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ABSTRACT

Personalhealthliteracyisanimportantindicatorforanationalhealthstatus.Providingcitizenswith
sufficientmedicalknowledgecanhelpthemunderstandtheirownhealthconditions.Toachievethis
goal,anintegratedsystemisdevelopedforevaluatingthereadabilityofhealthcaredocumentsbytaking
heartdiseaseasaspecifictopic.Themechanismcanbeextendedtoothertargetdiseasesandlanguages
by changing the correspondingworddatabank.Theassessment system for examiningdocument
readability isbasedonpatient-orientedaspectsrather thanprofessionalaspects.Commonlyused
termsandprofessionalmedicaltermsextractedfromaquerydocumentwereutilizedasfundamental
elementsforreadabilityanalysis,andthederivedfeaturesincludedtermfrequencyofprofessional
medicalterms,proportionofprofessionalmedicalterms,anddiversityindicatorofmedicalterms.
A five-foldcrossvalidation is applied tomeasure the robustnessof theproposedapproach.The
experimentalresultsachievedarecallrateof0.93,aprecisionrateof0.97,andanaccuracyrateof0.95.
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1. INTRODUCTION

Withproperanalyticalmechanisms,digitalizedclinical/medicaldocumentscanbeveryhelpfulin
diseasediagnosisandtreatments(Hussain&Lee,2015;Barbantanetal.,2016).Duetothevigorous
developmentofinternettechnology,anabundantvarietyofonlinehealthcare-relateddocumentscan
alsobeaccessedeasily.Theyareparticularlyimportantresourcesforpatientsandtheirfamiliesto
learnmedicalknowledgeforhomeself-care.However,mosthealthcaredocumentsdonotgothrough
objectivetestingtodeterminewhetherthedocumentissuitableforself-learningbypatients.Accurate
andunderstandablemedicalknowledge isespecially important forpatientsaftersurgery,so they
canbeeducatedabouttheirrecoverystatus,learnself-care,andrespondtoemergencyevents.With
improvementinpersonalhealthliteracy,patientscancooperatewithprofessionalmedicaltreatments,
increasetheselectivityofpossiblemedicaltherapies,extendthedurationofre-hospitalization,and
reducemedicalexpenses.

Readabilityofadocumentistomeasuretheeasewithwhichareadercanunderstandthecontents
ofthedocument.TherehavebeenmanyresearchworksintheNLPcommunityfocusingondocument
readabilityassessment.Manystudiesproposedtoevaluatereadabilitydegreesbydifferentkindsof
features,suchasvocabulary,ngrams,sentencelength,entity-density,syntax,POS,semantics,and
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co-referencefeatures(Heilmanetal.,2007;Fengetal.,2010;Nenkovaetal.,2010;Clercq&Hoste,
2016). All the features were primarily designed for English texts. Traditionally, readability was
measuredbyspecificallydesignedformulas(Dubay,2004;Wangetal.,2012).Recentworksalso
applieddifferentmachinelearningtechniquestobuildreadabilitypredictors(Schwarm&Ostendorf,
2005;Kateetal.,2010;Mukherjeeetal.,2018),andLaseckietal.alsodiscussedthepossibilityof
measuringbyevaluatingcrowdfeatures(Laseckietal.,2015).

Thereadabilityofdifferentkindsofmedicaldocumentshasreceivedmuchattentioninthelast
decade (Miller et al., 2007;Leroy&Endicott, 2011;Atcherson,2013;Williamson&Martinez,
2013).Kauchaketal.foundthatspecificityfeatures(calculatedusingword-leveldepthinMeSH)and
ambiguityfeatures(calculatedusingthenumberofUMLSMetathesaurusconceptsassociatedwith
aword)werethestrongestpredictorsforEnglishdocuments(Kauchaketal.,2014).Therearealso
differentapproachesformeasuringthereadabilityofgeneralarticles(Flesch,1948;Fry,2006).In
addition,severalreadabilityassessmenttoolsexistthatarespecificallyforonlinemedicaleducation
documents(Kheretal.,2017;Colacoetal.,2013).

Theresearchmainlyfocusedondocumentsrelatedtodysfunctionalheartfailure.Researchers
foundthatonly7.1%oftheassessableissue-specificonlinemedicaldocumentspassedthereadability
test, indicating that other online medical documents may not be suitable for the general public.
Therefore,thoseresponsibleforcreatingmedicaleducationdocumentsshoulddeterminewhether
thedocumentreadabilityisatanideallevelforpublicunderstanding.

This study aimed todevelop an assessment tool for evaluating the readability of healthcare
documentsbasedonpatient-orientedaspects,andthefinalgoalwastoprovideanautomaticevaluation
system of document filters that can review all disease-specific medical education documents.
However,duetothetremendousrequirementsfordevelopingalarge-scale,comprehensivesystem,
thisresearchillustratedtheconceptbyfocusingsolelyonmedicaleducationdocumentsrelatedto
heartdisease.Theproposedautomaticevaluationmechanismisexpectedtoeffectivelydistinguish
the readability of healthcare documents regarding heart disease issues. Through the readability
assessmentandinspection,authorscanrethinktheirwritinggoalsandrevisetheirpreviouswritten
healthcaredocumentsbasedfromtheperspectiveofpatients.

2. MATeRIAL AND MeTHOD

Theautomaticevaluationtechnologyfordocumentreadabilityhelpedreaders/writersassesswhether
thewrittenarticlecontentsweresuitableforthepublic.Theheuristicevaluationapproachusedwas
observingwhetheradocumentcontainedcommonvocabularyofdailylifeandreducedtheusageof
professionalterms.Thesystemconfigurationoftheautomaticassessmentprocessesfordocument
readabilitycanbedividedintotwomainmodulesasshowninFigure1.Thefirstmodulewasto
determinewhetherthecontentofanarticlewasrelatedtothedomain-specifictheme,andconcentrated
onasinglespecifictopic.Addressingasingletopicinamedicaleducationdocumentcaneffectively
improve the readabilityof thedocument.Thesecondmodulewas tocalculateproposedfeatures
regardingarticlereadabilityandtoperformreadabilityclassification.Detaileddescriptionsofthe
twomodulesareprovidedin2.1and2.2.

2.1 Module I: Domain-specific Theme Detection
Thesubjectofthehealthcaredocumentsinthisstudyfocusedonheartdiseases.Themainapproach
wastocomparewordsusedinaquerydocumentwiththepreviouslycollectedworddatabankrelated
toheartdisease.Ifthequerydocumentcontainedanykeytermsassociatedwithheartdisease,the
moduledeterminedthedocumenttobeadomain-specifichealthcaredocumentandproceededto
thereadabilitytest.

Thekeyworddatabankisacollectionofheartdiseaseterminologiesfromsevenprofessional
medicalinstitutionswebsites:CincinnatiChildren’s(2016,Nov.20),ClevelandClinic(2018,Nov.
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