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Abstract: The freshwater fisheries biologists in the South Carolina Department of Natural 
Resources desired to learn programming SAS® software in order to complete some of their basic data 
analyses independently. The author designed a series ofworkshops involving a hands-on 
programming experience for the biologists, as well as workbooks with examples and exercises 
relevant to fisheries research and management. 

Introduction 

One of the goals of the freshwater fisheries 
biologists in the South Carolina Department of 
Natural Resources was to obtain a working 
knowledge of SAS programming in the personal 
computer environment (Wilson and Foltz 1997). 
I had worked with the biologists for over a year 
as SAS programming consultant, so I knew the 
programming capabilities of the participants 
ranged from none to intermediate. Though most 
of the biologists programming skills were very 
limited, all knew how to negotiate and use SAS 
commands and execute programs written by 
others. . 

After talking with the biologists, we decided 
that I would design the workshops in-house 
using examples relevant to fisheries research 
and management that the biologists would 
encounter in their jobs. Since we remember 
10% of what we hear, 40% from the way it's 
said, 50% from what we see and 90% from what 
we do (Nelson and Howard 1997), hands on 
programming was chosen as the method for 
presenting the information over a two to three 
day period. 

The biologists had indicated difficulty in 
readinglinterpreting SAS published 
documentation, therefore I felt it was worth the 
time and effort to create a specialized workbook 
they could use as a reference. 

Three of the workshops used SAS System 6.04. 
The last workshop used SAS System 6.08. 

The objective of this tutorial is to describe the 
in-house design and teaching of SAS software 
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for the personal computer environment in a 
workshop format. 

Workshop Design 

For the first workshop, I surveyed and talked 
with the biologists to determine what they 
wanted to learn. All agreed that to be able to 
read in data from dBASE and text files and to 
perform simple descriptive statistics would be 
the first step. I then proceeded to collect small 
data files in dBASE and ASCII that would 
typically be used by the biologists. From these I 
created exercises to demonstrate a "building 
block" concept of SAS. Based on these exercises, 
I designed the workbook with this "building 
block" concept as far as sequencing information. 
The examples created to demonstrate the SAS 
statements used examples familiar to the 
biologists. Sample programs were included in 
the work book as examples in utilizing multiple 
concepts (i.e., taking data from PROC MEANS 
and utilizing in another data step). Each 
workshop was limited to one biologist per 
computer, with approximately 30 minutes of 
lecture and 45-60 minutes for hands-on 
programming. 

Subsequent workshops were similarly designed. 
The second workshop was based on the 
biologists' desires to know how to use and 
interpret three of the linear statistical 
procedures. The third workshop concentrated 
on introducing additional options and 
statements in the data step and select 
procedures, and introducing two additional 
procedures. By the time of the fourth workshop, 
version 6.08 was available, so this workshop 
highlighted what was new in SAS for Windows. 



Workbook Design 

The Basics of SAS 

The first workshop (Figure la) was developed 
for the least experienced users. To avoid 
confusion and information overload, I selected 
statements and options that would most likely 
be used in any analysis the biologists might 
perform. The introduction described DOS path 
structure and filename structures, the SAS 
display manager and terminology used in SAS 
documentation. The workbook was then 
arranged into three chapters: 

Data, where does it come from? Described the 
different ways of storing data, how to read 
ASCII files, dBASE files and spreadsheets 
(Figure 2) and using data in the SAS program 
itself. dBASE had been used for several years 
for data base management and was the data 
entry application of choice. Temporary vs. 
permanent SAS data sets were also described in 
this section. Exercises were included after the 
ASCII discussion and the dBASE discussion. 

Data, how to manipulate it. This chapter listed 
the arithmetic, comparison and logical operators 
and the rules of using these operators. It also 
described how to create new variables, both 
numerical and character and four numeric SAS 
functions the biologists would likely use: 
loglO, ahs, sqrt and into After describing 
informats and formats, a series of exercises 
were included to re-enforce these concepts. 
There was also a discussion on how SAS handles 
missing values. 

Data, how to use descriptive statistical 
procedures. This chapter began by describing 
the FREQ procedure and the TABLES, 
WEIGHT and BY statements and some options 
available in these statements. Two concepts that 
were stressed were how to use previously 
created SAS data sets with the data= options 
and how to output the results with the out= 
option. Two exercises followed this discussion on 
PROCFREQ. 

The section on the MEANS procedure listed the 
statistical keywords, discussed the options, 
data=, maxdee and noprint, in the PROC 
MEANS statement, discussed the VAR, BY, 
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CLASS, OUTPUT and ID statements. Two 
exercises were provided after this section. 

The biologists were introduced to UNIV ARATE 
procedure as an alternative to PROC MEANS 
since additional statistics (e.g., quartiles, mode, 
median) would be available. The options 
data=, noprint, plot and freqused in the 
PROC statement were discussed, as were V AR, 
BY, and ID statements. The OUTPUT 
statement listed select statistical keywords that 
would be typically used. Example programs 
were included as well as an exercise. 

Statistics Useful to Fisheries 

The second workshop (Figure Ib) was based on 
the REG, ANOVA and GLM procedures. Again, 
to avoid information overload and confusion, I 
selected statements and options most likely to 
be used. It was explicitly stated that this was 
not a workshop in statistics, but the biologists 
should be able to write a simple program based 
on information given by a statistician. 

The REG procedure (Figure 3) looked at the 
data=, noprint, simple options in the proc 
statement and described what statistical 
estimates outest= stored in a SAS data set. 
We looked at how to use these statistics from 
outest= in another data step to perform 
calculations using the INTERCEPT and 
regression coefficients. The section on MODEL 
statements described how to set up a model and 
some options (p, r, elm, eli) available. The 
model selection option was also included. It was 
explained how and when to use a FREQ 
statement. Also included the OUTPUT 
statement and options available based on input 
in MODEL statement. An example program 
(Figure 3) included demonstrating using the 
outest= statistics and using regression 
coefficients and how to use these to determine 
the weight offish based on the loglO oflength. 
The SAS output was included as well as 
interpretation of the output. Another example 
was included demostrating stepwise regression, 
with SAS code, output and notes on interpreting 
the output. One exercise on regression was used 
to reinforce the information from this chapter. 



PROC ANOVA - To begin this chapter, the 
following generic statements were included in 
the workbook: 

proc anova options; 
class variable(s); 
model dependent(s) = errect(s) 
meBAS efrect(s) / options; 
by variable(s) ; 
quit; 

The introduction described dependent vs 
independent variables, that ANOVA tested for 
differences between means for classification 
variables; how to write MODEL statements and 
identifying main effects vs interactions; using 
the MEANS statement. To avoid misuse of 
means separation tests, I recommended the 
biologists contact a statistician to determine 
which test would be appropriate for their 
analysis. An example typical of fisheries was 
included along with output and explanation of 
output. One exercise was included. 

PROC GLM - the generic statements included 
were: 

proc g1m options; 
class variable(s); 
_1 dependent (s) = independent (s) , 
outPUtout=SASdataset keyword=name(s); 
l...ans errect(s) / options; 
ma&D8 errect(s) I options I 
by variable(s) ; 
qu:Lt; 

This chapter described the two types of 
independent variables, classification and 
continuous, as well as dependent variables. The 
types of models were introduced (e.g., 
polynomial, multivariate analysis). Options 
included in the PROC statement included 
data=, outs tat, and noprint. The following 
selective options were included with the 
OUTPUT discussion: out=, p=, r=, 195m, 
u95m, 195, u95,stdp, stdr, and stdi. 
The options included in LSMEANS were pdiff 
and stderr. Options included in the MEANS 
statement were the most commonly used: 
duncan, t, line. There was one example and 
three exercises for PROC GLM. 

More Basics of SAS 

The third workshop (Figure Ic) included 
functions that would be useful. I presented 
these as a problem that may occur with the data 
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(Figure 4) or as something that may need to be 
done with the data. Character functions that 
would be useful for "cleaning" up data (e.g. 
left, right, upcase) and for joining two (or 
more) values (substr, trim). 

For numeric functions, we looked at the 
difference between round and into And with 
dateltime functions, we looked at how to extract 
values (e.g. month, year) and combine values 
(mdy). Also included were the special functions 
lag, put, input, uniformandranunLAn 
exercise was included to use some of these 
functions. 

We looked at using dates and/or times in 
IFJTHEN statements, the importance ofusing 
IFtrHENIELSE statements, and using IFIIN 
statements. 

New data statements introduced were A'ITRIB, 
RETAIN, OUTPUT (in the data step and in DO 
groups), and simple and iterative DO groups, 
DOIWIITLE, DOIUNTIL, DO/OVER and ARRAY 
statements. Examples that would be useful to 
the biologists (such as generating random 
numbers) were used to illustrate the use of each 
of these statements. 

As anticipated, the discussion on DOs and 
ARRAYs was confusing for the biologists. For 
the exercise in using DOs and ARRAYs, I had 
the biologists type an example program (Figure 
5) into the program editor and submit the 
program. This way they could see how the data 
was entered and how to use SAS code to 
restructure the data to be used for further 
analysis. 

I had started using the %LET macro statement 
in some of the programs I was writing for the 
biologists and decided to introduce the terms 
"macro" and "global variable" and their 
usefulness in this workshop. 

Although the WHERE statement can be used in 
a data step, I limited the discussion to using it 
in procedures. Many times a biologist wanted to 
print out a select species or lake from a 
permanent SAS data set and this allowed them 
to do that without re-reading the data and doing 
a proc print. 



Two new procedures were introduced: PROC 
FORMAT and PROC TABULATE. Additional 
statements in PROC PRINT (SUM and 
PAGEBY) were included. In PROC FORMAT 
we looked at the VALUE statement to assign a 
value to an input value (e.g., where 1mb in the 
data would be spelled out as largemouth bass) 
and to create ranges. 

In PROC TABULATE, we used the following: 

proc tabulate options ; 
class variable(s) , 
freq variable, 
fo~t variable(s) format . ... , 
label variable = 'label' ... I 
by variable(s) , 
table (e~ression,] [~ression,] e~ression 

(/options] ; 
keylabel keyword = 'text' ... , 

Options used in the PROC statement were 
data= , format= and order=. Options looked 
at in the TABLE statement included 
misstext=, printmiss= and condense. The 
statistics most likely to be used were also listed. 
Because of the numerous permutations of 
tables, I gave an example of each along with the 
TABLE statement for ease in reference. 

The final chapter described how to create output 
from a SAS data set using DATA _NULL_ and 
also how to create ASCII files from SAS data 
sets. The final exercise allowed the biologists to 
to write SAS code using %LET, PROC 
FORMAT, and create a special formatted output 
using DATA _NULL. 

SAS for Windows 

The fourth and final workbook in this series 
combined the three previous workbooks into 
one, documented new options and items in 
version 6.08 and items that were no longer 
available. Two additional procedures were 
included: PROC PLOT and PROC CHART. 
Since PROC DBF was no longer available in 
version 6.08, an appendix was included with 
instructions on how to export ASCII files from 
applications being used by the biologists (e.g., 
dBASE, LOTUS123, WordPerfect and Paradox). 
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Conclusion 

After each workshop I handed out a survey to 
determine if the workshop meet the 
expectations/goals of the biologists. They all 
agreed that the hands-on method helped them 
learn the material, prepared them to write SAS 
code as well as a better understanding of the 
SAS programs I had written for them. 
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Figure 2. From.: The Basics of SAS 

IL DATA-whlftdoelitcomtfrom and how does one accen It? 

, ........... 
The fU81 thing 10 look ailS the data. WhaI: form is It in, what are the parameters, 
what medium is II on, etc. The data we wJ1l be working wIh today are in IQur 
forms. dBASE. ASCII, OIF and SAS daIa sats, and are found on the floppies 
diStlibutedearlitr. 

In this documentation, the form of SAS slatenleJU are specified with these 
conventions: 

bald Indicates to use the sama apaIIing and form as 1hOwn, 
j talics means to supply your own infom'IaIion. 

The FILENAME stelemeni (1:30,LG:387) will be used frequan:1y Ihroughoul this 
dacumenIIon. Unless a file Is in)QB'" cwrent directoly, you will have 10 use the 
FILENAME stat«nent 1'1 also malCts h corMniInt 10 identify all exIemaI input 
and output data ftlea at the beglnring of a prospam even though the FILENAME 
statement can be usCId anywhere. The IoUowIng is a generic: FILENAME 
SIaIemenI and examples: 

fil .... Nt~nat/IIt 'dri.Ye:,t.il«Dlt/lle.exe'; 
til .... iisbdata '1I:\lakes\blaek.dta'; 
:U~ c:lUlClata 'b:poIldl.dbt' , 

The relerencename IS any eight ehar.acler natn$ you want to give the fl1e, thi,* 
of • as a nicIcnarne. Then in lingle quotes idenlify the drive fA:, B:, or C:) and 
then Ihe fIenamt. be In 10 IncIudt Iht Clirtctory name a the liSa is SIOI'ed in a 
directory. If the data file Is in your current dIr«:toJy (IhaI1s, the dftcIory where 
you are working with SAS). you """ need 10 use the filename and edenskm In 
Singla quotss. 

The OATA statement Is used to teD the SAS system you want to entatI a BAS 
data .. The DATA IIIatemenI signals the beginning of a OATA Slap and the 
name wfth the OATAsIaIement ldenlllies lhe SAS data set. The SAS 
SIaIemants wlhin Ihe DATA stap CfeaIes the SAS data 881. For QX8I'r1)I8: 

-IBn: 

IIgnais $AS 10 BIaI1 a new data step and eaDthe SAS da1a Hl1tn. TtfI1)Otary 
and permanent SAS data sets can be created this way. In the next saction on 
SAS data sets, we wJI discuss ~rafY and permanent SAS data aets. 

• 

GASE .... 

dBASE is a database rnanagemant program. dBASE flies are accessed by 
PROC OBF (I:Sl.PG:12!r131). Thelolowing is an example of a PAOC OBF 
statement to access a dBASE data fie from I\oppy and to save the daIa !No a 
permanent SAS data Ml: 

l~ ti1Jb '0'; 
til_ tisbdaea 'argreenlk.db.f'/ 
~ dbf db3_ti.hdata CNt_tl$b.saIII;les 

$AS data sets can also be saved into cEASE files. The following statement is 
used to save a temporary SAS data set to a dBASE fila in ycu current directory: 

WIll the PROC OSF 8Iat8m8nt the variable DIlfn8S and characteri8tics are 
aanaporta:t along with 'the paramatem. This Is hUe going from dBASE 10 BAS 
ancIlRIm SAS to dBASE. SAS can only handles variable names of 8 characl:am 
or lese. 80 longer d8ASE vadaI?Ia names wID be 1NnCatecI to 8 chatleters. 

Some things to f8J1'I8fri»r about dBASE: 
·N.1his time (3'10), $AS only supports dBASE 2. 3. and 3PLUS. 
"MIs8Ing numeric vHtes In d3A$E are oonv.Ited 10 ztrOII Co} wbtn nnst.rrecI 
10 SAS data !lets. dBASE wID uselhe SAS miRIng value of. • the dBASE 
variable field is filled with nines (9'9). 
~ln ttansIetrIng runaric data from SAS 10 dBASE, uneric fields wli be 16 --. ~ characlerwlunare ban8ferred from dBASEto $AS as blanks. and 
vice vena. 
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BAS ......... 

Data in $AS CIaIa HIS are in a special fonn lhal only SAS can read. $AS data 
sets can be temporary or pennanenl. T eIq)Of8Iy flies last lor the duration of the 
SAS MSSIDn and have a one IevtI name .. found in: 

dat.a combine, 
outpae OIIIe-estimaces: 

Permanent flea are stored on disks and have an .$SO extension. In order to 
access permanent BAS daIa sets you have to know where they are and 
retflMl'lCe their IOcallon by using the llBNAME statement In the SAS program 
(1:32.LG:392-393). 

The USNAME slatamenl US8$ what SAS caIta a Ilbrel (library referenCe) so the 
.sse files on the disks can be acc:eas«l and lndenllfication 01 the drive where 
the .sse lies aM located. The Ji)ref then precedes any filename withouI the 
.sso extension (i ..... ) 

The IOIoMlg are ex&ft1)Ies that you're familiar with: 

u=- crHl '0', 

1~ creel tart, 
4&ta GT_1.6aIIplel 

The fhIllBNAME statement IncIcatea creel is the Iliref and the BAS data sets 
are WI. your 0I.I'r8nt cirecIory. TIle second one indIcaIes the SAS data sets are on 
drive A:. and the DATA staIemenI is: crealing a BAS data set caIed sarJ1)Je that 
wi. be stoftId on It'll ftoppy in the A: drive.. (NOTE: on the fJoppv Ihe file win be 
caKed sampleMd). You could also 1hlnk of the IIlreI as a nicIcname. The 
UBNAME' ehouId be at the begklning of your $AS program. 

REMEMBER: the SAS daIa eats en dlaks have an .SSD extension. The SAS 
program does not need to know 1his to accaas the file. By umg the LISNAME 
&latemBnt. the $AS program knows where to go. 

• 

_'dBASE .... 

Before beginning !he exercises. I wanII to discuss the SAS statements RUN; and 
PROC PRINT;. The RUN; statement is wed to leD SAs to execute the 
~ing stat«nents. data steps or procedures (PROCs]. The basic PROC 
PRINT; pmc:«ln wi be UHd 1tIrOUghouI these exercises, so you can see what 
Is happening to the data. PROC PRINT will be dlSC\IIHd in CleIaJ in Chapter 3. 

REMEMBER: For aD of these exercises, aI ir1* files are on the floppy and all 
output filM; are 10 be stored on the Happy. THIS IS DRIVE 8: ON THE ZENITH.) 

1. In the apace provkfed below 'Mile out the statemarts necesaaty to 
converl the dBASE fde JOHNSLK. oeF to a ~ry $AS CII1a set. 
100IUd& lhe slatemenl(lJ) necesaary to print the fie. 

2. 

3. 

Now em. these statements onto the $AS P10gnlm EdItor. Now submit 
the program (F10). When your program works auocesafUly. &ave It 0lIl0 
theftoWi and C111 it PGM_1.SAS. 

Change tile appropJiaIe statemerts 10 convert the cSBASE 1ia in 
Exen::i8e 1 to ill pennanent $AS data set and to prlnI Old the tie. The 
SAS data selShouId be iItOAJd on the floppy. Now submit the !)r09I'atn. 
WhIm yow pIOgI8ID warkS 8UCC81SM1y, save II onto the floppy and cal 
It PGMJ.SAS. 

• 



Figure 3. From: Statistics Useful in Fisheries 
. 

CHAl'TEA2 REGRESSION 

PROC REG is a general purpofMI procedure lor simple regression (SG:269-
386), There are several ott. regn:aion procackns IhaI have more apecIaJized 
applications. 'fiNch we • diacUS& 1aIGr. PROC REG fils leaSt- ..... 
estimates to linear regreasion models. There are various model aeIecIicn 
melhods available as wall. (NOTE: transfonnalions of depIndanI: and 
independenl variables can pIOCIuCe non-inear analyses. •. g., logistic curves. eIC. 
ThIs win be covered In an actvane.d workshcp In the future). 

All dependant and inr:\eperdEn (regressor) wariabIes U88CI in PROC REG .t4I 
contInous vadabIas. e.g., length. weight. pH. temperature, etc. 

The foI\Dwing statemant8 ara used with the REG procecIure: 

~ -. op/::LGlll(S); 
..,.,.,1 deptmcfent(s} • rQf1%'Ntlor(s) loption(s}; 
i4 vari4ble($I: 
~ varUbJet.'; 
ov.~t; out;..s:.\Sdat.asat keyworcl=.lUlllG'(s); 
1III1t., 

PROC REG SbteIMnt. The folloWIng options are available in the PROC REG 
.... ement 

4at; .. SIIISctatliset -- names the $AS data ... to be used. II the daIa set 
Is nol specified, REG uses the most recently created $AS data.et. 

out •• t._s.uc!ataset --~ that parameler eaHmaI-. and optional 
stad&Iics be aulpUI to this daIa aeI (see the prinICuI at the botIom of page 11. 
Thi$ tII't tie- • pen'JIIIIeI'l w tempomty da1a $t\. Th& vanatIltI fOllOO in tis 
0UIpUI data sal are 88 toIow$: 

-the BY variables, I' any 
• -MODEL..... a charaCler variable containing the label of the c:oneponding 
MOOa. stahKnent, II any wert! specIiecS 
.. _TYPE-. a charader vartabIt willi the word PARMS for every ............ 
.. -DEPVAFL the name 01 the dependent wwiabIe 
.. _RMSE, lhe roat maan squared mer Dr Ill. estimate of lhe SIMdard 

deviation of the ....-or tenn 
.. INTERCEP. the e&tImatad II'i8I'CIJ)t 
.. 81 the variables I8Ied in any MODEl. 8Iat8mant contalning the 
8Eitimated regresakln coeftiCtents for the model. A variable Ihat does rd 
appear In tha model oorreapondlng to a given obsefVatton haS a miSsIng 
value In thai obserYaIIon. 

. 

~ (I») - Thill stant v.ilh all indIpendanI variIbIts and deletes 
them one by one II"4iI variables remaining In the model produce 8 significant 
F_lstio 
(c D. 1 D). For ea:h evaluation, the variable 'Ai1h the smallest COI'ItribUion 18 ......... 
.t....,u. - H a variable Is d8Ierrnlnad signIIlcanI: « 0.15). It is added to 
1M model. Tht mocIII is .-...valual«l ancI any variableS no longer 
significant (> 0.15) are deleted. This method continues unlil variabIM 
Ollt$ide 111e model are not significant and variables inside are. In this 
method, the "WOrst" variable may be deleted withOUI ccnsidering what 
adclng the "besI- remalnilg variable might acco~. 

au::t - Tries 10 find the be8I one variabIa medel, Ute beSI: 2-VarIable 
model. tIC. by daltnnining 1he bes1 (maximum) R2. Unlike .t.....,u., 
IDUC%" evatuates at switches beIofe ~ variables. 

m1Dr _ Works similar to UJa.'. excepIlooks to produee the smallest R2, 
The eIIect of addingIdeteling variables is also fMII .. ted. 

Z'~ _ determines the R2 vaIua for all possible oambfnaUons of the 
inCIep8ndent variables. The model wah the largest A2 .. always idenlIIed. 

The F-sIalI8I1c significance level defaults can be changed with .1u~o- n 
and/or .tst.ap n (SG:276). d_t.~ a epecifteslhaslgnllicance 
level lor entry into fO&'WU'lS or at.epld... modela. .1s~ a 
specifies lhe significance level lor a variable lla)ling in l:II.ClL'WUd or • c.pwi.. modefs. 

As with all alatistical models, the above options QII1rIOt IdenIIIy "Irue' 

models. bL4 are useful expIoraIory tools fer model tuklng. However. coupled 
oMth sound theory, leasible modelS can be produced. See SG.:272-274 lor 
_lis. 

FREQ a.tarnent. H a variabCe in the data sal represenI the trequency of 
occurrence lor the ether values in Ihe ob8eNatiDn, include the variable's name 
In. FAEQ scatament, PROC REG will treat the data set as if each cbserVallon 
appears n Umes, where n Is the value of the FReQ variable for the observation. 

10 st:aIement. The 10 statemenl specifies one variable to iclenlily ®Hrvllions 
Instead of obsefvaIion numbeFS. The 10 statement can oriy be used if IhI 
MODEL statement ~ options P. Z'. elm, and'ar eli. By default 
(omitting the 10 stalemenl), SAS .... ob8etWation I'IlII'I'ltIIn 10 Identify lhe -. 
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1IGpIIt'.b~ --~ the ncmnaI odpuI. 

aimpl.e - - prints the ":simple" de8criplive statistics for each variable used 
in REG. 

MODEL........... At least one MOoa statemtm is required to idenlify the 
dependenI and indap8ndent variables in the ~ 1TIOCIeI. The dapenden1: 
(response) variables are specified immediately aIIer the word MODEL, followed 
byanoqualsign ..... 1he _ (.........,v_ The..,.-'_ 
hIP are only a small ponjon of those found In SG:275-2S1, however, thase are 
the or-. you would moaI probably use. 

aoprmt --~ the normal printoul or regreasion resuJIs. You do 
not use thI:s II you usa:i the nop;rrt option In the PROC REG swement. 

p -- ca/cuIaIes predicted values from the InpuI CIlIa and 1he esllmated 
model. The printa1.4 includes tM obsenIatlon m.mber. the lirsllD varlabla, II 
speciIiIcI, the actual and prediCUld vaIU88, anCIlhe residual • 

Z' -- requesIS that the residual be analyZed. The printed otJIJU: incluclls 
everything requested by the p optiOn plus the standard errors of the 
predicted and resklual valUes. the llUClenl:ized residual, and Cook's D _ ... 
cia - - prinls the 95% ~ and Jower.confidenc limits for the expecIecI 
values cf the dependenI variable (mean) for each observatiOn. Ttis is noll a 
predictlon iNervai (see the cli option) becaUM it takes Into 8CCOUr'II only 
the Vltlalion kI ~h. paramatar estimates, not the wriation in the ermr term. 

cl1 -- requesIs the 95% upper. and kMer-conficlenc& Omits for an 
indMdual predicted value. The corliclence limits reflect varilltion In the 
enor, as WIll as varlallon In the parameIer estfmates. 

Options far model seleclion: 

nHc::t.:!._ n.sme specifiers the modeHIeIection malhDd as summarized --~ If) - ThIs starts MIh no variables in the model. Each 
independent variabIa Is added to the model anci 8 f.sIatiatic is computed. H 
the variable's conIribution to the model Is significant ( > ,SO). then the 
variable remains In the model. This evaluation conIllVJ8S tlltll no lUIIining 
VJriatIM. produces 8 IignIDcanI F-statisIIc. Once a variable ill In the model It 
SlayS. 

OUTPUT........m.. The OUTPUT staIemerd specifies an 0UIpUt daIa set 
containing 8IIdistjcs c:alculaled for each obeeIvaIion. One OUTPUT Slatement 
can follow 8I!ICh model ISIaI«nent. F« each Slatistic. specify the keyWOId, an 
equal sign. and 8 variable name lor the 8IaIisCic: In the 0UIpUI: data 1M. The 
OUTPUT CIlIa set COI'IIaIns au the var\allle8 in the q;,uI data _, incSUcIng any 
BV varIaI:Hs. and 10 variables. and variables named in the OUTPUT stalement 
tha'I COIlIaIls 81atis1ics. Some of the statIsIics Jceywords and IheIr rneat*lgs are: 

pn4.tct...s- or po. -- predicledvalues 

na1d1aaJ..s or z:a -- residuals. cU:ulattcl as actual minus predIcIed 

lSI.. -- lower bound of 95% confidence inIervaf for the expected 
valu8(rnean) of the depencItnC variable. 

a5"5IP -- ""* boone! Of ~ conI~ inlerval for the expected 
valu9(mean) of the depandert variable. 

;l.t5- -- lOWer bound of 8 95% canfidence interval for an individual 
precIIctIon. This inCludes the vanance of the enor, 8$ well as the variance of ... _ .......... 
1It5_ - upper bound or a ~ conrldence interval for an Individual -. 
at4poo -- standaRlerrorofthem&anpredlcttclvalue. 

~ -- SIandaJd error of the residual . 

.wi_ -- standard error of the IndIvicIuaI prediCted value. 

Mlulng wallIN. Arr1 missing observaIiCns are excluded from 81 estimates. 

Use qidt.; nstead 01 :aIli to tell SAS to slop execudng PROC REG. 



Figure 3 (con't). From: Statistics Useful in Fisheries. 

ZIauIIple 1: 

11l:1Dame Ush 'a;' l 

/*-.---------------------------------------------------/ 
I ealc:ulate regression }:)allied on loglO values I 1----------------------------------------------------- .. 1 
data tlEIWl 

set fisb.:dver: 
lOQ-wtllloglOjwt..gml; 
log..tl",loglOI tl.,Jlm' ; 

proc 801:t; by spec:l.eal run; 

proC' reg outestllregr_est; 
model 10Q'_wt=log_tl; 
W species ; 
title 'LoglO Ragr9ss:i.0Il tor Usb '; 

quit, 

1*-----------------------------------------------------/ 
I print tbe default regression estimates 
I 
/NOTE, lOLtl is equivalent to the estimate at the 
I slope "b" ON desClribeci in llltanda::d 
I fisheries texts I 
1-----------------.------------------------.---------" I 

proc print data=regr_est; 
title 'Regression e&timates in SASc!ataset=REG1LEST'; 

""" 
'*---------------------------------------------------/ 
/ merge regression estimates with a data file / 
I tbat does not haVe weights. Calculate we1g.bt. I 
/----- ---------------------------------.--------.--- - */ 
data two; 

merge regr_estCkeep. species log_tl intercep) 
:Usb .newrvr (keepqpeeies tlJlm) J 

l::Iy species; 
wt..gm.",10**i:ntercep .. tl.JI:ID**lOiLtl: 

ReO~"'10nl tol" (loG) lenO'UI "I (lOg, w1ght 01' 11lh 
e:" ThiIr"adIIy, february 28, 'HI 

............................... SPECls-tn ................................ . 

1IOda1: ItXlELI 
Dependent Var1.bla: LOG_'" CD 

.... of -" .... ~ ... ClIqu .... a 
-~ ." valll8 ~rob"F 

-, , lOl4.22m ~.22778 "" .... 0.0001 ... ~ '35 0._ 0."'" 
(: Total '" 24.811369 

doot USE 0.0lIl1. • •• q ...... 0."'" 
_",m 2 ...... e.\dj R· ... 0.9780 
«.V. 2 .24l57t 

.. arueter eat::Lutel 

.. • .,.,...ter .. unciai'd T far ItO: • 
va"lab~ OF htillate Error ,.r...ur-Q Pro!) .. I T I 

'5.",77MO 0.113370475 
8.22:2390 O.CM83USS 

11 

0.0001 ...... 
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,.--------------------------------------------------- I 
/ print the lengtb " estimated. weight I 
1-------------------- -- ---- -- ----------- -----_______ -', 
proc print: 

by speeies; 
var tl...,Jlm wt..gm.. 
fOrIMt wt-9JlI 4.0; 
lat>el tlJIIU '" • Length CIIIIIt)· 

wL'JIII = 'We1ght (gill)'; 
title 'Length / wei!:lhts by species'; 

""" 
1*----------------------------------------------------1 
Icreate ASCII tile 1 
/- -- -- -- -- ------------------------- ------------------ ... I 
data ..DUll_; 

set two: 
f i leDU:Ie newset • AI newd.lt.ta.. dtll ' 
file newset; 
put 91 8p4cies is tl..-. 4.0 911 \rt.4ftl 4 0: , .. ,," 

10 

Reg .... B1an .. 'hIr (loa) length .... {1GQ, .. ight of 11811 to 
8:" Thuralhly. February 28, 1891 

.............................. SPECllESoorb ................................ . 

Analyd. 01 Varll11Ct1 

"-of .... -- " -~ 
_A 

, Valua ...... , 
-, ... om 2.80732 146.815 0.0001 ...... , " , . ..." 0.Ot775 
CToW 72 8.8'6737 

""".SO o.t~ R'&qUlf>e 0.87042 ... ... , 2.808'2 AdJ R·sq ...... 
C.V. 4.7"'237 

'*"-tvr hUaate .. 

"rueter ....... " T 1Dr tlO: 
Var1lbl4l " Estill.te E~' _~o Prob .. lTI 

, ....... , .... 10505S 
..... _n. 2.977716 

0 ......... ·7.705 
O.24~ 12.121 

0.0001 

0.000' 

Reg"uJon •• U .. tes 1n SAS4ltar.M~esT 11 
9:" ThundlY, February 28, 198' 

bt MOOELt PNIIIS LOG_WT 0.0II1U8 ·5.n796 3.2UlJ9o .1 
rb MOOa1'ARtIS LOG_wr 0.13322 ·4.905Ge 2.91772 



Figure 3 (con't). From: Statistics Useful in Fisheries. 

PRINTOUT of the exam,.., lAS program: 
REGRESSION FOR (LOCI) LENGTH vs (LOG) WEIGHT OF FISH 

1'lIo_ngwllbriatly_ ... ~ _0IIIpUI. Tho boIcIwoofs 
are the htadingI: found on the printout 

1. Tho...,.. ... _la_ hen> (LOG...wn. 

2. Source of variation. Where the Ern»' is the deviaIion of the cIepeIda1I: 
vatiabI& (LOG_WT) from PfWdicted vaIIJe$. Modell rellects de\lialionI between 
the predicted valles and the mean. 

3. OF Is degrees of fraedDm aaocIated with lhe source (le. lhe nurrtIar 01 
-). 
ot.sum of ...... tor each 8OI.IC8 (In 12). ie., 1he sum of ~ de\IiaIiont 
of each LOG... 'NT fnIm tha mean 

S. IIIan ..... (sample wrianoe, 82 ) is caIcuIatec1 by : 
aumllqUUM ... DF 

6. The F-vaIw Ie8t8Jhe hypothe$i$ that all paranM'ItIIr8 .... zero except 
the Intarce.,e:. ThIS Is ca/cukded by: 

............. nIDdeI ........ n Iq"" WIQI', 

The larger this value the beeler. 

7. PROB II> F Is the sigNficance probabIIIly. The is lhe probabilily 01 obIai'dng .. 
F value as large or IIIrget Ihan lhe one Qbtalned. • thiS value Is less 1han .05 
... regression did. 'good job" '" ~ ,he-' 
8. Root USE (Mean Standard Enof)which Is 1M alandard dmatton of the enol' 
term or 8qU8I1I root of the anor variance . 

• 0 DSP M&AN Is the mean of the depardenI: variable. 

10. CV Is the coefIicieni of variation WhICh QPres8e8 the variation In uniIIess 
v.aIue$. ev is calculated by ftI01 ....... dep rMIIn "'00. 

11. The .......... is the square of generalized ootrelation coeffiCient This. tells 
you the % 01 varIaIIon In the dependanI variable that can be accounhId for by 
'I8rIa1icn in. the irldependenI vatiable and v\c& vert&. 

" 

Figure 4. From: More Basics of SAS 

CHARACTER FUNCTIONS 

PROBLEM: you have a dBASE data set where 
the species code looks like this when printed out 
with SAS: 

ael 
ael 

ael 

SAS does not recognize them es the same 
because the second one has a blank at the 
beginning. You can go in and change the records 
in the dBASE file, but if there are many it would be 
more feasible to luse the LEFT functions which 
will align character values to the left. 

LEFT( variablename) 

ex: spcode=left (spcode); 

For those who use ASCII files as input data, this is 
not a problem unless you've assigned a column 
fonnat for the vairable. If the characters fall 
outside the specified columns they could be read 
as part of the next variable. 
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12. ___ ................. ........ 

13. VII'fIbIt icl8rdies tha variable ~ as the regressor (l~ n.) ancIlhe -. 
14. Degrees of Freedom 

15. PInmaIw .......... or estimaltd I'89f88SIon coaIficierIts tor variables 
II$led In i13. 

1&. SIBndan:Ierror (SE) 1s·lhe same as Ihe SIandaJd deviation 0I1ha parameter 
estimate. This raIIeds the accuracy of the Irue slope and~. S.E. 6s used 
10 caIc:utatt the 95% confidence inIervaI fOr the slope by 2"' SE _ the pnmMtr 

_"' ... ",_(LOG...TL). 

17. The8e teet the hypoIheah thai: the parameter (L.OG..W1') is actually zero .• 
the PRQEb.F Is less than .OS, the parameter Islignificanl. 

14 

Figure 5. From: More Basics of SAS 

J************************************/ 
f* This program restructures data */ 
f* for statistical analyses. *f • 
f* */ 
f* Each wk is a measure of fish *f 
1* hematacrit. * / 
/************************************/ 

data one: 
input trtmt wkl wk2 wk3 wk4 wk5: 
array ween (i) wkl-wk5: 
do over weekn; 

week=ii 
hema=weekn; 
output; 
end; ""of 00; 

drop wkl-wk5 i: 
cards; 
1 .25 .30 .50 .75 .80 
1 .20 .30 .45 .60 .79 
2 .26 .30 .40 .65 .70 
2 .86 .45 .48 .68 .73 
3 .15 .20 .30 .45 .50 
3 .25 .45 .36 .45 .58 
4 .55 .30 .50 .65 .60 
4 .56 .39 .45 .67 .70 

proc pr'int; run; 


