of individuds from whom any given agent is willing to take
advice on the decison whether or not to teke up a financid services account can in
principle have a powerful afect on the outcome and hence on the persstence of socid

excdugon from financid sarvices.
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