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Data Science
The [Cyber]Space Race
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Introduction
The Analytic Process

• What is Data Science?

• The COVID Puzzle
• Limited timeframe & Real-time information
• Inconsistent reporting, sources, and standards
• Little to no prior knowledge to work off of
• Fragile/inconsistent reporting, sources, and standards

Collection Cleaning Exploration Model Building Model Deployment

Data Engineers Data Analysts & Statisticians

Data Scientists
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Introduction
Our Subject: COVID Data

• Lots of Sources
• CDC COVID Tracker
• HealthData.gov
• WHO Global Table
• Kaggle COVID 19 Challenge
• NIH Open-Access COVID 19
• Individual state-based repositories
• John’s Hopkins COVID 19 Secondary Analysis
• Open ICPSR COVID-19 Data Repository
• MIDAS Online Portal for COVID-19 Modeling Research
• Google Cloud – Big Query – COVID 19 public datasets
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Outline

• Choosing and Importing Data
• Data Exploration
• Data Driven Modeling
• Matching Your Question to a Model
• Evaluate Your Model
• Conclusion



Choosing and Importing Data
CDC COVID Tracker
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Choosing and Importing Data
Key Considerations

• Choosing Data
• Primary Analyses vs Secondary Analyses
• Experimental vs Observational Research
• Does the data ask/answer the right questions
• What is the data structure – survey, clinical, observational/mined
• Sample size / generalizability

• Importing Data
• Data comes in a variety of formats – Excel, SPSS, txt, etc
• Some data may need to be merged
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Choosing and Importing Data
SAS Procedures

• Getting Data Into SAS
• Can Enter It Directly
• Proc Import

• Consider Data Storage
• Can store data as a SAS dataset (permanent or temporary)
• Can export data in your desired format (Proc Export)
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Choosing and Importing Data
COVID Example
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Choosing and Importing Data
Best Practices

• Choosing Data
• Pay attention to sources
• Understand that data has limitations 

• Importing Data
• Make sure there is no excess information in the datasheet
• Variables should have names that make sense
• Use labels instead of long names
• Maintain an untouched original dataset without adjustments
• Document your adjustments
• Always review your log



Data Exploration
Health Data.gov Hospital Data
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Data Exploration
Key Considerations

• Consider Data Types
• Numeric

- Continuous vs Discrete
- Interval vs Ratio

• Categorical
- Binary/Dichotomous vs Multi-level
- Nominal vs Ordinal
- Dummy

• Data Cleaning
• IMPORTANT
• Natural part of this step

Categorical Ordinal Nominal

Binary / 
Dichotomous

Pass
Fail

Male
Female

Multi-level Honors
Pass
Marginal Pass
Fail

Male
Female
Trans-Male
Trans-Female

Numeric Interval Ratio

Discrete Calendar Years
100 BC, 100 AD, 
2019 AD

# Children
0, 1, 2, 3, 4

Continuous Temperature
-10.1˚, 0˚, 10.9˚, 20˚

Height
0.2ft, 1.2ft, 2.2ft
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Data Exploration
SAS Procedures

• SAS Procedures
• Proc Freq
• Proc Means
• Proc Univariate
• Proc Corr

• The Data Step
• Implement adjustments to the data

• Additional Helpful Procedures
• Proc Contents
• Proc Sort
• Proc SQL
• Proc Print
• SAS Macros
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Data Exploration
COVID Example
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Data Exploration
Best Practices

• Avoid Categorical Data as Numbers – If You Can
• Address Missing Data Appropriately
• Thoroughly Clean the Data!
• Data is More Than Just Numbers and Text

• Data is: People, Animals, Plants, Environment, AI
• Data is a snapshot of information, not the whole picture

• Treat Data Like a 3-D Living Thing
• Use different perspectives (wise men and the elephant)
• Consider what the data is not telling you
• Consider the age of the data

• S.W.O.T. the Data
• Strengths 
• Limitations/Weaknesses
• Opportunities
• Threats

• Always review your log



Data Driven Modeling
WHO Global Table Data
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Data Driven Modeling
Key Considerations

• 1) Identify the roles of your variables – what are the variable relationships
• Predictors (IV)
• Outcomes (DV)
• Confounders
• Covariates

• 2) Variable roles determine their location in the research question
• 3) Research question structure informs the analysis type – Next Section

Outcome = Predictor1 + Predictor2 + Confounding + Covariate

DV = IV1 + IV2 + Confounding + Covariate
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Data Driven Modeling
SAS Procedures

• SAS Procedures
• Proc Freq
• Proc Means
• Proc Univariate
• Proc Corr

• The Data Step
• Implement adjustments to the data

• Additional Helpful Procedures
• Proc Contents
• Proc Sort
• Proc SQL
• Proc Print
• SAS Macros



SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS Institute Inc. in the USA and other countries. ® indicates USA registration. Other brand and product names are trademarks of their respective companies.

Data Driven Modeling
COVID Example
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Data Driven Modeling
Best Practices

• What Has Been Done?
• Check the work of others for guidance on variable relationships
• Address the findings of past research

• Variable Couples Counseling
• Even if you think a variable is not related to another, check anyways
• Pay attention to the impact one variable may have on the relationships of others

• Data Structure Incompatibility – Mathematical Theory
• Consider differences between numeric/categorical data

• Potential use of binning

• Consider limitations of mixing within-group data structures
• Nominal & Ordinal, Multi-Level & Binary/Dichotomous
• Interval & Ratio, Discrete vs Continuous

• Always review your log



Matching Your Question to a Model
OpenICPSR

COVID Isolation on Sleep and Health in Healthcare Workers
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Matching Your Question to a Model
Key Considerations

• Checking Model Assumptions – Common Assumptions
• Normality
• Homogeneity of Variance
• Homogeneity of Variance-Covariance Matrices
• Linear Relationships
• Absence of Multicollinearity
• Absence of Auto-Correlation
• Randomization
• Large Sample Size

• Model Assumption Violations 
• Can sometimes be mitigated through variable adjustment
• Fatal violations require a change in model choice
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Matching Your Question to a Model
SAS Procedures

• Normality
• Proc Univariate
• Proc Capability

• Homoscedasticity
• Proc GLM
• Proc Reg
• Proc Model
• Proc Transreg

• Homogeneity of V-C 
Matrices
• Proc Discrim
• Proc GLM
• Proc Standard

• Multicollinearity
• Proc Corr
• Proc Reg

• Autocorrelation
• Proc Reg
• Proc Autoreg

• Linear Relationship
• Proc Reg
• Proc Corr
• Proc Logistic

Note: Some tests require multiple steps across different SAS procedures
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Matching Your Question to a Model
COVID Example
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Matching Your Question to a Model
Best Practices

• More Than One Way…
• There are numerous routes to test an assumption

• Use multiple or narrow in on the most appropriate

• Do Not Hesitate to Switch Models If Needed
• Do Not Force a Model
• The High-Rollers Club

• The more complex the analysis, generally the more numerous and complex 
the assumptions

• Violations/naïve analyses can be very harmful
• Enlist help

• Null Results Are NOT Necessarily a Model Failure
• Always review your log



Evaluate Your Model
Illinois COVID Vaccination Distribution
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Evaluate Your Model
Key Considerations

• After The Model is Run – You Are Not Done!
• Check for Key Model Health Indicators

• Predictive Power
• Model Fit

• Consider/Check Data Health Indicators
• Validity
• Reliability
• Generalizability
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Evaluate Your Model
SAS Procedures

• Power
• Cox-Snell: Proc Logistic & Proc Reg
• Tjur: Proc Logistic & Proc Ttest

• Model Fit
• Pearson: Proc Logistic
• Hosmer-Lemeshow: Proc Logistic
• Stukel: Proc Logistic
• %goflogit macro
• AIC, etc: Proc Phreg, Proc Reg, & Proc Logistic
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Evaluate Your Model
COVID Example
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Evaluate Your Model
Best Practices

• More Than One Way…
• There are numerous routes to test power and model fit

• Use multiple or narrow in on the most appropriate

• Do Not Hesitate to Switch Models If Needed
• Do Not Hesitate to Restructure a Model in Poor 

Health
• Do Not Force a Model
• Null Results Are NOT Necessarily a Model Failure
• Always review your log



Conclusion
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Conclusion
Key Takeaways

• Choosing and Importing Data
• Choose/collect data that matches your question
• Consider research method basics
• Pay attention to data structure, size, and generalizability. 

• Data Exploration
• Get to know your data! How to run basic descriptive statistics with consideration to data type.

• Data Driven Modeling
• Identify predictors (IV), outcomes (DV), confounders, and covariates

• Matching Your Question to a Model
• Make sure your model assumptions fit your question and data. Every model has its own set of 

assumptions! Violation of these assumptions lead to incorrect conclusions
• Evaluate Your Model

• Check and refine your model performance through exploration of power and model fit
• If necessary, evaluate validity, reliability, and generalizability of data
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Conclusion
Best Practices

• Choosing and Importing Data
• Pay attention to where your data is coming from & know that data has limitations

• Practice good data storage basics, maintain an untouched original dataset, & document adjustments.

• Data Exploration
• Address missing data appropriately & avoid categorical data as numbers

• See the face of data & know that data is a living 3-dimensional entity

• Data Driven Modeling
• Consider data structure incompatibility & Test variable relationships

• Document and implement findings from past research

• Matching Your Question to a Model
• There are more than one way to test assumptions – use them

• Do not hesitate to switch models, do not force a model

• Consider model complexity

• Evaluate Your Model
• There is more than one way to test power and model fit – use them

• Do not hesitate to appropriately restructure a model in poor health

• Null results do not mean model failure/incompatibility.

• Always review your log
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Conclusion
Remember

• Data is everywhere and understanding data science 
is a growing necessity for navigating today’s world. 

• This journey should not be done solo. 
Interdisciplinary teams of scientists/researchers, 
statisticians, programmers, and advocates/specialists 
are needed to make the most of the information 
available to us.

• Having an understanding of the analytic process will 
help create the bridge of communication needed to 
answer the complex questions of today.
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Resources
Further Reading

• A Gentle Introduction to Statistics Using SAS Studio – book
• Introduction to Biostatistics with JMP – book
• Fundamentals of Programming in SAS – book
• Practical Data Analysis with JMP – book
• Real World Health Care Data Analysis Causal Methods and 

Implementation Using SAS – book
• Lexjansen.com – SAS Papers



Thank you!
Contact Information

d.n.schreibergregory@gmail.com




	Slide Number 1
	Back to Basics: Running an Analysis from Data to Refinement in SAS
	Data Science
	Introduction
	Introduction
	Outline
	Choosing and Importing Data
	Choosing and Importing Data
	Choosing and Importing Data
	Choosing and Importing Data
	Choosing and Importing Data
	Data Exploration
	Data Exploration
	Data Exploration
	Data Exploration
	Data Exploration
	Data Driven Modeling
	Data Driven Modeling
	Data Driven Modeling
	Data Driven Modeling
	Data Driven Modeling
	Matching Your Question to a Model
	Matching Your Question to a Model
	Matching Your Question to a Model
	Matching Your Question to a Model
	Matching Your Question to a Model
	Evaluate Your Model
	Evaluate Your Model
	Evaluate Your Model
	Evaluate Your Model
	Evaluate Your Model
	Conclusion
	Conclusion
	Conclusion
	Conclusion
	Resources
	Thank you!
	Slide Number 38

