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Listen	Carefully	and	Ask	Ques4ons:																							
What	exactly	are	your	requirements?	
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Five	Habits	of	Highly	Effec4ve	SAS	Programmers	

1)	Programming	/	QC	
Standards	

2)	Communica4on	/	
Organiza4on	/	
Documenta4on	

3)	Master	the	Basics	/	
Con4nuous	Learning	

4)	Passion	for	
Excellence	/	

‘Outsource’	Mentality	

5)	Best	
Prac4ces	



1)	Programming	/	QC	Standards:	
What	makes	a	good	novel/SAS	program?	

	
Good	Novel	

	
Good	SAS	Program	

Complete	Introduc/on	 Program	Header	

Chapters	make	it	easier	to	understand	 Program	Sec/ons	

Paragraphs	provide	the	details	 SAS	Procedures	

Storyline	makes	sense	from	one	event	to	next	event	 Logical	Flow		

Conclusion/Summary	gives	us	closure	 Validated	Dataset/Report	
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The	Power	of	Data	Step	Programming	

See more SAS Mind Maps at SASSavvy.com 



Master	the	Top	Four	SAS	Procedures																	
with	common	op4ons	

	

Proc	
SQL*	

Proc	
Freq	/	
Means	

Proc	
Report	

Proc	
Tabulate	

*	Because	Proc	SQL	may	generate	incorrect	results	without	any	warnings,	cau/on	
should	be	used	when	wri/ng	complex,	mul/-tasking	Proc	SQL	code.	

SAS	Graph	
Procedures	

Sta4s4cal	
SAS	

Procedures	
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Hidden	SAS	Gem:		
What	is	PROC	TABULATE??	

Proc	Print	 Proc	Freq	

Proc	Means	 Proc	
Summary	

Proc	Tabulate	
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proc	tabulate	data=class	order=data	missing	format=5.1;		
	
class	sex/preloadfmt;	var	sex_cnt	age	height	weight;		
	
keylabel	N='N'	PCTN='%'	COLPCTN='%'	MEAN='Mean'	
MEDIAN='Median'	MIN='Min'	MAX='Max'	STD='Std'	
Q1='Q1'	Q3='Q3'	ALL='Subtotal';		
	
tables	(	sex	),	sex_cnt*(n	colpctsum)/	rts=75	printmiss	
misstext='0';		
	
*	For	variable	with	unique	values	that	create	mul/ple	
columns;		
*	tables	(	sex	),	(&colvar*sex_cnt)*(n	colpctsum)/	rts=75	
printmiss	misstext='0';		
	
run;	

Proc	Tabulate	is	great	to	QC	most	any	
table	Combine	both	con4nuous	and	categorical	results	in	one	table	
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SAS	Tip:	Remove	duplicate	records,	keep	
non-missing	numeric	values	and	rename	

variables		
Address	Issues 	 	 	 	 	 		
*	1	–	Process	a	dataset	without	hard	coding	10	numeric	variables	that	contain	
summary	results;	
*	2	–	Remove	duplicate	records	that	are	not	possible	with	PROC	SORT	with	
NODUPKEY	op/on;	
*	3	–	Keep	non-missing	values	from	each	variable;	
*	4	–	Keep	dataset	with	the	original	variable	names	without	hard	coding	
variable	names;	
	
Three	Step	Process	 	 	 	 	 		
*	1	-	Get	non-missing	data	using	PROC	MEANS;	
*	2	-	Save	as	macro	variables	using	PROC	SQL	-	original	and	means	names;	
*	3	-	Rename	variables	back	to	original	variable	names	using	macros	and	do-
loop;	
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SAS	Tip:	Remove	duplicate	records,	keep	
non-missing	numeric	values	and	rename	

variables		*	1	-	Get	non-missing	data	and	use	same	variable	name_MAX	and	posi4on	nota4on;	
	
proc	means	data=adbmk7	nway	noprint;	
	class	usubjid	paramcd;	
	var	basedt	--	brtd0;	
	output	out=adbmk8	(drop=	_type_	_freq_)	max=/autoname;	
run;	
	
*	2	-	Save	as	macro	variables	-	original	and	means	names	from	metadata;	
	
proc	sql;	
	select	unique	name	into:	onamlst	separated	by	'.'	from	sashelp.vcolumn			
		where	libname='WORK'	and	memname='ADBMK7'	and	name	^in	('USUBJID'	
'PARAMCD');	
	select	unique	name	into:	mnamlst	separated	by	'.'	from	sashelp.vcolumn		
		where	libname='WORK'	and	memname='ADBMK8'	and	name	^in	('USUBJID'	
'PARAMCD');	
quit;	
%put	&onamlst	&mnamlst;	
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SAS	Tip:	Remove	duplicate	records,	keep	
non-missing	numeric	values	and	rename	

variables		
*	3	-	Rename	variables	back	to	original	variables	names	with	macro	do-loop	and	
scan	func4on;	
	
%let	rnval=1;	
	
%macro	rnvar;	
	data	nci_adam.adbmks;	
		set	adbmk8;	
	
		%do	%while(%length(%scan(&onamlst,	&rnval,	%str('.')))	>	0);	
				rename	%scan(&mnamlst,	&rnval,	%str('.'))	=	%scan(&onamlst,	&rnval,		%str('.'));	
				%let	rnval	=	%eval(&rnval	+	1);	
		%end;	
	
run;	
%mend	rnvar;	
%rnvar;	
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Applying	ODS	Styles	and	Templates	



		
A	World	without	SAS	Macros	(&,	%)		

	

What	You	can	Expect	Without	SAS	Macros:	
ü No	order	to	get	common	tasks	completed	
ü No	control	over	the	/me	to	deliver	
ü No	assurance	of	the	quality	of	work	
ü No	one	in	control	to	correct	issues	or	
errors	

ü No	method	to	diagnose	issues	or	errors	
ü No	method	to	grow	or	build	on	knowledge	
ü Loss	of	client	confidence	
ü Loss	of	business	



16 

Anatomy	of	SAS	Macros:	Three	Coding	Sec4ons	
U
se
r	I
np

ut
	

Define	Input	
Parameters	
with	Defaults		
–	Use	global	
macro	variables	
and	system	
func/ons	 M

ac
ro
	P
ur
po

se
	

Data	Process	
within	Macro	
Loop	
-	Use	metadata	
and	collect	or	
report	findings	

Er
ro
r	M

es
sa
ge
s	 Defensive	

Programming	
of	Input	
Parameters	and	
Data	Processing	
-	Display	user	
message	or	
abort	if	invalid	
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Example	of	SAS	Macro	with	Four	Nested	Loops	

Core	SAS	Processing	Steps	

4. Analysis Variable (height, weight) 

3. Subset Population (SAF, ITT) 

2. By Variable (Gender, Age Groups ) 

1. Stratification Group (Dose 1, Dose 2) 

Alterna4ve	is	to	hard	code	and	maintain	16	combina4ons	of	exploratory	analysis	
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SAS	Programmers	can	be	clever	with	Macros	



2)	Communica4on	/	Organiza4on	/	
Documenta4on:	Beber	Project	Management	

	1. Technical training with hands-on activities for on-boarding and 
monthly, engage team to present code reviews  
2. Mentor program to guide and answer questions 
3. IT support to address any system related issues 
4. Resource Planning and Management 
5. Communicate weekly conference calls 
6. Central project tracking sheet and issues log for better project 
management 
7. Follow and maintain process flow charts and task steps including - 
SDTM and ADaM specifications, create/qc SDTM, ADaM and TFLs 
8. CC on all emails with client 



3)	Master	the	Basics	/	Con4nuous	Learning:	
Cer4fica4on	Career	Paths	

Find	the	Cer4fica4on	that	fits	
Your	Needs	and	Goals	
ü  Base	Cer/fica/on	
ü  Advanced	Cer/fica/on	
ü  Clinical	Trials	Programmer	

Cer/fica/on	

ü  Enroll	in	an	online	class	
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DATA	Step	vs.	PROC	SQL	Camps	
	

DATA Step Die-Hards PROC SQL Die-Hards 

Happy Camper – Use 
the best of both worlds 

Factors: First learned in 
SAS, First encounter of 
flexibility, First frustration 
of complexity 



SAS	Display	Manager	World	 SAS	Enterprise	Guide	World	
Technical	 Non-Technical,	Technical	

DATA	Step	Programming,	Requires	More	
Time	for	Programming		

Same	DATA	Step	Programming,	
Requires	Less	Time	using	up	to	90	Tasks	

One	Dataset/Program/Output	File						per	
window	

Cross	Reference/Query	Mul4ple	
Intermediate	Datasets/Programs/		

Output	Files	

Open	Programmer’s	working	
environment	

(Interac/ve	–	DATA	Step	Debugger)	

Controlled	Analyst’s	working	
environment		

(Defaults,	Batch	Processing)	

Non-Visual	Programming	 Visual	Process	Flow	
22 

SAS	Enterprise	Guide	



What	If	SAS	EG	Could?	
•  Help	with	querying	and	valida/ng?																					Query	
explora/on	and	management	

•  Help	with	documenta/on?																																				More	
portable	package	format	(Notes,	SAS	Program,	List,	
Log	and	Output	file)	

•  Enforce	standards	and	automa/on?	
				Fully	compa/ble	with	SAS	macros	and	menus	
•  	Help	with	prototyping	table	layouts	and	performing	
complex	sta/s/cal	analysis?																																			Yes	
with	feature	to	create	custom	tasks	

23 



SAS	Programming:	Leaving	a	Trail	to	Follow	
	

From	Raw	to	Final	Dataset	
ü  Keep	intermediate	datasets	to	

leave	a	trail	of	progress	
instead	of	upda/ng	the	same	
temporary	dataset.		This	
makes	it	easier	to	diagnose	
issues	and	errors.	

ü  Use	a	system	with	lerers	and	
numbers	to	name	
intermediate	datasets	to	
berer	maintain	SAS	program.		

ü  SAS	Enterprise	Guide	makes	it	
easy	to	track	and	document	
progress.		
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Understanding	Differences	between	Where	vs.	If	
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Understanding Differences between PUT/INPUT 



Do	you	believe	in	magic??	
ü Using GPS to travel the shortest 

distance 
ü Cooking with recipes  
ü Using To-Do Lists 
ü Using calculators 
ü Getting organized with Excel 

files 
ü Extreme Multi-tasking with Proc 

SQL to save steps 

Copyright	(C)	2013,	Sunil	Gupta	

ü Add group descriptive statistics without changing the 
original dataset structure (record sort, variable order) 
or content 

ü  Ideal for calculations such as change from group 
mean baseline     



What	is	Group	Descrip4ve	Sta4s4cs?	
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Count of 
females 

 
 
 

Count of 
males 

How	would	you	create	sexn	variable?	How	many	steps	would	it	take?		
What	if	you	wanted	to	add	min	and	max	of	Weight	by	Sex?	
At	least	three	steps	–	1)	Output	dataset	from	Proc	Freq,	2)	Proc	Sort	both	
datasets	and	3)	Data	step	merge	by	sex.	



Proc	SQL	Subquery	Linked	by	Group	Variable	
	

proc	sql;			create	table	class2	as	
			select		a.*,																																																				
			b.sexn																																																
			from	sashelp.class	as	a	
			les	join																																																							
			(select																																																								
				sex,																																																										
				count(sex)	as	sexn																																		
				from	sashelp.class		where	sex	>	'	'	
				group	by	sex	
				)	as	b	on		
			a.sex=b.sex;																																															
quit;	
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1.	Select		all	master	variables	

2.	Include	the	new	group	descrip4ve	sta4s4cs	
variable	

3.	Apply	LEFT	JOIN	to	keep	all	master	records	

4.	Create	internal	dataset	using	subquery	

5.	Select	or	create	grouping	variable	

6.	Apply	one	or	more	summary	func4ons	

7.	Link	internal	dataset	by	grouping	variable	

Save	two	steps!	
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4)	Passion	for	Excellence:	Stay	Informed	of	SAS	
Tips	
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Take	Advantage	of	SAS	Ins4tute	Resources	
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SASSavvy.com’s recent publications 



33 

SAS	Procedures	
		(Proc	SQL,	etc.)	

Data	Step	and	SAS	
Macro	Programming	

Advanced	Tools							
(SAS	Index,	System	

Op4ons,	etc.)	

Advanced	Technology							
(SAS	9.3)	

Advanced	SAS	Skills	

5)	Best	Prac4ces:	Return	of	the	SAS	Jedi	Master	
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Create	My	SAS	Func4on	–		
Func4on	Compiler	(FCMP)	Procedure	
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ODS	Sta4s4cal	Graphics	-	PROC	SGPLOT	
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Anatomy	of	a	SAS	Program	

SAS	
Programmers	
are	osen	less	
produc/ve	
because	of	
their	limited	
exper/se	in	

SAS	
debugging	

skills.	
	

Just	like	cats,	
SAS	programs	
do	have	nine	

lives.	
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Anatomy	of	a	Table	Shell:	Demographics	
Summary	Table	–	Four	Construc4on	Factors		

� � 

� 

� 
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Anatomy	of	a	Table	Shell:	Sugges4ons	for	
Macro	Program	–	Four	Construc4on	Factors		

�	Which	popula4on	or	subset?	Ex.	Efficacy,	Safety.	Create		
a	macro	parameter	to	specify	popula/on.	(required)		

�	Which	addi4onal	subset	or	By	variable	if	any?	Ex.	Age	Group:	
10	to	40	years.	Create	a	macro	parameter	to	specify	addi/onal	
subset.	(op/onal)		

�	Which	treatment	groups	or	total	column	and	in	what	
column	order?	Ex.	Ac/ve,	Placebo.	Create	a	macro	parameter	
to	specify	treatment	groups	and	in	what	column	order.	
(required)	

�	Which	analysis	variables	and	in	what	order?	Ex.	Sex,	Race,	
Age.	Create	a	system	to	build	the	results	and	p-values	for	each	
analysis	variables	and	in	the	correct	order.	(required)	
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Three	Components	when	valida4ng	Data	Sets	

Data Structure Vertical/
Horizontal, Sort Order of 

variables and records 

Variable Attributes 
Name, Type, Label, Length, 

Format 

Clinical Data Values 
Key variables, Dates, Primary 

and Secondary endpoints 
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Seven	Habits	of	Highly	Effec4ve	People	
SAS	Programmers	should	remember	to	also	apply	these	
Seven	Habits:	
ü  HABIT	1:	BE	PROACTIVE	

ü  Plan	and	schedule	SAS	programming	and	resources	
ü  HABIT	2:	BEGIN	WITH	THE	END	IN	MIND	

ü  Create	complete	dataset/table	specifica/ons	
ü  HABIT	3:	PUT	FIRST	THINGS	FIRST	

ü  Apply	onboarding	training	and	high	expecta/ons	
ü  HABIT	4:	THINK	WIN-WIN	

ü  Create	an	environment	of	trust	and	teamwork	
ü  HABIT	5:	SEEK	FIRST	TO	UNDERSTAND,	THEN	TO	BE	

UNDERSTOOD	
ü  Listen,	listen	and	listen	to	your	clients	

ü  HABIT	6:	SYNERGIZE	
ü  Discuss	with	client	and	team	ways	to	improve	

service	
ü  HABIT	7:	SHARPEN	THE	SAW	

ü  Allocate	/me	to	review	issues	or	lessons	learned	
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EffecIveness	is	doing	the	right	things.		Follow	
and	update	SOPs	with	standard	processes.	

	
Efficiency	is	concerned	with	doing	things	right.		
Follow	all	steps	and	don’t	take	shortcuts.	

	
	
	
	
	

SAS	Programmers	need	to	be	both		
Effec4ve	and	Efficient!	
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SAS	Career:	Management	Track	
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