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1 The Task: Modeling Word Order Preferences

We will againusethe Wekamachinelearningpackagein this tutorial. The files for the tutorial
residein:

/courses/connectionism.winter.01/tutorial10/

Your taskis to build andevaluatea modelof wordorderpreferencesin German.We will usetwo
datasetsthatcontainaveragegrammaticalityjudgmentsof nativespeakersfor differentwordorder
patterns(thedataarebasedon Keller2000).

In thesedataset,thefollowing attributesarerepresented,eachof which correspondsto a lin-
guisticconstrainton wordorder. An attributetakesasits valuethenumberof timestheconstraint
is violatedin thecorrespondingstructure.

(1) VerbFinal: theverbhasto bein sentencefinal position.
(2) NomAlign: nominative NPshave to precedeaccusative NPs.
(3) DatAlign: dative NPshave to precedeaccusative NPs.
(4) ProAlign: pronounshave to precedefull NPs.
(5) GroundAlign: groundNPshave to bein sentencefinal or sentenceinitial position.1

For eachinstancein thedataset,thetargetattributeGrammaticality is specified.It representsthe
averagegrammaticalityscoreassignedby the experimentalsubjectsto the structurerepresented
by this instance.

Thefirst dataset,wordorder1.arff, dealswith ditransitive verbssuchasvorschlagen, that
take two NPsasarguments.Hereareexamplesentencestogetherwith theirattributevalues:

(6) a. VerbFinal = 0, NomAlign = 0, DatAlign = 0, ProAlign = 0, GroundAlign = 0
Ich glaube,dassderProduzentdemRegisseurdenSchauspielervorschl̈agt.

b. VerbFinal = 0, NomAlign = 1, DatAlign = 1, ProAlign = 0, GroundAlign = 0
Ich glaube,dassdenSchauspielerderProduzentdemRegisseurvorschl̈agt.

c. VerbFinal = 0, NomAlign = 1, DatAlign = 1, ProAlign = 2, GroundAlign = 0
Ich glaube,dassdenSchauspielerderProduzentihm vorschl̈agt.

Theseconddatasetwordorder2.arff, dealswith transitive verbslikekaufenthattake two argu-
ments:

(7) a. VerbFinal = 0, NomAlign = 0, DatAlign = 0, ProAlign = 0, GroundAlign = 0
Maria glaubt,dassderVaterdenWagenkauft.

b. VerbFinal = 1, NomAlign = 1, DatAlign = 0, ProAlign = 0, GroundAlign = 0
Maria glaubt,dasskauft denWagenderVater.

c. VerbFinal = 1, NomAlign = 1, DatAlign = 0, ProAlign = 1, GroundAlign = 0
Maria glaubt,dasskauft denWagener.

Bothdatasetsarequitesmall:thefirst onecontains24 instances,thesecondone40 instances.
1Groundis a term in the literatureon informationstructure.A constituentis groundif it’ s contextually given,and

focusif it isn’t.
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2 Building a Linear Regression Model

We will first build a linear regressionmodelfor thedatasetwordorder1.arff. StartWeka,load
thedatasetandusethecompletebaserelationto build themodel(nofiltering required).Thengoto
theClassify menuandselectLinearRegression astheclassifierto work with. In theclassifier
selectionwindow alsosetattributeSelectionMethod toNo attribute selection. Thistells
Wekaincludeall attributesin theregressionequation.

UnderTest options specifyUse training set to test the performanceof the modelon
thetrainingset.As targetattributespecifyGrammaticality. Now train themodelandreportthe
correlationcoefficient andtherootmeansquarederror(RMS error).

Which regressionequationdoesthealgorithmcomeup with? Try to interpretthe regression
coefficients.What doesit meanif someregressioncoefficientsarebiggerthanothers?Why are
somecoefficientszero?Inspectthedataset(usingemacs or more) to find out.

Now run the linear regressionalgorithm on the seconddatasetwordorder2.arff. Report
againthecorrelationcoefficient andtheRMSerror. Comparetheregressionequationsyougetfor
wordorder1.arff andwordorder2.arff. Do thecoefficientsdiffer?Is thisexpected?

3 Evaluating the Model

We will now performattribute selection on the two modelswe trainedin the last question.To
selectanattributeselectionmethod,click onLinearRegression underClassify. In theclassifier
window chooseGreedy method for attributeSelectionMethod. This implementstheforward
selectionmethodthatwasdiscussedin thelecture.
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With thissetting,trainregressionmodelsonwordorder1.arff andwordorder2.arff. Does
theWekacomeup with differentregressionequationsthanin Question2?Doestheperformance
of themodeldecreaseby eliminatingattributes?

So far, we have only testedour regressionmodelson the training set.As discussedin the
lecture,this is not a goodidea,asit fails to testtheability of themodelto generalizeto unseen
data.

For themodelswordorder1.arff andwordorder2.arff performa seriesof differenteval-
uationsby manipulatingtheoptionsunderTest options:

� Testonaheldoutpartof thedataby settingPercentage split to 66%.This tellsWekato
use66%of thedatafor trainingandtherestfor testing.Also try 50%,75%,and90%.

� Perform10-foldcrossvalidationby selectingtheoptionCross-validation andsettingthe
numberof folds to 10.

� Performleave-one-outcrossvalidationby selectingtheoptionCross-validation andset-
ting thenumberof folds to thenumberof instancesin thedataset.

� Finally, usea totally unseentestsetby selectingSupplied test set andspecifyingthe
otherdatasetastestset(i.e., testthewordorder1.arff modelon wordorder2.arff and
viceversa).

Reportcorrelationcoefficient andRMS errorfor bothdatasetsfor all four evaluationprocedures.
Compareto theevaluationresultson thetrainingsetobtainedin Question2. Whichevaluationdo
you think is themoststringentone?Doesit give theworstperformance?

4 Using Regression Trees and Model Trees

In thelecture,we discussedtwo waysof combininglinearregressionwith decisiontrees:regres-
siontreesandmodeltrees.Wewill now try theseapproacheson thewordorderdatasets.

First build a regressiontree, i.e., a decisiontree that hasnumericattributesat its branches
and that outputs a numeric target value. Under Classifier choosem5.M5Prime. This se-
lects the M5

�

algorithm for the induction of model trees(of which regressiontreesare a spe-
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cial case).Set the following classifieroptions: useUnsmoothed: true, pruningFactor: 0,
modelType: Regression tree, andverbosity: 0.

Thentrain themodelonbothdatasetsandtestusing10-foldcrossvalidation.Draw theregres-
siontrees.Do they usethesameattributesastheregressionequationsWhichperformancedo you
get?Why is theperformanceworsethanusinglinearregression?

Finally, we will train a model tree on our word order data.A model tree is a regression
tree,but insteadof having target valuesat the leaves,it haslinear equations(a separateonefor
eachleaf). UnderClassifier chooseagainm5.M5Prime. Set the following classifieroptions:
useUnsmoothed: false, pruningFactor: 2, modelType: Model tree, andverbosity: 0.

Now train model treesfor both datasetsandtestagainusing10-fold crossvalidation.Draw
themodeltreesandgive theregressionequations.Doesperformanceimprove with respectto the
regressiontrees?

Comparethe model treesthat you get on wordorder1.arff andwordorder2.arff. What
doesthis tell us about the two data sets?Is it appropriateto fit a single linear equationto
wordorder2.arff (as we did in Questions2 and 3)? Or is thereare non-linearrelationship?
How doesthemodeltreeaccountfor this?Look in particularat theattributeVerbAlign.
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