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Abstract

Important ideas, practices and artifacts often fail to reach their target population efficiently or fail to
reach altogether. Surprisingly, most projects aimed to bring technology to underserved communities
of the world lack an explicit diffusion strategy and/or lack an implementation strategy that acknowl-
edges the social structure that binds together the members of the targeted community. Without the
knowledge of social structures efficient diffusion of technological innovations becomes an unreach-
able goal.

Agent-based modeling can be combined with sparse social structure data to derive quantitative es-
timates of a community’s social dynamics, allowing improved understanding and management of dif-
fusion processes.

The adoption of an idea, practice or artifact is heavily influenced by social context, through both
conscious and unconscious mechanisms. Thus better understanding of a community’s web of inter-
actions can improve our understanding and management of diffusion processes. Unfortunately data
about social interactions is always sparse, and the parameters of analytic models are difficult to accu-
rately establish. The system developed in this thesis combines sparse observation data with theoreti-
cal models to generate quantitative models of the latent social structure for specific communities.
Network, context, and attribute features learned by the system are used to produce predictive stochas-
tic models of the diffusion process.



Introduction

Classical writers such as John Stuart Mill and Karl Marx speculated that the standard of living
could not rise indefinitely unless advances in technology increased the yield of the means of produc-
tion. Neoclassical growth theory, based on capital accumulation, supports this intuition [1]. The last
decade has witnessed increasing efforts to develop and deploy Information and Communication Tech-
nologies for Development (ICT4D) in underserved communities. Unfortunately, there are many more
failure than success stories. This document is a proposal for a doctoral thesis that provides a novel
approach to social and economic development at the village level. It extends a new perspective on the
role and dynamics of diffusion of technical innovations. The thesis will develop arguments for the
need to understand the role of social networks and why they should be a unit of analysis for under-
standing, describing and dealing with community dynamics. It will present evidence of the impor-
tance of influential members of the community in optimizing diffusion processes. It will propose and
test an original method to quantitatively and efficiently identify the influential members of a commu-
nity. It will present an empirical study that demonstrates how the new method doubles the precision
and reduces, by orders of magnitude, the time, effort and financial resources of current methods of
finding these “influentials”. These claims are planned, developed and evaluated through empirical
work done within an experimental setting in the southern mountains of Costa Rica. Empirical evalua-
tion will be complemented by literature review, theoretical analysis of competing methods and an
agent-based model of diffusion of innovations that follow network based rules and algorithms.

The Importance of Diffusion of Ideas, Practices and Artifacts

Wealth, innovation and economic growth are the result of ideas, collaboration and the ability to
transform those ideas into valuable tools, products or services. This is true at personal, business,
community and national level. Ideas come in a variety of forms, including knowledge, values, atti-
tudes, information and coordination. A better flow of ideas generates wealth. ICT4D should provide
to the right people a means to enhance substantially the way and frequency of their contacts and the
quantity and quality of their relationships. The last decade has seen an increased effort to diffuse the
use of ICT to improve the life of billions living in underserved communities. Unfortunately, most of
them simply fail and early success stories become ephemeral as the critical point for massive adoption
is never reached and efforts to push technological innovations become extinguished.

For a decade an impressive collection of world class universities and corporations have being trying
to solve their sustainability problem and a solution that actually works has not yet been achieved. We
think it is because the problem is not being framed adequately. The core of the problem is that mod-
ern digital technologies embody a diverse conglomerate of complex ideas, practices and artifacts, fre-
quently yet are dumped into communities without a clear strategy to manage their diffusion amongst
its members'[2].

Around the world thousands of stories and photo opportunities for politicians and corporate mar-
keters emerged [3, 4]; however, it is hard to find statistics of the many ICT4D projects that failed to
fulfill their promises. Research on ICT4D such as telecenters, in general, is at best sparse and anecdo-
tal[S]. Telecenters are a good example of this problem. The financial agencies no longer know what
to do with them as affirmed by Klaus Stoll president of the largest and earliest regional telecenters
network in the world[6]. The thesis will provide meaningful stories or cases that help clarify powerful
ideas, but will also provide hard data and statistical analysis to establish their empirical significance.

This is an old and unsolved problem
The spread of new ideas has a dramatic impact on our lives, but we still need to improve our un-
derstanding and ability to manage the diffusion of ideas and innovations. Diffusion of Innovations
pioneer Everett Rogers documented the case of scurvy in the British Navy, a good example of how




inefficient the flow of ideas in an organization or community can be: Basically, the effectiveness of
lemon juice in preventing this fatal illness was discovered by a British Navy Captain in 1601 and it
took almost 200 years for this innovation to be adopted by the Navy, where upon scurvy was immedi-
ately wiped out [7]. New media is not enough to diffuse ideas. Today, after the impressive media de-
velopment of the past 100 years, we can observe with dismay how similarly simple solutions to simi-
larly serious health problems suffer comparable rates of diffusion. One modern example is iodine
deficiency, which for more than 80 years has been recognized as the most common cause of prevent-
able brain damage and mental retardation. It is solved by simply adding iodine to salt, yet one out of
every three human beings has some degree of iodine deficiency [8].

Media Lab’s life long commitment with ICT4D
Since its early days the Media Laboratory has been an important contributor to developing tech-

nologies and methods that improve people lives around the world. Our work is aimed at learning
from our recent past and current projects in this endeavor. We hope to contribute with a new frame-
work of analysis, an original methodology of intervention based on quantitative analysis of the com-
munity’s web of interactions. We expect to produce a working prototype of a software tool that con-
tributes with the analysis of the social structure and the evaluation of possible diffusion scenarios
based on estimated sociometric parameters out of incomplete data.

Social Network Analysis

We claim that the relevant unit of analysis for the diffusion of advanced technologies is the com-
munity’s social networks of advice, and that flow of ideas within these networks can be used to iden-
tify the influentials in order to better promote rapid diffusion of ideas. Diffusion efforts should have
as an objective to increase the collective knowledge base of the new technologies and surpass the
critical threshold of adoption. Valente and others have shown that sociometric concepts such as cen-
trality are key to accelerating diffusion. We have found in our own research that the most influential
in the community should be the “entry” or starting points of the diffusion process as well[9]. We have
also found that they are not always visible members of the community, and we have also found a
quantitative method based on sociometric measures of advice networks an efficient way to find the in-
fluentials. We have also tested our intuitions and ideas by seeding a few powerful ideas in a real com-
munity with promising preliminary findings.

Empirical Evidence

We have accumulated data on the social structure of a Costa Rican village and have conducted in-
terventions aimed at people selected by their positional attributes within the social network structure.
We have found out the key role played in diffusion by people considered influential and problem
solvers by community members. We also came out with a procedure based on quantitative models to
identify those key players in an efficient way. While the thesis’ main focus and contribution is
planned to be around a theoretically sound and empirically tested method of finding the influentials to
optimize the diffusion of technological innovations, we will use the unique opportunity of exploring,
with real community data, the analysis of multiple networks. Methods that currently exist to analyze
multiple networks include: multiplexity analysis; block models, network comparison methods; net-
work algebras, comparison of observed networks with uniform random graph distributions of various
types and most recently, and still under development, exponential random graph models[10].

This thesis addresses the challenges and opportunities of using sociometric data and analysis to
bring about change in a community and also contributes with ideas and tools that potentially can im-
prove our understanding of diffusion processes. The system developed in this thesis combines sparse
observation data with theoretical models to generate quantitative models of the latent social structure
for specific communities. Network, context, and attribute features learned by the system are used to
produce predictive stochastic models of the diffusion process.



Expected Results and Evaluation

Our main goal is to improve the diffusion process of technological innovations as a way to foster
wealth creation and quality of life in underserved communities. The way we propose to do it have a
real potential to effectively contribute to the solution of the well documented problem of economic
and social sustainability of ICT4D projects. Research work performed or underway is briefly men-
tioned in this introduction and a full description is presented in the second part of the background
chapter. Our main hypotheses are:

1. Targeting the influential members of a community improves the diffusion of innovations.

2. Networks of advice and quantitative analysis of sociometric data provide a novel and effec-
tive way of finding the influential members of a community effectively.

3. The social structure of a community encapsulates otherwise unmanageable quantities of in-

formation about a community’s dynamics. Targeting networks, not social classes, age, gen-
der groups or institutions creates the basis for an emergence of local organizations, busi-
nesses and collaborations that organically provide the necessary support to achieve an
effective diffusion process of technological innovations.

Evaluation of First Hypothesis

Evaluation of hypothesis 1 can be accomplished through:

a) Field observation of the diffusion of home computers in three neighboring communities of
coffee growers in Costa Rica: Santa Maria where we have an on going project called Mar-
ketplace of Ideas using our proposed methodology, San Marcos where Media Lab’s Lincos
project was conducted a few years ago and San Pablo where none of these projects has being
targeted. All of these communities have similar populations, are exposed to the same mass
media and are subject of the same public policies providing a reasonable ground for compari-
son. Through a cross-sectional analysis, we expect to see higher rates of adoption of home
computers in Santa Maria when compared with San Marcos where the effort and investment
in the Lincos project was several orders of magnitude higher and also a higher rate compared
with San Pablo. This town is important since confounding effects from the Lincos project in
Santa Maria should be present in this community as well (which is even closer to San Marcos
than Santa Maria). Through longitudinal analysis, we will analyze and document the adop-
tion process of desktop computers among Santa Maria’s producers and we will use sociomet-
ric measures to perform statistical evaluation of the network effect on the diffusion process.

b) Theoretical analysis of the diffusion process.

c¢) Simulation of the diffusion process comparing sociometric based alternatives against random
contagion models. As a complement to the analyses I will use simulation techniques to gen-
erate a distribution of outcomes controlling for the usual socioeconomic measures to test the
fitness of the observed network effect.

Evaluation of Second Hypothesis

We already conducted a study with a sample of 122 producers using an ethnographic study as con-
trol. We showed that our proposed methodology doubles the precision in finding the influential mem-
bers in the community. We plan to substantially increase the amount of producers in our next and fi-
nal evaluation and compare this with previous results. We recognize that the fact that there will not
be a new traditional evaluation and that using the same control against newly collected information is
a limitation, but it is not a serious one, as social structure in rural communities is not expected to
change dramatically in two years. In the specific case of Santa Maria, we know that all main actors
are still present in the community. On the other hand, it will help to evaluate whether the main struc-
tural characteristics of the advice networks prevail in time and our estimation of key parameters is ro-
bust to the use of a larger amount of relational data.



Evaluation of Third Hypothesis

To evaluate our third hypothesis, we will write a series of small case studies of the new businesses
that arise in the community, how the technology has influenced different elements of the personal and
collective life within the community and we will use descriptive sociometric measures and ethno-
graphic techniques to trace and document the role of the “influentials in these entrepreneurial out-
comes.

Expected Contributions

* Extends the capacity to gain insights into the long-term implications for diffusion processes of
alternative network properties

* Extends the network analysis tool capabilities to gain insights into long-term implications of
different policy measures in network attributes.

e Provides a computational tool to augment and assist theory building.

e Provides insight about how massive interaction data, mined from different sources can be
used to improve the simulation and prediction capacity of diffusion processes using network
structure information.

® Allows the analysis of potentially massive datasets (while most empirical research on social
networks is limited to small datasets).

® Provides a new method for community intervention in ICT4D related projects that fully op-
erationalizes the concept of social structure in diffusion of innovations theory.



Background

The Research Space of Diffusion of Innovations

The study of diffusion of innovation (DOI) leads to important questions that illustrate the research
space of DOI [11, 12]: What is the process of invention and adaptation of technologies or diffusion of
ideas subject to? What is the process that people go through as they adopt? What are the stages they
go through? What influences them at each stage (sources) to move forward or reverse innovations?
Why do some people (or collectivities) adopt before others? What are the characteristics associated
with early adopters? What are the consequences with regard to economic growth and wealth distribu-
tion or public policy design and implementation? How many innovators are needed to achieve critical
mass>? How do they need to be dispersed?

Personal relations are important in the diffusion of innovations because adoption of a new idea or
product involves some level of risk and a learning curve and friends and acquaintances provide a
valuable source of information and advice. Starting with Rogers, diffusion of innovations theory and
research clearly recognizes that human relations are instrumental in the diffusion process of innova-
tions because they act as channels of social contagion and persuasion [13]. For example, in Lazar-
feld’s two step communication model awareness results in the first step from exposure of the opinion
leaders to mass media, and then these individuals become the source of contagion or persuasion to the
members of their social networks [14]. Nevertheless, the amount of research that specifically at-
tempts to deal with Social Network’s effects is relatively small and has been developed within the
community of social network analysts, mainly by people coming from health related fields. Valente
distinguishes two types of network approach: structural network diffusion and relational network dif-
fusion[15]. One can think of several reasons why something recognized as key as social structure ef-
fects are usually left out of most empirical work on DOI. The network approach is not only different
to the traditional approach, it also introduces important challenges.

Diffusion of Innovations

Diffusion of innovations is treated usually as social contagion. Similarly to the spread of disease,
there is a chain reaction phenomenon. First there are a few adopters, then members of their networks
adopt, and then they passed to their own networks and so on. First slow, then faster and faster, and
then slower and slower as the amount of potential adopters decrease. Mathematically, this phenome-
non is best described by a logistic S-shape curve and it can be easily constructed from a simple fre-
quency tabulation of the adoption time. If one measures a network to model a process of diffusion
and the resulting graph has a poor or inexistent fit to a logistic curve, probably that is not the right
network, or there is another more powerful effect other than network diffusion[13].

Network Diffusion Models and Statistical Methods

Network diffusion models used by sociologists and by the business scholars among others are lo-
gistic growth (basic model), the Bass Model, Spatial autocorrelation and Network auto correlation.

Logistic Growth. 1t is based in the cumulative patterns of diffusion. This model follows a growth
pattern, which has proven to be a consistent pattern through decades of empirical research on DOIL. It
is approximated by a logistic function[16]. It has one parameter and has limited applicability. It
could be used to compare growth rates for various innovations



The Bass Model. This model has two parameters: the rate for innovation (b0) and the rate for imi-
tation (b1). It assumes perfect social mixing, i.e. everyone interacting with every one else. Thus, do
not measure whether people who are connected to one another engage in the same behaviors. . This
model is used to forecast expected levels of diffusion. Interpretation of parameters is highly depend-
ent on the time scale used to measure diffusion. It incorporates the % of adopters at each time point.
Thus, it makes a better estimate of the growth attributable to personal network persuasion.

Spatial autocorrelation. This model measures the spread between contiguous areas. It uses prox-
imity data to produce a network of connections based on distance. The model tests for spatial associa-
tion (geographic clustering) of adoption. We have used a quadratic statistic proposed by {Nyblom et.
Al} which is a Special case of the Mantel test used by epidemiologists [17] and known by sociologists
as QAP (for Quadratic Assignment Procedure) [18]

Network autocorrelation models. Network models measure personal or network exposure as op-
posed to random mixing. In network exposure models it is very important to control for clustering.

Testing social influence requires at least two time points to model a simple dynamic process ex-
pressed by

Pr(y, =1)
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Panel data collected at two time periods are adequate for most research needs and can provide evi-
dence of network influence on behavior. Nonetheless, there are confounding and non-observed vari-
able problems. This model extends to a more powerful and robust model that is increasingly being
use by the social network analysis community.

Event history analysis, also called survival analysis or Cox proportional hazard model is a regres-
sion model for longitudinal event data[19]. It allows managing a substantive number of time points.
There are two types. Discrete type deals with binary outcome. The continuous is used in the case in
which the dependent variable is time to an event. Data needs to be reshaped to a case-time format,
and then coefficient estimates are produced using Maximum Likelihood estimators. The independent
variable is if adoption occurs or not. It is described by
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Where j are the socio demographic characteristics (xj); Bkt are parameter estimates for the matrix
of time-varying socio demographic characteristics (Xkt); w is the social network weight matrix. It as-
sumes a static network.

Event history analysis is an important methodology for the analysis of diffusion of technologies
since it takes into account the time-sensitive nature of this kind of data. Marsden and Podolni for ex-
ample use this technique in their reanalyze of the physician data studied by Coleman et al and by Burt,
and show the crucial improvement in the methodology to better asses that particular empirical study.

Empirical Studies on Diffusion of Innovations

Social influence is an important process in diffusion of innovations analysis. It can be modeled, at
least, using three different classes of network weight matrices that can be produced by the same net-
work data[20]:

Relational: Direct ties, indirect ties, two-mode incidence (subjects and events).

Positional:  Percent positive matches, Euclidean distance, regular equivalence.

Central: Degree, closeness, betweens, eigenvector, integration/radiality, flow centrality and in-
formation centrality, etc.

Assuming constant the perceived risk or advantage of an innovation and personal characteristics, if
the fit to a logistic model is good and the network is a plausible explanation of the diffusion process
then one can expect that[13]:



e High network density® will contribute to easily and fast spread of an innovation. Low density
(sparse networks) will act in the opposite direction [relational]

e [f there are pockets of interconnectivity, diffusion spreads fast within the densely connected
subgroups and slower between groups.

¢ In a bi-component network diffusion will be faster than in components with cut-points or
bridges [structural]

e The larger the ego network of a vertex within the network, the earlier it will adopt an innova-
tion [relational]

e The greater the amount of innovators in a vertex’s ego network, the faster it will adopt. [Rela-
tional]

e The greater the amount of members in a vertex’s ego network that have adopted the higher the
likelihood that it will adopt in which case exposure is a function of time and distance. [Rela-
tional]

e A central position is likely to lead to early adoption [central]

¢ Diffusion from a central vertex (core) is faster than from a vertex in the margins of the net-
work (periphery). [Structural Property]

e Core members tend to be more connected among themselves than periphery members, and pe-
riphery members tend to be connected to the core members, therefore when most of the core
has adopted, then most likely criticality has being achieved and an avalanche of adoptions
should occur[13]

e Since some people are more influential or persuasive than others, and some people are more
difficult to persuade than others, one should not expect a strong statistical association between
adoption and exposure4. [personal characteristic]

® Lower thresholds indicate personal innovativeness. [personal characteristic]

The last two statements are not directly related with the relational or structural approach, and in-
volve time. We add them because once time is incorporated, the early adopters will be most likely
those with a low threshold. And in general, innovativeness and low thresholds are supposed to be re-
lated to broad media use, high education level, high socioeconomic status, cosmopolitan contacts and
cosmopolitan (outside local community) news preferences[9, 13, 14].

As mentioned in the introduction, the Annex shows a table with 28 different diffusion studies that
we have been able to identify. They include some form of Social Network Analysis, which are being
considered as part of the literature review section of the proposed thesis. For the background chapter
of this proposal it is worthy to comment on a few but relevant ones.

A very well known study on social networks and diffusion of innovations, is that of Medical Inno-
vations by Coleman, Katz and Menzel, 1966[21]. It has being revisited several times and each time
the review provides insights in different aspects of the practice of this emerging field. There is even a
paper that does an ethnostatistical analysis of the several reviews[22]. This last paper brings up inter-
esting issues that provide useful insights, considerations and guidance to carefully present the qualita-
tive foundations for quantitative research. By providing context, Kilduff shows that at the time of the
study Physicians had being experiencing what was perceived as an external threat. It may have in-
duced a higher level social integration. Coleman et al.’s paper does not report the individual results
for each network. They do report that friendship behaves different to advice and professional discus-
sion, and that the latter behave very similar, but fails to explain why they resolve to average all in de-
gree measures. In terms of validity, social integration is a rather general concept and one can recog-
nize validity in the way they measure it. But it may also be the case that being in more meetings also
meant not only network exposure but media exposure. In terms of reliability is a different story.
These network data is based on self report, and research has shown that self report of network data in-
duces considerable error. Burt, imputes competition in his reanalysis but as pointed out by Kilduff,
fails to explain why in his analysis, where he is trying to build an argument for competition as op-
posed to collaboration, he drops the friendship network from the analysis, which is expected to bring
cohesiveness to the analysis. In this case the validity of the measure is to be questioned because de-
liberatively is leaving out important pieces of information that are relevant for the argument the author
is building.
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Marsden and Podolny reanalyzed both previous analyses of the physician data set. Two important
lessons from their review are the change in the regression technique, to account for the time-base na-
ture of the process that is being modeled, as mentioned before, and showed how sensitive are statisti-
cal results to data — imputation choices like those made by Burt. We expect to have access to these
well know data and test our ideas and models and explore how our models behave with it and possible
ways to contribute in this on going discussion of network effects on DOI.

Literature on the Social Network Approach to DOI

Despite the literature review is still underway; the material that I have covered up to now allows me
to address at least some of the salient issues in the study of social networks and diffusion of innova-
tions relevant to my research questions and research design.

Since the early work on Diffusion of Innovations (DOI) [23], the social structure has being ac-
knowledged. Computational models of diffusion of innovations have evolved mainly in the space of
system dynamics [24]. This branch of modeling has produced lots of research from which new theo-
retical propositions have emerged, but in essence System Dynamics tradition is independent of social
network information.

Conducting empirical studies of the effect of social structure on DOI, however, remains quite a
challenge. It requires important changes in research design and there is a notorious lack of published
literature to systematically guide researchers interested in using the network approach[25]. To start,
collection of data poses important limitations and trade offs. Network Data Questionnaires are usu-
ally long, and sometimes complex, and represent an enormous burden on the interviewer and the re-
spondent. Even with recent advances with sensor networks to collect relational data [26] and promis-
ing platforms for social sensing devices are being designed [27], important technical challenges are
involved. Another important challenge is related with issues of confidentiality and human subject
data protection. And even when those hurdles are overcome the greatest obstacle is ahead: most sta-
tistical tools assume independence on the observations ignoring the fundamental dependency that is
inherent to social structure[28]. Recent statistical developments and algorithms are now available to
estimate a limited but promising set of network parameters and they deal specifically with the de-
pendence problem, but they are limited and still being developed [29].

Network Survey Design is also a key decision with important empirical and methodological conse-
quences. Most of the work on the past decades on social network analysis is based on complete net-
work data. This is equivalent to a census or saturation sample. In the other side of the spectrum are
the analysis based on ego-networks where subjects are sampled and their “alters” studied assuming
that there is no connection between the different sets of “egos” and their “alters”, which is hardly the
case in most communities, and is of little or no interest in the study of diffusion process. In traditional
research methods, a sample is the midway solution and it is expected to be a less expensive approach.
Unfortunately, there is very little sampling theory when it comes to network structure [25].

Our approach to this problem is to use partial information to learn the parameters that best describe
the network of interest and use those parameters to generate through simulation a model of the com-
plete network. This network then can be analyzed to learn the properties that best describes it and the
consequences of such structural properties can be use to explore their implications in the flow of ideas
and, eventually, other human dynamics. Thus, allowing improved understanding and management of
diffusion processes.

Influential people and DOI

Most studies on innovation have been retrospective; they lack information on interpersonal com-
munication networks, and more important, few have attempted to use the lessons from diffusion re-
search to accelerate the diffusion of innovations [15]. Valente and Davis’ work [30] suggests, through
simulation, the possibility of achieving a critical mass in a much shorter time by carefully selecting
the opinion leaders of a social network. The thesis evaluate that the target is better defined as an in-
fluential member within multiple advice networks as one of its key contributions. In general, identify-
ing who are the influential members improves the design of diffusion strategies, regardless of what is
being diffused through the network. In practice, the selection of influentials is usually accomplished
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by using conventional wisdom and traditional sociological theory, e.g. by looking for those with
higher social and economic status and leaders of formal and informal organizations within the com-
munity. Selection is usually done after the definition of general criteria to select participants or “bene-
ficiaries”, ignoring the underlying network structure. In other words, many projects by design define
a profile that usually tends to make the population of interest very homogeneous (e.g. programs de-
signed to reach the poorest of the poor, or a specific gender within an income bracket) without con-
sideration of the social network.

Agent-based generation of network data

The adoption of an idea, practice or artifact is heavily influenced by social context, through both
conscious and unconscious mechanisms, but it becomes, at the end, an individual decision. Neverthe-
less, how heterogeneous individuals behave with each other generate collective results that are not ex-
plained by the sum of the parts. There are different theories of how individuals engage in rela-
tions[31, 32] and some have been modeled mathematically[33, 34]. The analysis of the interplay of
this different theories and how past experience and adaptation to the past experience causes mathe-
matical analysis to be very limited in its ability to derive the dynamic consequences of the aggregate
behavior. This is what makes agent-based modeling a practical method of analysis [35-37]. Surpris-
ingly, the use of this tool to study the effect of social networks in diffusion is practically inexistent.
We think that this method can be used to generate parameters useful to deal with sparse relational data
problems that inevitably will emerge from the limitations on data collection and measurement we
mentioned. We expect to extend concepts from the diffusion literature on economics, epidemics and
herd behavior to study and model diffusion of ideas, practices or artifacts[12, 38]. Agent-base models
of human behavior that include network, context, and attribute features to produce predictive stochas-
tic models of the diffusion process are rare and most lack validation against real data. The thesis will
extend this models focusing on their ability to supplement missing relational data.

Exponential Random Graph Models are the most promising statistical models to represent social
networks since they can represent structural tendencies, such as transitivity, that define complicated
dependence patterns not easily modeled by more basic probability models. Recent developments in
this area and MCMC algorithms have being developed which are able to produce Maximum Likeli-
hood estimators. This is important because it allows the use of simulation to evaluate the fitness of
empirical observations.

Structures such as transivity and heterogeneity of degrees can be represented using ERGM using
new specifications such as: geometrically weighted degree distributions, alternating k-triangles, and
alternating independent two-paths. I am designing an agent —based software that captures multimo-
dal information on the individual, his relations and their context to produce a model of the latent so-
cial network, evaluates the fitness of the model and through simulation estimates the expected out-
come of a diffusion process.

These recent methodological advances come from scientific work on the study of HIV contagion.
As opposed to other contagion process, HIV studies need to focus in the dyadic relationship. The
change on the focus of research, from the subject to a pair of subjects and the existence or not of a
link, produces different and often counterintuitive results with important impact in health policies.
Diffusion of computers in rural areas of the world, among other environments might have something
in common with this.

Most empirical research on diffusion of innovations confirms the premise that new ideas and prac-
tices spread through interpersonal communications. However, most foundational studies have fo-
cused on the spread of relatively simple and “static” technologies, such as weed spray in Iowa [7], hy-
brid seed corn [39] or tetracycline [40], as opposed to the ever evolving modern technologies and their
myriad of versions and the potential difficulties and complexities intrinsic to them.

12



Relevant Research Projects

Marketplace of Ideas as a general framework for ICT4D

In rural settings, and especially developing countries, it is often difficult to
argue for the benefits of digital technologies and its relation with higher lev- f'ﬁQ-
els of productivity through better coordination, communication and knowl- 14 ./.)
edge sharing. Many times there are skeptical reactions from community m lnl
members, who are usually focused on more traditional methods of economic mlh
development, and when it comes to arguing for provision of Internet services
the skepticism becomes even greater. The common promises about Internet  [\lapketplace of Ideas
for the people are:
¢ the opportunity to do better business through the access to international market prices or even next

town prices for their goods;

¢ the possibility to deal with the local government from home;
¢ medical assistance provided by a faraway physician on line;
...and so forth. However most villagers do not care about the international prices --- they must take the
offered price in local commodities markets because of their small production size. Dealing with local
government through the Internet is justifiably seen as just sending an email to an incompetent and un-
responsive official in a distant municipality, and not much better than trying to “fix' the problem
through the local babu. And as for medical and agricultural advice, that is only useful if the local
health and agricultural systems have the correct drugs and trained personnel[41].

People are the content

In the seemingly endless number of studies and position papers concerning the introduction of digi-
tal technology into underserved communities, the first recommendation is to obtain more local con-
tent. Perhaps the key component of the Marketplace of Ideas proposal is to recognize human contact
among the villagers as the main content, at least in the early stages. The goal should be finding easy
and efficient ways for them to meet and share with their friends and peers within the community. For
instance, having means to distribute simple but crucial information on time, such as "I just found a "x"
fungi in my field, check yours to prevent infection" or "I am going to town with my truck half full in
about an hour, who wants to use the remaining half and share the cost?" could make a world of differ-
ence.

Traditional ICT programs...the village phone or the central telecenters...are useless for communi-
cation within the community. Even if every villager has a phone it is not easy to call hundreds with
such “opportunistic' messages, and traditional broadcast means such as radio are inefficient because
they depend on every member listening at the same time. In contrast, the asynchronous digital media
(where the receiver can be view the message whenever convenient) are ideally suited for such com-
munications. Whether by two-way pagers, or SMS messages, or Internet email, simple asynchronous
messages have the potential to raise the productivity of all the producers through better coordination
of their activities. However, bringing connectivity to a rural community by providing the appropriate
infrastructure for low cost communications is not enough. People need support and motivation to un-
derstand why it is worth their time and money to acquire these new tools and learn how to use them.
Since resources are limited there is a need to seek the most effective and efficient methodologies to
introduce these technologies into the community, and to spread their benefits to largest number of in-
dividuals within the community.

We argue that in rural areas, the existing social networks are the critical change agents in the com-
munity. Introduction of digital communications technologies must be done recognizing these key
groups of people and connecting them to each other, allowing them to immediately find the value of
the technology in the wealth of new “community communication content'. Our approach therefore be-
gins by exploring the structure of the community to find the networks of influence, motivation and
support among the community members.
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Ideas as a source of wealth

Marketplace of Ideas is a metaphor to help think of ideas as a good that is produced, imported and
shared by community members. Ideas can have both value and cost. They can be registered and pro-
tected in the form of patents, trademarks and copyrights or can be given away. Ideas also have oppor-
tunity, distribution and production costs. The following diagram describes our socio economic ration-
ale linking social structure, diffusion of ideas and sustainable development.

Social / Business
Entrepreneurship

SOCIal > Soclal _ necesary » DIfquIOn Main
Cap|t3| reﬂecled Networks for Of Ideas aﬁects dnver N Productivity

Technological Key diver of
Innvation ¢

?r:i)r:;ngil Economic Growth
and Competitiveness

i

Internet is a condition for

Sustainable
Development

l<_

Fig. 1 Concept Map of the socio-economic rationale that links Social structure, diffusion of
ideas and sustainable development.

Role of social networks

Identifying who to start with is key for success and finding ways to later reach the highest possible
number of community members is an ethical obligation. Social network analysis could play a key role
in both. Communities are collections of superimposed social networks build of different community
agents or actors and the relations or links among them. This social networks act as the distribution
channel for the flow of ideas. The process of an idea flowing through a social network is critical to its
usefulness. The flow of ideas from one individual to the community and vice-versa will depend on
the relations or links among them. The different channels and patterns will depend on the different
levels of influence of different individuals.

Since the 1930°s cognitive and social psychologists have worked on the problems of sociometry
and group dynamics, and have develop methods to look at group structure and at the flow of informa-
tion and ideas through groups. More recently Social Network analysis has become an important mul-
tidisciplinary field of knowledge and research. It has been used to understand better how ideas flow,
how technology can help them spread more efficiently. We can use these methods to explore ways to
foster growth within the Marketplace of Ideas as a method to reach the underserved members of the
community. Social Network analysis should provide a useful insight on the regularities in the rela-
tionships and the key structural properties of the community. This approach should guide an interven-
tion to enhance the abilities of key agents and to provide better or new links. These richer networks
should be a vehicle for richer and more significant content for the different categories of actors within
the community.

Under this view we developed a set of projects to explore further and evaluate this novel approach
to the role of Information and Communications Technologies to foster development in a sustainable
way. Those will be described later in this section.

From little intelligent communities to the marketplace of ideas

The MIT Media Laboratory has been experimenting with several different models in different set-
tings with the goal of improving community access to digital technologies. The LINCOS telecenters
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are one of these projects and they have provided important and interesting lessons about the dynamics
of development in the several dozen different communities where LINCOS units have been tested.

LINCOS stands for "little intelligent communities". It was developed as a joint project with the
Costa Rican Foundation for Sustainable Development, with the goal of being a prototype for the 21st
century community center. Build on used commercial containers this high-end telecenters provided a
mobile solution that can bring first-class educational material, medical advice, business communica-
tions, and the arts to every family by use of wireless communications technologies

The LINCOS approach relies mainly on the communities
ability to organize it self around the telecenters and the ser-
vices it provides. Different units in different communities
have shown the LINCOS' flexibility and capacity to respond
to different needs and situations, and in most of the LINCOS
settings services related to education and communications
have been of great demand. In terms of hardware, software
and pedagogical approach, the LINCOS project has been
quite successful. However in most cases sustainability has
become a serious problem, as after a few months the
organizational weakness of the community it serves starts to reflect on the unit's economic sustainabil-
ity. To overcome these sustainability issues and to have a higher impact in the community we must
also introduce a change in the relationship between the unit and the local business community as well
as in the way we introduce these digital technologies in the community.

How to introduce technologies that improve people’s productivity and quality of life in a sustain-
able way remains as a very important problem to solve and it is in essence the motivational keystone
of Marketplace of Ideas as a research theme.

For my thesis I will use data on the diffusion process of home computers in a rural community a
few miles away from San Marcos de Tarrazu in Costa Rica, where the Lincos model was developed.
Even though Santa Maria de Dota (SMD) is a different commu-
nity, previous work from Media Lab faculty and former Media
Lab and Sloan students within Los Santos Region, paved the way
for my work and I am thankful for their efforts as a researcher g S
and as a Costa Rican as well.

Since 2003, and with support from a local university, I have
been gathering and analyzing information on people and organi-
zations in SMD. I have explored different ideas through a series
of projects conducted in that locality. This is a community of
coffee growers in the southern mountains of Costa Rica called
Santa Maria de Dota (Figure 6). The community has roughly
4300 inhabitants; coffee production and exports represent about
80% of their income. SMD is a well-established and integrated rural community. An interesting
characteristic of the region is the structure of land ownership, mostly very small producers with 1 or 2
acres, with not much land available to grow their crops. In being so small, coordination and diffusion
of information is key to production, processing, and commercialization of their coffee beans. Aproxi-
mately 700 producers are registered at a local cooperative. These are some statistics that describe this
group of producers: A sixth of the producers never completed primary school, 45% completed 6 years
of primary education, 12% percent completed high school and 15% attended tertiary education. This
meant that literacy is not a barrier in this community and there is a good chance to promote written
short communications.

The average age is 48 years, and in the interviews most of them feel that their generation is too old
to use computers, but some of them consider it as an opportunity for the youth. As an average, they
have two kids living in their household and the average age is 16 years old.

One fifth of their households already have a computer at home that are in occasional use by their
kids but no one has access to the Internet. It is important to mention that computers have been in
ubiquitous in Costa Rican schools for at least fifteen years and dial up service to the Internet have a
moderate cost, so it is surprising to find zero connections in place.

i

Fig. 2 LINCOS in San Marcos

Nicaragua

Fig. 3 Los Santos Region, Costa Rica
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G-Lab, LINCOS and System Dynamics

My first contact with this community as a Media Lab student was a ML/LMF class project. It was
set to explore “how digital technology could be applied to improve the economics of a rural commu-
nity in a developing country, where infrastructure is minimal and marketing techniques must differ
from those in the developed world”’[42]. The context was two of the three main towns of Los Santos
Region in Costa Rica. In one of them, San Marcos, LINCOS had recently shot forever its telecenter.
Conventional System Dynamics ideas and tools were used to understand the social dynamics that first
helped and later condemned the telecenters initiative in this region. An unexpected result was found.
By most commonly used standards within the international development community their local
LINCOS may be thought by some as failed, but we arrived to the opposite conclusion when we real-
ized the dramatic and mostly ignored impact the telecenter had on some of the people we were inter-
viewing. Their new technological abilities and the project itself worked as a “weaver”, linking people
to social and business networks to which they do not belong. The network was a real source of finan-
cial and social capital that was being actually used by a few emerging local entrepreneurs. What
LINCOS had unknowingly provided was a few business ideas using digital tools and communication
technologies and a few people managed to use their new skills to connect and become a member of
richer networks within the community. They were now able to provide a service and in exchange ac-
cess human and financial support to develop their small business, few of them initially in direct com-
petition to LINCOS’ services. Initially we tried to model our ideas using the System Dynamics con-
cepts and software, but the experience proved to me that it was an inadequate tool to capture these
phenomena. Business people frequently think in terms of clusters, or “geographic concentrations of
interconnected companies”. Using this, mainly descriptive framework, one may say that with the
new digital tools and skills a few San Marcos community members became part of the “local coffee
cluster”, but it will understate the strong intuition I got from revisiting LINCOS with the G-Lab team:
ICT was unintentionally used to build new links among community members that will change their
socioeconomic status within the community in a sustainable way. I started to think that “building”
this links should be the core product of ICT4D efforts and not a byproduct.

Finding the “influentials”: using a qualitative approach as baseline

The objective of initial intervention was to explore the effectiveness of social network information
in establishing who the “key people” of the community were. The implicit hypothesis was that so-
ciometric information could be effectively and efficiently be used to find who the influential members
of a community are. To test this hypothesis it was necessary to have a “conventional” social sciences
approach that will operate as a baseline or “ground truth” for further exploration.

The MIT Media Lab had established a consortium called Digital Nations with sponsors in different
parts of the developing world. In the Central American region INCAE, which is the leading business
school in Latin America, was the sponsor and an active participant in the San Marcos Project and they
agreed to actively participate in this project in the nearby town called Santa Maria. Two local NGO’s
were also invited: Entebbe who had experience working with the Media Lab and CEMEDCO who
had experience working with INCAE and its digital nations’ projects. The latter was run at the time
by a social psychologist and a social worker, both of them emeritus professors from University of
Costa Rica.

Once all the stakeholders and collaborators had agreed that Santa Maria would be a good place to
conduct this research, a set of interviews were conducted by the CEMEDCO team which had agreed
on conducting an Ethnographic Diagnostic in the community[9, 43]. They were familiar with the gen-
eral ideas of the social networks approach but not with its methods. They used the “snowball' method-
ology to establish who to interview next[44]. Their goal was to identify key members in the commu-
nity. Key members were understood to be people that influence the community’s decisions and
whose opinions and decisions have the potential to affect the socioeconomic development of the
community as a whole. People were asked about who plays important roles within the community
when they are trying to solve problems, and what decision makers were known and respected by the
people. They were also asked about their main concerns and what organizations were active in ad-
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dressing those concerns, the different organizations they were involved with, and what studies about
the community they knew of.  After 6 visits to the community and dozens of interviews they re-
ported 53 influential members, among them 32 were registered as members in the local cooperative.

The next step was aimed to validation of the original 53 names as influential members. The list
was discussed for validation with a group of “community experts”, who were identified simply as the
most commonly mentioned or by their visibility as leaders. The expert’s validation reduced the origi-
nal list to 30 members.

They were expected to be the most influential members. Among those 30 influential community
members, 19 were registered at the local cooperative as producers.

The third and last step to find the most influential members used a basic sociometric instrument.
The group of 30 was invited and attended to a workshop sponsored by INCAE, where they completed
a survey. A roster with their names was presented to them, and they were asked to provide informa-
tion on friendship, advice and influence. This produced dyadic data. We used Freeman’s in-degree
centrality as a scale of influence[45]. Only those that were considered influential by their peers were
considered the “truly” influential people or baseline. Only 19 had an in-degree measure bigger than
zero and among them 16 were registered producers. In different words, these 19 were the influential
amongst the influentials. Table 1 summarizes the three different exercises that lead to the baseline
estimation described in this section.

Table 1. The three exercises used to construct the baseline for this study.

Step Community Subset of
Members Producers

1 Ethnographic Diagnostic 53 32

2 Experts Validation 30 19

3 Sociometric Survey 19 16

A preliminary exploration of their social network showed a very different structure when they were
asked two different questions. When they were ask about people with whom they talk to seek for ad-
vise in different matters that are not related with production or commerce, their answers were limited
to very few people, most of them close family and with almost inexistent links to other producers.

When asked about who they seek for information or advice related with their business it was sur-
prising to find that only two names were mentioned frequently. One name is mentioned by 69% of the
producers the other by 20%. Again, there was almost no links to the other producers. These hubs are
sociometric stars. If communications are verbal and more than two-thirds report the same source of
advice, how frequent could such interactions be?

These survey results suggest the hypothesis that there is a very poor flow of ideas through direct
contact among the producers: almost everyone lives in semi-isolation, communicating almost exclu-
sively among those of closest kinship. At the same time they show a few important hubs that hold the
various social networks in place. Consequently, any attempt to use technology to strengthen this
community must include these “hubs', should not be perceived as a threat to their position. This initial
results suggested that it would have been a good idea to take social network measurements such as
these before designing any intervention in a community.
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(a) Production Advice (b) Personal Advice

Fig.4. Networks of Advice

Finding the influentials: Quantitative approach

The goal of this study was to explore theoretically and empirically different sociometric measures
using the attribute and relational data we had previously collected. The exploration was aimed to find
a quantitative model that would predict who the influential people in SMD are and within that model
test the effect of the sociometric measures as compared with socioeconomic and demographic vari-
ables. The propositions and tests in this study were:

1) Are sociometric measures a good supplement to conventional social and economic status attain-

ment measures in predicting who is influential.

2) Are patterns of advice as captured by structural properties of the advice networks a good predic-

tor of who are the influential members of a community.

3) If 2 is true, there must be an important correlation with the early adoption of tools that are used

to support and enhance communication, which leads to Hypothesis number 4

4) If the use of media technology can be use as a predictor of influence, then a propensity to be an

early adopter is correlated with patterns of advice and the use of media technology

In [9] we explored the use of different centrality measures and proposed a new method to find the
influentials based on the eigenvector centrality of the advice networks.

Co(p)=Yalp,p,) 3)
We used the ethnographic study previously described as our “ground truth”. After evaluation of a
set of variables we developed the model described in Equation 4 to predict who is influential:

Pr(y =1)

- 4
I—Pry=D) B+ BX+B,C+BM+e¢

Where y equals 1 if the respondent is influential, X is a set of socio-economic and/or demographic
characteristics, C is a set of sociometric measures based on the eigenvector centralities and M their
use of Media and £ the expected error.

While the conventional way of classifying the influential was extremely efficient with zero type II
errors, it produced a false positive rate (type I) equal to 17.92%. But accuracy is not the convenient
measure for the results we are interested in classifying. Instead, we should use the proportion of the
predicted positive cases that were correct. This ratio is called in the machine learning literature the
precision of the classifier, also known as the positive predicting value. In these terms our results sug-
gest that we can get a 91.66% precision as opposed to 45% estimated for the ethnographic study.

We also found that being an “established” member of the community and being an innovator plays
a significant but much less important role. The findings are consistent with our intuition: influence
follows the flow of advice and information. The ability to capture the dynamics of diffusion of ideas
has the potential to have a very positive impact in the way ideas are promoted and especially in the
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way that technology is deployed in underserved communities, by making interventions more effective
and efficient by nurturing the flow of advice.

There are several different reasons to consider these results useful and worthy of more testing.
From an empirical point of view, it shows that sociometric information could have a significant role in
helping identify influential members of a community, especially under conditions where the popula-
tion of interest is highly homogeneous. Many settlements, housing projects, or communities are very
homogeneous in their attribute values, giving more importance to relational sociometric measures.

The “advice centrality index” also has advantages in terms of efficiency. It is well known that tradi-
tional socioeconomic surveys have serious problems. Many people don’t like to answer income or
social status related questions. As a result data quality is poor and large survey samples required.
However, this research suggests that a light and neutral question like “Who do you look for when you
need technical or business information” or “who do you look to for personal advice”, can provide
enough information to recognize the influential members of the group, those who are key for the dif-
fusion of ideas and innovations. It is important to note that satisfactory results were obtained working
with a partial data network.

Improved precision through the use of our proposed sociometric method can have a major effect,
particularly with costly interventions. For example, the diffusion of technological innovations with a
high learning curve, where almost personal support and follow up is needed for long periods of time,
is difficult and expensive, but crucial to pass certain threshold. It can also be effectively used as the
first step to develop cognitive social structure studies [46].

Table 2. Confusion Matrices

Predicted by M odel

Negative

Positive

Negative

105

1

Actual

Positive

5

11

Predicted by Conventional M ethods

Negative Positive
‘—5“ Negative 87 0
< |Positive 19 16

Marketplace of Ideas: seeding the influential members

Data showed that this community’s social network is characterized by core-periphery structure and by
design we chose to work with the most influential members of the core. Three relatively small activi-
ties were used to seed diffusion of information and communications technology in the town of Santa
Maria. The claim here is that by selectively working with the influentials, we should be able to see
the evolution of a more rapid diffusion process. Since we originally collected information on who had
home computers and Internet access. We seeded the influentials and we expect to measure in the near
future what is the current rate of adoption and how it compares with two nearby communities of cof-
fee growers: San Marcos, which 6 years ago experimented with the LINCOS approach and San Pablo
where no direct effort to promote ICT4D has been made.

1) Technology workshop with the influentials. Those consid-
ered influential were invited to a 1 day long seminar at INCAE
during the morning they were exposed to some basic ideas on
technology and development and during the afternoon they par-
ticipated in a workshop to learn the basics to setup an email ac-
count and to start using it among themselves. No follow up or
extra training was provided, expecting that being part of a well ’
interconnected core, we expect that they took it from there and Fig. 4 INCAE researcher at ICT work-
supported each other, as effectively seems to be happening and shop with influential community mem-

hope to measure soon. One of the most influential have - Here they are experiencing for the
we hop . ) T . first time the use of e-mail.
kept an advise relationship with Media Lab, and as part of the
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2)

methodology we are working on, we keep our contacts to a minimum and only through the “influ-

entials”.

Tooling entrepreneurs. Ten Media Lab used computers
were collected and they were shipped to the community.
Five were used by president of the women’s association (one
of the influential) and five were deployed with support of an-
other two of the influential members in five different small
convenience stores to be used by them as pleased and we col-
lected information on their ego networks. The first gave rise
to a local computer school that is still in place and have long
replaced the original machines. The other five had mixed but
very interesting results. Five data points do not allow for a
correlation analysis but it was clear that the three that suc-
ceeded had reported considerably bigger personal networks.

Figure 5. Women'’s association
computer training school started off
with five used computers and today is
a self sustained business.

This project captured national attention and in 2004 was awarded a public recognition among the

most innovative projects of that year.

Some evidence of the emergence of sustainability through entrepreneurship

There are several new business, practices and projects that can be listed as a sustainable outcome of
Marketplace of Ideas. Some are private small business; others are extensions or change of practices in
places where the influentials have direct impact including the local government and NGOs.

SANTOS PC. Without any direct intervention from Marketplace of
Ideas, another member of the influential people that we worked with,
realized the potential of importing used Pentium III that he were able
It is now an on going enterprise and a little kid that
at some point was an emblematic image of the LINCOS project, is
today a talented teenager working part time in charge of “IT sup-
port”. Even though this is not a core hypothesis of the thesis, since it
needs further exploration, these kind of small business are of worthy
of pointing out as they seem to have emerged organically from the

to sell in $100.

Figure 6. Santos PC

key social networks of the community and its new entrepreneurial
members. The thesis should provide further definition of the new concept of developmental entrepre-
neurship, but at this point some salient characteristics seem to be present:

e They improve the business environment

e They enriched the “social ecology” which creates market incentives for further investment
e They improved the communities’ capacity to respond to market incentives and social needs
e They improved the flow of ideas as the “new comers” bridged their original social networks

The thesis will use mini-case studies to document some of these initiatives and possible case leads for
others to explore.
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Next Steps

Data Collection

With the help of INCAE, the local cooperative and people from the community a data base is in
place with attribute information on most producers. There are also disparate amounts of data on over
1500 people from the community, mostly from public sources gather by INCAE and other local or-
ganizations. For this thesis the design of a sociometric survey is underway and should be ready by the
end of 2006 as January represents a unique window of opportunity to collect data and interview peo-
ple since most of the producers will be visiting the Cooperative since it will be the time of the year
when they bring their coffee cherries to be processed. The four goals of the up coming field work are
to find from different available sources (which already have being contated):

¢ Information to reduce as much as possible missing data on SMD producers.

¢ Information on home computer ownership in SMD, San Marcos and Leon
Cortes producers.

e Geographic references to allow the exploration of geographical information in
the context of this thesis.

e Material to support the mini-case studies mentioned above.

System prototype and simulation

A working prototype of the system is currently underway. Training data to test the algorithms that de-
tect network effects on diffusion were collected and scripts have being tested. At the moment I am
working with one UROP redesigning the GUI and working on the algorithms to model agent ex-
changes under network constrains and eventually introducing a small set of communication rules
based in the mathematical modeling of some relevant social theories that have been used for studying
communication networks[31, 32].

Timeline
2007
glelg| &8 &ls =
AlE |25 | <=3

Survey and field work preparation

Model Development (network dependent diffusion simulation module)

Data Collection

Analysis

Defendable Draft

Defense

Submit Final Copy of Dissertation

Graduation

Resources Required

Required resources are: UROP Assistance, Digital Video Recorder, travel expenses for field work
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1 UNDP’s 2005 book titled “Community-based Networks and Innovative Technologies: New Models to Serve and Empower the Poor is
a recent and powerful example of how social structure and diffusion of technological innovations concepts are totally absent in the In-
ternational Development Community. It uses over 74,000 words to describe the state of the art and new directions for making ICT

work for the poor” and the word diffusion is not even used once in the whole document.

2 The critical mass is the minimum number of adopters needed to sustain a diffusion process. Criticality is achieved in the first second-
order inflection point of the S-curve.

3 Proportion of existing to maximum possible links.

4 The amount of exposure than an individual needs to adopt is call the individuals threshold.
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