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During April 29 - May 13 a course in Statistical 
Analysis System (SAS) was given to some of the staff 
at the Central Statistical Office (CSO) in Harare. 
This course is to be seen as one of the important 
steps towards an integration of EDP and statistical 
theory at CSO. The new MVAX-2 has so far SAS installed 
as the only statistical software. Some other software 
is for the moment being used for data entry and 
validation, but it should in the future be replaced 
with designated SAS modules. 

SAS is built up from modules. Each module covers 
specific fields of data processing. The modules 
consists mainly of pre-written procedures which make 
data processing easy, also for people that have a 
limited experience in computer programming. 

There is though, a programming language within SAS, 
which is used to create datasets of information. These 
datasets are later to be used as input in the 
procedures. An important set of procedures are the 
reporting and tabulation procedures. Thus, the course 
was organized in two theory parts : 
- how to create SAS datasets from registred data 
- how to report information from the SAS datasets using 
pre-written procedures 

This is all done with the SAS Base module, which 
is one of two modules currently installed on the MVAX2. 
The other module is SAS Graph. 

Theory lessons were always immediately followed 
up by hands-on training at the VAX terminals. 
Fortunately, all of the participants were used to the 
keyboard and the operating system (VMS), which made 
all much easier. The only thing outside SAS that had 
to be learnt was the SAS Display Manager, which serves 
as a tool for on-line program developing and testing. 

As case study for the course, the Intercensal 
Demographic Survey 1987/88 was used. Some of the forms 
from the ICDS was registred resulting in around 450 
data records on individuals, 100 households, 30 
deceased and 90 women for fertility studies. As basic 
system design, the mission report by Mrs B Lagerlöf 
was taken (See reference list). 

Theory and practice were integrated during the 
hours from 9 a.m. to 12.15 p.m. Afternoons and early 
mornings were often used by the participants for 
practice. All material for the course was created in 
Harare during the mission using Lotus Freelance Plus 
for overhead slides on a HP pen plotter, WordPerfect 
for text writing and SAS for program testing. 



General comments and suggestions for the future 

There was a 100 % participation during the course 
which is remarkable. All of the students were good 
and some excellent. If the moral and skill stays that 
high after the course, there should, without any 
discussion, be a strong EDP unit after some time of 
further practice. This in turn will enable the CSO to 
process and report information gained from future 
surveys and censuses without delays. 

SAS is a powerful tool for statistical data processing. 
At the same time it sometimes seems to make life 
difficult for the VAX system. SAS is memory-demanding 
and when run in an interactive environment using the 
display manager there can be unwanted break-downs of 
the VMS system. This can be avoided if every SAS user 
shows a certain degree of responsibility and disciplin 
versus VMS. Therefore, rules should be stated and 
followed. 

There will be a need of, if possible, a continuous 
follow-up during the first year in order to keep the 
SAS know-how high and also for further penetration of 
the SAS system. There is still a lot more to be 
achieved. 

It is strongly recommended that the module SAS/FSP is 
bought and installed. This module will make it possible 
to use SAS the whole way from data entry to tabulation. 
SAS/FSP is an interactive data base handler for SAS 
datasets which can be used for data editing. It can 
also be used for designing customized data entry 
screens. A specially made screen control language 
(SCL) can be applied for crossvalidation of entry 
fields and other kinds of validation. 
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SAS DATASET 

A SAS dataset is a table or matrix 
of information, where 

- rows are observations 
- columns are variables 

A SAS dataset also contains information 
(metadata) on itself like 

- on what file it is based 
- when it was created 
- how it was created (the source code) 

etc 



1:3 

SAS DATA LIBRARY 
A SAS Data Library (SASDLIB) can contain 
information of different kind. 
The SASDLIB is administrated by SAS and 
only SAS can read and write this information. 
The same kind of information is stored in 
a catalog. 

A SAS dataset will be stored in a catalog of the 
type DATA 
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HOW TO USE A SASDLIB 
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NAMING RULES 

A variable name or a SAS dataset name 
consists of 1 to 8 letters or digits. 

Underscore __ is allowed. 

Itmust start with a letter or underscore. 

Examples: 

Right: VAR1 J d SEX 

Wrong: 2A NATIONALITY CASH® 
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THE SAS LANGUAGE 

The SAS language elements are keywords and 
statements. 
Statements are separated by 
semicolons ; 
A statement has to start with a keyword or 
a variable name. 

Examples: 

IF X=9 THEN Z=12; 
NAME='STANLEY JOHNSON'; 
Y=X**2; 

Character strings are always enclosed in single 
apostrophes. 
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SAS DATASET NAMES 

SAS starts building a new SAS dataset 
when it reads the DATA statement. 

DATA d1 ; 

This means that a dataset with the name 
d1 will be created and stored in a 
SASDLIB namedWORK. The DATA statement 
actually reads 

DATA WORK.dl; 

When giving a two-level name like i.e. 

DATA census.dl; 

the SAS dataset d1 will be stored 
permanently in the SAS Data Library census. 
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TWO IMPORTANT KEYWORDS: 
DATA AND PROC 

The keywords DATA and PROC have a 
special meaning in SAS. 

The DATA keyword tells SAS to start 
building one or more SAS datasets. 
All statements following DATA up to 
the next DATA or PROC ( or RUN ) 
keyword will together form a 
data step. 

The PROC keyword tells SAS to use 
one of the pre-written procedures 
to process just one SAS dataset. 
All statements following PROC up to 
the next DATA or PROC ( or RUN ) 
keyword will together form a 
procedure step. 
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THE FIRST SAS-PROGRAM 

DATA tells SAS to start build a permanent 
SAS dataset named house in the SAS 
Data Library censlib 

INFIŒ opens the file censdata 

INPUT specifies where and how the dataset 
vqrfahtes should be read from the infile 

® is the pointer 
jCHARw. is an informat (instruction) 
RUN ends the data step 
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THE INPUT STATEMENT 

When SAS sees the INPUT keyword SAS will act 
as follows: 

- One record from the infile is fetched and 
put into a buffer 

- SAS reads values into variables given in the 
statement 

- SAS uses the pointer © to find the starting 
position for the value 

- The values are read according to the 
informat (instruction) given 

Note: Every INPUT reads a new record. 
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VARIABLE ATTRIBUTES 

A variable in SAS has 6 attributes 

- name the name of the variable 
- type character or numeric (C or N) 
- label replaces the variable name in printouts 
- length the number of bytes used for 

storing the variable's values in memory 
- informat h o w t h e j n p u t d a t a a r e t o b e r e a d 

__ from u. a flat file 
- format h o w ^ e v a r i a b | e » s values are to 

be written 

Attributes given in a data step will belong to 
the metadata of the SAS dataset and the 
variable 
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LENGTH 
SAS automatically assigns 8 bytes for storing a numeric 
variable. 

Character variables are assigned 
- the number of bytes given in the w parameter 

when the $CHARw. informat is used in an 
INPUT statement 

- 8 bytes if the character variable is < 8 characters 
and to the left in an assignment statement 

- the number of characters of the variable value 
in an assignment statement if it is more than 
8 characters 
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LABEL 
A label will replace the variable name 
in tables and reports 

A label is given in a LABEL statement 

Example: 
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FORMAT 
A format will replace the variable value 
in tables and reports 

A format is given in a FORMAT statement 

Suppose there is an instruction already 
defined which translates the numeric 
values 1,2 for the variable sex into the 
labels 'Male'/Female' 

This instruction is then a format 
A format needs a name 
Let us call this format SEXF (or any 
valid SAS name) 

Example: 



1:15 

TITLES, FOOTNOTES AND OPTIONS 

There can be up to and including 10 title 
lines and 10 footnote lines specified 

Titles and footnotes are in effect until 
next title or footnote statement with the 
same number 

System options are used to supervise the 
SAS program 

TITLE, FOOTNOTE and OPTIONS statements 
can be put anywhere in a SAS program. 
They do not belong to data- or procedure 
steps! 
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SET 
The SET statement is used when 
creating a new SAS dataset from 
an existing SAS dataset 

OUTPUT 
When SAS reads the OUTPUT 
statement, SAS will add an 
observation to the specified dataset. 
All current values for the obser
vation are taken. 
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SUBSETTING IF 

The subsetting IP statement is used to 
select certain observations from a SAS 
dataset 

IF - THEN - ELSE 
Syntax: IF condition THEN statement ; 

ELSE statement ; 

DELETE 
Has inversely the same effect as the 
subsetting IF statement 
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MISSING VALUES 
Before executing the data step, the 
values of all defined variables are 
set to missing, meaning 

for numeric variables (period) 
' ' for character variables (blank) 

The variables will get their values 
during the execution of the data step. 
When all statements in the datastep 
are executed, the observation is added 
to the data set. 
Variables that by then have not received 
a value will retain the missing value. 



1:19 

MISSING VALUES (cont.) 

There are two exceptions where the 
variable values are not set to missing 
namely 

- the sum statement 
- the RETAIN statement 

Example: 
The infile MISSDATA contains 9 records, 
each with just one variable, X 
The values are: 1,2,3, ,5,6, ,8,9 
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SAS DATA SET OPTIONS 

KEEP = list of variables 
DROP = list of variables 
FIRSTOBS = n start at obs no. n 
OBS = n stop at obs no. n 
RENAME = (oldname=newname ....) 
READ = password read protecting 
WRITE = password write protecting 
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DO - END 
Syntax: DO; 

GOTO 
Syntax: GOTO label; 

Example: 
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DO - TO - BY 
Syntax: 

DO indexvariable=start TO 
stop BY increment; 

Example: 

DO - UNTIL 
Syntax: 
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PROCEDURES 
All procedures in the SAS system follow 
a specific pattern in the manuals 

Abstract what the procedure is used for 

Introduction brief description 
Specifications 

PROC-statement no. 1 ; 
PROC-statement no. 2 ; 

» 

PROC-statement no. n ; 

Details, examples, in which the procedure 
Examples is applied 

References theoretical background 
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SORTING A SAS DATASET 

Syntax: 

PROC SORT options ; 
BY option variable option variable ...; 

Options in the PROC statement : 

DATA - SAS dataset 
OUT = SAS dataset 
NODUPLICATES 

Option in the BY statement 

DESCENDING 

Example: 
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LISTING OF A SAS DATA SET 

PROC PRINT options ; 
VAR variables ; 
ID variables ; 
BY variables ; 
PAGEBY byvariable ; 
SUM variables ; 
SUMBY byvariable; 

Options in the PROC statement can be: 
DATA = SAS dataset 
N the number of obs will be printed 
UNIFORM all pages have the same layout 
DOUBLE double-spaced output 
LABEL variante labels are used as headings 
SPLIT gives a split-character for labels 

Example: 
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FREQUENCY TABLES 

Syntax: 

Options in the PROC statement : 

Options in the TABLES statement : 
MISSING if missing values are inclu 
LIST list output requested 
OUT = SAS dataset 
NOPERCENT no cell percentages 
NOCOL no column percentage 
NOROW no row percentages 
NOPRINT no printout wanted 

Table requests like 

Example: 
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USER DEFINED FORMATS 
Syntax: 

Options in the PROC statement : 

Range can be: 
- a list of values 
- a range of values 
- lists of ranges and values 

Labels should always be enclosed in 
single quotes 
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USER DEFINED FORMATS (cont.) 

Example: 
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BY 
The BY statement gives access to two 
important variables : 

FIRST, byvariable 
LASL byvariable 

They are to be considered as Boolean 
variables and can either be 0 or 1 

When the byvariable changes its value 
FIRST, byvariable = 1 

If the observation is the last one 
with the current byvariable value, then 

LAST.byvariable = 0 

Example: 
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MERGE 
The MERGE statement is used for joining 
observations from two or more SAS—datasets 
into single observations in a new dataset 

Syntax: 

MERGE is almost exclusively used together 
with a BY statement 
This in turn means that the merging SAS datasets 
must be sorted on the BY variable 
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MERGE (cont .) 
Suppose there is a SAS dataset containing the variables 
HID and PID ; the dataset name is D1 : 

It is, as can be seen, sorted 
on HID. Now the procedure 
FREQ can be use to calculate 
the household size : 

The variable COUNT in f1 
will contain the hh size 

Next thing is to merge : 
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LIBRARY HANDLING 

Syntax: 

PROC DATASETS NOFS LIBRARY- libref; 
DELETE SAS dataset ( -s ) ; 
SAVE SAS dataset ( -s ) ; 
CHANGE oldname=newname ; 
MODIFY SAS dataset ; 

FORMAT variable format, variable format. ... ; 
LABEL variable=label variable=label ... ; 
RENAME variable=newname variable=newname ...; 

NOFS means no—full-screen editing 
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WRITING FILES 

_NULL_ no dataset to be created 
FILE opens a file for writing 
PUT actually writes to the file 
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WRITING FILES (cont .) 

FILE PRINT opens a print file 
HEADER gives a name to a label 
_PAGE_ new page 

/ new line 
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Intercensal Demographic Survey 1987/SS 
Round One. August I987 
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2.1 OBJECT SYSTEM, OBJECT GRAPH 

3 
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4.1 

Record description for HOUSEHOLD - including derived variables 

4 
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Record description for PERSON - excluding derived variables 

4.1 

Record description for PERSON - excluding derived variables 

5 



2:7 

4.1 

Record description for WOMEN >= 12 YEARS 

6 
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Record description for DECEASED - excluding derived variables 

7 
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2.2 VARIABLE DESCRIPTION 

8 
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2.2 VARIABLE DESCRIPTION 

OBJECT GROUP: PERSON 1(2) 

9 
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OBJECT GROUP: WOMAN >= 12 years 1(2) 

10 
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2.2 VARIABLE DESCRIPTION 

OBJECT GROUP: WOMAN >= 12 years 2(2) 

11 
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2.2 VARIABLE DESCRIPTION 

OBJECT GROUP: DECEASED 

12 
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3.2 SYSTEMS FLOW 

/3 
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2.4 INFORMATION NEEDS 

14 
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2.4 INFORMATION NEEDS 

2.00 Household characteristics. 

15 
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Using the SAS Display Manager System and Full-Screen Procedures 01 

Color and Highlighting Commands 

Çppr ify color and highlight codes (qoo Table 7.5) in (ho fol lowing commands to 
set and change color and highlighting: 

CBANNFR |CBA cofor [highlight] 
changes color or highlighting of the screen border, line numbers (if 
any), and screen description of the active screen. This command is 
used with display manager, but not ful lscreen procedures. 

Cf'ROT color [highlight] 
changes color or highlighting of the protected fields of the active 
screen. In display manager this command affects the text area of the 
SAS log and SAS output screens. CPROI can also be used with full
screen procedures. 

CSOURCr |CS() <o/or [highlight] 
changes the color or highlighting for SAS source lines on the SAS log 
screen. This command is not used in full-screen procedures. 

CUNPROf | C U N co/or [highlight] 
changes the color or highlighting for unprotected fields on full-screen 
procedure and display manager screens. 

Changes made with color arid highlighting commands are also saved, but these 
changes do not override color and highlighting changes made with the ESC key. 

KEYBOARD LAYOUTS FOR SUPPORTED TERMINALS 

This section contains a figure for each terminal on which the use of full-screen 
products is supported. Fach figure shows the position of function keys and editing 
keys on the terminal keyboard. 

In the figure for your terminal each editing key is labeled wi th the editing com
mand that it is defined to execute. (Refer to EDITING KEYS earlier in this chapter 
for a list of editing commands.) Function keys are labeled Fn where n is the func
tion key number. Be aware that the actual key on your keyboard may contain 
a different label. 

Figure 7.1 Keyboard Layout Representing Digital VT220, VT240, and VT241 



3:3 

Using the SAS Display Manager System and Full Screen Procedures 87 

Note that function keys may he defined to execute different commands from 
different screens. Cuter the KLYS command to see the list of current function key 
definitions for the active screen. When the «FYS command executes, the active 
screen clears and the function key definit ion screen displays a column of function 
kev numbers and a column of commands Screen 7 4 shows a portion of the fwnc-

t i l t f s E l » . " . Ca'.t. si: . l lrUUUI.j' i , ï j r - j i . 

Screen 7.4 indicates that i 4 issues the t u b command dol ing HKOC i b i b i i 
execution, so to exit from the function key definit ion screen, you press F3. Press 
F8 to scroll forward and view the remainder of the function key definit ion screen. 

The SAS System allows twenty-four function key definitions; however, the 
number of function keys that you can define is determined by your terminal. 
Many terminals have twelve or fewer function keys. If a function key is not 
defined to issue a command, you must either define a key to issue the command 
or type the command on the command line and press F.NTfcR. 

Many function keys are predefined at the Institute. Table 7.4 shows the prede
fined (or default) sellings provided by the Institute for the display manager pri
mary screens. 

Table 7.4 Default Function Key Definitions for Display Manager 

You can define or redefine function keys to execute any valid command for 
a particular screen. For display manager's program editor screen, you can also 
define function keys to execute line commands. 



3:4 84 Chapter 7 

("or ( onvenient referpncp. Table 7.3 provides a list of available line commands, 
grouped by function. these lino commands atp defined in the "SAS Display Man
ager" chapter in the 5 M User's (.unfa: Has/Vs and the "SAS Display Manager-
appendix in SAS user's guides for each SAS software product. 

Table 7.3 Display Manager Line Commands 

INVOKING A FULL-SCREEN PROCEDURE 

If you attempt to invoke a full-screen procedure before you have identified your 
terminal, the SAS System prompts for the device name. Refer to Table 7.1 to find 
the device name for your terminal. Screen 7.3 illustrates how to invoke the 
FSEDIT procedure during a l ine-mode session. 
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Using the SAS Display Manager System and Full-Screen Procedures 83 

Table 7.2 Display Manager Command-Line Commands 

* These commands are effective only if your terminal has extended color or 
highlighting attributes. (See EXTENDED COLOR AND HIGHLIGHTING 
later in this chapter.) 
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PROC TABULATE 
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Example 1: Frequencies using PROC FREQ 

TABLE OF RELTH BY SEX 
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Example 2: Frequencies using PROC TABULATE 
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1 
Example 3: Frequencies using PROC TABULATE 

Using the KEYLABEL statement 
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Example 4: Frequencies using PROC TABULATE 
Labels and cell sizes 

1 
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Example 5a: Frequencies using PROC TABULATE 
Labels and cell sizes 

Borders removed. Missing values valid 

2 
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Example 5b: Frequencies using PROC TABULATE 
Labels and cell sizes 

NOSEPS option. Missing values valid 

3 
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Example 6: Frequencies using PROC TABULATE 
Labels and cell sizes 

MISSTEXT, BOX, CONDENSE options 

4 
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Example 7: Statistics using PROC TABULATE 

1 
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Example 7: Statistics using PROC TABULATE 

2 
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Example 8: Frequencies using PROC TABULATE 

3 CLASS variables 

3 



4:12 



4:13 

Example 9a: Percentages on categories for the 
variable RELATIONSHIP TO HEAD OF HOUSEHOLD 
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Example 9b: Percentages on categories for 
the variable SEX 
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Example 10: Frequencies and percentages on categories 
for the variable RELATIONSHIP TO HEAD OF HOUSEHOLD 
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APPENDIX 5: Sample SAS programs for the ICDS 
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5:3 

2 
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5:5 
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Appendix 6 

APPENDIX 6: Lecture minutes made from overhead slides 
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Correcting errors 

This can be done like: 

After this the data might be read into the Datatrieve system 
and updated. 

Finally, just run the SAS input program for creating 
censlib.person and do another error detecting to make sure 
that all is correct. 
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Duplicates 

I will define two different kinds of duplicates: 

1) "True" duplicates, meaning repeated observations 
2) "Partial" duplicates, which repeats some set of 
identification variables. 

True duplicates can be removed using PROC SORT: 

Partial duplicates can be detected and reported using a data 
step provided that the dataset is sorted on the set of 
identification variables: 
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Error structures 

We differ between 

- errors within an observation, i.e. a woman has her first 
child at the age of 8 

- errors between observations in the same dataset, i.e. 
there are more than one household head in the household 
or a child is older than its parents 

- errors between different datasets, i.e. a women age 36 
with children alive in the SAS dataset CENSLIB.WOMEN, who 
does not exist in a household in the SAS dataset 
CENSLIB.PERSON 

Example: 

* Finding children who are too old in respect to the 
household head; 
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Phases of statistical data processing 

1. Data capture 
When enumerators fill in the questionnaire in the field 

2. Editing/coding 
Manually done - centralized at the office or decentralized 
in the field 

3. Data entry 
This consists of two parts 
- entry with field validation 
- correcting errors (sometimes using computerized automated 
correcting) 

4. Organizing data 
In this case this means building SAS datasets stored in SAS 
Data Libraries 

5. Editing 

Editing in general can be split into 3 actions to be taken: 

a) Detecting errors 
This means do find the overall error structure (macro-
editing). It can in SAS be done using the FREQ procedure for 
single frequency tables on all values there exist in the SAS 
dataset or for crosstables including 2 or more variables. On 
pages we can find errors in i.e. the crosstable of "school 
attendance" (SCHOOL) and "highest level of academic studies" 
(HLEVAC). The error structure in the table is marked. 

SAS-program: 
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TABLE OF SCHOOL BY HLEVAC 

TABLE OF SCHOOL BY HLEVAC 



6:7 
TABLE OF WORK BY NOWORK 



6:8 
TABLE OF YEARS BY RELTH 
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b) Reporting errors 
Reporting errors means to select and list all observations 
that contains any of the errors found above. 

SAS-program: 

c) Correcting errors 

Firstly the filled-in forms must be found. It is therefore 
important that a system for storing i.e. boxes or folders is 
created to facilitate this operation. Then, after writing 
the correct data on the error list the error correcting can 
be done at the terminal. 
Sometimes automated error correction can be done in the 
computer using error correcting computerized schemes. 
The best way to handle this is by using the SAS full-screen 
editor SAS/FSP interactively. Therefore it is recommended 
that this SAS module is bought as soon as possible 

Note; The ations above must always be iterated until no more 
errors can be found in a) 

6. Reporting 

Reports, tables and results from statistical analysis could 
be the last of the phases for statistical data processing 
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Match merging and non-matches 

Here is an example that shows how to find the different types 
of matches/non-matches: 
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Datastep or procedure? 

1. Organize information into SAS datasets Data step 

2. Editing PROC FREQ 
PROC PRINT 
Data step 

3. Metadata handling PROC CONTENTS 
PROC DATASETS 
PROC FORMAT 
Data step 

4. Reporting PROC PRINT 
PROC TABULATE 
etc. 
Data step 

Reporting can be done using a lot of different procedures: 

- printing SAS datasets PROC PRINT 
Data step 

- Crosstables PROC TABULATE 
PROC FREQ 

- Aggregates PROC SUMMARY 

- statistics PROC TABULATE 
PROC MEANS 
PROC SUMMARY 
PROC UNIVARIATE 
PROC CORR 

- analysis PROC GLM 
... and more 

- graphics Procedures in 
SAS/GRAPH 

Notej. It is always possible to use a common word processor or 
editor to enhance text or layout from SAS procedures before 
final printing. All reporting from SAS can be stored in ASCII 
files. 
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PROC TABULATE (comments) 

There are three dimensions 

1) page dimension 
2) row dimension 

3) column dimension 

They are marked using the comma sign 

Variables can be related thru 
- nesting using the asterisk * 
- concatenation using one or more blanks 
Example nesting : RELTH*SEX 

There are two kinds of variables: 

- classification variables, i.e. sex,relth 
- analysis variables, i.e. age,income 

Note: Statistics are always nested within a classification or 
an analysis variable; cells (with formats or witdhs) are 
regarded as nested within the requiered statistic; both cases 
in the column dimension, thus 
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Table 1.01 from the Lagerlof paper 
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SAS COURSE May 1988 

Participants 
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Certificate 
This is to certify that 

Ms M. Magwaza 
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CENTRAL STATISTICAL OFFICE 12 May. 1988 

SAS course evaluation 

1. What do you think about the contents of the SAS course? 
(Useful? easy/difficult? too many different things? too little/too 
much theory? confusing/easy to follow ? etc..) 

2. Is there any topic from the course that you want to know more 
about? 

3. Should some topic be deleted or given less attention in the 
course? Should something be added or expanded? 

4. Any comments about the practical arrangements? (Time schedule? 
conference rooms? breaks?) 

5. How about the balance between theory and practice? 

6. Any comments about the teacher? (Possible negative comments 
will be accepted with equanimity if they are courteously phrased!) 

7. Do you think that you will use what you have learnt in the 
course in the near future. If so, what part(s)? 

8. What was best in the course? 

9. What was worst in the course? 

10. Any other comments: 

Note: You can use the backside of the paper as well! 
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