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Abstra
tThis note brie�y des
ribes the 
ontext of the statisti
al software R, as well as some basi
 
om-mands for handling data, produ
ing graphs, 
omputing statisti
s, performing statisti
al testsand writing fun
tions. There are some exer
ises with solutions to illustrate basi
 analyses.
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1 The R initiativeThere are many 
ommer
ial statisti
al softwares available. Well-known examples in
lude SAS,SPSS, S-Plus, Minitab, Statgraphi
s, GLIM, and Genstat. Usually there is a GUI (graphi
al userinterfa
e). Some softwares allow to perform analyses using the GUI as well as by typing 
ommandson a 
ommand line. Larger analyses may be performed by exe
uting s
ripts.In the 1970's Chambers of AT&T started to develop a 
omputer language (
alled S) thatwould be able to perform well-stru
tured analyses. A 
ommer
ial version of S appeared in theearly 1990's under the name S-Plus. Ihaka and Gentleman developed a little bit later a free, opensour
e language R whi
h is very similar to S. Currently R is being maintained and 
ontinuouslyimproved by a group of world 
lass experts in 
omputational statisti
s. Hen
e, R has gainedenormous popularity among various groups of statisti
ians, in
luding mathemati
al statisti
iansand biostatisti
ians. The R-proje
t has its own web page at www.r-proje
t.org. Downloads areavailable through the CRAN (Comprehensive R Ar
hive Network) at www.
ran.r-proje
t.org.
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2 R basi
sThere are several tutorials available inside R through Help or 
an be found on the web, e.g.through CRAN. The R referen
e 
ard is very useful. Within R further help 
an be obtained bytyping help when one knows the name of a fun
tion (e.g., help(pnorm)) or help.sear
h whenone only keywords (e.g., help.sear
h(�normal distribution�)).2.1 Data �lesAssignment are read from right to left using the  operator:a < �2+ sqrt(5)There are several form of data obje
ts. Ve
tors 
an be formed using the 
 operator (
on
atenation),e.g., a < �
(1; 2; 3; 10)yields a ve
tor 
onsisting of 4 numbers. Ve
tors may be partitioned into matri
es by using thematrix 
ommand, e.g., matrix(
(1; 2; 3; 4; 5; 6); 2; 3; byrow = T)
reates a matrix with 2 rows and 3 
olumns.The working dire
tory may be set by setwd and displayed by getwd() (this will return an emptyanswer if no working dire
tory has been set). Please note that dire
tory names should be writtenwith quotes and that the Unix notation must be used even if R is being used under Windows,e.g. setwd(�D:/MyData�) or one must double the slashes as follows: setwd(�D:nnMyData�). Adata set may be turned into the default data set by using the 
ommand atta
h; the 
ompanion
ommand deta
h. Data �les on a lo
al �le system may be read through the 
ommand s
an whenthere is only one 
olumn or otherwise byread:table(\file:txt00; header = TRUE)Both read.table and s
an 
an read data �les from the WWW (do not forget to put quotesaround the 
omplete URL).Parts of data �les may be extra
ted by using so-
alled subsetting. The 
ommand d[r,℄ yieldsthe rth row of obje
t d, while d[; 
℄ yields the 
th 
olumn of obje
t d. The entry in row r and
olumn 
 of obje
t d 
an be retrieved by using d[r,
℄. Extra
ting elements that satisfy a 
ertain
ondition may also be extra
ted by subsetting. E.g., d[d<20℄ yields all elements of d that donot ex
eed 20, while d[�age�℄ extra
ts the 
olumn with name �age� (note the double quotes)from obje
t d. The number of elements of an obje
t d is given by length(d). The names ofthe variables (
olumns) of a data frame or table 
an be retrieved by 
olnames. The 
olle
tion ofvalues attained by a variable 
an be obtained with levels.2.2 Probability distributions in R.Standard probability distributions have short names in R as given by Table 1. Several probabilityfun
tions are available. Their names 
onsists of two parts: the �rst part is the name of the fun
tion(see Table 2), while the se
ond part is the name as in Table 1. E.g., a sample of size 10 froman exponential distribution with mean 3 is generated in R by rexp(10,1/3) (R uses the failureintensity instead of the mean as parameter).Table 3 lists several goodness-of-�t tests that are available in R, either dire
tly or via the pa
kagenortest (see Subse
tion 2.4).
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2.3 Graphi
s in R
Distribution Name in Rnormal norm(non-
entral) Student T tWeibull weibullexponential exp(non-
entral) �2 
hisqGamma gammaF fTable 1: Names of probability distributions in R.Fun
tion Name in Rd densityp probability = 
umulative distribution fun
tionq quantiler random numbersTable 2: Names of probability fun
tions in R.

2.3 Graphi
s in RThe standard pro
edure in R to make 1D and 2D plots is plot. Histogram are available throughhist. These 
ommands 
an be supplied with options to allow for titles, subtitles, and labels onthe x-axes:plot(data,main=``Title'',sub=``Subtitle'',xlab=``X-axis'',ylab=``Y-axis'')Quantile-quantile plots are available through qqplot, while qqnorm yields a plot of the quantilesof a data set against the quantiles of a �tted normal distribution (normal probability plot). Dotplots are available through strip
hart. A Box-and-Whisker plot is also available for exploratorydata analysis through boxplot (if the data set is a data frame like produ
ed by read.table, thenmultiple Box-and-Whisker plots are produ
ed). The empiri
al 
umulative distribution fun
tionis available through e
df. Histograms are available through hist or histogram; the libraryMASS (
f. Subse
tion 2.4) 
ontains an improved version truehist. The library Hmis
 (
f.Subse
tion 2.4) has the 
ommand histba
kba
k to produ
e histograms for 
omparing two datasets. Kernel density estimators are available through density. Graphi
s 
an be saved to �lesby 
hoosing File and Save as in the menu of the R 
onsole. In order plot variables 
onditionalon other variables, use the split 
ommand or more generally, use the formula notation (e.g.,x � y1 + y2 to plot the values of x 
onditional on the values of both y1 and y2. Plots may be
ombined by using the option add = TRUE. Legends may be added by the legend 
ommand. Theposition 
an be entered with keywords like �topright� as the �rst argument. Fun
tions maybe plotted using the 
urve 
ommand. Graphi
al options 
an be set globally using par; a list ofgraphi
al options 
an be obtained with par(). Lo
al options like lwd (line width), p
h (point
hara
ter = point type), 
ex (
hara
ter expansion = magni�
ation fa
tor for 
hara
ters) 
an beadded to most plotting fun
tions.,,Test Name in R Pa
kageShapiro-Wilks shapiro.test statsKolmogorov (1-sample) ks.test statsSmirnov (2-sample) ks.test statsAnderson-Darling ad.test nortestCramér-von Mises test 
vm.test nortestLilliefors test lillie.test nortestTable 3: Names of goodness-of-�t tests in R.
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2.4 Libraries in R
2.4 Libraries in RExtensions to the basi
 fun
tions are available through libraries of fun
tions. Libraries need to beinstalled on
e and need to be loaded when needed using library. In the Windows interfa
e of R,these libraries 
an be loaded or installed by 
hoosing the option Pa
kages in the menu. Librariesmay also 
ontain ways to improve ex
hange of �les with other software like Matlab or WinEdt.Examples of useful libraries in
lude:survival: library for survival analysis (Cox proportional hazards et
.)q

: SPC library2.5 Basi
 statisti
s in RSummary statisti
s of a data set 
an be obtained from summary, or by using individual 
ommandslike mean, sd, mad, and IQR. Standard hypothesis tests are also available, e.g., t.test yields thestandard tests for means of one or two normal samples.2.6 Fun
tions in RAnalyses that have to be performed often 
an be put in the form of fun
tions, e.g.,mysimplef < � fun
tion(data; mean = 0; alpha = 0:05)fhist(data); t:test(data; 
onf:level = alpha; mu = mean)gThis means that typing mysimplef(data,4) uses the default value � = 0:05 and tests the nullhypothesis � = 4.2.7 Editors for RInstead of pasting 
ommands from an ordinary text editor into the R 
onsole, one may also useWinEdt as R editor by using the RWinEdt pa
kage. Another 
hoi
e is Tinn-R, whi
h is a free Reditor that helps the user by showing R syntaxis while typing.
3 Exer
isesExer
ise 1 Cal
ulate in R the probability that a random variable with a �2 distribution with 3degrees of freedom is larger than 5:2.Exer
ise 2 Compute the 0:99 quantile of the standard normal distribution.Exer
ise 3 Generate 20 random numbers from an exponential distribution with mean 3. How 
anyou 
he
k that you 
hoose the right parametrization?Exer
ise 4 Generate 40 random numbers from a normal distribution with mean 10 and varian
e2. Make a histogram and play with the number of bins to 
onvin
e yourself of the in�uen
e on theshape. Che
k normality through a normal probability plot, a plot of the density and an appropriategoodness-of-�t test. Also test the mean and varian
e of the sample.Exer
ise 5 A tele
ommuni
ation 
ompany has entered the market for mobile phones in a new
ountry. The 
ompany's marketing manager 
ondu
ts a survey of 200 new subs
ribers for mobilephones. The data of her survey are in the data set telephone.txt, whi
h 
ontains the �rstmonth's bills. Make an appropriate plot of this data set. What information 
an be extra
ted fromthese data? What marketing advi
e would you give to the marketing manager?
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Exer
ise 6 Dried eggs are being sold in 
ans. Ea
h 
an 
ontains two di�erent types of eggs. Aspart of a quality 
ontrol programme, the fat 
ontent of eggs is being investigated. The investigationis divided over 6 di�erent laboratories. Every laboratory re
eives the same number of eggs of bothtypes. Testing the fat 
ontent of eggs is destru
tive, so that ea
h egg 
an only be investigated on
e.Sin
e measuring the fat 
ontent is time 
onsuming, the measurements are divided over 2 laboratoryassistants within ea
h laboratory.A quality manager applies a 
ertain statisti
al pro
edure and 
laims that there is a signi�
antdi�eren
e between the fat 
ontents measured by the laboratories. This report 
auses 
onfusion, sin
ethe 6 laboratories all have a good reputation and there is no reason to expe
t large variation in fat
ontent of the eggs. Find an explanation by making appropriate plots of the data set eggs.txt.Exer
ise 7 Supermarket 
hain ATOHIGH has two shops A and B in a 
ertain town. Both shopsare similar with respe
t to size, lay-out, number of 
ustomers and spending per 
ustomer. The pop-ulations of the parts of town of the two shops are quite similar. Management de
ides to experimentwith the lay-out of shop A, in
luding di�erent lighting. After some time a survey is performed ona Saturday afternoon among 100 
ustomers in both shops. The survey is restri
ted to 
ustomerswhi
h are part of a family of at least 3 persons. The data set supermarket.txt 
ontains the dataof this survey. Perform a statisti
al analysis of this data set, both by produ
ing appropriate plotsand by 
omputing appropriate summary statisti
s. What 
an you 
on
lude about the spending inboth shops?Exer
ise 8 Write an R fun
tion that 
omputes the empiri
al survivor fun
tion given a data set.The empiri
al survivor fun
tion at a point x 
ounts the proportion of observations ex
eeding x.Exer
ise 9 Write an R fun
tion that produ
es a 
on�den
e interval for the varian
e from a samplefrom the normal distribution.Exer
ise 10 Write a fun
tion that plots a plot of the values of a data set against the quantiles ofa given Weibull distribution. Test your fun
tion with aa) a random sample of size 30 from a Weibull distribution with shape parameter 3 and s
aleparameter 2.b) a random sample of size 30 from a Gamma distribution with shape parameter 7:57 andrate parameter 0:235. Che
k using formulas that the mean and varian
e of this Gammadistribution is approximately equal to the mean and varian
e of the Weibull distribution in1).Exer
ise 11 In the 19th 
entury Fren
h physi
ists Fizeau and Fou
ault independently inventedways to measure the speed of light. Fou
ault's method turned out to be the most a

urate one. TheFou
ault method is based on fast rotation mirrors. The Ameri
an physi
ists Mi
helson and New-
omb improved Fou
ault's method. The data set light.txt 
ontains measurements by New
ombfrom 1882. The data are 
oded times needed by light to travel a distan
e of 3721 metres a
ross ariver and ba
k. The 
oding of these measurements was as follows: from the original times in mi-
rose
onds measured by New
omb �rst 24:8 was subtra
ted, after whi
h the results were multipliedwith 1000.a) Compute a 95% 
on�den
e interval for the average speed of light.b) State the assumptions on whi
h the above interval is based. Che
k your assumptions with asuitable plot. What is your 
on
lusion?
) Make a box plot of the data. What do you observe?d) Plot the data against the observation number. Provide a possible explanation for what youobserved in part 
).
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e) Re
ompute a 95% 
on�den
e interval for the average speed of light using your �ndings ofpart 
).f) Use the WWW to �nd the 
urrently most a

urate value for the speed of light. Test whetherthis new value is 
onsistent with the measurements of New
omb.Exer
ise 12 To improve rain fall in dry areas, an experiment was 
arried out with 52 
louds.S
ientists investigated whether the addition of silver nitrate has a positive e�e
t on rainfall. They
hose 26 out of a sample of 52 
louds and seeded it with silver nitrate. The remaining 26 
loudswere not treated with silver nitrate. The data set 
louds.txt re
ords the rainfall in feet per a
re.a) Apply a t-test to investigate whether the average rainfall in
reased by adding silver nitrate.Argue whether the data are paired or not.b) The t-test assumes normally distributed data. Che
k both graphi
ally and by using a formaltest whether the data are normally distributed. What 
on
lusion should you draw on the testperformed in part a)?
) Be
ause the s
ientists thought that addition of silver nitrate should have a multipli
ativee�e
t, they suggested transforming the data. What transformation should be a logi
al 
an-didate? What e�e
t does this transformation have on the normality assumption? Apply thet-test of part a) to the transformed data. What is your �nal 
on
lusion on the addition ofsilver nitrate?
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