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Abstract 

Background:�Accurate�a  e  ment�of�the�difficulty�of�con umer�health�text �i �a� 
prerequi ite�for�improving�readability.�General?purpo e�readability�formula �ba ed� 
primarily�on�word�length�are�not�well� uited�for�the�health�domain,�where� hort�technical� 
term �may�be�unfamiliar�to�con umer .�To�addre  �thi �need,�we�previou ly�developed�a� 
regre  ion�model�for�predicting�“average�familiarity”�with�con umer�health�vocabulary� 
(CHV)�term .� 
Objective:�The�primary�goal�wa �to�evaluate�the�CHV�term�familiarity�model’ �ability� 
to�predict�(1)� urface?level�familiarity�of�health?related�term �and�(2)�under tanding�of�the� 
underlying�meaning�(concept�familiarity)�among�actual�con umer .�Secondary�goal � 
involved�exploring�the�effect�of�demographic�factor �(e.g.,�health�literacy)�on� urface� 
level�and�concept�familiarity�and�de cribing�the�relation hip�between�the�two�level �of� 
familiarity.� 
Methods:�Survey�in trument�for�a  e  ing� urface�level�familiarity�(45�item )�and� 
concept�familiarity�(15�item )�were�developed.�All�participant �al o�completed�a� 
demographic� urvey�and�a� tandardized�health�literacy�a  e  ment,�S?TOFHLA.� 
Results:�Ba ed�on� urvey �completed�by�52�con umer ,�linear�regre  ion� ugge t �that� 
predicted�CHV�term�familiarity�i �a� tati tically� ignificantly�predictor�(P <�.001)�of� 
participant � urface?level�and�concept�familiarity�performance.�Health�literacy�wa �a� 
 tati tically� ignificant�predictor�of� urface?level�familiarity� core �(P�<�.001);�it �effect� 
on�concept�familiarity� core �warrant �further�inve tigation�(P =�0.06).�Educational�level� 
wa �not�a� ignificant�predictor�of�either.�Participant� core �indicated�that� 
conceptualization�lagged�behind�recognition,�e pecially�for�term �predicted�a �“likely�to� 
be�familiar”�(P�=�.006).� 
Conclusions: Thi �exploratory� tudy� ugge t �that�the�CHV�term�familiarity�model�i � 
predictive�of�con umer�recognition�and�under tanding�of�term �in�the�health�domain.� 
Potential�u e �of� uch�a�model�include�readability�formula �tailored�to�the�con umer� 
health�domain�and�tool �to�“tran late”�profe  ional�medical�document �into�text�that�i � 
more�acce  ible�to�con umer .�The� tudy�al o�highlight �the�u efulne  �of�di tingui hing� 
between� urface�level�term�familiarity�and�deeper�concept�under tanding,�and�pre ent � 
one�method�for�a  e  ing�familiarity�at�each�level.� 
� 
Keywords:�Con umer�health�vocabulary;�patient ;�vocabulary;�informatic ;�health� 
education;�readability;�comprehen ion;�health�;�evaluation� tudie � 
� 

Introduction 

Improving�the�readability�of�online�con umer�health�material �i �an�important�area�of�e? 
health�re earch.�Studie �indicate�that�health�information�on�the�Web�i �beyond�the�reading� 
ability�of�average�con umer �[1,2].�Re earch�on�general�literacy� ugge t �that�the� 
readability�decrea e �a �the�number�of�“difficult”�word ,�tho e�unfamiliar�to�the�average� 
reader,�increa e �in�a�pa  age.�Since�familiarity�correlate �with�education�and�literacy� 
level ,�“ea y”�term �are�tho e�that�are�familiar�to�many�individual �who�have�lower� 
reading� kill .�For�example,�the�Dale?Chall�readability�formula�incorporate �a�li t�of�3000� 



     

             

   

word �and�phra e �(expre  ion )�familiar�to�80%�of�4th?grade� tudent �in�the�United� 
State �[3].�However,�becau e�obtaining�a�comprehen ive,�empirically�derived�li t�of� 
familiar�word �i �difficult,�many�other�exi ting�readability�formula �u e�average�number� 
of� yllable �per�word�a �a� urrogate�for�“word�difficulty.”� 
� 
Many�re earcher �point�to�the�need�to�reduce�the�gap�between�health�literacy�of�the� 
reader �and�the�readability�of�con umer�health�material �[4].�A �guideline �call�for�u ing� 
 imple,�common�word ,�adhering�to�them�require �predicting�con umer�familiarity�with� 
variou �health?related�word .�Currently,�the�only�available�method �are�general?purpo e� 
readability�formula ,�developed�by�K?12�re earcher .�However,�u ing� uch�readability� 
formula �to�predict�reader ’�ability�to�comprehend�health�text �ha �been�criticized�by�the� 
health�literacy�community.�A �McCray�ob erve ,�“counting words and syllables and 

consulting a grade-level word list are most likely not sufficient to determine how 

readable a text is”�[5].�Reliance�on�word�length�i �particularly�ill? uited�for�the�health� 
domain,�where� hort�technical�term �are�likely�to�be�unfamiliar�to�con umer �(eg,� 
“apnea”).�The�logic�of�graded�word�li t � implifie �the�phenomenon�of�word�knowledge� 
by�implying�that�it�i �binary�in�nature�and� ugge t �that�a�reader�i �either�unfamiliar�or� 
familiar�with�a�particular�word,�with�the� witch�between�not�knowing�and�knowing� 
occurring�at�a� ingle�point�in�time.�However,�con umer�health�term�familiarity�i �a�more� 
nuanced�phenomenon�involving�partial�knowledge�[6],�and�increa ed�expo ure�likely� 
re ult �in�increa ed�familiarity.�� 
� 
Recognizing�the�limitation �of�the e�previou �approache ,�we� et�out�to�explore� 
alternative�mea ure �that�account�for�“average”�familiarity�with�health�term �among� 
member �of�a�convenience� ample�of�con umer .�The�ability�to�recognize�term �i � 
important�becau e�reader �need�to�a  ociate�health�term �with�their�corre ponding� 
concept �in�order�to�extract�u eful�information�from�text.�Thu ,�we�decompo e�health� 
vocabulary�knowledge�into�two�part :�(1)� urface?level�term�familiarity�or�recognition�of� 
the�lexical�form�and�(2)�under tanding�the�underlying�concept.�In�cognitive� cience,�a� 
concept�can�be�viewed�a �a� et�of� lot �that�can�be�filled�with�characteri tic �de cribing�a� 
cla  �of�object �or�event �[7].�For�in tance,�a�“di ea e”�concept�may�be�characterized�by� 
attribute � uch�a �cau e,� everity,�duration,�and�pathophy iology�(among�other ).�The� 
completene  �and�accuracy�of�conceptual�knowledge�exi t �on�a�continuum,�dictated�by� 
context.�Thu ,�a�healthy�individual�with�a�family�hi tory�of�diabete �and�a�diabetic�patient� 
may�each�benefit�from�explanation �focu ing�on�different�a pect �of�diabete �(eg,� 
prevention�ver u �treatment).�Yet�hi torically,�readability� tudie �do�not�di tingui h� 
between� urface?level�lexical�form �(commonly�referred�to�a �“term ”)�and�concept ,�and� 
therefore�do�not�a  e  �familiarity�at�each�“level”� eparately.� 
� 
We�had�previou ly�developed�a� upport�vector�machine�regre  ion�model�for�predicting� 
“familiarity�likelihood� core ”�of�con umer�health�vocabulary�(CHV)�term �u ing�the� 
empirical�data�from�u er� tudie �evaluating�“con umer?friendly�di play”�name �for� 
medical�concept �[8]�a �training�data�and�the�term�frequency�count �from�health�text� 
corpora�a �feature �[9].�The�model�evaluated�by�thi � tudy�wa �an�improved�ver ion�of� 
the�initial�model�publi hed�in�2005�[9]:�actual�familiarity�data�were�collected�from�41� 
 ubject �for�training;�term�and�word�frequencie �in�three�different�corpora�(a.�Reuter � 



 

 

 

 

new �report �(health�and�non?health�article );�b.�querie �to�a�health� earch�engine� 
MEDLINEplu ;�and�c.�querie �to�a�general� earch�engine�Metacrawler)�were�u ed�a � 
feature .�Thi �algorithm�a  ign �each�con umer�health�term�with�a�predictive� core� 
ranging�from�0�to�1.0,�repre enting�the�likelihood�that�a�term�i �familiar�to�the�average� 
con umer.�Term �are�cla  ified�into�three�familiarity�categorie �ba ed�on�their� core :� 
“likely”�(1.0�?�0.8);�“ omewhat�likely”�(0.8�?�0.5)�and�“not�likely”�to�be�familiar�( core � 
under�0.5).�� 
� 
The�primary�goal�of�the�re earch�reported�in�thi �paper�wa �to�develop�and�apply�a� imple� 
methodology�for�validating�the�CHV�familiarity�predictive�model�again t�actual,� 
empirically�derived�familiarity�with�variou �health�term �among�health�con umer .�The� 
validation�i �di tinct�and�independent�from�the�empirical�data�u ed�in�deriving�the�model.� 
Both� urface?�(ie,�recognition)�and�concept?level�familiarity�(ie,�under tanding�of�the� 
underlying�meaning)�data�were�collected�from�participant .�Surface�level�familiarity�wa � 
inve tigated�becau e�it�corre pond �with�exi ting�conventional�approache �to�a  e  ing� 
health�vocabulary�knowledge.�The�goal�of�concept?level�familiarity�a  e  ment�wa �to� 
explore�the�potential�of�thi �novel�approach�and�to�characterize�the�relation hip�between� 
the�two�familiarity�level .�Finally,�we� ought�to�de cribe�the�effect�of�demographic� 
factor �(including�health�literacy�and�education�level)�on�the�actual�con umer ’� core .� 
The�following�three�hypothe e �addre  ed�the�goal �of�the� tudy:� 
� 
1. Predicted�familiarity�likelihood�level�will�have�a� ignificant�effect�on�con umer� 

 urface?level�term�familiarity�and�their�under tanding�of�the�underlying�concept.� 
� 

2. Demographic�factor ,�including�but�not�limited�to�health�and�education�level,�will� 
have�a� ignificant�effect�on�both�type �of�familiarity� core .�� 
� 

3. Con umer ’� urface?level�familiarity�with�term �will�be�greater�than�their� 
under tanding�of�the�underlying�concept .�� 

Methods 

Participants:�Con umer �(n�=�52)�were�recruited�from�Brigham�and�Women’ �Ho pital.� 
Health�literacy,�a  e  ed�with�Short�Te t�of�Functional�Health�Literacy�in�Adult �(S? 
TOFHLA)�[10],�ranged�in� core�from�22�to�36�(mean�=�33.04,�SD=3.83).�Ba ed�on�the e� 
 core ,�50�participant �had�adequate�health�literacy� kill �( core �in�the�23?36�range�out�of� 
36),�while�two�had�marginal� kill �( core �from�17?22).� 
� 
Other�demographic�variable �were� elf?reported�u ing�a�brief�que tionnaire�( ee�Table�1� 
for�demographic�characteri tic ).�Eight�were�non?native�Engli h� peaker ,�with�number�of� 
year � peaking�Engli h�ranging�from� ix�to�40�(median�=�12�year ).�The�level�of�Engli h� 
proficiency�wa �not�a  e  ed,�a �the�complexity�of�the�relation hip�between�primary�and� 
 econdary�language�health�literacy�i �beyond�the� cope�of�thi � tudy.�Seven�of�the�eight� 
non?native�Engli h�participant �received�S?TOFHLA� core �in�the�high�literacy�range�and� 
the�remaining�participant,�in�the�moderate�literacy�range�( elf?reported�a � peaking� 
Engli h�for�40�year ).� 
� 



� 
Table 1. �Demographic�characteri tic �of�the�participant �(n�=�52)� 
Demographic Variable Distribution 

Gender� 16�male,�36�female� 
Engli h�proficiency� 44�native� peaker ,�8�nonnative� peaker �� 
Highe t�education�level� 2�below�high� chool;�9�high� chool;�20� ome�college;� 

13�college;�8�graduate� chool� 
Age� 5�between�age �18?25;�13�between�25?39;� 

25�between�40?59;�9�over�60� 
Race� 25�White,�13�Black,�8�Hi panic,�6�Other� 
Health�literacy�level� 
(STOFHLA� core )� 

50�high�health�literacy�(between�23?36);� 
2�moderate�health�literacy�(between�17?22);� 

Instrument:�A� urvey�for�a  e  ing�CHV� urface?level�(45�item )�and�concept�(15� 
item )�familiarity�wa �developed,�piloted�te ted,�and�implemented,�a �de cribed�below.� 
The�proce  �of�in trument�development�con i ted�of�two� tage :�1)� electing�health�term � 
for�inclu ion�in�the�te t�and�2)�developing�multiple�choice�item �for�each�term�(Figure�1).�� 
� 

Terms Selection 

- Articles selected (3) 

- Health terms extracted (all) 

- Predictive familiarity model applied 

- Terms selected 

555L3

555L2
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T3T2T1
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Item Development 

  

   

 

 

  

   

   

 

 

  

 

 

- Surface-level (all terms) 

- Concept (GERD only) 

� 
Figure 1.��Survey�development�proce  �(T=topic;�L=predicted�familiarity�level)� 

� 
Candidate�CHV�term �were� elected�from�con umer�health�text �for�three�frequently� 
vi ited�MedlinePlu �(http://medlineplu .gov)�health�topic :�hyperten ion,�back�pain,�and� 
ga troe ophageal�reflux�di order�(GERD).�One�repre entative�article�on�each� elected� 
topic�wa �cho en�from�among�con umer�health� ite �li ted�by�MedlinePlu .�A�final?year� 
medical� tudent�manually�extracted�all�health?related�term �from�each�article.�Next,�all� 
extracted�term �were� ubmitted�to�the�predictive�familiarity�model�[9]�and�a  igned�to� 
“likely”,�“ omewhat�likely”�or�“unlikely”�to�be�familiar�categorie �( ee�Introduction).� 
Finally,�five�term �from�each�predicted�familiarity�likelihood�level�were�randomly� 
 elected�from�each�of�the�three�article �(Appendix�1).�� 
� 
The�next� tage�of�in trument�con truction�involved�developing�multiple�choice�te t�item ,� 
a  e  ing�the�two�type �of�familiarity,�operationally�defined�a �following:� 
� 



            

 

   

 

        

  

   

 

        

  

 

keydistractorsstem

___ treatment ___ nutrition program ___ test ___ don’t knowBiopsy:

stem key distractors

Biopsy: ___ removing a

sample of tissue

___ bouncing waves ___ recording electrical

off tissues activity

___ don’t know

1.� Surface?level� familiarity:� ability� to� match� written� health� term � with� ba ic� 
relevant� a  ociated� term � at� the�  uper?category,� location� or� function� level� (eg,� 
biop y�•�te t)�� 
2.� Concept� familiarity:� ability� to� a  ociate� written� term � with� brief� phra e � 
de cribing�the�meaning�or�“gi t ”�(eg,�biop y�•�removing�a� ample�of�ti  ue)�� 

� 
Surface�level�familiarity�item �(Figure�2)�were�developed�for�all� elected�term .�Concept� 
familiarity�item �(Figure�3)�were�developed�only�for�the�term �extracted�from�the�article� 
on�GERD,�in�order�to�minimize� urvey�admini tration�time.� 
� 
The�layout�of�all�te t�item �wa �modeled�on�the�Short�A  e  ment�of�Health�Literacy�for� 
Spani h? peaking�Adult �(SAHLSA)�[11],�which�in�turn�i �ba ed�on�the�Rapid�E timate� 
of�Adult�Literacy�in�Medicine�(REALM)�health�literacy�te t�for�Engli h� peaker �[12].� 
We�cho e�the�SAHLSA�model�becau e�thi �validated�in trument�a  e  e �the�ability�to� 
a  ociate�health�term �with�other�related�term .�In�contra t,�REALM,�commonly�u ed�in� 
 tudie �with�Engli h� peaker ,�only�te t �the�ability�to�pronounce�health�term �correctly,� 
which�we�felt�wa �le  �appropriate�for�our�purpo e�of�word�knowledge�a  e  ment.�� 
SAHLSA�i �ea y�to�admini ter,�and�con i t �of�50�item ,�each�with�a�“ tem”�or�target� 
term,�“key”�term�meaningfully�a  ociated�with�the�target�term,�“di tractor,”�and�a�“don’t� 
know”�option.�Our�only�change�to�thi �format�wa �adding�a� econd�“di tractor”,�to�reduce� 
the�probability�of� electing�the�“key”�term�by�gue  ing�( ee�Figure�2).�In�developing� 
CHV�a  e  ment�item ,�we�followed�the�following�criteria:�1)�key�and�di tractor � hould� 
be�of�the� ame�difficulty�a �the�target�term;�2)�di tractor � hould�be�incorrect�but� 
plau ible�and�3)�key�and�di tractor � hould�have�the� ame� emantic�relation hip�to�the� 
target�term�(eg,�all�location�or�all�function).�Criteria�2�and�3�were�adopted�from� 
SAHLSA.� 
� 

stem distractors key 

___ treatment ___ nutrition program ___ test ___ don’t knowBiopsy: 
� 

����Figure 2.��Sample�CHV�in trument� urface?level�familiarity�item�� 
� 
Incorporating�REALM�procedure,�SAHLSA�require �the�examinee�both�to�correctly� 
pronounce�the�target�term�and�to� elect�the�key�term.�However,� ince�our�goal�wa �to� 
mea ure�familiarity�with�written�health�expre  ion �and�concept �explicitly�u ing�a� elf? 
admini tered�tool�(eg,�via�the�Web),�the�SAHLSA�requirement�for�examinee �to� 
pronounce�each�target�expre  ion�wa �dropped.� 
� 

stem key distractors 

Biopsy: ___ removing a 

sample of tissue 

___ bouncing waves ___ recording electrical 

off tissues activity 

___ don’t know 

� 
Figure 3.��Sample�CHV�in trument�concept?level�familiarity�item� 

� 
The�final�te t�included� urface?level�familiarity�item �for�all�three�health�topic �(que tion � 
1�–�45),�and�concept�familiarity�item �for�GERD�term �only�(que tion �46�–�60).�The� 
entire�in trument�i �available�in�Multimedia�Appendix�1.� 



    

 

      

 

    
  

 

  

  

  

  

  

  

  

  

  

          

 

          

Administration, Scoring and Analysis: Participant �fir t�completed�the� 
demographic � urvey,�followed�by�the�S?TOFHLA�and�CHV�familiarity� urvey,� urface? 
level�item �followed�by�concept�familiarity�item .�For� coring,�each�correct�an wer�wa � 
awarded�one�point.�Surface?level�and�concept�familiarity� core �were�calculated� 
 eparately.�Regre  ion�analy i �te t �on�the�data�were�performed�at�the�0.05�level�of� 
 ignificance.��Since�the� tudy�i �exploratory�in�nature,�the�value �between�0.05�and�0.1� 
are�reported�for�de criptive�purpo e ,�a �indicating�trend �for�further�inve tigation.� 

� 

Results 

Descriptive Statistics - Mean Familiarity Scores: Three�type �of�mean �were� 
computed�for�each�predicted�familiarity�likelihood�level�(“likely”,�“ omewhat�likely”,� 
and�“unlikely”�to�be�familiar):�Total�Surface?Level�Familiarity,�GERD�Surface?Level� 
Familiarity�and�GERD�Concept�Familiarity�(Table�2).�Total�Surface�Level�Familiarity� 
reflect � urface?level�familiarity�with�term �on�all�three�topic .�Since�the�te t�included� 
five�term �per�topic�per�level,�15�i �the�maximum�po  ible�Surface?Level�Familiarity� 
Score�for�each�level.�GERD�Surface?Level�Familiarity�indicate � urface�level�familiarity� 
with�GERD�term �only,�with�five�the�maximum�po  ible� core�(ba ed�on�five�GERD� 
term �at�each�level).�GERD�Concept�Familiarity�reflect �an wer �to�concept�GERD� 
que tion ;�with�five�the�maximum�po  ible� core�for�each�level.�� 

Table 2. Mean� urface?level�and�concept�familiarity� core  
Predicted Familiarity 

Likelihood 

Total Surface-Level 

Familiarity 

mean (SD) 

GERD Surface-Level 

Familiarity 

mean (SD) 

GERD Concept 

Familiarity 

mean (SD) 

Likely�� 13.80�(1.97)� 4.75�(0.81)� 3.83�(1.22)� 
Somewhat�Likely� 12.92�(2.60)� 4.54�(1.02)� 3.94�(1.04)� 
Unlikely� 9.53�(3.44)� 3.42�(1.42)� 3.04�(1.31)� 

Total�Surface�Level�Familiarity�and�GERD�Concept�Familiarity�were�the�dependent� 
variable �of�hypothe e �1�and�2.�GERD�Surface?Level�Familiarity�wa �u ed�in�computing� 
the�gap�between�GERD� urface?level�and�concept�familiarity,�the�dependent�variable�for� 
hypothe i �3.� 

Testing Hypotheses 1 and 2 (Predictors of Total Surface-Level Term 

Familiarity): Seven�independent�variable �?�Predicted�Familiarity�Likelihood�Level,� 
Gender,�Engli h�Proficiency,�Highe t�Education�Level,�Age,�Race,�and�Health�Literacy� 
Level�(S?TOFHLA� core )�?�were�regre  ed�onto�the�dependent�variable,�Total�Surface? 
Level�Term�Familiarity�Score.�Linear�regre  ion�found�a� tati tically� ignificant�effect�(P� 
<�.001)�of�predicted�familiarity�likelihood�level�on� urface?level�term�familiarity.�Health� 
literacy�wa �another� tati tically� ignificant�predictor�of� urface?level�familiarity�(�P��<.� 
001).�Engli h�proficiency�wa � ignificant�(P��=�.05);�education�level�wa �not�(P��=�.15).� 

Testing Hypotheses 1 and 2 (Predictors of GERD Concept Familiarity): All� 
 even�independent�variable �from�the�previou �regre  ion�analy i �plu �GERD�Surface? 



         

 

          

         

Level�Familiarity�were�regre  ed�onto�GERD�Concept�Familiarity� core.�Linear� 
regre  ion�found� tati tically� ignificant�effect �of�predicted�familiarity�likelihood�level� 
(P�=�.009)�and�GERD� urface?level�familiarity� core�(P�<�.001)�on�GERD�concept� 
familiarity� core .�The�effect�of�health�literacy�level�on�GERD�concept�familiarity�merit � 
further�inve tigation�(P�=�.06).� 

Testing Hypothesis 3 (Relating GERD Surface-Level and Concept Familiarity 

Scores):�While�previou �regre  ion�analy i �indicated�that�GERD� urface?level� 
familiarity� core�wa �a� ignificant�predictor�of�GERD�concept�level�familiarity,�the� 
concept�familiarity�con i tently�lagged�behind� urface?level�familiarity�at�all�three�level � 
( ee�Table�2).�Linear�regre  ion�analy i �of�the�effect�of�predicted�familiarity�likelihood� 
level�on�the� urface?level–concept�familiarity�gap�wa �performed.�For�the�overall�model,� 
the�gap�wa � tati tically� ignificantly�different�from�zero�(P�=�.001).�In�addition,�the�gap� 
i � tati tically� ignificantly�greater�for�term �predicted�a �“likely”�then�for�tho e�“not� 
likely”�to�be�familiar�(P�=�.006).�The�gap�for�term �predicted�a �“ omewhat�likely”�v .�for� 
tho e�predicted�“not�likely”�to�be�familiar�merit �further�inve tigation�(P�=�.07).� 

Discussion 

Implications for the Validity and Usefulness of the CHV Familiarity Model:� 
Although�preliminary�in�nature,�thi � tudy�pre ent �an�initial�evaluation�of�the�fir t�model� 
for�e timating�con umer�familiarity�with�health? pecific�term .�The�finding �confirmed� 
Hypothe e �1�and�3�and�partially�confirmed�Hypothe i �2.�Confirmation�of�Hypothe i �1� 
provided�initial�validity�evidence�for�the�CHV�familiarity�likelihood�model�[8]�by� 
demon trating�a�relation hip�between�predicted�familiarity�and�two�type �of�empirically� 
derived�con umer ’�familiarity� core .�The�brief�“proof�of�concept”� urvey�u ed�in�thi � 
 tudy�require �additional�re earch�to�evaluate�the�underlying�model’ �robu tne  �with� 
variou �target�audience �of�online�con umer�health�material :� enior ,�low�literacy� 
individual ,�chronic�patient ,�etc.�The�approach�u ed�in�the� tudy�provide �a� 
methodological�framework�for� uch�follow?up�validation� tudie .��The�pre ent� tudy,� 
however,�contribute �to�the�field�a �it� ugge t �that�a�health�corpora�frequency?ba ed� 
algorithm�pre ent �a�fea ible�and�more�flexible�alternative�to�general�word�li t �or�word� 
length�algorithm �for�e timating�the�difficulty�of�con umer�health�material .�For�example,� 
our�exi ting�model�for�predicting�term�difficulty�can�be�u ed�a �a�quick� creening�tool�for� 
determining�“difficult”�term �in�con umer�health�text �and� ugge ting�more�con umer� 
friendly� ynonym .�Incorporating�the�model�into�a�formula�that�produce �a� ingle�text� 
readability� core�would�potentially�automate�the�complex�ta k�matching�con umer�health� 
material �to�reader �(a  uming�that�relevant�reader�information�i �al o�available).� 
� 
Insights for Improving the Power of CHV Familiarity Prediction: Partial� 
confirmation�of�Hypothe e �2�and�confirmation�of�Hypothe e �3�point�to�limitation �of� 
the�model�with�re pect�to�it �ability�to�identify�“con umer?unfriendly”�word .�Part�of�the� 
variance�in�reader ’�performance�i �likely�to�be�related�to�demographic�characteri tic ,� 
not�accounted�for�in�the�model.�With�further�re earch,�it�i �perhap �po  ible�to�adju t� 
predicted�familiarity�likelihood�categorie �for� ome�target�population �on�the�ba i �of� 
known�effect �of�demographic �variable .�However,�identifying�the�full�range�of� 
meaningful�demographic�variable �i �not�reali tic.�Moreover,�mo t� ite �are�developed�for� 



    

  

 

   

a�broad�range�of�health�con umer �who�bring�to�ta k�a�diver e�range�of�competencie �and� 
experience .�Thi �limitation�i �not�unique�to�our�approach,�but�i �true�for�all�attempt �to� 
evaluate�the�difficulty�of�a�text�or�term .�While�individualized�prediction�of�text�difficulty� 
on�the�ba i �of�a�model�i �de irable,�it�i �al o�much�more�error?prone�than�population? 
wide�prediction ,�becau e�mo t�predictive�model �are�ba ed�on�population� tati tic �or� 
empirical�expert�knowledge.�Any�prediction�i �nece  arily�an�approximation,�but�a�high? 
quality�approximation�i �of�con iderable�value.�Our�predictive�model�framework�al o� 
doe �not�make�a�theoretical�di tinction�between� urface?level�familiarity�and�conceptual� 
under tanding�at�pre ent,�and�doe �not�make�provi ion�for�the�po  ible�uneven�gap� 
between�the�two.�If�the�uneven�gap�phenomenon�i �confirmed,�then�the�“ea ine  ”�of� 
term �predicted�a �highly�likely�to�be�familiar�may�be�deceptive.�An wering�thi �que tion� 
require �a� trong�operational�definition�of� ufficient�concept�knowledge,�and�a�way�of� 
a  e  ing�it.�The�pre ent�in trument�i �an�exploratory� tep�in�the�direction�of�concept� 
knowledge�mea urement.�A� ati factory�in trument� hould�reconcile�the�goal �of� 
a  e  ing�a�complex�and�multifaceted�con truct�while�being�relatively�quick�and�ea y�to� 
admini ter.� 
� 
Limitations of the Study: While�mo t�of�the� tudy�re ult �corre ponded�to�our� 
re earch�hypothe e ,�the�lack�of� ignificant�effect �of�mo t�demographic�variable ,� 
particularly�educational�level,�i � urpri ing�and�may�be�due�to� ampling�bia .�It�i �po  ible� 
that�uneven�repre entation�ob cured�any�education�effect ―41�out�of�52�participant �had� 
at�lea t� ome�college�education.�Note�that�education�i �a�proxy�for�general�literacy,�which� 
i �only�one�component�of�health�literacy�[10].�Other�component ,� uch�a �healthcare� 
experience�and�motivation,�may�have�a�much� tronger�effect�on�health�term�familiarity� 
and�need�to�be�explored�in�further�re earch.� 
� 
Follow-Up Work: Follow?up�work�include �validating�and�po  ibly�adju ting�the� 
algorithm�for� pecific�population ;�evaluating�the�role�of�potentially�influential� 
demographic �variable �in�de ign �where�the e�variable �are�repre ented�acro  �a�broad� 
range�of�value ;�and�developing�a�formula�that�would�a  ign�a� ingle�value�text�difficulty� 
on�the�ba i �of�the�pre ent�algorithm.�The�calibration�of� uch�formula�in�order�to�e timate� 
the�de ired� core �for�variou �population �would�require�a� et�of�exten ive�p ychometric� 
 tudie �that�are�beyond�the� cope�of�mo t�informatic �re earch�program .�However,� 
developing�the�algorithm�and�te ting�it �effectivene  �again t�exi ting�readability� 
formula �are�well�within�the�capabilitie �of�con umer�health�informatic �re earch.�It�i � 
al o�e  ential�to�develop�method �to�explore�con umer�under tanding�of�health�concept � 
in?depth,�a �the�current� tudy�only�touche �the� urface�of�thi �important�topic.� 
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APPENDIX 

� 
For each item below, check a single word or phrase that is most closely related to 

the bolded word. If none seem related, check “don’t know.” 

1. Acute 

___  hort�and� evere� 
___�gradual� 
___�painle  � 
___�don’t�know� 
� 
2. Artery� 
___ nerve� 
___�mu cle� 
___�blood�ve  el� 
___�don’t�know� 

3. Chronic� 
___ immediate� 
___�long?term� 
___�burning� 
___�don’t�know� 

4. Diabetes� 
___ di ea e� 
___�te t� 
___�procedure� 
___�don’t�know� 
� 
5. Hormone� 
___ herbal�pill� 
___�vitamin� 
___�chemical� 
___�don’t�know� 

6. Amputation� 
___ exerci e� 
___�injection� 
___� urgery� 
___�don’t�know� 
� 
7. Pulse� 
___ heart�beat� 
___�breathing� 
___�temperature� 
___�don’t�know� 
8. Renal� 
___ heart� 
___�kidney� 
___�lung� 
___�don’t�know� 

9. Spleen� 
___ organ� 
___�fluid� 

___�powerhou e� 
___�don’t�know� 
� 
10. Water Pill 

___ birth�control� 
___�placebo��(fake�pill)� 
___�medicine� 
___�don’t�know� 
� 
11. Aneurysm� 
___ urinary�tract� 
___�bone � 
___�blood�ve  el � 
___�don’t�know� 
� 
12. Ocular� 
___ eye� 
___�ear� 
___�nerve � 
___�don’t�know� 
� 
13. Diastolic� 
___ blood�pre  ure� 
___�temperature� 
___�breathing� 
___�don’t�know� 

14. Aorta� 
___ organ� 
___�bone � 
___�blood�ve  el � 
___�don’t�know� 
15. Vasodilator 

___ medication� 
___�device� 
___�te t� 
___�don’t�know� 
� 
16. Cancer 

___�broken�bone� 
___ tumor� 
___�allergy� 
___�don’t�know� 

17. Asthma� 
___ lung � 
___�heart� 
___�kidney � 
___�don’t�know� 

18. Muscle� 
___�ta te� 
___�hearing� 
___ movement� 
___�don’t�know� 

19. Hospital� 
___ treatment� 
___�inve tment� 
___�entertainment� 
___�don’t�know� 

20. Surgery� 
___� ound�wave � 
___ knife� 
___�camera� 
___�don’t�know� 

21. Intestines� 
___�che t� 
___  tomach� 
___�head� 
___�don’t�know� 
� 
22. Respiratory� 
___�heat� 
___�ear � 
___ lung � 
___don’t�know� 

23. Ulcer� 
___ dige tive�problem� 
___�breathing�problem� 
___�movement�di order� 
___�don’t�know� 

24. Biopsy� 
___�treatment� 
___ te t�� 
___�nutrition�program� 
___�don’t�know� 

25. Acid reflux 

___  tomach��� 
___�eye � 
___�urinary�tract� 
___�don’t�know� 
� 
26. Pulmonary fibrosis� 
___�breathing�te t�� 



 

 

 

 

 

 

 

 

 

 

    
 

 

   

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

  

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

___ lung�di ea e� ___�don’t�know� ___�don’t�know� 
___�bone�di ea e� � � ������� 
___�don’t�know� 36. Acupuncture� � 

___� urgery� 45. Fascia 

27. Antacids� ___�te t� ___�organ� 
___ medicine� ___ alternative�medicine� ___ ti  ue� 
___�mouth�rin e� ___�don’t�know� ___�bodily�fluid� 
___�food� upplement� � ___�don’t�know� 
___�don’t�know� � 

37. Flexibility� 46. Cancer ���� 
28. Sphincter� ___ mu cle �and�joint � ___�infection�of�cell � 
___�blood�ve  el � ___�lung � ___  pread�of�abnormal�cell  
___�nerve � ___� kin� � � ������ 
___ mu cle �� ___�don’t�know� ___�low�white�blood�cell� 
___�don’t�know� � count� 
� 38. Osteoporosis� ___�don’t�know� 
29. Forceps� ___ medicine� � 
___ in trument/device� ___�procedure� 47. Asthma� 
___�di ea e� ___�di ea e� ___ inflammation�of�airway � 
___�medicine�(pill)� ___�don’t�know� ___�hardening�of�lung � ����� 
___�don’t�know� �������� ___�lung�infection� 

39. Inflammation� ___�don’t�know� 
30. Hiatal hernia ___ pain�and� welling� � 
___ inte tine �problem� �� ___�numbne  � 48. Muscle� 
___� tomach�problem� ___�heavy�bleeding� ___�ti  ue�that�connect � 
___�liver�problem� ___�don’t�know� organ � 
___�don’t�know� � ___�ti  ue�that�cover �organ � 

40. Recurrence ___ ti  ue�that�can�contract�� 
31. Prescription drugs ___�treatment� ___�don’t�know� 
___�food����� ___ problem��� � 
___ medicine�� ___�in urance� 49. Hospital� 
___�cleaning� upplie � ___�don’t�know� ___ provide �medical� 
___�don’t�know� � treatment� �� 

41. Lumbar� ___� ell �health�food� 
32. Lower back� ___ lower�back� ___�educate �healthcare� 
___ body�part� ___� houlder �� inve tor � 
___�in trument����� ___�neck� ___�don’t�know� 
___�medical�chart� ___�don’t�know� � 
___�don’t�know� 50. Surgery� � 

42. Erythrocyte� � �� 
33. Exercise� ___ urine� ___�getting�a�blood� ample� 
___�medicine� ___�blood� ___ removing�or�repairing�a� 
___� urgery� ___� weat� body�part� 
___ activity� ___�don’t�know� ___�bouncing� ound�wave � 
___�don’t�know� � off�an�organ� 
� 43. Fibromyalgia� ___�don’t�know� 
34. Arthritis� ___ treatment� 
___�in trument� ___�te t� 51. Intestines� 
___ di ea e� ___�di ea e� ___�move�food�from�mouth� 
___�liquid� ___�don’t�know� to� tomach� 
___�don’t�know� � ___ dige t�food� 
� � ___�remove�poi on �from� 
35. Doctor� 44. Scoliosis� blood� 
___ con truction� ___  pine� ___�don’t�know� 
___�treatment� ___�throat� � 
___�accounting� ___�heart�� 52. Respiratory� 
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___ breathing�in�oxygen� �� ___�holding�or�removing� 
___�breathing�in�carbon�  omething� 
dioxide� ___�don’t�know� 
___�regulating�body� 
temperature� 60. Hiatal hernia 

___�don’t�know� ___  tomach�bulge �up�into� 
� the�che t�� 
� ___�bulging�inte tine � 
53. Ulcer� ___�inflammation�of�the� 
___ open� ore�  tomach� 
___�up et� tomach� ___�don’t�know� 
___�nervou � pa m� � 
___�don’t�know� 
� 
54. Biopsy� � 
� � �� 
___�bouncing�wave �off� 
ti  ue � 
___�recording�electrical� 
activity� 
___ removing�a� ample�of� 
ti  ue� 
___�don’t�know� 
� 
55. Acid reflux 

___� wallowing�problem� 
___�death�of�ti  ue� 
___ backflow�from� tomach��� 
___�don’t�know� 
� 
56. Pulmonary fibrosis� 
___  carring�of�lung � 
___�mucu �in�lung � 
___�fluid�in�lung � 
___�don’t�know� 
� 
57. Antacids� �� 
___�reduce�fever� 
___ relieve�heartburn� 
___�decrea e�appetite� 
___�don’t�know� 
� 
58. Sphincter� � �� 
___�a�ring�of�mu cle �that� 
open �and�clo e � 
___�mu cle �that�help�the� 

lung �fill�with�air� 
___�a�mu cle�that�control �the� 
tongue�� 
___�don’t�know� 

59. Forceps� � 
� � �� 
___ mea uring�blood? 
pre  ure� 
___�numbing�a�body�part� 


