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Abstract:Thispaperdescribesananalysisofthematchbetweenthemodulelearningoutcomesandtheprogrammelearningoutcomes

oftheMScinAssistiveTechnologyofferedbytheSchoolofComputing.ThecontributionofeachMScmoduletotheoverallprogramme

learningoutcomeswasassessedusingaModuleMatrix.AnoverallMasterMatrixwasusedtoassesstheoverallcontributionofall16

modulestotheprogrammelearningoutcomesoftheMScprogramme.TheanalysisoftheMScprogrammedesignwastakenastagefur-

therbygraphingthelearningoutcomesoftheoverallprogrammeagainsttheindividualmodulelearningoutcomes.Thisprovidedause-

fultoolforanalysisoftheMScprogramme.Theapproachoutlinedinthispaperprovidesavisualisationtoolthatallowstheprogramme

designertoquicklyidentifythedeficienciesandexcessesintherelationshipsbetweenprogrammelearningoutcomesandmodulelearning

outcomes.
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1　Introduction

TheMScinAssistiveTechnologyprogrammeofthe
SchoolofComputingwasdesignedusingthe3Dalign-
mentmodelofcurriculumdesign

[ 1]
;adesignmodel

establishedaspartoftheEmersionproject
[ 2]

forthede-
velopmentofanindustry-orientededucationalmodelfor
China.Inthismodel, learningoutcomes, teachingand
learningmethods, andassessmentmethods, areevalua-
tedforalignmentacrossmodulesatthesamestage
( horizontalalignment) , betweendifferentstagesofa
programme( verticalalignment), andinternallywithin
modules( constructivealignment

[ 3]
) .Suchalignment

shouldensureacloserelationshipbetweenlearningout-
comes, teachingandlearningmethods, andassessment
methodstofacilitatesuccessfulstudentlearning.

Programmelearningoutcomes ( PLOs) , ( the
statementsoffunctionalanddeclarativeknowledgethe
studentwillhaveoncompletionofaprogramme) define
thetypeofgraduateaprogrammewillproduce

[ 2]
.The

individualmodulelearningoutcomesofaprogramme
shouldcontributetotheachievementoftheprogramme
learningoutcomes.Howwelltheprogrammedesign
supportsthisisofinteresttotheprogrammedesigner.
Ananalysistoolisrequiredwhichallowstheprogramme
designertoquicklyidentifythedeficienciesandexces-
sesintherelationshipsbetweenprogrammelearning

outcomesandmodulelearningoutcomes.Suchatool
wouldbeausefulqualityassuranceaidduringthede-
signstageofaprogramme.

Thispaperdescribesananalysisofthematchbe-
tweenthemodulelearningoutcomesandtheoverall
programmelearningoutcomesoftherecentlyvalidated
MScinAssistiveTechnologyprogrammeoftheSchool
ofComputing.Theanalysiswascarriedoutbymapping
themodulelearningoutcomes(MLOs) ofall16 mod-
ulesoftheprogrammetotheprogrammelearningout-
comes( PLOs) andgraphingtheresultsintheformof
barcharts

[ 4]
toindicatehowmucheachmodulecon-

tributestotheoverallPLOsoftheprogrammeasa
whole.ThisgraphicalanalysisofPLOsversusMLOs
providesaninitialvaluableinsightintothedesignofthe
MScinAssistiveTechnologyprogramme.Alistingof
thetitlesofalltheMScinAssistiveTechnologymod-
ulesisprovidedintheAppendix.

Thenextsectiondescribestheapproachtakento
analysethecontributionofeachmoduletotheoverall
PLOsusingamatrix-basedformat.Section3 discusses
thelimitationsofthisapproachasitnowstandsand
suggestshowthemethodmaybemademorerobust.
Section4 summarisesthemainachievementsinthis
work.
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2　Approach

2.1　MappingtheContributionofMLOstoPLOs
Learningoutcomes(LOs) aredescribedinnatural

languageinthemoduledescriptorsoftheMScpro-
grammedocument

[ 5]
.Whenmappingthecontribution

ofMLOstoPLOstheanalystmustinterpretsuchnatural
languagedescriptionsanddecideifthefunctionaland
declarativeknowledgedescribedinanMLOwillcon-
tributetothefunctionalanddeclarativeknowledgede-
scribedinaPLOandevaluatetowhatextentitcontrib-
utes.

Theinterpretativedecisionappearsstraightforward
whenthenaturallanguagedescriptionofanMLOclose-
lycorrespondstothedescriptionofaPLO.Inotherca-
sesthedecisionislessstraightforward.AnMLOmay
notappeartocontributetoaPLOonfirstreading, due
totheambiguitiesofnaturallanguage.Thisrequiresa
qualitativeinterpretationbytheanalyst.Theanalyst
mustdecideifthedescriptionofagivenMLOprovides
analternativeexpressionofthefunctionalanddeclara-
tiveknowledgerequiredtocontributetoaPLO.

Inthecaseswhereambiguitiesaroseinthecurrent
analysis, aqualitativetechniquesimilartogistanaly-
sis

( [ 6], p157 )
wasusedtoidentifyalternativeexpressions

ofthefunctionalanddeclarativeknowledgerequiredto
contributetoagivenPLO.OnexamininganMLOfor
contributiontoaPLO, theanalystonreadingthede-
scriptionoftheMLOdecidedifitsgist( oressence)
wasareasonablysynonymousalternativedescriptionof
thefunctionalanddeclarativeknowledgerequiredto
contributetoaPLO.Ifthiswasso, amappingwasre-
corded.Iftherewasstilldoubtaboutacontribution,
theMLOwasexcludedasacontributortothePLO.
( ThedecisiononthegistoftheMLOwasajudgement
callmadesolelybytheanalystinthiscurrentwork.
Suchanalysiscouldbemademorerobustusinganin-
dependentjudgeforgistagreementassuggestedin

[ 6]
.

Judgescouldbeselectedfrom membersofthepro-
grammeteam).
2.2　ModuleMatrix

Thecontributionofeachmoduletotheoverall
PLOswasassessedusingatwo-dimensional( 2D) mod-
ulematrix.( ThisapproachissimilartoKeatingetal
2007

[ 7]
) .Figure1 showsthe2Dmatrixforassessing

thecontributionoftheFoundationsinAssistiveTech-
nologymoduletoachievingthePLOs.Inthefigure,
thePLOsarelistedinthecolumnonthelefthandside

andtheMLOsarelistedacrossthetop.ThePLOsare
groupedundertheheadingsofKnowledge, Know-How
andSkill, andCompetenceaccordingtotheNational
QualificationsAuthorityofIreland ( NQAI) guide-
lines

[ 8]
.Thismatrixlayout, whichisMSExcel? -

based, facilitatescomparisonofeachPLOwitheach
MLOoftheFoundationsinAssistiveTechnologyMod-
ule.

EachMLOoftheFoundationsinAssistiveTech-
nologymodulewasmanuallycomparedwitheachPLO
usingthemodulematrix.IfagivenMLOcontributedto
aPLOà 1' wasinsertedinthè cell' attheintersec-
tionoftheMLOandthePLO.IfanMLOdidnotcon-
tributetoaPLOitwasleftblank.WhetheranMLO
contributedtoaPLOwasdecidedbytheanalystusinga
qualitative/interpretativeapproachasoutlinedabove.

ThecompleteanalysisoftheFoundationsinAssis-
tiveTechnologyMLOscontributiontotheoverallPLOs
isshowninFigure1.TheTotalContributioncolumnin
Figure1 showshowmanyMLOsweredeemedtohave
contributedtoagivenPLO.Forexampletheinteger
`6' intheTotalContributioncolumnforPLO( Know-
HowandSkill, 2) , indicatesthat6 oftheMLOsof
FoundationinAssistiveTechnologyweredeemedto
havecontributedtoPLO ( Know-HowandSkill, 2) .
TheotherintegersintheTotalContributioncolumnre-
cordedagainsttheremainingPLOsareinterpretedin
thesameway.

AlltheremainingmodulesoftheMScinAssistive
Technologyprogrammewereanalysedinthesameman-
nerasoutlinedabove.A2Dmatrixwasconstructedfor
eachmoduleandananalysiswascarriedoutassessing
thecontributionofthatmodule'sMLOstothePLOs.
EachModuleMatrix'sTotalContributioncolumnshows
howmanyMLOsweredeemedtohavecontributedtoa
givenPLO.
2.3　MasterMatrix

Anoverall2DMasterMatrixwasconstructedto
assesstheoverallcontributionofall16 modulestothe
PLOsoftheMScprogramme.Figure2 showsthisMas-
terMatrix.Inthefigure, thePLOsarelistedontheleft
handsideandgroupedundertheNQAIheadingsof
Knowledge, Know-HowandSkill, andCompetence

[ 8]
.

Eachcolumninthematrixrepresentsamoduleandis
linkedtothatmodule'sTotalContributioncolumn.This
MasterMatrixlayout, whichisMSExcel? -based, fa-
cilitatesassessmentofthecontributionofall16 MSc
ModulestoachievingtheoverallPLOs.
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Fig.1　ModuleMatrixforFoundationsinAssistiveTechnologymodule

TheTotalContributioncolumnintheMasterMa-
trixinFigure2 showsthecumulativesupportforthe
PLOsbytheMLOsofthe16 modules.Forexamplethe
integer̀ 37' intheTotalContributioncolumnforPLO
( Know-HowandSkill, 2) indicatesthatthisPLOwas
supportedby37 MLOsderivingfrom16 modulesofthe
programme.Thehigherthevaluerecordedagainsta
PLOintheMasterMatrixTotalContributioncolumn,
themoresupportthatPLOappearstohave, acrossthe
16 modules.ThelowervaluesintheTotalContribution
columnsuggestlesssupport.Forexample, thè 8' re-
cordedforPLO ( Know-HowandSkill, 13 ) , would
suggestthatthisPLOdoesnothavemuchsupport
acrossthe16 modules.InfactthisPLO ( Know-How
andSkill, 13);PrepareandPresentaseminartoa

professionalstandardmaynotbeexpressedinthe
MLOsbutcouldappearintheAssessmentsectionofa
module.Itisimportantthereforetoidentifyhowsuc-
cessfullythemoduleshavebeenconstructivelya-
ligned

[ 3]
andinparticulartoascertainiftheassessment

regimematchesthestatedlearningoutcomes.
AsaninitialcritiqueofthedesignoftheMScin

AssistiveTechnologyprogrammethesefigureswould
suggestissueswiththedesignoftheprogramme.This
needsfurtherconsiderationbuttheapproachwouldap-
peartobepromising, atleastasatooltoevaluatethe
overallbalanceoftheprogramme.Thequalitativena-
tureoftheanalysishoweverrequiresthatsomeformof
calibrationorbenchmarkingisappliedtothisprocess.
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2.4　GraphofPLOsVersusMLOsTotalContri-
bution

Theanalysisoftheprogrammedesignmaybe
takenastagefurtherbygraphingthePLOsagainstthe
MLOsTotalContributionusingthedatafromthePLO
andTotalContributioncolumnsofFigure2.Thisis
showninFigure3.Thisisausefulapproachwhenan-
alysinglargesetsofdata

[ 9]
.Thegraphprovidesause-

fulvisualisationtool
[ 9]

forananalysisoftheprogramme
thatallowstheprogrammedesignertoquicklyidentify
thedeficienciesandexcessesintherelationshipsbe-
tweenprogrammelearningoutcomesandmodulelearn-
ingoutcomes.

Fig.3　CumulativecontributionofMLOstoPLOs

Figure3 representsthecurrentMLO-PLOcumula-
tivecontributionprofilefortheMScinAssistiveTech-
nology.Itwouldappearfromthisprofilethatthepro-
grammemaybeunbalancedincertainareas.Insome
casestheremaybeanexcessofsupportforsomePLOs

tothedetrimentofothers.Theprogrammedesignmay
needtoberevisitedtoaddresssuchissues.
2.5　GraphofMLOContributionsAcrossModules

andAcrossPLOs
Someusefulinsightintowhichmodulesmaybe

responsiblefortheimbalanceintheprogrammedesign
maybeobtainedbygraphingtheMLOcontributions
acrossmodulesandacrossPLOsusingthedatafrom
Figure2.ThisisillustratedinFigure4 whichshows
thecurrentprofileofMLOcontributionsacrossmodules
andacrossPLOsfortheMScprogramme.

Anumberofgapsareapparentintheprofilein
Figure4.Thereappearstobeanexcessofsupportfor
somePLOsandadeficitofsupportforothers.Inthe
caseofexcesssupport, theprogrammedesignermay
needtorevisitthedesignwiththeprogrammedesign
teamandrebalancetheMLO-PLOcontributionincer-
tainareas.InthecaseofpoorlysupportedPLOsthe
non-contributingmodulesmayneedtobeinvestigated.

Forexample, PLO(Know-HowandSkill, 13) appears

tobepoorlysupportedacrossmostmodules.The
graphicalrepresentationofMLOcontributionsacross
modulesandacrossPLOsinFigure4 allowsthepro-
grammedesignertoquicklyidentifywhichmodulesare
notcontributingtothisPLO.Inthiscasetheonlymod-
ulesthatappeartobecontributingtoPLO( Know-How
andSkill, 13) areModules4, 5, and16.

Itmaybethecasethatsomeofthenon-contribu-
tingmodulesarenotproperlyconstructivelyaligned

[ 3]
.

Thelearningoutcomes, teachingandlearningmeth-
ods, andassessmentmethodsmaybepoorlyaligned.
Theassessmentregimemaynotmatchthestatedlearn-
ingoutcomes.Forexample, anintendedMLOrelevant
toaspecificPLOmaynotbeexpressedintheMLOs
butcouldappearintheAssessmentsectionofamodule
withoutbeingexplicitlyexpressedasanMLO.

Fig.4　MLOcontributionsacrossmodulesandacrossPLOs

3　Discussion

Theapproachoutlinedinthispaperwouldappear
tobeausefultoolforanalysingthedesignofanaca-
demicprogramme.However, onemustexercisecaution
wheninterpretingtheresultsasthenumericdatafor
thisanalysisweregeneratedinalimitedqualitative/in-
terpretativemanner.

Onewayofmakingthemethodmorerobustwould
betocalibrateorbenchmarkthescoringprocessby
cross-checkingwithanumberofexperiencedcol-
leaguesfromtheprogrammedesignteamwhowouldact
asindependentjudges

[ 6]
.Agroupofuptofiveexperi-

encedcolleagues
[ 10]

wouldbeaskedtoindependently
analyseandscoretheMLO-PLOcontributionsacross
the16 modulesusingthequalitative/interpretative
techniqueoutlinedinthispaper.( Itmaybethecase
thatthenumberofindependentjudgesshouldbekept
open, butinitiallyagroupofuptofiveexperienced
colleagueswouldbeused) .

EachanalystwouldproduceanindividualMaster
Matrix.ThenumericvaluesintheTotalContribution
columnswouldthenbedisplayedasconsensusvalues
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acrossthefiveMasterMatricestoderiveasinglesetof
MLO-PLOcontributionscores.Ifallanalystsagreethat
agivenMLOsupportsaspecificPLOthenconfidence
inthatMLO-PLOcontributionishigh.Incaseswhere
judgesdonotagree, discussionwouldtakeplacetoi-
dentifythereasonforthedifferenceofopinionandre-
solveitbeforeprogressing.Ifagreementcannotbe
reached, themoduledesignteamwouldbethefinalar-
bitersinthisprocess.

Onceaconsensusisreached, theprogramme
PLOswouldthenbegraphedagainstthissetofMLO-
PLOscoresasbefore.Theresultinggraphswouldillus-
trateamorerepresentativesetofMLO-PLOprofiles.

Ifnecessarytheindependentscoringprocesscould
berepeatedanumberoftimesusingdifferentgroupsof
assessorsfromtheprogrammedesignteamwithacon-
sensusbeingobtainedacrossassessorgroupstoreacha
stablesetofMLO-PLO contributionscorespriorto
graphingtheresults.

AretrospectiveassessmentofMLO-PLOalignment
canbecarriedoutbyquestionnairesadministeredto
thestudentsontheprogrammeattheendofeachse-
mester.Theseresultscanbecomparedtothestaffe-
valuationofMLO-PLOalignment.

4　Summary

Amappingapproachtotheassessmentofthede-
signofanMScProgrammeinAssistiveTechnologyhas
beendescribedinthispaper.Ananalysisofthepro-
grammewascarriedoutbymappingtheMLOsofall16
modulesoftheprogrammetotheoverallPLOs.Aqual-
itativetechniquesimilartogistanalysis

[ 6]
wasusedto

resolveanyMLO-PLOmappingambiguities.
TheanalysisoftheMScprogrammedesignwas

takenastagefurtherbygraphingthePLOsagainstthe
individualMLOs, andalsographingtheMLOcontribu-
tionsacrossmodulesandacrossPLOs.Thisprovided
potentiallyusefultoolsforanalysisofthedesignofthe
MScprogramme.

Toimprovetheresultsofthisanalysisamethodof
makingthescoringprocessmorerobustwasproposed
inwhichateamoffiveexperiencedjudgeswouldinde-
pendentlyanalyseandscoretheMLO-PLOcontribu-
tions, withaconsensusbeingobtainedacrossthefive
judgestoderiveasinglesetofMLO-PLOcontribution
scores.Thismethodwillbeimplementedandtestedin

futurework.
Theapproachtolearningoutcomeanalysisde-

scribedinthispaperprovidesavisualisationtoolthat
allowstheprogrammedesignertoquicklyidentifypro-
grammedesignissues.Theapproachappearstobe
promising, atleastasausefulqualityassurancetoolin
assessingthedesignofanacademicprogramme.
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