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1 TheTask: Modeling Word Order Preferences

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

/ cour ses/ connectioni smw nter.01/tutorial 10/

Yourtaskis to build andevaluatea modelof word orderpreferencesn GermanWe will usetwo
datasetsthatcontainaveragegrammaticalitjudgmentsf native speakrsfor differentword order
patterngthe dataarebasedon Keller 2000).

In thesedataset,the following attributesarerepresentedeachof which correspondso a lin-
guisticconstrainton word order An attribute takesasits valuethe numberof timesthe constraint
is violatedin the correspondingtructure.

(1) VerbFinal: theverbhasto bein sentencdinal position.

(2) NomAl'i gn: nominatve NPshave to precedeaccusatie NPs.

(3) Dat Al'i gn: dative NPshave to precedeaccusatie NPs.

(4) ProAlign: pronounshaveto preceddull NPs.

(5) GroundAlign: groundNPshave to bein sentencdinal or sentencénitial position!

For eachinstancdn thedataset,thetamgetattribute G ammat i cal i ty is specifiedlt representthe
averagegrammaticalityscoreassignedyy the experimentalsubjectsto the structurerepresented
by thisinstance.

Thefirst dataset,wor dor der 1. ar f f, dealswith ditransitive verbssuchas vorschlagenthat
take two NPsasamgumentsHereareexamplesentencetogethemwith their attribute values:

(6) a. VerbFinal = 0,NomAlign = 0,DatAlign = 0,ProAlign = 0,GoundAlign =0
Ich glaube dassderProduzentiemRegisseurdenSchauspielevorschhgt.

b. VerbFinal = 0,NomAlign = 1,DatAlign = 1,ProAlign = 0,GoundAlign =0
Ich glaube dassdenSchauspielederProduzentiemRegisseunorschhgt.

c. VerbFinal = 0,NomAlign = 1,DatAlign = 1,ProAlign = 2,GoundAlign =0

Ich glaube dassdenSchauspieleder Produzenthm vorschigt.

Thesecondlatasetwor dor der 2. ar f f , dealswith transitive verbslik e kaufenthattake two armgu-
ments:

(7) a. VerbFinal = 0,NomAlign = 0,DatAlign = 0,ProAlign = 0,GoundAlign =0
Maria glaubt,dassderVaterdenWagenkauft.
b. VerbFinal = 1,NomAlign = 1,DatAlign = 0,ProAlign = 0,GoundAlign =0

Maria glaubt,dasskauft denWagender Vater
c. VerbFinal = 1,NomAlign = 1,DatAlign = 0,ProAlign
Maria glaubt,dasskauftdenWagener.

1,GoundAlign = 0

Both datasetsarequite small:thefirst onecontains24 instancesthe secondne40 instances.

1Groundis atermin the literatureon informationstructure A constituenis groundif it's contextually given, and
focusif it isn't.



2 BuildingaLinear Regression Model

We will first build a linearregressiormodelfor the datasetwr dor der 1. ar f f . StartWeka,load
thedataseandusethe completebaserelationto build themodel(nofiltering required). Thengoto
theC assi f y menuandselectLi near Regr essi on astheclassifierto work with. In the classifier
selectionwindow alsosetat t ri but eSel ecti onMet hod toNo attribute sel ection. Thistells
Wekaincludeall attributesin the regressiorequation.

UnderTest options specifyUse training set to testthe performanceof the modelon
thetraining set.As target attribute specifyG-ammat i cal i t y. Now train the modelandreportthe
correlationcoeficientandtheroot meansquarecerror (RMS error).

Which regressionequationdoesthe algorithmcomeup with? Try to interpretthe regression
coeficients. What doesit meanif someregressioncoeficientsare biggerthanothersWhy are
somecoeficientszero?Inspectthedataset(usingemacs or nor e) to find out.

Now run the linear regressionalgorithm on the seconddatasetwor dor der 2. ar f f . Report
againthe correlationcoeficientandthe RMS error Compareheregressiorequationsyou getfor
wor dor der 1. ar f f andwor dor der 2. ar f f . Do thecoeficientsdiffer?Is this expected?

3 Evaluatingthe Model

We will now performattribute selection on the two modelswe trainedin the last question.To
selectanattributeselectiormethodclick onLi near Regr essi on underC assi fy. In theclassifier
window choosea eedy et hod for attri but eSel ecti onMet hod. Thisimplementgheforward
selectiormethodthatwasdiscussedn thelecture.



With this setting,train regressiomrmodelsonwor dor der 1. ar f f andwor dor der 2. ar f f. Does
the Wekacomeup with differentregressionequationghanin Question2? Doesthe performance
of themodeldecreaséy eliminatingattributes?

So far, we have only testedour regressionmodelson the training set. As discussedn the
lecture,this is not agoodidea,asit fails to testthe ability of the modelto generalizeto unseen
data.

For the modelswor dor der 1. ar f f andwor dor der 2. ar f f performa seriesof differenteval-
uationsby manipulatingthe optionsunderTest opti ons:

e Testonaheldout partof thedataby settingPer cent age spl it to 66%.Thistells Wekato
use66% of thedatafor trainingandtherestfor testing.Also try 50%, 75%,and90%.

¢ Perform10-fold crossalidationby selectingheoptionCr oss- val i dat i on andsettingthe
numberof foldsto 10.

e Performleave-one-outcrossalidationby selectinghe optionCr oss- val i dat i on andset-
ting the numberof folds to the numberof instancesn the dataset.

e Finally, usea totally unseenestsetby selectingSuppl i ed test set andspecifyingthe
otherdatasetastestset(i.e., testthewor dor der 1. ar f f modelonwor dor der 2. arff and
viceversa).

ReportcorrelationcoeficientandRMS errorfor bothdatasetsfor all four evaluationprocedures.
Compareo the evaluationresultson thetraining setobtainedn Question2. Which evaluationdo
you think is the moststringentone?Doesit give theworstperformance?

4 Using Regression Treesand Model Trees

In the lecture,we discussedwo waysof combininglinear regressiorwith decisiontrees:regres-
siontreesandmodeltrees We will now try theseapproachesn theword orderdatasets.

First build a regressiontree,i.e., a decisiontree that hasnumericattributes at its branches
and that outputs a numeric tamget value. Under C assi fi er choosenb. M6Pri me. This se-
lectsthe M5’ algorithm for the induction of modeltrees(of which regressiontreesare a spe-



cial case).Set the following classifier options: useUnsnoot hed: true, pruningFactor: O,
model Type: Regression tree,andverbosity: 0.

Thentrainthemodelon bothdatasetsandtestusing10-fold crosswalidation.Draw theregres-
siontrees.Do they usethe sameattributesastheregressiorequationdVhich performanceaio you
get?Why is the performancevorsethanusinglinearregression?

Finally, we will train a model tree on our word order data. A model tree is a regression
tree,but insteadof having tamget valuesat the leaves, it haslinear equationga separatene for
eachleaf). UnderC assi fi er chooseagainnb. MbPri ne. Setthe following classifieroptions:
useUnsnoot hed: fal se, pruningFactor: 2,nodel Type: Mdel tree,andverbosity: O.

Now train modeltreesfor both datasetsandtestagainusing 10-fold crosswalidation. Draw
the modeltreesandgive the regressionequationsDoesperformancemprove with respecto the
regressiortrees?

Comparethe modeltreesthat you geton wor dorder 1. arff andwor dor der 2. ar f f . What
doesthis tell us aboutthe two datasets?Is it appropriateto fit a single linear equationto
wor dorder 2. arff (aswe did in Questions2 and 3)? Or is thereare non-linearrelationship?
How doesthe modeltreeaccountfor this?Look in particularat the attribute Ver bAl i gn.
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