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1 Introduction

S-PLUSclassifiesobjectsinto many differenttypes,suchasvectorsanddataframes.SomeS-PLUSfunctions
treatthesedifferenttypesdifferently. For example,the functionplot will do a scatterplotif it receivesa
numericvector, aboxplotif it receivesafactor, or aseriesof plotsif it receivesregressionoutput(complicated
functionoutput,suchastheoutputfrom regression,is generallyin theform of a list). Thisflexibility is called
“objectorientedprogramming”.

All objectshave values andattributes. An object’s valueis whatyou seewhenyou typethenameof the
object,andattributesarethingslike length(for vectors),dimensions(for amatrix),or row andcolumnlabels
(for a dataframe).Themostcommonobjectsandtheirattributesaredescribedbelow.

2 Scalars and Vectors

The simplestobject in S-PLUSis a scalar. Scalarsare single numbers(type “numeric”) or words (type
“character”).Charactersmustbeenclosedin quotes:"x"meanstheletterx, xmeanstheobjectx. Similarly,
1 meansthenumberoneand"1" meansthesymbolusedfor thenumberone.

A vectoris a setof scalarsarrangedin a onedimensionalarray(or alternatively, scalarsarevectorsof
length1). Vectorscanonly containonetypeof scalar:eithernumbersor charactersbut not both. If S-PLUS
seesbothin thesamevectorit will changethenumericargumentsto characters(by enclosingthemin quotes).

> blah <- c(1,2,3,"d")
> blah
[1] "1" "2" "3" "d"

In theexampleabove,S-PLUSconvertedthenumbers1,2and3 to their respective symbolsso thatall four
elementsin blah wouldbecharacters.

Usesubscriptsto seeor changethevalueof a particularelementor elementsof a vector(this is covered
in “Introductionto S-PLUS”).

> blah[1]
[1] "1"
> blah[c(1,2,3)]
[1] "1" "2" "3"
> blah[4]
[1] "d"
> blah[4] <- "zip"
> blah
[1] "1" "2" "3" "zip"

�
In writing thishandout,I washelpedagreatdealby theS-PLUSHelpArchivemaintainedby theUniversityof Toronto’sDepartment

of Statistics.
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Vectorshavea lengthattribute,whichcanbeviewedor changedby usingthefunctionlength.

> length(blah)
[1] 4
> length(blah) <- 5
> blah
[1] "1" "2" "3" "zip" ""

Notethatwhenblahwaschangedto lengthfive,theblankcharacter("") wasaddedto theendof thevector
asthefifth element.Hadblah beena numericvector, thenew elementwould have beentheblanknumeric
element(“NA”, for Not Available).

Question: Whathappenswhenyou reducethelengthof a vector?

3 Checking and Changing Types

If you areunsureof the typeof anobject,checkit by usingthesetof functionsthatbegin with is. There
is onefor almostevery typeof object,andthey return“T” or “F” (true or false)dependingon whetherthe
objectin questionis of thattype.

> is.vector(blah)
[1] T
> is.character(blah)
[1] T
> is.numeric(blah)
[1] F

In theabove example,S-PLUSwasaskedwhetherblah wasa vector(true),a character(true,a character
vector),or a numeric(false).

S-PLUScanchangeobjectsfrom onetypeto another, but only if thereis anobviousway to doso.

> as.numeric("1")
[1] 1
> as.numeric("hello")
[1] NA
Warning messages:
1 missing value generated coercing from character to numeric in: as.numeri\

c("hello")

In theexampleabove,S-PLUSknew how to changethesymbol“1” into thenumber1,but nothow to change
theword “hello” into a number. Someusesof theas functionswill beshown in subsequentsections.

4 Factors

Factorsarea veryusefultool in S-PLUS.A factoris a vectorwherethevariouselementsrepresentdifferent
levelsof a variableandtherelativeeffectsof thoselevelsareunknown.

Supposeanexperimentwereperformedontenpatients,usingthreedifferenttreatments:placebo,medicine
A, andmedicineB. Supposethefirst threereceivedtheplacebo,thenext four receivedmedicineA, andthe
final threereceivedmedicineB. The responsevariableis degreeof improvement.The datawill consistof
two vectors:which treatmentapatientreceivedandtheextentto whichheor sherecovered.

If themedicinevectorwerecodedasnumbers,it would imply anorderingandascaleof theeffectsof the
threetreatments.For instance,codingplaceboas0, medicineA as1 andmedicineB as2 would imply that
medicineB is twice is good(or twiceasbad)asmedicineA, andthatthedifferencebetweenmedicineB and
medicineA is thesameasthedifferencebetweenmedicineA andtheplacebo.In this experiment,we will
notknow therelativevaluesof thethreetreatmentsuntil aftertheexperimentis complete,sowecannotcode
thetreatmentsasnumbers.Instead,entera vectorof charactersandconvert it to a factor.
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> medicine <- c(rep("Placebo", 3), rep("A", 4), rep("B", 3))
> medicine
[1] "Placebo" "Placebo" "Placebo" "A" "A" "A" "A"
[8] "B" "B" "B"

> medicine <- as.factor(medicine)
> medicine
[1] Placebo Placebo Placebo A A A A B B

[10] B

(Thefunctionrep(what, n) is ashortcutwhich repeatsthefirst argumentn times.)

> levels(medicine)
[1] "A" "B" "Placebo"

The vectormedicine is a factorwith threelevels, but no particularorder to the levels. If a factorhas
a definiteorder to its levels, you canspecify that by declaringit to be an “orderedfactor”. For example,
supposea marketingfirm weretrying to guagetheappealof a new movie. Thedatacouldconsistof a factor
for viewers’ responses,andperhapsseveralvectorsof demographicdataoneachviewer.

> responses
[1] Great Good Good Poor Great Fair Awful Fair Good Fair Poor Great
[13] Fair Good Poor Fair Fair Great
> levels(responses)
[1] "Awful" "Fair" "Good" "Great" "Poor"

The factorresponses hasfive levels, but they shouldnot be in alphabeticalorder. Usethe ordered
functionto convertresponses to anorderedfactor.

> responses <- ordered(responses, levels=c("Awful", "Poor", "Fair", "Good", "Great"))
> responses
[1] Great Good Good Poor Great Fair Awful Fair Good Fair Poor Great
[13] Fair Good Poor Fair Fair Great

Awful < Poor < Fair < Good < Great

Now S-PLUSunderstandsthat thereis an orderingto the data,with “Awful” being the lowest level and
“Great” beingthehighest.

WARNING: Do nottry to changetheorderof thedataby makinganassignmentto thelevels attribute.
Alwayschangetheorderof thedataby usingtheordered function.

Theonly reasonto makeanassignmentto thelevels attributeis to changethelabelson thelevels.

> medicine
[1] Placebo Placebo Placebo A A A A B B

[10] B
> levels(medicine)
[1] "A" "B" "Placebo"
> levels(medicine) <- c("Medicine A", "Medicine B", "Placebo")
> medicine
[1] Placebo Placebo Placebo Medicine A Medicine A Medicine A
[7] Medicine A Medicine B Medicine B Medicine B

Question: Generateavector,moreresponses, whichconsistsof “BestMovieEver” repeated
twice and“WorstMovie Ever” repeatedthreetimes. Make it anorderedfactor, so that “Worst
Movie Ever” is thelower of thetwo levels. Appendmoreresponses to responses. What
doesthis new vectorlook like? Do someeditingto make “WorstMovie Ever” the lowestlevel
(below “Awful”) and“Best Movie Ever” thehighest(above “Great”). Changethelabelson the
levels,if necessary.
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5 Matrices

A matrix is like a vector, but in two dimensions.To entera matrix in S-PLUS,entera vectorof dataandthe
dimensionsof thematrix. For example:

> matrix(c(1:9), nrow=3,ncol=3,byrow=T)
[,1] [,2] [,3]

[1,] 1 2 3
[2,] 4 5 6
[3,] 7 8 9

In theaboveexample,the“by row” argumenttells S-PLUSto readthedatain by row. Thedefault is to read
it by column,whichwouldhaveresultedin:

> matrix(c(1:9),nrow=3,ncol=3)
[,1] [,2] [,3]

[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9

Vectorscanbeconvertedinto matrices,by usingtheas.matrix function. This functionchangesa vector
of lengthn into ann by 1 matrix. Theas.vector functioncanbeusedto changeamatrix into avector(by
readingdown thecolumns,from left to right).

Matriceshavetwo attributes:thedimensionsof thematrix,andthenamesfor therowsandcolumns.

> bulls <- matrix(c("Ron", "Michael", "Scottie", "Dennis", "Luc", "Steve", "Toni",
"Jud", "John", "Bill"), nrow=2, ncol=5, byrow=T)
> bulls

[,1] [,2] [,3] [,4] [,5]
[1,] "Ron" "Michael" "Scottie" "Dennis" "Luc"
[2,] "Steve" "Toni" "Jud" "John" "Bill"

To checkthedimensionsof amatrix,usethefunctiondim.

> dim(bulls)
[1] 2 5

Usethefunctiondimnames to seeor changetherow andcolumnnames.Notethatdimensionnamesmust
beenteredasa list (seenext section).

> dimnames(bulls)
NULL
> dimnames(bulls) <- list(c("Starters","Bench"),c("PG","SG","SF","PF","C"))
> bulls

PG SG SF PF C
Starters "Ron" "Michael" "Scottie" "Dennis" "Luc"

Bench "Steve" "Toni" "Jud" "John" "Bill"
> dimnames(bulls)
[[1]]:
[1] "Starters" "Bench"

[[2]]:
[1] "PG" "SG" "SF" "PF" "C"
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6 Lists

Lists aremorepowerful thanvectors,becausethey canhold multiple typesof things. A vector is a one-
dimensionalarrayof scalars,while a list is aone-dimensionalarrayof objects. For example,this list contains
a charactervector, a numericmatrix,anda numericvector:

> blah <- list(c("1","two","three","4"),matrix(c(1,2,3,4,5,6),nrow=2,ncol=3),c(1,7,17))
> blah
[[1]]:
[1] "1" "two" "three" "4"

[[2]]:
[,1] [,2] [,3]

[1,] 1 3 5
[2,] 2 4 6

[[3]]:
[1] 1 7 17

Selectingelementsfrom a list requirestwo separatesubscripts,unlike vectors(which needone)or matrices
(which needa pair). The first subscript(in doublebrackets) tells which part of the list to select,and the
second(in singlebrackets)tellswhichelementof thatpartto select.

> blah[[1]]
"1" "two" "three" "4"
> blah[[1]][3]
[1] "three"
> blah[[2]][1:2,2]
[1] 3 4

Listshaveanamesattribute:

> names(blah) <- c("some.characters","a.matrix","some.numbers")
> blah
$some.characters:
[1] "1" "two" "three" "4"

$a.matrix:
[,1] [,2] [,3]

[1,] 1 3 5
[2,] 2 4 6

$some.numbers:
[1] 1 7 17

Onceyouassignnamesto a list, you canselectpartsof thelist usingeitherthenameor doublebrackets.

> blah$some.characters[4]
[1] "4"
> blah[[1]][4]
[1] "4"
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7 Data Frames

At this point you probablyrecognizethe many similaritiesbetweendataframesandtheothertypesof ob-
jectsin S-PLUS.Dataframeshave dimension,row names,andnamesattributes.Blanksin dataframesare
representedby NA, just like blankentriesin numericvectors(andfactors).

Matricesmaybeconvertedto dataframesby usingthedata.frame command(there’snoas.frame).
Data framesmay be convertedto matriceswith as.matrix, althoughkeepin mind that matrices,like
vectors,canonly containonetypeof datawhile dataframescancontainseveral. If thereareany characters
in thedataframe,convertingit to a matrixwill resultin all of theelementsbeingconvertedto characters.

8 An Example, Using Data Frames and Factors

Thefollowing dataarefrom theNew York ChoralSocietyof 1979.Eachsingerreportedhisor herheightto
thenearestinch. Theobjectiveis to examinehow heightvariesacrossvoicerange.Thevoiceparts,from low-
estto highest,areBass,Tenor, Alto andSoprano.Thelowesttwo partsaresungby men,thehighesttwo by
women.(Thesedataareavailablein thefile /afs/andrew/stat/data/S-Tutorials/singers.dat).

Soprano Alto Tenor Bass
64 65 69 72
62 62 72 70
66 68 71 72
65 67 66 69
60 67 76 73
61 63 74 71
65 67 71 72
66 66 66 68
65 63 68 68
63 72 67 71
67 62 70 66
65 61 65 68
62 66 72 71
65 64 70 73
68 60 68 73
65 61 73 70
63 66 66 68
65 66 68 70
62 66 67 75
65 62 64 68
66 70 71
62 65 70
65 64 74
63 63 70
65 65 75
66 69 75
65 61 69
62 66 72
65 65 71
66 61 70
65 63 71
61 64 68
65 67 70
66 66 75
65 68 72
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62 66
72
70
69

8.1 Reading and Organizing the Data

Thefirst difficulty is that thedatafile is not arrangedin a table. It is in four columns(Soprano,Alto, Tenor,
Bass),but thecolumnsarenot of equallength. This meansthatread.table will not beableto readthe
data.Instead,usescan, skippingover thecolumnlabels.

> height <- scan("singers.dat",skip=1)
> height
[1] 64 65 69 72 62 62 72 70 66 68 71 72 65 67 66 69 60 67 76 73 61 63 74 71 65
[26] 67 71 72 66 66 66 68 65 63 68 68 63 72 67 71 67 62 70 66 65 61 65 68 62 66
[51] 72 71 65 64 70 73 68 60 68 73 65 61 73 70 63 66 66 68 65 66 68 70 62 66 67
[76] 75 65 62 64 68 66 70 71 62 65 70 65 64 74 63 63 70 65 65 75 66 69 75 65 61
[101] 69 62 66 72 65 65 71 66 61 70 65 63 71 61 64 68 65 67 70 66 66 75 65 68 72
[126] 62 66 72 70 69

Now thedataarein S-PLUS,but arenotarrangedin any usefulway. Analyzingthis datasetwouldbemade
easierif it wererepresentedastwo vectors,onefor heightandonefor correspondingsingingpart.Sincethe
heightvectoris jumbled,this couldbetricky but therearetwo approachesto theproblem.Thefirst is to sort
theheightvectorso that thesopranoscomefirst, with thealtos,tenors,andbassesto follow. Thesecondis
to leave theheightvectorasit is, andgeneratethesingingpartvectorin a way thataccountsfor theragged
columnsin thedata.

Thesecondway lookseasier, so let’s give that a shot. Thefirst stepis to generatea vectorfor singing
part,whichwecanfill in aswego.

> part <- rep("", 130)

Thedataarein four columnsfor thefirst 20 lines,andtheheightvectorwasformedby readingacrossthe
data. This meansthat the first, fifth, ninth, etc.entriesaresopranos,the second,sixth, tenth,etc.arealtos
andsoon. In S-PLUS,“a:b” means“the integersfrom a to b”, andwe canusethis shortcutto generatethe
indiceswhichweneed.Thesubscript1 + 0:19*4will pick out thefirst, fifth, ninth,etc.through77thentries
(whicharesopranos).

> part[1 + 0:19*4] <- "soprano"
> part[2 + 0:19*4] <- "alto"
> part[3 + 0:19*4] <- "tenor"
> part[4 + 0:19*4] <- "bass"
> part
[1] "soprano" "alto" "tenor" "bass" "soprano" "alto" "tenor"
[8] "bass" "soprano" "alto" "tenor" "bass" "soprano" "alto"

[15] "tenor" "bass" "soprano" "alto" "tenor" "bass" "soprano"
[22] "alto" "tenor" "bass" "soprano" "alto" "tenor" "bass"
[29] "soprano" "alto" "tenor" "bass" "soprano" "alto" "tenor"
[36] "bass" "soprano" "alto" "tenor" "bass" "soprano" "alto"
[43] "tenor" "bass" "soprano" "alto" "tenor" "bass" "soprano"
[50] "alto" "tenor" "bass" "soprano" "alto" "tenor" "bass"
[57] "soprano" "alto" "tenor" "bass" "soprano" "alto" "tenor"
[64] "bass" "soprano" "alto" "tenor" "bass" "soprano" "alto"
[71] "tenor" "bass" "soprano" "alto" "tenor" "bass" "soprano"
[78] "alto" "tenor" "bass" "" "" "" ""
[85] "" "" "" "" "" "" ""

7



[92] "" "" "" "" "" "" ""
[99] "" "" "" "" "" "" ""
[106] "" "" "" "" "" "" ""
[113] "" "" "" "" "" "" ""
[120] "" "" "" "" "" "" ""
[127] "" "" "" ""

Thenext 15 lines of the datafile werein threecolumns,sincetherewereonly 20 tenorsbut at least35 of
everyothergroup.Thesopranosarenumbers81,84,87,etc.

> part[81 + 0:14*3] <- "soprano"
> part[82 + 0:14*3] <- "alto"
> part[83 + 0:14*3] <- "bass"

Thenext row of thedataconsistsof onesopranoandonebass,andthelastthreerowshavebassesonly. That
meansthe126this a sopranoandtherestarebasses.

> part[126] <- "soprano"
> part[127:130] <- "bass"

Now we have thetwo vectorsthatwe needfor thedataframe:heightandcorrespondingsingingpart. Let’s
put thesedatainto a 130by 2 matrix:

> temp.matrix <- matrix(c(height, part), nrow=130, ncol=2)
> rm(height)
> rm(part)

Notethat in thematrix,heighthasbeenconvertedto charactersbecausesingingpartwasa charactervector.
Thiswill have to befixed.

Now thatwe have thedatain a matrix,we canconvert it to a dataframeandput thetwo columnsin the
form thatwewill want:

> singers.frame <- data.frame(temp.matrix)
> rm(temp.matrix)
> names(singers.frame) <- c("Height","Part")
> singers.frame$Height <- as.numeric(singers.frame$Height)
> singers.frame$Part <- ordered(as.factor(part), levels=c("bass","tenor",
"alto","soprano"))
> singers.frame

Height Part
1 64 soprano
2 65 alto
3 69 tenor
4 72 bass
5 62 soprano
6 62 alto
7 72 tenor
8 70 bass
9 66 soprano
10 68 alto
11 71 tenor
12 72 bass
13 65 soprano
14 67 alto
15 66 tenor
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16 69 bass
17 60 soprano
18 67 alto
19 76 tenor
20 73 bass
...

We couldalsohavemadethevectorsinto adataframevia:

> singers.frame <- data.frame(list(height, part))

Thiswouldhavepreservedheight asa numericvector.

Question: If you wantedto convert theraw datato a cleanerformat in thefirst way suggested
(by puttingtheheight vectorin orderby singingpart),how wouldyoudo it?

8.2 The Analysis

First,someboxplots.

> motif()
> attach(singers.frame)
> plot(Part, Height)
> title(main="Singers’ Heights")
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This shows thatpeoplewho sing the lower partsaregenerallytaller. Of course,part of this is the fact that
mensing bassandtenorwhile womensing alto andsoprano.So the interestingcomparisonsarebetween
bassandtenor, andbetweenaltoandsoprano.

Notethatif part hadnot beencodedasanorderedfactortheboxplotswould have beenin alphabetical
order. If it hadnotbeencodedasa factoratall, S-PLUSwouldhavemadedotplotsinsteadof boxplots.

> t.test(Height[Part=="soprano"],Height[Part=="alto"])

Standard Two-Sample t-Test

data: Height[Part == "soprano"] and Height[Part == "alto"]
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t = -1.1289, df = 69, p-value = 0.2628
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-1.7591030 0.4876745

sample estimates:
mean of x mean of y

64.25 64.88571

> t.test(Height[Part=="tenor"],Height[Part=="bass"])

Standard Two-Sample t-Test

data: Height[Part == "tenor"] and Height[Part == "bass"]
t = -2.1297, df = 57, p-value = 0.0375
alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:
-3.04220979 -0.09368765

sample estimates:
mean of x mean of y

69.15 70.71795

Theset-testsshow thatthereis no significantdifferencein meanheightbetweensopranosandaltos,but that
meanheightfor bassesis significantlyhigherthanmeanheightfor tenors.
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