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Complete Beginner-to-Professional Guide. Nothing has been shortened, simplified or
reformatted for the preview: the pages that follow are exactly as they appear in the full
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Chapter 60
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Chapter 107
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The complete edition 14 phases · 119 chapters · 383 pages · fictional training data
throughout, with no real trial, patient or sponsor data.
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How This Book Is Designed

This book is designed to teach Clinical SAS programming as a programming discipline,
not as a collection of memorized commands. The reader is expected to progress from
first principles to practical professional problem solving.

All examples in this manuscript use fictional training data created solely for learning. No
real clinical trial, patient, sponsor, study, or submission dataset is used. The word
“clinical” describes the programming context and the kinds of data problems a reader
may encounter in a clinical environment; it does not mean that the examples represent
an actual trial.

Recommended Learning Method

– Read the explanation before copying the code.

– Type the code yourself and predict the output before running it.

– Read the SAS log after every meaningful program.

– Change one thing at a time and observe what changes.

– Complete the practice problems before looking at a solution.

– Build a small personal library of patterns you understand rather than a large collection
of code you cannot explain.
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PHASE 1
SAS Foundations and Core DATA Step Programming

Professional, beginner-friendly instruction with fictional examples

Phase 1 Contents

Section Title

Chapter 1 What Is SAS and Why Does It Matter?

Chapter 2 Your First SAS Program

Chapter 3 Understanding SAS Datasets, Variables and Observations

Chapter 4 The DATA Step and How SAS Processes Data

Chapter 5 Creating Data with DATALINES and Assignments

Chapter 6 Variable Attributes: LENGTH, FORMAT, INFORMAT and LABEL

Chapter 7 Operators, Expressions and Conditional Logic
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C H A P T E R

1
What Is SAS and Why Does It Matter?

Learning goals

● Understand SAS as a programming language and software environment.

● Recognize the two major building blocks of a SAS program: DATA steps and
PROC steps.

● Understand where SAS fits in a data-processing workflow.

● Develop the right mental model before learning syntax.

1.1 SAS in simple words
SAS is a software platform used to access, transform, analyze and report on data. For a
programmer, the most important part is the SAS programming language: a language that
lets you tell SAS how data should be read, changed, checked, summarized and written.

A useful beginner mental model is: SAS takes data in, applies rules that you write, and
produces a new dataset, report, log message, or file. The programming language gives
you the instructions.

1.2 Why SAS is widely used in clinical environments
Clinical organizations work with structured datasets, repeated data checks, standard
transformations, derived variables, summaries, and controlled production programs. SAS
is well suited to these tasks because it combines a strong data-manipulation language
with procedures for analysis, reporting and validation.
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Important distinction: Being a Clinical SAS Programmer does not mean that every
SAS program is about SDTM, ADaM or tables. Strong programming fundamentals
come first. The rest of a clinical SAS career is built on those fundamentals.

1.3 SAS is not the same thing as a SAS dataset

Term Meaning Simple analogy

SAS
software

The environment that executes SAS programs. The kitchen.

SAS
language

The programming language used to give SAS
instructions.

The recipe.

SAS
dataset

A structured data object stored and read by SAS. The ingredients in
an organized
container.

SAS library A location that contains SAS datasets and other
members.

A cupboard or
folder.

1.4 The two program building blocks
Most traditional SAS programs are built from two types of steps:

Step Primary job Example purpose

DATA
step

Create or transform data. Read a dataset, derive a variable, filter
observations.

PROC
step

Ask SAS to perform a defined
procedure.

Sort data, print data, calculate frequencies,
compare datasets.

data adults;
    set people;
    if age >= 18;
run;
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proc print data=adults;
run;

The DATA step creates the new dataset. PROC PRINT displays it. This distinction will
become one of the most important habits in your SAS programming thinking.

1.5 What a beginner should focus on first
– How SAS reads observations.

– How variables are created and changed.

– How conditions control which observations are written.

– How datasets are stored and referenced.

– How to read the log and identify errors.

Practice check

1 In your own words, explain the difference between the DATA step and the PROC
step.

2 Give two examples of tasks that belong naturally in a DATA step.

3 Why is it risky to start learning SAS by memorizing dozens of PROC statements
without understanding datasets and DATA step processing?
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C H A P T E R

2
Your First SAS Program

Learning goals

● Understand SAS statement structure.

● Write comments.

● Create a small dataset.

● Read a simple SAS log.

● Display data using PROC PRINT.

2.1 The semicolon matters
SAS statements normally end with a semicolon. A missing semicolon is one of the most
common beginner errors.

data students;
    name = "Asha";
    age = 21;
run;

Beginner habit: When a SAS program behaves unexpectedly, check semicolons first,
then read the log from the first ERROR or WARNING downward. Do not start by fixing
the last line mentioned in the log.

2.2 Comments
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/* This is a block comment. */

data example;
    /* Create a numeric variable. */
    age = 21;
run;

Comments are not executed as program instructions. Use them to explain intent,
assumptions and non-obvious logic—not to restate every obvious line.

2.3 Creating and displaying a dataset

data students;
    name = "Asha";
    age = 21;
    course = "Computer Science";
run;

proc print data=students;
run;

There is an important surprise here: this creates only one observation. Later, when we
discuss the DATA step execution loop, you will understand why.

2.4 Reading the log

Log
message

What it usually means

NOTE Informational message. It is not automatically a problem.

WARNING SAS is telling you something may require attention.

ERROR The program could not complete an instruction as intended.

A professional SAS programmer develops the habit of reading the log even when the
program appears to have produced output. A program can complete and still contain
warnings or incorrect logic.
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Practice check

4 Write a DATA step that creates one observation containing your own fictional
name, age and city.

5 Add a comment explaining what the DATA step is creating.

6 Display the dataset with PROC PRINT.
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C H A P T E R

4
The DATA Step and How SAS Processes
Data

This chapter introduces the mental model that separates beginner SAS programmers
from confident SAS programmers.

4.1 The DATA step has a processing cycle
When SAS runs a DATA step, it generally goes through a compile phase and an execution
phase. During execution, SAS processes observations repeatedly, using the Program
Data Vector (PDV) as a working area.

4.2 The Program Data Vector (PDV)
The PDV is an internal area SAS uses during DATA step execution. It holds the variables
for the current observation and certain automatic variables. You do not normally “open”
the PDV; you learn it because it explains why statements such as SET, RETAIN, BY-group
processing and automatic variables behave as they do.

Concept Beginner interpretation

Compile SAS reads the program structure and determines what it needs to execute.

Execution SAS carries out the instructions observation by observation.

PDV The working area for the current observation.
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Concept Beginner interpretation

Output The observation written to the target dataset when SAS reaches the output
point.

4.3 The DATA step loop

data example;
    x = 10;
    y = x * 2;
run;

A common beginner question is: “Why does this create only one row?” The answer is
that, in the absence of an input source that causes repeated iterations or an explicit loop,
SAS reaches the end of the DATA step after one execution and writes one observation.

4.4 Reading a dataset with SET

data adults;
    set people;
    if age >= 18;
run;

The SET statement reads one observation from PEOPLE into the current PDV for each
iteration. The IF statement then decides whether that observation is written to ADULTS.

4.5 Automatic variables

Variable Meaning

_N_ The number of times the DATA step has iterated.

_ERROR_ A flag SAS uses to indicate that an error has occurred during processing of
the current observation.
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data debug_demo;
    set people;
    iteration = _N_;
run;

The newly created ITERATION variable will show the iteration number, which is often
useful while learning and debugging.

Practice check

7 Why does a DATA step that only contains variable assignments usually create
one observation?

8 What role does the SET statement play?

9 What is the difference between _N_ and an ordinary variable you create
yourself?
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PHASE 8
PROC SQL for SAS Programmers

Chapters 60–68 • Querying, deriving, aggregating, joining, subqueries, set operators
and data modification
Teaching approach: Learning upgrade: every major topic includes a basic example, a
technical example, output interpretation, common failure modes, and a harder
exercise.

Phase 8 Contents
Chapter Title

60 PROC SQL Fundamentals and Query Structure

61 SELECT, WHERE, Expressions and CASE WHEN

62 GROUP BY, Aggregate Functions and HAVING

63 Joins: INNER, LEFT, RIGHT, FULL and Cartesian Joins

64 Advanced Joins and Duplicate-Key Troubleshooting

65 Set Operators: UNION, UNION ALL, INTERSECT, EXCEPT and OUTER UNION

66 Subqueries, EXISTS and Correlated Logic

67 Creating, Updating, Deleting and Indexing Tables

68 PROC SQL vs DATA Step + Professional SQL Patterns
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C H A P T E R

60
PROC SQL Fundamentals and Query
Structure

PROC SQL lets a SAS programmer describe a data problem in relational terms: which
columns are needed, which rows qualify, how tables relate, and how groups should be
summarized. PROC SQL can read SAS tables, create SAS tables, join multiple tables,
calculate derived columns, summarize data, and modify tables.

60.1 The basic SELECT pattern

proc sql;
    select subject_id, visit, score
    from work.scores;
quit;

The SELECT list controls columns in the result. FROM identifies the source table. PROC
SQL ends with QUIT; a semicolon terminates each SQL statement.

60.2 Clause order

Clause Purpose Typical question

SELECT Choose output columns or
expressions

What do I want to see?

FROM Identify source table(s) Where does the data come from?

WHERE Filter individual rows Which rows qualify?



CLINICAL SAS PROGRAMMING PHASE 8

200

Clause Purpose Typical question

GROUP BY Create groups for summary
calculations

What population should be
summarized together?

HAVING Filter groups after aggregation Which groups meet the summary
condition?

ORDER BY Sort final output How should the result be displayed?

Rule: The clauses appear in the SQL statement in this logical sequence. Do not place
ORDER BY before WHERE or HAVING. SAS documentation specifies the same clause
order for SELECT statements.

60.3 DISTINCT

proc sql;
    select distinct region
    from work.customers
    order by region;
quit;

DISTINCT removes duplicate result rows based on all selected columns, not just one
column unless that is the only selected column.

60.4 Technical example — profiling a dataset

proc sql;
    select count(*) as row_count,
           count(subject_id) as nonmissing_subjects,
           count(distinct subject_id) as unique_subjects,
           min(score) as min_score,
           max(score) as max_score,
           mean(score) as mean_score format=8.2
    from work.scores;
quit;
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This compact query is useful early in a data review. It tells you the row count,
nonmissing identifier count, distinct identifier count and basic numeric range in one
pass. If row_count is larger than unique_subjects, repeated subject identifiers exist and
should be understood before downstream logic is written.

60.5 Querying dictionary metadata

proc sql;
    select libname, memname, name, type, length, format
    from dictionary.columns
    where libname='WORK'
      and memname='SCORES'
    order by varnum;
quit;

DICTIONARY tables are metadata views supplied by SAS. A frequent professional pattern
is to query metadata before building dynamic programs. Values in
DICTIONARY.COLUMNS are stored in uppercase for library and member names, so the
filter above uses uppercase WORK and SCORES.

60.6 Common mistakes
– Forgetting QUIT; and leaving the SQL step open in a sequence of programs.

– Using SELECT * when only a few columns are required, making the output harder to
audit.

– Assuming DISTINCT removes duplicates according to one key when multiple selected
columns differ.

– Failing to inspect row counts after a join or aggregation.



341

PHASE 13
Clinical SAS Interview Questions & Scenario-Based Coding Challenges

From interview fundamentals to professional problem solving
Chapters 107–114

Phase 13 Contents
Chapter Title

107 SAS Fundamentals Interview Questions

108 DATA Step, BY-Group and Advanced Programming Interview Questions

109 Procedures, SQL and Decision-Making Questions

110 Macro Programming Interview Questions

111 Scenario-Based Coding Interview Questions

112 Advanced and Senior-Level Interview Questions

113 Mock Technical Interviews

114 Final Coding Interview Challenge Set

Interview Answer Pattern

Step What to explain

1. Definition What the SAS feature does in plain language.

2. Why What programming problem it solves.
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Step What to explain

3. Example A small code example.

4. Output What the code produces.

5. Pitfall A common mistake or edge case.

6. Alternative Another valid approach when useful.
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107
SAS Fundamentals Interview
Questions

Q: What is the difference between a DATA step and a PROC step?

Answer: A DATA step is primarily used to create or transform SAS data sets, while a
PROC step invokes a procedure that performs a defined task such as sorting,
summarizing, reporting, or comparing data.

Q: What is the Program Data Vector (PDV)?

Answer: The PDV is the memory area SAS uses during DATA-step execution to hold
the variables for the current observation, including automatic variables such as _N_
and _ERROR_. It helps explain why values reset, why RETAIN is needed, and how
FIRST./LAST. work.

Q: What is the difference between a missing numeric and missing character value?

Answer: A numeric missing value is represented by a dot (.), while a missing character
value is represented by a blank string. Comparisons and functions can behave
differently depending on the variable type.

Q: Why is a SAS date numeric even though it displays like a date?
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Answer: SAS stores a date as the number of days relative to 01JAN1960. A FORMAT
controls how that number is displayed; it does not change the underlying stored
value.

Q: What is the difference between FORMAT and INFORMAT?

Answer: An informat tells SAS how to read external text into a value. A format tells
SAS how to display a value after it has been stored.

Q: What does _N_ represent?

Answer: _N_ counts DATA-step iterations. It is not the permanent observation
number of the final output data set, because observations can be conditionally
omitted or multiple observations can be created per iteration.

Q: When would you use PROC COMPARE?

Answer: When you need a structured comparison of two SAS data sets, including
observations, variables, values, and attributes. It is useful for validation and
regression-style checks.
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The Complete Edition

The full book takes a reader from first principles to professional problem solving across
fourteen phases. Every phase opens with its own chapter table, and every chapter
follows the same pattern: the idea, the syntax, a small worked example, the output, the
common mistakes, and a practical problem.

– Phases 1–4 — foundations, the DATA step, reading and writing data, functions, dates
and formats.

– Phases 5–7 — essential procedures, combining datasets, and advanced DATA step
programming.

– Phases 8–10 — PROC SQL, macro programming, and professional debugging and
performance work.

– Phases 11–12 — clinical-style programming and a practical problem-solving lab.

– Phases 13–14 — interview questions with scenario-based coding challenges, and a
quick-reference section.

All examples use fictional training data created for learning. The book teaches SAS
programming as a discipline; SDTM, ADaM, TFL and certification preparation are
deliberately outside its scope.

Get the full book
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