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1 Overview

XploRe is an interactive computational environment for statistics. The aim of XploRe
is to provide a full, high-level programming language with tools for user interaction and
dynamic graphics. A central aspect is the possibility to equally use it within a local
network or the internet. Therefore, XploRe comes in several flavours:

(1) Generic versions are available for Unix/X11 (Solaris/Sparc and Linux/PC) and un-
der MS Windows (95/NT for PC).

(2) A Java client version is available, to be used with a XploRe server running under
Unix. The server might run on a remote machine. The XploRe Java client runs
under Java 1.1. Virtual Java machines are available for a wide number of operating
systems.

(3) A Java applet version can be used from the XploRe home page http://www.xplore-
stat.de which provides access to XploRe from any WWW browser that supports
Java applets.

(4) A CGI interface version can be used from the XploRe home page http://www.xplore-
stat.de access to XploRe from any WWW browser that supports forms.
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Figure 1: Screenshot of the generic XploRe version

To use the generic version (1) or the Java client version (2), a local copy of the software
needs to be present on the users computer. To use the Java applet version (3) or the
CGI version (4) only a WWW browser (providing java applets/forms) and an internet
connection are necessary. This makes XploRe in particular interesting for teaching: Since
standard WWW browsers offer both java applets and forms, students have an easy access



to XploRe from their home PC or from a PC pool at university or even an internet
caf’e. Hence, students are not required to buy/download the software and can use it from
almost everywhere. Additionally, the XploRe help system is provided in HTML and can
be browsed with any common WWW browser.
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Figure 2: Screenshot of the XploRe Java version

XploRe provides a procedural language, which allows the user to write procedures or
functions, like in Splus or Gauss. All features of an high-level language like recursion,
local variables, loops, and conditional execution are available. It is an interpreted language
which allows an immediate execution of XploRe commands or macros.

In the following, a number of examples will be presented that give an idea how XploRe
is used to support and complement courses in introductory and advanced statistics. All
these examples can be downloaded from the given WWW pages. Most of these examples
can be directly run from the Java client or the Java interface, although it should be
mentioned that not all interactive functionality is available Java version. Also, it should
be mentioned, that using XploRe for teaching is still in a starting phase, not all the
possibilities are uitilized yet.

The Institute for Statistics and Econometrics (http://wotan.wiwi.hu-berlin.de) provides a
WWW page with teaching material in HTML, PostScript or PDF (http://wotan.wiwi.hu-
berlin.de/statistik/lehrmaterial /statmat.html). These materials can be downloaded by stu-
dents. Accompanying XploRe-macros can be either downloaded or directly executed via
the XploRe Java interfaces.
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Figure 3: Course material available by WWW

2 Teaching introductory statistics

Due to the fact, that introductory statistics courses are intended for first and second
year students, all course material is in German, whereas a part of the XploRe-macros
is provided in both languages. Practically all material for the introductory courses is
available via WWW (http://wotan.wiwi.hu-berlin.de/statistik /lehrmaterial /statmat.html).

In introductory statistics, only a few computer-based examples are used in the course.
Computer-assisted teaching is meant to complement the course and not (yet) an integral
part of the course. This is reflected by the facts, that (a) only a few XploRe routines are
provided and (b) these routines are primarily presented by the teacher and not necessarily
used by the students themselves.

The first part of the introductory statistics course (Statistics I) mainly deals with de-
scriptive statistics. This covers in particular: different types of statistical variables, their
graphical representation and characteristics (mean, variance, median, quantiles, correla-
tion etc.).

Example 2.1: Descriptive Statistics (Credit.xpl)

The first XploRe example gives an interface for a standard set of these methods. The
XploRe macros analyses a credit data set of 25 individuals (subsample from Fahrmeir,
Tutz, 1994). The dataset has five variables: personal id, credit worthiness, purpose of
credit, monthly payments (from 1=low to 4=high) and amount of credit. The variables
represent different types: binary, discrete, ordinal and continuous.

The purpose of the macro is to show the different techniques for explorative analysis.



File Edit Wiew Go Communicatar He\p‘

| " Bookmarks A Location: [http: //motan. wiwi. hu-berlin. de/~scripte/codes /statle /STATE. htnl ,r| ‘I
[

XploRe - the interactive statistical computing environment
® Touse these macros with your local XploRe version, save the files {****,up1) on your local disk and
execute them from HploRe.

» Without alocal version, try to start XploRe/Java (your WWW browser needs to have Java applets enabled).
Then copy the XploRe code into the left applet windows and press [Execute].

Note that some data sets and graphics features are not available in XploRe/Java.

Density2D {Density2D.xpl)
demensirates graphically a 2—dimensional confinuous distribution by a representation in the 3-dimensional
space. One can choose from the following distributions interactively: Uniform, Mormal, Log—-Normal Code
does NOT work in Java!

Density2D_Java (Density2D_Tava.xupl)
demonsirates graphically a 2—dimensional confinuous distribution by a representaion in the 3—dimensional
space. One can choose from the following distributions interactively: Uniform, Normal, Log—Normal. Java
VERSION.

Expectation (Expectation.xpl)
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Figure 4: XploRe macro list for Statistics 11

Different tools can be used, for example a barchart can be computed for each variable,
although it may not be reasonable in all cases. Figure 5 shows an explorative analysis of
the continuous variable amount.
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Figure 5: Descriptive Statistics



The second part of the introductory statistics course (Statistics II) is devoted to prob-
ability calculus and theoretical statistical concepts. Main issues are random variables,
sampling theory, parameter estimation and hypothesis testing.

Example 2.2: Expectation (Expectation.xpl)

The XploRe example in Figure 6 demonstrates graphically the expectation as an integral
of x f(x). Areas with positive sign are displayed in red and areas with negative sign are
displayed in blue. One can choose following distributions from a menu: Uniform, Normal,
Chi-square, Cauchy. For all these distributions also the parameters can be modified, such
that it is possible to display the effect of moving the distribution along the horizontal axis
or to exploit the effect of changing the scale parameter.

Expectat ion =
1
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E - S L |7 =1 Expectation e
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0.4
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Chi®2
- 1
- 1

Figure 6: Graphical demonstration of expectation

3 Advanced statistics courses

Advanced courses, in which XploRe is used by students, cover multivariate statistical
methods, non- and semiparametric modelling, option pricing and interactive statistics. A
collection of XploRe macros together with a course script in electronic form is available
for the courses ” Applied Multivariate statistical Analysis” and ”Non- and Semiparametric
Modelling”.

The macro collection for both courses consists of routines that can be used independently
from each other. When using the electronic version of the course script (HTML version)
it is possible to directly access the XploRe routines used for the examples, since they are
referred by an link.

In contrast to the introductory courses, the students themselves use the XploRe for lab-
oratory exercises as well as for their homework. As before, everything is provided on
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Figure 7: Script and link to XploRe macro

the WWW server (http://wotan.wiwi.hu-berlin.de/statistik/lehrmaterial /statmat.html) and
macros can be used and tried out independently from each other. The XploRe codes
contain comments which make it easy to change parameters or input data sets. A short
example is the macro scabank45.xpl which shows a scatterplot for two variables.

; Library AMSA
; See_also read createdisplay show
; Macro scabank4b

; Description computes a two dimensional scatterplot of
; X4 vs. X5 (upper inner frame vs. lower) of
; the Swiss bank notes data ("bank2.dat'")

x=read ("bank2") ; reads the bank data
x1=x[,4:5]
Scatterplot=createdisplay(1l, 1)
show(Scatterplot, 1, 1, x1)

; creates display
; 2D plot of variables 4 and 5



Three examples from multivariate analysis and nonparametric function estimation will
make this more clear. All these examples can be used from the XploRe Java client or the
Java applet which is available with an internet connection.

Example 3.1: Multivariate Statistics of Swiss Bank notes
(andcur.xpl, boxplot6.xpl, scabank56.xpl, pcabank.xpl)

A running example in the multivariate analysis course
(http://wotan.wiwi.hu-berlin.de/~scripts/codes/sma/AMSA.html) is the Swiss bank note
data set (Flury, Riedwyl, 1988) which consists of 200 bank notes. The data contain
two subgroups: 100 bank notes are genuine and 100 are forged. The problem connected
with these data is to find a discrimination rule to separate the two groups. Throughout
the course the data are used to explain the application of graphical and multivariate
techniques.

The first part of the multivariate analysis course is devoted to the graphical exploration
of the bank notes data. Figure 8 shows the result of 4 XploRe macros which produce a
boxplot of variable X6 (”diagonal of bank note”), a scatterplot of variables X5 (”lower
frame size” ) and X6, Andrews curves of 5 genuine and 5 forged bank notes and a principal
components analysis of the whole data. For easier interpretation the data are coloured
differently in both subgroups.

=1 ¥ploRe Java Interface

Fing Edit Data Execute Clear Break Clear

func (" loadlibrary"s
lo w ("graphic

" == AndreusCurves

Boxplok
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Figure 8: Graphical exploration of Swiss bank notes data

Nonparametric density and regression estimation, in particular by kernel methods, is a
part of the course on non- and semiparametric models. The concept of this macro col-
lection (http://wotan.wiwi.hu-berlin.de/~scripts/codes/spm/NSPM.html) is similar to this
for multivariate analysis.

Example 3.2: Interactive Averaged Shifted Histograms (InteractiveWARPing.xpl)

An easy to explain method for nonparametric density estimation is given by the averaged



shifted histogram (Scott, 1992). Figure 9 shows the interactive application of the averaged
shifted histogram (ASH) on netincome data (subsample for UK family expenditure survey
1973). The parameters of the ASH, the binwidth h and the number k of histograms to
be averaged, can be chosen from a menu. The result is a double display, such that always
two ASHs with different parameter settings can be compared.

= | Binwidth, upper plot {0 to stop)

Birmidth, upper plot @ to stop) B.36116

Humber of histograms to averages, upper plot 1.8

Binwidth, lower plot (@ to stopl? B.3E11E

Humber of histograms to average, lowsr plot Bo.8

Ok

Figure 9: Comparing averaged shifted histograms w.r.t. their parameters

Example 3.3: Interactive Regression Estimation (Interactive Regression.xpl)

An important topic in nonparametric statistics is kernel regression estimation. The pro-
cess of bandwidth choice is suitable for an interactive routine as well. Figure 10 displays
the result of an user chosen regression estimate for the regression of food share on house-
hold netincome (subsample for UK family expenditure survey 1973). During the process of
bandwidth choice, the cross-validation curve (blue) is displayed on the lower panel, with

blue bullets indicating all chosen bandwidths and a red bullet indicating the currently
used bandwidth.
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WWW-Links and further Information

XploRe
http://www.xplore-stat.de

Course Material and XploRe Macros
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10




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


