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About me…

• I am a Director of Research and Development and a Data 
Scientist at SAS Institute in Cary, North Carolina. 

• I am the Chairperson of the Linux Foundation AI & Data 
Technology Advisory Council.  

• Industry Advisor to the NSF LASER Institute for Learning 
Analytics 

• BS in Electrical Engineering, MS in Computer 
Engineering & Statistics, MS in Data Analytics 

• Areas of Specialization: Data Management, Data 
Governance, Data Quality, AI for Data Management, 
Renewable Energy Forecasting, Health Care analytics, 
Social Science Analytics 
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About SAS Institute

• Statistical software company

– ~$4B in revenue

– Worldwide sales

– Employs about 10,000 people world-wide

– Engineers, Data Scientists, Machine Learning 
Developers, Statisticians, Business Analysts, 
Sales, Marketing, many other roles

• We develop applications, solutions and a 
statistical language, also called SAS, to 
perform analytics

• We use statistics and business analytics to 
extract knowledge from data 
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Students and 
Educators 
have free 
access to 

SAS Learning 
Edition

https://www.sas.com/en_us/software/on-demand-for-academics.html
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Free online courses 
in statistics and 
analytics

https://support.sas.com/edu/elearning.html
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Data Cleaning for Data 
Quality
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Poll:  In a modeling or reporting project, about how much 
time do people spend cleaning and preparing the data?

1. 20%
2. 50%
3. 80%
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1. 20%
2. 50%
3. 80%

Answer:  In a modeling or reporting project, about how 
much time do people spend cleaning and preparing the 

data?  80%
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Preparing data is hard!
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Agenda

1. Why data quality?  
2. Data cleaning techniques:  Dimensions of data quality
3. Design considerations for analytical and reporting use cases
4. Advanced topics
5. Wrap up and summary 
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Why Data Quality?  
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Common causes of poor Data Quality

• Human error
• Algorithmic error
• Misinterpretation error
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Simpson’s Paradox
UC Berkeley gender bias study:  Is this bias?
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Simpson’s Paradox
Not if you look closer….
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More examples of common data quality issues..

• Missing a time period in a timeseries dataset
• Missing data in a row, data misplaced into some other cell in a row 
• Invalid values
• Highly correlated variables 
• Mismatched ratio of features to rows
• Difference in scale 
• Using scale to represent nominal variables
• Unary or Binary variables will low information value 
• Incompatible distributions or violation of assumptions for the model being 

used 
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Data cleaning techniques:  
Dimensions of data 
quality
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Dimensions

1. Completeness
2. Uniqueness
3. Accuracy
4. Validity
5. Consistency
6. Timeliness

6 characteristics of clean data 
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1. Completeness
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1.  Completeness

Definition:  
• The degree to which all required 

data is known.

Quality issues in this dimension:  
• Missing or truncated data
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Example 
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Impact
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Correction methods

Check the variables importance
– Are there other variables that have similar information value and are better quality?
– Is the variable highly correlated to some other variable?

Remove variables that have lower information value, choose those that are 
less complete first

SAS Data Mining  makes this easy:  SAS provides packaged solutions to 
identify and automatically remove poor quality or redundant variables 
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Correction methods

1. Impute a new value
– SAS offers many methods for imputing values; can be calculated, adjusted to the 

mean, regression analysis predicted, generative data 
– Tip:  check the distribution and performance of the data after imputation

2. Calculate missing value from other values 
– Examples:  
• For date-of-birth is provided, calculate age 
• Use data quality standardization techniques to impute the value 
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Tips 

• Incomplete data is not necessarily missing data!
– A valid value may not exist 
– Missing data may be useful:  Example:  Does not apply or Unchecked 
• Replacing with 0 is a good indicator for these situations

• Always remember to check correlation between variables and variable 
importance after adjustment
– It can save you a lot of time if two variables are highly correlated.  You don’t 

need to correct data quality problems for every variable!

• Consider multiple imputation;  produces less biased estimates
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2. Uniqueness  
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2. Uniqueness

Definition:  
• Data is unique, with only one 

instance of data values in the 
expected records.
• High uniqueness is a good indicator 

that you can trust the data.  

Quality issues in this dimension:
•  Duplicate values in expected 

records
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Example 
Simple use case
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Example
Duplicate values across multiple variables
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Correction methods

Detect and remove the duplicate records

Python

SAS

Single record duplicates
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Impact
Multiple record duplicates

Data combined from different silos can cause the same analysis subjects to 
occur more than once in the database. 

Integrating these records can be challenging;  different databases may  not have 
the same identifier for the records. 

Standardization and records matching on significant, distinguishing attributes of 
the data such as names, phone numbers, or bank account numbers are helpful .
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Correction Techniques
Use clustering techniques – SAS Example



Copyr ight © SAS Inst i tute  Inc .  Al l  r ights  reserved.

All unique 



Copyr ight © SAS Inst i tute  Inc .  Al l  r ights  reserved.

Correction Techniques 
Record Linkage in Python
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3. Accuracy & 4. Validity  
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3.  Accuracy & 4. Validity

Definition:  
• How well the data verifiably represents 

the real-world scenario.

Quality issues in this dimension:
• Inaccurate or invalid data

Very important in some domains, such as 
health care or finance.  
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Examples 

• Inaccurate or invalid phone numbers:   
– XX-335-32 vs. XXX-335-3232 (too short!)
– XXX-385-3232

• Invalid birth details
• Invalid credit card charges 

Tip: Data in this dimension frequently requires 
verification using domain expertise. 
• Examples:  

– a certificate from a bank
– a medical coding expert

•  
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Handling Techniques – Apply Business Rules

Business Rules are frequently used to determine Validity and Accuracy, 
when data requires domain expertise to detect and correct  
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Handling techniques – Use known data (lookup tables) 
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SAS Business Rules Manager
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Python – Great Expectations 
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5. Consistency  
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5.  Consistency

Definition: 
• Data is stored in a similar way 

across dimensions and records.

Quality issues in this dimension:  
• formatting problems
• data stored at different levels of 

summarization
• data mismatch



Copyr ight © SAS Inst i tute  Inc .  Al l  r ights  reserved.

Examples 

Data errors

Inconsistent calculations 
– Monthly revenue:  $70
– Monthly cost: $10 
– -----------
– Monthly profit: $567  - 
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Handling Techniques

• Use database constraints:  
– Example:  If I have a PERSON I must also have an ADDRESS

• Use calculated columns
– Example: Calculate AGE instead given a birth date

• Create Business Rules 
– Example: If VALUE > 500 then RAISE ERROR

• Use Anomaly detection 
– SAS supports multiple techniques 
– Regression analysis
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SAS Anomaly Detection 
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Python 
using PyOD
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6. Timeliness  



Copyr ight © SAS Inst i tute  Inc .  Al l  r ights  reserved.

6.  Timeliness

Definition:  
• The data is available with the 

expected timeframe.  

Quality errors in this dimension:
• Stale or old data 
• Data is not received at the expected 

pace
• Missing time periods 
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Examples 

• Data is expected quarterly, but it is collected yearly
– Systems produce data at different times, and they need to be consolidated 

• Data is collected at different or fluctuating intervals
https://www.machinemetrics.com/blog/manu
al-data-collection
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Impact 

Inability to tie a 
problem back to 
the root cause

1
Difficult to 
consolidate the 
data across 
different systems

2
Impossible to 
impute missing 
time periods for 
values 

3
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Handling Techniques

• Clean out old/stale data 
• Use date/timestamps in your data
• Standardize on data/time collection 

periods and apply those across systems 
• Use business rules to watch for errors
• Use SAS procedures to detect and 

correct timeseries errors
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Interlude
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1. Special ingredients 
only found in Rome

2. Tiny impurities in the 
concrete

3. Aliens helped

Question: 
Why has Roman concrete survived the centuries? 
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Tiny impurities in Roman concrete make it self-healing 
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Part 2:  
Good data quality starts with good 
design
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Tips For Tidy Data Part 1

• Column headers are variable names, not 
values
– Every column is a variable
– Make variable names easy to understand

• Don’t store variables in one column 
unless you need the data that way
– Ex:  Smith, Peter

• Every row should be an observation 
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Tips For Tidy Data Part 2

• Use database constraints to ensure data integrity 
– Ex:  If you add a NAME, then must have ZIPCODE

• Use a single date column that represents the record date
– 5 date columns make it difficult to understand which date actually represents 

the record

• Don’t use data ‘as-is’.  Use processes to help prepare it, preferably 
repeatable
– Examples: Rescale and Center Numeric values before using them in models 
• 827433.33  vs. 0.8274333 have very different information value!

• Center around a 0 or a 1 mean
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Tips for Tidy Data Part 3

• Have or generate a primary key for each record
– Don’t rely on row order, because databases may mix them up
– Sequential values do not work in parallel systems
– A UUID is better in these cases (for big data)

• --------------------------------------------------

• Add descriptive information to the Dataset itself.  Use labels, 
descriptions, and other good information.  We all forget!
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Recoding variables 

Recode variables where the 
numeric value has no relevance to 
the data 
Examples to watch out for:  
• Increasing dates
• Categories coded as numbers

– Gender
– Demographic variables
– Race 
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Use Surviving Records 
Deduplication by selecting the best record
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Dataset design Principals

One row-per-subject:  Transpose is your friend!
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One row-per-subject designs 

• Prediction of events like a Campaign
• Time series models for Prediction for single dimensions 
• Cluster segmentation:  patients, customers, text documents
• Reporting where you want to provide detail and summary report 

views into the data (just easier this way!)

When to use



Copyr ight © SAS Inst i tute  Inc .  Al l  r ights  reserved.



Copyr ight © SAS Inst i tute  Inc .  Al l  r ights  reserved.

Aggregation may be 
required 
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One row-per-subject designs

• Regression models
• Time series forecasting 
• ANOVA
• Survival analysis 
• PCA 

Analytical models that do well with this design
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Dataset design

Multiple rows-per-subject 
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Examples
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Multiple row-per-subject designs 

• Products frequently bought together (aka Market Basket Analysis)
• Association analysis 
• Time series analysis with different analysis subjects
• Longitudinal analysis 
• Sequence analysis 

When to use
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Summary:  Good design saves time
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Advanced topics
Catalogs, Lineage, Maintenance, data drift, curation, bias
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Who will you call when you need some new data?

• Does this data exist? 
• Where is it? 
• What is the source of truth of that 

data? 
• Do I have access to it?
• Who is the owner?
• Who are the common users?
• Is there existing work I can re-use?
• Can I trust this data?
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Data Catalogs capture Data about Data, aka Metadata

• Application Context — information needed to understand the data, its 
context, description, semantics

• Behavior —  information about how the data was created, how it is 
maintained, who owns it, how is it provisioned?

• Change — how the data changes over time, and the processes that 
manage it

The ABC’s of metadata 
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Information Catalogs
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open 
source
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Data Provenance 

• The validity, authenticity and integrity of experiments hinges on ability 
to reproduce the results consistently
• Ethical data provenance is important to ensure that we do no harm
• Lineage

– Where data comes from 
– where it goes 
– know when to update for changes
– how to handle change 
– who is using the data we have 

Why is it important?
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Lineage/Data Provenance
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open 
source
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Data drift
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open 
source
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Curation

The process of gathering 
relevant information to add 
value through the process of 
selecting, organizing, and 
looking after the items in a 
collection.  
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Data curation
• Domain expert knowledge 
• Shared information about 

usage 
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Bias

• Watch for protected groups
• Expert domain knowledge in 

feature engineering
• Ensure fair and unbiased data 

collection strategies
• Watch for types of data bias;  

random is less intrusive than 
systemic
• Mitigate using techniques such as 

resampling, augmentation, cross-
validation, improved feature 
engineering

Early detection is very useful
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Agenda

1. Why data quality?  
2. Data cleaning techniques:  Dimensions of data quality
3. Design considerations for analytical and reporting use cases
4. Advanced topics
5. Wrap up and summary 
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Want to learn more?  

• https://www.coursera.org/sas - Coursera SAS classes
• https://www.sas.com/en_us/training/overview.html - SAS Training 

website
• Statistics 1:  ANOVA, Regression, Logistic Regression - 

https://support.sas.com/ecst1 
• SAS Programming Essentials https://support.sas.com/ecprg1 
• Over 200 free tutorials: https://video.sas.com/detail/videos/how-to-

tutorials 
• SAS OnDemand for Academics 

https://www.sas.com/en_us/software/on-demand-for-
academics.html#section=5 

Check out these links!

https://www.coursera.org/sas
https://www.sas.com/en_us/training/overview.html
https://support.sas.com/ecst1
https://support.sas.com/ecprg1
https://video.sas.com/detail/videos/how-to-tutorials
https://video.sas.com/detail/videos/how-to-tutorials
https://www.sas.com/en_us/software/on-demand-for-academics.html
https://www.sas.com/en_us/software/on-demand-for-academics.html
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Questions?
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Thank you!


