Chapter 1

Introduction to S-Plus

1.1 Introduction

1.1.1 Data and cases

In this course, we will he Hiting moe complicated statistieal models than those eovered in
ATH 3] /8, However, we gtill start by collecting data on the individual ohjects of our study,
and measuring the characieristics of lnterest (eg helght, welght, length, mumber of defecis
el ) for each ohject

Yo will recall Ioom last year that we usually eall the objects cases. However, cases moed
mort e humean - they may be any type of object, animal, vegetahle or miseral on which
obaervations are made. The total number of cases In an Investigation & called the sample
gize.

The characterisiles we measure are called sardalles. The sual sltwation [which we
confine ourselves 1o in these motes) Is where 1le same varlahles are measured on each case
In this case the data we collect can be organlsed Inio a rectangular table or dala malriz,
with rows corresponding 1o cases amwd columns to varlahles.

The data in Table TF {llusirate this ldea. Three measuremenis [BPD amnd A0 measured
In mm, amd hirth welght ([BW) measured in grams) are made on each of 1) unhorn infams
using ultrasmmad technigees. Thus there are ten “cases” (infanis), and each mww of the data
matrlx comsists of messurements on the same case.

As anotler emmple, a small part of the data from a8 denstal survey 1s slown In Tahle TT.
The variahles measumed ave Age, tle patlents’ age In years, Sex, the pathents’ sex [M{F)
and Attitude, thelr attitude 1o dentkis, as measured by the question “Do you think dentists
deserve 1he salaries they am pald?™

Types of data

e obvilmes dilference bhetween these two examples s that while all tls variables in tle first
data set are mumerle, the second data sel containg some nor-numerle varlables, Numerical
variahles can either he condinuous, comsisting of readings made along some continuois scalke
sguch as welght, length or time, or diserete, comsisting of coums. The varlables BFD, AC,
BW are all measurements of length or welght and so are continiois.

In the dental example, the varlable Age Is continugus or possibly discrete, but the
other two are dichotomies Le. varlables having st two categories, In this Instance atil-
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Tahle 1.1: Ultrasound measurements on ten infants

Case BPD  AC Birth weight

1 T ME 1350
2 a2 253 L5
3 LI 2170
4 a8 M5 17N
] a6 M0 1830
L] a4 252 17740
T ay X 130
i ar 350 1730
9 ™ 2 1580
1 a1 M3 LEr

Tahle 1.2: Data from the denial survey

Case  Age Sex  Atiltude
1 ar M Y
2 21 M Y
3 4 F Y
4 Gl M N
5 1B F Y
[ ™M F N
T M M N
& 41 F Y
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tde [Yes/No) and sex [Male /Female). Using a varlahle such as Attltude Imvolves careful
definition of the categories, and some rule lor the classification of doubiful cases, sinee each
case mist be assigned wnamblgumsly 1o exactly one category. Varlahles such as Attiiude
and Sex that are classifications are called eategorieal varlables or faclors. Sometimes the
categories are ordered, such as socloeoonomie status, or age groups, In which case tle [acior
I called ordinal I there I8 no implied ordering in the categories [eg. categories such as
s, raee, or religious preflerence) then the [acior B called nominal

The sort of analysk appropriate lor a glven set of data (eg. the selection of the appre-
priate form of model) depends on the number and type of the variables nvolved.

Response and explanatory variables

Usually, there will be a particular variable that Is 1o be studied, such as atiitude or hirth
welght, and we wani Lo lnvestigate the effect that eertain other varlables (such as sex or
socip-eeonomle statis In the case of attitudes) have on this partleular characterktie. This
partcular characterkiic B called the response vardable, [often abhreviated to the response)
or sometimes the dependend variable. The varlables whose relationship to the response Is 1o
he studied are called the eeplanatory variables, or sometimes the independent vardables, 1he
predicior variabes, or ile carriers.

Models

T sidy ihe relationship between the response and the explanatory varlables, we i stalish-
cal models which deseribe how the dietribution of the response is affected by the explanatory
varlahles. The type of model depends on the type of varlahles nvolved. I hoth responss
and explanatory varlables are continous, we 1se a egresdion model These are discussed in
Chapter Thiee.

Chapter Four discisses ow 1o incorpomie [actors into regression models, Noie that
there s no Tull treatment of analysls of varianee In this course - this is done n 475340,

Finally, a final chapter, to be supplied later, will look at mesdels that are suitable Tor
categorical responses, amd deak with loglstle regression (where ihe response ls a hinary
variahle) amd log-linear models lor comtingency tables. A briel discussion of generalised
limear models will also be neluded.

1.1.2 Use of computers

Usnally the computer soliware mecessary 1o fit statistical models & collected together, io-
gether with [acilitles for the entry and manipulation of data, inte a set of programs called a
slalistical package. Sueha package should come complete with a conslstent inderface, 8 st
ol comventlons that allows the user 1o communicate his or her ntenions 1o the eomputer,
alither by iyplng in nstrections at a keyhoard, or sing a pointing deviee such as a8 “monse™,
or perhaps a combimation of both.

In this course, we will perform our analyses sing the statistical paclkage 5-Flus, a widely
avallable commercial prodect which 1s very simiar to the language B used in 475301 /8.
We will show wou low 1o 1me 5-Plus to it a varlety of statistical models to data. The mext
ae¢Uion of these notes oontains some Inteed ueiory material on using 5-Flus which you slwkd
read ower helore your st computer sesslon.

The package 5-Plus 5 based on the statistical language 5, which has heen created by
researches at Bell Laboratorkes in the TSA, The program B owsed in ATH201/8 15 a locally
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written Implemeniation of this language. The primary pesource lor information about 5-
Phis b ile set of manuals available in the Advanced Laboratory, together with the texitbooks
listed below. In addition, there 15 a good “on-line™ help laclity in 5-Plus. See Section A6
In Appendix A lor more detalls on this.

There will he quite a lot of ¢lass discussion devoled to the se of the package. Tlere
are several bhooks avallahble on 5-Phs, 5 and B. The book “An Introduction to 5 and 5-
Phs™ by Phil Specior [Duxberry Press, 194) 15 a good Intreducitlon. See also “Modem
Applied Statlstles With 5-Flus™ by Venables amd Ripley. The books “The New 5 Language™
hy Chambers et al [(Wadsworih, 1988) and “Statistical Modelling in 537 by Chambers amd
Hastle (Wadsworil, 1992) are more advanced relerences o the basic language 5. The 1se of
B B covered 1o the AT5201 /8 text, “Data Anmalysis™.

1.2 A brief introduction to S-Plus

In this section we deseribe the hasle facts you need to know In order 1o me 3-Plis on the
M-terminak in the Advanoced Lahoratory. We ako give some hins on report writing which
you may find weelul when preparing your assignmenis. More technleal details on 5-Plus and
tlee Undx operating system may he lound in the appendioss, which you should skim helons
your first compuler spasion.

T analyse data ising 5Plus, we need 1o lollow the Bowchart in Figure TT: Le.

# Log on to the computer;

# (el the data Inio the compuier;

# Invoke 5-Plis o perform the analysis Interactively;
« Print out the resulis;

# Log out.

We then need to use the computers 1o coeate 8 fyped report deseribing the analysis we
have dope. We mow describe these steps In detall.

1.2.1 Logging on

The first step is 1o “log on™ 1o the X-terminak. When you sit down, you will se¢ a screen
like the one ln Figure TT. To log on, wou type your login name [which will he assigned o
you at the beginning of term) and press the return ke, You then type In your password
[this wil also be assigmed to you) wlich will mot appear on the seeeen lor security peasons,
and press the return key again, Note that the computer distinguishes hetween upper anmd
lower case, a0 I your login name ls aleed01, typing ALEESD L will mot work. Alter you have
suppesslilly logmed In, you will see an slerm window on the sepeen. The xterm window s
where you can iy pe commands 1o the UNIX operating system, which handles the details of
printing, saving and wireviog fes, logeing on amd off and so on

The typed commands appear alier the Unix system prompi advlabe, You iype your
UNIX commands aflier the prompt and then press the return key to execute them. For mone
on UNIX commands see Appendix B.
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Write Run Check Print
Logon program » program P output resuls > Log ut

Figum 1.1: Analysing data using 5-Plis.

In the examples that follow, tle prompt B shown, then the command. Bemember mot to
iype the prompt, st what follows 11

There is also a “pop-up mens™ which you wil see I you move the cursor with the momse

o the grey part of the sereen and press the right hand bution.

1.2.2 Entering data

We can enter data directly inio 5-FPlig, more or less as you did in with B, See Section A3
in Appendix A lor detalls on this. Aliernatively, belore we start up 5-Plis, we ¢an prepane
an external il of data using a text editor. We then start 5-Plis and then read In our data

[rom this external file

Deporoment of o hemod oz ond Sorisrics XTEREAL

Lwgin
Preg voad.

Flgure 1.2: The login streen.
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Ualng the text editor
Now wie deseribe how o use the text editor xedit o prepare a file of data. Start xedit hy
Lyplng
advlab> xedit &
In an xierm window window, or by selecting zedi e from the pop-up menn This prodoees

il wedit window shown in Figume TT.

Close box -
enu b Zoom box

.,

it | Save | Load Filz mme

ana

L= Corriral-5 and Conimd- R0 ssarch

Test
arm

Resize
corne

Figure 1.3: The xed it window.

Mowe the cursor with the mouse to the “Mename area™ and type In a name lor your data
file. The name should be of the lorm xooe. dat where xxxx represenis a siring of letiers or
digits. Choose names ilat ape meaninglul, Ior example ultraseund. dat, Type this mame
In thee e area. To actpally enter the data, move the cursor 1o the “program area™ and press
il leli hand button. You can then iype in the data lines, End each line with a carriage
return. Note how the insertion point [ *A7, the point where the nmext character will go) moves
alomg a5 you type. As an exercise, type In the ulirasound data given in Table 1.1, IT you
make mistakes, or want to make changes, the lollwing should help:

# Top erasge a character jist belore the nsertlon polnt, press backspace.

# T dngerd e, use the mouse to move the cursor o the desived place and elick ihe lefi
hand bution. Type in the pew text.

» T delete text, select the text to be deleted by hokding down the left hand hutton and
drageing over the text. The texi will “highlight”. Release the lefi button and iy pe
Cirl-w (hold down ihe Conirol key and at the same time press “w™ ).

» T move text, delete It as above, move the cursor to the plase where the deleted text
is 1o he nserted, click the leli hutton, ellek the middle b ton.
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» T copy text, select 1t as above, mowve the cusor 1o the place where the copy Is 1o be
Imseried, elick the leli button, click the right hutton.

# T gearch lor text or replace text, type Ctrl-5 or Cirl-R. Fill In the boxes as directed.

When you have ty ped In your data, “save”™ the file [Le. save a copy ol tle program on the
Sun's disk) hy clicking on the “save™ hox with the lefi bitton, A copy of wltrasound, dat
I8 mow permanently stored on the dsk, and will remain there umid you erase it.

Close the wed it window by clcking on the close bow of the windoy . The window collapses
Intgan kon. You can open the windoey again by clicking on the leon with the middle tion.
Closing the window simply reduces the space it oecuples on the sereen. To dEpose of ile
window completely, ¢lick the box marked Cuit in Flgure TT.

Having exited [mom the editor, we can look at the e we have st made by using the
UNIX command mere. This prints out tle file on the compuier sereen:

adylab> more ultrasound dat

EFD  AC EW

T 248 130
B2  Zh3 1800
80 265 21T
B2 265 1TED
BE 260 182D
B3 ZhZ 1740
8D 230 1300
Bf 250 1730
™ 242 158D
Bl 263 1820

1.2.3 Using S-Plus

T 1me 5-Flus, first use the pop-up menu to make a mew xberm window, as described in
Section B.A2 of Appendix B. Then positlon tle cursor in the mew window amd type

advlab> Splus
The computer respomds with

S=FLUS : Copyright (c) 1888, 1995 MathSedt, Inc.

3 ¢ Copyright ATET.

Version 3.3 Release 1 for Sun SPARC, SunlS 5.3 @ 1886
Working data will be in .Data

w

The prompt > appears whenever 5-Plis expects you 1o type something. It B lollowed by
an nsertion point (A). Just as In R last year, the nsertion point tells you where characters
typed on tle keyboard will appear on the sereen. [n the ecamples that lollow, text alter
tlee prompt > represents text that you type. Lines ot heginning with tle pmmpl re present
responss by 5Plus . Remember not o type the prompt! Note ako that 5 Flus has apened
a “graphics window™ and a “belp window™. You may meed to resiee them by putting ile
cursnr in the resize hox and dragging the momse.

Suppose we want 10 pead In the ulirasound data, plot BW wersis BPD, and then [t a
siraight line to the data. The first slep s 1o get our data inte the compuier. There are
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many ways Lo do this, hut we will assume that we are peading our data [bom an external file
[Orileer ways of entering data are discissed below In the sectlon Getting data Inio 5-Plis in
Appendix A.)

Bemember that prior to starting up 5-Phs, we msed the data editor zedit to coeate a
et file wltrassund. dat comaining the data. The st line of the file contains names for
tlee variables. To mwad tle data Inte 5-Phs, and create what 1s known as a dala frame, which
15 1he 5-Plhis equivalent of a data mairix, iype

» plera . df €= resd.table("wltrascund . dat", header=T)

T gee what the object vltra. df lopks lke, st type s name:

> ultra.df

EFD  AC EW
2448 1360
203 1500
266 2170
266 1780

1820
252 1740
230 1300
280 1730
242 16580

Bl 263 1820

SR i = e R e
LERE TR E
:

s

The lmetlon read. table works mther ke the lumction read. file smed in B, The main
difference B that the object produced is 8 “data rame ™ rather than a serles of veciors.
[Data frames are discussed n detall in Secton 424 of Appendix A.) The first argument
1o pead  table ls the name of the exiemal e and the seoond tells 3-Plus to look for the
variable names in the first lie of the Me.

e problem with data frames Is that 5-Plus doesn't know abowt the variahles in them,
s we can't 1me the variables (In this case BPD, AC amnd BW) In 5-Plhis expressions. We get
round this by using the aveach lunction: typing

» pttach{ulera . 41)

makes the variables acoessible, o we can wse them in 5-Plus ex pressions.

Having got our data inte 5-Pls, we can now draw our plot, using the lunction plet as
wie dlid in B and draw 1l plot in the sual way:

» plet(EPD ,EW)

Suppose we want 1o [t a siralght line throwgh the plot. Models in 5-Flis are writien in a
special way, We want 1o [t the model

OBW =g+ BP0 4+ e
which in 5-Plis notation ls wrliten
EW =~ EFD

The comstant term and the errors do not need 1o bhe speciiied. To i the model, we me the
Tunetlon 1m (1m = “lpear model” which Is ancther mame lor regression. ) We 1y pe
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» ultra.regd=1lm(EW EFD)

This stores the msult of the regression in the "regression object™ wltra.reg. We can sop
tlee pesults 1wing the Tunetdon summar ¥

» pummary(ultra. ceg)

Call: lm{formula = EW ~ EPD}
Res idusle:
HMin 10 Median 30 Max
=200 =30 12.5 101.3 165

Copfficients:
Value Std. Error t value Pri>|e])
[T.I:I.Lﬂrnﬂpl.:l =28 85 . D000 928 . 1386 =3. 1168 0.0143
EFD 55.0000 11, 2009 4. B3 0.0012

Res idual standard error: 133.4 on 8 degrees of freedom
Multiple R=-Squared: 0.7506
Fegtatistic: 24.07 on 1 and § degrees of fresdom, the p=valvpe is Q.001154

Correlation of Coefficients :
[Intercept)
EFDI =0, 900

Citleer regression quantites can be displayed:

» coafficients (ul tra. ceg)
[Intercept) EFD
=ZFabL bhb
» residusl eful tra . cegh
1 2 3 £ 5 6 T 8 9 10
10 =-11% 115 165 =15 16 =206 =160 130 6D

We can add ile ftted Ine to gur plot by typlog

» abline(=-2886 5&)

» abline(coafficiente{ultra. ragh)

(le. by giving the nterpept and slope of the ne) and give the plot a titde by iy ping

» bitle(""Figure 1: Birth weight versus Biparietal dismeter®')
The resuliing gmph is shown in Figure TT.

Tio get & paper eopy of the graph, olick on the hos marked ]n Ll graphics
window, using the lefi-lhand mouse bhutton The graph will then be guened lor printisg.
Swipe your ID card amd lollow tle Instructions on the console by the printer. Your graph
ghould then he printed. Put the cursor In the xtemn window where 5-Plis Is running and
press return o get the 5-Plis prompi hack.

T exit rom the program 5-Plis se the lmetion . Notloe that the hrackeis (3 are
neeessary, even though there are mo argumenis.
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Relationship between BPD and BW

ﬂ_ & &
8 -,
] .
B 2] -
- -
-
-
g
u—
g 1.
[]n] a 20 a0

bi-pari=ial diamei=r
Figure 1 4: A iypleal 5 plus plot.

= qld

The UNIX prompt reappears in the xterm window, and you can type Turther UNTX oom-
mands.

1.2.4 Printing files

We saw that primtimg what was displayed in the 5-Phs graphics window was easy - just
clicking the boee. Printing files in UNIX iz a Title hit harder.

Suppose that you have made a disk ile assignment 1. notes containing 5-Flus ol put
and motes for the amswer 1o your assignment. You can primt it out on the laser printer
In the Advanced Lab by wsing the mpage command. For example, to primt out ihe file
agpignmentl. notas, Lype

advlab> mpage =1 apsignmentl.notes

In an xterm window. (o to the primer and run your ID card through the “swipe card™
reader. The e aseignment 1. notes will then be printed out on the laser printer.

NOTE: printing on the laser printer 1s quite expemsive. Confine printing to maierial that
you want o include In your assignment amswers. You will get an allowance of 18 pages
Iree, bt any more than this will have w0 be pald lor at the Student Besourece Centre. You
cansave paper by replacing -1 In the mpage command above by -2, This prins out at lall
glme. (It 15 possible to print owt at 1/4 or 178 sise bt your elderly lecturers wont he able 1o
read 1t.)

1.2.5 Logging out

Al the end of your sesslon, you mist “slgn off™ by legeing out. Mowve the mose onto the
erey area ouislde all the open windows, click on the dght hamwd mouse hution, and, with the
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mouse hutton siill depressed, move the cursor over the “Log Out™ command, ilen release
ihee bt ton.

Fallure to do this may mesult In another user gaining aceess 1o your ks amd using some
ol your quota of print pages. 5o, DON'T FORGET TO LOCG OUT!

1.2.6 Preparing reports

As we discussed In the Preface a key part of thk course Is the writing of reports lor each
asslgnment deseribing your analyses. To guote again from the preface:

The people with an interes! in the answers are pour cuslomers, and your
concdusions are gour product. When handing in assignments, imagine that the
marker i gour cliend, who is hirdng you for pour professional erperdize.  Your
consulling report fi.e. gour assignment) should be neal, correctly spelled, well
organised, relevant and concge - in other words, professional.

Beports mist oot be handwritten. They can be prepared on any word proeessor to which
you have aceess. The rest of thie sectlon deseribes report preparation uslng the text ediior
xedit and the program Lates.

Your reports should contain (at least) three sections.

# Section 1: Summary: A briel statement of the problem and your conclusions. Yoo
glould regard thi as your “esecutive summary™ 1t should contaln o symbols or math-
ematics amd take up no more than one page.

# Sectlon 2 Resulis: A description of your amalysls. The description should Dnehade
summaries of the modelk that you have Otted. These summarks may nclude out-
put from 5-Plis commands [see below how to do thk), 3-Pls graphios and iables.
Caraphlecs amd tables should be labelled “Flgure 17, “Tahle 27, ete amnd eliher placed in

il body, or attached to the end of the report. In the text of the report you should
reler 1o “Figure 17, or “Table 27,

# Sectlon 3 Conclisions: The section should give the conelhslons om your analysis
with reasons [istilying them. You might lke to bear in mind the lollowing quote [rom
Bonald D). Snee, who was lor many years a statkileal consultant with the glant T 5.
chemical company DuPont.

When I am writing a report, the single most important thing [ wand people to
learn i always displaged in the form of a plol - prefembly near the beginning.
If I feed that I am obligated to include some informalion, bl I don® wand
peaple o notice i, I display i az a table.

We sugeest that you se the iypeseiting package Latex to prodece your reports. Using the
editor xedit erpate a ile whose name las the suflix cex, g Reportl . tex. You can (opy
1lee example file report . teax from the direclory fuserefetate Les £330 with the onmmand

advlab> cp fusers/stats fleef330/report. tax .

Try experimenting with thik file, making small changes and obaerving the effeci. You ise
Latex by nserting special commands In the ted of your document [e.g to change fonts or
iype slme, or 1o cenire text. These commands are preceded with a backslash *\7. S5ee the
Introdeciony document Essenlial Loter lor more detalls. You can pead this by {yping
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advlab>» xdvi "lee/330 /essential

In an xterm window., When you have prepared your report, typeset It using the Unbe
oo nmand

advlab» latex report

I everything goes well a file called report . dvi will be produced. You ean view it using 1he
previewer edvi.

advlab> xdvi report

IT it s not to your satklaction, make changes, reedit ile e report.tex, run it through
Tex, and preview again, When you Ieel that your report Is ready lor printing, priot it wsing
the command.

advlab> dvips report

1.2.7 Incorporating output from S-Plus

We have seen how 1o get hard coples of 53-Plis gmphs, The easlest way to get hard coples
of putput from 5 Plus commands B o open up xedit, then cut and paste the desived texi
from the 5-Flus window Into the editor.

To cut amd paste: Highlight the text to be pasted by holding down the lefi-hand
htton amd drageing the mouse gver the desived texi. Using the mouse, mowe the cursor to
tlee text Input avea of tle editor. Click the left hand button to mark the point where 1l
et is 1o go. Pressing the milddle button will copy the selected text into the desived place.

Alternatively you can use the 5-Flus funetion eink. When you are In 5-Plis, t(yping
> gink{"filenamea"}

caises all subseguent gouiput om 5-Plus 0 be writien to the e "£il ensme'. This filke can
tlen he edied to oem the basis of your report. To redivect 5-Plus owtpul 1o the sereen
alter you have used sink, ¢all s ink with no argumeni:

» gink()

1.2.8 Documentation

Full details of all 5Plus commands are given in the manpals in the Advanced Lahoratory.
Yo can alsp use the extensive “on-line elp® facility of 5-Plis. See Sectlon A6 of Appendix
A Jor detallk.



