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PRESENTATION TOPICS

1. Why did TCU see increased efforts in Data Science as important? 
How did TCU get started to use Data Science?

2. Examples



To organize the information from Public 

Administration and make it accessible and 

useful to auditors

Why did TCU see increased efforts 

in Data Science as important?



FirstFirstFirstFirst, , , , the the the the 
Earth was formless Earth was formless Earth was formless Earth was formless 
and void, and and void, and and void, and and void, and 

darkness was over darkness was over darkness was over darkness was over 
the surface of the surface of the surface of the surface of 
the deepthe deepthe deepthe deep............

Public         
debt USD 1,1 

trillion 

Federal 
Budget USD 
860 billion 

1.291 
organizations

under
jurisdiction

5.570 
municipalities

Federal 
assets USD 
1,45 trillion

878 auditors 878 auditors 878 auditors 878 auditors 
in front linein front linein front linein front line



Data analysis Data analysis Data analysis Data analysis 
is for is for is for is for 

everyoneeveryoneeveryoneeveryone



Governance

SkillsPlatform

Chief Data 

Officer (CDO)

Leadership

TCUStrategy
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Governance

SkillsPlatform

Decentralization

Empowerment

Training Program

TCUStrategy



Information

Consumer

Data analysis – four levels



Analysis Creator

Data analysis – four levels

Information

Consumer



Analysis Creator

Information

Extractor

Data analysis – four levels

Information

Consumer



Analysis Creator

Information

Extractor

Insights

Data analysis – four levels

Information

Consumer



Governance

SkillsPlatform

Information

Technology

TCUStrategy



Public 
Data

Custody 
Data

Internal 
Data

Central 
DB Applications

~56 Databases

~7 terabytes

TCU Departments

External partners

Platform



Examples

Investigation - Corruption in Petrobras

Compliance - Robot Alice

Boundry – Predictive analysis

Performance Auditing - Program of Access to Technical Education and 

Employment (Pronatec)



Estimate of the damage suffered by Petrobras, related to the reduction of the discount in

the bids due to the action of a cartel (overcharge)

Corruption Corruption Corruption Corruption 
in Petrobras in Petrobras in Petrobras in Petrobras 
(“Lava(“Lava(“Lava(“Lava----JatoJatoJatoJato”)”)”)”)

156 contracts (Years 2002-2015 / Values  over 

US$ 31 million)

40 contracts with participation of companies 

that formed cartel (police information)

Eight econometric models with 16 variables



Estimate of the damage suffered by Petrobras, related to the reduction of the discount in

the bids due to the action of a cartel (overcharge)

Corruption Corruption Corruption Corruption 
in Petrobras in Petrobras in Petrobras in Petrobras 
(“Lava(“Lava(“Lava(“Lava----JatoJatoJatoJato”)”)”)”)

Conclusions

17% overcharge whenever a firm from the the

cartel won a bid.

Damage around US$ 3 billion

The probability that the cartel does not

influence the bid discount is less than 1%



• Virtual machine with data and analytics tools

• Around 600 internal users and a 50  external
users

• Partners – 17 Courts of Accounts and other
control institutions

Control Information Lab (LabContas)

LabContas



LabContas

ALICE SOFIA

Robots Alice and Sofia



ALICE

BiddingBiddingBiddingBiddingBiddingBiddingBiddingBidding SelectionSelectionSelectionSelectionSelectionSelectionSelectionSelection ContractContractContractContractContractContractContractContract

300 Biddings/day
6.300 Biddings/month

Summary

On 10/7/2016, were published 386 biddings. 30 of therm are from

organizations of your interest

BIDDING REPORTBIDDING REPORTBIDDING REPORTBIDDING REPORT

Alice





Through PREDICTIVE ANALYSIS it is possible to issue ALERTS, based on risk analysis, both to

SUPPORT preventive ACTIONS and to SELECT SUBJECT MATTERS for audits and other

engagements

Can we 
PREDICT or 

anticipate our 
FUTURE by 
learning 
FROM our 
PAST? 

Predictive Predictive Predictive Predictive 
analysisanalysisanalysisanalysis



The RISK ANALYSIS of grants to subnational entities allowed the elaboration of a catalog of

typologies of irregularities

Predictive Predictive Predictive Predictive 
auditsauditsauditsaudits



CRISP-DM, C50, R, 24 variables, 10 thousand cases. Failure=do not deliver public policy 

Audits in 9 states, 51 agreements.

Limitations 

THE PREDICTIVE 
MODEL identifies 

possible 
irregularities in 

grants with 65% to 
90% ACURACY

Predictive Predictive Predictive Predictive 
auditsauditsauditsaudits



Set of technologies used for COLLECTING, PROCESSING, ANALYSING and PRESENTANTING

GEORREFERENCED INFORMATION such as: remote sensing | multicriteria decision

analysis of geographic information | geographic information systems (GIS)

GeocontrolGeocontrolGeocontrolGeocontrol



GeocontrolGeocontrolGeocontrolGeocontrol

Geoprocessing, through Spatial MCDA, HELPS public administration to

DETERMINE BEST ROUTE (linear works) and OPTIMIZED LOCATION (point works)

Optimized hospital location

Optimized school location

Best bus line route

Application in 
areas such as 
TRANSPORT 
HEALTH 

EDUCATION
ENVIRONMENT



Audit the construction of the North-South Railway with the support of aerial image

collected by Unmanned Aerial Vehicle (UAV) and overlap with the engineering project

images

Satellite 
precision 

between 30m 
and 70 cm

Drones precision 
3cm

CHANGE 
DETECTION 

between photos 
from the SAME 
LOCATION at 
DIFFERENT 

TIMES

GeocontrolGeocontrolGeocontrolGeocontrol



Expanding the offer of 

technological education 

courses for:

- public high school students, 

including youth and adult 

education

- Workers (including family 

farmers, fish farmers, 

extractivists and fishermen);

- beneficiaries of federal cash 

transfer programs, and

Performance Auditing - Pronatec



Objective

Performance Auditing - Pronatec

IMPACT

EMPLOYMENT INCOME



Performance Auditing - Pronatec

Method

Treatment group Control group



Performance Auditing - Pronatec

Method
Sample - 2012

Scholarship-2012 

Group Total Percentage (%)

Control 16.179 26.31

Treatment 29.345 73.69

Total 45.524 100

Econometric Model



Performance Auditing - Pronatec

Method

What means :

represents the probability of formal job or the wage of individual “i” in the period “t”;

is the treatment dummy variable, equal to “1” if the person participates in Pronatec and “0” if the person do not 

participate;

is a year dummy, equal to “0” in 2011 and “1” in 2013; and

is the random error term not correlated with the regressors. 



Performance Auditing - Pronatec

Method Observable characteristics used in the calculation of the Propensity Score

Control Variables Description Source

Average_wage Average wage of the months that the 

person worked

RAIS 

2011

Gender Dummy equal to “1” if it is male, and “0” if 

it is female

Pronatec

2012

Age Age in years Pronatec

2012

Age2 Age squared Pronatec

2012

High_school Dummy equal to “1” if the person has 

completed High School, and 0, otherwise

Pronatec

2012

Higher_education Dummy equal to “1” if the person has 

completed University, and “0” otherwise

Pronatec

2012

experience Experience in years RAIS 

2011

experience2 Experience squared RAIS 

2011

tempultemp Time in the last job RAIS 

2011

Control

Variables

Description Source

group n Dummies that represent the 90 groups of job 

types

RAIS 

2011

uf_n Dummies that represent the 27 Brazilian

States

RAIS 

2011

population Total population of the city IBGE 

2011

working_age Population percentage in working age (25 to 

65 years)

DATASUS 

2011

elderly Elderly population percentage (over 65 

years)

DATASUS 

2011

young Young population percentage (below 25

years)

DATASUS 

2011

Political

variables

Political variables of the city TSE 2008



Performance Auditing - Pronatec

Results
Impact on the employability* of beneficiaries of PRONATEC courses

2011 -2013 2011-2014 2011-2015

General treatment

group (Everyone) Not conclusive Not conclusive 2.8%

MDS-restricted

treatment group 6.5% 4.9% 2.7%

Non-MDS - restricted

treatment group - 2.3% - 3.8% 3.5%

* There wasn´t statistically significant impact on income
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