SAS I

Getting Started with SAS

After attending this training session, you should understand the following:

The elements of the SAS environment under Windows

The general structure of SAS programming syntax

How to submit SAS programs

How to use and save SAS data files

How to create, delete, recode, and otherwise manipulate variables
Options to control the formatting of output

How to include helpful comments in your output

How to save your output to text or generic HTML files
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How to create charts
How to save SAS programs
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. How to print from SAS
. Where to go for additional help
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Introduction

Code and Dataset

For this training session, please download the following data and code:
gss2018sasi.sas7bdat

SAS 1 Script for Training.sas

What is SAS?

SAS is a software package for the management and analysis of data. SAS is not a menu or
command driven program. SAS users write a series of instructions called a SAS program using
statements referred to as SAS language. While this can initially require a steeper learning curve
than other statistical programs, learning SAS will give you access to one of the most powerful
statistical software packages available and give you a skill many employers look for. SAS is
available to via Illinois AnyWare:. lllinois AnyWare is available to University of Illinois, Urbana-
Champaign students at any time and to instructors for academic purposes. SAS also created a
university edition of SAS, called SAS OnDemand for Academics, that is free for educational and
training purposes. This program runs through a virtual machine and also has tutorials available
as well.

To find out more about jobs requiring SAS programming experience, visit http://www.sasjobs.
com.
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../../Data/SAS%20I%20Script%20for%20Training.sas
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What is the General Social Survey (GSS)?

The GSS is a demographic and opinion survey of U.S. households conducted by the National
Opinion Research Center (NORC) at the University of Chicago. It has been collected annually or
biannually (depending on the availability of funding) since 1972.

More than 38,000 respondents have answered over 3,000 different questions with regard to their
opinions and attitudes toward economic, social, and political issues. It is well known for having the
highest quality in overall survey design and is often used for examples in introductory statistics
textbooks.

A subset of the 2018 GSS is used in this tutorial.

SAS Programs

When we use SAS, we write a series of statements that, when taken together, create a SAS
program. The program communicates what you want to do and is written in the SAS language.
Because a SAS program is a sequence of statements executed in order, the statements must be
appropriately placed in the program.

Writing SAS Programs
When writing SAS statements and programs:

« SAS statements are not case-sensitive.

« SAS statements may continue over multiple lines.

« SAS statements may appear on the same line as other statements.

+ SAS statements can start in any column.

. All SAS statements must end with a semicolon;

+ SAS programs typically end with a run; statement while some procedures also require a quit;
statement to end.

If an error is made in writing a statement, a message will appear in red font in the Log. The log
may also contain warnings which appear in green. Warnings indicate that SAS found an issue
that may affect the results, but that did not prevent the program from running.

Two Parts of a SAS Program
SAS programs are constructed from two basic building blocks: Data steps and Proc steps.

A typical program begins with a Data step, which creates a SAS data set for analysis or manipu-
lation. Data can be read from files previously created in SAS, data that is manually entered, or from
files created by another program (e.g., MS Excel, SPSS). Variables can be created or transformed
and datasets can be combined in the data step.

The Proc step, which stands for procedure, is used to perform a statistical, graphing, or other
kind of procedure with the data defined in the data step.

A SAS step ends when it encounters a run statement or a new data or proc step.

Starting SAS
To launch SAS, click on the Start button. Navigate to and click the SAS folder, then click SAS 9.4.
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The SAS environment is composed of six main windows. Each window is accessible from a tab
near the bottom of the windows. Reading from left to right across the screen they are:

+ Results: A Table of Contents for the Results Viewer window, which lists each part of the
output in an outline form.

« Explorer: Provides access to SAS files and libraries.

+ Output: This tab is typically not used in SAS 9.4 and will remain blank.

+ Log: Displays any notes, errors, or warnings about a program, as well as the program statements
themselves, after a SAS program has been submitted.

« Editor: Used to type in, edit, and submit SAS programs. In the Windows operating system, the
default editor is the Enhanced Editor which is syntax sensitive and color codes your programs
making it easier to read and find mistakes.

« Results Viewer: Displays outputs from SAS procedures. This tab is not available until results
are generated.

SAS Libraries

In SAS, files including data is stored and accessed through libraries. A SAS library is a group
of files that are stored in the same file or directory. Existing SAS Libraries can be found in the
Explorer window and several libraries are automatically created at the start of each SAS Session.
To create your own library to access your data: 1. Save your data file to a folder on your computer.
2. In SAS, navigate to the Explorer window. 3. In the Explorer, right click and select New. A
dialogue box for New Library will open. 4. Enter your library name. Library names in SAS can be
up to 8 characters, can only contain alphanumeric characters and underscores (_), and must start
with a letter or underscore. 5. Enter the file path for your folder or use Browse... to navigate to
the folder location. 6. If you want this library to be created every time you start SAS check the
box next to “Enable at startup”. 7. Click “Ok” to create the library.



Save the gss2000sasi.sas7bdat file to your computer. Create a library called “training” that refer-
ences where this file is saved. We will use this library throughout the workbook.

Temporary and Permanent Datasets

SAS has both temporary and permanent datasets. A permanent dataset is one that will be saved
when you close your SAS session while a temporary dataset is is erased when you exit the SAS
session. To create or reference a permanent dataset you must use a two part name: libname.dataset
where libname is your library name and dataset is the dataset name. Only referencing the dataset
name will create a temporary dataset that can be found in the SAS Work library. All files in the
Work library are erased when you exit the SAS session and a permanent dataset must be created
to save any datasets for future use.

Opening a Data Set
The SAS program below creates a temporary dataset using GSS 2018 data that you have saved
into the training library. A line by line explanation of the code is listed below.

data newgss2018;
set training.gss2018sasi;
YearBorn = 2018 - age;
run;

« Specifies the name for the new dataset which will be created in the Work library. Dataset names
may be up to 32 characters in length and may begin with either a letter or an underscore ( _ ).
Special characters (i.e., ¥, &, ## ) and spaces must not be used in SAS dataset names.

« Identifies the name and location of an existing dataset that is to be read into the new dataset.

« Identifies a new variable to be created in the new dataset, YearBorn, which is calculated by
subtracting the variable age from 2018 (the year of data collection).

+ Closes the SAS data step.

Executing a SAS Program

Once you write a SAS program, you must submit it in order for it to be executed. To submit the
program, highlight the portion of the program you want to run in the Editor and click the Submit
icon in the toolbar at the top of the screen.



Stopping a SAS Program

Tasking Manager -

Select:
() 1. Application Window
(@) 2. Cancel Submitted Statements
() 3. Halt DATA step/PROC: DATASTEP

() C. Cancel the dialog
() T. Terminate the SAS System

OK

After a SAS program has been successfully executed, SAS will stop and await further instructions.

Sometimes, you may wish to stop execution of a program before it is complete (e.g., for extremely
large data sets or infinite loops). To cancel execution of the program, click the Break icon in
the toolbar. In the Tasking Manager dialog box that appears, select the Cancel Submitted
Statements and press OK.

Exercise 1

« Run the data step below to create a temporary dataset for use in this workshop, newgss2000.
After submitting the program, navigate to the Work library in the Explorer window to verify
that the new dataset was created.

« Make sure to observe what happens in the various windows of SAS when submitting this
program. (See Appendix A for answers.)

data newgss2018;
set training.gss2018sasi;
run;

Working with Data: The SAS Data Step
Dropping Variables

To drop a variable from a dataset, include a drop statement in the data step.

The drop statement prevents the specified variable(s) from being written to the new dataset
identified in the data step. Because the variable is not removed from the dataset until the end of
the data step, it is available for the computation of new variables in the data step. For example, to
drop the variable degree when creating the ourgss2018 dataset:



data dropgss;
set newgss2018;
drop degree;
run;

You can check the id for variables by selecting its attributes:

E_- VIEWTABLE: Work.Mewqgss2018

Colors... B
Fonts...
sort 2018
Hide 2018
Hold 2018
Column Description 2013
Column Attnibutes... 2018
T 2018
59 2018
43 2018
62 2018
55 2018
RG AR

Keeping Variables

The keep statement is used to specify the variable(s) that are to be kept in the new dataset.
The variables listed in this statement will be the only variables written to the new dataset. For
example, to keep only the variables sex,educ, and realrinc in the ourGSS2018 dataset:

data keepgss;

set newgss2018;

keep sex degree realrinc;
run;

Creating Variables
Variables are created or redefined in the SAS data step with assignment statements using this
basic form: variable = expression.



On the left side of this expression is a variable name, either new or old. The right side of the
equation may be a constant, another variable, or a mathematical expression. Here are some
examples:

data ourgss2018;
set newgss2018;

YearBorn = 2018 - age;

BirthYear = YearBorn;

LogIncome = log(realrinc);

IncomeSquared = realrinc**2;
totalHourcouple = hrsl + sphrsli;

totalHourcouple2 = sum(hrsl, sphrsl);

run;

1. Line 3 creates a new variable YearBorn by subtracting the respondent’s age (age) from the year
the data was collected (2018).

2. Line 4 creates a new variable BirthYear by copying the values of the variable YearBorn.

3. Line 5 creates a new variable Loglncome by computing the log of the respondent’s income
realrinc.

4. Line 6 creates a new variable IncomeSquared by squaring the respondent’s income realrinc.
Note: To raise a value to a power, two asterisks (**) must be used. If only one asterisk (*) is used,
the values will be multiplied.

5. There are two methods available to sum the values of two or more variables into a single
variable. For example, to create a new variable that measures the number of hours spent on
the internet:

+ In the first statement, the variable is computed by adding the values using the + operator.
« In the second statement, the variable is computed by using the sum expression.

The difference between the two statements lies in their treatment of missing values.

When computing a new variable using an arithmetic operator (e.g. + or -), SAS ignores cases
with missing values on any of the component variables. Subsequently, all cases with at least
one missing value in either component variable are given a missing value for the newly created
variable.

Alternatively, when you use the sum function (i.e. sum(numexpr, numexpr)), SAS calculates a
value for a new variable based on all valid values for the component variables. If a case has only
one variable with a valid value, only that variable will be used in creating the new variable.

Recoding Variables

Recoding changes, rearranges, or consolidates the values of an existing variable.



If you have a variable with multiple categories, you might want to reduce the number of categories
to a more manageable number. For example, a respondent’s employment status (workstatus) has
8 categories, which are listed as follows:

« ft = Working full time

+ pt = Working part time

+ tn = Temporarily not working

+ un = Unemployed, laid off, looking for work
+ re = Retired

« sc = In school

+ ke = Keeping house

+ ot = Other

Variables are recoded in SAS using a series of if...then statements in the data step. The expres-
sion takes the form: if expression then statement ; .

To recode employment status (workstatus) from string values into a new variable wrkstat with
numeric values:

data a;

set newgss2018;

if workstatus = 'ft' then wrkstat = 1;
if workstatus = 'pt' then wrkstat = 2;
if workstatus = 'tn' then wrkstat = 3;
if workstatus = 'un' then wrkstat = 4;
if workstatus = 're' then wrkstat = 5;
if workstatus = 'sc' then wrkstat = 6;
if workstatus = 'ke' then wrkstat = 7;
if workstatus = 'ot' then wrkstat = 8;

run;

Each statement begins by identifying the string value of the original variable (i.e., if workstatus
='ft") and then specifies the numeric value of the new variable (i.e., then wrkstat = 1;).

A series of if...then statements may also be used to recode variables to reduce the number of
categories in a variable. For example, you can regroup people as “In the labor force” (wrkstat
values 1 through 3) and “Not in the labor force” (wrkstat values 5 through 8):

data c;
set a;
if 1 <= wrkstat <= 4 then wrkstatRecoded = 1;
if 5 <= wrkstat <= 8 then wrkstatRecoded = 2;

run;

« Line 3 identifies the range of values that are considered " 'In the labor force’ in the if portion
of the statement and then specifies the value of the new variable wrkstatRecoded.



« Line 4 identifies the range of values that are considered " Not in the labor force’ in the if portion
of the statement and then specifies the value of the new variable wrkstatRecoded.

Note: You can specify and apply value labels to future outputs using proc format as described in
Section 8.1.

Exercise 2

In the newgss2018 dataset recode the variable degree to create a new variable bachelor_degree
that identifies respondents with at least a Bachelor’s degree. Note: that in the provided data degree
variable is categorized as follows: 0= Less than High School, 1= High School, 2= Junior College, 3=
Bachelor, 4= Graduate (See Appendix A for answers.)

Running Procedures - The SAS Proc Step

Once data is made available for analysis in a data step, a procedure can be run on it. All
SAS procedures have required statements and many have optional statements. All procedures
start with the keyword proc, followed by the name of the procedure (e.g., proc print or proc
contents).

While proc steps often follow a data step, a data step is not needed to execute a procedure on an
existing SAS data file if the variables do not require transformation.

Printing & Summarizing Data

Proc Contents
The contents procedure provides a description of a SAS dataset. For example, to view the
description of the ourgss2018 dataset, run the following:

proc contents data = ourgss2018;
run;

It will show the general information about this data set.

Some useful options that can be included in the proc contents statement:

« short - outputs a list of variable names

« varnum - lists variables by their position number in the dataset rather than alphabetically
« fmtlen - lists the format and length of each variable

+ ignorecase - ignores variable case when listing variables

SAS code is not case sensitive, but SAS data and labels are case sensitive. When creating alpha-
betical output, SAS will list strings starting with a capital letter first followed by strings starting
with a lowercase letter.

For example, this program will list only the variable names in the ourgss2000 dataset:



proc contents data = ourgss2018 short;
run;

The SAS System

The CONTENTS Procedure

Alphabetic List of Variables for WORK.OURGS52018

Male SIBS age agekdbrn bachelor_degree born colsci degree educ faos grass hrlax hrs1 hsbio hschem id mantal moos natspac neisafe nextgen
numpets othlang postlife pres realinc realrinc rhs sex sop sphrs1 sphrs2 ssi trust tvhours wordsum workstatus year

Descriptive Statistics

Proc Freq
The proc freq procedure generates a frequency table illustrating how cases are distributed across
the values of a (typically categorical) variable.

A subset of variables can be specified in a tables statement. For example, a frequency table
for respondent’s highest degree, degree, where (0) indicates a respondent has “less than high
school,” (1) “high school,” (2) “junior college,” (3) “bachelor,” or (4) “graduate” level of education in
the data set:

proc freq data = ourgss2018;
tables degree;
run;
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The SAS System

The FREQ Procedure

R's highest degree

Cumulative Cumulative
degree Frequency Percent Frequency Percent

0 243 11.06 243 11.06
1 1105 50.30 1348 61.36
182 8.28 1530 69.64
440 20.03 1970 89.67
227 10.33 2197 100.00

= W M

Frequency Missing = 5

Exercise 3
Run a frequency for the the number of a respondent’s brothers and sisters, SIBS. (See Appendix
A for answers.)

« What is the total number of cases?
« What is the number of missing cases?
« What percentage of respondents have only one sibling?

Proc Means

The proc means procedure generates a set of simple descriptive statistics for any numeric
variable in a dataset. By default proc means will produce the mean, the number of non-missing
values, the standard deviation, the minimum value, and the maximum value for each numeric
variable.

A subset of variables can be specified with a var statement, otherwise SAS will produce statistics
for all numeric variables in the dataset. For example, to request descriptive statistics for the
variable realrinc, age, and hrs1:

11



proc means data = ourgss2018;
var realrinc age hrsl;

run;
The MEANS Procedure

Variable Label N Mean Std Dev Minimum Maximum

realinc  R's income in constant $ 1279 2500548  28994.88 227.0000000 151050.72

age Age of respondent 2195 488332574 18.0361100 18.0000000 89.0000000

hrs1 Number of hours respondents worked last week 1298 41.2896764 14.2590604 1.0000000 89.0000000

To specify the number of decimal places in the output, use the maxdec = n option where n is the
number of decimal places. See an example of usage of the maxdec option below:

proc means data = ourgss2018 maxdec = 3;
var realrinc age hrsl;
run;

Other statistics may be requested by adding keywords in the proc means statement after speci-
fying the data set to be used. If other statistics are requested, the procedure will no longer produce
the default statistics, they must also be requested.

For example, to request the mean, median, and range for the variable tvhours:

proc means data = ourgss2018 mean median range;
var tvhours;
run;

The following is a table of the more common keywords used with proc means:

Keyword Statistic

clm two-sided confidence limits
css corrected sum of squares

cv coefficient of variation
kurtosis kurtosis

Iclm lower confidence limit

max maximum value

mean mean

min minimum value

n number of non-missing values

12



Keyword

Statistic

nmiss
range
skewness
stddev
stderr
sum
sumwgt
uclm
uss

var
probt

t
median (p50)
q1 (p25)
43 (p75)
p1

p>

p10

p90

p95

p99

Exercise 4

Use the proc means procedure to request the mean and standard deviation for the variables sibs
and educ to 4 decimal places. (See Appendix A for answers.)

Proc Sort

Output for the proc means procedure can be computed for each level of another variable by
adding a by statement to the procedure. The variable(s) named in the by statement are called

“by variables”.

Before running proc means with a by statement, the data must first be sorted, using the proc
sort procedure. For example, to report the occupational prestige score pres by academic degree

number of missing values
the range

skewness

standard deviation
standard error of the mean
the sum

sum of weight variables
upper confidence limit
uncorrected sum of squares
variance

probability of Student’s t
Student’s t

median

25% quantile

75% quantile

1% quantile

5% quantile

10% quantile

90% quantile

95% quantile

99% quantile

levels group degree:

13



1. Run a proc sort procedure to sort the data by degree.

proc sort data = ourgss2018;
by degree;
run;

This will sort the data in ascending order by the variable degree.
2. Next, run the proc means procedure, including the by statement.
proc means data = ourgss2018 mean;
var pres;

by degree;
run;

14



R's highest degree=.

Analysis Variable
: pres R's occupational
prestige score

Mean

43.2000000

R’s highest degree=0

Analysis Variable
: pres R's occupational
prestige score

Mean
35.3917051

R’s highest degree=1

Analysis Variable
: pres R's occupational
prestige score

40.2729858

R’s highest degree=2

Analysis Variable

: pres R's occupational

prestige score
Mean

46.8870056

R’s highest degree=3

Analysis Variable

: pres R's occupational

prestige score

51.9745370

R's highest degree=4

Analysis Variable

: pres R's occupational

prestige score

Mean

58.4017857

« The descriptive statistic, mean, is requested after specifying the dataset to be used.

« The var statement specifies that the descriptive statistic will only be calculated for the variable

pres.



« The by statement specifies that a separate set of descriptive statistics will be calculated for
each category of the variable degree, where (1) High School, (2) Junior College, (3) Bachelor, and
(4) Graduate. The”” represents missing

Exercise 5
Use proc means to request the mean and standard deviation for the variable hrs1 broken down
by marital status marital.

+ Set the maximum number of decimal places to 2.
+ Remember to use a proc sort statement to sort the data before running the proc means
procedure.

(See Appendix A for answers.)
Proc Univariate

The proc univariate procedure generates statistics describing the distribution of variable(s).
These statistics include the mean, median, mode, standard deviation, skewness, and kurtosis.

While these statistics must be requested when using proc means, all summary statistics are
printed by default when using proc univariate.

Some additional options include:

« A subset of variables can be specified with a var statement, otherwise SAS will produce
statistics for all numeric variables in the dataset. For example, to request summary statistics for
the variable educ:

proc univariate data = ourgss2018;
var educ;
run;

16



The SAS System

The UNIVARIATE Procedure
Variable: educ (Highest year of school completed)

Moments
N 2199 Sum Weights 2199
Mean 13.744884 Sum Observations 30225
Std Deviation | 294612529 Variance 8.67965421
Skewness -0.4961877 Kurtosis 1.65605327
Uncorrected 55 434517 Corrected SS 19077.8799

Coeff Variation 214343408 Std Error Mean 0.06282588

Basic Statistical Measures

Location Variability
Mean 13.?41438.5111 Deviation 294613
Median 1400000 Variance 8.67965
Mode | 12.00000 Range 20.00000

Interquartile Range 4.00000

17



Tests for Location: Mul=0

Test Statistic p Value
Student'st t 2187774 Pr=|t < 0001
Sign M 10975 Pr>=|M| <.0001

Signed Rank S 1205055 Pr>=|5| <.0001

Quantiles (Definition 5)

Level Quantile
100% Max 20
99% 20
95% 18
90% 17
75% Q3 16
50% Median 14
25% Q1 12
10% "
5% 9
1% 4

0% Min 0

18



Extreme Observations
Lowest Highest
Value Obs Value Obs
0 1698 20 1936
0 1095 20 1953
0 605 20 2060
0 151 20 2124
1 1516 20 2131

Missing Values

o Percent Of

Missing

Value Count All Obs Missing Obs
3 014 100.00

« The plot option produces three plots of the data (a stem-and-leaf plot, a box plot, and a normal
probability plot).

« The normal option is used to request tests of normality.

« The by statement may be used to obtain separate analyses for by groups. Note: Remember to
use proc sort first to sort the data in the order of the by variable(s).
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Multivariate Tables

Contingency Tables

The proc freq procedure may also be used to produce contingency tables - crosstabulation
and two-way tables - showing the joint distribution of two or more categorical variables, where
the frequency distribution of one variable is subdivided according to the values of one or more
variables, and the unique combination of values for two or more variables defines a cell.

A contingency table is produced using the proc freq procedure with the addition of an asterisk (*)
between the two variables specified in a tables statement. For example, to generate a contingency
table of the distribution of the variable postlife, where (1) indicates Yes - the respondent believes
in life after death and (2) indicates No, and the variable sex, where (1) indicates the respondent is
male and (2) indicates female:

proc freq data = ourgss2018;
tables postlife*sex;
run;

« The variable that appears immediately after the tables statement will appear in the rows.

+ The variable that appears after the asterisk * will be placed in the columns.
« Either of the variables can go in the rows or columns.

20



Interpretation of a Contingency Table

Total

1615
81.03

f

378
18.97

/

1933

The FREQ Procedure
Frequency Table of postlife by sex
Percent

Row Pct postlife(Belief in sex(Respondents sex)

Col Pct life after death) 1 2

1 667 943

3347 4757

—* | 4130 58.70

= 7469 86.18

. 226 152

11.34  7.63

59.79 | 40.21

25.31| 13.82

Total 893 1100

44 81| 55.19

Frequency Missing = 209

1. Number of valid cases: 1,993 cases are included in the table.

2. Number of missing cases: 209 cases do not have a valid value for at least one of the variables.

Note: Only valid values are included in the contingency table. A case with a missing value for at

least one of the variables will be excluded from the table.

100.00

3. 74.69 % of male respondents answered yes to the belief in life after death question.

4. Combining male and female, 81.03 % of respondents answered yes to the belief in life after

death question.

21



5. Row 3 can be read as: 41.30 % of the respondents who answered yes to the belief in life after
death question were male.

Some additional options that may be specified with proc freq. These are to be placed at the end
of the table statement following a forward slash (/):

« list - Prints contingency tables in a list format rather than a grid
« missing- Includes missing values in frequency statistics

+ nocol - Suppresses printing of column percentages

« norow - Suppresses printing of row percentages

« out = dataset_name - Writes the frequencies to a new dataset

+ nofreq - Suppresses cell frequencies

« nopercent - Suppresses percentages

For example, the following syntax produces a contingency table in a list format:

proc freq data = ourgss2018;
tables postlife*sex /list;

The FREQ Procedure

Cumulative Cumulative

postlife sex Frequency Percent Frequency Percent

1 1 667 33.47 667 33.47

1 2 948 4757 1615 61.03

2 1 226 11.34 1841 92 37

2| 2 152 763 1993 100.00

Frequency Missing = 209
Exercise 6

To find out how many foreign-born and native-born survey respondents can speak a language
other than English/Spanish, create a contingency table using the variables othlang, where (1)
indicates Yes - the respondent can speak a language other than English/Spanish and (2) indicates
No, and born, where (1) indicates Yes - the respondent was born in this country and (2) indicates
No. (See Appendix A for answers.)
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Graphics

Creating Charts

The proc gchart procedure may be used to create pie charts, vertical and horizontal bar charts,
and histograms. One or multiple charts can be created in a single proc gchart procedure.

Bar Chart

A bar chart is a graphic representation of a categorical variable. It uses rectangles to show the
frequency or proportion of each category of the variable in the data. A space is inserted in-between
rectangles in order to differentiate a bar chart from a histogram (i.e., a graphic representation for
a continuous variable).
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To create a vertical bar chart for the marital status of a respondent variable marital, use proc
gchart with the variable of interest specified after a vbar statement.

proc gchart data = ourgss2018;
title "Marital Status";
vbar marital /discrete;

run;

quit;

+ The title statement is used to label the chart.

« The vbar statement produces a vertical bar chart for the variable marital.

« The discrete option is specified in the vbar statement to indicate that the variable contains
discrete categories.

+ The proc gchart procedure requires a quit statement to finish.

There are several additional options that may be used to change the appearance of the chart. The
following options may be added to the vbar statement:

+ cframe = x — Changes the background color, where x represents the color (e.g. red)
+ ctext = x — Changes the color of the text, where x represents the color

+ noframe — Removes the frame from the chart

« space = x — Specifies the distance between bars, where x represents the spacing

« width= x - Specifies the width of the bars, where x represents the width

The bar color may changed by using the additional statement: pattern color=bar x. This changes
the color of the bars, where x represents the color.

To specify the statistic used to create the bar chart, add one of the following options to the vbar
statement:

« freq — Uses the frequency in each discrete category
« percent — Uses the percent in each discrete category

A grouping variable may be used to produce separate bar charts, by using the additional statement
group = grouping x. This uses the frequency in each discrete category of the variable represented

by x.

For example, to create a vertical bar chart of the percent in each category of marital with blue
bars, an orange background, and grouped by sex:

proc gchart data = ourgss2018;
title "Marital Status";
vbar marital /discrete
type = percent
cframe = orange
group=sex;
pattern color=blue;
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run;
quit;

The title statement is used to label the chart.

The vbar statement produces a vertical bar chart for the variable marital.

The discrete option is specified in the vbar statement to indicate taht the variable contains
discrete categories.

The percent option is specified to indicate that percent is that statistic that will be graphed.
The cframe = orange option is specified to indicate that the background color will be orange.
The group = sex option is specified to indicate that two sets of bars will be produced — one for
men (sex=1) and the other for women (sex=2).

The proc gchart procedure requires a quit statement to finish.
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To create a horizontal bar chart use the hbar statement:

proc gchart data = ourgss2018;
title "Marital Status";
hbar marital /discrete ;

run;

quit;
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Q Tip

When a horizontal bar chart is created, the frequency distribution is printed to the right of
the output.

Marital Status

CUM. CUM.
Marital status FREQ. FREQ PCT. PCT

1 939 939 4268 4268

(5]

185 1124 8.41 51.09

374 1498 17.00 68.09

71 1568 323 7132

631 2200 2868 100.00
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Pie Chart

A pie chart is a graphic representation of a categorical variable, which uses a slice in a circle (or
a pie) to show a frequency or a proportion of each category in the variable.

A pie chart is typically used to compare proportions. For example, a pie chart may be used to
illustrate the proportional distribution of marital status.
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Marital Status
FREQUENCY of marital

1
939

4
71

proc gchart data = ourgss2018;
title "Marital Status";
pie marital /discrete;

run;

quit;

« The title statement is used to label the chart.

« The pie statement produces a pie chart for the variable marital.
+ The discrete option is specified to indicate that the variable contains discrete categories.
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+ The proc gchart procedure requires a quit statement to finish.

There are several additional options that may be added to the pie statement to change the
appearance of the chart:

. ctext = text x — Changes the color of the text

« slice = x — Indicates where the value label is placed in relation to the location of the pie slice,
where x can be one of the following: arrow, inside, none, and outside.

The pie slice colors can be changed using an additional statement: pattern## c = x. This changes
the color of the slice to the color, where x represents the number of the slice to be changed and
the color to be used, respectively.

To specify the statistic used to create the pie slices, add one of the following options to the pie
statement:

+ type = freq — Uses the frequency of each discrete category
+ type = percent — Uses the percent in each discrete category

A grouping variable may be used to produce separate pie charts: group = grouping x. This creates
a separate pie chart for each category of the grouping variable, represented by x.

For example, to create a pie chart of the percent in each category of the variable marital with
green, purple, orange, blue, and red slices, grouped by sex:

proc gchart data = ourgss2018;
title "Marital Status";
pie marital /discrete
group = sex;
patternl c = green;

pattern2 c = purple;
pattern3 c = orange;
patternd4 c = blue;
pattern5 c = red;
run;
quit;
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Marital Status

FREQUENCY of marital
Respondents sex=1

1
443
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Marital Status
FREQUENCY of marital
Respondents sex=2

1
496

2
132

Exercise 7
Create a bar chart for the percent in each category of the variable neisafe. This variable is based on
the question, How safe interviewer thinks neighborhood is? The answers are categorized as :

Very Safe (1), Somewhat Safe (2), Somewhat Unsafe (3), or Very Unsafe (4). Use the title *"Belief
in Neighborhood Safety’". (See Appendix A for answers.)
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Formatting Output
Adding Value Labels

Unlike other statistical programs, SAS does not label the numeric values of variables.

For example, in the frequency output for the variable marital, the numeric values 1-5 are shown,
but there is no information about what each of these values stands for (i.e., 1 = Married and 2 =
Widowed, etc.).

Belief in Neighborhood Safety

The FREQ Procedure

Marital status

Cumulative Cumulative

marital Frequency Percent Frequency Percent
1 939 42 68 939 42 68
2 185 8.41 1124 51.09
3 374 17.00 1498 65.09
4 71 3.23 1569 71.32
5 631 28.68 2200 100.00

Frequency Missing = 2

The value labels can be displayed in the output by using the proc format procedure. This
procedure creates formats that will be associated with the variables specified later in a format
statement. A series of value statements is used to indicate the value labels for each value of
the variable.

To create value labels for the variable marital:

proc format;
value maritalfmt
1="Married'
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'Widowed'
'Divorced'
'Separated'
'Never Married';

u s WN
I

run;

+ The name of the format is specified as maritalFmt in the value statement.
« The values and labels are indicated in the series of value statements: value=°‘label’.

To apply the format when running a frequency procedure, include a format statement in the
program:

proc freq data = ourgss2018;
tables marital;
format marital maritalfmt.;
run;

« The format statement is organized so that the variable name marital appears immediately
after format and is followed by the name of the format maritalFmt.

« When defining a new format with proc format, the format name cannot end in a period (.).
However, when the format is applied to a variable in a format statement, the format name must
end in a period.

The frequency output is now labeled by the name of each category rather than the numeric value:
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Belief in Neighborhood Safety

The FREQ Procedure

Marital status

Cumulative Cumulative

marital Frequency Percent Frequency Percent
Married 939 4268 939 42 68
Widowed 185 8.41 1124 51.09
Divorced 374 17.00 1498 68.09
Separated [ 3.23 1569 71.32
Never Married 631 28.68 2200 100.00

Frequency Missing = 2

Saving and Printing

Your Data
We have discussed temporary and permanent datasets, and we've been working mostly with
temporary libraries throughout this workbook.

The easiest way to save a dataset from the temporary work library is to use a datastep to create
the same dataset in a permanent library:

data training.newgss2018;
set ourgss2018;
run;

The Results Viewer
To save or print the entire contents of the Output window:

1. Make the Results Viewer window active by clicking on it.
2. Under the File menu, select either Save As or Print. SAS Output is saved with the
extension .mht and can be opened in a web browser.

Images may also be exported from SAS on an individual basis:
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1. Fine the graph in the Results Viewer.
2. Right-click on the graph and select Save picture as... from the menu.

The Program Editor

To save or print the contents of the Program Editor window:

1. Make the Program Editor window active by clicking on it.
2. Under the File menu, select either Save or Print. SAS programs are saved with the exten-
sion .sas

Opening SAS Programs
To open a pre-existing SAS Program double-click on the SAS Program in File Explorer or:

1. Select File > Open Program.
2. Navigate to the location of the program file on your computer.
3. Highlight the program, and click Open.

The Log

To save or print the contents of the Log window:

1. Make the Log window active by clicking on it.
2. Under the File menu, select either Save or Print. SAS Logs are text files and are saved with
the extension .txt.

Exiting SAS

| Important

Remember to save your data and output files before exiting the program.

Select File > Exit.

Appendix A: Answers to Exercises
SAS 1 Script for Training_Complete.sas

Exercise 1

After submitting this program, observe what happens in the various windows of SAS: * Editor:
No changes. * Log: The program statements will appear in the log, followed by notes about the
number of observations that were read, how many observations and variables are included in the
new dataset, and the amount of time it took to process the step.

+ Explorer: A new dataset called NewGSS2018 will appear in the Work library.
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../../Data/SAS%20I%20Script%20for%20Training_Complete.sas

SAS Environment Cortents of "Work”

@ 3A5 Environment Marme Size TType Descript
- ) Libraries ] Newgss2018 128.0KB  Table

Maps E,],Sasmaﬂ 13.0KB  Catalog

(- &) Mapsgfk ] Test 588.2MB  Table

Mapssas
Sashelp
Sasuser l
Trpl
| Work

-0 Workshop
..... [ﬁl File Shortcuts
[_j{%i Favorite Folders
% My Docurnents
&[54 My Desktop
E};q'ﬂﬂspc

Exercise 2

data ourgss2018;
set newgss2018;
if 0 <= degree <= 2 then bachelor degree
if 3 <= degree <= 4 then bachelor degree

nn
= o

run;

Verify in the Log window that the data step was performed and created a new dataset, ourgss2018,
2,202 observations and 38 variables.

272 data ourgs=s2018;

273 zet newgss2018;

274 if 0 (= degree (= 2 then bachelor_degree = 0;
275 if 3 <= degree (= 4 then bachelor_degree = 1;
276 run;

NOTE: There were 2202 obzervations read from the data set WORK.HEWGS52018.
HOTE: The data =set WORK.OURGS5S52018 has 2202 obszserwvations and 38 variables.
HOTE: DATA statement wsed (Total process time):

real time 0.02 =seconds

cpu time 0.00 seconds
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Exercise 3

proc freq data = ourgss2018;
tables sibs;
run;
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The S5AS System
The FREG Procsdurs

MHumbsr of brothers and siksBre

Cumutalve Cumulative
Frequency Parcent Freguency Parcant

80 410 20 410
443 2016 §33 2426
458 2085 ) 4511
361 16.43 1382 6154
234 1065 1586 7218
168 TES 1754 79.84
119 587 1883 85T
113 514 1996 8085

69 3.14 2065 8389

42 181 21ar 8590

31 1.41 2138 a7.31

18 082 2156 8813

12 055 2168 88 6a

12 055 2180 8913

-] 023 2185 8945
2 009 & 89 54
4 018 219 8873
1 005 2182 88.TT
1 005 2193 88 82
1 0.0s 2194 89 86
1 005 2185 8981
1 Q0% 2196 9995
1 Qo3 2197 10000

Fraguency Missing =5
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+ The total number of cases is 2,197.
+ The number of missing cases is 5.
+ The percentage of respondents with only 1 sibling is 20.16

Exercise 4

proc means data = ourgss2018 mean stddev maxdec = 4;
var sibs educ;
run;

The MEANS Procedure

Variable Label Mean 5Std Dev

SIBS Number of brothers and sisters 3. 5567 2.8617
educ Highest year of school completed 13.7449  2.9461

Exercise 5

proc sort data = ourgss2018;
by marital;
run;

proc means data = ourgss2018 mean stddev maxdec = 2;
var hrsl;
by marital;

run;

The by statement here specifies that a separate set of descriptive statistics will be calculated for
each category of the variable marital.
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Marital status=.

Analysis Variable : hrs1 Number
of hours respondents worked last
week

Mean Std Dev

Marital status=1

Analysis Variable : hrs1 Number
of hours respondents worked last
week

Mean Std Dev

4144 14 40

Marital status=2

Analysis Variable : hrs1 Number
of hours respondents worked last
week

Std Dev
15.89

Mean
35.80

Exercise 6

proc freq data = ourgss2018;
tables othlang*born;
run;
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Marital status=3

Analysis Variable : hrs1 Number
of hours respondents worked last

week
Mean Std Dev
4219 14.43
Marital status=4

Analysis Variable : hrs1 Number
of hours respondents worked last
week

Std Dev
14.50

4454

Marital status=5

Analysis Variable : hrs1 Number
of hours respondents worked last
week

Std Dev
13.62

Mean

4087



The FREQ Procedure

Total

685
31.15

1514
68.85

2199

Frequency Table of othlang by born
Porcont othlang(Can R speak po (Was R born in thi try)
rm(Was rn in this coun

Row Pt language other than &

Col Pct English/Spanish) 1 2

1 aT7 208

21.69 946

69.64 30.36

24 90 73.50

2 1439 75

6544 34

95.05 4.95

7510 26.50

Total 1916 283

87.13 12.87

Frequency Missing = 3

« 477 native-born respondents speak a language other than English/Spanish.
« 208 foreign-born respondents speak a language other than English/Spanish.

Exercise 7

proc gchart data = ourgss2018;

title "Belief in Neighborhood Safety";
vbar neisafe / discrete type=percent;
run;

quit;
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Appendix B: SAS Enhanced Editor Color Coding

Data and proc statements are in bold navy.

Other statements and options recognized by SAS are bright blue.

Literal data that follows a datalines statement are highlighted yellow.
Comments are green.

Note: To comment, type an asterisk * at the beginning of the line and close the comment with a
semicolon ;. Comments can span multiple lines.

Improper code is highlighted red.
Variable and dataset names will remain black.
Code in quotations is purple.

Other numeric values SAS will read, such as the codes for column numbers and lengths/decimals
of variable, are bold turquoise.
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