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”H Presentation outline

0 Consumer health vocabularies -- why are they
Important for informatics?

0 What is WordNet and why map to it to explore it
for consumer arthritis terms?

a Why map these consumer arthritis terms to the
UMLS Metathesaurus?

d How we did it;
0 Results and discussion:

2 Future project directions.



SRS Consumer Health Vocabularies

Informatics

“The ‘consumer vocabulary problem’ {is}

a fundamental issue in health information
1’3 provision...the mismatch between terms
B e il used by healthcare professionals and

" those used by consumers who receive

their services.”

“Eight in ten internet users have
looked online for health

information....That translates into I][W / ‘ N T [ HN E "'
about 95 millions American adults

(18+) who use the internet to find  PEW INTERNET & AMERICAR LIFE PROJECT
health information.”



PMVs and CMVs

Real medical
professional
discourse

The way real
non-experts
talk

Different groups:
different “talk”

Sources of
vocabulary terms

- ~ N
e.g. MeSH, Resutl)t|r|1g_ Consumer
Snomed CT, \(/O(;?teur irsltez Health
ICD-9 CM oo LT Vocabularies
) little bit of work!) _ )




MMVs

Example MMV sources:

GEEAT FITRET IDEAT TH TFT DlhaTi
"

Yisnais JMedlinePlus:
ON TERROR

Trusted Health Information for You

‘N \WebMD

i
1'-.

L0UTS POSTHISPATCH

Possible MMV source genres:

Informational, Persuasive, Commercial, Human Interest

Possible MMV source purposes:

Improving understand; influencing behavior/thoughts; selling; eliciting interest



| ” Why the medical domain of arthritis?
says:

3 “Arthritis is the leading cause of disability in the United
States, limiting the activities of more than 16 million

adults.”

3 “The total cost of AORC in the United States in 1997 was
$86.2 billion (including $51.1 billion in direct costs and
$35.1 billion in indirect costs), approximately 1% of the
U.S. gross domestic product.”



ldentifying a consumer health
corpus on arthritis

One WebMD article for manual
“extraction” of terms

~ 31,000 word document corpus
comprising 17 arthritis articles from
various consumer health sources for
automatic term extraction
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f WordNet 2.1 Browser

File History  Optionz  Help

Search Word: |I:u:unes

Searches for bones: Moun | Werb Senzes l

The noun bones has 1 sense (no senses from tagged tests)

1. {02841411% «<noun artifact> bones#l, castanets#l, clappers#1, finger cyrmbals#l, maraca#l -- (a percussion instnument consisting of a pair of hollow pieces of wood or
bone (usually held between the thumb and fingers) that are made to click together (as by Spanish dancers) in rhythum with the dance)

The noun bone has 3 senses (first 2 from tagged tests)

L1003 { 05206933} <noun. body> bone#l, os#5 -- (rigld connective tissue that malkes up the skeleton of vertebrates)
2.3 { 14563523} =noun substance= bone#l, osseous tissuedfl -- (the porous caleified substance from which hones are made)
3. 104904454} <noun attributes boned#s, roryl, peatl#l, off-white#] -- (a shade of white the color of bleached bones)

The werh bone has 2 senses (no senses from tagged texts)

1. {00595187) <verb cognition= cram#3, grind away#l, drom#s, bone up#l, swot#l, get upds, mug updl, swot updl, bone#l -- (study intensively, as before an exam; "[ had
to hone up on my Latin werbz before the final exam™)
2. (00194444 <verb. change> bone#l, debone#l -- (remove the bones from;, "bone the turkey before roasting ")

Dverview of bones

"’Ij"' start . Inbo:




| ” WordNet 2.1 statistics

Part of Speech Unique Stings  Synsets  Total Word-Sense
Pairs

Noun @ 81,426 145,104

Verb 11,488 13,650 24,890
Adjective 22,141 18,877 31,302
Adverb 4,601 3,644 5,720

Totals 155,327 117,597 207,016



f WordNet 2.1 Browser

File History  Optionz  Help

Search Word: |I:u:unes

Searches for bones: Nu:uun1 YWerh Senzes l

Synanyms, ardered by estimated fFrequency _j
The noun hones by Coordinate Terms

. Hypernyms (bones is a kind aof...)
1. {02841411% =n Hyponyms (...is & kind of bones), brief #1, finger cymbals#l, maraca#l -- (a percussion instrument consisting of a pair of hollow pieces of wood or

hone (usually he  Hyponyms (...is a kind of banes), Full iade to click together (as by Spanish dancers) in rhythm with the dance)
Holoryms {bones is a part of...}, regular

Thenoun boneha;  Meronyms (parts of bones), regular
Meronyvms (parts of bones), inherited

L.g1my {0520693?; Dierivationally related Forms =ctive tissue that malces up the skeleton of wertebrates)
203 {14563523Y  pomain 1 -- (the porous calcified substance from which bones are made)
3./04904454} ::n Familiarity white#l -- (a shade of white the color of bleached bones)

The werh bone has 2 senses (no senses from tagged texts)

1. {00595187) <verb cognition= cram#3, grind away#l, drom#s, bone up#l, swot#l, get upds, mug updl, swot updl, bone#l -- (study intensively, as before an exam; "[ had
to hone up on my Latin werbz before the final exam™)
2. (00194444 <verb. change> bone#l, debone#l -- (remove the bones from;, "bone the turkey before roasting ")

Dverview of bones

— r - r ..
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f WordNet 2.1 Browser E@

File History  Optionz  Help

Search Word: El:ucunes Redizplay Owerview |

Searches for bones: Moun | Werb Senzes !

-

1 setize of hones

Hense |
{02841411} <noun artifact= bones#l, castanets#l, clappers#l, finger cymbals#l, maraca#l -- (a percussion instrument consisting of a pait of hollow pieces of wood or bone

rusually held between the thutnb and fingers) that are made to click: together (as by Spandsh dancers) in thythin with the dance)
=x {03871513} =noun.artifact> percussion instrument#1, percussive instrument#] -- (a musical instrument i which the sound iz produced by one object strilang anothet)
=> { 037585738} <noun.artifact> musical instrument#] , nstrument 136 -- (any of various dewices or contrivances that can be used to produce musical tones or sounds)
=> {03130574} <noun artifact> dewvice#l -- (an nstrumentality invented for a particular purpose, "the device iz small enough to wear on your wrist"; "a device
mntended to conserve water™)
=x {03538049} <noun artifact> nstrumentality#3, instnumentations#] -- (an artifact (or system of artifacts) that is instnumental in accomplishing some end)
=z {00020546% <noun Tops= artifact#], artefact#l -- (a man-made object talen as a whole)
=z {00003991% <noun. Tops> wholed?, unit# -- (an assemblage of parts that is regarded as a single entity; "how big 15 that part compared to the whole?",
"the teatn is a unit™)
=> { 00003122} <noun. Tops= object#], physical object#l -- (a tangible and swsible entity, an entity that can cast a shadow, "it was full of rackets, balls
and other objects")
== { 00001930} <noun. Tops: physical entity#l -- (an entity that has physical existence)
=> {00001740% <noun. Topss entity#l -- (that which iz perceived o nown o inferred to have its own distinet existence (living or nonliving))

3 senses of bone

sense 1
(05206933} <noun body> bone#l, os# -- (rigid connective tissue that makes up the skeleton of vertebrates)
=x {05233440} <noun. body> connective tizsuekl -- (tizsue of mesodermal origin consisting of e g collagen fibroblasts and fatty cellz; supports organs and fills spaces il

between them and formes tendons and higaments)
=x {053204616} <noun.body> animal tissue#l -- (the tizsue in the bodies of animals)
=x {05204413} <noun body> tissus#l -- (part of an organistn consisting of an aggregate of cells having a sitnilar structure and function)
=x {05158749% <noun body:= body part#l -- (any part of an organism such as an organ or extrernity)
=> {00251280} <noun. objects part#7, piece#d -- (a portion of a natural object; "they analyzed the tiver into three patts"; "he needed a piece of granite")
=> { 00002533} <noun. Topss thing#l 2 -- (a separate and self-contained entity)
=> {00001930} <nout. Tops= physical entity#l -- (an entity that has physical existence)
=> {00001740% <touts. Tops:s entity#l -- (that which is perceived o khown or inferted to have itz own distinet existence (living or nonliving))

sense 2
{ 145363533} <noun substance> bone#, osseous tissuefl -- (the porous calcified substance from which bones are made)
=> { 14561479} <noun. substance> animal material#l -- (material derived from animals)
=x { 14357488} <noun. substancer material#l, stuff#l -- (the tangible substance that goes into the malkeup of a physical object; "coal 15 a hard black material”;, "wheat 12

"Hupernyrnz [thiz iz a kind of 1" zearch far noun 'bones”

F r— - -
4 Start ' 8] irbo - M. windo... - EF Microsoft ... S.. v | R Arthritis -, fw




f WordNet 2.1 Browser g@

File History  Optionz  Help

Search Word: El:ucunes Redizplay Owerview |

Searches for bones: Moun | Werb Senzes [

-

1 of 3 senses of hone

mense 1
{05206933} <noun body= bone#l, os#5 -- (rigid connective tissue that malkes up the skeleton of vertebrates)

=x {01878051} <noun.anitmal> furcula#fl -- (a forked bone formed by the fusion of the clavicles of most birds)
=> { 01878237} <noun.animal= wishbone#l , wishing bonedtl -- (the furcula of a domestic fow])

=> { 02301073} <noun.animal= splint boned#l -- (a mudimentary metacarpal or metatarsal bone on either side of the cannon bone in the leg of a horse or related animal)

=x { 02439696} <noun.animal> pastern#l, fetter hones#l -- (the part between the fetlock and the hoof)

=x { 02440654} <noun.animal> cannon bone#l -- (greatly developed metatarsal or metacarpal bone in the shanle or cannon part of the leg in hoofed mammals)

= {02445064 ) <noun.animal> fishhone#l -- (a bone of a fish)

=> { 05208415} <noun. body> anldebone], astragal#l, astragalus#Z, talus#l -- (the bhone in the anlde that articulates with the leg bones to form the ankde joint)

=» { 15208639} <noun.body> bare bone#l -- (bone stripped of flesh)

=x { 15208717} <noun.body> cuboid boned#l -- (the cube shaped bone on the outer side of the tarsus)

=» { 15208846} <noun.body> carpal boned#l, carpal#l, wrist bone#l -- (any of the eight stmall bones of the wrist of primates)
=x {05209308} <noun.body> scaphoid bone#l, oz scaphoidenrn#l | navicular#] -- (the largest wrist bone on the thumb side)
=» {05209437} <noun.body> lunate bone#l, semilunar boned#l | oz lunatur##l -- (one of the eight stnall wrist hones)
=x {15209559} <noun.body> trigquetral#], triquetral bone#l, os triquettumd#l, cuneiform bonedl | pyramidal bone#l -- (a wrist bone that articulates with the pisiform

and hamate and lunate hones)
=x { 05209750} <noun. body> pisiformél, pisiform bonedl, os pisiforme#l -- (a small wrist bone that articulates only with the triquetral)
=x { 05209905} <noun.body> trapeznun#s, trapezium bonef#l, oz trapezium#l -- (the wrist bone on the thumb side of the hand that articulates with the 12t and 2nd
metacarpals)

=x { 05210087} <noun.body=> trapezoid#l, trapezoid honedl, os trapezoidewmdfl -- (the wrist bone between the trapezium and the capitate bones)
=> { 05210237} <noun.body> capitatefl, capitate bone#l, oz capitatumd#l -- (the wrist bone with a rounded head shape that articulates with the 3rd metacarpus)
=» {05210404} <noun.body> harnated#l, hamate bone#l, unciform bonedl, 0s hatnatum#l -- (the wrist bone in line with the 4th and 5th fingers)

=» {15210551} <noun.body> cartilage bone#l -- (any bone that develops within cartilage rather than a fibrous tissue)

=» {05210650} <noun.body> centrurm#l -- (the main body of a vertebra)

=» {05210818} <noun.body> cheslchoned#l , zygomatic boned#l | zygomatic#], malard#l | malar bone#l | jugal bonedtl, oz zygomaticutnd#l -- (the arch of bone beneath the
eve that forms the prominence of the cheels)

=> {05211101} =noun.body> clavicle#l, collathone#l -- (hone linking the scapula and sternum;

=> {05211343} =noun.body> cocoyssfl, tall bone#l -- (the end of the vertebral column in humans and tailless apes)

=x {05211443} <noun.body> dentine#d, dentindl -- (hone (calcified tissue) surrounding the pulp cavity of a tooth)

=x {05211586} <noun. body> ethmoid#], ethmoid bone#l -- (one of the eight bones of the cranium, a small bone filled with air spaces that forms part of the eye soclkets
and the nasal cawity)

=x {05211804} <noun. bhody> heelbone#], calcaneus#l, os tarsi fibulare#l -- (the largest tarsal bone; forms the nman heel)

=x {15211955} <noun. dejF} hipbone#l , innominate hnne#l -- (large flaring bone forming IIIIIE half of the pelms made up of the 1]1um and 15|::hlum and puhis)

w AT T S0 .- 1. JE, MU M 1PF B PSP, [ P A | Y, o | - Ao TT oo oA 1.0 o o1 | PR o 8 I i ot S R
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”H WordNet: manual exploration

Manual extraction — from a single
consumer health test document

148 medical noun phrases identified

52 noun phrases not covered, including
= 1 drug name - sulfasalazine

= 1 drug category acronym — DMARD

= 50 compound noun phrases

WordNet yielded 96 exact matches for a
total noun phrase coverage of ~ 65%




| m Manual synonym search

For the 50 compound noun phrases with no exact
string match, we found:

Exact synonym - 4
Close synonym - 8
Partial synonym - 6
NO synonym — 32

Adjusted coverage: ~ 73%



” Automated term extraction
PhraskEx — shallow syntactic parsing

Example sentence in document:
“Your hip is a ball and socket joint, formed by the upper end of the femuir,

the ball, and a part of the pelvis called the acetabulum, the socket.”
Resulting extracted phrases:

10 sim P - “socket”, “acetabulum”, “pelvis”, “part”, “ball”’, “femur”,

“upper end”, “formed”, “ball and socket joint”, “hip.”
2 Macro - “part of pelvis”, “formed by upper end of femur”
3 Mmedga - “hip ball and socket joint formed by upper end of femur ball

and part of pelvis”, “acetabulum socket”



15,107 phrases extracted (Phraskx artificially
Inflates tokens)

13, 770 actual tokens — occurrences of phrases

8,916 types — unigue phrases
= Simp types — 4,678
= Macro types — 1,621
= Mega types — 2,617

Noun phrase extraction results




Initial mapping of extracted phrases to WordNet*

(*WN 2.0)

No WN
mapping

Some WN
mapping

Total tokens

8,581 (62%)

5,189 (38%)

simp 4,003 5,140
macro 1,708 4
mega 2,870 45

Total types 7,282 (82% ) 1,634 (18%)
simp 3,074 1,604
macro 1,617 4
mega 2,991 26




# of synsets mapped to per type

600;
5001
400/
300/
2001
100!

(ﬁ -
1 3 5 7 9 11 13 15 17 19 29




Top 15 most frequent phrases mapped to
something in WN

169|simpl|arthritis|n|13380097%n|arthritis|1|0

73
66

64
art
59
54
49

simp
simp
simp

simp

le|n|07463651%n|people|4|0
1In|13803148%n|iodine//iodin//I//atomic number 53|3|0
rheumatoid arthritis|n|13380258%n|rheumatoid

131|sim n|n|13510751%n|pain//hurting|5|0
75|simp[joints)n|05275200%n|joint//articulation//articulatio|6|0

hritis hic arthritis//rhneumatism|1|0
simpljoint|n|05275200%nl|joint//articulation//articulatio|6|0

lents|n|09730887%n|patient|2|0

simp

body|n|04916110%n|body//organic structure//physical

structure|9|0

48|simp|ra|n|13813213%n|radium//Ra//atomic number 88|3|0
48|simp|osteoarthritis|n|13381668%n|osteoarthritis//degenerativ
e arthritis//degenerative joint disease|1|0
44|simp|doctor|n|09380179%n|doctor//doc//physician//MD//Dr.//
medico|4|0
42|simplinflammation|n|13524046%n|inflammation//redness//rub
or|4|0

38|simp|disease|n|13268088%n|disease|1|0
34|simp|cartilage|n|04983662%n|cartilage//gristle|1]|0



nitial mapping of extracted phrases to the UMLS*

(*UMLS2005AA)

NO
Metathesaurus

mapping

Some
Metathesaurus

mapping

Total tokens

7786 (57%)

5984 (43%)

simp 3,501 5,642
macro 1,571 141
mega 2,714 201

Total types 6796 (76%) 2120 (24%)
simp 2,826 1,852
macro 1,503 118
mega 2,467 150




Categorization/Disambiguation

Our semantic categories for disambiguation
fit 292 out of 1,634 types mapped to at least
one WordNet synset.

291 types — relevant to 1 category
One exception - “joint” Is relevant to 2 categories

192 of these cases were mapped to 1 synset only
identified as being of biomedical interest

In the other 99 cases with multiple mappings, the
semantic categories identify which of the mapped-to
synsets are biomedical.



File Historp Optiohz  Help

Search Word: |ten|:||:|n Redizplay Overview |

Searches for tendon: Moun | Senzes:

E

1 zense of tendon

sense 1
tendon, smew -- (a cord or band of inelaztic tizsue connecting a muscle with itz bony attachment)

=z connective tissue -- (tissue of mesodenmal ongm consisting of e g collagen fibroblasts and
fatty cellz; supports organs and fills spaces between them and forms tendons and hgaments)
=> animal tizsue -- (the tizsue in the bodies of anitmals)
== tigsue -- (part of an orgamism consisting of an aggregate of cells hawving a siilar
structure and function)
== hody part -- (any part of an organism such as an organ or extremity)
== part, piece -- (a portion of a natural object; "they analyzed the river into three
parts"; "he needed a piece of granite™)
= thing -- (a separate and self-contamned entity)
== physical entity -- (an entity that has physical existence)
== entity -- (that which iz perceived or known or inferred to have it own
distinct existence (iving or nonlting))

"Hypernyms [this iz a kind af...]" search for noun "'tendon'




File History Optionz  Help

Redizplay Overview |

Search Word: | izt

Senges;

'y

Searches for ozt Moun

2 zenses of cyst

menze |
cyst -- (a closed sac that develops abnormally in some body structure)

== pathology -- (any dewviation from a healthy or nortnal condition)
= ill health, unhealthiness, health problem -- (a state n which you are unable to function
normally and without pain)
== pathological state -- (a condition that 15 not normal)

== condition, status -- (a state at a particular time; "a condition (or state) of disrepait™,

“the current status of the arms negotiations")
== state -- (the way something 12 with respect to its main attributes; "the current
state of knowledge"; "his state of health"; "in a weal: financial state™

=> attribute -- (an abstraction belonging to or characteristic of an entity)
== abstraction -- (a general concept formed by extracting common features

from specific examples)

=> ghstract entity -- (an entity that exists only abstractly)
== entity -- {that which 1z percerved or kmown or inferred to have its

own distinct exdstence (living or nonlimng )y

sense 2
vesicle, eyst -- (a small anatormically normal sac or bladderlice structure (especially one contaimng

fluid)
== gac -- (a structure resetnbling a bag in an animal)
=» cavity, hoddy cawity, cavum -- ({anatomy) a natural hollow or sinus within the body)

== strcture, anatomical structure, complex body part, bhodily structure, hody structure
-- (a particular complex anatornical part; "he has good bone structure™)
== hody part -- {any part of an organism such as an organ or extrenuty)
=> part, piece -- {a portion of a natural object; "they analyzed the river into three
parts"; "he needed a piece of gramte™)
=> thing -- (a sepatrate and self-contained entity)
== physical entity -- (an entity that has physical exstence)
== entity -- (that which 1z percetved or known or imferred to have its own

distinct existence (living or nonliving))

"Hypernpms [this iz a kind of..]" search for noun Voyst"




| ” Discussion

WordNet v. Metathesaurus

1,634 types mapped 2,120 types mapped
(18%) (24%)

Phrases mapped in UMLS but not WN:

9|simp| fiboromyalgia |EM|1|C0016053|Fibromyalgia

35|simp| rheumatic diseases |EM|1|C0035435|Rheumatism



m Future work...

Expand the document corpus
J Increase the number of articles included

1 Increase variety of MMV sources, MMV
genres, and targeted audiences

Normalize for plurals up front

Expand the disambiguation effort

- Verify and complete our current semantic
categories

1 ldentify more semantic categories

and...



...More future work

Deal with “silence” — automate WordNet
alternate-string synonym search

1 Join the WordNet and UMLS mappings

1  For phrases that do not map to
WordNet but map to UMLS, identify
the CUI

- Remap all of alternative-string
synonyms of those CUIs to WordNet




Learning objectives successfully met:

1To explore and understand the terms, concepts and structuring of the
electronic lexical database WordNet.

To explore and understand Metathesaurus terms and concepts, the
semantic types, and the structuring of UMLS.

JTo learn how to use UMLS tools to extract terms from documents and
map them to the Metathesaurus and to WordNet.

JTo learn more about the current state of CHI controlled vocabularies.

To acquire skills in vocabulary analysis and CHI vocabulary
development.

To explore WordNet as a source for CHI coverage of the domain of
arthritis and of medicine/diseases in general.



| ”H Additional thank yous...

May Cheh
Tom Rindflesch
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And all of the LHCBC staff for their assistance,
expertise, kindness and time.






