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Take Away

� Data quality is a multi-dimensional concept  

� Manage data/information as a product

� A data quality methodology
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� A data quality methodology

� IPMAP: $1M at a time



Without a solid foundation of high-quality data, “dirty data” 
can chip away at an organization’s ability to function 
effectively.

Data Quality Foundation
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We don’t always notice DQ  problems . . .
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… Until …
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It’s too late!
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Data Quality Books 
by Lee & Wang

http://mitiq.mit.edu/Publications.htm
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MIT’s role in the foundations 
for IQ education (2007, Madnick)

Conferences and Certification Programs
- 1996 International Conference on Information Quality (ICIQ)
- 2002 MIT-IQ program for Executives
- 2003 IQ-1: Principles and Foundations
- 2007 IQ Industry Symposium (TODAY)

Journals
- 2007 ACM Journal on Data and 
Information Quality (JDIQ) 

Lots of time & 
energy

IQ

UALR: MSIQ and IQ PhD 
Degree Programs
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Articles
- 1990 Polygen Data Quality Model (VLDB + ICIS)

- 1996 Beyond Accuracy
- 1998 Managing Information as a Product

Books
- Journal to Data Quality (2006)
- … and many others

- 2007 IQ Industry Symposium (TODAY)

Research Projects
- 1988 Total Data Quality Management Program (TDQM)
- 2002 MIT Information Quality (MITIQ) Program

Rich Wang
(our Harry 
Potter)

* Not complete list

IQ



DQ is multi-dimensional
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DQ is multi-dimensional



What is Data Quality?

Conventional view:

Data Quality = Accuracy 
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New research finding:

Data Quality Goes Beyond Accuracy



Data Quality Dimensions

DQ Category DQ Dimensions

Intrinsic DQ Accuracy, Objectivity, 
Believability, Reputation 

Accessibility DQ Access, Security 
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Contextual DQ 
Relevancy, Value-Added, 
Timeliness, Completeness,
Amount of data, Ease of 
manipulation 

Representation
al DQ 

Interpretability, Ease of 
understanding, Concise 
representation, Consistent 
representation 



A Financial Firm Example

Managers thought they had high data quality 

Using the multi-dimensional framework, they 
found 

Data source was necessary so data consumers could 
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Data source was necessary so data consumers could 
assess the reputation and believability of data

Data downloaded from the mainframe were not 
sufficiently timely for some data consumers’ tasks

Currency ($, £, or ¥) and unit (thousands or millions) of 
financial data from different servers were not explicit so 
data consumers could not always interpret and 
understand these data correctly



Manage information 
as a product
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as a product



Product vs. By-product

Product By-Product
What is 
managed

• Information
• IP life cycle
• Deliver high-quality IP to 

• Hardware and software
• System life cycle

Why • Implement quality hardware 

Manage information as product vs. by-product
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• Deliver high-quality IP to 
consumers

• CIO and DQ function

• Quality IP continuously 
delivered over the product 
life cycle
• No garbage-in-garbage-
out (GIGO)

Why 
manage it

• Implement quality hardware 
and software system

Who 
manages it

• CIO, IT director and DBA

What is 
success

• The System works!
• No bugs!



1.Understand the consumer’s information needs

2.Manage information as the product of a well-
defined production process

Four Principles
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3.Manage information as a product with a life 
cycle

4. Appoint an Information Product Manager to 
manage the information product



Key Roles and Processes: The 3Cs
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A data quality methodology
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A data quality methodology



Data Quality Case

Longitudinal study over 5+ years

1. Data integrity analysis 
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2. Organizational data quality assessment & data 

practice assessment



Data Integrity Analysis

Data  integrity of stored data
a. Domain Integrity

b. Entity Integrity
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c. Column Integrity

d. Referential Integrity

e. User-Defined Integrity



Entity Integrity

Definition: The primary key must be unique and 
non-null (no missing value)

Examples:
1. EmployeeID is the primary key in an employee table 
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1. EmployeeID is the primary key in an employee table 
(file).
� For each row (record) in the employee table, its 

EmployeeID must have a value, and unique.

2. Driver’s license # is the primary key in a Registry of Motor 
Vehicles (RMV) table. 
� For each row in the RMV table, its driver’s license #

must have a value, and unique to other rows in the 
RMV table.



Domain Integrity & Column Integrity

Domain: All the values of a field must be of the same domain

� Ex1: The age of a person is between 0 and 150 say
� All values in the age field must fall within 0 and 150.

� Ex2: The U.S. has 50 states
� All values in the age U.S. state field must be one of 
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� All values in the age U.S. state field must be one of 
the 50 designated values (e.g., MA, TX, CA)

Column: The permissible set of a column is a subset of a 
domain
� Ex1: The age of an employee is between 18 and 65 say

� All values in the employee column must be between 
18 and 65

� Ex2: Restrict values in the New England states column 
to the subset {CT, ME, MA, NH, RI, VT}



Product Table

PID Description VID

P1 Word MSFT

P2 Excel MSFT

VID Description Country

MSFT Microsoft USA

INTAU Intech Australia

Vendor Table

Referential Integrity Example

Foreign KeyPrimary Key Primary key
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P2 Excel MSFT

P3 DB2 MSFT

P4 Oracle 9i ORCL

P5 IQSolution ---

P6 Dataflux SAS

P7 Active MD ---

INTAU Intech Australia

SAS SAS Institute

IBM

INTC Intel USA



Data Integrity Compliance

Degree of compliance to data integrity constraints in stored data

���� ���� ������������ ��������

Best 
Practices
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Positive aspects

� Entity integrity 97% 
satisfied

� Informal process to 
review definitions 
for data integrity

Negative aspects

� Column integrity satisfied in terms of 
uniqueness and null value checks, but 
other column integrity rules such as 
range, value, etc. not satisfied

� Referential integrity 78% satisfied

� No user-defined rules available to 
check



Organizational DQ Analysis 
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Data Practice & Data Product

� Data practice assessment 
Management

Involvement of executive level of the organization
Policy and management procedures in place 
…

Implementation and Operations
Data architecture is aligned with business processes
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Data architecture is aligned with business processes
Source data is properly validated
Audits are systematically conducted to monitor all phases of DQ
…

� Data product assessment
Extent to which metadata is complete and maintained
Degree of control of source data
…

Chapter 11: Journey to Data Quality (MIT Press, 2006)



DQ Assessment Overall Score

���� ���� ������������ ����

Best 
Practices� � �� � �� � �� � �

����

Positive aspects Negative aspects
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Positive aspects

� Involvement of managers 
and executives

� Policy and management 
procedures in place

� Data knowledge and data 
skills 

Negative aspects

� Source data not properly validated 

� Insufficient audits performed to monitor 
DQ

� Data not fit for use by data consumer

� Minimal control of source data

� Data definition and business 
requirements not proactively managed

� DQ not strategic for senior executives



Recap of Deficiencies

Lack of senior executive involvement
Data quality not a strategic issue for senior executives
Policies and procedures not effective, in part, due to limited involvement by 
senior management

Data quality dimensional problems
Data consumers has no confidence in the data
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Data consumers has no confidence in the data
Data considered inaccurate, and data standards not clear - often leads to 
misinterpretation

Processes and data quality management
Source data not properly validated, no certification mechanisms, and no 
record of violations and enforcement actions in place
No formal process of random audits performed on both the source and stored 
data
Data definition and business requirements not proactively managed



Example Short-Term Project 
Recommended 

� Select five most critical reports or points of contention among 
stakeholders

� Develop data production maps for each

1. Document flows of key data elements
2. Identify points of existing and potential data quality problems
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� Develop data production maps for each

� Identify existing or potential problem areas

� Take any corrective action necessary in response to the results

� Dependencies

� Require collaborative effort of multiple stakeholders

� Participants 

� All stakeholders, coordinated by a data quality core team



Example Long-Term Project 
Recommended

Monitor organization’s confidence in the data of the Common 
Data Store (CDS)

Purpose: On-going measurement of confidence in the data 
provided from the CDS
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provided from the CDS

Activities: Periodic monitoring of business satisfaction and 
confidence in the data provided from the CDS

Dependencies: CDS must be in place

Participants: The data quality core team oversees the activities



� Focusing on accuracy of data is not sufficient 
for improving data quality for data consumers

� Use new systems implementation as 
opportunities for managing data as product

Summary
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� Involve 3Cs for data quality assessment and 
engage executives for developing a data 
quality policy

� Attend to evolving data quality problems and 
their root conditions 



Follow-up Research Questions

1.What are the differentiating characteristics of 
data quality initiatives that align well with 
strategic objectives of a company? 
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strategic objectives of a company? 

2.What kind of organizational mechanisms are 
more likely to facilitate/inhibit data quality 
improvement, and why? 



IPMAP: $1M at a time
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IPMAP: $1M at a time



Analyze: Using IPMAP

SYMBOL REPRESENTS 
  

Data Source / Data Vendor  / Point-of-Or igin 
 

  
Process 

  
Data / Information Storage 

  
Decision 

<Name> 

<Process Identifier> 

<Storage Name> 

<Criteria> 
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Quality / Evaluation / Check 
 

 Information System Boundary – used when a data unit 
(raw data, component data) changes from one system (paper 

or computerized) to another (paper or computerized) 

  
Organizational Boundary – used when a data unit (raw, 

component) moves across departments or across 
organizations 

  
Data Stick / Consumer  Block/ Point-of-Destination 

 

Quality 
Criteria

<Current/ New 
Org/ Dept 
names> 

<Name> 

<Current / New 
System Names> 



Federal Agency Case

Stakeholders Meeting 

Data Element Identification

$1M+ impact per data element
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90-day progress 

IPMAP not a silver bullet

IPMAP example
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Private Sector Case

Data Element Selection Criteria
� Critical to Business 
� Recognized Pain Point
� $1M+ impact
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� Practical to model 
� Practical to Implement
� Owner identified
� Commitment by the Stakeholders: 3 C’s + 

Management



Thank you!
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Thank you!

Q & A


