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Abstract
The findings in this thesis have major implications for long-term policies to achieve
economic growth in a pluralistic society. The aims of the three research questions are
interwoven within the broad objective of evaluating the economic significance of
informal knowledge diffusion, facilitated by within-networks and across-networks
social interactions.

The first essay (Chapter 2) addresses the first research question: Do interpersonal
interactions within social networks matter for knowledge diffusion? If so, how and to
what extent?, and reanalyses a classic study on networked diffusion, Medical Innovation
by Coleman et. al. (1966). This essay overcomes the limitations of the original study
and its reanalyses by capturing the complexity of the diffusion process with an
integrated modelling approach that combines Agent-based Modelling (ABM) and
network analysis. Based on the findings of the original study, the first diffusion model,
Gammanym, depicts a medical community of homogeneous doctors in which their
adoption decisions are influenced by information from members of their social networks
as well as the pharmaceutical company. Cumulative adoption curves are derived for
three sets of initial conditions, based on which network topology and evolution of
uptake are analysed. Evolution of uptake cluster suggests that although the degree of
external influence in terms of marketing strategies adopted by the pharmaceutical
company does not have an impact on network structure, the speed of diffusion is largely
determined by it. The analysis proceeds with Gammanym 1, which depicts a medical
community of heterogenous doctors who vary in terms of their degree of predisposition
to knowledge. Cumulative diffusion curves with Gammanym 1 suggest that the
pharmaceutical company plays a much weaker role when dynamics of networked
diffusion is explored with complex agents, defined as heterogenous agents under stagedependent degrees of external influence.

This finding is further explored in the second essay (Chapter 3) with the incorporation
of a payoff function to evaluate the economic outcome of within-networks interactions.
Based on a diffusion model with two competing pharmaceutical companies, this essay
addresses the second research question: How and to what extent, does information on
social networks generate higher economic payoff for change agents like pharmaceutical
companies? The simulation results with Gammanym2 indicate that knowledge of social
networks of clients is economically beneficial for pharmaceutical companies in the case

of networked diffusion with homogeneous doctors, and less so for that of deliberative
doctors, whose adoption decisions are based on a threshold function. This investigation
makes a contribution in terms of providing a novel framework for devising optimal
diffusion policies for pharmaceutical companies in particular, and change agents in
general. By explicitly modelling the competitive interactions between two change
agents, the results establish the economic significance of social networks in a
microeconomic context or local level.

The third essay (Chapter 4) quantifies the impact of across-networks interactions at the
aggregate level or macroeconomic context. This essay addresses the third research
question: How and to what extent, do social diversities, defined by race, religion or
language, matter for knowledge diffusion and thereby, economic growth? Employing
the US Census datasets for 48 continental states, the empirical results indicate that the
estimated impact of racial diversity is negative, when barriers to communication are
higher due to low level of English fluency. Using a general-to-specific modelling
technique and instrumental variable estimation, the robustness of the empirical results
provides an economic justification for building bridges across social groups.

Chapter 5 discusses the policy implications of the findings of the three essays of this
thesis. The principal contribution of this chapter is to provide the preliminary steps
towards a comprehensive framework to develop public policies that complement the
‘orthodox’ approaches of economic development. In relation to diffusion modelling in
Chapter 2 and Chapter 3, we conclude that effective diffusion policies need to focus on
significance of knowledge on local network structure for economically beneficial
within-networks interactions. The policy discussions of the empirical results in Chapter
4 focus on the process of economic assimilation of immigrant communities in western
liberal democracies like the US, Australia and Canada. To address the segmented
economic assimilation of immigrant communities, this thesis outlines the need for
rigorous language, education, and skill training, and provides insights for current policy
debates around ‘state-sponsored’ multiculturalism.
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Chapter 1
Introduction
1.1 Introduction
The principal research query of this thesis is, Do interactions among individuals
within and across social networks influence the process o f knowledge diffusion? If
so, what are the consequent economic outcomes o f these social interactions? The
aims of the three essays are interwoven within the broad objective of evaluating the
economic significance of informal knowledge diffusion, facilitated by interactions
among individuals within and across social networks.

Given the subtleties associated with informal knowledge diffusion, the first essay
attempts to capture the diffusion process by employing agent-based modelling
(ABM) for a classic diffusion study, Medical Innovation by Coleman et. al. (1966),
and, hence, evaluates the aggregate impact of individual decisions. This reanalysis
works as a basis for the second essay to evaluate the economic outcomes of within
networks interactions when competitive interactions between two pharmaceutical
companies1 are incorporated. By evaluating the economic payoffs generated from
knowledge on social networks of the clients, this investigation focuses on the local
level or microeconomic context. The third essay traces the empirical evidence for
the impact of social differences on aggregate economic performances in the US and,
hence, evaluates the economic impact of potential barriers to across networks
interactions in macroeconomic contexts or at a global level. The combined results of
the three essays attempt to contribute to the emergent concept of ‘economics of
social networks’ and provide insights for the policy literature relating to knowledge
diffusion and social segregation in a pluralistic society.

The next section begins with a brief literature review as the background for
developing the three principal research questions in this thesis. Section 1.3
elaborates the three principal research questions, followed by a discussion of the
scope of the thesis. Section 1.4 explains the study design with a focus on the
rationale for the choice of modelling technique for each of the research questions.
This section concludes with a brief overview of the thesis structure.

1

1.2 Motivation / Broad context of investigation
The key motivation in this thesis is to analyse the economic outcomes of
interactions within and across social networks. The theoretical basis for analysing
the economic significance of within and across networks interactions has been
drawn, principally from two research themes (Figure 1.1).
Figure 1.1

A schematic representation of principal research themes

Broad c o n t e x t
of investigatio n

Principal
H ypothesis

Core r esear ch themes<

Theoretical B asis

Econo n ie outcomes of interactions
within and across
social networks

f* /
Policy implications
\ for knowledge diffusion

The process of knowledge diffusion k influenced by both
within & across social networks interactions

Spatial proximity
and
Face-to-face interactions

Economic geography,
diffusion of tacit knowledge ,
and knowledge clutters

and
Relational ties
within & across networks

Social networks
and
. Iimov ation diffusion/

The first concerns the classic diffusion paradigm in sociology literature, which
outlines the significance of social networks in the diffusion of innovations. The
principal argument behind the significance of social interactions is that given the
uncertainty attached to the new product or practice, the interpersonal exchanges
contribute significantly to acceptance of new ideas or practices. Diffusion research
and social networks analysis have played a complementary role in analysing the
influence of social interactions on innovation diffusion. The literature on ‘network
models of innovation diffusion’ investigates the process by which a particular
innovation, product or even opinion, is dispersed among the members of a social
system or unit (Coleman et al. 1966; Rogers 1995; Valente 1995). As the central
premise of social network analysis is to elaborate the nature of the relationship (e.g.
2

friends or colleagues or family members) among the members of a social unit,
network models of diffusion have enabled the researchers to disentangle the extent
of interpersonal influence on adoption decisions.

The second research theme relates to, one, economic geography and two, diffusion
of tacit knowledge and productive knowledge clusters. The concept of economic
geography originates from Alfred Marshall’s argument for labour market
externalities (1920 cited in Fu 2007), generated from skill concentration in
urbanized areas. Relating to economic growth in urbanized areas, Marshall
emphasizes the role of knowledge spillovers among the workers, and also the role of
technological spillovers across the firms. Polanyi (1966 in Gertler 2003; Howells
2002) is the pioneer in identifying the significance of tacit knowledge in the process
of knowledge diffusion. The main argument of Polanyi (1966) is that tacit
knowledge is the part of knowledge that cannot be reduced to codification or
articulation of any form. The conveying of tacit knowledge, therefore, needs to be
facilitated by other alternatives involving interpersonal interactions like on-site
demonstration or repeated discussion. The empirical evidence of significance of
spatial proximity in diffusion of tacit knowledge has been discussed in greater detail
in the geography of innovation literature. The core concept is that as diffusion of
tacit knowledge is constrained by physical distance, the interaction within and
between different firms in a knowledge-based economy facilitates the diffusion and
creation of knowledge. Examples of productive knowledge clusters are discussed in
line with networks between firms (Meagher and Rogers 2004; Tracey et. al. 2004;
Becker and Dietz 2004), networks between academic research, and industrial
research /networks between and among participants in open science and proprietary
technology (Balconi et. al. 2004; Doutriax 2003; Autio et. al. 2004; Malecki 2002).

The principal hypothesis, i.e., interactions within and across the social networks
influence the process of knowledge diffusion, stems from two core propositions
(Figure 1.1). First, face-to-face interactions, facilitated by spatial proximity of
interacting agents, influence the diffusion of tacit knowledge. Despite the
advancement in communication techniques and huge reductions of transport costs,
face-to-face interactions remain important as most parts of this tacit knowledge can
only be diffused through interactions among individuals or groups of individuals
(Storper and Venables 2004; Feldman 1999). As tacit knowledge is linked to the
3

experiences of the scientists or attached to people (Bottazzi and Peri 2003), and
cannot be communicated in an explicit or codified way, its diffusion requires faceto-face interactions among individuals or groups of individuals.

The second proposition has as its core that knowledge exchange differs depending
on membership in social groups and the interactions across members of different
social groups. Given the widespread evidence of social segregation in a pluralistic
society, social clusters can enable frequent within networks interactions, but may
well constrain interactions across networks. Interactions within and across networks,
hence, generate different outcomes in terms of knowledge diffusion.

1.3 The scope of thesis
This section elaborates the principal research questions, followed by the justification
of the research interest. The major research questions are:
1. Do interpersonal interactions within social networks matter for knowledge
diffusion? I f so, how and to what extent?
2. How and to what extent, does information on social networks generate higher
economic payoff for change agents like pharmaceutical companies?
3. How, and to what extent, do social diversities, defined by race, religion or
language, matter for knowledge diffusion and, thereby, economic growth?

The first research question aims to capture the diffusion dynamics by using ABM.
The ABM approach is used to explore the diffusion dynamics attached to
interdependent and multi-layered interactions among agents for knowledge
diffusion. This is done by using data from one of the ‘classic’ studies on innovation
diffusion, Medical Innovation by Coleman et. al. (1966). The contribution is also to
verify to what extent the actual pattern of diffusion resembles the simulated
diffusion under ABM, and also to evaluate the evolution of network structure.

After addressing the dynamics of the diffusion process; the analysis proceeds to
evaluate the economic outcomes. The second research question attempts to analyse
the economic impact of social networks at a microeconomic level by evaluating the
economic payoff for ‘change’ agents. A change agent is ‘an individual or
organization attempting to influence clients’ adoption decisions in a direction
deemed desirable by a change agency’ (Rogers 1995:335). Although the role of
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change agents has long been analysed in diffusion literature, economic incentives
for competing change agents are yet to be evaluated in a truly dynamic and
interactive context. The ABM model developed in this thesis is used to analyse the
optimal diffusion policy by comparing economic payoff of alternative marketing
strategies by pharmaceutical companies.

The third research question evaluates the economic impact of interactions across
networks for knowledge diffusion. Despite the vast literature on economic growth,
the influence of social factors on the process of economic growth remains, at best,
opaque. Focusing on the impact of social diversity or social fragmentation on
aggregate economic performance, this investigation evaluates the significance of
social interactions in a macroeconomic context. In particular, the analysis quantifies
the connection between social interactions and economic growth in US states, using
racial, linguistic and religious diversity as a measure for social diversity

A summary of the research objectives is provided in Figure 1.2. It describes the
purpose of each of the three principal research questions, and also the
complementarities among these questions to formulate the major research theme of
the thesis.
Figure 1.2

A summary of research objectives

Social networks,
V
diffusion dynamics & ABM

Research
Question 1

V
Economics of
Social Networks
in microeconomic context

A
Social Networks & K n o w le d g e ^
Diffusion: Economic outcomes
& Policy Implications

Research
Question 3

... J

Economic growth,
social diversity
& across-networks
interactions

Economics of
Social Networks
in macroeconomic context
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The complementarity in the research objectives with the three research questions (Figure
1.2), based on their intended contribution to the concept of ‘economics of social
networks’ includes, i. methodological advancement (research question 1), ii. evaluating
microeconomic outcomes associated with interactions within networks (research question
2), and iii. assessing macroeconomic outcomes of interactions across networks (research
question 3). The investigation on ‘economics of social networks’ in this thesis also offers
insights to policy literature by providing a better understanding of societal outcomes of
individual decisions, and their synergistic impact on different economic indicators. On a
broader perspective, the interdisciplinary approach employed in this thesis provides the
first steps towards a comprehensive framework for translation of research into policy and
practice.

1.4 Methods
The first research question is examined using a diffusion model and is based on a classic
networked diffusion model with detailed sociometric data. In particular, an agent-based
model is built to reanalyse the Medical Innovation study by Coleman et. al. (1966). The
classic study analyses the diffusion process of a new prescription drug, Tetracycline,
among doctors in four Illinois towns and focuses on the interpersonal influence for
adoption decisions. The rationale for employing ABM for the reanalysis of Medical
Innovation is to capture the complexity and the dynamics of diffusion process resulting
from the multiple interactions among heterogeneous social agents. The original study
evaluated the extent of interpersonal influence for pairs of individuals and, at that time,
was considered as the leading study on diffusion. Subsequent reanalyses of the original
dataset (Burt 1987; Beiser and Hou 2000; Valente 1995; Van den Bulte and Lilien 2001),
however do not capture the complexity and dynamic features of the diffusion process. The
ABM model in this thesis considers the whole network or chain of relations as a unit of
analysis. Thus, it helps overcome the limitations of the original study and its reanalyses.
By depicting ‘a system as a collection of autonomous decision making entities’, Ferber
(1999 in Perez 2006 and Bonabeau 2002) argue that ABM captures the emergent
phenomenon arising from local interactions of agents. As emergent phenomenon is less
likely to be thoroughly addressed by competing modelling formalism (Berry et. al. 2002;
Bankes 2002), ABM, therefore provides advantage in evaluating the social complexity
depicted in Medical Innovation. The rationale for using ABM approach is also driven by
its ability to capture: i. the adaptive behaviour of the agents (Axelrod 1997; Tesfatsion
2001), when the agents change their perception about the new product based on the
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adoption decisions by their peers, and ii. spatial factors influencing diffusion (Axtell
2000). ABM also facilitates integrative modelling technique by generating the interaction
matrices, which capture the frequency of interactions of each agent at each time step.
Based on these the structure of the networks and its evolution can be investigated.

To address the second research question, the economic payoff of change agents is
investigated by combining a diffusion paradigm and a game theoretic framework to
evaluate the impact of strategic interaction among competing agents. As argued before,
ABM facilitates interdisciplinary collaboration, and hence applied in this thesis to address
the second research question. This exploration with ABM, also helps to derive the
rationale of strategic interaction from an individual and interactive perspective (Axelrod
2006).

The third research question evaluates the social divergence hypothesis of Grafton et. al.
(2004; 2007), which focuses on the economic consequences of barriers to communication.
They note that barriers to communication across social networks, such as differences in
language, ethnicity or religion, hinder the ‘cross-fertilization’ of ideas and knowledge and
may have a negative impact on productivity, and ultimately on factor accumulation. The
empirical investigation in this thesis evaluates the extent to which social diversity
influences the US economy. The principal motivation for addressing this question is two
fold: to make a contribution in the emergent literature on empirics of diversity and
aggregate economic performances, and to analyse the policy implications, the relevance
of which are likely to go beyond US territory. The US is chosen for the study because of
its diverse population with people from numerous races, ethnic backgrounds and
languages, as well as for its importance in the global context. Availability of state-level
data from the US Bureau of Census also allows comparisons across regions within the
same country and, hence, overcomes the major criticism regarding cross-country studies
given the homogeneity across the US states in terms of institutions, definitions and data
collection methods (Rupasingha et. al. 2006).

The econometric exercise tests whether the differences of economic growth across US
states can be explained by a social divergence hypothesis. The regressand is the growth
rate of Gross State Product (GSP) per capita and the principal regressors are
fractionalisation indexes of social diversity, and control variables like educational
attainment, population density, urbanization and age structure. The robustness of the
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Ordinary Least Square (OLS) estimation is checked by application of a general-tospecific modelling technique and instrumental variable estimation.

1.5 Organization of thesis
Chapter 2, addresses the first research question: Do interpersonal interactions within
social networks matter for knowledge diffusion? I f so, how and to what extent?, and
delineates the first diffusion model based on the findings of the classic diffusion study,
Medical Innovation by Coleman et. al. (1966). Simulation results are analysed based on
two agent-based models: Gammanym and Gammanyml. The two principal agents in
these models are doctors, and pharmaceutical company. The Gammanym model is
initiated with 99 doctors who are homogeneous to individual predisposition of
knowledge, and then proceeds to analyse heterogeneous and complex diffusion
dynamics in Gammanyml with 990 doctors. The simulation results indicate that
although the external influence from the pharmaceutical laboratory influences the speed
of diffusion, the extent of influence is less dominant under complex diffusion dynamics
with doctors who are heterogeneous in terms of individual predisposition to knowledge
and are under stage dependent degrees of external influence.

Chapter 3 explores the second research question: How and to what extent, does
information on social networks generate higher economic payoff for change agents like
pharmaceutical laboratories? This chapter describes the diffusion model Gammanym2
with two competing pharmaceutical laboratories under a game theoretic framework. The
economic impact of social networks is evaluated by comparing the economic payoff
generated with alternative retaliating strategies for a medical community with two
groups of doctors: homogeneous doctors and deliberative doctors. The simulation
results indicate that segmented marketing, which prioritises the most integrated doctors,
is more cost effective than random intensity marketing and hence, establishes the
economic significance of knowledge on social networks at a microeconomic level.

The third research question: How, and to what extent, do social diversities, defined by
race, religion or language, matter for knowledge diffusion and thereby, economic
growth?, is analysed in Chapter 4. Employing the US Census datasets for 48 continental
states, the OLS results reveal that the estimated impact of racial diversity is statistically
significant and negative on GSP per capita growth. Robustness checks with respect to: i.
potential omitted variables, ii. other measures of diversity and different definition of
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English fluency, and iii. the estimates to potential outliers, prove the significance of
racial diversity on aggregate economic performance.

Chapter 5 discusses the policy implications of the findings of the three major research
questions of the thesis. Based on the findings in Chapter 2 and Chapter 3, the policy
implications of the interactions within networks are discussed. The policies to address
social divergence are also elaborated, with a focus on the policy suggestions for greater
economic assimilation of immigrants in western liberal democracies. This chapter also
discusses the relationship between social divergence and education. Some preliminary
policy implications are derived on the role of education policy to bridge the barriers to
communication across social networks.

Chapter 6 concludes the thesis. It delineates a summary of the principal findings,
caveats/limitations of the research and provides a brief discussion on future research.
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Chapter 2
Reanalysing Medical Innovation with agents
2.1 Introduction
This chapter addresses the first research question; Do interpersonal interactions within
social networks matter for knowledge diffusion? I f so, how and to what extent? To
answer the above, it reanalyses the classic study on diffusion of Tetracycline, Medical
Innovation by Coleman, Katz and Menzel (1966). Tetracycline, at that time, was a
newly introduced antibiotic. Their pioneering study elaborated on how different patterns
of interpersonal communications can influence the process of innovation diffusion in
four medical communities in Illinois. The motivation for this re-analysis is to capture
the complex interactions involved in the diffusion process by combining Agent-based
Modelling (ABM) and network analysis. Based on the findings in Medical Innovation,
first, a diffusion model called Gammanym has been developed. The two principal social
agents in Gammanym are doctors and pharmaceutical company, who creates the
external influence for the doctors by providing information through various marketing
strategies. The analysis starts with doctors, who are homogeneous in terms of individual
predisposition to knowledge. To address the complexity of the original study, the
analysis then proceeds with an extended model, Gammanym 1, incorporating two types
of social agents: heterogeneous doctors, and complex doctors.
A brief description of the original study and its reanalyses, and the rationale for this
investigation is provided in the following section. Section 2.3 describes the modelling
framework, modelling sequences and methods. Simulation results under different
scenarios are analysed in Section 2.4. The topology of the social networks generated in
Gammanym, and its evolution are analysed in Section 2.5. We evaluate the impact of
heterogeneity and stage-dependent degrees of influence from the pharmaceutical
company in Section 2.6. The impact of complex decision dynamics on the diffusion
process has been analysed in Section 2.7. This chapter concludes with discussions and a
review of the implications of the simulation results.

2.2 Social networks and diffusion
In this section, the discussion on the central concepts like diffusion and social networks
is followed by the major findings of the first major study on diffusion of agricultural
innovation. A brief description of the original study, Medical Innovation by Coleman et.
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al. (1966) is presented in Section 2.2.2. The reanalyses using the same dataset are then
described in Section 2.2.3. Section 2.2.4 elaborates the rationale for this investigation.
2.2.1

A prologue for networked diffusion

Diffusion is essentially a social process. By definition, ‘diffusion of innovations is the
process by which an innovation is communicated through certain channels over time
among the members of a social system’ (Rogers 1995:5). A central premise of social
network analysis is that individuals have relational ties to other individuals, where each
individual may also be tied to another one or a web of social connections. Consequently,
any social interactions, such as working with colleagues or meeting in a social
organisation like a club, frequently act as a medium of exchanging knowledge and
information. Relational ties affect knowledge interactions as trust and norms of
reciprocity built within social or community structures, encourage the sharing of
knowledge and information. Given the uncertainty attached to the new product or
practice, the interpersonal exchanges contribute significantly in validating the personal
opinions and thus provide the basis for the concept of ‘networked diffusion’.

Networked diffusion emphasizes the role of social networks for innovation diffusion.
This concept emerged as part of Rural Sociology with the Ryan and Gross (1943) study
on diffusion of hybrid com in Iowa11. Hybrid corn was a high-yielding variety, more
drought-resistant and more suitable for mechanical corn-pickers (Rogers 1995). In two
small Iowa communities, 345 farmers111 were asked to recall their adoption process by
answering- i. when the adoption decisions were made; ii. the communication channels
used in the decision making process; and iii. how much of the farmers’ com acreage
were allocated to hybrid seed. The study findings reveal that the salesmen were most
influential for early adopters and neighbours were more important for late adopters. The
interpersonal exchanges of experience with the new seed, thus, were the major
determinant for diffusion of hybrid com. Although the study falls short by not having
sociometric data, the Ryan and Gross study is considered one of the cornerstones for
classic diffusion paradigm.
2.2.2

Diffusion of Tetracycline: Medical Innovation

Tetracycline was launched in November 1953. The success of its release was uncertain
for the pharmaceutical companies because of an already established market for broadspectrum antibiotics. Four US Midwestern cities: Peoria, Bloomington, Quincy and
Galesburg, were selected by Coleman et al (1966), who wanted to set their study in a
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group of three or four cities in one contiguous area that was not in the shadow of a large
medical centre, but where the cities differed from each other in terms of available
hospital facilities: the number of teaching hospitals and general hospitals, and
population. The Coleman et al. (1966) sample constituted 148 general practitioners,
internists, and paediatricians in active practice, of which 126 (85 percent of the sample)
were interviewed. In an attempt to evaluate the importance of social networks, each of
them was asked about their close associates (e.g., friends, colleagues and advisors) in
the medical community. In order to measure the time of adoption, a prescription audit in
the local pharmacies was carried out for 125 doctors (121 general practitioners,
internists, and paediatricians, and 4 listed as surgeons or proctologists) over a 16-month
period following the release of Tetracycline for general sale. The prescriptions of the
doctors were audited for three successive days at approximately monthly intervals
(Coleman et al. 1966: 194).
The Coleman et al. (1966) study identified two broad categories of variables influencing
the diffusion process. The first category represents personal traits or individual
variables, affecting individual receptivity. Individual variables are: 1. type of practice,
2. medical background, 3. contacts with out-of-town institutions, 4. media behaviour,
and 5. orientations and attitudes. The second category defines social variables
influencing the adoption process as a result of social or professional ties to other
members of the community. The influences of professional networks were evaluated on
the basis of four factors that enable exchange of information in professional settings: 1.
hospital affiliation, 2. shared office, 3. advice seeking, and 4. discussion. The friendship
structure in the original study, emerged from the informal discussion among doctors in a
social setting and doctors were asked to name three doctors whom they see most often
socially.
The original study revealed strong evidence for social contagion, i.e., doctors’ decisions
to adopt Tetracycline were strongly influenced by the people they were connected to
either socially or professionally. It appeared that the ‘integrated’ doctors differed very
little from their isolated colleagues at the beginning of the introduction of Tetracycline,
but their rate of adoption accelerated to produce an increasing gap between ‘integrated’
and ‘isolated’ doctors (Coleman et al. 1966).
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2.2.3

Social contagion vs. media exposure

Given the availability of the sociometric dataset, a number of reanalyses followed
Medical Innovation. Burt (1987) opines that contagion occurred as a result of structural
equivalence1'', not through social cohesion. A structural equivalence model of diffusion
postulates that individuals are influenced to adopt an innovation by imitating the
behaviour of others to whom they are structurally equivalent. The author also concludes
that although the personal preference did not influence the contagion process, the
adoption decisions are strongly influenced by a physician’s personal preference.
Strang and Tuma (1993) apply an event-history framework on the Coleman et al. (1966)
data to analyse a class of diffusion models incorporating spatial and temporal
heterogeneity. They consider the investigation as an methodological advancement as
their analysis focuses on the event-history framework. Unlike the standard diffusion
model focusing on population level dynamics, the event-history framework focuses on
individual or micro-level decision processes and specifies that the adoption decision is “
a function of prior adoption events by other members of the population (Strang and
Tuma 1993: 615). By introducing heterogeneity at the individual decision process, their
analysis with Medical Innovation data contradicts Burt’s (1987) result, as it concludes
that both network structure, and the suggestions from the peers and advisors influence
the diffusion process.
Valente (1995) and Van den Bulte and Lilien (2001), however, emphasize the role of
factors other than social ties or network structure. Valente (1995) tests his
threshold/critical mass (T/CM) model on Medical Innovation data. The T/CM model
requires a threshold measure and a determination of the critical mass, ‘a system level
measure of the minimum number of participants needed to sustain a diffusion process’
(Valente 1995: 79). The study indicates that the opinion leaders, who have greater
exposure to external influence, play a dominant role in the diffusion process. Another
study by Van den Bulte and Lilien (2001) provides strong support for external influence
in the diffusion of tetracycline by incorporating a dataset on advertisement volume. As
the empirical results were unable to detect statistically significant contagion effect once
advertising effect is controlled for, the authors conclude that the data do not show that
diffusion was driven by a social contagion process. The authors argue that earlier
analyses confounded the contextual effect of the aggressive marketing effort by the
pharmaceuticals with social contagion (Van den Bulte and Lilien 2001).
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2.2.4

Rationale for Gammanym

As part of addressing the first research question, the rationale for reanalysing Medical
Innovation is drawn on the basis of two principal limitations of the previous reanalyses
of the Coleman et al. (1966) data: the non-inclusion of dynamics of network structure
and complexity, a limited exploration of the impact of external influence or media
exposure.
The major limitation of all the previous studies is their static exposition of network
structure, which falls short of representing the evolving process. The dynamics of
networked diffusion can be described by two concepts: dynamics o f the network and
dynamics on the network (Watts 2003). ‘Dynamics o f the network’ is defined as the
evolving structure of the network itself such as the making and breaking of network ties.
The other set of dynamics, ‘dynamics on the network’, is created due to the actions
taken by individuals. The outcome of their individual actions is influenced by what
their neighbours are doing and, therefore, the structure of the network. In the real world,
both kinds of dynamics exist simultaneously (Watts 2003). Until now, however, neither
the Medical Innovation study nor the subsequent reanalyses of the original dataset have
incorporated any of those dynamic features. This investigation therefore complements
the extant work and also makes a contribution in terms of capturing the complexity
generated in the diffusion process, which has not been examined by any previous
studies. In Coleman et al. (1966), the extent of influence was evaluated for pairs of
individuals. The individual network (discussion, friendship or advice) was, therefore,
perceived as a set of discrete/disjointed pairs. Given the existence of overlapping
networks and consequent influences on doctors’ adoption decisions, the complexity of
actual events can not be captured by pair analysis. Indeed, the authors themselves
considered that analysing in pairs was the major limitation of the study' . ABM enables
us to address this limitation by considering the whole network as a unit of analysis.
Apart from the study by Van den Bulte and Lilien (2001), external influence in the
diffusion process has also not been analysed rigorously for the Medical Innovation
dataset. External influence is created from different forms of advertising and intensive
coverage by representatives from the drug companies. In the Medical Innovation study,
doctors acknowledged a ‘detailman’ or a medical representative, and also direct mail
from the drug companies, as the major sources of initial information about Tetracycline.
The original study however did not contain any information on marketing effort by drug
companies. An attempt to collect data on marketing effort was constrained by the fact
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that back issues of the Journal of the American Medical Association (JAMA) did not
have any advertising supplements, as they were removed before binding for storage
(Van den Bulte and Lilien 1999). In this investigation, we examine the impact of
external or media influence by performing a sensitivity analysis. The simulation results
allow us to explore the actions of the pharmaceutical laboratories, which have not been
examined in a MAS (Multi-Agent System) setting before.

2.3 Modelling framework
Using SMALLTALK programming language, we develop Gammanym with the
CORMAS platform under a Visual Works environment. The codes and the detailed
UML

diagrams

for

Gammanym

are

available

in

the

CORMAS

website:

http://cormas.cirad.fr/en/applica/gammanym.htm.
First, the spatial representation and the rationale for specified attributes in Gammanym
for each object/agent with reference to the original study are discussed. Section 2.3.2.
discusses the decision making process of the social agents. This section concludes with
a discussion on modelling sequence. The class diagram and the definitions of all the
attributes and methods for each of the objects are presented in Appendix 1 and
Appendix 2 respectively.
2.3.1

Defining agents in Gammanym

Gammanym comprises two types of agents: social agents and passive agents. The unit
cell captures three different locations for professional interactions: hospitals, practices
and a conference centre, which are created as passive objects. Two kinds of social
agents - Doctor and Laboratory, are defined under Gammanym. Initially located in their
respective practices, Gammanym creates 99 doctors, the principal agents in the diffusion
process. A company, on the other hand, influences doctors’ adoption decisions by
sending information through multiple channels: medical representatives, journals and
commercial flyers.
2.3.1.1 Spatial representation and passive objects
Based on the distribution of office partnership and number of hospitals in the original
study, we represent the medical community in an 8 X 8 spatial grid. In the original
study, on average 47 percent of doctors were alone in an office, 20 percent were in
clinics, 17 percent were working with two colleagues and 15 percent were sharing an
office with one colleague. Gammanym captures the categories of office partnership into
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three practice types'1; Private (alone in office), Centre (shared office with two partners)
and Clinic (working with four colleagues). The doctors in the Gammanym model are
thus distributed among 46 private, 11 centres and 4 clinics. Gammanym specifies two
hospitals, as all the cities, on average, have two hospitals. Conference centre, the third
passive entity, provides the context in which a much larger group of professionals can
interact with each other. Although the original study did not specify a conference centre
as such, the rationale for this specification is to signify the importance of contact with
out-of-town institutions (Coleman et. al. 1966: 44).

Gammanym, therefore, has sixty-one practices, two hospitals and one conference centre,
randomly located over an 8 X 8 spatial grid. Random allocation of these practices over
the grid reflects that spatial representation is not sensitive to distance. In other words,
the doctors’ decision to go to hospitals or the conference centre, does not depend on the
location of their practices; as the grid does not incorporate any Geographic Information
System (GIS) specifications. Their inclusion is not possible, as we do not have the
original data set. GIS specifications, on the other hand, would add little to our analysis
in the sense that the significance of physical distance in diffusing a new idea or
knowledge is well captured by our definition of discussion networks (Section 2.3.1.2).
The spatial grid, therefore, is considered sufficient to represent the medical community
depicted in the original study.
2.3.1.2 Located and communicating agents: doctors
Although individual traits have impacts on the adoption decision (Section 2.2.2), at this
stage, the doctors in Gammanym are specified with social traits only. In Medical
Innovation, four network variables: shared office, advice seeking, discussion and
friendship, showed a stronger association to the date of first use of Tetracycline than
any other individual variables, with the single exception of total volume of prescriptions
for the class of drugs. Holding the volume of prescriptions constant, the association
between integration and adoption increased (Coleman et al. 1966: 92). Thus, in this
section, we explore whether all the doctors are homogeneous in terms of their individual
attributes or ‘degree of predisposition to adoption’ (Burt 1987), to what extent does
integration to social or professional networks matter for adoption decisions? In this
model, a random friendship network and professional networks are created through
discussions with office colleagues, or through hospital visits or conference attendance,
or all of the above.
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Constrained by the unavailability of the original dataset, a random friendship network
has been specified for Gammanym. The doctors are, thus, initialised with a random
number of friends and counter for friends (Appendix 2); both ranging from 0-3. In the
original study, indices of similarity'11 of pairs were analysed in order to identify the
attributes the doctors share with the colleagues they choose as friends, discussion
partners or advisors. We treat the indices with reservation, because of their limited
statistical relevance with only 111 friendship pairs (Coleman et al. 1966: 143). The
contacts with friends are not spatially defined, as Medical Innovation contains no
information in this regard. Each doctor communicates with his/her friend(s) and
evaluates mean adoption rate when the counter for friend is 4.
Professional interactions are spatially defined to signify discussion networks'111. We do
this to signify the importance of tacit knowledge or non-codified knowledge, which
requires face-to-face contacts for its transmission (Appold 2004; Balconi et al.
2004;Becker and Dietz 2004; Doutriax 2003; Fritsch and Franke 2004;Grafton et al.
2004; Howells 2002). The doctors, therefore, consider the others as discussion partners
if they are situated in the same cell. After each visit to hospitals or conference centre,
doctors return to their practices. Office partnership is, therefore, of central importance
for networking as the doctors in Gammanym made most of their interactions in their
practices.
2.3.1.3 Communicating agent: laboratory.
In Gammanym, one pharmaceutical company is incorporated as a communicating social
agent, termed the Laboratory (LAB from here on). The LAB adopts a mixed marketing
strategy with three different channels to send information about the new drug:
i.

Detailman (medical representative) visiting practices;

ii.

Flyers, available at the conferences;

iii.

Journals, sent to doctors’ practices.

As part of data collection for Medical Innovation, doctors were asked to reconstruct
their stages of diffusion and 57 percent identified detailman as the first source of
information. Hence, we opt for a blanket exposure of all doctors to detailman. In
Gammanym the detailman visits all the doctors at their practices. At each time step LAB
keeps records of the practices visited by the detailman and randomly chooses one of the
remaining practices or available practices, only if at least one of the doctors is present at
the practice. As the time step signifies one week, so the detailman is able to contact all
the doctors during his visit.
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In the original study, drug house mail or direct mail advertising were identified as the
second major source of information. Assuming similar influences by direct mail
advertising by the pharmaceutical companies and journal advertisements, only journals
are specified as the second marketing strategy for the LAB. Under Gammanym, LAB
issues journals only when the number of newly adopted doctors in the previous time
step, i.e., the last increment, is less than half of the average number of adopted doctors.
Journals are sent to all the practices and thereby ensure a blanket exposure to all
doctors.
From the perspective of the LAB, inclusion of flyers is crucial as it adds another
dimension to the marketing mix by targeting a large group of doctors at the same time.
To avoid the notion of blanket exposure to all doctors, we specify the criterion that the
LAB sends flyers based on the number of previous conference participants. Receiving
information from a flyer is therefore conditional upon the number of available flyers,
and not all the doctors attending the conference receive the flyers.
2.3.2 Decision-making process by doctors
Doctors’ decisions to adopt a new drug involve interdependent local interactions among
different entities in Gammanym. Diffusion scholars have long recognized that an
individual’s decision about adoption is a process that occurs over time, consisting of
several stages (Coleman et al. 1966; Rogers 1995). Based on the diffusion literature, the
doctors in Gammanym are specified with five stages of adoption: i. awareness or
knowledge, ii. interest, iii. evaluation/mental trial, iv. trial, and v. adoption/acceptance.
In Gammanym, readiness is specified as the attribute signifying the above stages of
adoption. All doctors are initialised with a readiness number of 4 that is decremented
when they receive an alert from different sources.
In Gammanym, the doctors are homogeneous in terms of individual predisposition to
knowledge. Thus, the criterion for alert generation is the same for all doctors
irrespective of their adoption stages or sources. Doctors working in centres and clinics
evaluate the mean adoption rate of their office colleagues while situating at their
practices. Otherwise (during visits to the hospitals or conference centre), each doctor
randomly chooses five of their acquaintances and evaluates their mean adoption rate.
Thus, discussions with other doctors, either friends or colleagues at practices,
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conferences, or hospitals generate an alert when the mean adoption rate is 0.50 or above
(Figure 2.1).

Figure 2.1

Activity diagram for alert generation
from professional networks
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In the case of the LAB, on the other hand, an alert is created each time a doctor receives
information from the detailman, flyers or journals . Figure 2.2 depicts the alert
generation process for different external influences created by LAB.
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Figure 2.2

Activity diagram for alert generation from LAB
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Doctors’ readiness is gradually reduced with alerts from all the aforementioned sources
i.e. doctors move to the next stage of adoption when alert is greater than or equal to one.
When the readiness reaches zero (adoption/acceptance stage), doctors adopt the new
drug.
2.3.3

Modelling sequence

Gammanym is divided into four phases: i) managing professional interactions; ii)
external influence; iii) decision making process; and iv) networks formation. At each
time step, Gammanym resets the attributes of the practices. Thus, the doctors are at their
respective practices at the beginning of each simulation.
Phase I entails the methods for doctors’ professional interactions. Primarily, the doctors
interact with the office colleagues at their practices. Hospitals are another location for
professional interactions, where they have their monthly visits. The doctors are initiated
with an attribute, counter for hospital, ranging from 0 to 3. The doctors randomly
choose one of the hospitals and move to the designated cell when the counter for
hospital is 4 (Figure 2.3). The third location for information exchange is the conference
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centre. The invitations to conferences are sent randomly to 30 doctors. Doctors receive
the invitation and move to the conference centre if they are available at their practices at
the time step when the invitations are sent (Figure 2.4).

Phase II depicts the mixed marketing strategy adopted by the LAB, which involves both
interpersonal channel ( e.g. detailing) and mass-media channel (e.g. journal advertising)
for promotion of new drug. Phase III is the decision-making process based on readiness.
Phase II and Phase III are discussed earlier in Section 2.3.1.3 and Section 2.3.2
respectively.

Phase IV constitutes the methods for network formation. Gammanym generates 137
matrices, the network matrices for professional and friendship ties at each time step, and
the adoption matrix at the end of simulation. Each entry in the network matrices
represents the number of interpersonal interactions for each of the doctors at each time
step. The adoption matrix, on the other hand, specifies the adoption status (adoption vs.
non-adoption) at each time step for all the doctors. These matrices provide the basis for
the analysing network topology and evolution of networks in Section 5, and hence are
the links for our novel approach of integrated modelling.
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Figure 2.3

Activity diagram for hospital visit

goT oHospital
doctor at his practice?

counterForHospital =4?

doctor move
to hospital

Figure 2.4

Activity diagram for conference centre visit
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2.4 Diffusion with Gammanym
In this section our discussion traces the shape of the cumulative diffusion curves under
three scenarios. Based on our rationale for investigation (Section 2.2.4), the following
scenarios are specified to evaluate the degree of external influence in the diffusion
process:
1. Baseline scenario; with one ‘seed’ or initial adopter, one detailman and two
journals;
2. Heavy media scenario; with one initial adopter but different degrees of external
influence, by increasing the number of detailman to five and the number of
journals to four;
3. Integration scenarios; one initial adopter, without any external influence from the
LAB.
All three scenarios have been run over 68 weeks or 17 months, which was the time
length for the original study. As several random functions are included in the algorithm,
each scenario is repeated 100 times in order to estimate the output’s variability. For
each of the cases, the seed or the innovator is chosen among the doctors who are
practicing at centres, i.e., doctors who have two colleagues1*. The cumulative diffusion
curves (CDC), representing the total number of adopting doctors at each time step are
shown in Figure 2.5, along with their respective standard deviations. All three curves
are derived after averaging over 100 simulations.
Figure 2.5
Cumulative diffusion curves for diffusion with homogeneous
_______________agents in Gammanym_________________________________
120%

100%

1

■3

9

11

13 15

17 19 21

23

25 27

29 31

33

35

37

39 41

43 45

47 49

Time steps ( in weeks)
—• — Baseline —

Heavy Media

23

Integration

51

53

55 57

59 61

63 65

67 69

Baseline scenario (Figure 2.5) with one innovator and one detailman generates a logistic
or S-shaped curve, similar to those found in cases of mixed influence diffusion models
(Ryan and Gross 1943; Mahajan and Peterson 1985; Rogers 1995; Valente 1995). In
this scenario, an initial phase of slow diffusion exists until the first inflection point at
the 24-time step where 23 percent of doctors have adopted the new drug. Thereafter, the
rate of adoption speeds up as more doctors are exposed to someone who has already
adopted. The rate of adoption then gradually begins to level off as fewer doctors remain
in the population who are yet to adopt. Overall, 92 percent of doctors adopted the new
drug by the end of 48 weeks, or within 12 months. With one innovator in the system,
diffusion seeds through the system as the doctors’ adoption decisions are
simultaneously influenced by their exposure to the new drug through actions by the
LAB, as well as interpersonal communication.
The steepest diffusion curve (Figure 2.5) represents a heavy media scenario, where 50
percent of the population adopts the new drug at the end of 12 weeks. The rate of
diffusion increases up to 16 time steps and decreases afterwards as only 18 percent of
doctors at that time have failed to adopt and remain unaffected. At the end of 25th time
step, the CDC levels off as all the doctors have adopted the new drug. The integration
scenario represents an extremely slow diffusion process (Figure 2.5). As the only means
to have an alert is to be in contact with the initial adopter, only 18 percent of the
population adopt the new innovation at the end of 68 time steps.

2.5 Network analysis
In this section we will examine: 1. the topology of the interaction networks that are
generated by the agent-based simulations; 2. how the networks evolve over time; and 3.
the way the uptake evolves across these networks.
2.5.1

Network topology

First, the degree distribution is calculated, from the interaction matrices generated at
each time step. Degree is defined as the number of edges connected to a given node.
The results are averaged over 100 replications of the simulation. Figure 2.6 compares
the degree distribution resulting from Gammanym and an Erdös-Renyi (1959, cited in
Watts 2003; Strogatz 2001) random graph. From this figure we can see the networks
created from the simulation are indistinguishable from a random graph. We also
perform a y2 test against an Erdös-Renyi random graph with the same number of nodes
and edges. There was no statistically significant difference between the degree
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distributions of Gammcmym and the random graph when a=0.01. We do not claim that
the structures of the network in the four medical communities in 1950’s Illinois were
random, but that the structure of the network developed in Gammanym appears to be
random.
Figure 2.6

Degree distribution of the interaction networks in
Gammanym and Erdös-Renyi random graph.
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Many social systems display two statistical properties; first they display a high degree
of clustering when compared to random graphs; second they have an average shortest
path-length similar to that found in random graphs. These two properties are known as
the small-world properties. To determine if the interaction networks generated by
Gammanym have small world properties, we calculate the clustering coefficient and
path-length statistics. The clustering coefficient (CC)is a measure of the number of
friends of friends type relationships found within the network. For a given node TV, with
k, neighbours, E, is defined to be the number of links between the k, neighbours. The
clustering coefficient is the ratio between the number of links that exist between
neighbours (E,) and the potential number of links ki(kt - l)/2 between the neighbours.
The average clustering coefficient is:

f

2Ft

The average shortest path length (PL) is defined as:
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where, PLmin is the minimum distance between nodes i and j.
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A network is said to have small world properties if, compared to an Erdös-Renyi
random graph, the following conditions hold: PL

~

PLrari(j and CC »

CCrand• The

comparison between the interaction networks generated by the simulation model, and an
ensemble of random graphs reveals that PLmoc/ei - 1.98 and PLrancJ= 1-99 also CCmodei—
0.172 and CCrand = 1.68. This shows that the networks depicted in Gatnmanym
simulation do not have the small-world properties.
2.5.2

Evolution of networks

In this section we analyse the evolution of networks in Gammanym. As agents interact
with each other, new connections form between them, while others are reinforced.
Figure 2.7 shows the evolution of connectivity between agents within the simulation.
The connectivity is defined as L /N(N-l), where L is the total number of interactions
within the system and N is the total number of agents within the simulation.
Connectivity values are averaged over an ensemble of 100 runs. From Figure 2.7, it can
be seen that the connectivity within the system grows as a function of n log n over time.
An interesting property in Figure 2.7 is the sudden jumps in connectivity associated
with conference events. The most notable of these occurs at time step 55 and appears to
capture an element of many real world ‘networking’ events, where people come
together to exchange ideas and experiences.
Figure 2.7
Evolution of connectivity within professional
___________ and friendship networks_________________
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Initially the agents are only connected to doctors that they directly interact with, within
their practices, defined as contact groups. Hence, the initial state of the system consists
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of a set of disconnected contact groups. This means that the initial flow of information
within the system is limited to only small isolated pockets of interactions. However, as
connectivity increases, the size and the nature of these contact groups changes.
In order to study the nature and structure of the contact groups, in this section a cluster
is defined as a set of doctors belonging to the same contact group. We explore the
structure and evolution of the professional network and then the combination of the
professional and friendship networksx jointly, over the 68 weeks. At each time step
within the simulation we count the number of clusters of agents and calculate the
average cluster size and the average shortest path length between agents within the
system (Figure 2.8). All statistics in Figure 2.8 are averaged over an ensemble of 100
runs. Figure 2.9 is a graphical illustration of the network at the beginning i.e. time step
=0 (Figure 2.9 (A, C)) and after the formation of the giant cluster at time step 10
(Figure 2.9 (B, D)).
Figure 2.8

Network Statistics for professional networks- (A) Number of
clusters; (B) Average cluster size; (C) Average shortest path
length; Network statistics for professional and friendship
networks- (D) Number of clusters; (E) Average cluster size; (F)
Average shortest path length

In the case of evolution of professional networks, we see that initially the simulation
contains approximately 61 clusters (Figure 2.8A), as defined by 61 practices over the
spatial grid (Section 2.3.1.1). As new interactions occur, the number of clusters quickly
decays. The average cluster size quickly explodes (Figure 2.8B), as the agents become
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consumed by the giant cluster after about 7-10 time steps (Figure 2.8B). We note that
the average shortest path length between nodes initially increases rapidly (Figure 2.8C),
as more and more nodes become connected to the giant cluster. When the system
becomes connected, such that there exists a path between all agents, the shortest pathlength between any two nodes is, on average, relatively long. This is because of the
sparsity of interaction matrices and the network containing many long paths. However,
as the system increases in connectivity the path-lengths become smaller until there is
approximately two degrees of separation between any two agents within the system
(Figure 2.8C). In summary, the system initially consists of a number of disconnected
contact groups or clusters, but quickly evolves to form a single connected component or
cluster while the size and structure of these clusters define how far and how quickly
Tetracycline is adopted.
Figure 2.8(D-F) represents evolution of clusters over time, when both professional and
friendship networks are considered. Given the static nature of the friendship networks,
the evolution for both the networks essentially signifies a similar process revealed in
Figure 2.8(A-C) in the case of professional network only. Noticeable, however, is the
strong coalescent effect of the friendship relationships that drive the 61 initial clusters
for professional networks down to approximately 3.5 clusters when friendship and
professional networks are considered jointly (Figure 8D).
We also note that, in Figure 2.8(F), average shortest path length between nodes falls
over the time period. The evolution of networks in this case, starts with a few giant
clusters with long paths (Figure 2.9C). As the connectivity increases through time the
shortest path length, on average, becomes smaller. At the end of 68 time steps, the
degrees of separation between any two agents are marginally smaller than in the case of
professional networks only (Figure 2.8F). The formation of a giant cluster depicted in
Figure 2.9(D) is similar to the case depicted with professional networks only (Figure
2.9B).
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Figure 2.9

2.5.3

Formation of giant cluster: (A) Professional networks at t=0; (B)
Professional networks at t=10; (C) Professional and friendship
networks at t=0; (D) Professional and friendship networks at
t=10

Evolution of uptake

To analyse the differences in the speed of diffusion depicted in Section 2.4, this section
analyses how Tetracycline uptake evolves under three scenarios. An ‘uptake cluster ’, is
therefore, defined as a set of agents who belong to the same contact group and who each
have already adopted Tetracycline. In this context the uptake cluster can be thought of
as a ‘cluster’ commonly encountered in percolation studies (Stauffer cited in Watts
2003). Figure 2.10 shows how the uptake of Tetracycline evolves through time.
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Figure 2.10

Uptake clusters for three scenarios:(A) Number of uptake
clusters within the system; (B) Maximum uptake cluster size; (C)
Minimum uptake cluster size; (D) Average uptake cluster size;
and (E) Standard deviation of uptake cluster size._____________
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In the base scenario, starting from one seed (innovator) the average number of uptake
clusters increases up to 1.6 at time step 15 (Figure 2.10A). Then, it decreases to one
giant uptake cluster (time step 30) as the size of the existing clusters increases gradually
before merging. We also observe that the number of uptake clusters explodes rapidly
under the heavy media scenario (Figure 2.10A). Compared to the base scenario, much
faster dynamics is displayed with the giant uptake cluster forming at time step 15 with
heavy media exposure. At time step 20, 100 percent of the doctors have adopted the
drug and the size of the uptake cluster equals the size of the social network.
The integration scenario displays a very slow process of diffusion. On average, only one
uptake cluster forms during the 68 time steps, and its maximum size barely reaches 20
by the end of the simulation (Figure 2.10B). Thus, despite a very efficient deployment
of the giant group, the diffusion struggles to spread across the whole network without
external influence.

2.6 Defining heterogeneity in Gammanyml
One of the principal reasons for reanalysing Medical Innovation is to evaluate
complexity in networked diffusion by ABM (Section 2.2.4). This section discusses the
simulation results with an extended model of Gammanym , defined as Gammanyml. To
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provide the basis for defining complex decision dynamics in Gammanyml, we
investigate the diffusion process when two major concepts are introduced: i.
heterogeneity of adoption thresholds, and ii. non-homogeneous alert generation process
defined by stage-dependent degrees of external influence.
2.6.1

Benchmark scenario for Gammanyml

Does scale matter for diffusion? To address this query, in this section we explore the
diffusion process in a medical community of 990 doctors under Gammanyml, a 10-fold
increase over the initial Gammanym model. To evaluate the impact of scale on the
diffusion process, the doctors are homogeneous in this version of Gammanyml.
Uniform distribution of doctors in terms of their professional integration in this medical
community is represented in a 27 X 19 spatial grid i.e. 330 doctors in 330 private
practices, 330 doctors in 110 centres and 330 doctors in 66 clinics. In order to compare
the cumulative diffusion curves for 990 doctors with that of baseline scenario for 99
doctors, we specify the baseline scenario with ten initial adopters, eight detailman and
four quarterly journals. It is important to note that in the case of the baseline scenario
for homogeneous agents in Gammanym, all practices are visited by the one detailman
within 61 time steps. In Gammanyml, 990 doctors are distributed among 506 practices.
To have the same level of exposure within 61 time steps, in this paper, we specify eight
detailmen for the baseline scenario in Gammanyml. The baseline scenario with 990
doctors in Figure 2.11 has been repeated 100 times for 68 time steps. The initial
adopters are chosen from the doctors practising at centres with two colleagues.
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Figure 2.11

Cumulative diffusion curves under benchmark scenario with
Gammanym and Gammanyml(homogeneous doctors)
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In Figure 2.11 the cumulative diffusion curves represent percentages of adopted doctors
at each time step. The differences between the CDCs reveal that scale matters for
diffusion. We therefore, consider a diffusion model with 990 doctors for the rest of our
analysis. The diffusion process with 990 doctors has been further explored in Figure
2.12, by varying the number of initial adopters ranging from one to ten with one
detailman and by varying numbers of detailman ranging from zero to ten with ten initial
adopters. The different scenarios are described in Table 2.1.
Table 2.1

Alternative benchmark scenarios with Gammanyml

Scenario

Number of initial Number

of

detailman

adopter(s)
Benchmark 1

1

1

Benchmark 2

5

1

Benchmark 3

10

1

Benchmark 4

10

10

Benchmark 5

10

0

The diffusion curves in Figure 2.12 show that the number of detailman influences the
slope of the diffusion curve. With the same number of initial adopters, despite reaching
the inflection point at the same time (i.e. 36th time step), the strongest external influence
with ten detailmen under benchmark 4 has generated the steepest diffusion curve
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(Figure 2.11). The differences in cumulative diffusion curves also reveal that the
number of initial adopters is significant for the diffusion process as diffusion with ten
initial adopters is quicker than that with five initial adopters, given the same number of
detailmen under benchmark 1 and benchmark 2 respectively (Table 2.1). We compare
cumulative adoption curves with one initial adopter and one detailman (benchmark 1,
Table 2.1), and ten initial adopters without external influence (benchmark 5, Table 2.1)
i.e. integration scenario as described in Section 2.4. The diffusion curve for benchmark
1 lies below the diffusion curve for benchmark 5 up to the 47th time step and then
produces increasing gap due to increased exposure with the presence of the detailman
(Figure 2.12). At the end of the simulation, despite having one tenth of the initial
adopters, almost 85 percent of the doctors have adopted in comparison with only 21
percent of the doctors adopting in the case of benchmark 5 or the integration scenario
for Gammanyml. The cumulative diffusion curves in Figure 2.12, thus, reveal that
although the number of initial adopters influences the initial pick up phase, the speed of
diffusion is influenced by degree of external influence.
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Figure 2.12

Exploring diffusion with varied numbers of initial
adopters and detailman
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Defining heterogeneous agents

In this section we extend our analysis to evaluate the impact of heterogeneity in
Gammanyml. Heterogeneity implies that the doctors vary in terms of their degree of
predisposition to knowledge. In Gammanym an alert is generated for all doctors when
50% of his/her acquaintances adopted the new drug (Section 2.3.2). To incorporate
heterogeneity in Gammanyml, the alert generation criterion is drawn from the rationale
of threshold models. Threshold models postulate that heterogeneity of individual
threshold causes individual differences in times of adoption (Granovetter 1978;
Granovetter and Soong 1986; Rogers 1995; Valente 1993; Valente 1995). Granovetter
(1978) initiated the research on thresholds and argues that the degree of influence by the
behaviour of some relevant group (i.e. friends, neighbours or colleagues) varies across
individuals. Different versions of threshold models are developed in the literature with a
wide application in empirical literature for analysing diffusion of innovation and
practices (see Rogers 1995 and Valente 1995 for a comprehensive review of this
literature). Based on the findings in the literature review that an agent’s degree of
predisposition to knowledge, is inversely related to his/her individual adoption
threshold; an additional variable called innovativeness is included in Gammanyml.
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The rationale for specification with innovativeness in Gammanyml has been drawn
from the reanalyses of Medical Innovation. The reanalyses provide evidence for two
statistically significant individual attributes influencing diffusion: scientific orientation
and journal subscription (Burt 1987; Valente 1995; Van den Bulte and Lilien 1999). In
the original study, the index for scientific orientation was developed on the basis of their
answers to a set of questions indicative of their ‘level of concern for medical research,
exchange of information and scientific reliability of reading matter’(Coleman et. al.
1966: 207-208). As the impact of journal subscription is somewhat reflected in
scientific orientation*1, we include scientific orientation only, as a measure for degree of
predisposition to knowledge.

Innovativeness in Gammanyml signifies doctors’ predisposition to knowledge. Based
on the findings in Coleman et. al. study (1966:183-185), 42 percent, 18 percent and 40
percent of doctors are specified with three categories of innovativeness - high,
intermediate and low innovativeness respectively. For doctors with high, intermediate
and low innovativeness respectively, an alert is generated when 20 percent, 30 percent
and 90 percent of their acquaintances have adopted the new drug. The above
specification for threshold levels ensures that, given the distribution of population, the
average threshold at the system level for heterogeneous and homogeneous doctors is the
same. The resultant cumulative diffusion curves under the baseline scenario, (ten initial
adopters, eight detailmen and four quarterly journals) for heterogeneous and
homogeneous agents are presented in Figure 2.13. It is important to note that, to address
the randomness incorporated in the algorithm, the cumulative diffusion curves, like the
ones with Gammanym, are derived as the average of 100 simulations. As the diffusion
curves generated with different initial adopters who vary in terms of their levels of
professional and social integration, showed a similar process, for each of the cases
under the baseline scenario the innovators were selected from centres -the doctors with
two colleagues.
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Figure 2.13 Comparison of cumulative diffusion curves with homogeneous
____________and heterogeneous agents for the same average threshold
120%

Time steps ( in weeks)
—

Homogeneous Agents —• — Heterogeneous Agents

The simulation results in Figure 2.13 indicate that heterogeneity matters for diffusion
i.e. with the same average threshold, the cumulative diffusion curve with heterogeneous
agents is steeper than that of homogeneous agents. In comparison to the case when the
medical community is defined by the homogeneous doctors, the adoption is quicker
when the doctors vary in terms of their adoption threshold. For example, the highly
innovative doctors move to the next stage of adoption when only 20 percent of their
acquaintances have adopted the new drug, in comparison to the required mean adoption
rate of 50 percent for homogeneous agents, and, hence, accelerate the diffusion process.

Nevertheless, as the average threshold of 0.5 is set arbitrarily, we experiment with
another level of average threshold with the same distribution of population. In this case,
for doctors with high, intermediate and low innovativeness respectively, an alert is
generated when 10 percent, 30 percent and 60 percent of their acquaintances has
adopted the new drug. The cumulative diffusion curves in Figure 2.14 depict the same
diffusion process with a small difference in terms of speed of diffusion. The curve
representing average threshold of 0.5 is flatter than the curve representing average
threshold of 0.33, and hence signifies a slower diffusion.
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Figure 2.14

Cumulative diffusion curves for heterogeneous agents with
different levels of average thresholds
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The cumulative diffusion curves in Figure 2.13 and Figure 2.14 reveal that varied levels
of individual adoption thresholds across the population and the average threshold at the
system level influence the diffusion process. In other words, heterogeneity matters for
diffusion. In the next section, the analysis therefore proceeds to evaluate the
significance of individual attributes from the perspective of devising policies for
speedier innovation diffusion. First, we investigate the diffusion process for doctors
with different combinations of social and professional integration. The diffusion curves
for four groups of doctors with different integration and innovativeness status are then
analysed in Section 2.6.2.2.

2.6.2.1 Impact of Integration
Which networks matter more for adoption: social or professional? To address the
above, the most connected and least connected groups are chosen for comparison: i.
both socially and professionally integrated, ii. integrated professionally, but socially
isolated, iii. isolated professionally, but socially integrated, and iv. both professionally
and socially isolated. Given three types of office partnership and four types of
friendship status, a range of definitions for professional or social integration or isolation
is comprehensible. First, professionally integrated doctors are defined as those with the
maximum number of colleagues, or having four colleagues in a clinic, and socially
integrated*" doctors with two or more friends. Isolates - social or professional, are the
ones practising alone or without any friend. In Figure 2.15, the diffusion curves for the
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above four groups of doctors are derived after averaging over 100 simulations for the
benchmark scenario (with ten initial adopters, eight detailmen and four quarterly
journals).
Figure 2.15 Cumulative diffusion curves for groups of doctors defined by
____________integration status_____________________________________
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The cumulative diffusion curves in Figure 2.15 indicate that diffusion proceeds exactly
the same way, for all groups of doctors, up to the formation of the giant cluster (Section
2.5.2) and after that, integration to different networks generates different impacts. The
results also indicate that integration is crucial for initial uptake as the number of doctors,
who are both socially and professionally integrated, is higher than for the rest of the
groups. Although the speed of diffusion is not significantly different from the rest of the
groups, diffusion among the least connected doctors, both socially and professionally
isolated, is the slowest at the initial stage (Figure 2.15). It is important to note that the
simulation results for the two groups of doctors, where their integration status in two
different networks is mutually reinforcing each other, replicate the findings in the
original study (Coleman et. al. 1966:90-91).

Differences in the diffusion curves are interesting for two groups of doctors with
contrasting integration status: integrated professionally, but socially isolated; and
isolated professionally, but socially integrated. Figure 2.15 implies that the degree of
professional integration has a stronger impact. The similarity of adoption rates for group
one (doctors with four colleagues and two or more friends) and group two (doctors with
four colleagues, but with one or no friends) implies that, even if doctors are socially
isolated, professional integration enables them to adopt quickly (Figure 2.15).
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Nevertheless, integration to a friendship network is more significant for doctors who are
professionally isolated. Given the differences in the adoption rates between group three
and group four doctors, the results imply that, to some extent, integration to friendship
networks can make up for professional isolation. In other words, even if a doctor is
practising alone, social connections can work as an effective source of information.
2.62.2 Impact of Innovativeness
Based on the findings above, four groups of doctors are defined to separate the impacts
of innovativeness and status of professional integration: i. professionally integrated
doctors with high innovativeness, ii. professionally integrated doctors with low
innovativeness, iii. professionally isolated doctors with high innovativeness, and iv.
professionally isolated doctors with low innovativeness. The diffusion curves for the
above groups of doctors are depicted in Figure 2.16. We observe interesting results for
two groups of doctors with contrasting specifications in terms of innovativeness and
integration:

professionally

integrated

doctors

with

low

innovativeness,

and

professionally isolated doctors with high innovativeness. The difference in the speed of
diffusion between the groups reveals that the individual trait or innovativeness is more
significant for adoption decisions. In other words, the groups of isolated doctors with
high innovativeness or lower adoption threshold have a quicker diffusion compared to
integrated doctors with higher threshold or low innovativeness.

Figure 2.16

Cumulative diffusion curves for groups of doctors defined by
innovativeness
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— ♦ - Isolated: Low Innovativeness

2.6.3

Stage-dependant degrees of external influence

In Gammcmym, we specify that an alert is created for the doctors whenever they receive
information from LAB, irrespective of sources, and of their stages of adoption (Section
2.3.2). The diffusion literature, however, provides evidence that degrees of influence
from different sources are dependent on the stages of adoption. These studies, primarily
conducted with farmers, indicate that ‘mass media channels are relatively more
important at the knowledge stage, and interpersonal channels are relatively more
important at the persuasion stage in the innovation decision process’(Rogers 1995:195).
In this section, therefore, we explore with different criteria for generating an alert
depending on the source of information and the stages of adoption.
Assuming that the doctors do not distinguish among different sources of information
when they are unaware of the new drug, we test with three different specifications for
alert generation (Table 2.2):

1. Test 1: Differences between passive and interpersonal communication in terms
of alert generation is experimented in this test. Because interpersonal
communication allows individuals to clarify their doubts, interaction with
acquaintances (friends or colleagues) or detailman at any stage, creates one alert
and doctors move to the next stage of adoption. Despite being the representative
of the LAB, we consider the detailman is important at any stage of the adoption
decision because the interpersonal communication enables doctors to satisfy
their queries™1. Information from journals or flyers, on the other hand, creates
one alert only when the doctors are at the awareness stage and decreases
afterwards i.e., creating 0.5 alert if their readiness is three or less. In other words,
passive communication has less importance once the doctors are aware of the
new drug.

2. Test 2\ In this test, the doctors are comparatively flexible in evaluating passive
information from journals or flyers.

Thus, the same degree of influence as

interpersonal communication is created by journals or flyers till they reach the
interest stage. In other words, doctors make no difference among the sources of
information till they reach readiness three. At the start of the evaluation stage,
i.e., when readiness is two, passive information from journals or flyers creates a
0.5 alert.
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3. Test 3: In this test, we experiment with different notions attached with the
motive of the information providers. Given the inherent interest in selling the
new drug, the doctors evaluate information from the LAB with reservation in
comparison with information from friends or colleagues. Thus, information from
the LAB, either through a detailman, journals or flyers, creates one alert only
when the doctors are at their awareness stage. In other words, when the doctors
are unaware of the drug, they make no difference between information from
their peers and information from the LAB. However, the influence from the
LAB decreases afterwards i.e., creating 0.5 alert if their readiness is three or less.

In Table 2.2 the number represents the alert value at different stages of the adoption
process.
Table 2.2

Alert generation criteria for stage-dependent degrees of external
influence
TEST 2

TEST 1
S ta g e s o f

A le rt 1

A le rt 2

A le rt 3

A le rt 1

A le rt 2

TEST 3
A le rt 3

A le rt 1

A le rt 2

A le rt 3

A d o p tio n /
R e a d in e s s

A w are n ess

1

1

1

1

1

1

1

1

1

1

1

0.5

1

1

1

1

0.5

0.5

1

1

0.5

1

1

0.5

1

0.5

0.5

1

1

0.5

1

1

0.5

1

0.5

0.5

R e a d in e s s 4

In te re s t
R e a d in e s s 3

E v a lu a tio n
R e a d in e s s 2

T ria l
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Figure 2.17 shows that the cumulative diffusion curves for each of the specifications
along with a baseline scenario with identical impact from all sources of information i.e.
alert generation irrespective of stage or communication channel. Each scenario is
initialised with ten initial adopters, one detailman and four quarterly journals for a
medical community of 990 homogeneous doctors.
41

Figure 2.17

Experimenting with stage-dependant degrees of external influence
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In Figure 2.17 the diffusion curves with three tests in Table 2.2 evolve in predictable
ways in comparison to the baseline scenario under which the same level of alert is
generated irrespective of stage and information source. The almost identical diffusion
curves for test 1 and test 3 provides support that rather than extent of influence, reaching
the doctors at the earlier stages is crucial for adoption decision. As we specify a single
detailman covering all 506 practices, the detailman is not the first source of information
for the doctors.. At the end of 68 time steps, 45 percent and 43 percent of the doctors
have adopted the new drug in the cases of test 1 and test 3 respectively (Figure 2.17),
despite their differences in the alert generation from detailing. Test 2, implying more
flexibility towards evaluating passive information at the earlier stages of adoption,
generates a markedly different result with 97 percent of the doctors adopting the new
drug at the end of simulation. Overall, the differences among cumulative diffusion
curves depicted in Figure 2.17 indicate that the system is sensitive to stage-dependant
degrees of external influence.
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2.7 Exploring diffusion with complex agents
In this section, we analyse the diffusion process with complex agents. On the basis of
the findings in the pervious section, complex agents are defined as the heterogeneous
agents who follow a non-homogeneous alert generation process dependent on stages of
adoption and sources of information. This exploration is aimed at evaluating whether
the complex settings for diffusion with heterogeneous agents under stage-dependant
degrees of external influence are significantly different from those with homogeneous
agents. Table 2.3 provides the comparison of principal attributes of three social agents:
homogeneous agents, heterogeneous agents and complex agents.
Table 2.3

Defining three types of located and communicating social agents
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To compare with the diffusion process for homogeneous agents in Gammanym (Section
2.4), we evaluate the significance of external influence by changing the number of
detailman for diffusion with complex agents in Gammanym 1 for the following three
scenarios (Figure 2.18):
1. Baseline Scenario with eight detailman;
2. Heavy Media Scenario with thirty-two detailman;
3. Integration Scenario; without any influence from the LAB
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All scenarios are run for the same time length, i.e., 68 weeks. For each of the cases, ten
initial adopters have been chosen among the doctors who are in centres, i.e., with two
colleagues. All three curves are derived after averaging over 100 simulations. It is
important to note that, in the case of heavy media scenario for homogeneous agents in
Gammanym, all practices are visited by the four detailmen within 16 time steps (Section
2.4). With 506 practices in Gammanym 1, to have the same level of exposure within 16
time steps, in the case of the heavy media scenario with complex agents thirty-two
detailmen has been specified for Figure 2.18.
Figure 2.18 Cumulative diffusion curves for diffusion with complex
____________agents in Gammanym 1____________________________
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In Figure 2.18, the cumulative diffusion curves generated under three scenarios support
our earlier findings about media influence in determining the speed of diffusion in case
of homogeneous agents (Figure 2.5). The extent of external influence, however, is much
less in the case of complex agents under Gammanym 1. In the case of homogeneous
agents, all the agents adopt the new drug within 25 time steps under the heavy media
scenario in comparison to 49 time steps for baseline scenario in Figure 2.5. For
diffusion with complex agents, the system reaches the saturation point at 45 time steps
under the heavy media scenario and at 68 time steps under the baseline scenario (Figure
2.18). The integration scenario for complex agents, despite revealing a slower process,
is significantly different in terms of coverage of population. At the end of 68 time steps,
80 percent of the complex agents have adopted the new drug (Figure 2.18) in
comparison to only 18 percent of the homogeneous doctors (Figure 2.5).
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2.8 Concluding remarks
An agent-based model, called Gammanym, has been developed in this chapter to
address the first research question and, hence, to analyse the process of networked
diffusion. This is inspired by the classic Medical Innovation study, on the adoption of
Tetracycline in the Midwestern US in the 1950s, by Coleman et al. (1966). Due to the
limited availability of proper techniques/methods during the 1950s, the original study
focused on interpersonal influence for pairs of individuals. In this investigation, we
overcome this limitation of addressing complexity and dynamics of actual adoption
using an agent-based modelling. Our integrated modelling approach with Gammanym
reveals original results within the existing literature of diffusion research, and also
complements the extant work on Medical Innovation.
The integrated modelling approach also enabled us to look at network properties such as
connectivity and degree distribution, among others, in terms of the interaction matrices
generated by the agent-based model. On the

basis of theseproperties we determine that

the interaction networks depicted in Gammanym are random graphs. Diffusion
dynamics is explained by analysing evolution of networks or dynamics on the networks.
We find that initially the system consists of a number of disconnected components and
quickly evolves, after 7-10 time steps, to form a single connected component. The
analysis of network topology also indicates that underlying networks evolve in
predictable ways, and the uptake is a function of the initial starting conditions.

Analysis of the evolution of uptake or adoption

of Tetracycline enables us to

disentangle the extent of different factors affecting adoption. Despite stressing the
complementarity between network theory and diffusion research, a large body of
diffusion literature has so far failed to examine

the dynamic structures of the

interpersonal networks and their evolutions over the diffusion process. The analysis of
results indicates that although the media does not influence the network structure, it
does have a major impact in accelerating the diffusion process. Under heavy media
exposure undertaken by the pharmaceutical company to increase sales of Tetracycline,
the average size of uptake group with agents who have adopted the new drug rises faster
than otherwise. Moreover, all the agents adopt the new drug within 25 time steps, much
earlier than with a baseline scenario of much less media exposure. We validate the
previous evidence of a dominant media influence by comparing the speed of diffusion
for three scenarios: baseline, heavy media and integration. The dominant role of media
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also suggests there is a trade-off between the efforts expended in promoting a new drug,
and the speed of the diffusion process.

The second set of simulation results are drawn from the extended version of
Gammanym, defined as Gammanyml. It is important to note that the exploration with
different versions of Gammanyml, is intended to capture the complexity of actual
events. Given the unavailability of a detailed dataset, a series of sensitivity analyses are
presented in this chapter with different versions of Gammanyml. First, the benchmark
scenario has been specified, on the basis of the simulation results with 990
homogeneous doctors. The concept of heterogeneity is then introduced. Heterogeneity
implies that unlike the doctors in Gammanym, the doctors in Gammanyml vary in terms
of adoption thresholds. Analyses with heterogeneous agents lead to three major
conclusions:
i.

heterogeneity across the population generates quicker diffusion in comparison
with the case when the doctors are homogeneous, even if the average threshold
at the system level remains the same;

ii.

although professional integration has a stronger impact for dissemination of
information, to some extent, integration to social networks can make up for
professional isolation;

iii.

despite

the

significance

of

integration

or

connectedness,

individual

predisposition to knowledge or degree of adoption threshold proves to be more
crucial for the adoption decisions. For example, we find that the group of
professionally isolated doctors with high innovativeness or lower adoption
threshold has a quicker diffusion compared to professionally integrated doctors
with low innovativeness or higher adoption threshold.
The concept of stage-dependent degrees of external influence is introduced to evaluate
if varied degree of influence from passive and interpersonal communication at different
stages of adoption matter for diffusion process. The investigation under Gammanyml
indicates that the criteria practiced by adopters in terms of evaluating different sources
of information at different adoption stages are vital for successful diffusion of
innovations.
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The results with heterogeneity and stage-dependent degrees of external influence
provide the basis for defining complex agents. We define complex agents as the
heterogeneous agents who follow a non-homogeneous alert generation process,
dependent on stages of adoption and sources of information. The simulation results
indicate that the speed of diffusion is largely defined by media influence; but its degree
is weaker for diffusion with complex agents. For complex agents the system reaches
saturation at 45 time steps under the heavy media scenario, and at 68 time steps under
the baseline scenario with one third of media exposure. Our findings in Gammanyml
reveal that the optimal marketing strategy, therefore, needs to entail more than
intensification of marketing instruments.
Overall, the results provide a step towards understanding the complexity and dynamics
of the process of networked diffusion, and also makes a contribution to the policy
literature.

47

Chapter 3
Exploration on economic payoff for change agents in
networked diffusion
3.1 Introduction
In this chapter, the second research question, How, and to what extent, does information
on social networks generate higher economic payoff for change agents like
pharmaceutical laboratories?, is addressed. In the previous chapter, the role of social
networks for individual decision-making processes of the doctors, has been analysed. In
this chapter the motivation is to explore the possibilities for economic gains for the
pharmaceutical company, which works as the change agent in the diffusion process.

A change agent is termed as ‘an individual or organization attempting to influence
clients’ adoption decisions in a direction deemed desirable by a change agency’ (Rogers
1995: 335). Roles of change agents in the diffusion process have long been
discussed/analysed in diffusion literature. Chapter 2 in the thesis also establishes the
significance of the role of change agent i.e. pharmaceutical company. The models’
simulation results indicate that information from the company is crucial in determining
the speed of diffusion. In this chapter the motivation is to analyse the economic impacts
of social networks by evaluating the payoff for the laboratories associated with
accessing information on social networks of clients, i.e., doctors. This novel
investigation, thus, contributes to the diffusion literature as the economic incentive for
change agents have not been analysed before in the context of ABM. By applying a
game theoretic framework to analyse the economic incentives for two competing
pharmaceutical laboratories, this analysis provides a framework for devising costeffective diffusion policies for drug promotion for pharmaceutical laboratories in
particular, and change agents in general.

Although the rationale/schematic framework for strategic interaction between the
competing pharmaceutical laboratories is rather basic in nature, this investigation
incorporates the social process of innovation diffusion in the realm of a game theoretic
framework. In other words, the aim is to explore the cross-disciplinary approach further
by melding the ideas of sociology and economics, as pursued in the ‘Social Economics'
paradigm. Emphasizing the blurring divide across the disciplines, and the recent focus
of public policy to complement the traditional approaches in economic development,
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Durlauf and Young (2001:1), write ‘ the new social economics, we believe, holds the
promise of providing new insights into social and economic dynamics through the
explicit study of the interactions that link individual behaviour and group outcome’. The
previous chapter (Chapter 2) analyses the significance of intra-group interactions for
adoption decisions and the diffusion process at the aggregate level. Chapter 2 also
delineates on the dynamics of social network structure and evolution of uptake, depicted
in Gammanym. In this chapter, the concept of economic dynamics has been explored by
employing a repeated games framework for identifying the optimal marketing strategy
for competing pharmaceutical laboratories. Despite the exploratory nature, Gammanym2
thus contributes to the emerging field of socio-economics or social economics, in a
modest way.

Based on the Gammanym model described in Chapter 2, this model, Gammanym2,
depicts how two competing prescription drugs diffuse through a medical community.
The following section elaborates on the rationale for the most effective strategy in the
case of the Gammanym model with one pharmaceutical company, as a foundation for
devising optimal marketing strategies for Gammanym2. The modelling framework for
Gammanym2 with two competing laboratories is described in Section 3.3. The game
theoretic framework for this investigation, and the basis for benchmark scenario, is
discussed in Section 3.4.

Given the significance of individual traits for adoption decisions in Chapter 2, the
discussion on optimality of alternative marketing strategies has been explored with two
sets of agents: homogeneous agents and deliberative agents. Section 3.5.1 and 3.5.2
discusses the payoff matrices with different marginal cost of detailing, and the repeated
games for networked diffusion with homogeneous agents, respectively. Although the
decision dynamics with homogeneous agents is the same as in the previous model
(Chapter 2), a different type of decision dynamics is explored for deliberative agents
with the introduction of threshold function for adoption decisions, discussed in Section
3.6.1. Similar analyses with payoff matrices and repeated games scenarios for
deliberative agents are presented in the following two sections. The chapter concludes
with Section 3.7 with a brief discussion on contribution and caveats.
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3.2 Setting the background: exploration with one company
Medical marketing involves complex interactions among different stakeholders and a
range of marketing tools. As we do not have an empirical dataset to explore the complex
interactions involved in medical marketing, we start with the initial model, Gammanym.
Gammanym depicts a medical community with 99 homogeneous doctors and one
pharmaceutical company.

First, the most influential marketing instrument between detailing and journal
advertisements has been verified in Figure 3.1. Important to note that although a mixed
marketing strategy is likely to be employed in reality, given the unavailability of data,
we opt for identifying the most effective one. The optimal marketing strategy in Section
3.2.1, which evaluates the economic impact of information on social networks, is then
developed with the chosen marketing instrument.

The cumulative diffusion curves in Figure 3.1 with one initial adopter or innovator,
represent three scenarios:
i.

Baseline scenario, with one detailman and two journals;

ii.

Detailing, with one detailman and no journals;

iii.

Advertising, with four quarterly journals and no detailman

Figure 3.1

Selecting most influential marketing instrument with one company

Time steps ( in weeks)

-----Baseline ----- Detailman------Journal
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When only one of the marketing instruments is employed, the cumulative diffusion
curve (CDC) evolves in predictable ways, as the baseline scenario with both instruments
generates the steepest curve after the formation of the giant cluster (Section 2.5.2).
Detailing is a more influential marketing instrument as reflected by steeper CDC in
comparison to the one generated with quarterly journal advertising. More detailed
discussions on medical marketing are provided in later sections of this chapter .
3.2.1

Optimal marketing strategy

In this section the rationale for the optimal marketing strategy is explored with the most
effective marketing instrument i.e. detailing. Optimality is determined on the basis of
economic payoff, defined as the ratio of the number of adopted doctors and total cost. In
other words, payoff measure is an output-input ratio or productivity measure. The
strategy with the highest economic payoff is considered to be optimal. Important to note
that the economic payoffs generated under different strategies in this section, also
provide the basis for devising optimal policies for two laboratories depicted in
Gammanym2 (Section 3.5.2).
The rationale for random marketing is based on the results from the previous chapter.
They indicate that speed of diffusion is largely defined by influence from the LAB.
Given the research question, our aim it to explore the effectiveness of segmented
marketing. We define segmented marketing as the strategy under which segments of
clientele are prioritised, on the basis of their status of professional integration. This
section explores two types of segmented marketing: (a) targeting the most connected
doctors i.e., the doctors in the clinics are targeted first for quicker diffusion; and (b) the
least connected doctors are targeted first given their limited exposure to information.

To derive the economic payoffs presented in Figure 3.2, two types of marketing cost are
incorporated: i. detailing cost = US$ 100,000 per detailman, and ii. advertising cost =
US$ 5,000 per journal advertisement. A detailed discussion on cost structure in the
pharmaceutical industry is provided in Section 3.4.1.1.
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Figure 3.2
Optimal marketing strategy for networked diffusion
___________ with one company_____________________________
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Figure 3.2 reveals that segmented marketing (a), targeting the most integrated doctors is
the most cost effective marketing strategy. In other words, it is economically beneficial
to target the integrated doctors first. As detailing proved to be the most effective
marketing instrument, under segmented marketing the company keeps on sending the
detailmen to the clinics until all of the doctors practising there have adopted the new
drug. The company then targets the doctors with a second degree of professional
integration, i.e., the doctors at the centres, and lastly the doctors at private practices are
reached. Figure 3.2 reveals that after the initial phase of cluster formation up to the 7th
time step, the payoff is higher in this case, i.e., segmented marketing (a), and maintained
up to the point of saturation and falls thereafter in a similar fashion because of constant
marginal cost of detailing. Random marketing with increased intensity is more effective
than segmented marketing (b) when the isolated doctors are targeted first. This result is
interesting in the sense that, even though the cost of random marketing is higher with
the increased number of detailman, it continues to generate higher payoff for a
significant period of time, up to 30 time steps (Figure 3.2).

3.3 Modelling framework for Gammanym2
The effectiveness of a segmented marketing strategy, i.e., sending the detailman to the
most connected doctors first, establishes the hypothesis that knowledge on social
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networks generates economic gain for pharmaceutical company. To explore this finding
further in the case of two competing laboratories, this chapter elaborates on
Gammanym2. In comparison to the models in Chapter 2, Gammanym and Gammanyml,
the major changes in Gammanym2 are two-fold: one, instead of one company, two
companies are competing to influence the doctors’ adoption decisions; and two, doctors
follow a threshold function for their adoption decisions.

The changes in attributes for spatial representation in Gammanym2 are discussed in
Section 3.3.1. Section 3.3.2 elaborates on the decision-making processes by
homogeneous doctors. In Section 3.3.3, the empirical basis for different marketing
strategies or methods for pharmaceutical laboratories and definitions for major decision
variables are described. The class diagram for Gammanym2 is included as Appendix 3.
Important to note that, determination process of different attributes of Gammanym2 is a
gradual one, and hence follows a sequence of sensitivity analyses in the subsequent
sections.
3.3.1

Spatial representation and passive objects

The medical community in Gammanym2, as in the Gammanyml model, has 990 doctors
who are distributed over a 27 x 19 spatial grid. The spatial grid captures the same three
locations for professional interactions as the previous models in Chapter 2 - practices,
hospitals and conference centers. In Gammanym2, however, each company is allocated
an operational zone to implement the notion of game theoretic interactions (discussed
later in this section). Given the number of columns as 19, the zones are asymmetricxv laboratory 1 (Labi from hereon) has a smaller zone with a 27 x 9 spatial grid and
laboratory2 (Lab2 from hereon) has a slightly bigger zone with a 27 x 10 spatial grid.
Figure 3.3 represents the spatial grid with two laboratories. In Gammanym2 each zone is
initiated with one hospital, one conference centre and one zonal office for each
company from where the detailmen are sent to doctors’ practices.
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Figure 3.3

Spatial grid in Gammanyml with two laboratories
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It is important to note that, Figure 3.3 denotes the case of cooperation when each
company operates only in its allocated zone i.e. Labi sends a detailman only in zone 1
and Lab2 sends detailman only in zone 2.
3.3.2

Decision-making process: homogeneous social agents

Similar to previous models in Chapter 2, for homogeneous social agents or
homogeneous doctors readiness is specified as the attribute signifying five stages of
adoption in Gammanym2: i. awareness or knowledge, ii. interest, iii. evaluation/mental
trial, iv. trial, and v. adoption/acceptance. All doctors are initialised with readiness 4 for
each of the drugs-drug 1 and drug 2; as attributes- ‘readiness for Labi ’ and ‘readiness
for Lab2 ’ respectively (Appendix 3).
The decision-making process of homogeneous doctors in Gammanym2, similar to
homogeneous agents in Gammanym model, also depends on the mean adoption rate of
the acquaintances. Discussions with other doctors, either friends or colleagues at
practices, conferences or hospitals, generate an alert when the mean adoption rate of the
discussion partners is 0.50 or above. On the other hand, receiving information from the
detailman or sales representative, or quarterly journals from the laboratories, creates a
single alert as well. The reduction in readiness is proportional to the number of alerts
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received irrespective of the sources. In other words, the homogeneous social agents
move to the next stage of adoption when they receive a single alert (or more) from any
of the aforementioned sources. In Gammanym, doctors adopt the drug when readiness
reaches zero, i.e. doctors reach adoption or acceptance stage. As Gammanym2 depicts
the diffusion processes involving two competing drugs, the specifications for adoption
status need elaboration.
3.3.2.1

Adoption status.

The adoption criterion in Gammanym2 is the same as for the doctors in Gammanym.
The doctors in Gammanym2 also adopt a particular drug when readiness for that drug
reaches zero. However, unlike Gammanym, in this model the doctors are susceptible to
information, i.e., after adopting one drug the doctors change their readiness and are
open to information about both drugs. After the adoption of a particular drug, therefore,
the readiness for the adopted drug changes from zero to readiness 1, as the doctors move
back to trial stage, and readiness for the non-adopted drug changes to 2, i.e., the
evaluation stage. In other words, in Gammanym2, after adopting drugl, the readiness for
Labi moves back to 1 and readiness for Lab2 moves back to 2. The rationale for going
back to the evaluation stage, instead of the awareness stage, has been derived from the
concept of interconnectivity between the two products (Redmond 2004). The
assumption is that, the two drugs have some degree of interconnectivity, as they are
prescribed for the same illness. Thus, when doctors are adopting one drug, they have
some exposure about the information for the other drug and when they are reassessing
their decision they would not necessarily go back to the awareness stage.

Two alternative adoption decision criteria are experimented when the readiness for both
drugs reaches the acceptance stage at the same time:
1. Random switching: According to this criterion, when the doctors reach the
adoption stage for both the drugs at the same time step, they choose randomly
between the two drugs. Random switching can be rationalised as product
differentiation has not been incorporated in Gammanym2. The process is
described in the following activity diagram:
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Figure 3.4

Activity diagram for random switching
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2. Reassessing uncertainty. Reaching acceptance stage for both drugs at the same
time, the doctors become uncertain of their evaluation and do not adopt any of
the drugs. To address this uncertainty, in Gammanym2 each doctor is initiated
with an attribute, termed counter for reassessment (Figure 3.5). For the uncertain
doctors, the readiness for both drugs goes back to 3 (i.e. interest stage) when the
counter for reassessment reaches the value of 2. Thus, the uncertain doctors
reassess their evaluation by receiving information from both the laboratories
from there on.
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Figure 3.5

Activity diagram for reassess uncertainty
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Further discussions on these criteria are in Section 3.4.1.2.1, where specification for the
benchmark scenario has been explored.
3.3.3

Located communicating agents: laboratory

In this section we introduce the attributes of pharmaceutical laboratories in
Gammanym2. The two competing laboratories, Labi and Lab2, are symmetrically
located over the spatial grid (Figure 3.3). First, on the basis of a review of empirical
studies on medical marketing, we derive the cost structure for marketing instruments in
Section 3.3.3.1. Section 3.3.3.2 discusses the decision variables for optimal marketing
strategy under Gammanym2. The analysis in this section provides the basis for game
theoretic framework in the next section.
3.3.3.1 Marketing instruments under Gammanym2.
Among the six means of drug promotion (Schweitzer 1997), three principal means are
considered for Gammanym2: detailing by pharmaceutical sales representatives
(detailman/detailers), journal advertising and sampling. Given the relatively small
expenditure in direct mail promotions and the difficulties to separate its influence from
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journal advertisements, Gammanym2 does not specify direct mail promotion as a
marketing tool. Media advertising is not included because of different target groups i.e.
consumers/general public. Though directed towards physicians, the sponsorship of
continuing medical education is not included in this model because of its broader
objective of ‘corporate promotion’ for the company as a whole rather than a particular
product (Schweitzer 1997).

The diffusion literature (Blumenthal 2004; Moynihan 2003; Andaleeb and Tallman
1996; Coleman et. al. 1966), and the recent policy debates around drug promotion
strategies (Brenann et. al. 2006) identify detailman as one of the most important, and
frequently as the first source of information. Schweitzer (1997) reports that more than
55 percent of promotional budgets in the US was allocated for detailing in 1983. Based
on 1998 data on 250 most promoted drugs in the US, Ma et. al.(2003) study reveals that
detailing is the second largest expenditure, accounting for 27.8 percent of the total 12.7
billion US dollar. As in Gammanym, at each time step each company keeps records of
the practices visited by the detailman and randomly chooses one of the remaining
practices or available practices, only if at least one of the doctors is present at the
practice.
Advertisement in the medical journals is considered as another crucial marketing tool.
Ma et. al.(2003) estimate that 4.3 percent of total promotion expenditure is spent for
journal advertising. Lexchin (1987 in Schweitzer 1997), reports that drug advertising
makes up approximately 40%-60% of the journal content. In Gammanym2, journals for
each of the drugs are sent to all the practices and thereby ensure a blanket exposure to
all doctors at the same time step. The model specifies issuance of quarterly joumalsxvl.
3.3.3.2 Decision variables.
Given the focus of this study, to identify the optimal marketing strategy for the
laboratories, in this section the two major decision variables, costs and payoff, are
described.

i. Cost
In Gammanym2, the cost function is defined as the summation of fixed costs (FC)- on
research and development (R&D) expenditure plus two drug promotion costs: sampling
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and cost of advertising in the journals™11; and the variable cost i.e. cost of detailing or
sending the detailman. Total cost, at each time step, therefore, is estimated as:

Total Cost = FC + A f (distance)----------------Equation (3.1)

Distance in this case, is interpreted as the distance travelled by the detailman from the
regional centre for each company, symmetrically placed over the spatial grid. For the
sake of simplicity, we opt for a linear cost function. A is the parameter representing
marginal cost of travelling to practices or detailing in this model.

As part of the strategic interaction, in Gammanym2, another fixed cost component
termed as trust cost or monitoring cost has been included. Measured as an opportunity
cost, monitoring cost stems from the idea that the firms incur a cost when they commit
to negotiate. In this study, negotiation cost, hence, is the cost of monitoring the
opponents’ activities. The value of the monitoring cost or trust cost is added to the total
cost of cooperating company. In case of defection, each company starts with two
different values for trust cost. The cooperating company or the company initiating the
negotiation has a higher opportunity cost of trust. The cheating company, having
different perceptions about negotiation i.e. not to cooperate, attaches lower value to the
trust cost.

ii. Payofffunction
As defined earlier in Section 3.2.1, the payoff function is the ratio of number of adopted
doctors and total cost. Thus, payoff is considered as an evaluation indicator, based on
which the payoff matrix under different scenarios is constructed in the later sections,
with an attempt to determine the most effective marketing strategy.

3.4 Exploration with a basic game
This model examines a simple game with a theoretical exposition originating from the
Prisoner’s Dilemma. The main research objective of this chapter is to evaluate if
information on social networks of the clients, i.e., the doctors, can generate economic
gain for pharmaceutical companies. Our analysis with one lab in Section 3.2.1 reveals
that segmented marketing, i.e., prioritising integrated doctors for information delivery,
has higher economic payoff than random marketing. Gammanym2 involves two
competing pharmaceutical companies. Before analysing the effectiveness of marketing
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strategies, this section discusses the nature of interaction between the pharmaceutical
companies within a game theoretic framework. By game theoretic framework, we imply
that the choice between cooperative and non-cooperative behaviour is determined by
their economic payoff.

The core assumption for cooperation is that the two competing pharmaceutical
laboratories, despite the high negotiation cost or monitoring cost, have the incentive to
cooperate given the possibility of reducing their variable cost. Based on the agreement,
each company sends its detailmen to an allocated region, and thereby, reduces the cost
of detailing.

To develop the payoff matrix and equilibrium outcome, similar to a basic game under
duopoly, three strategies ,are considered:
a. Strategy I: Individual operation; randomly targets doctors from the whole
medical community. Although in reality, the companies may vary in terms of
their expenditure for R&D, for the sake of simplicity Gammanym2 specifies the
same fixed cost for all the companies. No monitoring cost is involved in this
case.
b. Strategy II: Joint Operation/Cooperation; the companies negotiate to conduct a
joint operation and each covers a particular/ allocated region.
c. Strategy III: Defection; the committing company bears the monitoring cost, as
they need to monitor the activities of their strategic partner and send detailman
to the allocated region. The other company, despite signing agreement for joint
operation continues with the individual operation and thus, covers the whole
area and does not
incur the monitoring cost. The rationale behind introducing a trust cost or
monitoring cost is to evaluate economic incentive to defect by measuring impact
of the trade off between reduction of total cost and increase in detailing cost by
covering the whole region.

In Figure 3.3 the spatial grid denotes the case of cooperation or Strategy II. The spatial
grid for Strategy III, in case of defection by Lab2- is presented in Figure 3.6.
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The competitive framework for Gammanym2, described in terms of three strategies for
a basic duopoly model, has been tested for different parameter values and groups of
doctors in the rest of this chapter. For benchmark scenario in the following section, we
start with a diffusion model with homogeneous doctors only.
3.4.1

Benchmark scenario for payoff matrix

Given the lack of diffusion studies analysing economic incentives of change agents, we
have employed an extensive set of sensitivity analyses in this section. First, the
empirical basis for specifying different components of cost functions for each company
is discussed. Section 3.4.1.2 discusses the impact on diffusion for changes in the
following two attributes: i. adoption status; and ii. trust cost or monitoring cost. This
section concludes with Section 3.4.1.3 describing the specification for benchmark
scenario for payoff matrix for networked diffusion with homogeneous doctors.

61

3.4.1.1 Cost function
i. Fixed Cost
In Gammanym2, the R&D expenditure is specified on the basis of estimates provided in
DiMasi et. al.(2003) study. Based on the investigation on ten multinational
pharmaceutical laboratories in the US, this study reveals that R&D expenditure accounts
for 42 percent of total expenditure. The data was collected from Tufts Centre for the
Study of Drug Development (CSDD) database for 68 randomly chosen drugs for the
firms which agreed to participate in the confidential survey. DiMasi et. al.(2003) study
reports that the total expenditure on R&D per new drug is around US$ 802 million (in
2000 dollars” "1).

The estimations for the rest of fixed cost components, i.e. sampling and advertising in
journals, are incorporated from the data provided in the Ma et. al.(2003) study. As the
study includes promotion expenditure on the 250 most promoted medications, the
average expenditure per drug in 1998 dollarsxlx are estimated as: US$ 26.4 million for
sampling and US$ 2.2 million for journal advertising. Thus, each company starts with a
fixed cost of US$ 830.6 million.
ii. Monitoring cost /Trust cost
The trust cost is specified as US$ 7 million, estimated from the data provided in Ma et.
al.(2003) study. According to the study the detailing cost per drug was US$ 14 million
in 1998. In Gammanym2, the incentive for the pharmaceutical laboratories to consider
joint operation is to reduce the cost of detailing when they operate in one particular
region i.e. half of the spatial grid. The opportunity cost of negotiation i.e. the highest
amount of money they should optimally spend on monitoring, is therefore estimated as
US$ 7 million.

iii. Marginal cost of detailing
The marginal cost of detailing or unit cost of travelling in Gammanym2, is denoted as A
in equation (4.4). 1 (Section 3.3.3.2). The benchmark value for A, has been derived
from reports on marketing effort of pharmaceutical companies in the US for 2000
(Clayton 2004, Findlay 2001). The companies are reported to spend US$ 4.8 billion in
detailing in 2000. Given 83000 pharmaceutical detailers, the marginal cost of detailing
or A is specified as $1000xx.
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Table 3.1

Specifications for different components of cost function in

_____________ Gammanym2__________________ ______________________
V alue

C o sts

Fixed Costs:
R&D

S ource
U S $ 8 3 0 .6 m i l l i o n

S a m p lin g
A d v e r tis in g

Monitoring/Trust Cost
Detailing Cost

U S $ 8 0 2 m illio n

D iM a si et. al. (2 0 0 3 )

U S $ 2 6 .4 m illio n

M a et. al. (2 0 0 3 )

U S $ 2 .2 m illio n

M a et. al. (2 0 0 3 )

U S $ 7 m illio n

M a et. al. (2 0 0 3 )

U S$1000

C la y to n (2 0 0 4 ), F in d la y (2 0 0 1 )

3.4.1.2 Deriving benchmark criteria for adoption status and trust cost.
In this section we derive the specification for adoption decision and trust cost. Table 3.2
summarises the scenarios explored in this section. First, the sensitivity to the choice of
adoption criterion, between random switching and reassessing uncertainty (Section
3.3.2.1), is verified by comparing the diffusion curves with scenario 1 and scenario 2.
.The specification for changes in the adoption stage, designated by the change in
attribute named Readiness for labt ( i=l,2), is tested with scenario 3. Then we proceed
to evaluate the impact of changes in trust/monitoring cost in scenario 4.

Table 3.2

Scenarios to derive benchmark criteria for homogeneous doctors

S c e n a rio

A d o p tio n

R e a d in e s s U p d a te

S c e n a rio 1

Random
Switching
Reassess
Uncertainty

R e a d in e s s fo r a d o p te d d ru g =1
R e a d in e s s fo r n o n -a d o p te d d ru g = 2

7

R e a d in e s s fo r a d o p te d d ru g =1
R e a d in e s s fo r n o n -a d o p te d d ru g = 2

7

S c e n a rio 3

R e a sse ss
U n c e rta in ty

Readiness fo r adopted drug =1
Readiness for non-adopted drug=3

7

S c e n a rio 4

R e a sse ss
U n c e rta in ty

R e a d in e s s fo r a d o p te d d ru g =1
R e a d in e s s fo r n o n -a d o p te d d ru g = 2

S c e n a rio 2

T ru s t/
M o n ito rin g
cost
(U S $
m illio n )

4.2

As several random functions are included in the algorithm, each scenario is repeated
100 times in order to estimate the output variability. For each of the cases, similar to the
Gammanym model, the innovator is chosen among the doctors who are practicing at
centres, i.e., doctors who have two colleagues.
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3.4.1.2.1 Benchmark criteria fo r doctors’ adoption status. For this section only,
the simulation results in Gammanym2 are analysed by incorporating the concept of
Complete Regionalisation. Complete Regionalisation implies that the doctors go to their
zonal hospital or conference centre and have friends from the same zone. This
specification is aimed at minimizing the effect of chance encounters like random visits
by the detailmen from the other company or visiting hospitals or conference centres in
the other zone. In the case of cooperation (Strategy II), therefore, the probability to
inform the doctors from the other zone is only through journal advertisements, ensuring
a blanket exposure to all doctors. Therefore, to specify the adoption status of doctors,
simulation results for Strategy II under complete regionalisation are analysed.

First, the cumulative diffusion curves (CDC) under scenario 1 (Figure 3.7) and scenario
2 (Figure 3.8), are compared to evaluate the impact of the two adoption methods
discussed in Section 3.3.2.1, when the doctors reach adoption stage for both the drugs.
Figure 3.7

Cumulative Diffusion Curves in Gammanym2
with random switching (scenario 1)

Time steps ( in weeks)

---- Drugl

— Drug2

It is important to note that, given the spatial allocation, zone II, i.e., the operational zone
for Lab2, consists of more practices for doctors**1. Thus, after synchronous adoption
process up to the 40th time step, Figure 3.7 depicts an increasing difference between
CDCs for the two laboratories. The CDCs for both laboratories with reassess
uncertainty in Figure 3.8 represent a more synchronous diffusion process compared to
the case of random switching (Figure 3.7). As the doctors are susceptible to information
after the reassessment process (Figure 3.5), i.e. after adopting one drug, the doctors
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change their readiness and are open to information about both the drugs. In case of
reassessment, the diffusion process is, therefore, analysed up to 200 time steps in Figure
3.8.
Figure 3.8
Cumulative Diffusion Curves in Gammanym2
____________with reassessing uncertainty (scenario2)____

E

200

Time steps ( in weeks)
----- Drugl ------Drug 2 ------uncertain

To address the degree of interconnectivity between two drugs (Section 3.3.2.1), in Table
3.2 two degrees of interconnectivity has been explored. The assumption is that after the
adoption of a particular drug, the change in the readiness of non-adopted drugs depends
on the interconnectivity of the product (Redmond 2004). It would be hard, however,
even with a detailed data set, to specify after the adoption of one particular drug,
whether the readiness for the other drug goes back to interest stage (readiness 3) or
evaluation stage (readiness 2). Figure 3.8 represents scenario 2 when the readiness for
the non-adopted drug goes back to evaluation stage or readiness 2, and Figure 3.9
represents the simulation results when readiness for the non-adopted drug goes back to
interest stage or readines3 (Scenario3, Table 3.2). The CDCs in Figure 3.9 indicate a
more synchronous diffusion process in comparison to the CDCs in Figure 3.8. Given the
specifications in Gammanym2, to minimize the differences in outcomes for the
laboratories in terms of the number of adopted doctors, the adoption criteria for the rest
of the analysis are, therefore, specified as:
i. when the doctors reach the acceptance stage for both the drugs, they follow the
process of reassessing uncertainty (Figure 3.5);
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ii. after adoption of one drug, the readiness for the non-adopted drug goes back to
interest stage or readiness 3 (Scenario3, Table 3.2)
Figure 3.9

Cumulative Diffusion Curves in Gammanym2 with reassessing
uncertainty (scenario 3)

Time steps ( in weeks)
-----Drug 1

---- Drug 2

---- Uncertain

3.4.1.2.1.Benchmark trust cost/monitoring cost. The payoff curves under Scenario 4
(Table 3.2) are depicted in Figure 3.10, when Labi adopts defection. The benchmark
monitoring cost, Costl, is US$ 7 million (Table 3.1) and the estimation for alternative
monitoring cost, Cost2, has been derived from Shapiro (2004) The author reports that
the total amount spent on drug promotion ranges between US$ 6000 and US$ 11000 per
doctor per year. As the incentive for cooperation is to reduce the cost of detailing into
half (Section 3.4.1.1), with strategy II the cooperating company needs to send
information to 495 doctors in their allocated zone. On the basis of average expenditure
per doctor being US$8500, the opportunity cost of negotiation has been estimated as
US$4.2 million.
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Figure 3.10

Payoff Curves with Scenario 4 : Defection by Labi

700

T im e s t e p s ( in w e e k s )

■■■■■■!■ Payoff 1_Cost1

11

P ayoff 2_Cost 1

P ayoff 1_Cost2 — ——

P ayoff 2_Cost 2

Notes : Payoffl Costl -P ayoff for Labi with CostI, where 1=1, 2

Figure 3.10 compares the payoff curves with two different monitoring costs- US$ 7
million (Costl), and US$ 4.2 million (Cost2), when Labi is cheating. The marginal cost
of detailing is US$1000. In Figure 3.10, with Cost2, payoff for the committing Lab2 is
slightly higher, in a predictable way, and the payoff for defecting company i.e. Labi is
lower. Other than smaller difference between two payoff curves with Cost2, no major
difference can be identified in comparison with the payoff curves with Costl. Due to the
similarities of results in terms of differences in payoff curves between cooperating
company and defecting company, the case when Lab2 is defecting is presented as
Appendix 5xxn.
3.4.1.3Criteria for Benchmark Scenario for Homogeneous Doctors in Gammanym2
Exploration in Gammanym2 is aimed at evaluating economic payoff for two competing
pharmaceutical laboratories. Given the unavailability of data on marketing costs and
subtleties associated with interconnectivity between the drugs, the experiment in the
previous section aims to verify the impacts of different parameter values and hence
validate the modelling specification for a benchmark scenario for deriving the payoff
matrices. Based on the simulation results in Section 3.4.1.2, the criteria for adoption
status and monitoring cost/trust cost are selected. To avoid biasness, we have selected
the parameter values which generate the minimum difference in terms of outcomes like
number of adopted doctors or economic payoff.
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The benchmark values for all

parameters in case of networked diffusion with homogeneous agents in Gammanym2
are summarized in Table 3.3.

Summary of the different attributes in benchmark
_________ scenario for homogeneous doctors______________

Table 3.3

Attribute

Benchmark Value

Number of innovators

10 for each drug

Number of detailman

20 for each company

Number of journal
advertisement

5 from each company (given the specification of
quarterly journals

Alert
criteria

Network effect: Acquaintances’ mean adoption rate is
50% or above
Laboratory effect: Availability of detailman/joumal on
practice patch

generation

Adoption method

Reassessing Uncertainty

Readiness update

After adoption, readiness of the adopted drug moves
back to l(i.e. trial stage) and the readiness for nonadopted drug moves back to 3(i.e. interest stage)

Fixed cost

US$ 830.6 million

Trust/Monitoring cost

US$ 7 million

Analysis period

80 weeks™111
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3.5 Optimal marketing strategy for diffusion with homogeneous
agents
In this section, first the payoff matrices with different values of marginal cost of
detailing are presented in Section 3.5.1. To derive the optimal marketing strategy,
repeated games scenarios with two retaliating strategies are compared in the case of
networked diffusion with homogeneous agents in Section 3.5.2.
3.5.1

Payoff matrix for homogeneous agents

Given the significance of the cost of detailing in my investigation, in this section we
derive three matrices with the highest payoffs for each of the laboratories. In the payoff
matrix, for each strategy the first and the second entry, represent payoffs for Labi and
Lab2 respectively. For each of the cases, the average of 100 simulations are considered.

For the benchmark marginal cost of detailing i.e. US$ 1000 (Section 3.4.1.1), the payoff
matrix in Table 3.4 denotes that Nash equilibrium outcome is achieved when Labi
defects and Lab2 cooperates. No dominant strategy can be diagnosed as only Labi has a
Dominant strategy i.e. defection.
Table 3.4 Payoff matrix with detailing cost of US$1000
Lab2

Defection

Cooperation

Defection

620,546

629,564

Cooperation

533,669

563,617

The same outcome, i.e. absence of a dominant strategy Nash Equilibrium, holds true for
detailing cost of US$ 500 and US$ 250. The investigation, therefore, continues with a
much lower cost of US$100, which can be rationalised on the grounds of recent focus
on alternatives to conventional medical detailing. Given the rising competition among
pharmaceutical laboratories (Bhalla et. al. 2004), one of the major problems is the huge
reduction in the length of interaction time between doctors and medical representatives
(Gapper 2006; Heutschi et. al. 2003). Heutschi et. al.(2003) also report that the time
spent in detailing is on average between three and four minutes in the US, and around
nine minutes in the United Kingdom. (Bhalla et al. 2004: 370) report that “ sales reps
spend over a third of their time in the field dropping off samples at the physicians’
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office, without actually detailing the product”. The questions surrounding effectiveness
of conventional detailing and doctors’ inconvenience with the repeated visits (Grapper
2006), have actually provided the incentives for shifting focus to e-detailing, especially
in the US (Tercha and Gleason 2002). Heutschi et. al.(2003) report that, given different
alternatives to conventional detailing like e-detailing, video detailing, mass email,
interactive programs on laptop or mobile devices, static electronic content on personal
computers etc, savings of 25%-90% per product are possible through e-detailing. Due to
the unavailability of a detailed data set separating the cost for conventional detailing and
e-detailing; the detailing cost of US$ 100, thus can validated for this investigation.
Table 3.5 Payoff matrix with detailing cost of US$100
Lab2

Defection

Cooperation

Defection

589,593

647, 561

Cooperation

539,674

564, 625

Table 3.5 denotes a dominant Strategy (defection) Nash Equilibrium outcome. This
outcome implies that with a very small marginal cost of detailing the laboratories are
better off to defect i.e., to conduct operations for the whole medical community.
To evaluate the economic impact of an extremely high cost of detailing, we derive the
payoff matrix with a detailing cost of US$ 1 million. Table 3.6 reveals a dominant
Strategy Nash Equilibrium outcome, with the dominant strategy being cooperation, and
implies that cooperation is optimal under an exorbitantly high detailing cost.
Table 3.6 Payoff matrix with detailing cost of US$lmillion
Lab2

Defection

Cooperation

Defection

52, 52

52, 72

Cooperation

70, 57

76, 81
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The results in this section indicate that equilibrium outcome depends on the detailing
cost. As the high detailing cost of US$ 1 million is unlikely, given the possibility of edetailing and shifting preference for direct-to-consumer advertising, the analyses with
repeated games in the next section, thus involve two detailing cost: US$1000 and
US$100.
3.5.2

Exploring repeated games with homogeneous agents

This section discusses the optimality of Tit-for-Tat strategies under a repeated games
framework. The principles of repeated games in Gammanym2 are the followings:
i.)

the laboratories follow a system of quarterly evaluation. After starting with
the benchmark scenario with 20 detailman, the committing company
assesses the cheating at the 12th time step or first quarterly evaluation, and
decides to retaliate when three or more detailmen from the other company
are located in its own zone. The cheating company assesses the action of the
other company by evaluating at the 24th time step using the same criterion
and retaliates in the same manner i.e. adopting the same strategy from then
on.

As has been mentioned in Section 3.3.1, given the size of the spatial grid (27
x 19), the zones are asymmetric. To avoid bias generated from this
asymmetry, the simulation results with repeated games presented in this
chapter reveal the cases for defection (Strategy III) where Labi is defecting
and Lab2 cooperates. It is important to note that the assumption of quarterly
evaluation is based on the specification of a benchmark scenario with 20
detailmen (Table 3.3), which denotes the pre-evaluation stage under repeated
games. As zonel is allocated with 243 practices, Lab2, the cooperating
company, evaluates at 12th time step when 240 of the total practices are
visited by the 20 detailmen from Labi. The rationale for evaluation is drawn
from the assumption that after covering 99% of the practices at least once,
Labi may well have incentive to move to zone IIXX1V.

ii.)

Retaliation or Tit-for-Tat, in this game, implies defection by targeting the
opponent’s operational area with an extreme strategy. Two Tit-for-Tat
strategies are investigated:
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a. Random intensity with increased number of detailmen targeting all
doctors;
b. Segmented marketing by prioritising the groups based on their
professional integration with the same number of detailmen.
The rationale for segmented marketing evolves from the findings with one
company, where prioritising the professionally most integrated doctors has
proved to be the most effective strategy (Section 3.2.1). Thus the company
keeps on sending the detailmen to the clinics until all of the doctors are
adopted and then target the doctors with a second degree of professional
integration, i.e., the doctors at the centres and the private practices. Random
intensity marketing, on the other hand, is to capture the increasing
expenditure in detailing (Bhalla et.al. 2004, Ma et. al. 2003). This result also
mimics the current preference pattern in medical marketing, allocating 90
percent of the budget in conventional detailing (Brenann et al. 2006). In the
case of random intensity, the retaliating company increases the number of
detailmen from 20 to 30 and operates in the whole medical community,
iii.)

Unlike the benchmark scenario where monitoring cost is added as a fixed
cost component for the committing company, in the case of the repeated
games in Gammanym2 each firm changes its monitoring cost when their
prior beliefs regarding the opponent change. The evolving nature of the trust
cost or monitoring cost captures the notion of learning (Osborne 2004). As
part of discussing the formation of players’ beliefs, Osborne (2004:135)
describes learning as a scenario where ‘the same set of participants
repeatedly play a game, each participant changing her beliefs about the
others’ strategies in response to her observations of their actions’. Thus the
value of monitoring cost for the committing company decreases to zero
when the committing company becomes aware of the cheating by its
opponent.

Given the significance of the detailing cost for this analysis, we evaluate the economic
payoff when Labi is cheating and Lab2 retaliates first for two detailing cost: US$ 100
(Figure 3.11) and US$1000 (Figure 3.12).
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Figure 3.11 Optimal Tit-for-Tat strategy with homogeneous
___________ social agents for detailing cost of US$100______
1200

Time steps ( in weeks)
------- Payoff 1_SM -------- Payoff 2 _ S M -------- Payoff 1_RM -------- Payoff 2_RM

Notes: Payoff!_SM=Payofffor Labi with segmented marketing; Payoff!_RM=Payofffor Labi
with random marketing; where 1 = 1 , 2

Figure 3.11 and Figure 3.12 provides evidence for economic impact of knowledge on
social networks. Irrespective of the level of marginal cost of detailing, segmented
marketing ensures a better outcome in comparison with random marketing with an
increased number of detailmen. Under segmented marketing, the cooperating company
i.e. Lab2 generates a higher payoff within 4 time steps after retaliation. Labi, initially
cheating however, fails to catch up even after adopting segmented marketing at 24 time
steps. Though the payoff is higher for Lab2 even under random marketing, its impact is
relatively smaller as the difference between payoffs under random marketing for Labi
and Lab2, Payoff1 RM and Payoff2_RM. respectively, is much smaller than the
differences between payoffs with segmented marketing, i.e. Payoffl SM and
Payoff2_SM respectively for Labi and Lab2 (Figure 3.11, Figure 3.12)
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Figure 3.12

~

Optimal Tit-for-Tat strategy with homogeneous social agents for
detailing cost of US$1000

1000

1

4

7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79
Time steps ( in w e e k s )

-------Payoff 1_SM--------Rayoff2_SM--------Payoff 1_RM--------Payoff 2_RM

Notes: Payoff!_SM= Pay offfor Labi with segmented marketing; P ayoff RM ^Payofffor Labi
with random marketing; where 1 — 1, 2

Does accessibility o f information on social networks o f doctors generate economic
gain? This was my objective for investigation with the above-mentioned strategies. The
payoff curves under repeated games show that segmented marketing ensures higher
economic payoff in comparison with random marketing with an increased number of
detailman. This proves the central theme of the networked diffusion (Section 2.2),
which signifies the role of social networks in innovation diffusion. As perceived in
Medical Innovation (Coleman et. al. 1966), the simulation results with Gammanym
indicate that doctors’ adoption decisions are influenced by the opinion of their
colleagues and friends. Therefore, higher economic payoff is generated with segmented
marketing under Gammanym 2, by prioritising the integrated doctors. We argue that as
diffusion in Gammanym2 follows a social contagion process, when the integrated
doctors are targeted, information on the new drugs spread through quickly across the
social system. Higher payoff is also attributable to the lower detailing cost under
segmented marketing, as the number of detailman is doubled under random intensity
marketing. Overall, the payoff curves in Figure 3.11 and Figure 3.12 indicate that
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instead of increasing the number of detailman, the optimal strategy for the
pharmaceutical companies, is to gather information on doctors’ integration status and
implement segmented marketing for more cost-effective diffusion. This result,
therefore, indicate that there is a economic significance of within-networks interactions
in a microeconomic context, one of the core hypotheses in our investigation (Section
1. 2 ) .

3.6 Optimal marketing strategy for diffusion with deliberative agents
In this section, first, the attributes and decision-making process of the deliberative
agents are discussed. Section 3.6.2 discusses the outcome of the payoff matrix in order
to derive the optimal marketing strategy for networked diffusion with deliberative
agents. Similar to homogeneous agents, simulation results with two retaliating strategies
in the case of repeated games, are discussed in Section 3.6.3.
3.6.1

Decision making process for deliberative agents

In Gammanym2, the decision making process of deliberative agents involves a threshold
function. Unlike proportional reduction in readiness for homogeneous agents, the
deliberative doctors move to the next stage of adoption according to a threshold
function. As elaborated in Chapter 2, the decision-making process for heterogeneous
agents is conceptualised from the threshold models of diffusion. Emphasizing the role
of interpersonal networks, Granovetter(1978) initiates the research on thresholds and
argues that the degree of influence by the behaviour of some relevant group (i.e. friends,
neighbours or colleagues) varies across individuals. Heterogeneous agents, in
Gammanyml, therefore, have varied degrees of adoption thresholds based on their
individual disposition to knowledge (Table 3.7). Different versions of threshold models
are developed in the literature (Granovetter 1978; Bass 1969), with a wide application in
empirical literature for analysing diffusion of innovation and practices (see Rogers
1995, Valente 1995, for a comprehensive review).
In addition to the abovementioned classic diffusion models, the rationale for threshold
function Gammanym2, also incorporates the findings in studies employing ABM to
analyse diffusion dynamics (Edwards et. al. 2003; Deffuant et. al. 2005). To incorporate
the notion of trade-offs between individual perceptions for adoption or attitudes towards
newness/unknown, and social pressure, deliberative agents have two individual
attributes: uncertainty and preference (Appendix 3). Each doctor is initiated with a real
number, between 0 and 2, which refers to uncertainty or CC . A higher value of
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CC implies that the doctors are less responsive to innovation and vice versa.
Preference,/?, on the other hand, signifies the general notion of differences in
perceptions towards different sources of information. In other words, doctors have
different perceptions towards evaluating the information from the change agency, i.e.
pharmaceutical laboratories and their peers (friends/colleagues),

ß

is initiated as a

normally distributed real number valued between 0 and 1.
At each time step, a temporary variable opinion, or 0 , is generated, based on the
following threshold function:
Opinion (0)= / ? ( x ) + (1 — ß \ y ---------------------------Equation (3.2)
where, x represents number of alerts received from pharmaceutical laboratories and y
represents the number of alerts generated from doctors’ social and professional
acquaintances. At each time step, the doctors decrease their readiness for the respective
drug or move to the next stage of adoption if the opinion variable is higher than their
uncertainty i.e. 0 >= OC.
The specification for the highest vale of CC as 2, is based on the assessment of the
highest value of 0 for the doctors with extreme preference or biasness for either peers
or information from change agency. For example, for doctors who only values
information from their colleagues/peers, the highest value for 0 can be 2 at a single
time stepxxv. Figure 3.13 represents the activity diagram for readiness update or the
process for transition to next stage of adoption for deliberative agents.
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Figure 3.13

Activity diagram for readiness update
for deliberative agents

Readiness upadte: Deliberative Agents

Mean adoption rate of friends/colleages >=0 5
Information from lab?
alert = alert +1
leasuring Opinion

'Opinion >= Uncertainty?

Update Readiness

Unchanged Readiness

Unchanged readiness

It is important to note that although the possibility of generating a value of 6 (or
opinion) as 2 is extremely low, the agents in Gammanym2 are initiated with an
uncertainty value of 2. Deffuant et. al. (2005:1068) report an influential role by the
minority of extremists, especially in the case of innovation “which were initially, on
average, badly evaluated socially and for personal wellbeing”. Despite the significant
difference in the modelling approach, we incorporate two groups of extremists. The first
group constitutes the doctors who are least responsive to new drugs, i.e., agents with
a =2. Agents with a =0, the second group of extremists, are highly responsive and will
move to the next stage of adoption when 6 is non-negative. In the case of highly
responsive doctors, the method of decrement of readiness is adopted only after they are
aware of the drug i.e. when their readiness is 3 for the drugxxvl concerned.
It is important to establish the links among the different types of social agents, i.e.
doctors, specified in my thesis so far. Table 3.7 summarizes the principal attributes
determining adoption behaviours of four types of social agents: homogeneous,
heterogeneous, complex and deliberative. Despite the application of threshold models
for heterogeneous doctors in Gammanyml (Chapter 2), this exploration with a threshold
function for deliberative agents in Gammanym2 is significant, as it aims to capture the
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nuances with individual decision making from a different perspective. The threshold
function complements the previous specifications with varied levels of individual
thresholds for three groups of doctors, and adds on to incorporate the notion of a source
dependent evaluation mechanism. This evaluation mechanism signifies that despite the
same level of alert generation irrespective of the source and adoption stage, the doctors
vary in terms of evaluating information from different sources. For example, some
doctors consider information from colleagues or friends as more important than
information from detailmen or journal advertisements and vice versa. This specification
also complements the way complex agents incorporate the notion of different levels of
influence from different sources in Gammanyml (Section 2.7).
Table 3.7

Differences in principal attributes for four types of social agents
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3.6.2

Payoff matrix for deliberative agents

The following payoff matrix with deliberative social agents represents a dominant
strategy (defection) Nash equilibrium outcome. Given the same level of detailing cost,
the values of highest payoffs in Table 3.8, however, are much smaller than in the case of
homogeneous agents (Table 3.5). The decreased value in the number of adopted
doctors, hence lower payoffs for both the laboratories, are associated with the non
adoption by a significant number of doctors at the end of 200 time steps. Given the
possibilities for isolated doctors initialised with different combinations of extreme
values for uncertainty (i.e. least responsive to new drugs with a value of 2) and
preference variable (i.e. strong preference for network alert with a zero value forß ),
reaching the acceptance stage or readiness 0 is less likely for those isolated doctors.
More interesting however, is the Prisoners ’ Dilemma outcome with deliberative agents
i.e. cooperation generates the highest payoffs for both the laboratories. In other words,
in contrast to the payoff matrix with homogeneous agents (Table 3.5), with the same
marginal cost of detailing, cooperation or adoption of Strategy II (Section 3.4) generates
the highest payoff.
Table 3.8

Payoff matrix with deliberative agents with a detailing cost of
US$100
Lab2

Defection

Cooperation

Defection

182,180

291,150

Cooperation

181,276

228,248

Labi

To explain these results further, the diffusion curves for different groups of doctors are
analysed. For deliberative agents, the groups can be identifiable based on different
combinations of three variables: preference, uncertainty and level of professional
integration. From the perspective of collecting information on the above three variables,
the possibility of precise information on doctors’ preference for different sources of
information is very limited. In this section, the groups, therefore, are identified by
addressing professional integration status and the uncertainty variable. Based on the
results in the previous chapter, that the individual adoption threshold for heterogeneous
doctors in Gammanyml play a more significant role than their integration statusxxvn, the
diffusion curves with only two groups are analysed. The highly responsive doctors with
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zero uncertainty, but different integration status, are compared with the respective
curves under two scenarios: i. when both laboratories are defecting (Figure 3.14), and ii.
when Labi is defecting (Figure 3.15). In this exercise, we choose the highly responsive
doctors, as they have the highest susceptibility to information on new drugs. By
grouping them according to their integration status, the aim is to evaluate what matters
more for diffusion with deliberative agents in Gammanym2, integration or individual
traits?

Figure 3.14 indicates that with Strategy I (when both laboratories are defecting), the
cumulative diffusion curves evolve in similar fashion as both companies follow similar
processes. In case of adoption of drugl, no marked difference is created due to the
integration status as the curves for integrated and highly responsive doctors and isolated
highly responsive doctors are superimposed on each other. For drug2, the isolated
doctors even have a slightly higher adoption rate compared to integrated doctors.
Figure 3.14 Cumulative Diffusion Curves under strategy I for different
___________ groups of deliberative doctors_________________________
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Figure 3.15 depicts cumulative diffusion curves under Strategy III, when Labi is
defecting and operates in the whole medical community and Lab2 operates only in the
allocated region. The difference between integrated and isolated and highly responsive
doctors in terms of rate of adoption for drugl, is higher compared to the case when both
laboratories are defecting (Figure 3.14). Similar results hold true for drug2, as the
isolated and highly responsive doctors have a higher adoption rate than the integrated
ones.
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Figure 3.15 Cumulative Diffusion Curves under strategy III for different
___________ groups of deliberative doctors( defection by Labi)_________
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Simulation results under both scenarios(Figure 3.14 and Figure 3.15) indicate that, in
case of deliberative agents, like the heterogeneous agents in Gammanyml, individual
trait, i.e., uncertainty, indicating their responsiveness to innovation, is more crucial for
adoption decision under the framework adopted for Gammanym2. Given this result, we
proceed to analyse the simulation results with different parameter values under repeated
games framework in the next section.
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3.6.3

Exploring repeated games with deliberative agents

In this section, the repeated games framework (Section 3.5.2) has been explored with
deliberative agents. Similar to the payoff curves in Figure 3.11 for repeated games with
homogeneous agents, Figure 3.16 compares the payoff curves when Labi is cheating
and Lab2 retaliates first with two alternative strategies: random intensity marketing and
segmented marketing.
Figure 3.16 Deriving optimal Tit-for-Tat strategy with deliberative doctors
___________ (scenario 1)___________________________________________

_

100

Time step s ( in weeks)

Payoff1_RM (1)

Payoff2_RM(1)

Payoff 1_SM(1) —

Payoff 2_SM(1)

Notes: Payoff!_SM=Payofffor Labi with segmented marketing; Payoffl_RM=Payofffor Labi
with random marketing; where 1 = 1 , 2

Figure 3.16 reveals that unlike the case of homogeneous agents (Figure 3.11),
segmented marketing does not generate better economic payoffs for Lab2, which
retaliates first. In other words, despite retaliating first by targeting the most integrated
doctors first, Lab2 fails to catch up with the defecting company i.e. Labi. In the
previous section, we observe that irrespective of the strategies, the uncertainty variable
plays a more crucial role compared to integration status of doctors under a benchmark
scenario. Reaching the doctors first by operating in the whole community facilitates
Labi to generate higher economic payoffs and to maintain the economic advantage
throughout the process. This also provides an explanation for similar payoff curves for
each company under alternative retaliating strategies.
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As the main objective of the investigation is to evaluate the extent to which the
accessibility of the information on social networks of doctors generates economic gain,
the payoff curves for repeated games with deliberative agents are analysed further for
changes in different aspects of Gammanym2. Table 3.9 provides the scenarios
investigated for networked diffusion with deliberative agents with a marginal detailing
cost of US$ 100:
Table 3.9
Scenario
Scenario 1
Scenario 2
Scenario 3
Scenario 4

Scenarios to explore repeated games with deliberative doctors
Detailing cost
(US$)
100
100
100
100

Uncertainty Preference
0-2
0-1
0-2
0-2

0-1
0-1
0-0.5
0-1

Time of
Retaliation
12, 24
12, 24
12, 24
8,24

To verify the extent of influence of the degree of responsiveness, Figure 3.17 represents
scenario2, where the payoff curves are derived with a reduced value for the uncertainty
variable a . In this case the uncertainty attribute for deliberative agents in Gammcmym2
is initiated with a value between 0 and 1. Figure 3.17 shows that the system is sensitive
to degree of responsiveness or uncertainty, as the payoffs are much higher than the
benchmark scenario (Figure 3.16) or scenario 1, Table 3.9. In other words, with the
decrease in the degree of responsiveness, the levels of adoption for both drugs increases
and hence results in higher payoff for each company irrespective of strategies.
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Figure 3.17 Evaluating optimal Tit-for-Tat strategy with deliberative doctors
___________ (scenario 2)_____________________________________________
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Notes: Payoffl_SM=Payofffo r Labi with segmented marketing; Payoffl_RM—Payoff fo r Labi
with random marketing; where 1 = 1 , 2

The increase in the number of adopted doctors under scenario 2, is predictable in the
sense that with the decrease in uncertainty parameter the probability of moving along
the consecutive stages of adoption becomes higher. Thus, reaching the doctors first
becomes more cost effective and therefore, the payoffs for Labi is higher than those of
Lab2 irrespective of the strategy in Figure 3.17.

Scenario 3 in Figure 3.18, depicts the payoff curves under two strategies with the
changed value for ß or preference. In this case the deliberative agents are initialised
with a value of ß ranging from 0 to 0.5 (Table 3.9). Similar payoff curves, as in the
benchmark scenario (Figure 3.16) indicate that random intensity remains as the more
cost effective retaliation strategy after the change in the average value of ß
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Figure 3.18 Evaluating optimal Tit-for-Tat strategy with deliberative doctors
____________(scenario 3)_____________________________________________
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Notes: Payoffl_SM=Payofffor Labi with segmented marketing; Payoffl_RM=Payoff fo r Labi
with random marketing; where 1 = 1 , 2

To evaluate the significance of time of intervention, under scenario 4 (Table 3.9) the
cooperating company, Lab2 retaliates at 8th time step and Labi retaliates at the 24lh time
step. Figure 3.19 reveals that as with the repeated games case with homogeneous agents
(Figure 3.11), segmented marketing generates a better economic payoff for Lab2 for
networked diffusion with deliberative agents. Despite the more dominant role by the
individual trait i.e. uncertainty variable, compared to integration status of doctors
(Section 3.6.3), reaching the integrated doctors first facilitates Lab2 to generate a higher
economic payoff when the intervention is implemented at an earlier period of time.

In other words, accessibility to information on social networks of doctors generates
higher economic gain for pharmaceutical laboratories even when doctors vary in terms
of degree of responsiveness and perception towards different sources of information. It
is important to note, however, that despite the similarities in terms of cost effectiveness,
between diffusion with homogeneous doctors (Figure 3.11) and that of deliberative
doctors under scenario 4 (Figure 3.19), the differences between the payoff curves for the
two laboratories under each of the Tit-for-Tat strategies in Figure 3.19 are much smaller
than those in Figure 3.11. These results indicate that the information on social networks
is likely to be less effective in the case of deliberative agents or when the clients vary in
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terms of their responsiveness towards new drug and preference for different sources of
information.
Figure 3.19

Deriving optimal Tit-for-Tat strategy with deliberative doctors
(scenario 4)
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Notes: Payoff! SM=Payofffor Labi with segmented marketing; PayoffI_RM= Payoff for Labi
with random marketing; where 1 = 1,2

As the change in the preference variable, generates very similar results (Figure 3.18) to
the benchmark scenario (Figure 3.16), we conclude that in case of networked diffusion
with deliberative doctors the two critical factors are: degree of responsiveness, and the
time of retaliation. With the decrease in the degree of responsiveness, the number of
adopted doctors increases for both the laboratories, while random intensity marketing
remains as the more cost effective strategy (Figure 3.17). The earlier intervention by the
cooperating laboratory i.e., retaliating at 8th time step, however, establishes segmented
marketing as the more cost effective retaliation strategy (Figure 3.19).. Given our focus
on assessing the economic significance of social networks, the next section explores
further on the extent of influence by the time of retaliation. Section 3.6.3.1 thus
examines the cost effectiveness of segmented marketing with respect to changes in
different attributes of the social agents in Gammanym2.
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3.6.3.1 Verifying effectiveness of segmented marketing with deliberative agents.
In this section, the optimality of segmented marketing strategy is verified. Considering
scenario 4 (Table 3.9) as the benchmark, scenarios with respect to changes in three
principal attributes: detailing cost, uncertainty and preference (Table 3.10), are explored
when the cooperating laboratory retaliates at 8th time step.
Table 3.10

Scenarios to explore effectiveness of segmented marketing with
deliberative agents

Scenario

Detailing
(US$)

Scenario 5
Scenario 6
Scenario 7

1000
100
100

Cost

Uncertainty

Preference

Time o f
Retaliation

0-2
0-1
0-2

0-1
0-1
0-0.5

8, 24
8,24
8,24

The payoff curves in Figure 3.20 reveal that, similar to scenario 4 (Figure 3.19),
segmented marketing is more cost effective than random intensity marketing even with
a 10-fold increase in detailing cost. The effectiveness of segmented marketing is rather
limited, in the sense that the difference between payoff curves under segmented
marketing i.e. Payoffl_SM(5) and Payoff2_SM(5) for Labi and Lab2 respectively, is
smaller in comparison to that in scenario 4, i.e., between Payoff I SM (4) and
Payoff2_SM(4) in Figure 3.19. It is interesting to note, that with increased detailing cost
of US$1000 the cheating laboratory, retaliating at the 24th time step, generates a better
payoff with segmented marketing as Payoffl SM (5) is higher than Payoffl_RM(5), in
contrast to the simulation results in scenario 4.
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Figure 3.20

Evaluating optimality of segmented marketing with deliberative
doctors (scenario 5)

Time steps ( in weeks)
-----Payoff 1_SM (5)----- Payoff 2_SM(5)

Payoff1_RM(5)------Payoff2_RM(5)

Notes: Payoffl_SM=Payofffor Labi with segmented marketing: P a yo fflR M —Payoff fo r Labi
with random marketing; where 1 - 1 , 2

Scenario 6 examines the effectiveness of segmented marketing when the deliberative
agents are initiated with reduced value of a , ranging from 0 to 1 (Table 3.10). The
payoff curves in Figure 3.21 reveal that random intensity marketing is more cost
effective than segmented marketing even when the cooperating laboratory retaliates at
an earlier period. Based on the results in scenario 2 (Figure 3.17), the results under
scenario 6 (Figure 3.21)are somewhat predictable with increased number of adopted
doctors for both drugs compared to the benchmark scenario or scenario 4 (Figure 3.19).
But with the same average degree of responsiveness the differences in outcomes with an
earlier intervention under scenario 6, are more significant, as the difference between
payoff curves for the both laboratories, i.e., between Payoffl SM and PayofflRM , and
between Payoff2_SM and Payoff 2_RM is bigger than those under scenario 2 (Figure
3.17). As Payoff2_SM is higher than Payoff2 RM in Figure 3.21, we can also interpret
that although the cheating laboratory enjoys the higher payoff (as same as scenario 2) by
reaching the doctors first, earlier intervention matters as segmented marketing proves to
be a better retaliation strategy for the cooperating laboratory i.e. Lab2.
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Figure 3.21
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Evaluating optimality of segmented marketing with deliberative
doctors (scenario 6)
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Notes: Payoff!_SM=Payoff for Labi with segmented marketing; Payoffl_RM=Payofffor Labi
with random marketing; where 1 = 1,2

Lastly, the simulation results for scenario 7(Table 3.10) in Figure 3.22 reveal that the
random intensity is more cost effective when the deliberative agents are initialised with
a reduced value of ß , ranging from 0 to 0.5. But unlike scenario 3, Table 3.9 (Figure
3.18) payoffs for the cooperating laboratory under both the strategies are higher than
those of Labi under scenario 7 (Figure 3.22). These results imply that with a reduced
value of preference variable, earlier intervention by Lab2 has a significant impact on
adoption rate of deliberative agents, as the differences in outcomes for both the
laboratories are reduced significantly, as in Figure 3.22 in comparison to Figure 3.18.
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Figure 3.22 Evaluating optimality of segmented marketing with deliberative
____________doctors (scenario 7)______________________________________

Time stpes ( in weeks)

---- Payoff 1_SM(7)----- Payoff 2_SM(7)----- Payoff1_RM( 7 ) ----- Payoff2_RM(7)

Notes: Payoffl_SM=Payofffor Labi with segmented marketing; Payoff!_RM=Payofffor Labi
with random marketing; where 1 = 1 , 2

To summarize, in the case of diffusion with deliberative doctors in Gammanym2, the
effectiveness of segmented marketing is dependent on the choice of parameter values,
as only scenario 5, Table 3.10 (Figure 3.20) retains the results of the benchmark
scenario for earlier intervention (Figure 3.19). In comparison to scenarios with
intervention at the 12th time step (scenario 2 and scenario 3 in Table 3.9), the markedly
different results with changes in uncertainty (Figure 3.21) and preference variable
(Figure 3.22) establish the significance of earlier retaliation by the cooperating
laboratory. Effectiveness of random intensity marketing in both cases, nevertheless,
implies that reaching the doctors first still generate higher payoffs for the cheating
laboratory given the dominance of the individual traits in the case of diffusion with
deliberative doctors, depicted in Gammanym2.
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3.7 Caveats and Concluding Remarks
In this chapter, the objective is to evaluate the microeconomic outcomes of within
networks interactions. In Chapter 2, the simulation results with Gammanym and
Gammanyml indicate that speed of diffusion is determined by the degree of external
influence from the change agent, i.e., pharmaceutical company. We, therefore, extend
our analysis in this chapter to evaluate if it is economically beneficial for the
pharmaceutical companies to access information on doctors’ social networks. In
Gammanym2, the effectiveness of different marketing strategies are evaluated by
economic payoff, defined as number of adopted doctors per total cost. The interaction
between two change agents are captured using a simple game theoretic framework.

The principal findings from this investigation are:

i.

the Nash Equilibrium outcomes of the strategic interaction between two
pharmaceutical laboratories are dependent on the marginal cost of detailing.
In the case of networked diffusion with homogeneous social agents, an
exorbitantly high marginal cost of detailing e.g. US$ 1 million, generates a
dominant strategy equilibrium for which both the laboratories are better off
by operating their own zone despite a high monitoring cost. For a smaller
marginal cost e.g. US$ 100, most likely one with an increased preference for
e-detailing, the dominant strategy is defection i.e. to cover the whole medical
community. With the same marginal cost of detailing i.e. US$ 100, similar
results hold true for diffusion with deliberative agents. Nevertheless, only
networked diffusion with deliberative agents generates a Prisoners ’
Dilemma outcome i.e. cooperation by both laboratories ensures the highest
payoffs.

ii.

the explorations in the case of repeated games with two retaliating strategies
provide markedly different results between homogeneous and deliberative
social agents. The simulation results with 100 repetitions indicate that for
networked diffusion with homogeneous agents, segmented marketing is
more cost-effective than the random intensity marketing with increased
number of detailmen. Accessing information on the social networks of the
clients, doctors in this case, generates an economic gain for the change
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agents or the pharmaceutical laboratories. Under segmented marketing, the
laboratories prioritise the doctors with the higher degree of professional
integration and the cooperating laboratory generates a higher payoff by
retaliating first when the clients are homogeneous.

iii.

in the case of diffusion with deliberative agents, the results indicate that the
outcome depends, to some extent, on the choice of parameter values with
respect to marginal cost of detailing, retaliating time and degree of
responsiveness . Nevertheless, the dominant role of individual traits,
especially degree of responsiveness (i.e. uncertainty or a ) proves to be
crucial in generating higher economic payoff with random intensity
marketing. In other words, for diffusion with deliberative agents, the
cooperating laboratory, despite retaliating first fails to catch up with the
cheating laboratory, which has generated huge economic advantage by
reaching the doctors first at a very early stage of the diffusion process.

iv.

segmented marketing proves to be more cost effective in the case of earlier
intervention at the 8th time step, instead of the 12th time step. Although the
extent of effectiveness is significantly lower in comparison with that of
homogeneous agents, the simulation results with earlier intervention imply
that accessibility to information on social networks can generate an
economic gain for diffusion with deliberative agents. The significant impact
of degree of responsiveness on the effectiveness of earlier intervention also
indicates that only with a lower degree of, responsiveness segmented
marketing can be interpreted as the optimal policy for diffusion with
deliberative agents.

Given the exploratory nature of this investigation with Gammanym2, arguably, the
authenticity of the insights drawn from the simulation results can be questioned. In this
regard we argue that the experiments with different scenarios largely suffice to address
the second research question. On the basis of a literature review, we have also
incorporated the information on cost structure of pharmaceutical laboratories in
Gammanym2. Nevertheless, specification based on primary data can be crucial for
determining the optimal strategy. From that perspective, this exploration with
Gammanym2 has been constrained by the unavailability of a detailed data set on
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marketing effort. Similar arguments hold true for adoption behaviours of the social
agents i.e. doctors, especially for deliberative doctors. Despite the sheer complexity of
gathering data on individual traits like media preference, the true potential for economic
gain can be better evaluated with detailed survey data on the targeted medical
community.

Despite these caveats, this work makes a contribution to diffusion literature by
explicitly modelling competitive interactions between change agents for medical
innovation, with an objective to determine the cost-effective marketing strategy. We
start with the basic model with 99 homogeneous doctors, Gammanym, to evaluate the
most effective marketing instrument and to determine optimal strategy with a simple
definition of economic payoff. The analysis then proceeds to specify different attributes
for two pharmaceutical companies, followed by a detailed discussion on the competitive
framework adopted for Gammanym2. Important to note that, we have adopted an
extensive set of sensitivity analysis, in order to avoid biasness with respect to selection
of different attributes of two principal agents, doctors and pharmaceutical companies.

After analysing the effectiveness of segmented marketing with homogeneous doctors,
we also explore the concept of threshold function for deliberative doctors. The
exploration in Gammanym 2 is also significant as it complements the findings with
Gammanym and Gammanym 1. For example, we have been able to incorporate three
kinds of decision making process for doctors so far. Although the formulations are fairly
simplistic, their complementarity provides important insights on adoption behaviour and
also establish the advantage of ABM as a better method for analysing networked
diffusion.

The results with deliberative agents indicate that the parameter values for individual
traits are crucial in determining the effectiveness of segmented marketing. Nevertheless,
gathering information on responsiveness or perception towards sources of information is
difficult. The exploration focusing on cost effectiveness of segmented marketing, thus,
has been significant in the sense that it is likely to be easier for the pharmaceutical
laboratories to gather information on doctors’ professional integration rather than
responsiveness or perception towards sources of information. The policy implications of
the simulation results in this chapter are discussed in Chapter 5.
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Chapter 4
Social diversities and economic growth
4.1 Introduction
This chapter aims to address the third major research question of this thesis: How, and
to what extent, do social diversities matter for knowledge diffusion and, thereby,
economic growthl The motivation is to evaluate the economic impact of social diversity
or social fragmentation on economic performance. The principal hypothesis of this
thesis is that the interactions within and across social networks influence the process of
knowledge diffusion, especially the tacit or non-codified part that requires face-to-face
interactions. In relation to the principal hypothesis, this chapter outlines the significance
of interactions across the networks for knowledge diffusion, and explores the empirical
evidence of its impact on aggregate economic performances.

The empirical results of a more general enquiry have been mixed in terms of whether
diversity, be it racial, religious, cultural, ethnic or linguistic, is productive for the
economy. The principal theme surrounding positive impacts of diversity on
macroeconomic indicators like productivity or employment growth stems from the
potential for innovation and creativity given the mix of abilities, experiences and
cultures in a heterogeneous society. On the other hand, lower level of interpersonal
trust, conflict of preferences over redistributive policies, and a more general social
discord as a result of deep divides within ethnically heterogeneous societies, have been
identified as the impeding factors for economic prosperity. This investigation, however,
relates to emergent literature on the effects of barriers of communication created
through social diversities, at macroeconomic level. This chapter examines the empirical
evidence of the theoretical model capturing the impact of social barriers to
communication (Grafton et al. 2007), employing a cross-sectional dataset for United
States. The differences across the states for a range of socio-economic indicators have
been a major research interest for social scientists to date. Identifying social diversity as
a causal factor for differences in economic growth across the states, however, is
comparatively, a less explored subjectxxvul. Focusing on the role of social networks on
the diffusion of knowledge in a heterogeneous society like the US, the aim is to
investigate whether possible barriers across social groupings based on similar language,
race, ethnicity or culture have a negative impact on the growth of Gross State Product
(GSP) per capita.
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4.2 Motivation /Background
4.2.1

Literature Review

In this section the literature on the economic outcomes of social diversities has been
reviewed. First, the empirical findings of the negative impact of diversity for cross
country analyses and also for the US economy has been analysed. The empirical
evidence of the benefits of diversity is discussed in the following section.
4.2.1.1

Is Heterogeneity/Diversity Bad for the Economy?

For the better understanding of the cross-country differences in economic growth, the
investigation on the macroeconomic impact of social diversities initiated almost a
decade ago. One of the pioneering studies on detrimental impact of ethnic diversity by
Easterly and Levine (1997: 1205) argues that the public policy choices in ethnically
fragmented societies, especially in the case of provision of public goods like education
or infrastructure, are not economically optimal due to the conflict of preferences and are
‘prone to rent seeking by different groups’. The authors provide empirical evidence that
a set of variables - low educational attainment, political instability, large black market
premium, inefficient public sector, underdeveloped financial sector and inadequate
infrastructure - which are outcomes of poor policy choices in Sub-Saharan Africa,
accounts for two-fifths of the growth differential with fast growing East Asian
economies. Alesina et. al.(2003) and Alesina and Ferrara(2005) also show that the
diversity measures have a negative impact on per capita growth. Using three
fractionalisation measures, Alesina et. al.(2003) conclude that the ethnic and linguistic
fragmentation measures, rather than religious one, are more likely to influence
economic variables and variables indicating quality of government. Alesina and Ferrara
(2005) also investigate the possibility of the positive impact of fractionalisation at a
higher

level

of development

by

introducing

an

interaction

term between

fractionalisation and GDP per capita. The estimated impact of the interaction term,
hypothesized to have a positive sign, was not statistically significant under all
specifications. The authors, however, conclude that the negative impact of diversity is
higher in poor countries. The empirical evidence for sub-optimal policy choices for
provision of public goods like education or public employment across different
geographic boundaries in the US is given by Porteba(1997), Alesina et. al. (1999), and
also Goldin and Katz(1999).
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Collier(2000) argues that intricately linked with public policy choices is the level of
democratisation, or access to political rights, which shapes the impact of ethnic diversity
on aggregate economic indicators. Collier uses the Gastil indexxxlx to measure political
rights for 94 countries over the period 1960-90. When regressed against average per
capita GDP growth, the estimated impact of the interaction term between ethnolinguistic fractionalisation and the Gastil index is large and negative. Neither of the
above measure - fractionalisation or Gastil index - remains statistically significant
individually once the interaction term is included in the regression. The interaction term,
however, remains significant throughout the robustness checks. The result implies that
the impact of diversity depends on the level of democratisation, and is only
counterproductive in the presence of limited political rights. Alesina and Ferrara(2005)
identify the high correlation between GDP and democracy and the endogeniety issues
surrounding the democracy variable as a limitation for Collier’s(2000) analysis.

Another dominant theme stems from the literature on Social Capital. Putnam(2000)
emphasizes the role of trust, and norms of civic cooperation for social, political and
economic gain. The principal argument is that the lower level of interpersonal trust and
civic engagement in a fragmented society influence the aggregate economic
performance through reduced participation in collective action problem and an
increasing transaction cost of communication across groups. Knack and Keefer(1997)
elaborate on the direct impacts of trust and civic norms on aggregate economic
performance. The empirical testing for a cross-country dataset reveals that a higher level
of trust ensures increased incentive for innovation, accumulation of human capital and
better performance of government institutions. Based on a general equilibrium growth
model, Zak and Knack(2001) hypothesize that a higher level of trust is associated with
an egalitarian distribution of income and population homogeneity, which enhances
investment and thereby economic growth. Using a cross-country dataset, the authors
conclude that accompanied by weak formal and informal institutions failing to ensure
contract enforceability or property rights issues, investment decreases with the increase
in social heterogeneity.
The principal hypothesis relating to social capital, trust and economic outcomes has also
been shown for a specific country or region. Collier and Gunning(1999) identify lack of
social capital, originating from lower level of trust, as one of the major retarding forces
for economic growth in Sub-Saharan Africa. The authors argue that high transaction
costs, as a result of ‘barriers to social interaction’ among different ethno-linguistic
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groups in highly fractionalised societies in that region along with poor ‘public social
capital’ has contributed to Africa’s unsuccessful growth performance. Alesina and
Ferrara(2002) evaluate the level of trust across the metropolitan areas in US and
concluded that interpersonal trust is lower in localities with higher racial heterogeneity
and income inequality.

Two other related concepts - Social Capability (Temple and Johnson 1998), and Social
Infrastructure (Hall and Jones 1999) - complement the rationale for economic outcomes
of social capital. Two indicators of social capability, extent of mass communications
and newspaper circulation, show a positive correlation with the level of trust and are
most likely to contribute to the formation of ‘bridging’ social capital. One of the
components of a social infrastructure measure, an index of government anti-diversion
policies, an equal-weighted average of five variables: ‘i. law and order, ii. bureaucratic
quality, iii. corruption, iv. risk of appropriation and v. government repudiation of
contracts’ (Hall and Jones 1999:97), also influences the level of trust.

Focusing on the direct economic impact of barriers to communication across social
networks, Grafton et. al.(2004) analyse the significance of Social Divergence in
explaining cross-country differences in Total Factor Productivity (TFP), and per capita
income.

Social

Divergence originates form the hypothesis that barriers

to

communication created through differences in language, ethnicity or religion, hinders
the ‘cross-fertilization’ of ideas and knowledge due to lower social interactions across
the groups and, hence, has a negative impact on productivity, and ultimately on factor
accumulation. Employing a cross-country dataset for 27 developing countries, the
econometric model provides evidence regarding the negative relationship between TFP
and three measures for social divergence - income inequality, ethnic diversity and
religious diversity. Based on an optimal growth model, Grafton et. al. (2007) explore
the theoretical basis for the principal hypothesis of social divergence. The theoretical
proposition, that ‘a lower value of the ‘bridging’ parameter, reduces both transitory and
steady-state levels of TFP (Grafton et. al. 2007:4)’, holds true for linguistic diversity for
a cross-country dataset of 110 countries.
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4.2.1.2 Is Heterogeneity/Diversity Good for the Economy?
Collier(2001) provides counter evidence on the negative impact of heterogeneity on
aggregate economic performances. Findings in Collier and Gunning(1999) provide
econometric evidence for a negative coefficient for ‘dominance’ variable when
regressed against average per-capita GDP growth for 102 countries for the period 196090. Separating the impacts of diversity on private and public capital, Collier (2001: 144)
argues that diversity has differing impacts on productivity of private capital and public
capital as, “in the public sector the benefit for the group is the capture of rents, whereas
in the private sector it is increased productivity”. Diversity, therefore, has a positive
impact at macroeconomic level due to larger stock of private capital.

The creative aspects of cities like New York, London, Berlin or San Francisco, provides
the rationale for positive economic impacts of heterogeneity that originate from the
availability of a variety of skills and experiences, and concentration of human capital in
a diverse city (Florida 2002). As the linkage between population density, urbanization
and human capital is discussed at length in Section 4.3.2.2, in this section the focus is
on studies that establish a

direct link between diversity and economic variables.

Evaluating the impact of linguistic diversity, Ottaviano and Peri(2005) provide evidence
of its positive association with both hourly wages and employment density of US
natives. They consider linguistic diversity as a proxy for cultural diversity, and argue
that different skills originating from different cultures contribute to the productivity of
native workers. The results of the investigation to assess the impact of racial diversity
on a set of macroeconomic indicators - labour productivity across US industries
(Sparber 2006a), GSP per worker at state level, and average wages of white workers at
city level (Sparber 2006b) - has been mixed. The impact of racial diversity proves to be
positive for most industries in the US, more so for industries with high skill
concentration. Similar results hold true for the productivity of white workers, as the
estimated impact of diversity of college-educated workers is positive and statistically
significant using a panel dataset for 102 metropolitan areas for the period of 1970-90.
State level results, however, have been inconclusive (Sparber 2006b).
4.2.2

Rationale for the investigation

Is diversity ‘g ood’ or ‘bad’ for the US economy? The principal motivation for
addressing this question is two-fold: to make a contribution in the emergent literature on
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empirics of diversity and aggregate economic performances, and to analyse the policy
implications, relevance of which is likely to go beyond US territory.

Studies on the US economy relating to diversity by Ottaviano and Peri(2005),
Sparber(2006a and 2006b) focus on the positive impacts of cultural or racial diversity
created through complementarity in knowledge and experience, and concentration of
human capital in diverse cities, which is the principal argument of most of the urban
economics/ economic geography literature. Despite the extensive empirical literature
explaining the differences in socio-economic indicators across different geographic
boundaries in the US, this exploration thus makes a contribution by focusing on a
comparatively unexplored subject area - economic effects of barriers to communication.
Given the subtiety/complexity surrounding appropriate measures for social segregation,
also defined as social divergence, in a country like the US, a range of definitions has
been employed in this investigation to capture different dimensions of diversity and also
an extensive set of controls based on the existing literature. On the basis of the
theoretical framework by Grafton et. al. (2007), robust results indicate that the overall
impact of racial diversity is negative for GSP per capita growth. This investigation also
overcome the major criticism around cross-country studies given the homogeneity
across the US states in terms of institutions, definitions and data collection methods
(Rupasingha et al. 2006).

This apparently contradictory result, with the popular notion of relating innovation and
creativity in US, identified as the ‘melting pot’ of cultures, provides insights for the
current policy debates around multiculturalism in most of developed economies. Most
of these economies, like the US, Canada, the United Kingdom or Australia have long
been pursuing an immigration policy aimed specifically at skilled migrants from
developing countries. The findings in this study validate the theoretical rationale for the
recent policy focus on integration of immigrants and the need for building bridges
across the social groupings to ensure the effectiveness of skilled-migration policies.
Although more micro-level data is needed for dissecting the complex issues surrounding
‘state-sponsored’ multiculturalism in the present context, this study makes a
contribution by providing the basis for further investigation in the western liberal
democracies, and possibly also for countries like Russia or Sri Lanka faced with
rebellion in favour of establishing small ethnic states within their national boundaries.
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4.3 Estimation method
4.3.1

Theoretical framework

The theoretical framework for econometric modelling has been drawn from Grafton et.
al. (2004) and the consequent work on developing the dynamic model evaluating
economic impact of barriers to communication (Grafton et. al. 2007).

We consider GSP per capita as the dependent variable. Given the debate in the
contemporary growth literature about the appropriate framework/s to evaluate the
impact of variables like institutions

or geography on economic

indicators

(Bhattacharyya et. al. 2005), two equations has been estimated to evaluate the
association between social diversities and GSP per capita. Mostly applied in cross
country regressions, the level framework specifies the dependent variable as a natural
logarithm of real GDP per capita, signifying the current level of economic development.

For this study, the variants of equation (4.1) has been estimated, where the dependent
variable is the natural logarithm of GSP per capita for the z-th state for a particular year
T:

In GSPir = n + a Racial + ß Language + ö Re ligious + y Control'. +

(4.1)

The explanatory variables in equation (4.1) consist of three measures of diversity Racial, Language and Religion. Based on the existing literature on economic growth,
Control, is included as a vector of other explanatory variables such as education,
urbanization, and population density.

In equation (4.2) GSP„ is the natural logarithm of real GSP per capita of the z-th state in
some initial year t. The regressand in equation (4.2) thus represents growth in GSP per
capita. The right hand side variables, however, are the same as the level framework in
equation (4.1).

1

G SP a

T

GSPit

—ln(------ ) = n + A In GSPit + a Racial + ß Language + S Re ligious + y Controlt
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(4.2)

Developed by Mankiw et. al.( 1992), this framework has been widely applied in
empirical growth economics. Surrounding the issues of conditional convergence, the
principal argument for this framework is that the initial GSP captures the transitional
dynamics when the economies under the study are not in their steady states (Mankiw et
al. 1992). More relevant to my investigation is the application of this framework for US
states by Barro and Sala-i-Martin(1992), who provide evidence of the existence of
convergence for US states over various periods from 1840 to 1988.

At the beginning of the estimation, we therefore, test for the validity of the Mankiw et.
al.( 1992) framework given by equation (4.2) over the level framework (equation 4.4.1).
To arrive at the growth specification, an omitted variable test has been performed, i.e.,
to verify if initial GSP per capita has added explanatory power or is statistically
significant by estimating equation (4.3). Equation (4.3) is derived from rewriting
equation (4.2) and the null hypothesis, Ho: (1 + A) =0, reduces (3) to the level equation
(4.1).

In GSPjT = tz + (1 + A) In GSPjt + a Racial + ß Language + ö Re ligious + y Control, + si (4.3)

The rejection of the null hypothesis i.e. Ho: (1 + A) = 0, provides evidence for the growth
specification (Bhattacharyya et al. 2005). Based on the estimation of equation (4.3),
from thereon, the growth specification (equation 4.2) has been used in this chapter. This
investigation, therefore, evaluates the impacts of different measures of diversities or
fractionalisation on the growth rate of GSP per capita across the states of the US.
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4.3.2

The data and variables

4.3.2.1 The data.
The state-level, cross-section data for the 48 contiguous states in the US has been used
for this investigation. The data are from several sources. To construct the dependent
variable, Gross State Product (GSP) data is obtained from the US Bureau of Economic
Analysis for the period 1999-2000(US Department of Commerce 2004). GSP,
considered as the counterpart of the Nation’s Gross Domestic Product (GDP), is
measured as the sum of value added for 81 major industries in each state (Woodruff et.
al. 2005).

To construct the key causal variables, the diversity measures, the data on language and
race has been obtained from the US Census Bureau for 1990 and 2000. Two
components of language data provided in the Census: language spoken at home and
ability to speak English, has been used (U.S. Department of Commerce 2000)xxx.
Respondents were asked if the person ‘speaks a language other than English at home’
and the data are compiled for population 5 years and over, into five broad categories:
English, Spanish, other Indo-European languages, Asian and Pacific Island Languages,
and all other languages. For evaluating English fluency of the people who speak a
language other than English at home, their self-assessed ability were categorized into
four groups: “Very well”, “ Well”, “ Not well”, and “ Not at all”.

The census bureau defines race as the self-identification data item, in which people
choose the race(s) with which they most closely identify. It also specifies categories that
basically represent both racial and national origin groups. This estimation uses the data
on race from both the 1990 and 2000 census. For Census 2000, six categories were
included for respondents reporting one race: i. White, ii. Black or African American; iii.
American Indian and Alaska native, iii. Asian; iv. Native Hawaiian and other Pacific
Islander and v. some other race. The percentage of population reported to choose more
than one of the above categories, referred as Two or more races, is 2.4 percent (Grieco
and Cassidy 2001). The ‘race alone’ category has been considered to construct the racial
diversity index. As we exclude Hawaii from the analysis, where 21 percent of the
population is reported to have two races, our calculation based on race alone categories
is more likely to be unbiasedxxxl.
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For religious diversity, the data from the Statistical Abstracts of the United States for
Christians in 2000 and Census 2000 for data on the Jewish population, has been used.
According to census definitions, Christians are defined as ‘all members, including full
members, their children and the estimated number of other regular participants who are
not considered as communicant, confirmed or full members’(U.S. Department of
Commerce 2003) The Jewish population includes people who define themselves as
Jewish by religion as well as in cultural terms. Based on the above, we derive the
percent of population who are from other religions.

To evaluate the impact of other factors contributing to TFP, a set of control regressors
are selected on the basis of existing literature on economic growth in the US. All of
these are derived from the Census 2000 dataset from US Bureau of Census. Education
is defined as the percent of the population with a Bachelor’s degree or higher.
Urbanization is measured as the percentage of the state population living in
metropolitan areas. Age is the percentage of state population in the productive age
group, from 20-64 years. Population density (PopDensity), defined as the average
number of inhabitants per square mile of land area, is from the Census 2000 dataset.
Land area is the size, in square miles, of all areas designated as land in the Census
Bureau’s national geographic database.
4.3.2.2 Variables
i. GSP per capita: The dependent variable, GSP per capita, is measured as the ratio of
real GSP and state population for 1999 and 2000. GSP is the sum of value added
originating in 63 industries in each state (Beemiller and Woodruff III 2000). We use
real GSP estimated in chained (2000) dollars. This variable is derived by applying
national implicit price deflators to the current dollar GSP estimate for each state. The
main objective is to capture the impact of diversity at a macroeconomic level. Although
a number of other macroeconomic indicators like hourly wage (Ottaviano and Peri
2005) or per capita personal income (Barro and Sala-i-Martin 1992) exist, GSP per
capita serves as a better candidate as an indicator for overall performance of the
economy. This is because GSP is considered as the counterpart of GDP i.e., the national
level macroeconomic indicator. Federal government agencies also use GSP as a basis
for allocating funds and determining matching grants. Thus, evaluating the impact of
social divergence on GSP per capita has major policy implications.
ii. Diversity measures
103

We consider three diversity measures to evaluate the social barriers to communication:
racial diversity, linguistic diversity and religious diversity. In addition to the problem
identified in separating race and ethnicity (Sparber 2006b) and the subjective evaluation
of capturing cultural diversity through ethnic identity as suggested in Ottaviano and Peri
(2005), our reservation for measuring ethnic diversity lies with the difficulties in
defining different ethnic groups as 22 percent of respondents specified multiple ancestry
and 19.1 percent did not report at all (Brittingham and de la Cruz 2004). An index based
on number of respondents with single ancestry (58 percent) is most likely to produce a
biased estimate and, hence, is not included in this study.

All measures of diversity are derived as the fractionalisation index, a widely used
measure in cross-country regressions:
n

FRAC|= 1-

Where f ]t is the share of group (racial, linguistic or birth region of foreign population) j
(j=l, 2,.....n) in state i. It provides a Herfindahl concentration index and signifies the
likelihood that two people chosen at random from a diverse universe, will belong to
different groups. FRACj is a measure that is influenced by two parameters: number of
groups and the equitability of each group in the population, and thus combines two
indices used for measuring diversity in biology and ecology - richness and evenness
(Maignan et. al. 2003).

When the number of groups increases (richness), the diversity index increases and
reaches the maximum value of 1 when no pairs of individuals belong to the same group.
In other words, when everyone speaks a different language or has a different country of
birth, the probability that two randomly selected individuals will belong to different
groups is 1. On the other hand, it reaches the minimum value of 0 when all individuals
speak the same language or were bom in the same foreign country. When all foreignborn nationals come from the same country, the likelihood that two randomly drawn
individuals will belong to different countries is zero. Richness or evenness, despite their
relevance, separately do not represent the diversity of population well. In other words,
FRAC, combines both the indicators and thus is considered a good measure for
diversity.
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In addition to the fractionalisation index, for religious diversity the Reynal-Queral
(2002) Polarisation index has been used for religious diversity only. A polarization
index addresses the issue of evenness from a different perspective (Maignan et. al.
2003). Based on the theoretical results of Esteban and Ray (1994 in Alesina and Ferrara
2005), Reynal-Querol index (RQ) is defined as:
n

RQ = 1- ^ ( 0 . 5 - ^ , ) TTj / 0.25 ,
7=1

where nj represents the share of group j in the population. The maximum value of RQ
is 1 with two equally sized groups, and declines as the configuration of groups differs
more from this half-half split i.e. the index is decreasing in N. The main reason for
using a polarization index lies with the limitation of the data where only two religions
are identified as a separate category. As richness is not incorporated in the data
properly, the use of a polarization index enables us to evaluate evenness in a better
manner compared to the fractionalisation indexXXX11.
iii. Control Variables
In this section, we elaborate on the choice of control regressors based on principal
theoretical arguments in growth economics. This is followed by a review of literature on
the empirical investigations of the US economy.
Educational attainment or education serves as a proxy for human capital. Among many
theoretical contributions regarding the role of human capital in economic growth, the
major contribution by Lucas(1988) on creation of positive externalities by an average
level of human capital relates to the principal hypothesis of this thesis on the
significance of interpersonal interactions for knowledge diffusion. A significant number
of studies on the US economy have shown that differences in level of human capital is
crucial for huge differences in per capita income or productivity across different
geographical areas - states or counties (Beeson 1987; Ciccone and Hall 1996; Sedgley
and Elmslie 2004; Higgins et. al. 2006; Hendricks 2004), and cities or metropolitan
areas (Glaeser et. al. 1992; Segal 1976; Rauch 1993; Shapiro 2006; Ciccone and Hall
1996; Simon and Nardinelli 2002; Rigby and Essletzbichler 2002). The rationale for
using the percentage of the population with a bachelor degree or higher as the education
variable, rather than a high school degree, is based on the empirical findings in Shapiro
(2006) and Sparber (2006a). Florida (2002) uses the same measure as a talent index and
Hendriks (2004) identifies the percentage of population having 16 years of schooling as
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a measure of ‘skill’. Empirical results in Hendricks study showed that attainment is
positively related to measures of agglomeration defined by population size or density.
Linking human capital externalities to economies of agglomeration or urbanization,
however, has been a steady theme for empirical literature on the US. Although a number
of competing hypotheses exist about the source of human capital externalities in cities
or metropolitan areas, the empirical evidence for the linkage has been strongly
established in the case of the US economy.

The first principal theme in this link originated from Alfred Marshall, who emphasizes
labour market externalities generated from urbanization due to skill concentration.
Marshall(1920, cited in Glaeser 1998; Fu 2007) argues that interaction among workers
is facilitated by density and emphasizes the potential for knowledge spillovers within
the same industry or the same occupation, in a city. He also mentions technological
spillovers across firms within the same industries in a particular location, termed as
‘localization economies’ (Fu 2007), growth of subsidiary trades and buyer-supplier
networks attributed to agglomeration economies. Related to Marshall’s argument is the
contribution of a densely concentrated labour market for higher economic growth.
Glaeaser (1998) argues that the role of employment density, or thickness of the labour
market, facilitates labour market pooling, higher probability of employment and
insurance for workers to sustain firm or industry-specific shocks. Another school of
thought, proposed by Jacobs (1969 cited in Fu 2007), articulated the positive
externalities generated from variety or diversity of industries in a city that generated
innovation and employment growth. Glaeser et. al.( 1992) evaluate the impact of
externalities on employment growth at industries in 170 largest cities between 1956 and
1987. The authors conclude that, facilitated by cross-fertilization of ideas, diversity
contributes positively to employment growth, as has been theorized by Jacobs(1969
cited in Fu 2007).

Based on the empirical studies on the US economy linking human capital and
agglomeration economies,

two agglomeration variables

have been

included:

Urbanization, defined as the percentage of population in metropolitan areas, and density
of population or PopDensity. The second variables is relevant to this thesis, as it links
with one of the principal hypotheses in Chapter 2, namely that physical distance matters
for knowledge diffusion. As spillovers are related to spatial proximity, the principal
argument is that transaction costs of interaction fall in a more populous area as the
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information spillovers become easier, and this enhances the speed of diffusion. Of
special interest for this thesis is to make the link between population density and
diffusion of tacit or disembodied knowledge, as has been indicated in Rigby and
Essletzbichler (2002). Analysing the differences in labour productivity in manufacturing
industries across different metropolitan areas in the US, the authors use three
agglomeration variables for analysis - supplier-buyer or input-output linkages, labour
pooling and embodied technological spillovers. As the empirical results show a strong
positive relationship between metropolitan area size and labour productivity, even after
controlling for the above factors, the authors conclude that population density captures
the impact of disembodied technological spillovers.

Analysing the impact of network size on the probability of receiving information on job
opportunities, Whaba and Zenou(2005) elaborate extensively on whether population
density is a good proxy for network size. Defining ‘weak ties’ as the transitory social
interactions between individuals, the authors articulate its role in information diffusion.
Based on the significance of weak ties (Granovetter 1973), the authors conclude that
densely populated areas provide more possibilities for random encounters to form a
weak tie than sparsely populated ones. In their econometric model, the coefficients for
density and density squared, both prove to be statistically significant. To capture the
significance of weak ties in information diffusion, we include PopDensity as an
explanatory variable.

Given the findings in a study by Persson and Malmberg(1996), we also include the
percentage of working age population, defined as Age, as a control variable. The
Persson and Malmberg (1996) study provides evidence that age structure influences
growth of per capita income across the US states for the period 1920-1990. Their
contribution to the augmented Solow model by Mankiw et. al. (1992) is to disentangle
human capital into two components, one that can be accumulated and the other
dependent on age structure. A human capital component dependent on age structure has
been argued to capture the skills achieved through on-the-job-training, or learning by
doing. Empirical estimation confirms that the coefficient of the working age group,
from 15-65 years, is positive and statistically significant for subsequent growth in per
capita personal income across the 48 continental states. Another estimation, while
controlling for average years of schooling, reveals that the age groups 25-45 and 45-65
are positively related to subsequent personal income per capita growth.
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4.4 Impacts of diversities on US states
In this section, first, the preferred framework for evaluating the impact of social
diversities has been explored by comparing the OLS estimates of equation (4.1) and
equation (4.2). Then the robustness of the preferred framework has been checked in the
following sections. Finally, the potential for endogeniety bias is addressed in Section
4.4.4. Summary statistics for the key variables are presented in Table 4.1.
4.4.1 Level vs. growth

To verify the appropriate framework to evaluate the impact of social divergence, we
start with a level framework and estimate equation (4.1), which includes the three
fractionalisation measures and three control regressors. The OLS estimates in column
(1), Table 4.1 reveal that though linguistic and racial diversity indexes have the
hypothesized sign, none of them is statistically significant. The coefficients for each of
the control variables- Education, Urbanization and Age, however, have the
hypothesized positive sign and are statistically significant at 5-percent and 1-percent
level respectively.

Given the correlation (0.533) between Urbanization and PopDensity, we estimate
equation (4.1) with population density instead of urbanization. The results are presented
in column (2). Although the coefficient for PopDensity is statistically significant at the
20-percent level (with a p-value of 0.116), the extent of influence is much smaller than
that of urbanization. The statistical significance for Education increases, but the overall
goodness of fitness reduces under this specification. Urbanization, therefore, has been
used as the agglomeration variable for the rest of the regressions.

Column (3), Table 4.1 gives the result of equation (4.3), which includes initial GSP or
lnGSP99 as a regressor in growth specification. The null hypothesis i.e. Ho: (1 + A) = 0,
is strongly rejected (with a t statistic of 38.342) at the 1-percent level and thus proves to
favour the growth framework, as specified in equation (4.2). The inclusion of a lagged
dependent variable in equation (4.1) is helpful on two grounds: first, to help determine
the preferred framework, and then, to account for factors like resources, infrastructure
and other historical factors, inclusion of which is constrained given the small data set.
Inclusion of initial GSP, therefore, also addresses the potential for omitted variable bias
(Woodridge 2003).
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Column (3), Table 4.1 also provides an interesting result regarding the coefficient of
racial diversity. It has the hypothesized negative sign, and is statistically significant at 5percent level. This result supports our hypothesis that the racial division within the state
creates barriers to communication and, hence, has a negative impact on economic
growth due to restricted flow of knowledge or information. Linguistic diversity,
however, has a positive sign and is statistically significant at the 5-percent level.
Although not expected according to our hypothesis, the positive sign of linguistic
diversity supports the findings of Ottaviano and Peri (2005). In a country like the US,
this result does not seem to be surprising, as only 17.9% of the population (5 years and
over) spoke a non-English language at home in 2000 (Shin and Bruno 2003). We
elaborate on this in the later part of this section.

The expected positive sign of the coefficient for education, which is statistically
significant at the 1-percent level, confirms most of the empirical results of the previous
studies discussed in Section 4.3.2.2. The reported diagnostics are Normality i.e. X test
for normality of errors and Hetero i.e., an F-statistic to test for heteroskedasticity. In
column 1, Table 4.1 the heteroskedasticity test statistic is not statistically significant.
The Normality test statistic is, however, significant at 1-percent level and thus provides
strong evidence for non-normality of errors. With the inclusion or initial GSP per capita,
the null hypothesis can not be rejected for both test statistics (column 3, Table 4.1) and
overall goodness of fit improves significantly as well.

Column (4), Table 4.1 reports the OLS estimates of the growth framework specified in
equation (4.2). Three more variables are added under this framework: Poverty and
interaction terms for linguistic and racial diversity with net migration rate. Poverty, is
defined as the percentage of families below the poverty line in the immediate past (last
12 months) in 2000, and is obtained from ‘State and Metropolitan Area Data Book’
(U.S. Department of Commerce 2006b). Poverty in this study serves as a proxy for
inequality. The principal argument of possible impact of poverty on GSP growth
originates from the central concept of social divergence (Grafton et. al. 2004) As a
higher level of poverty implies higher level of social segregation, the barriers to
communication across the groups based on income, are most likely to have a negative
impact on economic outcomes. Grafton et. al. (2004) use income inequality or GINI
coefficient as a measure for social divergence and provide evidence that the estimated
impact of income inequality on total factor productivity level is negative. Based on the
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studies by Alesina and Ferrera(2002) and Zak and Knack(2001), the negative impact of
income inequality can also be transmitted through the reduction in the level of trust in a
heterogeneous society. The empirical evidences in a studyxxxm by Iceland et. al.(2005),
however, may question the validity of social divergence hypothesis for US economy on
grounds of reverse causality. Iceland et. al. (2005) investigate the effect of
macroeconomic performance on two measures of poverty i.e. absolute and relative
poverty during 1980s and 1990s. Their study results suggest that higher per capita GSP
contributes to lower absolute poverty through increasing work hours and high low-end
wage levels. The impact on relative poverty is, however, much smaller because of
associated large income inequality created through higher GSP per capita. Given this
result, we address the issue of reverse causation i.e. endogeniety of poverty variable
Section 4.4.4.3.

Does a higher level of racial or linguistic diversity attract more people from diverse
backgrounds? Does the impact of net migration rate on GSP growth depend on the level
o f diversity i.e. is the impact stronger for more diverse states? We attempt to answer the
above questions, through the inclusion of the two interaction terms. The interaction
terms are generated with net migration rate and statistically significant diversity
measures - Language and Race, reported in column (3), Table 4.1. Data on net
migration rate of foreign- bom population for 1995-2000 or Migration, is collected from
the Bureau of Census (Perry and Schächter 2003). The two studies evaluating the
impact of diversity on macroeconomic indicators-linguistic diversity on wage and
employment level (Ottaviano and Peri 2005) and the impact of racial diversity on real
GSP per worker (Sparber 2006b), treated the issues related to migration differently.
Based on the rationale that the newly arriving immigrants have a tendency “to move to
enclaves established by earlier immigrants from the same source country” (Bartel 1989
cited in Card 2001), the authors construct new diversity measures based on ‘shift-share’
methodology (Card 2001). The constructed diversity measure is then used as an
instrumental variable for respective diversity measures for each year. The use of this
methodology is restricted for this analysis, as this investigation deals with crosssectional data. For the interaction term, the net migration of the foreign-bom population
has been considered as the foreign-bom population is more mobile than the natives. On
a national level, 57.4 percent of foreign-born populationxxxlN reported living in a
different residence in 2000 than in 1995, compared with 44.3 percent of the
natives(Perry and Schächter 2003). For 1995-2000, the foreign-bom population from
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Africa, had a mobility rate of 68.3 percent, followed by Mexican foreign-bom with 62.8
percent, with the least mobile being the European population with 47 percent. The
mobility rate for other Latin American population was 57.1 percent and that for Asians
was 57.6 percent. Given the evidence that net migration rate is higher for the diverse
populations, both linguistically and racially, the hypothesis is that the different rates of
net migration of foreign-bom populations are more likely to have differential impacts on
GSP growth.

As the logarithm of initial income per capita is considered as a measure of distance from
steady state, the hypothesized sign for the coefficient of initial income per capita is
negative (Dowrik and Rogers 2002; Mankiw et al. 1992). In column (4), Table 4.1, the
coefficient for initial GSP per capita provides strong support for growth specification
with an expected negative sign and is significant at 10-percent level on the basis of a
one-tail test. The coefficients for diversity measures in column (4) reveal similar results
in comparison to estimates from the level framework in column 3. Race is not
statistically significant at the usual significance level (p-value is 0.205), though the
coefficient has the hypothesized negative sign. Both the interaction terms, although very
small in value, are statistically significant at the 10-percent level. Education and Poverty
are statistically significant at the 20-percent (with a p-value of 0.118) and 1-percent
level respectively.

To check the robustness of our results with OLS, we use the general-to-specific
modelling implemented in PcGets (Hendry 1995). In PcGets the algorithm is such th at,
the estimation starts with a general unrestricted model and follows a multi-step
procedure to select a preferred model, under which each step includes an extensive set
of diagnostic checks for consistency and statistical significance. Two principal
requirements for PcGets modelling are congruency and encompassing. Congruency
relates to the matching of the model with the evidence in the data with respect to six
main criteria (Hendry 1995:365): ‘homoskedastic, and innovation errors; weakly
exogenous conditioning variables for the parameters of interest; constant, invariant
parameters of interest; theory-consistent, identifiable structures; data-admissible
formulations on accurate observations, and encompassing of rival models’.
Encompassing criterion ensures that no information is lost when the statistically
insignificant variables are lost in the process of arriving at the specific model (Hendry
1995; Owen 2003). Since factors other than education, urbanization and poverty, are
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likely to influence the rate of GSP growth, the potential for omitted variables still exists
with our model specification for OLS estimation. As inclusion of more regressors will
eventuate into loss of degrees of freedom, PcGets algorithm is specifically helpful for
our estimation.

As all three additional regressors, poverty, and interaction terms for linguistic and racial
diversity with net migration rate, are statistically significant, we choose the model
represented in column 4, Table 4.1 as the general unrestricted model. The results in
column (5) are the estimate of the specific model selected with application of the PcGets
algorithm. To verify the misspecification of function form, at this stage we derive
RESET test-statistics in two methods-with the fitted values, and with the square of
endogenous variables. F-statistics are: 0.07 with a p-value of 0.9731 and 0.12, with a pvalue of 0.9471 respectively. As the null hypothesis can not be rejected with either of
them, We conclude that there is no evidence of general functional form
misspecification.

The coefficient for Race, with the hypothesized negative sign is statistically significant
at the 10-percent level in the specific model, and the coefficient for Language is, as
previously reported, positive. However, the partial effect of both the diversity measures
needs to include the interaction effect as both the interaction terms are significant at the
5-percent level (Column 5, Table 4.1). To evaluate the statistical significance of the
interaction effect, we followed the method described in Woodridge (2003:194-196). As
the mean value of net migration rate of foreign population is 35.235, at the mean
migration the effect of racial diversity on GSP growth rate is -0.02201 [= 0.02272+0.0002(35.235)] and the effect of linguistic diversity is 0.05154 [=0.0526 +
0.0003(35.235)]. To test the statistical significance of the two partial effects, we rerun
the regression after replacing the migration variable with (migration-35.235) and derive
the t statistics for the new coefficient. In both cases the partial effects at average net
migration rate are statistically significantxxxv. We, therefore, can conclude that at the
average net migration rate of foreign population, racial diversity has a statistically
significant negative effect on growth rate of GSP per capita; and linguistic diversity has
a statistically significant positive effect on growth rate of GSP per capita.

112

Given their importance, the implication for opposite signs or Race and Language, needs
to be discussed in detail. The negative sign for Race supports the initial hypothesis i.e.
racial barriers reduce GSP per capita growth. The positive sign for Language implies
that higher linguistic diversity increases GSP per capita growth, similar to the findings
in Ottaviano and Peri (2005). Ottaviano and Peri (2005: 306) provides the argument that
because ‘language allows us to capture cultural identity beyond merely first generation
of immigrants’, linguistic diversity is the appropriate measure to capture the cultural
divide in the US. We would like to argue that differences in cultural or ethnic identity in
a country like the US, after decades of intermarriage and the consequent multiethnic
ancestry, may not necessarily be captured solely by the differences in mother tongue. It
is also important to mention that census questionnaire for language data does not permit
the determination of the primary or dominant language of the people who speak both
English and another language. Empirical evidence supports the idea that most likely
places for knowledge spillovers are essentially the places of professional interactions or
informal interactions among colleagues or friends. For skilled individuals, despite
having a mother tongue other than English, most o f the knowledge exchanges are likely
to take place in English. Without assessing the information on the dominant language,
the impact of linguistic diversity in knowledge spillovers may not be captured well with
this dataset.

Assessing racial diversity, on the other hand, is in a sense less complicated as race is
more easily identifiable (Sparber 2006b). One o f the criticisms against racial diversity
as a proxy for cultural diversity argued by Ottaviano and Peri (2005) is the process of
self-identification, i.e., people choose race(s) they most closely identify with. But
identification of ethnicityxxxvl and language ability is also self-assessed and can arguably
be more subjective in nature for a resident in the US by comparison to race. The role of
racial divide is, however, more significant from the perspective of policy formulation as
well. Sparber (2006b:6) argues, ‘state and national political policies (such as affirmative
action laws aimed at increasing university enrolment o f underrepresented minority
groups) are often designed to promote racial - not ethnic - diversity’. The empirical
evidence in Poterba (1997) regarding expenditure on education by the state government,
also supports the idea that racial diversity proves to be the most important determinant
for redistributive policies in the US.
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Table 4.1

Diversity and economic performance: level vs. growth

Dependent variable

Constant

GSP growth
(1999-2000)

InGSP
(2000)
(1)
3.2320****
(0.3143)

(2)
3.5959****
(0.3585)

(3)
-0.0047
(0.0990)

(4)
0.1822**
(0.1032)

(5)
0.1729**
(0.0943)

0.0113
(0.0749)
0.1188
(0.0881)
-0.0762
(0.1721)
0.6719****
(0.2312)

0.9986
(0.0260)
-0.0271***
(0.0112)
0.0366***
(0.0154)
-0.0091
(0.0251)
0.1121**
(0.0351)
-0.0049
(0.0159)

-0.0381*
(0.0256)
-0.0187
(0.0145)
0.0528
(0.0146)
-0.0212
(0.0234)
0.0638*
(0.0398)
-0.0033
(0.0156)

-0.0379**
(0.0209)
-0.0227**
(0.0127)
0.0526
(0.0123)

0.0081
(0.0951)

-0.1813
(0.0649)
0.0002***
(0.0001)
-0.0003***
(0.0001)
48
0.6258
0.5603
1.4759
[0.4781]
0.4553
[0.93641

lnGSP99
Race
Language
Religion
Education
Urbanization

- 0.0544
(0.0676)
- 0.0662
(0.0919)
0.0541
(0.1518)
0.5296***
(0.2027)
0.3292****
(0.0813)

PopD ensity
Age

0.00006*
(0.00004)
1.3282***
(0.6053)

48

48

48

0.0278
(0.0958)
-0.1939
(0.0704)
0.0002**
(0.0001)
-0.0003**
(0.0001)
48

0.655
0.605
16.4594
[0.0003]
0.3547
[0.9690]

0.5461
0.4797
14.1327
[0.0009]
0.4809
[0.9000]

0.9908
0.9893
3.704
[0.1569]
0.2017
[0.99851

0.6343
0.5355
0.7598
[0.6839]
0.4433
[0.95651

1.5151**’
(0.5255)

Poverty
Race *M igration
Lang *M igration
N
D iagnostics
R2
Adjusted R2
N orm ality
[p-value]
Hetero
[p-value]

0.0722**
(0.0358)

Notes:
1. Standard errors are in parenthesis and p-values for diagnostics tests are in square brackets.
2.
, , , and indicates significance level of 1%, 5%, 10% and 20% respectively on the basis
of two-tailed tests.
3. Normality is the Doornik-Hansen test of normal errors and Hetero is White’s test for
heteroskedasticity
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4.4.2

Robustness check

In this section, we present the regression results to check the robustness of our
specific model derived in the previous section, and especially the effects of
racial diversity with respect to: one, inclusion of other control regressors or the
potential for omitted variables (Section 4.4.2.1); and two, other measures of
diversity and different definition of English fluency (Section 4.4.2.2). We also
check the robustness of the estimates to potential outliers in Section 4.4.2.3.

In this section, PcGets algorithm has been applied as well. Instead of adding the
additional control variable(s) to the specific model derived in the previous
section, we add the additional variables to the unrestricted general model
(column 4, Table 4.1). If the additional control variable is not included in the
specific model, it is skipped for the next estimation, otherwise it is maintained in
the subsequent estimations.
4.4.2.1 Robustness check with potential omitted variables
To test the robustness of the specific model derived in the previous section, first,
we add two controls found to contribute to different economic variables across
the US states: Manufacturing Employment and Research and Development
(R&D) expenditure per capita. Non-farm employment data is obtained from the
State and Metropolitan Area Data Book (U.S. Department of Commerce 2006a).
We then derive the manufacturing employment data as the percentage of
population in non-farm employment in 2000. Simon and Nardinelli (2002) use
manufacturing employment as a regressor for evaluating the average annual
employment growth of city-aggregatesxxxv" over the period 1900-1986. In the
Simon and Nardinelli (2002) study, the coefficient for manufacturing variable
appears as being statistically significant and positive in 1900-20 and 1920-40
growth regressions, but negative for the period 1960-86. Nevertheless, we
include manufacturing employment also to account for the positive impact of
agglomeration economies generated through industrialization, as neither
population density nor urbanization is significant in the previous estimations.

Sedgley and Elmslie (2004) provide evidence that Research and Development
(R&D) expenditure across the states in the US enhances the rate of innovative
activity and, thereby, contributes to economic growth. Rauch (1993) also argues
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that it is likely to contribute through accumulation of human capital with the
possibility of quicker knowledge diffusion, we, therefore, control for state R&D
infrastructure by incorporating data on research and development expenditure
per capita. Data on total expenditure on R&D (in million dollars) was obtained
from collected from Science and Engineering Indicators(National Science
Foundation 2003). Given the wide disparity across the states, we include natural
logarithm of R&D per capita in the estimation.

The results of the estimation are not reported separately as the specific model
reported in column (5), Table 4.1 remains unaltered after the inclusion of
manufacturing employment and R&D per capita in the general unrestricted
model. The coefficients for the added variables are not statistically significant in
the general model.

We also examine another set of control variables that may contribute positively
towards knowledge or information exchange by increasing the possibility of
easier knowledge interactions. This set includes two mass communication
variables representing percentage of households with telephone and access to
internet service in 2000, and one network variable, Integration, representing
mean number o f ‘civic and social associations’ for the period 1977 to 1992. The
data on mass communication variables are obtained from Statistical Abstracts of
the United States: 2000, Bureau of Census. Inclusion of a mass communication
variable is also significant from addressing one of the recent debates in urban
economics, namely, whether the abundance of modem technology can be
substituted for face-to-face contacts. Glaeser (1998) argues that advancement of
technologies like telecommunication actually works as a complement rather than
a substitute for face-to-face contacts and has a strong association with the level
of urbanization or industrial agglomeration. The data on integration, per 1000
population, is derived from Putnam’s (2000) Bowling Alone dataset, compiled
from County Business Patterns, US Department o f Commerce. Mean number of
civic and social organizations is considered as one of the measures of
community organisational

life and also used in the construction of

comprehensive social capital index. Elaborating on the role of social capital,
Putnam (2000:289) argues that ‘communities that lack civic interconnections
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find it harder to share information’. Integration therefore, has been included as a
control for social infrastructure facilitating exchange of information.

Although all three communication variables has been included in the
unrestricted general model, none of them is statistically significant. As the
specific model comprises the same regressors presented in column (5), Table
4.1, the results are not reported to avoid repetition.
4.4.2.2 Robustness checks: capturing diversity

In this section, the robustness check includes a set of additional controls with an
attempt to capture different dimensions of social diversity in the US.

First, the robustness of the statistically significant diversity measures (column 5,
Table 4.1) are checked with alternative measure of diversity. We include a
region-of-birth fractionalisation index, measured from the groupings based on
region of birth of foreign-born population. This diversity measure is likely to
capture another dimension of social diversity or cultural diversity shaped by
region of birth, and helps to verify the robustness of the estimates for the other
two diversity measures. Based on census dataset, this diversity index has been
constructed for six regions of birth for the foreign-bom population: Europe,
Asia, Africa, Oceania, Latin America and Northern America(Malone et. al.
2003). Given the nature of multiculturalism in the US, the question still can be
raised of whether the groupings based on region of birth capture the differences
in culture to construct a cultural diversity index. The estimated coefficients
confirm the prior result in column (5), Table 4.1, as the specific model retains
the same set of variables after inclusion of cultural diversity index in the
unrestricted general model.

To verify the impact of English fluency across the state population, we include
PIEF, or percentage of the population with insufficient English fluency as a
control regressor. This percentage provides information as to whether the
communication barriers or transaction costs are relevant, and whether it matters
for GSP per capita growth. Using the Census dataset, we include percentage of
population (5 years and above) who speak less than ‘ Very well’. It is important
to mention that the self-evaluation of English Fluency is required for the
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respondents who speak a language other than English at home, i.e., the non
native speakers. The non-native speakers can select in one of the following
categories: Very well, Well, Not well, or Not at all. These categories of responses
were first introduced in the 1980 census and given the subjectivity of selfevaluation mechanism, validity of language data still can be debatable. The
choice of PIEF, however, is based on a English Language Proficiency Study by
the Bureau of Census in 1982 (Kominski 1989). Proficiency tests were
conducted on primarily non-native speakers along with a control group of native
speakers. The test results showed that persons responding to the Very well
criterion achieved the same level of passing as the control group and the persons
responding to Well or worse had significantly higher level of failure. Percentage
of state population who speak English less than Very well, therefore, has been
included as control for the inability to interact.

Table 4.2 reports the regression results - column (1) for the general model and
column (2) for the specific model, after inclusion of PIEF in the general model.
PIEF is not only statistically significant at the 1-percent level in the specific
model, but with the inclusion of this variable Language is no longer statistically
significant in the specific model in column (2), Table 4.2. Race, on the other
hand, is negative in both models, the general model with a p-value of 0.163 and
with statistical significance at the 5-percent level in the specific model. The
estimated impact of racial diversity on GSP per capita growth is slightly stronger
as well compared with estimates in column (5), Table 4.1. In other words, when
we control for low level of English fluency, or the inability to communicate
effectively, the effect of racial diversity is stronger. If low level of English
Fluency is positively correlated with the cost of communication across the
population, the results support the view that the impact of racial diversity is
negative when barriers of communication are higher due to low level of English
fluency. The positive sign for PIEF is most likely to do with the more
productive states like California and Florida, having the larger population of
Spanish speakers or non-native workers. This matter is further investigated in
the next sections.
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To check on the robustness of PIEF, we construct another diversity index based
on large linguistic groups. Based on the detailed list of language spoken at home
for the state population 5 years and over (U.S. Department of Commerce 2000,
linguistic groupings comprise languages with common roots:
i.

Anglo-Saxon or Germanic (English, German, Yiddish, Scandinavian, Other
west-Germanic languages);

ii. Neo-Latin (Italian, Portuguese or Portuguese Creole, French or French
Creole, Spanish or Spanish Creole);
iii. Slavic (Russian, Polish, Serbo-Croatian, Other Slavic languages);
iv. Indo-Iranian (Persian, Gujarathi, Hindi, Urdu, other Indie languages);
v. Greek (Greek, Armenian);
vi. Asian (Chinese, Japanese, Korean, Mon-Khmer, Cambodian, Miao, Thai,
Laotian, Tagalog, Vietnamese and other Asian languages);
vii. Native American (Navajo, other Native American languages);
viii.

Other languages (Arabic, Hebrew, African languages and others)

Identification of groups based on common language roots, to some extent,
captures the origin of cultural similaritiesxxx%lil (Ottaviano and Peri 2005) and
helps to verify the impact of cultural diversity from a different perspective by
comparison with the birth diversity index of the foreign-bom population. This
measure of linguistic diversity, however, proves to be statistically insignificant
as the specific model reported in Column 2, Table 4.2, remains unchanged after
inclusion in the general model. This begs the question to explore the influence of
PIEF.

We include a regressor in the general model with an alternative indicator for low
level of English fluency, namely PLIP or percentage of linguistically isolated
population. Based on the data provided on linguistic isolation xxlx, we measure
the percentage of linguistically isolated population. Column (3), Table 4.2
provides the estimates for the general model. The coefficient for PLIP is
significant at the 5-percent level. For diversity measures, the results are
qualitatively the same as Column (1), Table 4.2 with the hypothesized negative
sign for Language and Race. None of them, however, appears to be statistically
significant at the conventional level of significance. The estimates for the
119

specific model are reported in Column (4), Table 4.2. The coefficient for racial
diversity, is statistically significant at the 5-percent level under the specific
model, and the estimates are very similar to the specific model reported in
column (2), Table 4.2.

Although we do not have the data at the state level on percentage of
linguistically isolated population who speak Spanish at home, a linguistically
isolated population is more likely to be dominated by the Spanish speaking
population. In 1990, 54.44 percent of the population who does not speak English
at home are Spanish speakers. Spanish continued to be the most widely spoken
non-English language in 2000, as 59.85 percent of non-English speakers were
Spanish. In relation to the linguistically isolated population, also notable is the
increase in the number of Chinese speaker in recent years. In the 1990 census
Chinese was ranked fifth among the most frequently spoken non-English
language. Although Chinese has been ranked as the second most widely spoken
non-English language, only 4.31 percent of non-English speakers are reported to
speak Chinese at home in 2000. To check the robustness of linguistic isolation,
we therefore, include a dummy variable, Latin Dummy in the general model.
Latin Dummy accounts for the effects of proximity to Mexico and other Spanish
speaking countries of Latin America. Latin Dummy is not statistically significant
in the general model and the estimates for the specific model remain the same as
in column (4), Table 4.2.

Thus, we may conclude that estimated impact of linguistic diversity is sensitive
to the inclusion to variables representing ability to interact i.e. PIEF or PLIP or
cost of communication. The estimated impact of racial diversity is, however,
robust as both the specific models in column (2) and (4) in Table 4.2 retain the
hypothesized negative value for Race, which in both cases is statistically
significant at the 5-percent level.
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T ab le 4.2.

Diversity and G S P growth: robustness check (1)

Dependent variable

Constant
lnGSP99
Race
Language
Religion
*

Education
Urbanization
Age
Poverty
PIEF

GSP grow th
(1999-2000)
(1)
-0.1832**
(0.1003)

(2)
0.1765**
(0.0908)

(3)
0.1820**
(0.981)

(4)
0.1828***

-0.0356*
(0.0250)
-0.0204*
(0.0141)
-0.0168
(0.0416)
-0.0222
(0.0228)

-0.0384**
(0.0201)
-0.0251
(0.0122)

-0.0339*
(0.0244)
-0.0177
(0.0138)
-0.0209
(0.0360)
-0.0205
(0.0223)

-0.0396**
(0.0198)
-0.0243**"
(0.0118)

0.0782**
(0.0396)
-0.0052
(0.0152)
0.0107
(0.0937)
-0.1899***
(0.0685)
0.2191**
(0.1233)

0.0808***
(0.0341)

0.0765**
(0.0383)
-0.0088
(0.0151)
0.0034
(0.0918)
-0.1949
(0.0670)

0.0778***
(0.0335)

0.2975****
(0.0593)
0.0002***
(0.0001)
-0.0003***
(0.0001)
48

-0.1800
(0.0625)
0.1686
(0.0353)

PL1P
Race *M igration
Lang *M igration
N
D iagnostics
R2
Adjusted R2
Norm ality
[p-value]
Hetero
[p-value]

-0.1828***
(0.0614)

0.0002**
(0.0001)
-0.0003*
(0.0001)
48

0.0002***
(0.0001)
-0.0003
(0.0001)
48

0.4118***
(0.1854)
0.0002*
(0.0001)
-0.0003
(0.0001)
48

0.664
0.561
1.2024
[0.5482]

0.653
0.592
1.659
[0.4362]

0.678
0.580
0.9499
[0.6219]

0.665
0.607
1.2825
[0.5266]

0.4267
[0.9622]

0.6410
[0.8059]

0.4700
[0.9428]

0.6829
[0.7693]

Notes:
1 Standard errors are in parenthesis and /»-values for diagnostics tests are in square brackets.
2
, , , and indicates significance level of 1%, 5%, 10% and 20% respectively on the basis
of two-tailed tests.
3 Normality is the Doomik-Hansen test of normal errors and Hetero is White’s test for
heteroskedasticity
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4.4.2.3 Robustness check: biased estimation
In this section, we address two issues: detection of influential observations or outliers
and heteroskedasticity. First, we rerun the final specific model in column (4), Table 4.2
to identify potential outliers or influential observation. Given the small sample size, we
employ Robust Regression Analysis (using Stata). Robust regression does not delete the
outlier, but attaches lower weights to outliers following a three- step procedure
(Gomanee et. al. 2002: 30-32): i. calculating Cook’s Distance measure of influencexl to
identify the outlier; ii. assigning weights i.e. small residuals receive weights of 1 while
those with larger residuals receive gradually smaller weights, as proposed by Huber
(1964); iii. assigning weights, as suggested by Beaton and Tukey (1974), all cases with
non-zero residuals get down-weighted following a decreasing biweight functionxh.
Column (1), Table 4.3, reports the result of Robust regression. Although there is a very
small reduction in value in all of the coefficients and a decrease in overall goodness of
fit, the results are qualitatively unchanged. The main variable of interest, racial
diversity, has the hypothesized negative sign and is statistically significant at the 10percent level under robust regression estimation.

To address the potential outlier influence, we re-run the regression of the final specific
model, adopting median regression or Least Absolute Deviation (LAD) estimation
method. The results are reported in column (2), Table 4.3. In comparison with the OLS
estimates and robust regression estimation, the results under LAD are qualitatively
same. The value of the coefficients has slightly increased for Education, Race and
Poverty. The t-ratio has increased for all the regressors except the constant and lnGSP99
compared to the estimates in column (4), Table 4.2. Despite the significant level of
subjectivity attached to the concept of deleting outliers (Woodridge 2003), especially in
the case of a small sample size (Gomanee et al. 2002), we re-run the final specific
model without two potential outliers i.e. Oregon and Kentucky. The absolute values of
the standardized residuals for Oregon and Kentucky are 2.4979 and 2.3302 respectively.
It is important to mention that none of the observations has been identified as a gross
outlier by Cook’s Distance measure and hence are not excluded under robust
regressionxln. We present the regression results in column (3), Table 4.3. The estimates
are qualitatively similar for all regressors. The main variable of interest, racial diversity,
has retained the hypothesized negative sign with an increase in the level of significance
in comparison with the robust regression estimate in column (1), Table 4.3.
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Lastly, column (4), Table 4.3 provides the results of the final specific model with robust
standard errors. No major differences emerge with the estimation of robust standard
error, as all coefficients are statistically significant using the heteroskedasticity-robust tstatistics. We then derive the Breusch-Pagan (BP) Test Statistic for detecting
heteroskedasticity. For the final specific model, BP=6.13 (/?-value=0.5248) and the null
hypothesis of homoskedasticity cannot be rejected as / 2(7) = 12.02 at the 10-percent
significance level. The reported White-Hetero Test Statistic for the specific model in
column (4), Table 4.2 is 0.6829 (p-value=0.7693), which also provides support for
homoskedasticity in our earlier estimation.

Table 4.3.
D ependent variable

C onstant
lnG SP99
Race
E ducation
P overty
PL1P
Race *M igration
L ang *Migration
N
D iagnostics
R2
A djusted R2

Diversity and GSP growth: robustness check (2)
GSP Growth
(1999-2000)
(1)
0.1589"
(0.0932)
-0.0342*
(0.02067)
-0.02397**
(0.0124)
0.0727***
(0.0350)
-0.1739****
(0.0641)
0.2899***
(0.0619)
0.00019**
(0.00009)
-0.00028***
(0.00012)
48

(2)
0.1089**
(0.0636)
-0.0252**
(0.0142)
-0.0341****
(0.0083)
0.0885****
(0.0238)
-0.1017***
(0.0407)
0.3373***
(0.0356)
0.00030****
(0.00006)
-0.00036***
(0.00006)
48

(3)
0.1354
(0.0817)
-0.0289**
(0.0180)
-0.02676***
(0.0112)
0.0702***
(0.0301)
-0.1533***
(0.0603)
0.2772***
(0.0524)
0.00019***
(0.00008)
-0.00028***
(0.00011)
46

0.631
0.566

0.428

0.686
0.629

(4)

-0.0396**
(0.0221)
-0.0243**
(0.0131)
0.0778***
(0.0327)
-0.1828***
(0.0808)
0.2975***
(0.0415)
0.00019***
(0.00007)
-0.00028***
(0.00007)
48
0.665

Notes:
1. Standard errors are in parenthesis, Normality is the Doomik-Hansen test of normal errors
and Hetero is White’s test for heteroskedasticity
2.
, , , and indicates significance level of 1%, 5%, 10% and 20% respectively on the
basis of two-tailed tests.
3. Column (2) provides estimates with LAD.
4. The sample in column (3) omits two influential observations with highest absolute value of
standardized residuals
5. Only in column (4), heteroskedastic-consistent or robust standard errors are in parenthesis.
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4.4.3

Evaluating impact of endogeniety

In this section we verify potential endogeniety of three variables with: Race, Education
and Poverty. Two methods are employed for checking exogeniety: deriving the
Hausman test to check for consistency of OLS estimate of the specific model in column
(4), Table 4.2; and testing the significance of predicted error in the reduced form
equation.
4.4.3.1 Instrumenting racial diversity
Most of the cross-country studies treated fractionalisation measures as exogenous and
provided evidence for exogeniety of fractionalisation measures. Given the arguments of
reverse causation in more productive states like NY or CA (Sparber, 2006a), and also
because of the nature of domestic migration of the foreign-bom population in the US,
potential endogeniety for Race needs to be addressed. We, however, will elaborate on
the choice of instruments before discussing the Hausman test as the result of the test is
highly sensitive to choice of instruments.

The lagged value of Race, i.e., racial diversity in 1990 is used as an instrument, because
using measures from 1990 can, to some extent, reduce reverse causality issues. High
levels of GSP or income per capita in 2000 may have spurred migration to cities in
2000, but racial diversity a decade back is more likely to causally impact GSP per capita
in 2000, rather than GSP per capita in 2000 impacting racial diversity in 1990. It is,
however, important to note that the definition of racial categories, being revised by the
Office of Management and Budget (OMB) in 1997 (Grieco and Cassidy 2001), is
different. The 1990 Census did not include Native Hawaiian and other Pacific Islanders
as a separate category. This particular category is less likely to have a huge influence in
the measurement of diversity as population from this category constitutes only 0.1
percent of total population in 2000.

The second instrumental variable we consider is the Comprehensive Social Capital
Index (SCI) at the state level, developed by Putnam (2000). This state-level measure for
participation was compiled from a set of indicators representing different facets of
social and community life, which contribute to building social trust and connectedness.
The major categories are (Putnam 2000:291): i. measures of community organizational
life, ii. measures of engagement in public affairs, iii. measures of community
volunteerism, iv. measures of informal sociability and v. measures of social trust. The
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rationale for this instrument can be derived on the grounds that higher levels of racial or
ethnic diversity influence the level of trust (Section 4.2.1.1), and, thereby, influence the
nature and frequency of participation in associational activities for collective problem
solving. Using individual level data from the GSS dataset, Alesina and Ferrera (2000)
provide empirical evidence that among the various forms of heterogeneity, racial
fragmentation has the strongest negative effect on participation. A more recent study by
Rupasingha et. al. (2006 ) measures social capital index at the county level. They
develop a theoretical model for production of social capital and estimate the model
against an extensive set of regressors. Using social capital index as the regressand, their
regression results support Alesina and Ferrara’s result, namely, they estimate a negative
coefficient for ethnic fractionalisation. The robustness of the fractionalisation
coefficient for the 1980-90 period is retained when the authors develop separate sets of
social capital indexes based on associational density of two types of organizations*1"1-“Olson-type”, rent-seeking organizations and “ Putnam-type”, organizations promoting
trust and social cooperation.

Apart from evidence of correlation between different measures of social capital and
racial fragmentation, a comprehensive social capital index also accounts for historical
factors like slavery which are not considered as a separate instrument for Race, but are
likely to influence racial diversity in the US (Sparber 2006a). Putnam (2000) argues that
the lowest level of social capital index in the southern states of the US is strongly
associated with the history of plantation slavery in that region.

To check the validity of our assumption of racial diversity being endogenous, first, We
derive the Hausman test statistics reported in Table 4.4. The Hausman (1978) test of
consistency compares the results of OLS and instrumental variable estimation (IVE)
based on the selected instruments for endogenous explanatory variables and derives the
test statistics based on the differences of estimates. For lagged diversity as an instrument
for Race, the Flausman test statistic is 0.13 with a p-value of 1.000. In column (2), Table
4.4, for the social capital index, the test statistic is 0.74 with a p-value of 0.9935. For
both the instruments, the null hypothesis that the OLS estimate is consistent, can not be
rejected as the probability that the respective critical value exceeds the test statistics is
very high. Hausman test statistics, in these cases, provide evidence of consistency of the
OLS estimate and consider IVE as less efficient. Nevertheless, we employ the second
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method for checking endogeniety, which involves the reduced form equation
(Woodridge 2003: 506-507). We first estimate the reduced form equation:
Z; =

7T0

+ 7lxX i + 7l1IVi + v.------------(4.4)

In equation (4.4), Z, is the respective endogenous variable, Xx includes the exogenous
variables in the specific model in column (4), Table 4.2, and /F, represents instrumental
variable used. Table 4.4, columns (1 )-(2), report the estimation of the reduced form
equation for racial diversity with two instrumental variables. In both cases ni is
statistically significant at the 1-percent level with respective hypothesized signs. Thus
both lagged diversity and the social capital index have a strong association with Race.

To assess whether instruments are uncorrelated with the error term in the structural
equation, the predicted residual, vi from the reduced form equation was added to
structural equation, i.e.,

1 GSP t
a
—ln(----- - ) = 7r + AXi +aZi +0vi + £. ------- (4.5)
T
GSPi,
We then estimate equation (4.5) to test the null hypothesis, Hq.6 = 0. The estimated
6 - 1.213 with a t-statistics of 1.43. The null hypothesis can be rejected at the 20 percent
significance level. This is moderate evidence of correlation of £ and v. Thus, racial
diversity proves to be potentially endogenous, though the Hausman test indicatees
otherwise. The same steps are followed to test the statistical significance of the
predicted error from the reduced form equation with SCI. In this case 6 = 0.246 with a
t-statistic of 1.81. The null hypothesis is rejected at the 10 percent significance level.
The statistical significance of the predicted error from the reduced form equation for
both the instruments, thus, provides support of instrumental variable estimation to
address the endogeniety of Race.
4.4.3.2 Instrumenting Education
Following two recent studies by Basher and Lagerlöf (2006) and Shapiro (2006), we
explore the possible endogeniety of the education variable. Basher and Lagerlöf (2006)
argue that geography i.e. temperature, average rainfall etc, mattered for the choice of
early European settlers. As the coastal states of the US are still the most densely
populated areas and have high skill concentration, highlighting the variation in per
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capita incomes across institutionally similar states in New England or provinces in
Atlantic Canada, the authors however, argue against the emphasis on institutions
(Acemoglu 2002) as the intermediate factor between geography and economic
outcomes. Drawing on the strong relation between agglomeration variables and human
capital, the authors, therefore, use a set of instrumental variables for education:
population density in 1900, sex-ratio in 1900, fraction of slaves in the population in
1850, average temperature, average precipitation, average rainy days, Atlantic dummy
and Great Lakes Dummy. Shapiro (2006), however, uses a significantly different set of
instruments, focusing on the relation between institutions and human capital
accumulation- land grant institutions (Moretti 2004 cited in Shapiro 2006) and
compulsory schooling laws (Acemoglu and Angrist 2000 cited in Shapiro 2006). The
two instrumental variablesxllv: for education, percentage of slave population in 1850 or
Slavery and population density in 1850 or PopDensityOO, from the Geospatial and
Statistical Data Center at the University of Virginia Libraryxlv.

Putnam’s argument about institutionalisationxlvi of social segregation implying lack of
‘weak ties’ under slavery can be linked to my principal hypothesis. Basher and Lagerlof
(2006) also argue that even after abolition of laws which did not allow the slaves to be
educated, the effects seemed to have lingered on for a significant time period. Column
(3), Table 4.4 reports the reduced form equation when education is instrumented with
percentage of slave population. The coefficient,

k2 ,

does not have the hypothesized

negative sign and is not statistically significant even at the 20 percent significance level.
The percentage of slave population, therefore, is a weak instrument for education. The
estimated 6 in equation (4.5) is -0.1379 with a t-statistics of 0.41. The p-value is 0.683
and the null hypothesis cannot be rejected at any conventional significance level. As
there is no evidence of correlation of s and v, we can not establish that education is
potentially endogenous. The null hypothesis for the Hausman statistic, with a p-value of
0.3927, can not be rejected and thus implies consistency of OLS estimates in
comparison to instrumental variable estimation.

The use of population density in 1900 as an instrument for Education, addresses the
reverse causality issue and also incorporates the principal argument of agglomeration
economies that population density enhances exchanges of ideas and knowledge and thus
contributes to accumulation of human capital (Section 4.3.2.2). It is also significant in
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relation to my principal hypothesis and the evidence of positive relation between
population density and diffusion of tacit or disembodied knowledge in urbanization
literature (Section 4.3.2.2). Column 4, Table 4.4, reports the estimation for the reduced
form equation when education is instrumented with log of PopDensityOO. The
coefficient for the instrument, despite having the hypothesized positive sign, is not
statistically significant. Population density in 1900 is, therefore a weak instrument for
education. The same steps are followed to test the statistical significance of the
predicted error from the reduced form equation with population density in 1900. In this
case 0 = 0.2937 with a t-statistics of 0.95. As the null hypothesis, H0:#=0 can not be
rejected at the conventional significance level, the rationale for endogeniety of
education is less likely to be established. Hausman test statistics for both instruments in
column (3)-(4), Table 4.4 also support this conclusion. As both the tests fail to prove
endogeniety for education, we skipped the instrumental variable estimation for
education in the next section.
4.4.3.3 Instrumenting poverty
The most likely explanation for endogeniety of Poverty stems from the argument of
reverse causation, i.e., the states with higher growth rate of GSP per capita will have
lower poverty (Section 4.4.1). To check for potential endogeniety associated with
poverty, we use two instruments: social capital index and percentage of slave population
in 1850.

Column 5, Table 4.4, reports the estimation for the reduced form equation when poverty
is instrumented with the percentage of slave population in 1850. The coefficient for
Slavery, has the hypothesized positive sign, but can be considered as a weak instrument
for poverty with a p-value of 0.168. The predicted error from the reduced form equation
with the percentage of slave population, however, proves to be statistically significant
with a t-statistic of 1.63. The null hypothesis is rejected at the 15-percent level and thus
provides limited evidence of endogeniety. The Hausman test statistic in column (5),
Table 4.4, is 8.95 with a p-value of 0.1766. The null hypothesis that the OLS estimate is
consistent, is rejected implying that IVE is appropriate. Both the tests indicate the
potential endogeniety of Poverty.

A similar conclusion can be drawn using SCI as an instrument for poverty. As the
variable poverty is considered an indicator of inequality, the hypothesized sign for the
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social capital index is most likely to be negative (Section 4.4.1). Column 6, Table 4.4
reports the reduced form equation, when Poverty is instrumented with social capital
index. In column (6), Table 4.4, the coefficient of the instrumental variable has a
negative sign (with a p-value of 0.102). We then estimate the coefficient for predicted
error, v and estimate equation (4.5). With social capital, 0 is 1.1921 with a t-statistics
of 2.11. This establishes the evidence of correlation between s and v as the null
hypothesis is rejected at the 5-percent significance level. In column (6), Table 4.4, for
SCI, the Hausman test statistic is 6.97 with a p-value of 0.3241. As both the tests for
both instruments indicate, to some extent, a potential endogeniety bias, Poverty is
treated as an endogenous variable for the next set of estimations.
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Table 4.4

Instrum ented
Variable

Endogeniety of Race, Education and Poverty

Education

Race

Constant
lnGSP99

(1)
-0.2356*
(0.1624)
0.0539*
(0.0360)

(2)
-1.4199*
(1.0235)
0.2868
(0.2276)

0.0781
(0.0613)
-00461
(0.1137)
0.4477****
(0.1048)
-6.69E-06
(0.0002)
0.0003*
(0.0002)
1.0137****
(0.0223)

0.8394***
(0.3891)
1.6005***
(0.6892)
1.9911****
(0.6135)
0.0027****
(0.0009)
-0.0033***
(0.0013)

Race
Education
Poverty
PUP
Race *M igration
Lang *M igration
Lagged
Diversity

Poverty

(3)
-0.2357
(0.4209)
0.1220*
(0.0921)
0.0465
(0.0630)

(4)
-0.0987
(0.4363)
0.0883
(0.0963)
0.0617
(0.0551)

0.9469
(0.2536)
0.3650
(0.2974)
-0.0006*
(0.0004)

-0.8955***
(0.2499)
0.3355
(0.2823)
-0.0006
(0.0004)
0.0001
(0.0006)

0.0000
(0.0005)

(5)
0.7229****
(0.1960)
-0.1320***
(0.0460)
0.0813***
(0.0315)
-0.2729***
(0.0731)

(6)
0.8152****
(0.1852)
-0.1545****
(0.0436)
0.0742***
(0.0320)
-0.2078***
(0.0822)

0.1717
(0.1609)
-0.0002
(0.0002)

0.1053
(0.1476)
-0.0001
(0.0002)
-0.0002
(0.0003)

-

0.0000

(0.0003)

-0.0816***
(0.0224)

SC I

-0.00903*
(0.00539)
0.0295
(0.0427)

Slavery

0.00274
(0.00364)

PopDensityOO
N
D iagnostics
R2
A djusted R2
H ausman X
\p-value\

2

0.0316*
(0.0225)

48

48

48

48

48

48

0.994
0.992
0.13

0.748
0.704
0.74

0.572
0.498
6.28

0.574
0.499
6.06

0.705
0.653
8.95

0.710
0.659
6.97

[1.0001

[0.99351

[0.39271

[0.41641

[0.17661

[0.32411

Notes:
1 Standard errors are in parenthesis and p-values for diagnostics tests are in square brackets.
2
, , , and indicates significance level of 1%, 5%, 10% and 20% respectively on the basis
of two-tailed tests.
3 Normality is the Doornik-Hansen test of normal errors and Hetero is White’s test for
heteroskedasticity
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4.4.3.4 Two-stage least square estimation/instrumental Variable Estimation
Table 4.5 presents results obtained using IVE in which fractionalisation measures and
poverty are treated as potentially endogenous. To check for the validity of instruments
used, Sargan test statistics are reported for each model specification. In addition to
instruments discussed in the previous section, we use a set of geography variables as
instruments in relation to the hypothesis that geography influence the productivity
growth through climate, endowment of natural resources and disease burden (Sachs
cited in Rodrik et. al. 2004). In relation to differences of GSP growth rate across the
states in the US, Basher and Lagerlöf (2006) argue that geography contributed to the
choice of early settlement by Europeans and contributes to GSP growth as a result of
human capital accumulation in densely populated areas. Three geography variables are
added as instrumental variables:

average mean temperature (MeanTemp), average

precipitation (AvegPrecip) and average number of rainy days per year (.AvegRain). We
retrieve the data from the dataset provided by Basher and Lagerlöf (2006) for public
usexlvii.
Given the significance of racial diversity, at first we address the potential endogeniety
of Race only. Column (1), Table 4.5 reports the IVE results for the final specific model
in column (4), Table 4.2, using the extended set of instrumental variables. Sargan test
2

statistic i.e. % (5) =3.6703 with the reported p-value of 0.5978, supports the validity of
the set of instruments used. A very high partial R“ for first stage regression also signifies
the strong association between race and the set of instruments. The result with IVE is
consistent with OLS estimate presented in column (4), Table 4.2, namely, that higher
racial diversity reduces GSP growth. The rest of the regressors are statistically
significant at the conventional significance levels.

Column (2), Table 4.5 reports the IVE results for the same specific model when both
race and poverty are considered as endogenous variables. Partial R" from the first stage
regression indicates the high correlation between the set of instruments and each of the
endogenous variables. The value of the Sargan test statistic, with a p-value of 0.5046
supports the validity of the instruments used. The coefficient for Race retains the
hypothesized negative sign, with only a very limited statistical significance with a pvalue of 0.297. The results are similar for rest of the variables as in column (4), Table
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4.2, apart from Poverty. With a p-value of 0.212, the coefficient for Poverty, retains the
hypothesized negative sign.

Columns (3)-(4) in Table 4.5 report the final models obtained by applying the Getsive
method, which follows similar general-to-specific selection criteria as in the PcGets
algorithm, but adopts 1VE instead of OLS. Sargan test statistics confirm the validity of
instruments under both specifications. Beginning with the general model specified in
column (3), Table 4.2, the results obtained through the Getsive algorithm are reported in
column (3), Table 4.5. In comparison to the specific model obtained through OLS in
column(4), Table 4.2, there is a slight increase in estimated impact of Race as well as in
statistically significance, i.e., Race is significant at the 1 percent level. Although the
estimated impact is very small, racial diversity and linguistic diversity remain
significant through interaction terms as well.

To signify the robustness of the results for racial diversity, column (4), Table 4.5 reports
the final model with the Getsive algorithm, applied to the first general model in column
(4), Table 4.5. This specification excludes any of the variables representing ability to
interact, P1EF and PILP. To check endogeniety of linguistic diversity, we compare the
Hausman test statistics for IV estimation for the specific model with two specifications.
If we consider linguistic diversity as a potential endogenous variable, the null
hypothesis that the OLS estimate is consistent, is rejected even at the 1-percent
significance levelxlvin. This implies OLS estimates are inconsistent in comparison with
IV estimate with three potential endogenous variables, including linguistic diversity. On
the other hand, when only racial diversity and poverty are considered as endogenous
variables, OLS estimates are consistent when compared to IV estimate where linguistic
diversity is not considered endogenousxhx.

As Getsive applies IVE instead of OLS, linguistic diversity is considered an endogenous
variable for results in column (4), Table 4.5. The results are similar for all the variables,
except poverty, in comparison with the specific model with OLS in column (5), Table
4.5. With the exclusion of PILP, Language is statistically significant at the 1-percent
level in the specific model.

Column (5), Table 4.5 reports the IVE results of the final specific model after the
inclusion of the interaction term with diversity measures and the geography variables as
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instruments. The objective is to account for the endogeniety of the interaction terms as
regressors, i.e., Language*Migration and Race*Migration. High values of R“ from the
first stage regression specify that there is a strong correlation between the set of
instruments and the corresponding endogenous variable. Sargan test statistics also
signifies the validity of the set of instruments as the null hypothesis can not be rejected
at the 10-percent level. The results with IV estimation in column (5), Table 4.5 are very
similar to the OLS estimates in column (4), Table 4.2. The estimated impact of all the
variables has, however, increased with the IV estimation. With the inclusion of
interaction terms in the instrument set, all variables are statistically significant at the
conventional significance level. Most importantly, the estimated impact of Race has
increased and is statistically significant at the 10-percent level. The coefficient for
Poverty has retained the negative sign and is statistically significant at the 10-percent
level.

To check the robustness of the racial diversity measure, we apply the Getsive method
for the general model in column (3), Table 4.2 with interaction terms in the instrument
set. The estimates are reported in column (6), Table 4.5. Sargan test statistics confirm
the validity of instruments and the p-value is much higher than the IVE of the specific
model in column (5), Table 4.5. In comparison with the Getsive results in column (3),
Table 4.5 the variables selected with the extended set of instruments, are identical apart
from poverty. Column (6), Table 4.5 reports that poverty is statistically significant at the
1-percent level. The variable of interest, Race retains its negative sign with a slightly
higher value compared to OLS estimation and is statistically significant at the 1-percent
level.
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Table 4.5

Instrumental Variable Estimation

GSP Growth

Dependent
variable

Constant

lnGSP99
Race
Education
Poverty
PLIP

(1)
0.17332"
(0.0906)

(2)
0.2041*
(0.1525)

-0.0376"
(0.0201)
-0.0275*"
(0.0126)
0.0794*"
(0.0338)
-0.1790****
(0.0619)
0.3097***
(0.0617)

-0.0436*
(0.0305)
-0.0217
(0.0206)
0.0704*
(0.0537)
-0.2095
(0.1652)
0.3011****
(0.0608)

(3)
-0.0151***
(0.0068)

-0.0453****
(0.0106)
0.1166**"
(0.0262)

(4)
-0.0162***
(0.0073)

-0.0485****
(0.0136)
0.1058****
(0.0299)

0.2769****
(0.0631)

Language

(5)
0.2039**
(0.1188)

(6)

-0.0440**
(0.0248)
-0.0289**
(0.0172)
0.0786**
(0.0439)
-0.1944**
(0.1131)
0.3332***
(0.0751)

-0.0418****
(0.0131)
0.0794***
(0.0113)
-0.0853***
(0.0352)
0.3041****
(0.0685)

0.00031"
(0.00017)
-0.00042**
(0.00022)

0.00028**
(0.00015)
-0.00038"
(0.00019)

Race
*Migration
Lang
*Migration

0.00021**
(0.00010)
-0.00030***
(0.00012)

0.0002**
(0.0001)
-0.0003***
(0.0001)

0.0002*"
(0.0001)
-0.00026"
(0.00013)

0.0576***
(0.0185)
0.00028**'
(0.00013)
-0.0003**
(0.0002)

N

48

48

48

48

48

48

Diagnostics
R2
Adjusted R2
Sargan j 2

0.662
0.601
3.6703

0.664
0.605
3.3275

0.587
0.538
4.519

0.544
0.490
4.2063

0.652
0.591
13.0130

0.619
0.574
13.9583

[p-value]

[0.5978]

[0.5046]

[0.9209]

[0.8380]

[0.114]

[0.3768]

R2for first stage regressions
0.995
0.995
Race
Poverty
Race
*Migration
Lang
*Migration

0.996

0.733

0.776
0.660
0.676

Notes:
1.

, , , and indicates significance level of 1%, 5%, 10% and 20% respectively
on the basis of two-tailed tests.
2. Instruments set used-Column (l)-(4): lagged diversity, SCI, Slavery, MeanTemp,
AvegRain and AvegPrecip, Column (5)-(6): lagged diversity, SCI, Slavery,
MeanTemp, AveRain, AvePrecip and the interaction with MeanTemp, AvegRain and
AvegPrecip with Language and Race.
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4.5 Caveats and concluding remarks
In this chapter, the aim is to evaluate the empirical evidence of social divergence
hypothesis that social barriers to communication have negative impacts on aggregate
economic performance. Employing the US Census 2000 dataset for 48 continental
states, we find that the estimated impact of racial diversity, obtained from OLS as well
as IVE, is negative on GSP per capita growth. In addition to the recent studies
(Ottaviano and Peri 2005, Sparber, 2006) on the positive contribution of diversity due to
the innovative mix of skills and experience in a country like the US, the results
contradict the basis for the long pursued skilled immigration policies in western
democracies. The potential caveats for measuring diversity, however, are discussed at
first.

The complexities associated with identifying the source of formation of social networks
along the lines of language, race, religion or other social dimensions, have been
addressed in this paper by using a set of diversity measures. But the limitation termed as
‘grouping problem’ (Posner 2003), may well be true for this set of diversity measures.
Specifically relevant for the construction of ELF (Ethno-Linguistic Fractionalisation)
for cross-country studies and ELF index in Africa in particular, Posner (2003:851)
argues that the umbrella categories used to define separate groups can often include
‘groups that are clearly distinct in most ethnographic and political accounts’. Inclusion
of people with European origin, the Middle East and North Africa under the same race
category, White, may well be criticized on the same grounds. Other potential criticism
for racial diversity index may originate from the problem associated with the race and
ethnicity dichotomy specifically for the population with Hispanic origin. The
construction of racial diversity index in this paper is based on six racial categories for
population identified with ‘One race’ (Section 4.3.2.1).

As the two or more races

category and the six alone categories, yield seven mutually exclusive categories and
sum to the total population, the racial diversity index constructed in this paper addresses
the measurement problem with Hispanic population to a large extent. Despite the
unavailability of data on Hispanics as a distinct race, this measure of racial diversity
captures the distinctive impact of the Hispanic population as 97 percent of population in
2000 reporting ‘Some other race’ were of Hispanic origin. We, therefore, conclude that
the racial diversity index does contain a fair evaluation of the racial divide in the US.
Although the religious diversity index remains statistically insignificant throughout the
estimations, it is important to note the potential problem in the construction of this
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index. Given the present context in the U.S., social segregation based on religion and
the consequent economic impact due to the likely absence of weak ties across religious
groups, is likely to be of significance. Based on the data available on only two religious
groups at the state level, my attempt to capture the impact of religious diversity with a
polarization index, may well be short of capturing the religious divide.

This limitation of the dataset also begs the question for the need of more micro-level
data on social interactions across the different groups, for the better measurement of
impact of diversity. Although a set of alternative measurements for diversity is proposed
in the literature-weighted index based on distance across the groups (Caseli and
Coleman 2002 cited in Alesina and Ferrara 2005); racial intensity measure (Nopo et. al.
2002), ‘PREG or politically relevant ethnic group index’ (Posner 2003:850) or
identifying the ‘right list’ based on ‘socially relevant ethnic groupings’ (Fearon
2003:198), the better measurement of impact of social barriers to communication
necessitates the collection of more detailed data on inter-racial or inter-religion contacts
across different geographic entities in US. Another set of diversity measures, namely,
isolation and exposure index (Maignan et. al. 2003) can be employed subject to the
availability of data on aggregate economic performance for metropolitan areas in the
US. Focusing on spatial distribution of groups, across different tracts of the same
metropolitan area, these indices measure the probability that a randomly chosen
individual, will meet someone from the same group i.e. isolation index, or someone
from a different group i.e. exposure index.

Despite the caveats surrounding the subtlety of identifying the ‘right group’ in the
present day US, the robustness of the estimation results provides strong support for the
theoretical model by Grafton et al. (2007) on economic effects of social barriers to
communication. Using a control variable indicating ability for effective communication,
the results support the view that the impact of racial diversity is negative when barriers
to communications are higher due to low level of English fluency. Moreover, IVE
results reinforce the robustness of the results with an exhaustive set of instruments for
two potential endogenous variables: racial diversity and poverty. Overall, the empirical
results provide strong support for the economic significance of establishing ‘weak ties’
across the social groups defined by race, religion, culture, language or ethnicity.
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The policy implications of the empirical basis for integrating the segregated social
groups, for economic benefits, are relevant, among others, for two contentious areas in
the present context: i. immigration policies, and ii. provision of public goods like
education or health. As the policy implications are discussed further in the next chapter,
suffice is to say that the potential for the productivity augmenting role of diversity can
only be realized with the implementation of public policies aimed at reducing the social
barriers to communication.
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Chapter 5
Designing optimal policies for knowledge diffusion
5.1 Introduction
This chapter elaborates on the policy implications of the findings of three major
research questions of this thesis. The broad objective of the thesis is to evaluate the
impact of interpersonal interactions, within and across social networks, on individual
adoption decisions, and the economic significance of the resulting process of knowledge
diffusion. A significant number of policies highlighting the importance of social
networks for diffusion of new products and practices have had successful
implementations in developed as well developing economies. Despite the recent
discussions on social capital as a public policy tool in countries like Canada or the US,
the policy literature highlighting the economic impacts of social networks, remains in its
infancy. The discussion on policies in this chapter, focusing on economic outcomes of
intra-networks and inter-networks interactions, offers insights for the policy literature.
On a broader perspective, the interdisciplinary framework applied in this thesis also
establishes the possibilities for devising public policies complementary to the orthodox
approaches for economic development.

Section 5.2 focuses on the policy insights derived from the simulation results with
diffusion models Gammanym and Gammanym 1 (Chapter 2), and Gammanym2 (Chapter
3). Section 5.3 discusses the policies to address social divergence and, especially, the
policies enhancing economic assimilation of immigrant communities in westem/liberal
democracies. Based on the review of literature on the relation between eduction and
social divergence, we extend our discussion on the role of education policy for acrossnetworks interactions in Section 5.4. This chapter concludes with a discussion on the
principal themes of policy intervention for optimal knowledge diffusion in a pluralistic
society.

5.2 Policy implications for networked diffusion
The process of networked diffusion has been analysed to address the first major
research question of the thesis on the significance of within-networks interactions on
knowledge diffusion by applying Agent-Based Modelling (ABM). Networked diffusion,
in this case, has been defined as the process where the adoption decisions of social
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agents are influenced by the members of their professional or social networks. The first
agent-based model, Gammanym, based on the findings of a classic study on diffusion of
a new prescription drug (Coleman et. al. 1966), is provided in Chapter 2. The principal
social agents in Gammanym are: i. homogeneous doctors with the same degree of
individual predispositions to knowledge, and varied level of professional and social
integration, and ii. one pharmaceutical company, i.e., LAB, influencing the adoption
decisions of doctors with three marketing instruments. By adopting an integrated
modelling approach, the common indices of network structure and its evolution are
analysed on the basis of interaction matrices generated in the Gammanym model.
Evolution of uptake suggests that although the marketing mix from the LAB does not
influence the random network structure, the speed of diffusion is largely determined by
it.

Based on an extended version of Gammanym, i.e., Gammanym 1, the analysis proceeds
to explore the process of diffusion with heterogeneous and complex social agents
(Chapter 2). Heterogeneous agents are initiated with an individual attribute, termed
innovativeness, which signifies varied degrees of individual predisposition to
knowledge. Complex agents are defined as the heterogeneous agents who follow a nonhomogeneous alert generation process dependent on stages of adoption and sources of
information. Two principal findings from Gammanyml are: i. despite the significance of
integration, individual predisposition to knowledge is more crucial for adoption
decisions; ii. in comparison to diffusion with homogeneous agents depicted in
Gammanym, the pharmaceutical company plays a much weaker role in accelerating the
speed of diffusion in the case of complex agents.

Chapter 3 elaborates on the incentive mechanism for pharmaceutical companies in
networked diffusion. This chapter addresses the second major research question, How,
and to what extent, does information on social networks generate higher economic
payoff in a local or microeconomic context? Gammanym2 employs a simple game
theoretic framework to capture the interactions between two competing pharmaceutical
companies, and evaluates the effectiveness of two marketing strategies: segmented
marketing and random intensity marketing. Under segmented marketing, the
pharmaceutical companies prioritise the most integrated doctors for delivering
information on the new drug. In the case of random intensity marketing, instead of
targeting a particular group of doctors the number of detailman is increased for quicker
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diffusion. The simulation results suggest that information on social networks generates
higher economic payoffs in the case of diffusion with homogeneous agents, as
segmented marketing proves to be more cost effective than random intensity marketing.
This finding is, however, different when the networked diffusion with deliberative
agents has been analysed with Gammanym2. For deliberative agents, their adoption
decisions are dependent on a threshold function. The threshold function incorporates a
responsiveness parameter and a preference parameter (Section 3.6.1). Simulation results
in the case of diffusion with deliberative agents reveal that the effectiveness of
segmented marketing depends on the average degree of responsiveness and the period
of intervention by the retaliating lab. Another interesting result relates to the limited
effectiveness of earlier intervention for diffusion with deliberative agents due to
significance of responsiveness parameter in adoption decision. We conclude that
although segmented marketing proves to be more cost effective in the case of earlier
intervention at 8th time step ( instead of 12th time step), the economic gain can be
maximised when the pharmaceutical companies have access to information on
individual traits of the agents.

The policy questions addressed in this section are: Is there room for better policy design
with the application of ABM? I f so, how and to what extent? From the perspective of
policy analysis, our principal contribution is the possibility for effective policy design
by employing the novel framework developed in three diffusion models. Although our
investigation lacks the intricate details of actual events due to unavailability of primary
data, the application of ABM provides the necessary framework for further investigation
with sociometric data, especially in terms of assessing the network structure and its
impact on the diffusion process. Overall, this approach can contribute significantly to
the emerging policy literature exploring complexity by paving the way for a more
effective research-policy-practice nexus for innovation diffusion.

We discuss henceforward how the application of ABM can address some of the
limitations of the previous diffusion studies, and accordingly improve the existing set of
policies for innovation diffusion. Based on the three diffusion models-Gammanym,
Gammanyml, and Gammanym2, two major insights for policy design employing the
agent-based models, are:
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i. Gathering information on local network structure

How does knowledge on local network structure help to formulate more effective
diffusion policies? To address this question, we focus on the diffusion studies in
general1, and analyse the policy insights drawn from their findings. The diffusion studies
in underdeveloped rural economies are discussed in particular.

Because of

underdeveloped infrastructure, the target population in rural economies are likely to
have limited exposure to knowledge or information. Employing an ABM framework
can, therefore, be of crucial importance for diffusion in rural economies.

Important to note that all actors in policy making, government agencies, international
and national NGOs and development partners, have long utilised the knowledge on
local communities for successful policy implementations. Given the uncertainty
attached to a new farming technology or a health campaign for rural communities, the
common practice by the relevant agencies is to initiate campaigns with ‘take up’ or
marketing to local groups or opinion leaders. For example, in the case of the special
program by Food and Agricultural Organisation (FAO) for Food Security in the
Dodoma and Morogoro regions of Tanzania, ‘farmer groups, input suppliers and other
local stakeholders were consulted using participatory rural appraisal techniques’ (FAO
2000 cited in Isham 2000:57). The initiative resulted into adoption of new technologies
like improved seeds and fertiliser applications, by almost 90 percent of targeted farmers.

Our investigation, however, focuses on the use of knowledge on network structure as
part of policy design, rather than existing practice of targeting opinion leaders. Conley
and Udry (2001) study analyses how farmers learn about appropriate use of fertilizer
when replacing maize and cassava production by intensive pineapple production for
European markets. The authors identify sparsity of networks as the principal reason for
the absence of social learning1' in four clusters of villages in Ghana’s Eastern region.
Given the interpretation in the paper that the constituent links in a sparse network are
not based solely on geographic proximity (Conley and Udry 2001), knowledge on
network structure will be valuable for successful implementation of diffusion policies in
this case. In other words, it will be crucial to gather information on measures like
closeness centrality1" and betweenness centrality (Borgatti 2006), as well as other
indices of network structure, despite the difficulties attached to collection of sociometric
data.
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Analysing the adoption of High Yielding Varieties (HYVs) of wheat and rice during the
1960s in India, Munshi (2004) reports that wheat growers respond strongly to
neighbours’ experiences, while rice growers do not. Given the similarities between the
two crops in terms of profitability, mode of production, and most importantly, the time
of introduction by the same government agencies, the weaker social learning is
attributed to much greater heterogeneity in rice-growing regions. Munshi (2004:210)
argues that restricted information flow occurs among ‘a heterogeneous population,
particularly when the performance of a new technology is sensitive to unobserved or
imperfectly observed individual characteristics’. Gammanyml presents a framework for
diffusion with heterogeneous agents. The framework employed in Gammanym 1
provides advantage over existing methods for policy design even with this limitation of
data for individual characteristics. The advantage is two-folded in the sense that
incorporation of information on network structure and sensitivity analyses for different
parameter values, both can help in designing more effective diffusion policies. ABM
thus can facilitate the policy makers and government agencies to address the problem of
restricted information flows in a better manner.

Diffusion modelling is potentially more important for ethnically divided communities in
Africa or Pacific Island nations. In the case of ethnically homogeneous societies,
stronger intra-community ties facilitate diffusion. A study on fertilizer adoption in
Tanzania (Isham 2002) reports that although the fertilizer use on average was low
among Tanzanian small-holder farmers since the early 1980s1'11, the adoption rate was
higher for households from ethnically homogeneous social structures. This finding
proves the significance of bonding social capital i.e., the intra-community ties that
contribute to information diffusion through repeated interactions with members from
their own community or clan. Given the high level of trust and reciprocity among the
community or clan members, information diffusion is quicker in a homogeneous
society. In contrast to that, in the case of ethnically divided societies, across networks
interactions are crucial for innovation diffusion. One of the example on the role of inter
community networks, can be drawn from Sobels et. al. (2001) study. Its focus is the
Australian landcare program, often cited as one of the successful examples of
developing collective action at the local level. The program focused on land
degradation. It began in the mid-1980s in Australia (Sobels et. al. 2001) and in the mid1990s in the Philippines A study by Cramb (2005) evaluates the Landcare program in
the Philippines and analyses the adoption of a low cost and less labour-intensive
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contour hedgerows or natural vegetative strips (NVS) in Claveria, promoted by the
International Centre for Research in Agro-forestry (ICRAF) in the early 1990s. The
empirical analysis reveals that the coefficient for the landcare participation variable is
significant at 0.01 and indicates that the odds of adoption are increasing by a factor of
2.7 for each increment in the participation index11' (Cramb 2005). Delving into the
process of social capital formation, the author identifies that participation by farmers in
the landcare groups was triggered by the desire to build external linkages to a wider
network of information and technical support. In identifying their sources of
information, 55 percent of adopters stated that they learned about contour barriers from
ICRAF or other agencies, but 39 per cent learned it from other farmers. The analysis of
survey data suggests that the Landcare program, and farmers’ participation in it, was
mainly ‘an investment in bridging social capital’ (Cramb 2005:224). The 14 case
studies of landcare groups in the Philippines, drawing on focus group discussions, also
indicate that their primary interest in joining landcare was to gather information on
useful technology through the interactions with other farmers within and beyond the
municipality, and also to avail the training and support provided by ICRAF.

We argue that ABM provides a clear advantage for developing diffusion policies,
especially when the target area is a heterogeneous community. The comprehensive
knowledge on network structure will facilitate the identification of different key
stakeholders for intra-community and inter-community networks. The step forward will
be to adopt survey tools for detailed sociometric data and its subsequent incorporation
within an ABM framework. As ABM enables to capture the multiple interactions and
consequent influences on the diffusion process, incorporation of information on network
structure can, therefore, facilitate better translation to policy and practice.

ii. Designing optimal diffusion strategies for change agents
Although the Gammanym2 framework developed in Chapter 3 is exploratory in nature,
from the perspective of policy design, it offers potential for development of optimal
marketing and ‘take up’ strategies for pharmaceutical companies. It may also be applied
to develop optimal diffusion policies for change agents in general.

Although the analysis in Chapter 3 concentrates on competition of two drug companies,
the modelling framework in Gammanym2 provides the platform to extend the
framework for cost effective strategies for: a. more than two firms, based on real life
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market structure; b. product differentiation; and c. impact of forming a cartel or
investing in strategic partnership.

Given the increasing competition among pharmaceutical companies in terms of
detailing (Chapter 3, Section 3.4.1) and the contemporary debate on more stringent
regulation on medical marketing given the huge commercial influence on doctors’
prescribing decisions (Brenann et al. 2006), the change in the preference for using a
combination of marketing tools is evident in the pharmaceutical industry. The ABM
framework used in Gammanym2 can be utilised to evaluate the economic payoff
associated with alternative marketing tools like e-detailing or Direct-to-Consumers
advertising and can, thus, help pharmaceutical companies to devise optimal marketing
strategies.

Lastly, one of the major contributions of diffusion modelling adopted in Chapter 3, is
the potential for employing the ABM framework to derive the strategies for government
agencies or NGOs in a more cost-effective manner. Although these agencies are less
likely to be inclined to maximise economic payoff, nevertheless the novel framework in
Gammcmym2 clearly adds on to the existing practices for program design and
implementation. Adoption of ABM framework is likely to be more beneficial in remote
or socially excluded minority areas, as the exposure to a new product or practice can be
costly for the residents due to lack of communication infrastrcuture. With reference to
policy insights from the simulation results for Gammanym and Gammanyml, we have
discussed knowledge on network structure is important for diffusion. The modelling
framework in Gammanym2, builds on to that finding and significantly enhances the
policy design mechanism for cost effective diffusion.

5.3 Social Divergence and role of public policy
Focusing on the economic impact of communications across social networks, in
Chapter 5 the empirical evidence for Social Divergence (Grafton et al. 2004) has been
examined employing a cross-sectional data set for the US. Social Divergence
hypothesises that barriers to communications created through differences in language,
ethnicity or religion, deter the diffusion of knowledge and, hence have a negative
impact on productivity growth. The empirical estimates provide evidence that the
impact of racial diversity is negative on Gross State Product (GSP) per capita growth
across the 48 continental states in the US.
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This section elaborates policies to address the reduction of communication cost across
the social networks in diverse settler societies. The interest of the western democracies
in allowing immigration primarily stems from the potential for economic gains
associated with complementary skills, knowledge or experiences. In this section the
policies for economic assimilation of the immigrant communities are discussed.
Economic assimilation implies labour market assimilation (Hum and Simpson 2001;
Meng and Gregory 2005; Stolzenberg and Tienda 1997) of the immigrant population.
Meng and Gregory (2005) and Stolzenberg and Tienda (1997) define economic
assimilation as the rate at which the gap in earnings between native bom workers and
immigrant workers narrows over time. Hum and Simpson (2001) argue that the wage
rate is a better indicator for economic assimilation, as immigrants with lower wages can
narrow the difference in earnings by working more hours. The authors, therefore, argue
that economic assimilation of the immigrant population is better captured by the extent
of wage gaps between immigrants and natives, ‘with assimilation considered complete
when their wage levels are indistinguishable from those of comparable native-born
persons (Hum and Simpson 2001:428)\
The recent debates on socio-economic exclusion of immigrant communities (Leigh
2006a; Freedman 2004; Esses and Gardner 1996; Kymlicka 2003a), and in particular on
the integration of Muslim immigrants (Fukuyama 2006) in the Western democracies,
needs to be considered for any policy design related to immigrant communities. Given
the focus on barriers to communication across social networks, the social exclusion of
immigrant communities is especially significant in relation to social divergence
hypothesis. In this section, our policy review therefore, aims to evaluate the extent to
which the process of economic assimilation is influenced by social exclusion of
immigrant communities.
The focus in this chapter is on the integration of immigrant communities in three
countries, Australia, Canada and the US. Despite the major differences, in terms of
family reunification emphasis under US immigration policy in contrast to the point
system for skilled migration programs pursued by both Australia and Canada, analysing
the policy implications in these countries is useful because of the similarities in terms of
fundamentals of economic systems and their history as European settler societies. The
commonalities, however, are relatively stronger for Canada and Australia in terms of
labour market policies and institutional framework (Antecol et. al. 2003), and the
evolution of policies from assimilation to multiculturalism (Esses and Gardner 1996;
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Kymlicka 2003b; Department of Immigration and Multicultural and Indigenous Affairs
2003). The US, on the other hand, is largely differentiated by the policy focus on illegal
entry and the absence of official stands on multiculturalism, i.e., programs or laws for
integrating the immigrant communities (Martin 2003; Kymlicka 2003a). Given the
focus of the investigation, the discussion on policies addressing illegal immigration has
not been incorporated.
In this policy review, the process of economic assimilation is therefore, discussed by
examining two major immigration policies in Australia and Canada, one, the skilled
migration programlv, and two, business migration program. Section 5.3.2 reviews the
process of economic assimilation, and the extent to which it is retarded by the social
segregation of immigrant population. This section concludes with the discussion the
major policies to reduce the communication costs across the social networks due to
social segregation of immigrant communities.
5.3.1

Economics of immigration

Immigration policies in liberal democracies like Australia and Canada aims to address
the skill shortage of an expanding economy. The principal rationale for immigration in
both countries is to encourage the inflow of skilled migrants. Due to the
complementarity in skills and experience offered by the diverse immigrant population,
the potential for settler societies lies with the possibilities for enhanced economic
performances through the creation of human capital externalities1'1. Richardson and
Lester (2004) indicate that, although the labour market outcomes have been different for
Canada and Australia, given the differences in terms of sharing responsibilities between
federal and state government, assessment criteria, and the existing macroeconomic
environment, the overall objective of economic integration of skilled immigrants has
been successful to a large extent in both the countries.

In addition to skilled migration programs, Australia and Canada both seem to consider
overseas students as an alternative source of skilled migrants, given the leniency
attached to the selection criteria for people in such categories. The economic rationale
behind this is supported by the empirical findings of a 2004 study on international
student flows as a channel for R&D spillovers. Using a dataset of 21 OECD economies
and Israel, Park (2004) argues that students acquire knowledge and experience, and
hence accumulate human capital, while being trained in foreign countries. Both
Australia and Canada provide incentives to the foreign students for permanent
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residency, and hence utilize their exposure to the host country by facilitating their entry
into the workforce. The current incentive structure for foreign students in Australia
include extra points for an Australian degree, and waiving of the occupational
experience requirement of the skilled migration program (Birrel et. al. 2005). Since
April 2006, the Canadian government has launched a new ‘off-campus work permit
program, ‘costing $10 million a year for five years under which foreign students will be
able to work off-campus during their study, and for up to two years after
graduation’(Citizenship and Immigration Canada 2006:24).

The third important immigration category in Australia and Canada are business
migrants. The economic rationale for encouraging business migrants, apart from the
availability of human and financial capital, can also be attributed to the success of coethniclv" business networks in international trade. Prominent examples of successful
trade diasporas are: Chinese and Indian software engineers in Silicon valley (Saxenian
1999 in Rauch 2001), Taiwanese entrepreneurs in the computer business in Hamburg
(Kloosterman and Rath 2001), Chinese businesses in Australia (Lever-Tracy and Ip
2005), and Salvadorian entrepreneurs in the US (Portes et. al. 2002). Based on an
extensive review of case studies on historical trade diasporas like Hasua in West Africa
and Margribilv,u traders of the eleventh-century Mediterranean (Cohen 1969, Grief 1989
in Rauch 2001), and the empirical literature on recent transnational networks, Rauch
(2001) argues that business networks contribute significantly to international trade by
removing the problems of contract enforcement, and informal barriers to trade like
inadequacy of information about trading opportunities. The study on Chinese bi-lateral
trade for 63 countries in the 1980s and 1990s by Rauch and Trindade (2002:129),
evaluates the quantitative impact of Chinese networks and confirms that a beneficial
impact is attributed to ‘mechanisms of market information and matching and referral
services, in addition to their effects through community enforcement of sanctions that
deter opportunistic behaviour’. Based on a survey of 1500 entrepreneurs in Sydney,
Melbourne and Perth, Collins (2003) reports that ethnic minority entrepreneurs,
particularly those bom in Asia, had a higher rate of international trade than non
immigrant entrepreneurs. Between 1983 and 2001, Canada’s business immigration
program has shown success in the sense that over 310,000 immigrants entered under
this category, in comparison with 91,000 in Australia and fewer than 6,000 in US (Ley
2005).
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An interesting policy question is, To what extent, have these immigrant entrepreneurs
relied on social capital, as opposed to human or financial capital, in their attempt to
achieve economic assimilation? Unfortunately, detailed analysis on the effectiveness of
business immigration program in Australia and Canada is beyond the scope of this
chapter. Given the robust results in Chapter 4 on the negative impact of racial
fractionalisation on economic growth, the issues on social segregation of immigrant
population need to be analysed. Segregated neighbourhoods for non-white population or
ethnic enclaves of the immigrants are one of the most dominant indicators of social
segregation in diverse societies. The existing studies evaluating the impact of
neighbourhood effects among immigrant communities, however, do not emphasise the
barriers to communication as a causal factor for economic exclusion of immigrant
communities. On the basis of the significance of physical proximity of the interacting
economic agent for diffusion of tacit knowledge, the next section investigates; to what
extent, do barriers to communication created through ethnic enclaves or residential
segregation, retard the process o f economic assimilation o f the immigrant
communities?
5.3.2

Process of economic assimilation

As the influence of social factors in economic assimilation of immigrants is principally
drawn from the dominance of ethnic enclaves or segregated neighbourhood, first, the
theoretical underpinnings of formation of ethnic enclaves, and empirical evidences for
their economic impacts are discussed.
5.3.2.1 Economic impacts of ethnic enclaves
The literature regarding ethnic enclaves or ‘ethnic economies’ most often refers to
labour market outcomes of group concentrations. No distinction has been indicated in
this chapter between ‘working in the ethnic economy’ or ‘living in an ethnic
neighbourhood’ as differentiated by Logan et. al. (2002). The authors define the
residential concentration as immigrant enclaves; the less desirable places to live
compared to mainstream society and are basically home for recently arrived low-skilled
immigrants. Two other forms of segregated neighbourhood can also be significant to
analyse the impact of social integration: ethnic community (Logan et al. 2002) and
ghetto (Logan et al. 2002; Frey and Farley 1996; Massey and Denton 1987). Ethnic
communities can be formed by the immigrants with high human capital, who prefer to
live in segregated neighbourhood with the aim to preserve their ethnic identity (Logan
et al. 2002; Borjas 1998). The formation of ghettos, however, is dominated by the
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reference to black segregation due to racial prejudice by the white population (Logan et.
al. 2002; Massey and Denton 1987). Although a detailed discussion of the huge
literature on socio-economic impacts of black segregation is not undertaken, there is no
denial of the fact that racial cleavages define a large part of social segregation in
American society.

Portes and Sensenbrenner (2003) identify four sources of social capitalllx, value
introjection, reciprocity exchanges, bounded solidarity, and enforceable trust. They
argue that the third and fourth sources seem to be dominant in the case of formation of
ethnic enclaves among immigrant group. Referring back to Marx and Engel’s (1947,
1948) analysis of the emergence of the working class, the authors argue that bounded
solidarity arises out of situational circumstances, which can eventuate to the ‘principled
group-oriented behaviour quite apart from early value interjections’(Portes and
Sensenbrenner 1993: 1324). In the case of immigrants, bounded solidarity arises
because of the confrontation with the receiving society, principally because of the
difference in culture and language. The source of enforceable trust is the commonalities
faced by the immigrant communities in terms of experiences in the host country, which
encourage them to be engaged in inter-community interactions, i.e., exchanges with the
other members of the community. Outlining the sources of social capital in ethnic
communities, Marger (2001:440) defines the collectivising force as ‘a set of shared
adversities that ordinarily arise from the immigration experience: shortage of
information, day-to-day problems of housing and transportation, language ineptitude,
financial need, negative perception by the host society, and blatant or subtle
discrimination in various spheres of social and economic life’.

The principal argument for positive economic impact of strong within networks
communication is the employment of undereducated and newly arrived immigrants in
ethnic economies like ‘Little Italy’ or ‘Chinatown’ (Hou and Picot 2003; Tubergen et.
al. 2004; Logan et. al. 2002). The ethnic enclaves thus serve as a springboard for lowskilled immigrants. This, however, not only benefits the newly arrived immigrants. For
example, given the heavy reliance on ethnic clientele, 87.5 percent of Portuguese
entrepreneurs in Toronto consider the most significant advantage of having a co-ethnic
worker is their ability to speak the same language as the clients (Teixeira 2001).
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Despite the significance in terms of employment opportunities by sharing job
information among community members (Teixeira 2001; McManus 1990), there is a
counter argument outlining the negative impacts of bonding social capital facilitated by
ethnic enclaves. Borjas (2000), Fong and Ooka (1999 in Hou and Picot 2003), and
Marger (2001) argue that participation in the ethnic economy deters the possibilities of
employment in the mainstream economy. As has been mentioned in Section 5.3.1, more
crucial, is to investigate if the ethnic economy plays a role in determining the success of
business immigrants. A 1999 report by Citizenship and Immigration Canada reveals that
in the province of British Columbia, business investment by the immigrants exceeded 1
billion dollars over the period of 1990 and 1998, along with creation of more than
25,000 more jobs (Ley 2005). A survey of 300 business immigrants in the same region
by Hou and Picot (2003), however, reveals that 44 percent of correspondents had
subsequently closed the business and less than half of the remainder expected to make a
profit in the year following the survey, while 54 percent of the respondents considered
limited social networks as barrier to business.

Ley (2005) extends his Canadian analysis by conducting an intensive qualitative survey
on 90 entrepreneurs from three major business immigrant countries - Hong Kong, Korea
and China - and concludes that use of the mother tongue as the business language and
the location of the business influence the business outcome negatively. In particular, 43
percent of the respondents in the CIC survey consider language as a barrier to their
entrepreneurial success (Ley 2005). Although the success of Korean business migrants
in Vancouver can significantly be attributed to their education level, their
communication across the networks or decision to break the ethnic ties, contributed
positively towards their success. Unlike where English shared equal status with
Cantonese and Mandarin spoken in the large Chinese-Canadian enclaves in Vancouver,
Koreans use English as the business language. Ley (2005:20) reports that ‘As a result,
their business locations were widely scattered over the metropolitan area and it was
their success relative to more enclave-bound Chinese and Taiwanese that led to location
emerging as a predictor of business success’. This rationale for economic benefit
associated with integration to the mainstream economy also holds true for a study on 70
business migrants in Ontario for the period of 1993 to 1995 (Marger 2001). The
respondents not only report ‘minimum reliance’ on their ethnic networks for
establishment and operation of their enterprises, only 10 percent of their enterprises
were operating in ethnic enclaves.
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Another aspect of negative economic impact of ethnic enclaves are US studies on
residential segregation. Analysing the socio-economic advancement of 14 immigrant
groups for the period 1980 to 1990, in 5 metropolitan areas - Atlanta, Los Angeles, New
York, Philadelphia and Washington DC, Galster et. al. (1999) provide evidence that
exposure to own group members retards the process of economic assimilation as
indicated by increase in the poverty rate. Borjas (2000) focuses on upward mobility in
the job market and argues that ethnic neighbourhoods reduce the immigrants’ incentive
for cultural or residential integration. Using US Census data for three decades (19701990), Massey and Fischer (2000) provide evidence that increasing segregation based
on race or ethnicity, the effects of structural shifts at the macro level are augmented for
the poor in those segregated neighbourhood. Structural shifts are defined, in this study,
as rising income inequality, increase in poverty level and ‘declines in average income’
(Massey and Fischer 2000:673). The authors argue that the poor population among
African Americans is more affected due to a structural shift because of high residential
segregation in comparison to other groups like Hispanics or Asians.

The literature on the economic impacts of ethnic enclaves indicates that ethnic
enclaves/residential segregation create impediments in appropriating their full economic
potential. This may be termed ‘segmented economic assimilation’ and arises from
fractionalised labour market assimilation of immigrant population or limited
participation of immigrants in the mainstream economy. The next section delineates the
policy suggestions for transition from this pattern of segmented economic assimilation
and, hence, utilise the economic gain from diversity of knowledge and skills in settler
societies.

5.3.2.2 Policy implications for economic assimilation
The reasons behind segmented economic assimilation are multifaceted and given its
dominance in the public discourse, policies concerning immigrant communities are
considered as one of the most controversial/ culturally sensitive policy areas. Given the
discussions on segmented economic assimilation in Section 5.3.2.1, this section
explores the policy interventions to overcome the barriers to communication created
through social segregation and defined by race, language, culture and ethnicity.
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i. Training in language proficiency
Lack of language skills is one of the principal barriers for communication and works as
a strong impetus for clustering by immigrant communities. Although ethnic enclaves
serve as a springboard for many immigrants, barriers to communication created because
of their lack of proficiency in the native language impedes their entrance in the
mainstream economy and, hence, retards the process of economic assimilation.
Although this phenomenon, arguably, is most prominent among the newly arrived and
less educated, it also affects ethnic entrepreneurs or business migrants who identify
language as a barrier to success in their businesses (Ley 2005).

Working in an ethnic economy, or residing in an ethnic neighbourhood, both impede the
process of language acquisition or cultural integration. Using the US census data for
1900 and 1990, Lazear (1999) shows that the possibility of integrating to the majority
culture is lower for the immigrants locating themselves in residentially segregated areas
or ethnic enclaves. The results also indicate that the level of English fluency also
depends on their residential location, as the immigrants who are more fluent in English
live in a area where the proportion of people from their own native country is lower. For
example, given the presence of a very large Polish community in Chicago, a Polish
immigrant can operate efficiently even without the knowledge of English. Borjas
(2000:117) argues ‘residential segregation has a statistically significant negative impact
on the rate of which a particular immigrant group acquires English proficiency’1*. Using
Australian data, Chiswick and Miller (1999) provide evidence that English language
skills are lower among immigrants who live in a region with a large concentration of
speakers of their origin language.

Although the skilled migration programs in Australia and Canada include English
language proficiency as a criterion, in addition to age, skills/educational qualifications,
and work experience (Chiswick et. al. 2006), the other visa categories, like family
migration or refugee, do not have specifications for language proficiency. These groups
remain disadvantaged for most of their lives in terms of language acquisition and
economic assimilation. Age and gender prove to be negatively correlated with language
acquisition skills. Using Canadian data, Hou and Beiser (2006) report that older
refugees, especially Chinese, whose main contacts are with members of the same ethnic
group at work, face increased disadvantages in English language proficiency. The
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authors also report that the earlier disadvantage of being older and female persisted
throughout, and the proficiency for English was low even 11 years after arrival.
Although gender seems to play an insignificant role for the first two waves of
immigrantslxi in Australia, ‘the negative effect of being female on English-speaking
skills is much more pronounced and statistically stronger in wave three, where the
immigrants had been in Australia for approximately 3.5 years’ (Chiswick et al.
2006:438). The general language training programs currently practised in all three
countries - Language Instruction for Newcomers to Canada (LINC) in Canada, Adult
Migration English Program (AMEP) in Australia and English as a Second Language
(ESL) in the US - address both target groups, old and female, in varying degrees. The
programs in the US and Canada also prioritise the refugees

and immigrants on

humanitarian grounds.

Empirical studies on language acquisition skills among immigrant populations (Hou and
Beiser 2006; Chiswick et al. 2006) report different rates of language acquisition among
different immigrant groups. Chiswick et. al. (2006) identify linguistic distancelx", the
extent of difference between the origin and destination language, as the principal reason
behind this difference. The empirical results using Australian data imply that
immigrants whose mother tongues are linguistically distant from English ‘are less likely
to be proficient in spoken English than are immigrants whose mother tongues are
linguistically closer to English’(Chiswick et. al. 2006:433) . Government-sponsored or
subsidized language training programs, therefore, need to be customized depending on
the target groups. For example, Korean or Chinese immigrants need to be assisted with
a more intensive program than someone from France, whose linguistic origin is NeoLatin, close to the Anglo-Saxon origin of English.

In 2003, Citizenship and Immigration Canada launched a new CAN$20 million (per
year) program, titled Enhanced Language Training to provide job-specific language
training skills, as well as language training to help immigrants and refugees find and
keep work (Citizenship and Immigration Canada 2006). This kind of training will
contribute significantly towards economic assimilation of business migrants who
identify language ineptitude and limited knowledge of the economic system of the
destination country as major barriers to enter the mainstream economy.
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The empirical results in Chapter 4 also indicate the necessity for extensive government
funding for language training. The econometric model uses a control regressor, termed
PIEF, or percentage of the population with insufficient English fluency. Based on the
literature review, a positive relation between PIEF and communication cost is found.
The empirical results support the view that the estimated impact of racial diversity on
economic growth is negative, when barriers to communication are higher due to low
level of English fluency. This finding therefore, emphasises the need for language
training, which will lower the cost of communication and hence, increase economic
growth.

ii. Education and training
In addition to language training, most immigrants from disadvantaged groups, i.e., lowskilled or undereducated immigrants and refugees or asylum seekers, require education
and training for efficient economic assimilation. Policies for provision of subsidized or
free education to second generation migrants, have the potential to contribute to human
capital accumulation and thereby ensure better economic assimilation. Portes and Zhou
(1993) identify that a special loan program for Cuban refugees during the Kennedy
administration, enabled many first generation and second generation Cuban youth to get
better education. Our findings suggest such education programs to be extended in
segregated neighbourhoods and perhaps also to target, second or third generation
immigrant offspring.

The recommendation of increased public funding for immigrant offspring is principally
drawn from two arguments: on the productive role of bonding social capital in the
formation of human capital (Coleman 1988), and the neighbourhood effect of ethnic
capital (Borjas 1992; 1995). Emphasizing the public good aspect of social capital,
Coleman (1988) argues that social capital, embedded in relations within the family and
the community, lowers the probability of dropping out from high school. Outlining a
similar role of social capital, Borjas (1992) provides evidence that low levels of ethnic
capital, defined as average human capital in the previous generation, hinders the
convergence of intergenerational skill. Borjas (1995) extends his investigation to
evaluate the impact of human capital externalities created from ethnicity and concludes
that a neighbourhood effect strengthens the influence of ethnic capital on
intergenerational mobility in ethnic communities. In other words, ethnic capital is more
crucial for children in a segregated ethnic neighbourhood or ethnic enclaves, who
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experience frequent interpersonal contacts with people from their same ethnic
backgrounds. Given the attitudinal barriers to integration of immigrant communities in
the wider society, efficient policies need to employ the advantage of the strong ties
within the community or bonding social capital. Policies like subsidized education to
the disadvantaged groups thus have the potential for increased aggregate return on
human capital formation in ethnic communities.

Our findings also suggest providing education and training to the disadvantaged group
is more crucial the larger its size, for instance, Latin American immigrants in the US.
Using 1990 census data, Antecol et. al. (2003) identify that the huge influx of Latin
American immigrants contributed to the skill deficit for the US, compared to Australia
and Canada. In a recent study on English as a Second Language (ESL) courses, Tucker
(2006)) reports that according to a 2003 study by the National Centre for ESL Literacy
Education (NCLE), 64 percent of the foreign-bom population aged 16-65 are at basic
level (Level 1) of the International Literacy Survey. This low level of reading and
writing ability retards the process of learning English. For the effectiveness of language
training, especially for elderly or refugees depends on their education level, programs
providing basic education need to be implemented in conjunction with language
training.
In relation to business immigrants or entrepreneurs in particular, Collins (2003)
emphasises the need for subsidized vocational education and training for the employees.
To address the reluctance of the entrepreneurs to pay for such individuals due to high
cost of training and the possibility for newly skilled workers to move to other
enterprises, subsidization or other forms of incentives need to be implemented. In
addition to the training programs targeted to create employability in the mainstream
economy, rather than foreign-trained trade personnel, provision of training for refugees
for low-skilled jobs could be more effective because of their exposure to the domestic
economy and some level of cultural integration.

iii. Cultural/Social integration
In this section the key policy suggestions for cultural integration of immigrant
communities have been discussed. Our principal argument is the success of language
training and education depends crucially on cultural integration of immigrant
communities. Given the social divergence hypothesis, language and education training
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not only create employability by accumulating human capital in immigrant populations,
but also enable them to have productive intra-community and inter-community social or
informal interactions. As barriers to communication originate from the existence of
social cleavages or socially constructed barriers defined by race, religion, ancestry or
culture, cultural integration is vital for appropriating the potential for inter-community
interactions or across networks communication.

Canada and Australia share a common history of evolution from Assimilation to
Multiculturalism. In 1971, Canada opted for an official policy of multiculturalism. In
1988, Canada became the first country in the world to enact a multiculturalism law
(Kymlicka, 2003). Canada, is also the only country (among these three) to have specific
policies for social integration of newly arrived immigrants1™1: the Immigrant Settlement
and Adaptation Program (ISAP) and the Host Program(Citizenship and Immigration
Canada 2004). On the basis of needs assessment administered by the service providers,
ISAP assists immigration settlement and integration by employing service providers to
deliver the followings: i. information on Canadian life, ii. translation and interpretation,
iii. referral to community services, iv. solution focused counselling, and v. basic
employment related services. The Host Program is a volunteer-based program whereby
newcomers are matched with Canadian volunteers who help them learn about available
services in the community, practise their English or French, participate in community
activities, understand the Canadian labour market and find job contacts in their field.
Despite the absence of official policies on multiculturalism, the US has long supported
the idea of cultural pluralism (Reitz and Sklar 1997), a term synonymously used with
the concept of multiculturalism.

Despite the intensions of the government, the multicultural/multi-ethnic policies have
not been entirely successful to achieve social trust, one of the basic determinants of
inter-community networks in settler societies. Using Census data for metropolitan areas
in the US, Alesina and Ferrera (2000) conclude that interpersonal trust is lower in
localities with higher racial heterogeneity and income inequality; Leigh (2006a; 2006b)
reports similar results for Australia, employing Australian community survey data for
over 6000 respondents. In the study, neighbourhood level analyses indicate that levels
of trust are lower for both immigrants and natives in a linguistically diverse
neighbourhood. Immigrants in linguistically diverse neighbourhoods, however, tend to
be less trusting than non-migrants for generalised trust (Leigh 2006b). The state156

sponsored policies for social integration of immigrant populations may have been
ineffective in building trust across communities because of the demand for one-way
cultural recognition for the minority by the state and the majority society (Sartori 2000
cited in Joppke 2004). This may explain growing opposition against programs that
encourage distinct language and cultural maintenance or foster linguistic/ethnic
concentrations (Chiswick et al. 2006). Norton (2006) reports that over 70 percent of
Australians in two consecutive polls on multiculturalism, in 1995 and 2003, opined that
blending into the ‘larger’ society would generate better outcomes. Only 16 percent of
the respondents supported the government allocation related to multicultural policies.
Thus on one side, the claim by Fukuyama (2006:3), “Multiculturalism, understood not
just as tolerance of cultural diversity in de facto multicultural societies but as the
demand for legal recognition of the rights of ethnic, racial, religious or cultural groups,
has now become established in virtually all modern liberal democracies”, is frequently
argued over the heightened debates on integration of Muslim immigrants. By contrast,
the Christian Democratic Union’s (CDU’s) proposal for ‘German Leitkultur’ or
‘Guiding Culture’ (Klusmeyer 2001) or the secularism debate in France in relation to
affaire des foulards or the headscarf affair (Freedman 2004), appear controversial
because of an assimilationist approach, despite the claim of pro-integration policies. The
rationale for the policies in Germany and France, and also in the Netherlands and
United Kingdom, are based on the optimality of two-way traffic. In other words, in
addition to policies on multiculturalism, the policy focus includes the necessity of
recognition of the dominant culture by immigrants. But these policies are widely viewed
as a return to a cultural assimilation as a primary model of social cohesion. Although the
policies, like compulsory classes on Dutch language and culture, or the recent proposal
by the Commission on Integration and Social Cohesion in UK for language tests for
spouses (Hall 2007), can be effective for minority integration, these policies may also
contribute to aggravating the dilemma for the minority groups, especially for Muslim
immigrants.

Given the complexity of the issues on adaptation of the immigrant groups, the policies,
be they pro-diversity or pro-acculturation or assimilation, have been more of less
controversial and likely to remain so in globalised modem societies. Detailed discussion
on the debates around the implementation of policies related to cultural integration is
beyond the scope of this chapter. However, it is important to articulate the rationale for
pro-integration policies, instead of policies promoting multiculturalism or cultural
157

pluralism, as practised in the liberal western democracies. The rationale for integration
originates from the need for effective intra-community communication, as proposed by
the social divergence hypothesis. Defining integration as a ‘two-way adjustment process
whereby immigrants and the host society together create a new culture’, Hiebert and
Ley (2003:17) reveal that the main criticism against integration is the comparatively
higher burden of adjustment on immigrants. Despite the controversies, given the present
context of heightened debates over socio-economic isolation of minority groups and the
consequent unsettling outcomes, pro-integration policies are more likely to work as a
catalyst in building trust between natives and immigrants. Pro-integration policies, thus
have the potentials for forming inter-community networks. As discussed before,
integration of immigrants may well be subjected to a blurring divide between
integration and assimilation or acculturation. Hiebert and Ley (2003) refer to the use of
‘integration’ as a more acceptable or less controversial term that eventually substitutes
the notion of assimilation. In comparing the effectiveness of integration in reflecting the
principals of cultural pluralism, Abu-Laban (1999 in Hiebert and Ley 2003:17) argues
that emphasizing the emergence of ‘a new culture’ actually implies ‘a withdrawal from
multiculturalism’.

In this chapter, our main argument is, in addition to promoting the idea of social
integration, perhaps through American style naturalization ceremonies, or introduction
of mandatory ‘citizenship and democracy’ education at English school (Joppke 2004),
the present day governments in pluralistic societies need to address the complex issues
of cultural adaptation in a more robust manner. The effective role of public policy in
optimal implementation of cultural integration programs, is to adopt a multigenerational approach, where appropriate, and include the second or third generation
immigrants as well. By contrast, current policies principally focus on the adjustment
process of immigrants, mostly concentrating on first generation immigrants. Although
the academic literature focuses on the nature of assimilation, termed ‘segmented
assimilation’, the policies aimed at using immigrant offspring as ‘integrators’ has been
poorly conceived to date. The multigenerational approach in policy design, however,
needs to take note of the empirical findings that the nature and process of segmented
assimilation and the consequent labour market outcomes depend on factors like the
status of the ethnic economy, racial profiles, resources of ethnic communities or ethnic
capital, and experiences of discrimination (Portes and Zhou 1993; Zhou 1997; Boyd
2002). For example, second generation Chinese or Indian immigrants are more likely to
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possess the potential for socio-economic improvement in comparison to the downward
trends in social mobility among Caribbean youths in the US (Portes and Zhou 1993).
Despite the differences, the immigrant offspring are likely to succeed in their
integrationist role in facilitating inter-community communication because of their
exposure to both cultures. Government initiated inter-faith or inter-racial discussions
among immigrant offspring at different platforms like media or community
organizations may also be crucial to address the attitudinal barriers for the integrationist
approach.

5.4 Social Divergence and the role of education policy
This section focuses on the potential role of education policy for increasing
communication within and across the social networks/communities. The econometric
model in Chapter 4, evaluates the social divergence hypothesis using US data, and
specifies education as a proxy for human capital. Education has been defined as the
percentage of population with a bachelor degree or higher. The empirical results
establish that the estimated impact of education on Gross State Product (GSP) per
capita, is positive and robust; and hence, provides evidence for the already established
role of human capital for accelerating economic growth. Although the relation between
poor education and social segregation was not sought as part of the econometric
exercise, evidence in favour of a strong relationship is found in the literature. The
literature is dominated by the discussion of the impact of education policy on social
segregation in liberal democracies like the US, United Kingdom, and the Netherlands
and, hence, provides the basis for our policy suggestions in this section. Given the
significant and long-run impact of education, the rationale for developing education
policies is complex in nature. Among many factors, the diverse mixes of pressure
groups and political ideologies, varied arrangements between federal and state
governments regarding allocation of funds, and historical origin of Christian schools in
liberal democracies, make it one of the most crucial policy areas and topics for public
discourse. It is emphasized that fully addressing the complex nature of education policy
is beyond the scope of this chapter. The main objective in this section is two-fold:
i.

to evaluate if education policies provide the basis for social segregation and,
hence, lead to social barriers to communication ( Section 5.4.1); and

ii.

to delineate a policy framework for bridging the social barriers to
communication (Section 5.4.2)

159

5.4.1

Education and social segregation

The role of education in the creation of human capital, and hence in promoting
economic growth, has been widely discussed in the policy literature. Given the principal
hypothesis on the significance of interpersonal connections for knowledge diffusion,
this section focuses on the role of educational processes in the creation of social capital.
The relationship between education and social interactions is based on the grounds that
the formal process of being educated enables people to learn social skills and
encourages networking with peers/colleagues. Formal education not only creates more
informed individuals, but is more likely to create individuals who possess a better
understanding of the positive impacts of associational activities and collective actions in
the society than do those with less formal education (Rupasingha et. al. 2006).
Empirical evidence on the relationship between education and social capital is explored
in a study by Sacerdote and Glaeser (2001). Using General Social Survey data for the
US, the authors provide evidence for the positive relation between group membership
and schooling. The authors report that for alllxiN but membership in labour unions, the
coefficient for education is positive and statistically significant. Similar results hold true
for evaluating the impact of education on level of trust, as has been evidenced in a
recent study by Rupasingha et. al. (2006). Analysing the determinants of the social
capital index for US counties, Rupasingha (2006 ) argue that education is perhaps the
single most important determinant of social capital. Evaluating the relation between
education of and quality of British civic life, Egerton (2002) explores the significance of
higher education in promoting civic activity before entering into a career. The empirical
results provide evidence that ‘the social and civic engagement of young people who
enter higher education is higher in their late teens than that of their peers who do not opt
for such education’(Egerton 2002:850).

Social segregation in liberal democracies focuses on race, ethnicity or culture, but is in
the process of being replaced by the lines of religion. Employing a GSS dataset for the
US, as well as a world values survey dataset for 20 developed countries outside the US,
Sacerdote and Glaeser (2001) provide evidence for a strong negative relation between
rate of attendance of places of worship and education across the denominations of
Christianity. The authors argue that education decreases religious beliefs as the more
educated people enter denominations with lower belief. Given the significance of inter
community networks in knowledge diffusion, these findings articulate the potential for
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the creation of bridging social capital as educated people are more likely to be involved
in communication across the social groups defined by religion, race or other socially
constructed divides. To summarise, formal education influences the creation of social
capital, in three potential ways: a. by providing informal training in socialization skills
in the school environment, b. by encouraging commitment for collective action and
civic engagement, and c. by creating individuals who are less religiously inclined in a
denominational sense.

Despite the empirical evidence, the relation between education, religion and social
interactions is a confounding one. In countries like the US, church attendance is
considered as one of the major places for social interactions (Putnam 2000). In relation
to the impact of education on religious belief, more contentious and relevant for our
investigation is the ‘state-sponsored segregated schooling’ originating from allocation
of public funding for private/religious/faith schools (state funded schools run by
religious organizations). Even in liberal democracies marked with the separation of
church and state, (the US, France or Australia), or in countries like England or the
Netherlands the public discourse as well as the academic literature on education has
been dominated by the complications of segregated schooling, and its impact on the
social integration process (Underkuffler 2001; Hewer 2001; Freedman 2004; Judge
2001; Levin 1998; Walford 2001; Gradstein and Justman 2000). Given the focus on
communication across the social networks, in this section we evaluate the extent to
which state funding for religious schools contributes to the creation of socially
constructed barriers.

The literature provides evidence that provision for public funding for religious schools,
an integral part of the education policy of several liberal western democracies,
contributes to social segregation. Given the very definition of liberalism, the role of
public policy is limited because of individual autonomy in terms of parents’ entitlement
to choose religious schools (Judge 2001). Alike the choice for residential segregation
(discussed in Section 5.3.2.1), states have limited control over parental choice for
religious or racial homogeneity (specially in the case of the US due to history of
slavery) has strengthened the existing structure of social segregation. Hewer (2001:518)
reports that desire for Muslim community schools has been prompted, in addition to the
opportunity to integrate Islamic principles as part of overall education, by the need (as
devised by the parents) ‘to provide a ‘safe’ environment for post-pubescent girls’. Even
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years after the end of policies for racial segregation of schools in the US, preferences for
religious and racial segregation are identified as the two most important factors
contributing to the parental choice for private schools across the states in the US (James
1986 in Kremer and Sarychev 1998). Walford (2001:369) reports that ‘once the
proportion of ethnic minority children exceeds about 50 percent, many Dutch parents
use their freedom to choose to avoid schools where non-Dutch children (with
Moroccan, Turkish or Surinam origin) form a substantial proportion’. Similar trends can
be found in the case of parents’ choices to avoid schools with high intake of ethnic
minority students in England (Tomlinson 1997), or Muslim students in France
(Freedman 2004).

Our interpretation is that segregated schooling contributes to social fragmentation in
two principal ways:
i. due to limited exposure to heterogeneity of the wider society (Flewer 2001), and also
because of the significant influence of family religiosity at that stage of cognitive and
intellectual development, the pupils in the private/faith schools are indoctrinated to
promote their own religious identity or to be ‘social bonded’.
ii. non-homogeneous state policies for allocation of public funds for private/faith
schools (e.g. dominance of Catholic schools for state funding) have the potential for
increasing the sense of isolation among the ethnic minority communities.

Given the debates about integration of Muslim communities in particular, of concern is
the state funding for religious schools, especially in some Western European countries
like England or the Netherlands. Funding for religious schools, either Muslim or
Catholic, may aggravate the social segregation. Given the rapidly growing number of
Muslims schools in the Netherlands and United Kingdom (Walford 2001), policy
makers need to consider the process by which segregated schooling feeds back to the
process of segmented assimilation by the second/third generation immigrants. In other
words, there is a need to optimise the role of public policy in considering the
educational process in the wider context of intra-community and inter-community
networks,

and

the

relationship

between

diversity/heterogeneity.
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5.4.2

‘Desegregating’ education

This section discusses the scope of education policy in addressing social segregation,
principally in western liberal states. The main challenge on the part of the state,
originates from the preservation of individual autonomy, i.e., parental choice in favour
of racial or religious homogeneity. Specific to the allocation of public funds for faith
schools, the challenge stems from the historical origin of Catholic schools in some
western countries like England, Australia or the Netherlands.

The niche for effective public policy lies with the fact that, in addition to family
religiosity and patterns of family socialisation, a pupil’s religious belief is shaped by,
among other things, general religious content in the nation’s culture and dominant
values, religious content of school curricula and the mass media (Kelley and De Graf
1997), and the social interactions with peers/friends. Given the constraints in
influencing family religiosity and socialisation patterns on one side, and the demand for
faith schools to preserve family ideology/identity or political or philosophical
orientations (Levin 1998) on the other, a key to policy making is to adjust these factors
for an integrationist, but liberal approach, to bridge the barriers created through
segregated schooling.

i. Conditional funding for faith schools

Irrespective of the constitutional framework on the relation between state and religion,
the historic origin of schooling and religious institutions (Hewer 2001, Walford 2001)
constrains governments in adopting radical approaches for conditional funding to faith
schools in the western liberal democracies. Hewer (2001) opines for fund allocation on
the basis of higher intake of pupils from different faiths than one, as has been the case in
many schools in the Netherlands. The suggestion in this thesis is to develop a course for
inter-faith education and to adopt such courses as part of religious education. In other
words, in addition to the indoctrination of a particular faith, as perceived and probably
demanded by the parents of Evangelical Christian and conservative Muslim faiths, faith
schools will also need to provide students with the basic knowledge about other major
faiths/religions. The potential objection from parent groups can be addressed through
the greater involvement of parents in the school committees, as has been the case with
integrated schools in Northern Ireland in the 1980s. Smith (2001) reports that two of the
principal characteristics shared by most integrated schools are: a. their commitment to
parental involvement, b. ensuring a Christian ethos instead of Catholic or Protestantlxv.
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One of the successful examples of inter-faith education, can be drawn from
Birmingham, a city dominated by subcontinent Muslim minorities. In 1975, the
Birmingham education authority introduced a ‘new agreed syllabus’ of religious
education instead of compulsory religious education, which, adopted in 1948, was
basically the non-denominational Christian education. As part of the new syllabus the
pupil needed to learn about the great world faiths present in the city (Hewer 2001).
Although the adoption of inter-faith education at a national level is likely to be harder,
especially in the case of making it a condition for funding, parental involvement and a
common curriculum for inter-faith courses could be effective ways to overcome the
barriers that might be created by religious schooling.

ii. Intercultural education for all publicly funded schools

Exposure to different cultures in the school environment is vital for adaptation in the
wider society and needs to be considered as an essential part of the educational process.
Aguado and Malik (2001:150) define intercultural education as an ‘educational
approach based on respect for and recognition of cultural diversity, aimed as every
member of the society as a whole, that proposes an intervention model, formal and
informal, holistic, integrated and encompassing all dimensions of the educational
process in order to accomplish a real equality of opportunities/results, to promote
intercultural communication and competency, and to overcome racism in all its
expressions’. In case of difficulties with implementing such a broader view of the
intercultural education, the educational institution can play a pivotal role by arranging
programs devised for intercultural discussions or multicultural events to introduce
students to different cultures - minority and majority.

A study by Johnson and Lollar (2002) evaluates the relative influence of three
determinants for cultural awareness among college students in the US: peer exposure
(friendship across the networks, membership in student organizations, personal
interaction with people from different ethnic backgrounds); educational exposure
(enrolment in a course on race/ethnic studies, instructor from a minority culture and
attendance in cultural events) and pre-college exposure (multicultural high school
events). The authors reveal that higher exposure to cultural diversity provides the basis
for promoting racial understanding/cultural awareness in the society. The empirical
results also provide the evidence for a higher level of democratic participation among
students with a higher exposure to diversity.
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Upholding the integrationist concept of ‘two-way traffic’, the curriculum on
intercultural education needs to highlight the contribution of ethnic minorities to the
wider society as well as the core values of domestic culture. In other words, the course
needs to incorporate materials in a way which will prepare the students, both minority
and native students, for changes needed for co-existence in a pluralistic society.

iii. Developing national curriculum
This rationale for a national curriculum in primary and high school education originates
from the concept of knowledge networks. The thesis focuses on significance of
communication within and across the social networks for diffusion of knowledge and
evaluates the consequent economic outcomes. Although the concept of knowledge
networks has not been formally investigated as part of the thesis, we briefly explore the
idea of developing policies based on the concept of knowledge networks, given its
potential for determining the efficiency of a knowledge economy like the US or Japan.

The concept of knowledge networks augments the principal hypothesis of the role of
social networks in knowledge diffusion in two major ways. First, knowledge networks
incorporate the notion of both formal and informal interactions, as different individuals
or group(s) of individuals engage in interaction with the objective of exchanging
knowledge or information. Second, the concept of knowledge networks provides the
basis for both diffusion and innovation. Assuming that interactions among agents will
have an impact on existing knowledge sets, the interactions under knowledge networks
contributes to augmenting agents’ capability to produce new knowledge.

Using an overlapping generation model for economic growth, Gradstein and Justman
(2002) argue for national curricula for reducing transaction costs among economic
agents. Focusing on the dual role of education for economic growth, through building
human capital and social orientation, their growth model indicates that centralized
education deters social polarization, and thus provides the basis for a Pareto-improving
government intervention with the aim of reducing ‘social distance’ among individuals in
a pluralistic society (Gradstein and Justman 2002:1192)

The policy suggestions for developing a national curriculum can be drawn from the
need to develop, not identical, but overlapping knowledge sets for productive
knowledge interactions among agents. The key hypothesis is that in the case of
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overlapping knowledge sets, agents can undertake knowledge interactions because they
share a common knowledge and hence the cost of communication can be reduced. In
other words, some degree of knowledge overlap is always required for innovation.
Indeed, many academic departments and research institutions represent successful
knowledge clusters or knowledge networks of individuals with similar, but not identical,
knowledge sets. By providing a national curriculum, the overlapping knowledge sets
can reduce the cost of communication and can create the possibilities for productive
knowledge interactions among agents under segregated schooling. In a way, productive
knowledge networks also have the potential for generating increasing returns for
existing policies on national innovation systems and knowledge infrastructure like
broadband or mass media.

5.5 Concluding remarks
The main objective of this chapter is to delineate the policy implications of the major
findings related to the three research questions of the thesis. Based on the review of the
academic research, and policies implemented on knowledge diffusion and social
segregation, the policy suggestions in this chapter centre around two principal themes: i.
exploring the Agent-Based Model (ABM) framework for designing optimal policies for
knowledge diffusion; ii. the role of public policy in a pluralistic society, in bridging the
social barriers to communication defined by race, religion, culture or segregated
schooling.

Given the frameworks and the major findings from the three simulation models:
Gammanym, GammanymJ, and Gammanym2, we examine the possibilities for

designing better diffusion policies. Despite the cost and time needed for a sociometric
survey for target areas or populations, we argue that knowledge on local network
structure needs to be incorporated into the design of optimal diffusion policies. For
example, in the case of a program targeting the promotion of safe health practices in
remote rural area or socially isolated ethnic enclaves, knowledge of local network
structure can be crucial to successful implementation. Policy design by different
agencies can also be facilitated through the advantages of an ABM framework in
incorporating the complex interactions among different agents. The extension of the
game theoretic framework adopted for Gammanym2, can also be helpful in deriving
optimal diffusion policies for the participants in any oligopolistic industry and, hence,

166

can contribute to the reduction of unnecessarily high expenditures on promoting new
products by the availability of the knowledge on social networks of clients.

Implementation of policies to bridge the social barriers to communication is likely to be
a difficult task for any government. Nevertheless, the role of public policy in enabling
transition from ‘segmented economic assimilation’ of immigrants is important for all
settler societies. We argue that the adoption of a comprehensive policy framework is
necessary for economic assimilation of immigrant communities in particular, or
minority populations in general. State funding is necessary for providing education and
skill training for creating job market opportunities for less qualified immigrants or
political refugees. Government agencies, in cooperation with the private sector, also
need to devise policies for creating employment opportunities for skilled migrants or
investment opportunities for business migrants.

A far more complicated and controversial area of policy intervention needs to be
addressed relating to cultural adaptation of immigrants or minority populations. We
argue that in addition to the policies aimed at skill development, governments in a
pluralistic society need to adopt an extensive program for promoting cultural or social
integration. Although any policy on the nature or process of cultural adaptation of
immigrant communities is likely to create debates, pro-integration policies, be they a
mixture of legislation (e.g. citizenship tests) and education/awareness (e.g. national
multicultural festival), will enable acculturation of both natives and immigrants. To
avoid the likely connotation with ‘cultural assimilation’, discretion is required across
groups to ensure the successful implementation of integrationist policies.

Analysis on the role of public policy in desegregating education reveals the need for
curricula and programs targeted to increased exposure to diversity of the wider society.
Given the proper limitations on the part of the state in altering parental choice for racial
or religious homogeneity, and the long established relation between religious
institutions and schooling, governments need to ensure exposure to diversity through
courses on inter-faith and inter-cultural education, and events like school debates or
multicultural events. In addition, to bridge the barriers created through state-sponsored
segregated schooling, the need for developing national curricula is likely to be
important in the context of creating knowledge networks. Policies for a national
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innovation system and public investment in knowledge infrastructure, however, are
likely to work as complementary factors for productive knowledge networks facilitated
by national curricula for creating agents with overlapping knowledge sets.

Lastly, policy makers in settler societies need to focus on two policy areas, as part of
their long term strategies:
i.

adopting a multigenerational approach for cultural integration, and education
of immigrant populations; and also allocating the role of integrators to
second/third generation immigrants to facilitate inter-community and intra
community communications; and

ii.

in addition to already adopted policies to address systemic barrierslxvi, there
is a need to consider programs that target attitudinal barriers with equal
importance, and, hence, create a national context enabling more inter
community networks.
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Chapter 6
Conclusion
6.1 Introduction
This thesis makes a contribution to the emerging literature on the concept of
‘economics of social networks’ and offers insights for policies related to socio
economic integration and consequent knowledge diffusion. This chapter delineates
the major contributions from this thesis. Section 6.2 analyses the principal findings
of the three research questions and the major conclusions from the policy chapter
(Chapter 5). The thesis concludes with a discussion of the major caveats and an
indication for future research based on possibilities created by the findings of the
thesis.

6.2 Summary of findings/principal contributions
6.2.1 Microeconomic outcomes of social interactions
Chapter 2 and Chapter 3 are linked with assessing the microeconomic outcome of
interactions within social networks. Chapter 2 addresses the first principal research
question, Do interpersonal interactions within social networks matter for knowledge
diffusion? If so, how and to what extent? Based on the review of the previous
reanalyses on Medical Innovation, by Coleman et. al. (1966), the principal aim in
Chapter 2 was to re-evaluate agent-based modelling (ABM) to capture the diffusion
dynamics associated with complex interactions among individual agents or groups
of agents within social and professional networks. The ABM models in Chapter 2,
Gammanym and Gammanyml, capture the diffusion dynamics as depicted in the
Medical Innovation study and extend the analysis to evaluate the significance of
external influence of the change agent, the pharmaceutical laboratory.

We start with a simple diffusion model, Gammanym, depicts a medical community
of 99 homogeneous doctors. The model evaluates complex interactions among
agents by applying an integrated modelling approach that combines ABM and
network analysis. This is the first time an integrated modelling approach has been
adopted when reanalysing the diffusion model depicted in Medical Innovation.
Based on the interaction matrices generated at each time step with the Gammanym
model, the topology of the network and its evolution are analysed. By contrast to
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existing reanalyses of Medical Innovation that fail to examine the diffusion
dynamics, this approach offers an innovation to the existing literature.

An integrated modelling approach, as developed in Chapter 2, also helps to separate
the impact of internal and external influence by analysing how an uptake cluster
evolves through time. Given the debates articulated in the reanalyses of the original
study on the comparative influence from pharmaceutical companies and the peer
networks, the analysis with evolution of an uptake cluster overcomes the limitation
of availability of data on marketing effort by pharmaceutical laboratory, and
establishes its significance in determining the speed of diffusion.

Chapter 3 provides a contribution with an evaluation of economic outcome
associated with knowledge on social networks. This chapter addresses the second
research question: How and to what extent, does information on social networks
generate higher economic payoff for change agents like pharmaceutical companies?
The finding in Chapter 2 about the role of external influence is further explored with
the incorporation of a payoff function for two pharmaceutical laboratories in
Gammanym2. Although the role of change agents is analysed in the diffusion
literature, this investigation makes a contribution to the literature by explicitly
modelling competitive interactions between change agents.

The investigation in Chapter 3 also makes a contribution in terms of providing a
framework for devising an optimal diffusion policy. Under a repeated games
scenario, the economic payoffs for two types of marketing strategies are evaluated
for two sets of social agents: homogeneous doctors and deliberative doctors. The
simulation results indicate that a segmented marketing policy, under which the
professionally integrated doctors are targeted first, is more cost effective in the case
of networked diffusion with homogeneous agents. This finding establishes the basis
for the economic significance of social networks in a microeconomic context.

In the case of deliberative doctors, the effectiveness of segmented marketing
depends on degree of responsiveness and the period of retaliation by the
pharmaceutical company which retaliates first, against the defecting/cheating
company. The significance of the simulation results, however, lies with the
incorporation of a threshold function for the adoption decisions. Given the subtlety
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associated with individual preference, the specification for a threshold function
provides an alternative framework for assessing the impact of individual variables at
the system level. The simulation results with deliberative doctors in Gammanym2
also reinforce the significance of individual traits in networked diffusion, as per the
findings with heterogeneous and complex agents under Gammanyml in Chapter 2.

To summarise, the agent-based modelling framework, captures the complex
interactions of networked diffusion in Chapter 2, while the analysis in Chapter 3
evaluates whether the knowledge of social networks is economically beneficial.
Overall, using a framework with competitive interactive change agents, the
simulation results establish the significance of within networks interactions, and
contribute to evaluating the economic significance of social networks in a
microeconomic context.
6.2.2

Macroeconomic outcomes of social interactions

Chapter 4 addresses the third research question, How and to what extent, do social
diversities, defined by race, religion or language, matter for knowledge diffusion
and thereby, economic growth? Employing a cross-sectional dataset for 48
continental US states, this investigation evaluates the social divergence hypothesis
(Grafton et. al. 2004, 2007) and provides empirical evidence for the economic
impact of across networks interactions. The social divergence hypothesis focuses on
the negative economic consequence of social barriers to communication created
through differences in language, ethnicity or religion, deterring the possibilities for
productivity enhancing knowledge exchanges. Using three measures for diversity racial, religious, and linguistic diversity - the econometric results indicate that the
estimated impact of racial diversity is negative, when barriers to communication are
higher due to low level of English fluency. Applying a general-to-specific modelling
technique, the robustness of the OLS results is supported after testing for: i.
potential omitted variables, ii. different measures of diversity, and iii. potential
outliers and possibilities for biased estimation. To address the endogeniety of causal
variables, racial diversity and poverty, a set of instrumental variables including
lagged diversity, percentage of slave population, comprehensive social capital index,
and others, is used. The instrumental variable estimation also supports the
robustness of the results of the negative impact of racial diversity on Gross State
Product (GSP) per capita growth.
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Overall the empirical investigation principally contributes to the emergent literature
on the empirics of diversity and aggregate economic performance. Although
existing cross-country studies largely claim that diversity reduces productivity,
recent studies on the US economy argue that diversity contributes positively to
aggregate economic performance because of the availability of complementary
knowledge, skills and experiences. The empirical results in this thesis, in a way,
reconcile the two opposite paradigms and focus on the need for building bridges
across social networks to appropriate the economically beneficial impacts of
diversity. Moreover, the econometric estimation quantifies the impact of interactions
across networks at the aggregate level or macroeconomic context. It is also
important to note that by tracing the macroeconomic consequences of diversity in
the US, Chapter 4 also contributes to the emerging concept of ‘economics of social
networks’.
6.2.3

Policy implications

Chapter 5 discusses the policy implications of the findings of the three major
research questions elaborated in Chapters 2, 3 and 4. The contribution of this
chapter is to provide the preliminary steps towards a comprehensive framework to
develop public policies that complement the ‘orthodox’ approaches of economic
development. Focusing on economic outcomes of inter-networks and intra-networks
interactions, Chapter 5 provides insights for policy by relating knowledge diffusion
and social segregation.

In relation to diffusion modelling in Chapter 2 and 3, the policy questions is: How
and to what extent, does the application o f ABM facilitate more effective policy
design? From the perspective of policy analysis, our principal contribution is the
novel framework to analyse diffusion, which provides advantage over other
modelling

formalisms.

Social

scientists

have

long

been

exploring

the

interdependence between individual decision-making and group behaviour. What is
new in these investigations is the application of ABM which combines the theories
and methods from a range of disciplines - sociology, network theory and economics
- and allows for the quantitative analysis of what can be highly complex
interactions. Investigations with this approach will extend the previous work on
innovation diffusion, and also provide a comprehensive framework for translation of
research findings into policy and practice.
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ABM provides an advantage as a powerful tool for policy design because of its
ability to incorporate the knowledge on network structure of the targeted population.
The integrated modelling approach in Chapter 2, indicate that the knowledge on: i.
relational dynamics among different actors in the local community, and ii. the nature
of interdependence among micro (individual), meso (community) level and macro
(national) level analyses; can collectively provide important insights for diffusion
policies. Our review of existing diffusion studies also reveal that adoption of ABM
framework is likely to be more beneficial in remote or socially excluded minority
areas, and ethnically heterogeneous communities.

From the perspective of policy design, the agent-based framework in Chapter 3
offers potential for formulating optimal marketing strategies for the pharmaceutical
industry, in particular, and change agents in general. Focusing on quantifying the
economic impact of within networks interactions, Gammanym2 provides the basis
for cost efficient marketing strategies by facilitating incorporation of more of the
real-life features of the oligopolistic market structure for the pharmaceutical
industry. One of the major contributions of diffusion modelling is the possibility to
use the ABM framework to evaluate the economic payoff associated with alternative
marketing tools, such as e-detailing or direct-to-consumers advertising, to help
devise optimal marketing strategies.

The policy implications of the empirical results in Chapter 4 focus on the process of
economic assimilation of immigrant communities in western liberal democracies.
Given the significance of social barriers to communication, the policy suggestions
are made on the basis of the evaluation of the extent to which the process of
economic assimilation is influenced by social exclusion of immigrant communities.
The empirical evidence drawn from the US, Australia, and Canada indicate that
barriers to communication, created through ethnic enclaves or residential
segregation, retard the process of economic assimilation and hence reduce the
effectiveness of skilled migration or business migration programs. To address the
consequent segmented assimilation, this thesis outlines the need for rigorous
language and education/skill training to facilitate cultural integration of immigrant
communities, and, hence, provides insights for current policy debates around ‘statesponsored’ multiculturalism.
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In relation to pro-integration policies, this thesis emphasises the need for a multigenerational approach and contributes to the discussion on the potential role of
education policy for influencing within and across networks interactions. The
empirical evidence in pluralistic societies like the US, UK, Netherlands, France and
Australia, indicate that parental choice for racial or religious homogeneity and the
long established relation between religious institutions and schooling have
contributed to the process of social segregation in those countries. This thesis,
therefore argues for policies aiming at ‘desegregating’ education by developing
national curricula and programs like inter-faith or intercultural education, targeted to
increased exposure of the students to the diversity of a wider society.

6.3 Caveats/ Limitations of the study and future work
Although the results relating to the three major research questions have major
implications for long-term policies to achieve economic growth in a pluralistic
society, the analyses are constrained by a lack of data. In Chapter 3, the information
on the cost structure of pharmaceutical laboratories has been incorporated in
Gammcmym2 on the basis of the literature review. Nevertheless, given the
significance of detailing cost in determining economic payoffs, a specification based
on primary data with detailed information on all marketing efforts, would be helpful
for policy design. Similar arguments hold true for adoption behaviours of the social
agents, i.e., doctors, especially for deliberative doctors. Despite the sheer complexity
of gathering data on individual traits like media preference, the true potential for
economic gain can be better evaluated with detailed survey data on the targeted
medical community. It is important to note, however, that the exploration focusing
on cost effectiveness of segmented marketing would be further advanced if the
pharmaceutical laboratories had access to information on doctors’ responsiveness
towards newness, or perceptions regarding sources of information.

In Chapter 4 the major limitation arises from the difficulties in defining the ‘right
group’ in the present day pluralistic society in general, and the US in particular.
Although the complexities associated with identifying the sources for social
groupings along the lines of language, race or religion, have been addressed in this
thesis by using an extended set of diversity measures, more micro-level or mesolevel datasets like the social capital benchmark survey, may provide a better
measure for diversity or social segregation. The social capital benchmark survey
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evaluates different dimensions of social capital in some communities across the US
states and provides measures of social trust, inter-racial trust, faith-based
engagement, diversity of friendship and others, at the community level. The
empirical estimation of economic impact of barriers to communication may be
advanced using such community data covering more geographical areas within the
states.

Community level data will also be useful in terms of building an effective researchpolicy-practice nexus. With the dataset detailing the interdependence among socio
economic factors at three different levels of policy interventions - micro, meso and
macro - program and policy evaluation, and formulation of new policies will be
significantly enhanced by employing the dataset in agent-based models developed in
this thesis.

Despite the caveats, the investigation in this thesis does provide a first step towards
a further understanding of the concept of the ‘economics of social networks’.
Undoubtedly more research is required to quantify the economic impacts of
informal knowledge diffusion, facilitated by interaction among individuals within
and across social networks. Both theoretical and empirical research in this regard
may make significant contributions in the emerging field of ‘Social Economics' and,
thereby, provide the basis for social and economic policies that attempt to build
bridges across social groups in a diverse society as a means to improve economic
welfare.
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Appendix 2: Defining Agents in Gammanym and Gammanyml (Chapter 2)
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o r jo u r n a l in th e ir p ra c tic e s

a llC o n fe re n c e s

O rd e re d
C o lle c tio n

L a b n e e d s to k n o w all
c o n fe re n c e c e n tre s to se n d
fly e rs

c o n fe re n c e A tte n d e n c e

In te g e r

N u m b e r o f d o c to rs
a tte n d in g th e c o n fe re n c e

c o n fe re n c e ln v ita tio n

B o o le a n

C o n fe re n c e c e n tre se n d s
in v ita tio n to th e lab to m a k e
fly e rs a v a ila b le .

In v ita tio n is se n t at th e sa m e
tim e p e rio d as th e d o c to rs

d e ta ilm a n

In te g e r

D e ta ilm a n is se n t to
d o c to r s ’ p ra c tic e s

P re se n c e o f d e ta ilm a n at th e
p ra c tic e s g e n e ra te s alert.
In itia liz e d as 1, a n d can b e
c h a n g e d in th e in te rfa c e

fly e r

In te g e r

L a b se n t th e fly e rs a t th e
c o n fe re n c e c e n tre

th e c o n fe re n c e c e n tre .

T h e tim e s te p s at w h ic h th e
lab se n d s jo u r n a ls to

A sp e c t o f in te rfa c e a p p e a rs
a fte r th e s im u la tio n

S e n t fly e rs b a s e d o n th e
c o n fe re n c e a tte n d a n c e o f th e
p re v io u s c o n fe re n c e . T h e
v a lu e o f c o n fe re n c e
a tte n d a n c e w ill c h a n g e
w h e n c o n fe re n c e c e n tre
u p d a te s th e n u m b e r o f
c o n fe re n c e p a rtic ip a n ts

jo u m a lR e le a s e

O rd e re d
C o lle c tio n

m a x A rtic le s J o u m a l

In te g e r

In itia lly 10 fly e rs are se n t to

d o c to r s ’ p ra c tic e
Jo u rn a ls s e n t to the
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In itia liz e d as 2, a n d can b e

A ttrib u te

Type

D e fin itio n

A d d itio n a l C o m m e n ts

d o c to r s ’ p ra c tic e s

c h a n g e d in th e in te rfa c e

A ttrib u te

Type

D e fin itio n

A d d itio n a l C o m m e n ts

v is ite d P ra c tic e s P a tc h

O rd e re d
C o lle c tio n

T h e id fo r c e lls /p ra c tic e s

B a se d o n th is v a ria b le th e
lab s, d e ta ilm a n w ill b e sen t

v is ite d b y d e ta ilm a n

to u n v is ite d p ra c tic e s
m e m o ry
V is ite d P ra c tic e P a tc h

O rd e re d
C o lle c tio n

K e e p s th e id o f v is ite d
p ra c tic e s w h e n th e
d e ta ilm a n h as v is ite d all th e
p ra c tic e s.

P r a c t ic e : L o c a t e d P a s s iv e O b j e c t

d e ta ilm a n

B o o le a n

S p e c ifie s v is it b y d e ta ilm a n

In itia lly n o n e o f th e
p ra c tic e s a re v is ite d b y
d e ta ilm a n

jo u r n a l

B o o le a n

A v a ila b ility o f jo u r n a ls se n t
b y lab

In itia lly n o jo u r n a ls are
a v a ila b le a t d o c to r s ’
p ra c tic e s

p ra c tic e T y p e

Sym bol

T h e ty p e o f p ra c tic e s in
w h ic h th e d o c to rs w ill b e
situ a te d

D o c to rs w ill c o m e b a c k to
th e ir p ra c tic e s e a c h tim e
th e y h a v e b e e n to h o sp ita ls
o r c o n fe re n c e s.
U se d fo r c re a tin g s h o rtc u ts (
e.g. m y P ra c tic e ,
m y C o n fe re n c e )

C o n f e r e n c e C e n t r e : L o c a t e d P a s s iv e O b j e c t

c o n fe re n c e P a rtic ip a n ts

D ic tio n a ry

D ic tio n a ry w ith th e tim e
ste p at w h ic h c o n fe re n c e
h a p p e n s as th e k ey .

in v ite d D o c to rs

O rd e re d
C o lle c tio n

C o lle c tio n o f all in v ite d

* T h e n u m b e r o f c o n fe re n c e
p a rtic ip a n ts m a y n o t be
e q u a l to n u m b e r o f d o c to rs
in v ite d to c o n fe re n c e ; so m e
m a y b e in th e ir h o s p ita l an d
h e n c e w o u ld n o t re c e iv e
c o n fe re n c e in v ita tio n .
*N um ber
of
c o n fe re n c e
p a rtic ip a n ts
are
u p d a te d
b a s e d o n th e siz e o f th e
d ic tio n a ry a n d th e n se n t to
lab s

d o c to rs a t th e c o n fe re n c e
c e n tre fo r all c o n fe re n c e s

p la n n in g

S o rte d
C o lle c tio n

a v a ila b le F ly e rs

In te g e r

C o lle c tio n o f tim e ste p s
fo r c o n fe re n c e s /a t w h ic h

In te rfa c e fo r c o n fe re n c e
c e n tre a llo w s to c h o o s e th e

c o n fe re n c e in v ita tio n is se n t

p re fe rre d tim e p e rio d fo r

to d o c to rs a n d lab s

c o n fe re n c e s. O th e rw is e ,
C o rm a s c a n ra n d o m ly se le c t
th e tim e step s.

N u m b e r o f fly e rs a v a ila b le
a t th e c o n fe re n c e c e n tre

In itia lly , th e n u m b e r o f
fly e rs w o u ld b e z e ro .
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Appendix 3: Class diagram for Gammanym2 ( Chapter 3)

Appendix 4: Evolution of adoption status of homogeneous doctors (Chapter 3)

Time steps ( in weeks)

Appendix 5: Payoff curves with Scenario 4: defection by laboratory! (Chapter 3)

z

200

Time steps ( in weeks)

— Payoff 1_Cost1 — Payoff 2_Cost1
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Payoff 1_Cost 2 — Payoff 2_Cost2

Appendix 6: Sources and definitions (Chapter 4)
InGSP: Gross State Product per capita ( in natural logs), Source: US Bureau of
Economic Analysis, 1999-2000
Race, Language, Religion: Fractionalisation indexes for racial, linguistic and religious
groups. Source: US Bureau of Census (1990, 2000)
Education: Percentage of population with a bachelor degree or higher, Source: US
Bureau of Census (2000)
Urbanization: Percentage of state population living in metropolitan areas, Source: US
Bureau of Census (2000)
Age: Percentage of state population in within the range of 20-64 years, Source: US
Bureau of Census (2000)
PopDensity: Average number of inhabitants per square mile of land area, Source: US
Bureau of Census (2000)
Poverty: Percentage of families below the poverty line in the immediate past (last 12
months), Source: State and Metropolitan Area Data Book, US Bureau of Census (2006)
Migration: Net migration rate of foreign-bom population, Source: US Bureau of Census
(1995-2000),
PIEF: Percentage of population (5 years and above) with insufficient English Fluency,
Source: US Bureau of Census (2000)
PLIP: Percentage of linguistically isolated population (14 years and above), Source: US
Bureau of Census (2000)
Lagged diversity: Fractionalisation index for racial groups in 1990, Source: US Bureau
of Census (1990)
SCI: Comprehensive Social Capital Index at State level, Putnam (2000)
Slavery: Percentage of slave population in 1850, Source: Geospatial and Statistical Data
Center, University of Virginia Library
PopDensityOO: Population density in 1850, Geospatial and Statistical Data Center,
University of Virginia Library
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Appendix 7: Summary statistics for key variables (Chapter 4)

V a r ia b le

P e rio d

N

M ean

S ta n d a r d

M in im u m

M a x im u m

In G S P

2000

48

4 .5 1 0 1

0 .0 7 7 7

4 .3 5 3 0

4 .7 3 2 8

ln G S P 9 9

1999

48

4 .5 0 0 5

0 .0 7 3 7

4 .3 5 8 6

4 .7 2 4 6

G S P g r o w th

1999-

48

0 .0 0 9 5

0 .0 1 0 5

-0 .0 1 7 5

0 .0 3 0 6

D e v ia tio n

2000
R ace

2000

48

0 .2 8 6 4

0 .1 4 0 7

0 .0 4 0 2

0 .5 6 2 3

Language

2000

48

0 .2 1 0 9

0 .1 2 8 5

0 .0 5 2 8

0 .5 5 7 8

R e lig io n

2000

48

0 .9 4 6 2

0 .0 5 2 3

0 .7 6 1 7

0 .9 9 7 8

E d u c a tio n

2000

48

0 .2 4 8 4

0 .0 4 3 7

0 .1 5 3 0

0 .3 4 6 0

U r b a n iz a tio n

2000

48

0 .7 1 4 1

0 .1 4 9 1

0 .3 8 2 0

0 .9 4 4 0

Age

2000

48

0 .5 8 7 3

0 .1 4 9 2

0 .5 5 2 0

0 .6 1 9 0

P o v e r ty

2000

48

0 .0 8 9 1

0 .0 2 8 2

0 .0 3 5 3

0 .1 5 9 5

P IE F

2000

48

0 .0 5 1 4

0 .0 4 1 5

0 .0 0 8 0

0 .2 0 0 0

P IL P

2000

48

0 .0 2 8 3

0 .0 2 4 0

0 .0 0 2 3

0 .1 1 0 5
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Endnotes:
' Pharmaceutical company and pharmaceutical laboratory are used interchangeably in this thesis.
" Please see Rogers (1995) and Valente (1995) for a comprehensive review of studies on innovation
diffusion.
III Twelve farmers operating less than twenty acres were discarded from the data analysis, as were
seventy-four respondents who had started farming after hybrid corn began to diffuse (Rogers 1995).
IVValente (1995:55) defines ‘Structural equivalence is the degree that two individuals occupy the same
position in a social system’.
v ‘To analyse pairs of individuals instead of single individuals may seem like only a very modest step
towards the analysis of networks of social relations. It would be more satisfactory, and truer to the
complexity of actual events, if it were possible to use longer chains and more ramified systems of social
relations as the units of analysis. But so little developed are the methods for the analysis of social
processes, that it seemed best to be content with the analysis of pair relationships’, so write the authors
themselves (Coleman et al. 1966:114).
V1 Elaborating on significance of office partnerships to generate network effects, the researchers in the
original study specified its three broad categories (Coleman et al. 1966: 73): alone in office, shared office,
clinic. Shared office was further classified on the basis of number of colleagues being one, two, and three
or more. Shared office for three or more colleagues was not incorporated as only 3 doctors in City B was
identified for this category. We specified 5 doctors to practise in a clinic based on the representation of
office partnerships in City D (Coleman et al. 1966: Figure 2.15). A majority of doctors in City A were
practising alone (53 percent); in contrast to which 50 percent of doctors were affiliated with clinics in
City C. None of the doctors in City B was practicing in a clinic. See Medical Innovation (P 73-74) for
detailed analysis.
v" The index varies from a value of +1, where all doctors choose others like themselves, to -1, where
doctors choose only others who are unlike themselves. Based on the indices of similarity (in parenthesis
for each factor), the order of importance for choosing friends were-, religion (0.403), professional age
(0.195), place of growing up (0.146) and medical school (0.167).
V1" Our intension to distinguish among discussion and advice networks was constrained, primarily, by
unavailability of original data. The criteria for advice networks, was further complicated by the fact that
none of the common background factors seemed to work for choosing the advisor, as the indices of
similarity for religion, professional age, place of growing up and medical school are respectively 0.109,
0.042, 0.077, 0.018. Interestingly enough, analyses by Burt (1987) and Stang and Tuma (1993), despite
using the original dataset, were not specific in distinguishing the structures of those two networks either.
IX Initial adopters with different levels of social and professional integration has been explored. The
cumulative diffusion curve for each of the cases represents the same process with point of inflection at
36th time step and levelling off at 50th time step irrespective of the integration status of the initial adopter.
x In Gammanym the specification for interactions with friends( see Section 2.3.1.2) implies that the
friendship networks are static in nature.
X1 In estimating the index for scientific orientation, each physician was given a score consisting of the
number of scientifically oriented statements made in response to a set of questions. The scores were then
divided into three categories: high, low and medium (Coleman et. al., 1966, pp. 208). The following
questions, are, indicative of their journal subscription: i. what do you find useful about house organs?; ii.
Does the appearance of information on medicine in lay publications do more harm or more good? In what
way?
xu We experiment with different definitions of social integration. The diffusion curves with socially
integrated doctors with maximum number of friends or three friends, depict similar diffusion process.
X1" For many practicing physicians, in short, the detailman seem to serve as a kind of travelling consulting
specialist (Coleman et. al., 1966).
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X1VGiven the analysis in Section 2.6.3, we decided to include test 2 specifications to avoid bias in terms of
comparing the results with homogeneous agents.
xv As the objective is to evaluate the changes in the diffusion process with a 10-fold increase in the
number of doctors, in Gammanyml (Chapter 2) the number of doctors is specified as 990. Although the
spatial grid in Gammanym2 has been changed to incorporate the idea of regionalisation, the number of
doctors remains the same.
XVI The drug companies do not publish journals. Nevertheless, adding a publisher as a separate entity is not
considered in Gammanym2. This addition is most unlikely to contribute much to the study given the
problem in articulating other responsibilities for the publisher relevant to this model.
xx" Based on the assumption that the payment for advertisement in a medical journal is likely to be fixed
for all pharmaceutical companies, irrespective of their types, advertising cost is therefore included as part
of fixed costs.
XV1MThough the study ( DiMasi et. al. 2003) provides the estimation for different phases of development,
only total R&D cost is relevant for our analysis.
x,x The costs for sampling and journal advertising are estimated as US $ 6.6 billion and US $ 540 million
respectively .
xx According to Clayton (2004), the yearly average cost of detailing in 2000 is 57831.32 (= 4.8 B/83000).
As the time step represents one week, the unit cost of travelling is US$ 1112.14 and is rounded off to US$
1000 in Gammanym2.
XXI See endnote (xv).
xx" In the case of defecting by Lab2 (Appendix 5), the impact of lower monitoring cost is not significant
as the payoff curves generated under monitoring cost 2 are mirror images for payoff curves with the
benchmark cost of monitoring cost 1
xxw To specify the time steps for diffusion process, the number of doctors changing their adoption status at
each time step is shown in Appendix 4. Similar to a small number of uncertain doctors around the 75th
time step in Figure 3.8 and Figure 3.9, the figure in Appendix 4 reveals that 237 doctors change their
adoption status at the 37th time step and almost none of the doctors change their adoption decisions after
75 time steps. The diffusion process in case of homogeneous agents, thus, has been explored up to the
80th time step.
XX1V In the case of repeated games with homogeneous social agents, the simulation results with different
time steps for evaluation are not markedly different and thus are not included in the main text. The cases
for heterogeneous agents with different time periods of evaluation is discussed in Section 3.6.3.
xxv Preliminary simulations indicated that the highest value of opinion parameter can be 2 at a single time
step, unde two scenarios :a. when doctors with biasness for their peers { ß=Q), receive alerts from both
social groups, colleagues and friends; b. when doctors with biasness for information from change
agency( ß = \ ), are informed by the detailman and also receives a journal at their practices.
XXVI Simulation results with different distribution of population show that the number of extremists does not
matter unless the average threshold of population varies. The impact of degree of extremity is, however,
covered in Section 3.6.3.
xxv" The simulation results with Gammanyml reveal that the groups of isolated doctors with high
innovativeness or lower adoption thresholds have a quicker diffusion compared to integrated doctors with
higher threshold or low innovativeness (Chapter 2).
xxvni The most recent studies by Ottoviano and Peri (2006 ) and Sparber (2006a, 2006b), analysing the
impact of diversity on macroeconomic indicators across different states, counties and metropolitan areas
in the US are discussed in detail in the next few sections.

199

XX1X Collier (2000) defines the Gastil index as a ‘subjective judgement of a number of underlying
attributes, including the meaningfulness of elections, fairness of electoral laws and campaigning
opportunities, the voting power of the electoral, the existence of political competition, evidence of
political power shifting through election, significant opposition voting, freedom from external or military
control of domestic politics, minority self determination or pluralism, decentralization of political power,
and the attempt of political agents to reach a consensus’.
xxx All the data on race, educational attainment, urbanization and population density have been derived
from the same dataset.
XXX1 Descriptive statistics for percentage of population reporting ‘one race’ for 48 states are as follows:
mean 98.118, maximum value 99, minimum value 95 and standard deviation 1.0783.
XXXM The correlation between religious fractionalisation index and polarization index is 0.724. It is
important to note that, preliminary OLS estimates with fractionalisation index does not produce different
results and either of polarization or fractionalisation index are not included in the specific model.
XXX1" See Iceland et. al. (2005) for a detailed literature review on the effect of economic growth on poverty
in the US.
XXX1V After 1980 the foreign-bom population has been younger and mostly from Asia and Latin America,
while older waves were from mainly Europe.
xxxv The standard error for the interaction term with racial diversity is 0.00012, which generates t= 0.02201/0.00012--183.46. The standard error for interaction term with linguistic diversity is 0.00015,
which generates t=0.05154/0.00015=343.61
XXXV1 About half of the sample population i.e. 42 percent reported a category other than single ethnicity and
19.9 percent remain unclassified or not reported at all.
xxxv" Given the unavailability of employment data for metropolitan areas prior to 1940, the authors opted
for aggregating data for cities into their respective metropolitan areas if they were part of an MSA in 1983
(Simon and Nardinelli 2002:64). The authors also provide a brief literature review on importance of the
manufacturing sector in expansion of cities in the US in Scetion 6.2 (Page:72-73).
XXX VIII

Ottoviano and Peri (2005) argue that as Spanish and Chinese cultures are more different than
Spanish and Italian cultures, the former pair may have higher communication costs.

XXXIX According to the US Census glossary, a household in which no person 14 years old or over speaks
only English and no person 14 years old and over who speaks a language other than English speaks
English “very well” is classified as “ linguistically isolated”. In other words, a household in which all
members 14 years old and over speak a non-English language and also speak English less than “ very
well” is “ linguistically isolated”.
xl Cook’s D for the ith observation is a measure of distance between the coefficient estimates when
observation i is included and when it is not (Cook 1977 cited in Gomanee et. al. 2002). At an initial stage,
Stata eliminates observation for which Cook’s Distance exceeds 1, defined as the gross outliers. In the
final specific model, no gross outlier is detected.
xli

Given the limitations of the Huber weighting and biweighting, both are used together in robust
estimation. The Huber weighting precedes biweighting to minimize the problems (Gomanee et. al. 2002).
xlllUnder robust regression, lower weights are assigned to Oregon and Kentucky of 0.4353 and 0.5497
respectively. Utah, for example, receives a weight of 0.8755. Oregon and Kentucky are also interpreted
as potential outliers for specific models in column (5), Table 2 and column (2), Table 3.
xl"' Olson-type organizations are political organizations, professional organizations, business
organizations, and labour organizations. Putnam-type organizations are bowling centres, civic and social
associations, physical fitness facilities, public golf courses, religious organizations, sports clubs,
managers and promoters.
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xllv As none of the agglomeration variables appeared in the final specific model, I decide not to explore
with any of the geography variables as the instruments for education.
xlv The website address for this dataset is: http://fisher.lib.virginia.edu/collections/stats/histcensus
xlv' “Slavery was, in fact, a social system designed to destroy social capital among slaves and between
slaves and freemen. Well-established networks of reciprocity among the oppressed would have raised the
risk of rebellion, and egalitarian bonds of sympathy between slave and free would have undermined the
very legitimacy of the system”, so writes Putnam (2000:294).
xlv" The data is availaboratoryle online: http://www.arts.vork.ca/econ/lagerloef/PubDataUSCan.dta .
2

2

xlw" The Hausman test statistics, X (4) = 17.11 and Prob>^ =0.0018, when Race, Language and
Poverty, all are considered endogenous.
2

2

xhx The Hausman test statistics, X (5) = 3.61 and Prob> X =0.6072, when only Race and Poverty are
considered endogenous.
I The section covers studies analysing diffusion of agricultural innovation, as we focus on underdeveloped
economies in particular.
II In the process of collective experimentation, learning occurs through observing the farming activities of
other farmers, including of course those who are experimenting with the new technology. Each farmer
then updates his or her own opinion regarding the technology using this information, makes decisions
regarding cultivation in the next season, and the learning process continues (Conley and Udry 2001:668).
Closeness centrality is defined as the sum of graph-theoretic distances from a node to all other nodes in
the network. A node with high betweenness is along the shortest path between many pairs of nodes, and
deleting that node should cause many pairs of nodes to become fully disconnected or at least more
distantly connected ( Freeman 1979 cited in Borgatti 2006).
1,11 Tn 1994, fertiliser use in Tanzania averaged 10 kilograms per hectare, as opposed to 18 kilograms in
Africa and 94 kilograms in the world’ (Isham 2000:40).
I|X A landcare participation index was developed to signify different degrees of participation, with highest
score given to the farmers who undertook the farmer-based training in contour measures provided through
the program as well as were members of a local landcare group (Cramb 2005).
Iv I do not elaborate on skilled migration program in US. Based on the 1965 immigration act, the inflow of
immigrants is primarily divided into two categories, predominantly a family-based intake and
employment based intake o f “ non-immigrant” temporary workers (Lowell, B. L. 1999). As my focus is
to evaluate the degree of influence by social segregation on the process of economic assimilation, the
issues surrounding social integration of skilled workers who are temporary in nature with a maximum
stay of six years ( e.g. HIB1 visa holders /non-immigrant professional from Chile or Singapore),is not
covered in this paper.
|V1 The creation of human capital externalities due to diverse population has been discussed at length in
Chapter 4, Section 4.3.2.2.
lvu Rauch (2001: 1178) defines coethnic networks as ‘communities of individuals or businesses that share
a demographic attribute such as ethnicity or religion’.
vin The Maghribis were a group that maintained a separate identity within the Jewish Diaspora of Islamic
Mediterranean ( Rauch 2001)
l,x The definitions of four sources of social capital is drawn from table titled, Social Capital: Types and
Characteristics in Portes and Sesenbrener (1993: 1326). Value introjection implies, ‘socialization into
consensually established beliefs’; Reciprocity exchanges implies, ‘norm of reciprocity in face-to-face
interactions’; Bounded solidarity implies, ‘situational reactive sentiments”; and Enforceable trust implies,
‘Particularistic rewards and sanctions linked to group membership’.
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Borjas (2000) reports that the numerical magnitude of the coefficients suggest that the probability of a
Mexican immigrant living in Los Angeles during 1980-1990 , to be English proficient would have
increased by 2.8 percent if that immigrant had lived in New York metropolitan area instead.
1x1 Chiswick et. al. (2006) use the data are from the Longitudinal Survey of Immigrants to Australia, which
surveyed three waves of principal applicants who received their visa status prior to immigrating -five/six
months after arrival, one year later, and a further two years later. ‘The language data are self-reported
responses to questions on proficiency in speaking, reading and writing English. The data are from persons
aged 15 to 64 years at entry who are not from the English-speaking developed country’ Chiswick et. al.
(2006:441).
1x11 An index of linguistic distance based on the degree of difficulty that Americans who are native English
speakers have learning foreign languages has been developed by Chiswick and Miller (1998). It is
developed from a set of language learning scores (LS) presented in Hart-Gonzales and Lindemann (1993).
A low value of score is indicative of high degree of difficulty and ‘vice versa’. In the empirical
application, linguistic distance is measured as the reciprocal of the language score. In the Chiswick et. al
(2006) study, the coefficient on the linguistic distance variable is negative, for a probit model using a
binary or dichotomous dependent-language proficiency variable.
1x111 Martin (2003) reports that US has no explicit immigrant integration policies or programs supported by
government. Rather integration largely occurs within private sector. Family members or employers who
take principal responsibility for ensuring their successful adaptation in the new country sponsor almost all
immigrants to US. The federal government on the other hand provides grants to private agencies and state
and local governments to receive refugees, place them in local communities, and provide language
training and job counselling and placement services.
Ix,v The other indicators for group membership include the followings (Sacerdote and Gleaser 2001:37):
‘member of church group, member of fraternal group, member of services club, member of veteran’s
group, member of political club, member of labour union, member of sport group, member of youth
group, member of school service group, member of hobby or garden club, member of school
fraternity/sorority, member of nationality group, member of farm organization, member of literary or art
discussion or study group, member of professional or academic society.
,xv One of the clauses in the institution for integrated schools (Smith 2001: 567) reads, ‘the school will
provide a Christian rather than a secular approach, aiming to encourage Catholic and Protestant children
to explore and value their own particular Christian tradition but so as to encourage the education together
with them of children from other beliefs, cultures and traditions’.
lxvi ‘Systemic barriers such as policies and practices that intentionally or unintentionally exclude, limit or
discriminate against individuals or groups’; and ‘attitudinal barriers that create an environment where
people may act out their prejudices, assumptions and biases’ (British Columbia Ministry of Education
2004:9).
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