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WE HAVE A PROBLEM!
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WE STILL HAVE A PROBLEM!
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Globalization drivers?
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Democratization
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Democratization

technological innovation 
- computerization
- telecommunication 
- miniaturization
- compression technology 
- digitization
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Democratization

technological innovation 
- computerization
- telecommunication 
- miniaturization
- compression technology 
- digitization

finance 
- creditworthy good-old-boys network 
- automated loan kiosks, 
- E*trade, 
-individual hold a countries bonds

information 
- satellite dishes, tv
- internet
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Problem = Fall of the wall
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Problem = Fall of the wall
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Problem = Globalization
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Problem = Globalization
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New: 
How to cope with the new 

international system?

Wednesday, February 2, 2011



by Hugh Dubberly
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by Hugh Dubberly

innovation
(high value)

commodity
(low value)

Industry
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Industry

high-tech skills
address global 
challenges
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e.g.

19

Wednesday, February 2, 2011



Wednesday, February 2, 2011



Wednesday, February 2, 2011



22

Wednesday, February 2, 2011



e.g.
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 Strengths or weaknesses 
of engineers from the U.S. v. abroad?
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U.S. engineers
salary demands
limited supply
lack of industrial experience

source: V. Wadhwa, et al., Where the engineers are. Issues in Science and Technology, Spring 2007.
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U.S. engineers
salary demands
limited supply
lack of industrial experience

Indian engineers
inadequate communication skills
lack proximity
visa restrictions
cultural differences
lack of specific industry knowledge
limited project management skills
high turnover rates

source: V. Wadhwa, et al., Where the engineers are. Issues in Science and Technology, Spring 2007.
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U.S. engineers
salary demands
limited supply
lack of industrial experience

Chinese engineers
inadequate communication skills
lack of proximity
visa restrictions
cultural differences 
inadequate experience
lack of loyalty
intellectual property converts
limited “big picture mindset”

Indian engineers
inadequate communication skills
lack proximity
visa restrictions
cultural differences
lack of specific industry knowledge
limited project management skills
high turnover rates

source: V. Wadhwa, et al., Where the engineers are. Issues in Science and Technology, Spring 2007.
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U.S. engineers
salary demands
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inadequate communication skills
lack of proximity
visa restrictions
cultural differences 
inadequate experience
lack of loyalty
intellectual property converts
limited “big picture mindset”

Indian engineers
inadequate communication skills
lack proximity
visa restrictions
cultural differences
lack of specific industry knowledge
limited project management skills
high turnover rates

source: V. Wadhwa, et al., Where the engineers are. Issues in Science and Technology, Spring 2007.

Colombian engineers ???
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El sueño colombiano
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A different type of 
dream...
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10 Challenges
• Air pollution

• Guerrilla Conflicts

• Diseases

• Education

• Global Warming

• Malnutrition and Hunger 

• Sanitation and Water

• Subsidies and Trade Barriers 

• Corruption 

• Women and Development

31
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Air pollution

Guerrilla conflicts

Diseases

Education

Global Warming

Corruption

Malnutrition and Hunger

Sanitation and Water

Subsidies and Trade Barriers

Women and Development

0 7.5 15.0 22.5 30.0

Survey: Priorities among a series of proposals for 
confronting ten great challenges (grad students)
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Air pollution

Guerrilla conflicts

Diseases

Education

Global Warming

Corruption

Malnutrition and Hunger

Sanitation and Water

Subsidies and Trade Barriers

Women and Development

0 7.5 15.0 22.5 30.0

Chart 2

Survey: Priorities among a series of proposals for 
confronting ten great challenges (undergrad students)
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Corruption is global

34
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There are many types of 
corruption and each country’s 

pattern is distinct
Daniel Kaufmann, et al. 

New frontiers in diagnosing 
and combating corruption
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Patrick Geddes

Think Global,  Act Local
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If you can’t measure it, 
it doesn’t exist 
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It is much easier to make measurements than to 
know exactly what you are measuring.

JWN Sullivan (1928)
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The developing countries are rightly 
condemned for not doing more

about corruption, but they also rightly 
criticize the advanced

industrial countries for facilitating 
corruption by providing safe

haven for corrupt officials and secret 
bank accounts for their money

Free Fall 
Joseph E. Stiglitz
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Local solution?
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hotlines, boxes for whistleblowers, 
citizen report cards, codes of 
conduct, financial controls, 
procedures for accounting, 
procurement, asset and personal 
management...
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technology
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Drug Testing

Breath analyzerTicketer Surveillance cameras

Surveillance micro UAVsBody scan
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Electronic voting
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THE TRUTH BE TOLD? [left] When the author was asked whether he had ever feigned illness to escape 
an obligation, his prefrontal cortex showed no unusual activity.
LIAR, LIAR? [right] When the author was asked whether he had ever padded an expense report, his 
prefrontal cortex became highly active [areas highlighted with hot colors]. Souce: MRI Lie Detectors

fMRI lie detectors?
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information technology
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Citizens carries both rights and obligations. 
Usually we focus on just our rights, such as the 

right to own property or pursue happiness. 

C. J. Andrews.
From Professional Ethics to Technological Citizenship,
IEEE International Symposium on Electronics and the 

Environment, 2006 

More important in the current discussion are 
our obligation as citizens to become informed, 
engaged, and mindful of the general welfare.
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Engineers are technically informed citizens
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Understand systems rather than 
simply technologies involved
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As the tools become 
more sophisticated, 
the focus will shift 
from technology 
toward discovery
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Research issues will 
emerge from the rapid 

introduction of new 
technologies in

institutions
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New problem = Corruption
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New problem = Corruption
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Technology = Part of the 
solution
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?Technology = Part of the 
solution
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Technology is anything 
invented after you were born

Alan Kay
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Technology is anything 
that doesn't work yet 

Danny Hillis
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A. L. Barabasi

[Is it true], perhaps, that, regardless of 
how much information we compile or the 
speed of our processors, when it comes 

to human activity, we a bound to fail 
predicting it?
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Beginning of a conversation...
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why?

Theories about how to combat corruption in the 
judiciary have varied from decade to decade. We 
belief in the power of technology to fight 
corruption

TED talk by Simon Sinik
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Theories about how to combat corruption in the 
judiciary have varied from decade to decade. We 
belief in the power of technology to fight 
corruption

TED talk by Simon Sinik

how?

Collecting data, finding patterns and developing 
models that allow us to identify fraud, 
disincentives, conflicts of interests, bribes, 
abuse of entrusted power for personal gain, etc.
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why?

Theories about how to combat corruption in the 
judiciary have varied from decade to decade. We 
belief in the power of technology to fight 
corruption

TED talk by Simon Sinik

how?

Collecting data, finding patterns and developing 
models that allow us to identify fraud, 
disincentives, conflicts of interests, bribes, 
abuse of entrusted power for personal gain, etc.

what?

Anti-corruption policy design

Wednesday, February 2, 2011



Develop a course to lay the foundation 
to think about systemic global issues

technology society

Model socio-technological systems to face them
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Institutional corruption
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assumptions
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1. Influences within an institution

individuals respond to incentives, rational or not

70

1.legal

2.financial

3.expectational

4.etc.
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1. Influences within an institution

individuals respond to incentives, rational or not

70

“economy of direct 
influences”

range of significant  
incentives that capture 
how individuals behave

1.legal

2.financial

3.expectational

4.etc.
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1. Influences within an institution

individuals respond to incentives, rational or not

70

“economy of direct 
influences”

range of significant  
incentives that capture 
how individuals behave

1.legal

2.financial

3.expectational

4.etc.

diverse + complementary/conflicting
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2. Influences upon an institution

71

institutions are affected by public perception

1.confidence

2.ethical behavior

3.fair play

4.etc.
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2. Influences upon an institution

71

institutions are affected by public perception

1.confidence

2.ethical behavior

3.fair play

4.etc.

economy of indirect 
influences
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3. Institutional purpose

72

success: how well does an institution serve its purpose?
purpose: reason for which an institution exists
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3. Institutional purpose

72

success: how well does an institution serve its purpose?

successconflict with the purpose

support the purpose
influences

purpose: reason for which an institution exists
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3. Institutional purpose

72

success: how well does an institution serve its purpose?

successconflict with the purpose

support the purpose
influences

success

measure  output 
of the institution
e.g., effectiveness 

measure willingness to 
follow advise
e.g., public perception

purpose: reason for which an institution exists
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3. Institutional purpose

72

success: how well does an institution serve its purpose?

successconflict with the purpose

support the purpose
influences

success

measure  output 
of the institution
e.g., effectiveness 

measure willingness to 
follow advise
e.g., public perception

Private

Public

purpose: reason for which an institution exists
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success

factor 1
factor 2

..
.

Purpose: 
to police the safety and 
effectiveness of food and drugs
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success

factor 1
factor 2

..
.

Purpose: 
to police the safety and 
effectiveness of food and drugs

factor 5: public has high 
confidence in the institution

enhances willingness to follow its advise

important for public institutions
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focus
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Institutional Corruption

75

Corruption: 
“the misuse of entrusted power for private gain”

Leads to economies of influences which... 

• weaken effectiveness

• weaken public trust

Do it in the context of particular institutions!!
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Government

• Legislatures

• Judiciaries

• Agencies

Academy

• Schools

• Universities

Professions

• Legal professions

• Health professions

• Journalism

Public institutions 

• Think-tanks

• Libraries
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Systemic

77

patters/trend of corruption

systemic corruption

Fi
gu

re
 f
ro

m
 L

eg
al

 C
or

ru
pt

io
n

D
an

ie
l K

au
fm

an
n 

an
d 

Pe
dr

o 
C
. 

V
ic

en
te

ht
tp

:/
/s

sr
n.

co
m

/a
bs

tr
ac

t=
82

98
44

prevalence of corruption

time
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other mathematical spaces
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strategy
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1. Data about incentives

79

gather data to quantify influence within an institution

frequent questions:

• what are the sources of income?

• how have those sources changed?

• what policies does the institution use to police these 
sources of income?

• how careful are they enforced?
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1. Data about incentives

79

gather data to quantify influence within an institution

frequent questions:

• what are the sources of income?

• how have those sources changed?

• what policies does the institution use to police these 
sources of income?

• how careful are they enforced?

 use data to identify historical techniques 
e.g., to develop and sustain independence

map economy of influence
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2. Data about perceptions
• track public perception → trust of the institution

• role in institution’s success

• private institutions

• public institutions

frequent questions:

• how does public trust of the FDA evolve? 
improved/weaken?

80

Wednesday, February 2, 2011



2. Data about perceptions
• track public perception → trust of the institution

• role in institution’s success

• private institutions

• public institutions

frequent questions:

• how does public trust of the FDA evolve? 
improved/weaken?

80

use data to develop historical understanding 
of different perceptions

e.g., independence in attitudes 

map the relevant public

Wednesday, February 2, 2011



Kaufmann, D., Kraay, A. and Mastruzzi, M. (2006) 
‘Measuring Corruption: Myths and Realities’, Development Outreach 8 (2):124-37.
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- challenges - 
1. data-gathering technologies
2. privacy issues
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3. Models of causation
measure causation

→ explore and capture economies of influence - hard!

frequent questions:

• how do influences affect the work product?

• how do influences affect public trust?

83
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3. Models of causation
measure causation

→ explore and capture economies of influence - hard!

frequent questions:

• how do influences affect the work product?

• how do influences affect public trust?

83

develop quantitative analysis of the 
independence of actors within an institution

Understand dependencies!!
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3. Models of causation
measure causation

→ explore and capture economies of influence - hard!

frequent questions:

• how do influences affect the work product?

• how do influences affect public trust?

83

develop quantitative analysis of the 
independence of actors within an institution

Understand dependencies!!
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- challenges - 
1. useful frameworks
2. validate/invalidate models 
3. models as evidence?

Wednesday, February 2, 2011



objectives
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General objectives

86

To apply objective, independence, evidence-based 
tools to combat the phenomenon of corruption 
holistically, advancing our understanding about the 
causal links among major players within a particular 
institution and the public at large.
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• implications of new technology

• set of practical quantitative tools 

• identify corruption (whether and when)

• respond to corruption

• strategies to address corruption

➡ tradeoffs that might seem compromising

Specific objectives
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Focus
How technological systems operate in conjunction with the 
social organizations:

• Technological systems

• dynamic

• large-scale

• decentralized 

• Social organizations (develop and use technology)

• healthcare: hospital

• business context: enterprise, bank, or insurer

• educational context: school, or university 

• political context: government agency, Congress, 
political party, or think-tank

88
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Project
To study the structure and function of complex 
networks to:

89
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Project
To study the structure and function of complex 
networks to:

1. understand and minimize the incentives for 
corruption

89
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Project
To study the structure and function of complex 
networks to:

1. understand and minimize the incentives for 
corruption

2. develop technologies to prevent / minimize

89
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Network science
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Proper framework to 
reveal underlying patterns 

that may have been 
hitherto but not formally 

quantified?

91
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Three premises
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Many complex systems are 
actually well-structured 

networks
César A. Hidalgo
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No single model can account 
for all corrupt behavior
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All models are wrong but 
some are useful

George E. P. Box

Wednesday, February 2, 2011
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e.g.
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Which vertex would proof 
most crucial?
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Which vertex would proof 
most crucial?
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Which vertex would proof 
most crucial?
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What percentage of vertices 
need to be removed to affect 

connectivity?

102
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Robustness

103

• Topological: If you “knock out” x% of nodes/
edges, does the network maintain its structural 
properties

• Functional: If “knock out” x% of nodes/edges, by 
how much do functions degrade (%-wise)? 

Wednesday, February 2, 2011



Network science
traditional graph theory
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Network science
traditional graph theory
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Network science
traditional graph theory

statistical mechanics
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Network science
traditional graph theory

statistical mechanics
=> statistical properties of graphs
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vertex
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vertex

edge
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vertex

edge

component
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vertex

edge

component

network
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undirecteddirected
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undirected
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undirected

A

degree: number of edges 
connected to a vertex
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undirected

A

degree: number of edges 
connected to a vertex

geodesic path: shortest path 
from one vertex to another
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undirected

A

degree: number of edges 
connected to a vertex

geodesic path: shortest path 
from one vertex to another

diameter: length in number of edges 
of the longest geodesic path
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Aims
• Statistical Properties (structure+behavior)

• Models to understand meaning

• Predict behavior based on structure + local rules

• Example:

• Contact networks

• Financial networks

107
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Outline
• Introduction, empirical 

studies (social, 
information, technological, 
biological) - (week 1)

•  Common properties 
(weeks 2-3)

• how to measure 
them?

• Network visualization 
(4-5) 

• Mathematical modeling 
(weeks 6-9)

• Random

• Small World

• Scale-free

• Processes on networks 
(weeks 10-14)

• Network failure

• Epidemic processes

• Epidemics of 
corruption

• Presentations

108
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Grading
• Homework (40%)

• Final project (40%)

• Final exam (20%)

109

Office hours
Fri: 2:00p.m. - 3:00p.m.

Textbook (Collection of papers)
M. Newman, A.L. Barabasi, D. Watts, 
The structure and dynamics of networks. 
Princeton University Press, 2006
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Types of networks
• Social

• Information

• Technological

111

Examples? 
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Real networks are not random!

113

1. Possible mechanisms guiding network formation
2. Ways to exploit structure to achieve certain aims
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Next class
Common Properties:

• small-world effect

• transitivity or clustering

• degree distribution

• network resilience

• mixing patterns

• degree correlation

• community structure

• network navigation

114
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...if we as a global community want to build up a 
toolkit for what works in fighting corruption , some 
systematic experiments must be an essential part 

of our efforts

Economic Gangster
Fisman and Miguel
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