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New Communication Technologies and Travel

Draft Chapter 3: The Micro-Macro Debate and

Social Simulation Models

In the Introduction, it was claimed that agent-lobbsedels could bridge the gap between
micro and macro. This Chapter explains that clabection 3.1 summarises the
sociological micro-macro debate and Section 3.Bthices the concept of emergence.
Section 3.3 describes the key features of agemebasodelling and how it relates to
emergence. Section 3.4 presents a simple exampén aigent-based model. Finally,
Section 3.5 introduces macro, top-down system dyeceamodelling and compares it with

agent-based modelling.

3.1 The Micro-Macro Debate

Microsociology “is the detailed analysis of whaopk do, say, and think in the actual
flow of momentary experience” (Collins, 1981) aratudses on “social interaction and
communication” (Blau, 1987: 71). Macrosociologytie analysis of large-scale and
long-term historical social processes, dealing wibhcepts such as class, organization,
state, economy, and society (Collins, 1981: SawyflQ)5: 210). Macrosociology
“analyzes the structure of different positions irp@pulation and their constraints on
social relations. The focus is on the external tltons of the social environment on

people’s relations” (Blau, 1987: 71).
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Elias (1970/1978: 129) argued that the individuatl aociety are “two different but
inseparable levels of the human world” and Colljh881) illustrates the micro-macro
spectrum as a continuum in time and space. Fig@mmarises his analysis: the time
period under consideration varies from secondtdusies; the space from that occupied
by a single individual to a ‘territorial societythe lower and further left, the more micro;
the higher and further to the right, the more madgitee micro-macro question is how to
bring together analysis of activity at the bottoeft-hand corner of the diagram with

analysis of activity at the top right-hand corner.

Fig. 3.1: Summary of Collins (1981) view of microg-macro spectrum
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Ritzer & Goodman (2004: 483-536) distinguish betw#e micro-macro duality and the
agency-structure duality on the grounds that th#fgrdn their theoretical roots and that
the micro-macro duality provides a vertical hiergre- micro at the bottom, macro at the
top and meso in between — while the agency-strectiwality does not “since both
agency and structure can be found at any leveloofak analysis”. So, for example,
Coleman, Collins and Elias are characterised asoammacro writers while Giddens and
Habermas are placed in the agency-structure carmopeter, for the purpose of this

thesis at least, the distinction is not, in my viawportant.
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Attempts at bringing together the micro/agency &nhd macro/structure duality are
discussed below, starting with Coleman and theeflgrcovering Giddens, Collins and
Habermas before going on examine the claims tleatiéibate has been overtaken by the
arrival of the networked society.

In the 1960s Coleman noted that by observing tkeractions of many gas molecules,
scientists derived Boyle’'s Law that described aggte behaviour and reasoned that
social scientists could do the same, moving frodividual behaviour to group behaviour

(Smith, 1997: 52). Smith goes on:

“The issues involved in addressing this problemsaitewith us and remain at the
heart of the so-called micro-macro problem in datieory”.

Coleman argues that “the proposition system begintsends at the macro level, but in
between it dips to the level of the individual” @8 8) which is the only place that action
occurs because:

“the system level exists solely as emergent praggedharacterizing the system of
action as a whole. It is only in this sense tha&rehis behavior of the system.
Nevertheless, system-level properties will reswg propositions may be
generated at the level of the system” (1994: 28).

He identifies “three kinds of components to anyotlyein which system behavior derives
from actions of actors who are elements of theesy$({1994: 11):
Type 1: macro-to-micro: structure to individual:

“the rules of the game, rules which transmit conseges of an individual’s
action to other individuals and rules which deriwacro-level outcomes from
combinations of individuals’ actions” (ibid: 19).

Type 2: micro: individuals’ action:

“gives rise to different systematic behavior — tisatdifferent social phenomena —
when located in different social contexts whenedight persons’ actions combine
in different ways” (ibid)

Type 3. micro-to-macro: individuals’ effect on stture.
Thus in Coleman’s view of the world an apparenatiehship between two observed
macro level phenomena is underpinned by micro lelelracteristics and action as
illustrated in Fig. 3.2 (based on his 1994: 8, Hig). Coleman is criticised for the fact
that the arrows flow in only one direction, notoaling feedback (Ritzer & Goodman,
2004: 491).
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Fig. 3.2: Coleman’s example of micro-macro interagbns
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In The Constitution of Societlt984), Giddens presents his theory of ‘structorat He
defines a ‘social system’ as having three basimeigs:
“Structure(s): rules and resources or sets of toammation relations, organized as
properties of social systems” and “out of time apdce”

“System(s): reproduced relations between actorsatlectivities, organized as
regular social practices” or “comprise the situatadivities of human agents,
reproduced across time and space”

“Structuration: conditions governing the continuatlytransmutation of structures,
and therefore the reproduction of social systerfi®84: 25)

Giddens continues:
“Analysing the structuration of social systems nwesiudying the modes in which
such systems, grounded in the knowledgeable aesvif situated actors who

draw upon rules and resources in the diversityatiba contexts, are produced
and reproduced in interaction”.

There is a duality, he asserts: “the structurapprties of social systems are both medium
and outcome of the practices they recursively dmgdnHowever, as demonstrated by
these quotes, his explanation of his theory is wtesdGilbert (1995: 147) suggests that
Giddens is arguing that:

“human action is both constrained and enabled loiaketructures, for this is the
medium through which action is performed. Struciarat the same time both the
outcome of knowledgeable human conduct and the unedhat influences how

conduct occurs”.

Given the wide scope of his theory and its laclkclafity, not surprisingly it has been

widely criticised (see for example, Craib, 1992).
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Collins (1981) proposed linking macro and microotigh what came to be labelled as
‘situationalism’. Institutions are made up of pemphnd thus interacting with an
institution means interacting with people and thonscro levels of interaction are not
between individuals as isolated social entities, Ibetween individuals considered as
bearers of the affairs of larger social units” battmicro and macro are linked through
“interaction ritual chains” (1981, 1987). Collinsdentifies (1987: 196) the
“mesostructure’, the network of repeated encowgitefhe idea of a mesostructure fits
with “classical sociological theory” which “has frothe very beginning....incorporated
the notion of a middle level of social connectedngmt generates both individuals and
institutions” (Rawls, 1992).

Habermas, too, acknowledges that interacting wagtitutions means interacting with
people but builds on it differently. He sees “socias a system that has to fulfil
conditions for the maintenance of socioculturaéwibrlds” where the lifeworld is “a
context forming background of processes of reachimgerstanding” by communication
(Habermas, 1987: 126 & 151-2). Essentially, inltfeavorld, people interact with people
as people, for companionship and emotional supfiad.the basis of personal life. This
contrasts with interacting with people as represtérds of the state and the economy, the
‘system’, when interactions are task-driven andcfiomal (Myerson, 2001: 30; Edgar,
2006: 89).

However, this micro-macro view of the world is nbwing directly challenged by those
who argue instead that as a result of new commtiorsatechnologies, the social world
should be seen as intersecting networks. Castaiisea (2000: 500) that “networks
constitute the new social morphology” because efrbw information technology has
made information “the key ingredient of our so@ejanization” and “flows of messages
and images between networks constitute the basadhof our social structure” (ibid:
508). And Meyrowitz (2004) argues that:
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“external perspectives are no longer minimal. Tésl@pnsciousness of self and
place is unusual because of the ways in which Weéuons in communication

and travel have placed an interconnected globalixnater local experience. We
now live in “glocalities.” Each glocality is uniqua many ways, and yet each is
also influenced by global trends and global consaness.”

Furthermore:

“The media-networked glocality also affords the gbdity of having multiple,
multi-layered, fluid, and endlessly adjustable ssn®f identity. Rather than
needing to choose between local, place-definedtitteshand more distant ones,
we can have them all, not just in sequence buvénlapping experiences.”

He concludes that “We are witnessing both macretlBemogenization of identities and
micro-level fragmentation of them”. Yet, as notaddhapter 1, Simmel (1922/1955: 140-
2) argued long ago that the many different groupsnaividual belongs to in effect

defines an individual's identity. Thus Meyrowitzpsars to be saying that this effect is

stronger than in times past and not so tied toipalkcation.

Wellman (2000: 7.5) makes much the same point, idiggan the gemeinshaft-gesellshaft
dichotomy:

“Since the Agricultural Revolution, community hasditionally been based in
agricultural villages/towns, itinerant bands, amtam neighbourhoods. People
walked to visit each other in spatially compact atehsely-knit communities.
These communities were bounded, so that most oakltips happened within
their gates rather than across them. They weraewdssarily immobile, but even
in big cities and trading towns, much intercourteyed within neighbourhoods.
Most people in a settlement knew each other. Theyewimited by their
footpower in whom they could contact. When theytet someone, much of the
neighbourhood knew who was going to see whom. GCbntzas between
households as much as between individuals, withstretion - or at least the
awareness - of the settlement.”

Like Meyrowitz, Wellman sees digital technologiesulting in a fundamental change in
that connections are now made between people rdtharplaces. Wellman argues that
this weakens “attachment to the family or workgroligt inhabits that place” because in
the place-based, gemeinshaft society people inegtagith one group at a time whereas
in a computer supported social networked, gesdtisoaiety there is much greater scope
to move between social circles (2000: 8.3). Howgetleg recent development of social
networking websites such dsacebook(www.facebook.com) bring together different
social circles, allowing them to overlap in a wagt rpreviously seen, the opposite

direction to that supposed by Wellman.
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Urry (2003a: 122) has taken this further, arguihgtt‘there is no ‘structure’ and no
‘agency’, no ‘macro’ and no ‘micro’ levels, no ‘seties’ and no ‘individuals’, and no
‘system world’ and no ‘lifeworld™. Instead, he saythere is ‘relationality’ brought about
“through a wide array of networked or circulatiregationships that are implicated within
different overlapping and increasingly convergenaterial worlds”. There is, he
proposes, a “global interdependence” with no tengetowards equilibrium but
containing “pockets of ordering” and “global frat$’, the irregular but strangely similar
shapes that are found in very different scalessactioe world, from the household say to
the UN”. These pockets form “the strange attraofoglocalization” (ibid: 86, 102-103).
Using the language of ‘complexity theory’ — suchhés reference to strange attractors —
Urry appears to be arguing both that world has ghdnand that complexity theory
provides a new ways of looking at the world.

The extent to which the ‘world has changed’ duenéw technology is discussed in

Chapter 8. I now turn to the discussion of compiettieory and emergence.

3.2 Emergence

The key difference between the micro and the magews is whether society has
properties that are not just the sum of individuaigheir actions i.e. whether there is
emergence. However, the term ‘emergence’ has bseth in many ways (Sawyer, 2005:
3; Cederman, 2005), and often loosely (see for @katdrry (2003a: x) — quoted above —
who admits he uses the terms qualitatively “withattempts to apply the mathematics of

chaos and complexity”). So | shall start by clantythe terminology.

It is generally recognised that J.S. Mill first idiéied emergence in hisogic, which was
first published in 1843. Given this, together witie clarity with which he expresses the
ideas, | make no apology for setting out his posiit some length.
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Borrowing from mechanics, Mill identified what halled ‘the Composition of Causes’
in which:

“one cause never, properly speaking, defeats strates another; both have their
full effect. If a body is propelled in two directis by two forces, one tending to
drive it to the north and the other to the east ¢aused to move in a given time
exactly as far in both directions as the two fornwesild separately have carried it;
and is left precisely where it would have arrived had been acted upon first by
one of the two forces, and afterwards by the ot(idill, 1843/1973: Book Ill, Ch
VI, 370-371)

In contrast, chemical reactions, Mill suggestedrafe differently:

“The chemical combination of two substances produes it is well known, a
third substance with properties different from tas$ either or the two substances
separately, or of both of them taken togetherd(ibi

Thus for ‘mechanical’, but not ‘chemical’ caused|llgays:

“we can compute the effects of combinations of eapswhether real or

hypothetical, from the laws which we know to govénnse causes when acting
separately; because they continue to observe the &avs when in combination

which they observed when separate” (ibid).

In conclusion:

“This difference between the case in which thetjeiifect of causes is the sum of
their separate effects, and the case in whichhetsrogeneous to them; between
laws which work together without alteration, andidavhich, when called upon to
work together, cease and give place to others;ne of the fundamental
distinctions of nature” (ibid: 373)

In modern parlance, Mill's mechanical process cardéscribed as reductionist, because
the whole can be ‘reduced’ to its components. Otkgters have invented their own
terminology. For example Smith (1997:58) uses #rent‘aggregative’. Cilliers (2000)
talks about complicated processes which can hauweymstages but the relationships
between them are fixed and can be defined by rules.
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In contrast, the chemical mode can be describednsrgence and is now intimately
connected with the idea of non-linear, dynamic, plax systems (see Goldstein, 1999).
Cilliers (2000) says that complex processes are:

“constituted through a large number of dynamic,-hinear interactions.....Living
things, language, cultural, and social systemsadireomplex... complex things
have emergent properties, complicated things db not

Complex systems display emergent features arisingbinteraction and these features
are “neither predictable nor deducible from lowenucro-level components” (Goldstein,
1999).

It is worth briefly noting here the difference besn complex and chaotic systems.
Strogatz (1994: 3) defines chaos as occurring when

“a deterministic system exhibits aperiodic behaviwat depends sensitively on
the initial conditions, thereby rendering long-tgpnediction impossible”.

Chaotic systems are highly non-linear; equilibritsmmever obtained although irregular
aperiodic oscillations called ‘strange attractarah emerge. The weather system is the
classic example. While complex systems are alselinear, they are less sensitive to the
initial conditions than chaotic systems. Chaotistegns are then special cases of complex

systems.

How do these concepts apply to society? Mill, hosvewas quite clear that the chemical
mode did not apply to society: in Book VI of Hisgic (1843/1974: Book VI, Ch VII:
878) Mill wrote:

“The laws of the phenomena of society are, andbegmothing but the laws of

the actions and passions of human beings, uniggttier in the social state. Men,
however, in a state of society, are still men; rthestions and passions are
obedient to the laws of human nature. Men are wiben brought together,

converted into another kind of substance, witheddht properties; as hydrogen
and oxygen are different from water...Human beingsociety have no properties
but those which are derived from, and may be resbinto, the laws of the nature
of individual man. In social phenomena the Compasitof Causes is the

universal law”.

This is the micro-agency view that society is thenple’ sum of its parts. It is echoed
today by symbolic interactionists such as Goffma®8@3: 6) who argue that most of the

rules that frame society are created and maintdiinech below”.
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In contrast, Durkheim was the first sociologisttatk about emergence, although he did
not actually use the term (see for example, Saw3@05: 100-108). Durkheim’sui
generisargument is essentially that the interactions ebgte create society but that
society in turn shapes them:

“Because individuals form a society, new phenomenaur whose cause is
association, and which, reacting upon the consomass of individuals, for the
most part shapes them. That is why, although sod®tnothing without
individuals, each one of them is much more a prodficociety than he is the
author” (Durkheim, 1893/1984: 288 fn16).

Later Mead (1938, quoted in Mihata, 1997) said:

“When things get together, there then arises sangethat was not there before,

and that character is something that cannot bedstat terms of the elements

which go to make up the combination. It remainbdcseen in what sense we can
now characterize that which has so emerged.”

Echoing Mead, Gilbert & Troitzsch (2005: 11) say:

“Emergence occurs when interactions among objectsna level give rise to
different types of objects at another level. Momegmssely, a phenomenon is
emergent if it requires new categories to desciibghich are not required to
describe the behaviour of the underlying comporients

And Sawyer (2005: 98-99) adds:

“most social properties on the face of it seem teemthe criteria of non-
reducibility...most social properties are nonaggri#gatmany social systems are
not decomposable, most are not functionally loedlie”.

Examples of emergence can be found throughout Isegséems. Indeed, Gilbert (1995:
149) argues that societies as a whole are “besid®mred as emergent phenomena arising
from the interaction of social institutions”, defig ‘an institution’ as:

“an established order comprising rule-bound anddstedized behaviour patterns.
Examples include the family, tribes and other ailéties, organizations, legal
systems and so on” (ibid, 151-152).

These social institutions are examples of emerghehomena because their properties
cannot be identified with an individual. By way itiistration, Sawyer suggests (2005:
13) a ‘church’ (in the sense of an organisationt,anbuilding) is an example as “being a
church’ cannot be localized to any of the individuaelonging to the church”. Taking an
example from economics, corporations are similahat they are regarded as entities in

their own right in law, independent of their dire, shareholders and employees and

10
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with characteristics that are independent of thpseple, such as profit. At the most
micro level, a conversation could be said to bergerd as it arises out of the interaction
of at least two people and has properties thas@parate from those taking part, such as

duration.

Furthermore, people can observe and react to ememeperties. This reaction to
emergent properties in social systems has beerllddb&second-order emergence’,
‘intrinsic emergence’ or ‘immergence’ (Gilbert & ditzsch, 2005; 10: Cederman, 2005;
Sawyer, 2005: 172). This is an important featureagfial systems. Norms are generated
and maintained, ‘reproducing society’. Prices eradrgm the operation of markets and
people react to those prices resulting in changesupply and demand, changes in the
market. In terms of the subject matter of this gfudmmunication and transport, Sawyer
(2005:3) cites the traffic jam as an emergent featMore fundamentally, Root (2000:
439) talks about transport and communication modesting complex, non-linear

patterns that can create new social connectionse Mdl be said about this in Chapter 4.

Strogatz (1994: 8-9) explains:

“...linear systems can be broken down into parts.nTéach part can be solved
separately and finally recombined to get the ansBat many things in nature
don’t act in this way. Whenever parts of a systernerfere, or cooperate, or
compete, there are nonlinear interactions going Mast of everyday life is
nonlinear.”

It is therefore essential to be able to look atitmle system as well as the individual
components, the macro as well as the micro. As B8R6: 60) observes that if faced
with a “complex, critical system”:

“Studying individual grains under the microscopeesitt give you a clue as to
what is going on in the whole sandpile.”

By a ‘complex, critical’ system, Bak means a lasystem in which minor changes may
have major consequences (ibid: 1-2). The ideaas ithyou pour grains of sand into a
pyramidal pile, as the pile grows, landslides wiktcur. These landslides are
unpredictable and can be very large. This sort figdce is thought to underlie stock
market crashes (Gilbert & Troitzsch, 2005: 10)

11
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Simmel saw society not as a “substance,’ nothingceete, but an event” in which

“languages, social structures, norms, and convesitiare created through ‘societal
production, according to which all these phenoma&mnarge in interactions among men’
(Cederman, 2005 quoting from Wolff). Elias, toowsa process and coined the term
“figuration” to describe it. He said “If four peaplsit around a table and play cards
together, they form a figuration” (Elias, 1970/19/®)). The game is the outcome of the

interaction, figuration is “the changing pattereated by the players as a whole” (ibid).

Thus society should be seen as a dynamic, emesgmil phenomenon — i.e. with
characteristics independent of individuals — yeiated by the interaction of individuals.
As Elias (1970/1978:132) said “if sociology hasitwestigate figurational processes
resembling complex games, then statistical aidst ineisleveloped which will be suited

to this task”. Agent-based models appear to besush an aid and to these | now turn.

3.3 Introduction to Agent-Based Models

Agent-based models, however, can simulate emesgentties created by the interaction
of individuals. This Section explains in generahhihese models work (leaving detailed,
technical discussions to Chapter 5).

An agent-based (AB) model — strictly speaking, altragent-based model — is an
artificial world of heterogeneous agents in whiette agent can interact both with other
agents and with its environment (Gilbert & Troitas2005: 173). The interaction

between these agents generates complex, emerdeaida that can be compared with
macro phenomena (See e.g. Gilbert & Troitzsch, 20Q@512). AB models “explore the

simplest set of behavioral assumptions requiredgémerate a macro pattern of
explanatory interest” and implement Coleman’s v{eigcussed in the previous Section)
combined with emergence (Macy & Willer: 2002).

The agents themselves are models — that is, siogtidns — of actors in the sociological

sense. Usually, an agent represents a persorhdyutan represent a household, a firm or

12
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even a nation (Gilbert, forthcoming: 15). AccorditagWooldridge and Jennings (1995,
quoted in Gilbert & Troitzsch, 2005: 173) these rdge'typically” have “autonomy”,
“social ability”, “reactivity” and “proactivity”. Glbert (forthcoming: 37) and Macy &
Willer (2002) explain these terms as follows:
autonomy, in that there are no authorities telling agent what to do, rather the
agent follows the rules that are programntleey are self-organised
social ability: agents interact with one another example, influencing and
imitating
reactivity: agents react to their environment, stimes indirectly influencing one
another by changing their shared environment

proactivity: agents can take the initiative to uarsheir own goals.

These ideas are, however, rather difficult to impat. Gilbert (forthcoming: 37)
suggests instead agents have:
perception: agents “can perceive their environmeantluding other agents in the
vicinity
performance: agents have “a set of behaviours thay are capable of
performing” such as moving and communicating
memory of their “previous states and actions”
policy: “rules, heuristics or strategies” that detene what they do next. These
rules are simple. Macy & Willer (2002) point ouath

“we follow rules, in the form of norms, conventignmotocols, moral and social
habits, and heuristics. Although the rules may bigegsimple, they can produce
global patterns that may not be at all obvious amdvery difficult to understand.”

The key feature that differentiates AB models it timteraction between heterogeneous
agents is allowed, unlike microsimulation whichrpés heterogeneity but not interaction
and systems dynamics which permits neither. How rABdels work will hopefully

become clearer with the example presented in tkeSection.

13
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3.4 A Simple Example of an Agent-Based Model

This Section describes a very simple AB model desigo explore the take-up of fixed-
line phones. Following the modelling procedure @t in the Introduction, this Section
first sets out the observed phenomenon and the ttietathe theory and finally the model

and the results.

The Observed Phenomenon and the Data

Britain’s first public telephone exchange openetlondon in August 1879 to serve eight
subscribers. The first phone directory was issme#i880 and “contained details of over
250 subscribers” plus details of 16 provincial exupes (BT Archives, 2007). By 1882,
there was one phone for every 3,000 people in LonHg 1890, the ratio was up to one
in about 800 but it did not reach one per 100 ut®ib5 (Perry, 1977). However, these
numbers included business as well as private silessr In fact, examination of the 1880
Directory shows that virtually all the subscribersre businesses (Telephone Co., 1880).
However, the data series for households only siarts964, by which time 21.6% of
British households had fixed line phones. This petage peaked at 95% in 1999, after
which it started to drop as mobiles were substtUSO, 1994; ONS, 1998; ONS;
2007). Thus phones took some 80 years to spreadvimually no households to around
20% and almost 120 years to reach 95%.

Initially, there was limited geographical coveradaandon's first trunk line was not
opened until 1884 and it was not possible for Lorade to call “the Midland and
Northern Counties” until 1890 even though the firse to Paris opened in 1891 (BT
Archives: 2007) However, ‘a unified national phone system’ did betome available
until 1912 (ibid). Rural areas were not well cowkigend phones were concentrated in
London: writing in 1910, Casson (1910/2007) sayd thquarter of phones “are now” in
London and Perry (1977) reports that it was oneltim 1913.

14
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Perry (1977) suggests that this slow take-off was tb high price and the way the
nascent phone industry was regulated. Phones wpensive: in 1901 “When you could
employ a maid for £20 per year, having unlimitecdmd use for £17 per year did not
seem to be a bargain” (Perry, 1977). In today’s @yothis is equivalent to about £1,600,
but it is better to look at what else £20 could lmyhe late nineteenth century as you
could not employ a maid for £1,600 today. For exianim 1901 £20 would pay for the
postage of 4,800 letters (as it still cost only peany to send a letter and there were 240
pennies to the pound). In 1885, the United Phonmgamy (1885: xiii) answered the
complaint that the rental charge of £20 a year wwashigh by comparing it to £24 that
was charged in Paris and Boston, £25 in Chicagdatwleen £32 and £42 in New York.
But the pricing structure was complex too and oftlspended on distance from the
exchange (United Telephone Co., 1880: 5-6: Natidredéphone Co., 1891: 6, 11). It
was, however, not necessary to have a phone at tomeake a call: public phones were
available from 1886 (BT Archives: 2007). This fé#eiled making phone calls to

businesses but not receiving them or making petsgerson social calls.

The Theory

This simple AB model focuses on just two importeators that underlie the adoption of

phones: the network effect and affordability.

The network effect.In his seminal paper Bass (1969) argued that éxXoefirst
adopters, take-up of new “generic classes of pristijas opposed to new models
of older products) is related to the number of mes buyers. If the new product
happens to be a link to a communication networks #ffect is particularly
important. Metcalfe’s Law “is said to be true ofyatype of communications
network” and states that “the value of a commuiocat network is proportional
to the square of the number of its users” (Briseb@l: 2006). Essentially “the
idea is that a network is more valuable the mogplgeyou can call” (Briscoe et
al: 2006). Fischer (1992: 262) noted that when pkomere introduced in the US
they were used “to widen and deepen existing s@atkrns rather than to alter

them”. Valente (1996) argued that there are twagsses at work: one reliant on

15
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the “entire social system” and the other on “aniiitial’'s personal network”.
The first is a matter of following changes in stgig general, such as opinion
leaders who are not personally known, while thesotmplies that an important
determinant of phone adoption is whether your fgrard friends, that is, those in
your ‘personal network’, already have phones. T$idiscussed in more detail in
Section 4.3.)

Affordability. Initially, only the better off could afford phonels the US “the
more affluent households were the earliest subsaib(Fischer, 1992: 261). In
Britain, adoption was led by the aristocracy: Qu¥@toria was an early adopter
(Casson, 1910/2007: 86). They were followed by kasland others in the City of
London (Casson, 1910/2007: 86; Telephone Co. L880). Brief examination of
nineteenth century directories suggests that phaspsad to homes from
businesses, at least partly as a result of dissobaing given to owners of
businesses who had phones at their work placesgfehe Co. Ltd, 1880; United
Telephone Co. 1880 & 1885).

The Model and Results

In this case, let us assume agents represent tadsednd try to create an analogous
model. There are assumed to be 10,000 agents.gX¥dat number is not important as
long as it is large.) Furthermore, these agentsdafided into two types: ‘Blues’, who
represent the affluent early subscribers and ‘G'eemho represent the rest of the
population. The agents are randomly distributesdsscitheir ‘world’ but the Blues are
confined to one quadrant to reflect their geogrepmd social proximity; while the
Greens are spread randomly throughout the wholédw@m each run, the agents are
distributed differently.

The size of each agent’'s personal network of fanamy friends is defined by the
‘personal network radius’. This radius is the sdoreall agents on each run although it
can be changed between runs. Nevertheless, eaoh iagenique in having a different
personal network, depending on how the agentsiatebdited. This is illustrated in the

left hand diagram in Fig. 3.3. Agent A has a peasaoetwork of five: agents B, C, D, E

16



Lynne Hamill
August 2007

and F; while agent B has a personal network oftempents A, C, F, G, H, I, J and K.

Increasing the personal network radius will usuatigrease the size of each agent’s
network, as illustrated in the right hand pictuneFg 3.3: with Radius 1, agent A has a
personal network of five; with Radius 2, the peedaretwork is 18.

Fig. 3.3: The ‘personal network radius” used in theAB model

One of the Blues is designated the first adopteraatiom. In each time period the
adopting Blues ‘persuade’ another Blue within th@#rsonal network radius to adopt.
Once the adoption rate among the Blues stops risitdgption spreads to the Greens on
the same basis.
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So there are just two variables: the percentadgduss in the population and the personal
network radius (PNR). The percentage of Blues engbpulation will, by definition, be
small. The model was therefore run with the pemgatof Blues set at each of five
levels: 2%2%, 5%, 7%2%, 10% and 15%. For each peafeBtues, the personal network
radius was set at 5, then 6 and so on up to 1dnéRwer, this is not the size of the
personal network but the radius defining the nekwas illustrated in Fig. 3.3.). This
produced a total of 30 combinations. Only six camabibns produced a curve that
approximated the observed data by predicting amptamiorate of around 21 percent by
1960: these are shown in the black cells in Table @he grey cells with black figures

show where the predicted adoption rate was muclkote@r much too high.)

Table 3.4. Predicted adoption rate by 1960 using ¢hAB model (%.)

Personal pPb Blues
network 25 5 7.5 10 15
radius
5 14 9 7 6 6
6 9
7 7
8 8
9

10
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Closer examination of the results from these sixlmoations revealed that only when it
was assumed that 5% were Blues with a personalonietvadius of 10 did the curve

approximately match the observed pattern from 1880999. Fig. 3.5 compares the
observed phone adoption rate (squares) with thdtseom the model: with 5% Blues

and a personal network radius of 10 (black line) a%% Blues with the radius set to 6
or 10 (grey lines). Typically, the radius of 10 illed a personal network of about 30, a
realistic figure according to the literature sumised in Chapter 1.

Fig. 3.5: Observed phone adoption rate (squares) epared to output' from the AB model
of adoption with

(a) 5% Blues and PNR of 10 (black line) and

(b) 2%4% Blues and PNRs of 6 and 10 (grey lines)
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1. Because the agents are distributed differemlyach run the result of each run varies even tholg
percentage of Blues and personal network radiush@rsame. The outputs shown here are the aveofiges
10 runs where the average is calculated by avegati@ percent at each period. This average mayrneve
actually be seen. (See Axtell et al, 2002)

2. The intermediate radii for 2 2% Blues produdedd between the two shown.
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To sum up: this model created a simple world inteabby agents described by just two
characteristics — their social-geographical steansl their personal network — who
interact according to one simple rule; and frons tienerated approximately the observed
pattern of slow adoption of phones for the first y&ars followed by a fast rise to
saturation. The model has quantified the theoryshgwing how the adoption process
might have worked, spreading incrementally from dehwld to household, initially
within a socio-economic group comprising just 2ihhouseholds, and later spreading in
the same way to the wider population. Thus it iaths the likely size of the ‘early
adopter’ group, namely 1 in 20 rather than 1 inr8 on 100. And it suggests that the
process did not have to change for adoption toe'@ii: the transmission process was
the same for the late adopters as for the earlptadn The fact that both the theory and
the numbers together tell a believable ‘story’ ssig that the model might be capturing

something of the underlying processes despitebisoas simplicity.

3.5 Systems Dynamics Models

As noted in the Introduction, system dynamics ($@delling is a macro, top-down
approach which uses equations to model how a syefeimeracting variables moves
from one state to another over time. This Sectiseswa SD model to describe the same
phenomenon described by the AB model in the previeection, namely the adoption of

fixed-line phones.

The logistic equation, devised by Verhulst in 183&lescribe the growth of populations
(Strogatz, 1994: 22-23) can be used to producemglsi adoption model. Working

through the mathematics and translating the equatim words, it says that the take-up
at any given time depends on the take-up in theique period and the growth rate.

Specifically the increase between one year andéixéis given by:
% adopting x % of non-adopters x growth rate

Thus, for example:
if the adoption rate is 20 percent and the growate 40 percent, the adoption rate
the next year will be about (20% x 80% x 10% =)de6centage points higher i.e.
21.6 percent
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if the adoption rate were 50 percent, the adoptada would be (50% x 50% x
10% =) 2.5 percentage points higher in the next yea52.5 percent
if the adoption rate were 70 percent, the rise wdag around (70% x 30% X
10%=) 2 percentage points higher i.e. about 72guerc
Because of the way in which the change in the adloptate depends on the level of

adoption rate, the system is said to be non-li®aogatz, 1994: 9-10).

Now if the growth rate is set at 10.3%, this SD elochn approximately reproduce the
adoption pattern of fixed line phones from 18801899. This is illustrated in Fig. 3.6

which shows the actual adoption rate as squareshendesult of the SD model with a
growth rate (r) of 10.3% as a solid line. (The fgalso shows that a growth rate of 7%

would be too slow and 15%, too fast).

Fig. 3. 6: SD model of the adoption of fixed linemones
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Thus the take-up of phones can be modelled in tagswusing the agent-based (AB)
approach and using SD approach. The choice bet®Besnd AB models seems often to
be presented as an either/or choice, top-down sdystiom-up, macro versus micro. Yet

as Fishwick (1995) noted, models of different typas be combined to answer different
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types of question about a given process. Van DyerRak et al (1998) argued that AB
modelling “is most appropriate for domains charazésl by a high degree of localization
and distribution and dominated by discrete decsiand that the choice between the

two approaches should be made on a case-by-case bas

But on what basis should that choice be made? D&Maalmer (1995) suggest:

“A standard modelling principle is that the leveldacomplexity of a model
should be chosen so that it answers the questiotisembodies the theoretical
elements we are interested in, but is otherwisgraple as possible”

How can that principle be applied? | suggest thrasic criteria can be used: goodness-

of-fit, fitness-for-purpose and simplicity.
Goodness-of-fit. The SD model provides a uniqueultesor each set of
parameters. Whereas the results for the AB modgl vetween runs because the
distribution of the agents across the ‘world’ varand for this reason, the average
is used to measure goodness-of-fit. While therevarmus ways of dealing with
this stochastic variation, the simplest is to corafghe average for the AB model
with the SD model. The SD model provides the biesh this example. As noted
in the Introduction, a good fit is a necessary hat sufficient condition for
accepting a model.
Fitness-for-purpose. As Forrester pointed out lagg (quoted by Qudrat-Ullah,
2005) the validity of a model should be judged tsysuitability for a particular
purpose. In this case, it could be argued thatSBemodel simply reflects the
network effect. But it provides no insight to umstanding the underlying
processes whereas the AB model suggests an explanailing “a story” that is
consistent with the literature.
Simplicity or Occam’s razoentia non sunt multiplicanda praeter necessitatem
“entities are not to be multiplied beyond neceSsitgPxford Dictionary of
Philosophy 1994). The SD model is undoubtedly the simpledéscribe and
simpler to program. It is also runs faster.

To sum up: in this example, SD scores well on gesdrof-fit and simplicity but low on

explanatory power. (It is therefore not surpristngsee that this is the approach chosen

by UK phone supplier BT to model phone uptake:lsgms et al, 1997). The AB model
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scores lower on fit and simplicity but much higloarexplanatory power in that it tells ‘a
story’, suggesting how adoption might have spreadnfhousehold to household (as

explained in Section3.4 above).

Thus the two methods complement one another anbeased together:
Explanation provided by the AB model can be usetefme the SD model. For
example, the AB model suggested that the 5 pereary adopters were key to
the process: applying this finding to the SD mdualelsplitting to population into
two, early adopters and the rest, with differet¢saof growth can improve the fit
of the SD model.
Conversely, the SD model can be used to refinABienodel. The simplicity of
the SD model facilitates rough-and-ready testinghef impact of changing the
parameters suggested by the AB model. For example:

o using the SD model it is easy to see the impaetaofing the percentage
of affluent early adopters from 1% to 15% and shives this assumption
did not matter much for the first 70 out of the A2@rs being studied.

o the SD model can be used to demonstrate that ifefgept of the
population were affluent early adopters then unlkses ‘growth rate’ is at
least 7 percent it is not possible for overall taketo exceed 90 percent in
120 years. In other words, a slow initial take-am tave very long-term
consequences!

(For a technical discussion of the difference betw&B and SD models, see Hamill,
2007).

Thus the two kinds of models can be used side-tg-i enrich each other and this is the

approach followed in this thesis.

23



