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Summarize Your Data With SAS: Proc Means and Proc Univariate
Nestor Rohowsky, Independent Consultant
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Introduction

One hundred men and women are employed by
XYZ, Inc. at two regional sites, East and West.
The company decides to conduct a survey of
employees' salaries. XYZ wants the information
summarized:

1. company wide,

2. by gender (male and female),

3. by region (East and West), and

4. by gender within region.

XYZ has available Base SAS® and assigns an
analyst the task of obtaining the desired
information. How can the analyst use SAS to get
the desired results?

SAS Summarization Methods

SAS pravides an abundance of options for
summarizing data. The choice of which to use
depends on how the data are arranged, the
programmer’s skill and the types of descriptive
statlistics appropriate to the situation. Note that
all summarization methods described below
require the data be in numeric format.

1. SAS offers a variety of functions. The
basic descriptive statistics, N, Mean,
Standard Deviation (STD), Minimum, and
Meaximum are included as are many lesser
used, but no less informative, descriptors
such as Coefficient of Variation (CV),
Skewness, Kurtosis, Range, Sum, Variance
{VAR), Standard Error of the Mean
{STDERR), and number of missing
observations (NMISS). SAS funclions are
easiest to use when the data to be
summarized are in individual fields. In the
case of XYZ, Inc. the data could be
arranged as SLRY1, SLRYZ, ..., SLRY100.
The average salary for the whole company
wouid be calculated as, e.g. AVGSALRY=
MEAN(of SLRY1 - SLRY100). Each
descriptive statistic requires a separate
staternent. This method is very inefficient
for the task at hand.

2. SAS offers several procedures (PROCs),
which efficiently do the job of data
summarization. These are PROCs MEANS,

SUMMARY, TABULATE, and UNIVARIATE.
The MEANS, SUMMARY and TABULATE
procedures generate the same set of
summary statistics. The essential
differences among them are that SUMMARY
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by default generates its results under
NOPRINT conditions, MEANS by defauit
does generate printed output and
TABULATE prints output in a table format.
PROCs SUMMARY and MEANS are so
similar that SAS no longer has a separate
chapter in the Prcoedures manual to
describe it. The final procedure,
UNIVARIATE generates the same set of
summary statistics as the others as well as
others not included in any other procedure.

The remainder of this paper will focus on the
MEANS and UNIV_ARIATE procedures.

Salary Survey, Part 1

The XYZ analyst begins the assigned task by
sarting and printing the employee salary data .
Table 1 displays the salaries printed in
descending order, showing employees’ numbers,
genders and region.

The first attempt at company-wide data
summarization is made using PROC MEANS .
The program statements are:

PROC MEANS DATA=SALARY;
VAR SALARY;
RUN;

These statements generate a default set of
summary statistics, N, MEAN, STD DEV,
MINIMUM, and MAXIMUM.

The analyst notes that the N=100 employees
earn an average of $101,340.73, ranging from a
low of $8329.00 to a high of $611,190.00. The
standard deviation seems rather large at
$104,180.49.

The analyst decides to apply the same methods
to salary data after first sorting by gender, then
by region, and finally by region and gender.
Output 1 shows all resuits except those by

region and gender.

Salary Survey, Part 2

Close scrutiny of the default results suggest that
the default descriptive statistics are not telling
the whole story regarding employee salaries.
After consulting a basic statistics book and the
chapter on PROC MEANS in the SAS
Procedures Guide the analyst decides to rerun
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the initial analysis by including several optional
summary statistics. The revised program
statements are

PROC MEANS DATA=SALARY N MEAN STD
STDERR MIN MAX RANGE CV SKEWNESS
KURTOSIS;

VAR SALARY;
RUN;

- The requested non-default summary statistics
are STDERR (Standeard Error of the Mean), CV
(Coefficient of Varation), RANGE {Max - Min),
SKEWNESS (is the data symmetrically
distributed), and KURTOSIS {a measure of how
flat or peaked the distribution is). Together,
these summary statistics provide a much more
complete description of the salary dataset.

Output 2 displays the results company-wide and
after sorting by region and gender.

Programming Tip

The above data summaries rely on repeated
sorting of the root data set. SAS has an option
available in the MEANS and SUMMARY
procedures which can make life considerably
easier. This is the CLASS statement. Prior data
sorting is no longer necessary.

The analyst modifies the prior PROC MEANS
call to include the CLASS statement:

PROC MEANS DATA=SALARY N MEAN STD
STDERR MIN MAX RANGE CV SKEWNESS
KURTOSIS;

CLASS GENDER REGION;

VAR SALARY; '
RUN;

The result appears in Ouvtput 3. A further
modification of the PROC MEANS call to
include Both the CLASS and OUTPUT OUT
statements as shown below yields Output 4.

PROC MEANS DATA=SALARY N MEAN STD
STDERR MIN MAX RANGE CV SKEWNESS
KURTOSIS;
CLASS GENDER REGION;

VAR SALARY;
OUTPUT OUT=SUMSTATS N=N
MEAN=MEAN STD=STD
STDERR=STDERR MIN=MIN
MAX=MAX RANGE=RANGE CV=CV
SKEWNESS=SKEWNESS
. KURTOSIS=KURTOSIS;
RUN;

PROC PRINT DATA=SUMSTATS:
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RUN,

This last call provides summary statistics for
ALL levels of variables in the CLASS statement
and is, therefore, the easiest and most flexible
use of the MEANS procedure.

-Salary Surv art 3

The analyst reviews the different levels of data
summary and concludes that the summary
information, while extensive, is still incomplete.
A return to SAS Procedures Guide leads the
analyst to the final, and most comprehensive,
summarization procedure, UNIVARIATE.

PROC UNIVARIATE by default generates ALL
the descriptive statistics offered as default AND
option in PROC MEANS and a host of others
including MEDIAN, MODE, 25™ and 75"
percentiles, the interquartile range, and extere
values. Also offered are several statistical tests
with p-values, but these are not of concern to the
analyst. Also offered by PROC UNIVARIATE as
options are plots of the data. An unfortunate
thing about UNIVARIATE is apparently there is
no equivalent to the CLASS statement in
PROC MEANS. However, the benefits of the
UNIVARIATE procedure may oufweigh this
omission. ‘

The analyst writes new program code as
foliows:

PROC UNIVARIATE DATA=SALARY PLOT,
VAR SALARY;
ID EMPLOYEE;

RUN;

- Output 5 shows sampie results after sorting by

gender. The ID EMPLOYEE statement telis the
procedure to identify those Male and Female
employees with the 5 highest and lowest
salaries. The PLOT option yields Stem-and-
Leaf, Box and Normai Probability plots. The
Stem-and-Leaf plot might be thought of as a
histogram on its side. The Box plot shows
mean, median, minimum, maximum and 1% and
3" quartiles of the data. A valuable feature of
the Box plots is the identification of unusual data
points, perhaps to be interpreted as outliers.
The Normal Probability plot visually indicates
whether the data are normally distributed
{straight line) or not. A final benefit is side-
by-side Box plots for the “By” variables.

Discussion
This presentation has compared and contrasted

two frequently used summarization procedures
offered by SAS, MEANS and UNIVARIATE.



Both are powerful tools for ieaming about a data
set. The first has the benefit of simplicity and
compactness; the second offers completeness.

Both procedures permit the data analyst to learn
about the data set at hand. Sometimes very
simple descriptive statistics will suffice. in other
situations more detailed summarization is
necessary. Once the data have been properly
summarized intelligent decisions can be made
about any formal statistical analyses to be
_performed.
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EMPLOYEE REGION

3 East
1 East
9 West
17 West
1 East
10 East
27 East
20 West
4 East
28 Mest
3z East
26 East
30 East
47 East
29 west
81 East
75 West
a3 East
12 East
- East
25 West
18 West
60 East
91 East
ag East
46 West
24 East
86 East
63 . East
45 €ast
74 East
12 East
48 East
43 west
a3 East
66 West
62 west
59 East
§1 East
65 West
79 West
23 West
82 West
32 west
99 East
52 west
77 West
84 West
42 East
54 west
N West
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GENDER

Male
Female
Male
Fesale
Male
Female
Female
Mile
Fesale
Male
Male
Female
Male
Male
Male
Male
Male
Female
Female
Female
Male
Female
ajle
Fesale

Female

Female
Female
Male
Female
Female
Male
Female
Female
Male
Male
Female
Female
Fesale
Male
Female
Fesale
Fesale
Male
Male
Female
Female
Female
Female
Male
Male

Male

Table 1

Employée Salaries

SALARY

$611,190.00
$570,580.00
$393,271.00

" $296,865.00

$270,374.00

| $254,312.00

$244,080.00
$224,911.00
$222,400.00
$214,187.00
$208,434.00
$192,296.00
$182,230.00
$181,422.00
$171,015.00
$162,566.00
$159,191.00
$158,856.00
$155,880.00
$153,536.00
$153,351.00
$152,965.00
$150,978.00
$147,232.00
$142,640.00
$141,941.00
$136,308.00
$133,770.00
$121,352.00
$119,472.00
$117,158.00
$116,484.00
$115,268.00
$114,243.00
$113,222.00
$112,549.00
$111,513.00
$110,928.00
$108,518.00
$107,097.00
$106,853.00
$103,101.00
$102,383.00
$102,211.00

$99,028.00

$98,485.00

$98,209.00

$98,149.00

$92,146.00

$89,607.00

$88,979.00

;
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East
West
East

East
West
west
wast
West
West
West

West
mest
East
Wwest
Nest
West

west

West
East
East
East
West
East
East
East
East
gast
west
West
West
Nest
West
East
west
East
West
west
East
East
East
West
East
-East
West
East
west

Female
Nale
Female
Female
Male
Male
Female
Female
Femzle
Fesale
Male
Fesale
Female
Male
Male
Male

‘Male

Female
Male
Male
Fesale
Male
Female
Fesmale
Male
iiale
Fesale
Male
Fesale
Male
Fesale
Male
Male
Female
Female
Female
Male
Male
dale
Female
female
Male
Fesale
Female
Male
Male
Female
Fesale
Fesale

SALARY

$81,032.00
$77,463.00
$74,7468.00
$74,185.00
$73,985.00
$73,695.00
§72,901.00
$68,577.00
$67,321.00
$67,025.00
$65,115.00
$63,392.00
$61,649.00
$60,403.00
$58,774.00
844,483.00
$28,935.00
$25,421,00
$25,223.00
$17,6566.00
$16,829.00
$16,594.00
$14,260.00
$13,932.00
$13,743.00
$11,602.00
$11,540.00
$11,362.00
$11,196.00
§11,158.00
$10,825.00
$10,811.00
$10,479.00
$10,141.00
$10,009.00

$9,788.00

$9,651.00

$9,506. 00

$9,367.00

$9,269.00

$9,080,00

$8,95¢.00

$8,868.00

$8,789.00

$8,642.00

$9,546.00

$8,521.00

$8,452,00

$8,329.00
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Output 1

Detfault PROC MEANS Output -

Analysis variable : SALARY

N Mean Std Dev Minisum Maximum
100 191349.73 104180.49 8329.00 611190.00
meEBrLsLsdcrsesrernnnan -- GEm:lee ----------------------- -
N Mean $td Dev Minisum Raximum
54 98434 .41 _ 96267.15 8329.00 570580.00
T PPN ceemeenaes GENDER=M21@ - -<ccc-ccccen-nn ceemenans .
N Mean Std Dev Minisum Maximun *
48 104772.07 113757 .62 8546.00 611180.00
S eeeeeeeniaeiaeaoa AEGIONSEASE -esvonveceoncconcnanee
N Mean sStd Dev Minisus Maximus
51 116543.88 123056.12 8452.00 6111950.00
------------------------- AEGION=Wegt -+ vvevrecocamcacnannnseans
N Mean Std Dev Minisun Maxisum
49 85535.41 78173.80 8329.00 393271.00
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Output 2

‘ Enhanced PROC NEARD Outpwt
tiysis varisble : SALARY

N " Mean 8td Dev std Error Winisum uxizyp Range o Skewaees Kurtosis

108 101349.73 104480.49 10418.08 8920.00 411180.00 602881.00  102.7930687 2.4257881 8.7374038

teecsruciessenatetrnesisneatiseacistsnnntncacane=e REGTONSERSE GENDERSPOPRLIE ---ccverarocerenennnanansmensonanmemannsnn casasses

N man 8td Dav £%¢ Erraor Kinjaus Naxisuve Rangs v Skewriass Kurtosis

ctesessensasttenttaccnsasnnenenanen eanertetirustacesttacannnaennonorneen Peemeeceserariittat st ettt b et aste b
28 120247.80 11550400 21828.38 MR.0 570580.00 982120.00  g6.0888030 2.2570180 T.o101108
LR EE L R TR R A KN N LE RN XL TN LA A ERELE LI ER LR L XSS I T BN o N e LA Add A A LRl R R A RS 22 a a X A e X R R L S L P LY PR PR R Y PR RN P Ry

eveannoen sererorsverersetcscnsscotansaacansiccscess REBIONTERSE GENOER®HGLE =< ---vc-oe-- crescececcasccnoranencmmnransenatntonns

N dean 8td Dev atd error Kinizux taxisun Range oV Skewness Kurtosis

<) 112004.70 134176.28 anm.e $348.00 811180.00 802644.00 119.7631327 2.5014028 8.3242043

----------------- etetsammnecccmcciesarescsccssoas REOIONSWEST OENDERSFQEELA <occeevrocccanccnsrsnssannmsaamennmnmassonammmns

N Mean atd Dev atd Error fitnisun mxinsus Renge cv Bkawness Kurtosis

R R R e R e R Y L LT D R B T T T g I L L L LT T
] T74043.00 4278.18 12806,40 832000 200885.00 288538.00  05.703413¢ §.8733778 4.4821754

teeeecetisrettenttncciocacanasnmanons reversscecresne AEAIONCWEST OENDERWMBLE +v---vomecrecneccccssnccnnsrasarrmncncassscacacnes

N Nean $t¢ Dev otd Error uindnun Maxisue Rangs v Skewness Kertosis

P R T T P Y] L T L L LI LI L L L Ll L LT L R ) weaswe

23 97500.43 41254 19080, 83 8387.00 303271.00 383004.00  93.7473781 1.7023345 3.813275%

AL L R L L R L L L D L R g o g Ay, vesesweew terrsoevecccsvsaansgassr et bunsarw
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Amalysis variable : SALARY

REGION

.......................................................................

.....................................................

0BS

B O N ;L O -

REG1ON

£ast
West
Easat
East
West
West

GENDER N Obs N

GENDER

Female
Male

Female
Vale
Feaale
Male

28 28
23 23
26 26
23 23
_TYPE

0

t

1

2

2

3

3

3

3

120247.86
112004.70
74943,00

97609.43

_FREQ_

100
64
46
51
49
&8
23
28
2

100
54
48
51
48
28
23
26
23

Output

3

Descriptive Statlistics Using the *CLASS® Statesent
Cefault output

115504.81

134176.26

84275.18

91412.54

.......................................................

21028,38
27977.68
12605.40

19080.83

Output 4

Minimum

570580.00

811160.00

296665.00

393271.00

bascriptive Statistics Using the 'CLAéS' Statesent

Print of "OUTPUT® Data Set

MEAN

101349.73
88434 .44
104772.07
116543.08
85835.41
120247 .86
112034.70
74943.00
97509.43

8TD

104180.49
96267.16
113757 .62
123056. 12
78173.,80
115504 .81
134176.28
64275.18
01412.54

STOERR

10410.05
13100.30
16772.65
17231.30
11167.69
21828.36
27977.68
126086.40
19080.83

NIN

8329
8529
8546
8452

. 8482

as46
a329
83s?

Hax

at1ts0
570580
611180
6t1180
393271
570680
611190
206865
383274

562128.00
802644.00
2048536.00

383004.00

RANGE

802061
862251
602644
602738
384042
562128
602644
208530
383504

cv Skewness
96.0558059 2.2370160
119,7631327 2,5014028
685.7684198 t.5733775
93.7473701 1.7023348
o SKEWHESS Ku
102,793 2.42579
87.798 2.48672 1
108.578 2.40087
105.588 2.30621
91,393 1.77730
98,056 2.23702
118.763 2.60140
85,785 1.67338
93.747 1.70233

Kurtosis

7.8107169
8.3243843
4.4021754

3.8132755

RT0SIS

8.7374
0.0218
8.2477
7.2436
4.5189
7.8107
8.3244
4.4622
3.8133

Suy

10Uy DI ‘SOUSRDIS

19PO P SIS4]
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Outpot S

Descriptive Statistics Using PROC UNIVARIATE - SubseT by Gender

imivariate Procedure

le=SALARY
liosents Guantiles({Dets$) Extreses
N 54 Som mgUs 5 1008 ¥ax  §70580 9% 570580 lowest 1D hignast 1o
tMeaw 96434 .41 Sum $315458 75% a3 136308 osh 254312 ax29( B7)  222400¢ &)
Sl Dev 9626715 variance 9.2674f9 . SO ud  she 90% 192296 8452( 88)  244080( 27)
skeun@ss  2.486725 Xurtosis - 10.0216 25 13932 108 9080 ‘ 8521( 9)  254312( 10)
166 1.014E12 €SS 4992841 % Rin 8320 = a8zt s789( 96) 206885( 17)
Zy 97.79826 Std wean  13100.3 W aas assa( %0)  S70580( 1
< IMEge0  7.513%05 Pra|T] 0.000% Range 562251 :
b - 0 S Nus > O 5¢ : 03-01 122376
AT 27 Prasju| 0.0001 ode 8329
_:,%p nk 42.5 Praajs| ©0,0001
Stes Leat [] Boxplet Mormal Probability Plot
57 1 . 575000 .
s f
[3 !
4 l
© 8 I
30 1 | I Raanad
25 ¥ 1 1 ropay
224 2 | { Py
1 555569 ] ] | PR TY N
1 000001111 12222444 17 Sembans | sreesaven
0 667777778 9 1 H | suunoan
O NITIMIIINIINZD 7 beooeow 25000+ = = v ewseansssss
taaadasesbrcsapriang Prrentennadacocdrcaafercadrncnbuannparrntes sitonn ot
Multiply Stes.Leaf Dy 10°°+5 -2 -1 o -1 +2
L R L LT L TP Frbeaaeceenamannan GENDERZMELE ---ce--voennmn-ou trmeransemencenn eememenritrannsecncmnnnan tesaedmaamenronan
nivariate Proceguce
VariablesSALARY
Nosents OQuantiles (Def=5) Extreses
n 46 Sus mgts 46 1008 Max 611190 9% 611190 Lowest  ID Highest ID
Mean 1047721 Sum 4819515 75A 43 153351 8% 278374 BE46( M) 216187¢ 28)
Std Dev  113757.6 Variance 1.294£10 0% Ned 83z WA Fatar 8642( 95)  22¢919¢( 20)
Shewnsss 2.400658 Kurtosis 8.217655 2% o1 137¢3 1.8 9506 8954¢ 80) 278aTal ")
uss 1.087E12 C3S 5.623E11 O% Win 8546 E Y 8954 9367¢ 57) 3w ]
ov 108.5763 Std Mean  16772.85 “ 8546 9505( 60} 611190( tH)
TiMeanz=0  6.24560¢ Pr>|T| 0.0001 Range 502844
"o "z G 45 Wm > 0 % 03-Q1 139608
M{Sign) 23 Pra={M| 0a.0601 yode B54E
Sgn Rank S40.5 Proz[§] 0.0001
Stes Leat s Boxplot ¥orsal Probability Plot
61 1 - S25000+ .
§ |
s l
4 i
4 ]
39 1 0 | Y PO
3 J25000+ e
28 1 | § reety
2112 3 ] { PUTT
1 5566788 7 Femaee + | perTTY TS
1 0011123 7 1+ | 1 sonens
O 867778999 9 [T ERL ] ! sehean
O FYRIIT1933192253¢ 17 PPN 25000
CEREL FEEEY TR RE PR 3 dons et ey itee et anadennndoscntarcatbanndinane
Multiply Stem.Leaf by 10=%+5% 2 -3 o Py 2
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Qutput 3
Descriptive Statistics Using PROC UNIVARIATE - Subset by Gender

Univariate Procedure
Schesatic Plots
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500000 +
1
I »
i
400000 + a
I
]
|
300000 + |
| | |
| | |
| | |
200000 + | ]
: | | |
1 ] Faraws +
| i
100000 » REEL T2 o | + |
t A
1 { ! | t
} L ) e +
[ I ]
------------ ProvavevsssnPrrrrbtarn e
GENDER Fesale Hale

259 MWSUG '97 Proceedings



