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« WR KDYH WKHP IRU DQ LQVWDQW LQ KHU KDQGV ERWK DW RQFH,
WKH VWRU\ DQG LWV XQGRLQJ«

fURm ´Self PRUWUaiW aV HXUU\ and Dela\µ [PenelRSe aW heU lRRm]

¬

LRcaWed aW Whe cenWeU Rf JRUie GUaham·V cRllecWiRn TKH EQG RI BHDXW\, ´Self PRUWUaiW aV HXUUa\ and Dela\µ cUafWV
a SRUWUaiW Rf Whe aUWiVW, SRiVed aW a SUecaUiRXV mRmenW in Zhich WhRXghW beginV WR Wake VhaSe. Like PenelRSe,
GUaham enWeUWainV Whe illXViRn, if Rnl\ mRmenWaUil\, Rf a chRice beWZeen bUinging a cUeaWiYe imSXlVe inWR fRUm RU
allRZing iW WR cRme XndRne. A ZeaYeU Rf langXage, GUaham VXbWl\, defWl\, bXW XnVXcceVVfXll\ aWWemSWV WR dela\
Whe ineYiWable mRmenW in SReWic cUeaWiRn in Zhich cRmSle[iW\ Rf WhRXghW adRSWV fRUm WhURXgh langXage, and VR
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Ueali]ed iV alVR UedXced. In TKH EQG RI BHDXW\, Whe beginning Rf Whe cUeaWiYe acW VignalV an ineYiWable deVcenW inWR
meaning ³ langXage·V XlWimaWe imSXlVe.

UndeUVWanding hRZ WRSic mRdeling algRUiWhmV handle ÀgXUaWiYe langXage meanV allRZing fRU a VimilaU beaXWifXl
failXUe ³ nRW a failXUe Rf langXage, bXW a neceVVaU\ inclinaWiRn WRZaUd fRUm WhaW inYRlYeV a diminiVhing Rf
langXage·V SRVVible meaningV. HRZeYeU, Whe neceVVaUil\ UedXcWiYe meWhRdRlRg\ Rf VRUWing SReWic langXage inWR
UelaWiYel\ VWable caWegRUieV, aV WRSic mRdeling VXggeVWV, \ieldV SUeciVel\ Whe kind Rf UeVXlWV WhaW liWeUaU\ VchRlaUV
mighW hRSe fRU ³ mRdelV Rf langXage WhaW, haYing Waken fRUm, aUe aW Whe Vame mRmenW aW RddV ZiWh Whe laZV Rf
WheiU cUeaWiRn.

In Whe fRllRZing aUWicle, I VXggeVW WhaW WRSic mRdeling SReWU\ ZRUkV, in SaUW, becaXVe Rf iWV failXUeV. SRmeZheUe
beWZeen Whe liWeUaU\ SRVVibiliW\ held in a cRUSXV Rf WhRXVandV Rf EngliVh-langXage SRemV and Whe cRmSXWaWiRnal
UigRU Rf LaWenW DiUichleW AllRcaWiRn (LDA), WheUe iV an inWeUSUeWiYe VSace WhaW iV aV YiWal aV Whe ZeaYing and
XnUaYeling aW PenelRSe·V lRRm.

When Michael WiWmRUe UefeUV WR We[WV aV ´maVViYel\ addUeVVable aW diffeUenW leYelV Rf Vcale,µ aV he dReV in hiV
WZR blRg SRVWV in DHEDWHV LQ WKH DLJLWDO HXPDQLWLHV (2012),¬he WaSV inWR a VimilaU Yein Rf WhRXghW aV JRUie
GUaham. WiWmRUe e[SlainV WhaW

WhaW makeV a We[W a We[W ³ iWV VXVceSWibiliW\ WR YaU\ing leYelV Rf addUeVV ³ iV a feaWXUe Rf bRRk
cXlWXUe and Whe Áe[ibiliW\ Rf Whe We[WXal imaginaWiRn. We addUeVV RXUVelYeV WR WhiV leYel, in WhiV ZRUk,
and Whink abRXW iWV UelaWiRn WR VRme RWheU. (325)

In RWheU ZRUdV, We[WV can be aSSURached fURm a mXlWiSliciW\ Rf SeUVSecWiYeV ³ aV bRXnd enWiWieV, SageV, chaSWeUV,
SaUagUaShV, SRemV, RU ´ZRUkV.µ Te[WXal and liWeUaU\ VchRlaUVhiS UeTXiUeV a ZillingneVV WR iVRlaWe a SaUWicXlaU
aVSecW Rf Whe We[W WhURXgh RfWen abVWUacW RU aUbiWUaU\ cRnVWUainWV, SURdXcing ZhaW WiWmRUe callV ´XniWieV.µ TR a
ceUWain e[WenW, We[WXal VchRlaUVhiS imSlieV a dRXble bind: nR Rne can addUeVV a We[W aW all Rf iWV SRVVible leYelV
VimXlWaneRXVl\, and \eW, b\ cRnVWUaining RXU XndeUVWanding Rf ZhaW a We[W iV, Ze make a caUicaWXUe Rf iW. WiWmRUe
deVcUibeV ´naUURZingµ RXU SeUVSecWiYe Rf a We[W in caUicaWXUe aV ´ZillfXll\ abVWUacW in Whe VenVe WhaW, aW cUXcial
mRmenWV Rf Whe anal\ViV, Ze fRUegURXnd UelaWiRnV aV VXch ³ UelaWiRnV WhaW VhRXld be XniWed ZiWh e[SeUienceµ
(329).

The cRnVWUainWV Rf chRRVing Rne We[WXal ´XniW\µ cRUUeVSRndingl\ e[SandV RXU abiliW\ WR addUeVV a laUgeU Vcale Rf
We[WV, UeYealing SaWWeUnV and UelaWiRnVhiSV WhaW mighW RWheUZiVe haYe Uemained hidden. B\ lRcaWing ´ÀgXUaWiYe
langXageµ aV an aVSecW Rf addUeVV fRU WRSic mRdeling, I chRRVe WR cRnVWUain m\ cRnVideUaWiRn Rf SReWic We[WV and
agUee WR a caUicaWXUe Rf SReWU\ WhaW h\SeU-fRcXVeV Rn iWV ÀgXUaWiYe aVSecWV VR WhaW Ze can beWWeU XndeUVWand hRZ
WRSic mRdeling, a meWhRdRlRg\ WhaW dealV ZiWh langXage aW Whe leYel Rf ZRUd and dRcXmenW, can be leYeUaged WR
idenWif\ laWenW SaWWeUnV in SReWic diVcRXUVe.

ReYiViQg ENShUaViV

TRSic mRdeling ZiWh LDA ÀUVW caSWXUed m\ aWWenWiRn aV a SRVVible Za\ WR aVk diVcRYeU\-RUienWed TXeVWiRnV
abRXW a genUe Rf SReWU\ called ekShUaViV ³ SRemV ZUiWWen WR, fRU, RU abRXW Whe YiVXal aUWV. CRnWemSRUaU\ cUiWical
mRdelV Rf ekShUaViV deÀne Whe genUe WhURXgh Whe idenWiÀcaWiRn Rf UecXUUing WURSeV inYRked b\ SReWV cRnfURnWed
b\ Whe diffeUenceV beWZeen lingXiVWic and YiVXal media. DUaZing fURm a lRngVWanding WUadiWiRn Rf cRmSeWiWiRn
beWZeen SReWV and SainWeUV and Whe YeUbal and YiVXal aUWV, RXU mRVW UecRgni]ed cUiWical mRdel fRU ekShUaViV WXUnV
Rn Whe a[iV Rf diffeUence, RWheUneVV, hRVWiliW\, and cRmSeWiWiRn. CRnYenWiRnV Rf ekShUaViV inclXde YRcali]ing Whe
SReW·V fUXVWUaWed deViUe fRU Whe VWill, À[ed, and femini]ed image (´Ode Rn a GUecian UUnµ b\ JRhn KeaWV);
naUUaWing Whe SUegnanW mRmenW Rf Whe YiVXal ZRUk Rf aUW (´LandVcaSe ZiWh Whe Fall Rf IcaUXVµ b\ William CaUlRV
WilliamV); UecRXnWing Rne·V YiViW WR a mXVeXm aV if Whe UeadeU·V gXide RU WeacheU (´MXVpe deV BeaX[ AUWVµ b\
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W.H. AXden); deVcUibing a ÀgXUe WUanVÀ[ed Rn Whe canYaV (´M\ LaVW DXWcheVVµ b\ RRbeUW BURZning); RU eYen
XVing Whe image aV a Yehicle WR WUaYel back WhURXgh SXblic and SeUVRnal hiVWRU\ (´FRU Whe UniRn Deadµ b\ RRbeUW
LRZell). MXch like m\ abbUeYiaWed liVW heUe, Whe ´canRnicalµ We[WV XVed WR WUace Whe lRng-VWanding WUadiWiRn Rf
ekShUaViV, fURm HRmeU·V ÀUVW deVcUiSWiRn Rf AchilleV· Vhield in Whe IOOLDG WR JRhn AVhbXU\·V ´PRUWUaiW in a CRnYe[
MiUURU,µ haYe been baVed XnWil jXVW UecenWl\ Rn e[amSleV e[clXViYel\ b\ men.

LDA, When, RffeUed an aWWUacWiYe alWeUnaWiYe fRU aVking TXeVWiRnV abRXW Whe ekShUaVWic WUadiWiRn fRU WZR UeaVRnV.
FiUVW, aV a cRmSXWaWiRnal meWhRd iW allRZed me WR caVW a mXch ZideU neW. RaWheU Whan VelecWing fURm jXVW a feZ
SRemV, LDA allRZed me WR caVW m\ neW aV Zide aV 4,500 SRemV. SecRnd, bRWh LDA and RXU e[iVWing mRdel Rf
ekShUaViV SUeVXSSRVe WhaW laWenW SaWWeUnV Rf langXage, Zhen diVcRYeUed, can be XVed WR deVcUibe Whe cRUSXV aV a
ZhRle. OUgani]ing a cRUSXV Rf SReWU\ in WeUmV Rf iWV SaUWiciSaWiRn in UecRgni]ed cRnYenWiRnV Rf langXage Veemed
in keeSing ZiWh LDA·V aVVXmSWiRnV WhaW We[WV aUe cRmSRVed Rf a À[ed nXmbeU Rf WRSicV, and VR I ZaV dUaZn WR
Whe SURVSecW Rf XVing LDA WR XncRYeU Za\V SReWV enWeU inWR, diVUXSW, RU SeUSeWXaWe Whe RngRing diVcRXUVeV
aVVRciaWed ZiWh Whe WURSeV WhaW W\Sif\ ekShUaViV.

TheUefRUe, Whe UaWiRnale fRU deSlR\ing LDA aV a meWhRd Rf diVcRYeU\ and aV a meanV Rf XndeUVWanding Whe
cRnWenWV Rf laUge cRUSRUa Rf We[WV beginV ZiWh a VimilaU VeW Rf aVVXmSWiRnV. FRU e[amSle, LDA aVVXmeV WhaW We[W
dRcXmenWV in laUge cRUSRUa Wend WR dUaZ fURm caWegRUieV Rf langXage WhaW aUe aVVRciaWed ZiWh Whe VXbjecWV Rf
WhRVe dRcXmenWV. In an effRUW WR diVcRYeU Whe VemanWic cRmSRViWiRn Rf a laUge cRllecWiRn Rf We[W dRcXmenWV, LDA
calcXlaWeV Whe likelihRRd WhaW ZRUdV WhaW UefeU WR VimilaU VXbjecWV aSSeaU in VimilaU cRnWe[WV, and When Whe LDA
algRUiWhm gURXSV WhRVe ZRUdV inWR ´WRSicV.µ LDA, When, SUeVXSSRVeV WhaW Ze can diVcRYeU Whe VemanWic
cRmSRViWiRn Rf a cRUSXV b\ gURXSing inWR ´WRSicVµ diVWUibXWiRnV Rf ZRUdV fURm a VeW YRcabXlaU\ WhaW Wend WR RccXU
WRgeWheU. The SURceVV iV nRW Xnlike Whe cUiWical aVVXmSWiRnV made abRXW ekShUaViV ³ WhaW iW dUaZV UeSeaWedl\
fURm Whe Vame WURSeV and cRnYenWiRnV.

UQSackiQg Whe AVVXmSWiRQV Rf LDA

FRllRZing in Whe Yein Rf MaWWheZ JRckeUV, Ted UndeUZRRd, ScRWW WeingaUW, and RWheUV ZhR haYe SXbliVhed
genWle inWURdXcWiRnV WR WRSic mRdeling fRU hXmaniVWV,>1 @ I ZanW WR begin ZiWh a VhRUW, if SRWenWiall\ UedXcWiYe,
naUUaWiYe Rf hRZ LDA geneUaWeV WRSicV fURm We[W cRUSRUa. I Zill UeWXUn WR WhiV e[amSle WhURXghRXW Whe aUWicle WR
illXVWUaWe hRZ highl\ ÀgXUaWiYe langXage We[WV VXch aV SReWU\ UeVSRnd WR LDA diffeUenWl\ Whan We[WV WhaW VWUiYe fRU
mRUe liWeUal meaning.

Imagine WhaW WheUe iV a faUmeUV· maUkeW Rn Whe RWheU Vide Rf WRZn. Man\ Rf \RXU neighbRUV UaYe abRXW Whe TXaliW\
Rf Whe SURdXce WheUe, bXW \RX ZRXld like WR knRZ ZhaW kindV Rf SURdXce aUe aYailable befRUe \RX decide WR dUiYe
acURVV WRZn WR WU\ iW RXW. One SaWXUda\ mRUning, \RXU neighbRUV leaYe fRU Whe maUkeW ZiWh emSW\ baVkeWV and
UeWXUn ZiWh fXll baVkeWV. YRX aVVXme WhaW \RXU neighbRUV can Rnl\ chRRVe fURm Whe W\SeV Rf SURdXce aYailable aW
Whe faUmeU·V maUkeW and WhaW WheUe iV a limiWed YaUieW\ Rf SURdXce aYailable. Since iW iV haSSenV WR be laWe VXmmeU
in RXU ÀcWiRnal VWRU\, \RXU neighbRUV VelecW fURm 10 W\SeV Rf SURdXce WhaW aUe aYailable aW Whe maUkeW: eaUl\ Gala
and GUann\ SmiWh aSSleV, bXWWeUnXW VTXaVh, BRVc SeaUV, and Rne neighbRU eYen VnaWcheV XS Whe laVW SinW Rf
blXebeUUieV. One b\ Rne aV \RXU neighbRUV UeWXUn, \RX VXUYe\ Whe cRnWenWV Rf WheiU baVkeWV. LRRking inWR mRUe
and mRUe baVkeWV and UeYiVing \RXU SUedicWiRnV, \RX UecRnVideU baVed Rn Zhich SURdXce aSSeaUV WRgeWheU in a
baVkeW Whe mRVW fUeTXenWl\ hRZ WR UeRUgani]e Whe 10 SURdXce W\SeV.

E[amining Whe TXanWiWieV and YaUieWieV Rf SURdXce in each baVkeW, \RX cRXld begin WR SUedicW nRW Rnl\ Whe Uange
Rf SURdXce WhaW mighW haYe been aW Whe faUmeUV· maUkeW bXW alVR Whe UelaWiYe TXanWiWieV. OYeU Whe cRXUVe Rf
VamSling \RXU neighbRUV· baVkeWV, \RX cRme WR Whe cRnclXViRn WhaW Whe VelecWiRn Rf SURdXce aW Whe faUmeU·V
maUkeW cRnViVWV Rf 20% gUeen aSSleV, 20% Ued aSSleV, 15% SeaUV, 10% ZinWeU VTXaVh, 10% canWalRXSe, 5% cRUn,
5% beanV, 5% WRmaWReV and 5% aVVRUWed RWheU kindV Rf SURdXce WhaW ZeUe diffeUenW enRXgh fURm Rne anRWheU
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WhaW iW makeV VenVe WR jXVW call Whem miVcellaneRXV. AV mRUe neighbRUV aUUiYe, ZiWh baVkeWV WR e[amine, \RX can
UeÀne \RXU SUedicWiRnV abRXW ZhaW Whe aYailable VelecWiRn Rf SURdXce haYe been aW Whe maUkeW.

In Whe caVe Rf Whe faUmeU·V maUkeW, \RXU aSSURach WR SUedicWing Whe 10 kindV Rf SURdXce and Whe aYailable
TXanWiWieV Rf each baVed Rn Whe cRnWenWV Rf \RXU neighbRU·V baVkeWV iV akin WR Whe Za\ LDA algRUiWhmV aSSURach
We[WV. LDA aVVXmeV WhaW dRcXmenWV aUe like \RXU neighbRUV· baVkeWV, and \RXU neighbRUV aUe like aXWhRUV ZhR
VelecW fURm a limiWed nXmbeU Rf aYailable W\SeV Rf ZRUdV in RUdeU WR SURdXce dRcXmenWV ³ in WhiV caVe SRemV.
Each aXWhRU chRRVeV WR YaU\ing degUeeV hRZ mXch Rf each kind Rf WRSic Whe\ XVe fRU each dRcXmenW; hRZeYeU,
Whe nXmbeU Rf WRWal aYailable WRSicV, jXVW like Whe WRWal nXmbeU Rf kindV Rf SURdXce UemainV cRnVWanW. While WhiV
cRnVWUainW, Whe aVVXmSWiRn WhaW all Whe ZRUdV in a cRUSXV cRXld be deUiYed fURm a limiWed VeW Rf WRSicV, VWUikeV Whe
hXman UeadeU aV an aUWiÀcial limiWaWiRn, iW iV a neceVVaU\ cRnVWUainW in RUdeU fRU LDA WR ZRUk.

LDA aWWemSWV WR deVcUibe Whe RYeUall diVWUibXWiRn Rf WRSicV in a cRllecWiRn Rf We[WV in Whe Vame Za\ WhaW \RX
diVcRYeUed Whe W\SeV and TXanWiWieV Rf SURdXce aW Whe maUkeW. The Vi]e Rf Whe ´WRSicVµ likeZiVe UeÁecWV \RXU
eVWimaWiRn Rf hRZ mXch Rf each kind Rf SURdXce iV aYailable. YRX ZeUe able WR SUedicW WhaW WheUe ZeUe mRUe
aSSleV and SeaUV aW Whe maUkeW Whan WheUe ZeUe blXebeUUieV and WRmaWReV becaXVe acURVV Whe ZhRle VamSling Rf
baVkeWV WheUe ZeUe mRUe aSSleV and SeaUV and feZeU SinWV Rf blXebeUUieV.

TheUe iV Rne VigniÀcanW diffeUence, hRZeYeU, beWZeen Whe hXman WRSic mRdel e[amSle and Whe algRUiWhm. LDA
dReV nRW SURdXce nameV fRU Whe WRSicV iW diVcRYeUV RU VRUW ZRUdV ZiWh an XndeUVWanding Rf ZhaW ZRUdV PHDQ.
Imagine WhaW Zhile \RX aUe VRUWing WhURXgh baVkeWV, \RX cRme acURVV an AVian SeaU. YRX·Ye neYeU Veen an AVian
SeaU befRUe, bXW Whe AVian SeaU ZaV in a baVkeW ZiWh a laUge nXmbeU Rf aSSleV and SeaUV. YRX make nRWe Rf WhaW,
VeW iW in eiWheU Whe aSSle RU SeaU gURXS WemSRUaUil\, knRZing WhaW \RX Zill cRme back WR iW afWeU \RX haYe gaWheUed
mRUe infRUmaWiRn and cRnWinXe WR VRUW WhURXgh baVkeWV. OYeU Whe Uemaining baVkeWV, AVian SeaUV Wend WR aSSeaU
in RWheU baVkeWV ZheUe WheUe aUe alVR RWheU kindV Rf SeaUV mRUe RfWen Whan in baVkeWV ZheUe WheUe aUe alVR aSSleV.
AV a UeVXlW, \RX cRme WR Whe cRnclXViRn WhaW, Vince AVian SeaUV fUeTXenWl\ aSSeaU in baVkeWV ZiWh RWheU SeaUV, Whe
AVian SeaU in each fXWXUe baVkeW VhRXld be VRUWed ZiWh Whe SeaUV. ThiV meWhRd Rf deWeUmining hRZ WR VRUW AVian
SeaUV UeÁecWV Whe manneU in Zhich LDA aVVignV ZRUdV WR WRSicV, accRUding WR Whe RWheU ZRUdV WhaW aUe fRXnd in
Whe Vame dRcXmenW. AlWhRXgh Whe algRUiWhm cannRW accRXnW fRU ZhaW ZRUdV mean, mXch like \RXU meWhRd Rf
diVcRYeU\ abRXW AVian SeaUV, LDA dReV a VXUSUiVingl\ gRRd jRb Rf VRUWing ZRUdV baVed Rn cR-RccXUUence.
Finall\, LDA VRUWV ZRUdV inWR WRSicV baVed Rn SUiRU knRZledge WhaW WheUe aUe a ÀniWe nXmbeU Rf WRSicV in Whe
RYeUall cRUSXV ³ mXch Whe Vame Za\ WhaW \RX kneZ WR lRRk fRU 10 W\SeV Rf SURdXce.>2 @

TRSic mRdelV (and LDA iV Rne kind Rf WRSic mRdeling algRUiWhm) aUe geneUaWiYe, XnVXSeUYiVed meWhRdV Rf
diVcRYeUing laWenW SaWWeUnV in laUge cRllecWiRnV Rf naWXUal langXage We[W: geneUaWiYe becaXVe WRSic mRdelV SURdXce
neZ daWa WhaW deVcUibe Whe cRUSRUa ZiWhRXW alWeUing iW; XnVXSeUYiVed becaXVe Whe algRUiWhm XVeV a fRUm Rf
SURbabiliW\ UaWheU Whan meWadaWa WR cUeaWe Whe mRdel; and laWenW SaWWeUnV becaXVe Whe WeVWV aUe nRW lRRking fRU WRS-
dRZn VWUXcWXUal feaWXUeV bXW inVWead XVe ZRUd-b\-ZRUd calcXlaWiRnV WR diVcRYeU WUendV in langXage. DaYid Blei,
cUediWed ZiWh deYelRSing LDA and SURbabiliVWic WRSic mRdeling meWhRdV, deVcUibeV WRSic mRdelV Whe fRllRZing
Za\:

TRSic mRdelV haYe been deYelRSed ZiWh infRUmaWiRn engineeUing aSSlicaWiRnV in mind. AV a
VWaWiVWical mRdel, hRZeYeU, WRSic mRdelV VhRXld be able WR Well XV VRmeWhing, RU helS XV fRUm a
h\SRWheViV, abRXW Whe daWa. WhaW can Ze OHDUQ abRXW Whe langXage (and RWheU daWa) baVed Rn Whe
WRSic mRdel SRVWeUiRU? (Blei ´InWURdXcWiRnµ 84)

Blei VWageV WRSic mRdeling aV an H[ SRVW IDFWR meWhRd fRU challenging RXU aVVXmSWiRnV abRXW naWXUal langXage
daWa. In RWheU ZRUdV, Rnce a cRllecWiRn haV been cUeaWed, LDA can WeVW RXU aVVXmSWiRnV abRXW ZhaW WRSicV aUe
diVcRYeUable.
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WhaW dUeZ me WR LDA aV a WRRl fRU diVcRYeUing laWenW SaWWeUnV Rf langXage XVe in ekShUaVWic SReWU\ ZaV WhaW iW
Veemed SaUWicXlaUl\ Zell-VXiWed WR idenWif\ing Whe WURSeV Rf ekShUaVWic diVcRXUVe. One cRXld UeaVRnabl\ e[SecW
WhaW Vince Whe langXage Rf VWillneVV, bUeaWhleVVneVV, deViUe, and cRmSeWiWiRn aUe cRmmRnl\ fRXnd in ekShUaVWic
SReWU\, WhaW LDA mighW be able WR lRcaWe ekShUaVWic SRemV ZiWhin a mXch laUgeU cRUSXV ³ in WhiV caVe 4,500
SRemV. I ZRndeUed, cRXld WRSic mRdelV deWecW gendeUed langXage, WURSeV, RU Whe langXage Rf VWillneVV in Za\V
WhaW ´Ze can OHDUQµ abRXW Whe genUe mRUe bURadl\? ThiV iV Whe TXeVWiRn WhaW began RHYLVLQJ ENSKUDVLV, a digiWal
WRSic mRdeling and cRUSXV diVcRYeU\ SURjecW I deYelRSed WhaW XVeV digiWal and cRmSXWaWiRnal WRRlV WR e[SlRUe
ekShUaVWic and nRn-ekShUaVWic SReWU\.

The WRSic mRdel UeSUeVenWed in WhiV aUWicle iV Rne Rf VeYeUal fURm Whe RHYLVLQJ ENSKUDVLV SURjecW. I·Ye chRVen WhiV
SaUWicXlaU mRdel WR fRcXV Rn fRU WZR UeaVRnV. IW ZaV Whe ÀUVW mRdel in Whe SURjecW WR SURdXce UeVXlWV WhaW
SURmSWed a UecRnVideUaWiRn Rf Whe WURSeV and cRnYenWiRnV Rf ekShUaViV. SecRndl\, iW illXVWUaWeV hRZ ÀgXUaWiYe
langXage UeViVWV WhemaWic WRSic aVVignmenWV and b\ dRing VR, effecWiYel\ incUeaVeV Whe aWWUacWiYeneVV Rf WRSic
mRdeling aV a meWhRdRlRgical WRRl fRU liWeUaU\ anal\ViV Rf SReWic We[WV. FeZ TXeVWiRnV Zill Ànd ´anVZeUVµ heUe.
InVWead Whe hRSe iV WR XncRYeU neZ meWhRdV fRU addUeVVing endXUing hXmaniWieV TXeVWiRnV WhaW Ze mighW
fUXiWfXll\ aVk abRXW ÀgXUaWiYe langXage ZiWh LDA.

LDA TRSicV aQd PReWU\

A fRUm Rf We[W mining deYelRSed in UeVSRnVe WR Whe gURZing challenge Rf managing, RUgani]ing, and naYigaWing
laUge, digiWi]ed dRcXmenW aUchiYeV, WRSic mRdeling ZaV deYelRSed ZiWh SUimaUil\ nRn-ÀcWiRn cRUSRUa in mind.
One Rf Whe mRVW nRWable, eaUl\ XVeV Rf LDA b\ Blei e[SlRUeV a digiWi]ed aUchiYe Rf Whe jRXUnal SFLHQFH. OWheU
e[emSlaU\ WRSic mRdeling SURjecWV haYe XVed WikiSedia, NIH gUanWV, JSTOR, and an aUchiYe Rf ClaVVicV
jRXUnalV.>3 @ AV liWeUaU\ VchRlaUV Zell knRZ, hRZeYeU, SRemV e[eUciVe langXage in Za\V SXUSRVefXll\ inYeUVe WR
RWheU fRUmV Rf ZUiWing, VXch aV jRXUnal aUWicleV, enc\clRSedia enWUieV, We[WbRRkV, and neZVSaSeU aUWicleV.
CRnVeTXenWl\, iW iV UeaVRnable WR SUedicW WhaW WheUe Zill be diffeUenceV beWZeen WRSicV cUeaWed b\ LDA mRdelV Rf
SReWU\ and mRdelV Rf nRn-ÀcWiRn We[WV. In WeUmV Rf Whe nRn-ÀgXUaWiYe langXage fRXnd in WRSic mRdelV Rf Whe
jRXUnal SFLHQFH, Blei e[SlainV WhaW WRSicV deWecW WKHPDWLF WUendV acURVV We[WV:

We fRUmall\ deÀne a WRSic WR be a diVWUibXWiRn RYeU a À[ed YRcabXlaU\. FRU e[amSle, Whe JHQHWLFV
WRSic haV ZRUdV abRXW geneWicV ZiWh high SURbabiliW\ and Whe HYROXWLRQDU\ ELRORJ\ WRSic haV ZRUdV
abRXW eYRlXWiRnaU\ biRlRg\ ZiWh high SURbabiliW\. (Blei ´InWURdXcWiRnµ 78)

PUeVenWed aV a meWhRd Rf diVcRYeU\ and deVcUiSWiRn, cRmSXWeU VcienWiVWV Vee WRSicV aV UeYealing laWenW WhemaWic
WUendV WhaW SeUYade laUge and RWheUZiVe XnVWUXcWXUed We[W cRUSRUa, and ZiWh UeVSecW WR Whe daWa XVed WR cUeaWe Whe
WRSic mRdel, WhiV cRnclXViRn makeV VenVe and ZRUkV Zell.

Since WRSic mRdeling ZaV deVigned WR be XVed ZiWh We[WV WhaW emSlR\ aV liWWle ÀgXUaWiYe langXage aV SRVVible, Whe
e[SecWaWiRn WhaW ZRUdV ZiWh VimilaU meaningV Zill be fRXnd in Whe Vame dRcXmenW aV RWheU ZRUdV ZiWh UelaWed
meaningV makeV VenVe. ThiV iV nRW Whe caVe, hRZeYeU, in a genUe like SReWU\, ZheUe Whe XVe Rf highl\ ÀgXUaWiYe
VSeech acWXall\ incUeaVeV Whe VcRSe Rf Whe langXage Rne mighW e[SecW WR Vee in a dRcXmenW. FRU e[amSle, liWeUaU\
deYiceV VXch aV meWaShRU RU Vimile cRmSaUe WZR RbjecWV, e[SeUienceV, RU feelingV WhaW aUe cRmSleWel\ Xnalike,
and in dRing VR iVRlaWeV and heighWenV RXU aZaUeneVV Rf ZhaW makeV Whem VimilaU. PReWic We[WV aUe mRUe likel\ WR
cRnWain SXUSRVefXll\-ÀgXUaWiYe langXage; WheUefRUe, Whe ÀUVW VWeS in XndeUVWanding hRZ ÀgXUaWiYe langXage
UeVSRndV WR LDA iV WR cRnVideU ZhaW changeV RccXU beWZeen Whe WRSic aVVignmenWV in a jRXUnal aUWicle fURm
SFLHQFH in diUecW cRnWUaVW WR Whe Vame SURceVV fRU a SReWic We[W ³ in WhiV caVe, Anne Se[WRn·V ´The SWaUU\ NighW.µ

In RUdeU WR cRmSaUe hRZ LDA cUeaWeV WRSicV in nRn-ÀgXUaWiYe We[WV (SFLHQFH) YeUVXV hRZ WRSicV aUe geneUaWed
fURm a cRUSXV Rf SReWU\, I begin ZiWh an RYeUYieZ Rf hRZ Blei·V mRdel Rf 100 WRSicV acURVV 17,000 SFLHQFH
aUWicleV aUe cUeaWed. Ne[W, I cUeaWe a SaUallel e[amSle XVing Anne Se[WRn·V SRem ´The SWaUU\ NighWµ fURm a 60
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WRSic mRdel Rf 4,500 SRemV fURm Whe RHYLVLQJ ENSKUDVLV daWaVeW, SRinWing RXW hRZ WRSic mRdelV eVWimaWe WRSic
SURSRUWiRnV in Whe dRcXmenW and hRZ WRSic ke\ZRUd diVWUibXWiRnV in SReWU\ aUe nRW ´WhemaWicµ in Whe Za\ WhaW
WRSic mRdelV Rf nRn-ÀcWiRn dRcXmenWV aUe.

In ´PURbabiliVWic TRSic MRdelV,µ Blei XVeV WZR illXVWUaWiRnV WR e[Slain hRZ WRSic mRdeling Rf a laUge, digiWi]ed
cRllecWiRn Rf SFLHQFH ZRUkV. The ÀUVW illXVWUaWiRn deSicWV an e[ceUSW fURm Rne aUWicle ZiWhin Whe cRllecWiRn WiWled
´Seeking Life·V BaUe (GeneWic) NeceVViWieVµ and demRnVWUaWeV Whe UelaWiRnVhiS beWZeen WRSicV and ke\ZRUd
diVWUibXWiRnV. HiV ÀUVW illXVWUaWiRn (FigXUe 1) XVeV Whe cRlRUV \ellRZ, Sink, gUeen, and blXe WR UeSUeVenW fRXU Rf Whe
WRSicV WhaW Whe mRdel SUedicWV e[iVW in Whe daWaVeW. Recalling m\ eaUlieU e[amSle Rf Whe faUmeUV· maUkeW, Whe Sink,
blXe, and \ellRZ WRSicV aUe like Whe W\SeV Rf SURdXce aW Whe maUkeW. On Whe faU UighW hand Vide Rf FigXUe 1 iV a baU
gUaSh WhaW UeSUeVenWV Whe SURSRUWiRnV Rf Whe \ellRZ, Sink, and blXe WRSicV Whe mRdel SUedicWV aUe in Whe dRcXmenW
(an aUWicle in WhiV caVe). The laUgeVW WRSic in Whe dRcXmenW iV \ellRZ fRllRZed b\ Sink When blXe. The lineV fURm
Whe baU gUaSh Rn Whe faU UighW SRinW WR Whe SlaceV in Whe We[W ZheUe ZRUdV WhaW aUe aVVRciaWed ZiWh Whe \ellRZ, Sink,
and blXe WRSicV can be fRXnd in Whe dRcXmenW. EVVenWiall\, Whe hiVWRgUam in FigXUe 1 iV VhRZing Whe eTXiYalenW in
Whe faUmeUV· maUkeW e[amSle Rf WheUe being mRUe aSSleV Whan SeaUV RU gUaSeV in a Vingle baVkeW. On Whe faU lefW
hand Vide aUe Whe ÀUVW WhUee ZRUdV Rf Whe WRSic ke\ZRUd diVWUibXWiRn. ThRVe UeSUeVenW Whe indiYidXal SURdXce
iWemV in each SURdXce W\Se WhaW cRXld be fRXnd in Whe SlaceV in Whe We[W WhaW aUe highlighWed in \ellRZ, Sink, and
blXe.

¬

FigXUe 1: IllXVWUaWiYe e[amSle Rf SFLHQFH WRSic
mRdel (Blei ´InWURdXcWiRnµ 78)

The gUaShic in FigXUe 1 helSV WR idenWif\ hRZ Whe WRSic SURSRUWiRnV (like Whe nXmbeU Rf aSSleV in a baVkeW Rf
SURdXce fURm Whe maUkeW) cRUUelaWe WR indiYidXal ZRUdV in Whe dRcXmenW (highlighWed abRYe in \ellRZ, Sink, and
blXe), Zhich When cRmSUiVe Whe ´WRSicµ ke\ZRUd diVWUibXWiRnV WhaW aUe diVSla\ed aW Whe faU lefW aV a SaUWial liVW Rf
ke\ZRUdV.>4 @

FigXUe 1 iV an illXVWUaWiYe e[amSle, meaning Whe dRcXmenW and WRSic aVVignmenWV in Whe gUaShic aUe nRW acWXall\
deUiYed fURm a VSeciÀc mRdel; hRZeYeU, in a VecRnd gUaShic, Blei cRnWinXeV WR e[Slain Whe hRZ ´Seeking Life·V
BaUe (GeneWic) NeceVViWieVµ aSSeaUV ZiWhin a 100 WRSic mRdel Rf 17,000 SFLHQFH aUWicleV. In FigXUe 2, Blei
UeSUeVenWV Whe SURbabiliW\ Rf each WRSic XVing a hiVWRgUam (baU gUaSh) WhaW demRnVWUaWeV Whe UelaWiRnVhiS beWZeen
Whe WRSicV 0-99 (alRng Whe hRUi]RnWal a[iV) and Whe SURbabiliW\ (aV a decimal alRng Whe YeUWical a[iV) WhaW Whe WRSic
iV fRXnd in ´Seeking Life·V BaUe (GeneWic) NeceVViWieV.µ SRme WRSicV haYe higheU SURbabiliWieV Rf aSSeaUing in
Whe dRcXmenW Whan RWheUV, aV UeSUeVenWed b\ Whe WalleU baUV in Whe gUaSh. On Whe UighW Vide Rf Whe gUaShic, Whe WRSic
ke\ZRUd diVWUibXWiRnV aUe liVWed YeUWicall\ in cRlXmnV. AW Whe WRS Rf each cRlXmn iV a bRlded ZRUd VXUURXnded b\
TXRWaWiRn maUkV WhaW VeUYeV aV a label cUeaWed b\ Blei WR deVcUibe Whe ZRUdV in Whe WRSic and demRnVWUaWing Blei·V
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UaWiRnale fRU claiming WhaW WRSicV aUe WhemaWic. FRU e[amSle, Whe WRSic labeled ´GeneWicVµ iV SUedicWed b\ LDA WR
be Whe laUgeVW WRSic in Whe dRcXmenW in mXch Whe Vame Za\ WhaW in Whe faUmeU·V maUkeW analRg\ \RX cRXld
deWeUmine WhaW Whe laUgeVW SURdXce W\Se in a Vingle baVkeW ZaV fURm Whe WRSic ´aSSleV.µ In WhaW lighW, Whe mRdel·V
SUedicWiRn abRXW ´Seeking Life·V BaUe (GeneWic) NeceVViWieVµ makeV VenVe. We ZRXld nRUmall\ e[SecW Whe ZRUdV
hXman, genRme, dna, geneWic WR be fRXnd in aUWicleV abRXW ´geneWic neceVViWieV.µ B\ glancing RYeU Whe ZRUdV in
Whe WRSic ke\ZRUd diVWUibXWiRnV, Ze gaWheU WRgeWheU a VenVe Rf ZhaW Whe aUWicle mighW be abRXW.

FigXUe 2: TRSic ke\ZRUdV fRU a Vingle dRcXmenW
in SFLHQFH and Whe SURSRUWiRn Rf Whe dRcXmenW
deVcUibed b\ each WRSic.

SXUYe\ing Blei·V liVW Rf ke\ WeUmV in each WRSic in FigXUe 2 claUiÀeV Whe Za\ in Zhich mRdelV SUedicW WhemaWic
WUendV in laUge We[W cRUSRUa. The VenVe WhaW each Rf Whe ZRUdV in each Rf Whe cRlXmnV belRngV WRgeWheU makeV a
cRmSelling caVe fRU LDA·V abiliW\ WR XVe DiUichleW allRcaWiRn WR VRUW laUge cRllecWiRnV Rf dRcXmenWV inWR WRSical
caWegRUieV. AfÀ[ing Whe WeUm ´laWenWµ WR Whe VWaWiVWical mRdel (laWenW DiUichleW allRcaWiRn), aV Blei e[SlainV,
fRUegURXndV Whe e[SecWaWiRn WhaW WRSic mRdeling iV meanW WR diVcRYeU hidden SaWWeUnV ZiWhin Whe laUge cRllecWiRn
Rf We[WV. IW ZRXld Wake eYen Whe mRVW SURÀcienW hXman UeadeU an e[WUaRUdinaU\ SeUiRd Rf Wime WR Uead 17,000
aUWicleV fURm SFLHQFH. TheUefRUe, Zhile Ze knRZ WhURXgh diVciSlinaU\ familiaUiW\ and dedXcWiRn WhaW Whe WRSicV in
FigXUe 2 aUe likel\ WRSicV WR be fRXnd WhURXghRXW Whe jRXUnal·V SXblicaWiRn, Ze ZRXldn·W be able WR deWecW RU UeWain
WhRVe SaWWeUnV WhURXgh hXman Ueading. Blei, WheUefRUe, cRnclXdeV WhaW SURbabiliVWic WRSic mRdeling ´SURYideV a
SRZeUfXl WRRl fRU diVcRYeUing and e[SlRiWing Whe hidden WhemaWic VWUXcWXUe in laUge aUchiYeV Rf We[Wµ
(´InWURdXcWiRnµ 82).

UnVXUSUiVingl\, hXmaniVWV inWeUeVWed in VRUWing, VifWing, and RUgani]ing laUge cRllecWiRnV Rf We[W, managing laUge
dRcXmenW aUchiYeV, and cUeaWing beWWeU bURZVing RSWiRnV fRU digiWal libUaUieV Ànd LDA·V SRWenWial e[ciWing and
SURmiVing. FXUWheUmRUe, hXmaniVWV inWeUeVWed in XncRYeUing Whe ´laWenW SaWWeUnVµ in laUge daWaVeWV aUe likeZiVe
enWhXVed b\ Whe algRUiWhm·V SRWenWial fRU e[SlRUaWRU\ VWXdieV. MRVW nRWabl\, RRbeUW NelVRn·V SURjecW MLQLQJ WKH
DLVSDWFK emSlR\V LDA WR XncRYeU hidden SaWWeUnV ZiWhin Whe aUchiYeV Rf Whe RLFKPRQG DDLO\ DLVSDWFK jXVW
befRUe, dXUing, and afWeU Whe CiYil WaU. NelVRn·V LDA anal\ViV XVeV Whe WRSic diVWUibXWiRnV RYeU WhRXVandV Rf
DLVSDWFK aUWicleV RYeU Whe cRXUVe Rf Whe ZaU WR WUack UelaWiRnVhiSV beWZeen incUeaVeV in miliWaU\ dUafW and
faWaliWieV and Whe SaWUiRWic UheWRUic. EYen mRUe imSUeVViYel\, NelVRn·V XWili]aWiRn Rf LDA iV mRUe Whan a
deVcUiSWiYe endeaYRU becaXVe he mRYeV fURm idenWif\ing WRSic diVWUibXWiRnV WR engaging hXmaniWieV cRnceUnV
VXch aV VhifWV in Whe UheWRUic Rf naWiRnaliVm in Whe CRnfedeUaWe SRXWh dXUing Whe CiYil WaU in UelaWiRnVhiS WR
changeV in caVXalW\ UaWeV and callV fRU enliVWmenW.>5 @ NelVRn·V ZRUk in WhiV aUea UeSUeVenWV Rne Rf Whe mRVW
ambiWiRXV and VXcceVVfXl SURjecWV WR daWe in Whe hXmaniWieV WhaW XVeV SURbabiliVWic WRSic mRdeling. MLQLQJ WKH
DLVSDWFK iV Whe ÀUVW WR bURach Whe WeUUiWRU\ Rf ÀgXUaWiYe langXage and LDA in iWV anal\ViV Rf SaWUiRWic diVcRXUVe in
CiYil WaU CRnfedeUaWe neZVSaSeUV. In NelVRn·V SURjecW, SReWU\ iV cRmbined ZiWh RSiniRn aUWicleV and SRliWical
and agUicXlWXUal UeSRUWV, and Whe cRmSRViWiRn Rf Whe daWaVeW Veemingl\ allRZV Whe SReWic We[WV WR maS Zell ZiWh iWV
SURVe cRXnWeUSaUWV.
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HRZeYeU, WRSic mRdelV Rf SXUel\ ÀgXUaWiYe langXage We[WV like SReWU\ dR nRW SURdXce WRSicV ZiWh Whe Vame
WKHPDWLF claUiW\ aV WhRVe in Blei·V WRSic mRdel Rf SFLHQFH RU eYen NelVRn·V mRdel Rf Whe RLFKPRQG DDLO\
DLVSDWFK. The liWeUaU\ VchRlaU haV gRRd UeaVRn WR be VkeSWical abRXW Whe UeVXlWV Rf LDA anal\ViV Zhen Whe daWaVeW
WR be e[SlRUed inclXdeV SUimaUil\, if nRW e[clXViYel\, SReWic We[WV. GiYen RXU diVSaUaWe e[SecWaWiRnV fRU hRZ
langXage VhRXld RSeUaWe in SReWU\ aV RSSRVed WR nRn-ÀcWiRn, VhRXld Whe Vame VWandaUdV fRU eYalXaWing WRSic
mRdelV Rf nRn-ÀgXUaWiYe langXage We[WV gXide Whe SUinciSleV Ze XVe WR eYalXaWe Whe accXUac\ Rf WRSic mRdelV Rf
ÀgXUaWiYe langXage cRllecWiRnV? HRZ ZRXld Whe\ diffeU?

EYalXaWiQg TRSic MRdelV Rf FigXUaWiYe LaQgXage

AV Ian H. WiWWen, Eibe FUank, and MaUk A. Hall Uemind XV in DDWD MLQLQJ: PUDFWLFDO MDFKLQH LHDUQLQJ TRROV
DQG THFKQLTXHV, Whe gXiding facWRUV fRU We[W mining geneUall\ and WRSic mRdeling VSeciÀcall\ aUe WR geneUaWe
DFWLRQDEOH and FRPSUHKHQVLEOH UeVXlWV (9.5).

Actionable: ReVXlWV VhRXld be cRnViVWenW and UeSURdXcible, Zhich meanV WhaW Whe mRdel cRXld alVR
be XVed WR make SUedicWiRnV abRXW neZ daWa added WR Whe daWaVeW. Of cRXUVe, ZheWheU RU nRW UeVXlWV
aUe indeed acWiRnable deSendV WR a laUge e[WenW Rn Whe abiliW\ WR Ànd a faiU and meaVXUable degUee Rf
VXcceVV. AcWiRnable UeVXlWV UeTXiUe WhaW UeVeaUcheUV aUe cleaU abRXW WheiU D SULRUL aVVXmSWiRnV and Whe
cRmSRViWiRn Rf Whe daWaVeW and Whe SUedicWed degUee WR Zhich Whe UeVXlWV mighW be fRXnd Ueliable.

Comprehensible: FRU Whe UeVXlWV Rf We[W mining WR be XVefXl, hXmanV need WR be able WR Uead, WR
XndeUVWand, and WR inWeUSUeW Whem. FUeTXenWl\, in WRSic mRdeling cRmSUehenVible UeVXlWV aUe
XndeUVWRRd WR be WhemaWic RU VemanWicall\ meaningfXl. In RWheU ZRUdV, Zhen Ueading ke\ ZRUd
diVWUibXWiRnV, iW iV XVXall\ RbYiRXV WhaW WheUe iV a WhemaWic aUUa\ WhaW hXmanV can Uead and inWeUSUeW
VenVibl\. FRU e[amSle, in Blei·V ke\ZRUd diVWUibXWiRnV Whe WeUmV ´eYRlXWiRn, eYRlXWiRnaU\, VSecieV,
RUganiVmV, life, RUiginµ lead WR a cRmSUehenVible WhemaWic WRSic: eYRlXWiRn.

HeUein lieV Whe UXb fRU We[WV aV highl\ ÀgXUaWiYe, SXUSRVefXll\ ambigXRXV, and VemanWicall\ Uich aV SReWU\.
ReWXUning Rnce again WR Blei·V aUWicle, he ZUiWeV: ´The inWeUSUeWable WRSic diVWUibXWiRnV aUiVe b\ cRmSXWing Whe
hidden VWUXcWXUe WhaW likel\ geneUaWed Whe RbVeUYed cRllecWiRn Rf dRcXmenWV,µ Zhich he claUiÀeV fXUWheU in a
fRRWnRWe:

Indeed calling WheVe mRdelV ´WRSic mRdelVµ iV UeWURVSecWiYe ³ Whe WRSicV WhaW emeUge fURm Whe
infeUence algRUiWhm aUe inWeUSUeWable fRU almRVW an\ cRllecWiRn WhaW iV anal\]ed. The facW WhaW WheVe
lRRk like WRSicV haV WR dR ZiWh Whe VWaWiVWical VWUXcWXUe Rf RbVeUYed langXage and hRZ iW inWeUacWV ZiWh
Whe VSeciÀc SURbabiliVWic aVVXmSWiRnV Rf LDA. (Blei ´InWURdXcWiRnµ 79)

The WRSicV fURm SFLHQFH Uead aV cRmSUehenVible, cRheViYe WRSicV becaXVe Whe We[WV fURm Zhich Whe\ ZeUe deUiYed
aim WR XVe langXage WhaW idenWiÀeV YeU\ liWeUall\ ZiWh iWV VXbjecW. The algRUiWhm, hRZeYeU, dReV nRW knRZ Whe
diffeUence beWZeen ÀgXUaWiYe and nRn-ÀgXUaWiYe XVeV Rf langXage. SR Whe SURceVV LDA emSlR\V dReV nRW
change: WRSicV Uemain a diVWUibXWiRn Rf ZRUdV RYeU a À[ed YRcabXlaU\, VXch WhaW WRSicV aUe fRUmed Rnl\ b\ WhRVe
ZRUdV inclXded in Whe daWaVeW and in Whe VWaWiVWical diVWUibXWiRn Rf WhRVe ZRUdV acURVV Whe enWiUe VeW. TheUefRUe,
FRPSUHKHQVLEOH UeVXlWV, in Whe caVe Rf SFLHQFH, VeemV a UeaVRnable deWeUmineU aV WR ZheWheU RU nRW a mRdel iV
alVR DFWLRQDEOH.

WhaW, if an\Whing, changeV if Ze ZRUk WhURXgh a SaUallel e[amSle Rf hRZ a WRSic mRdel ´UeadVµ Anne Se[WRn·V
´The SWaUU\ NighWµ? The mRdel XVed fRU WhiV e[amSle XVed 4,500 SRemV fURm Whe RHYLVLQJ ENSKUDVLV daWaVeW WR
geneUaWe 60 WRSicV. When Whe cRllecWiRn Rf SRemV ZaV SUeSaUed fRU Whe e[SeUimenW, ZRUdV WhaW hRld a UelaWiYel\
Vmall amRXnW Rf VemanWic ZeighW, bXW aUe nXmeURXV enRXgh WR VkeZ Whe mRdel·V UeVXlWV, VXch aV aUWicleV,
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fUeTXenWl\ XVed SURnRXnV, cRnjXncWiRnV, SUeSRViWiRnV, and SURnRXnV ZeUe UemRYed. In Whe e[amSle belRZ, Whe
ZRUdV UemRYed befRUe Whe WRSic mRdel ZaV UXn haYe been VWUXck RXW.

ReWXUning WR Whe faUmeU·V maUkeW e[amSle fURm eaUlieU in WhiV aUWicle, ´The SWaUU\ NighWµ iV an e[amSle Rf ZhaW
Rne neighbRU·V baVkeW Rf SURdXce (SRem/dRcXmenW) mighW lRRk like. The baVkeW·V cRnWenWV aUe diVWUibXWed mXch
like Whe SURdXce in Whe neighbRUV· baVkeWV. 29% Rf Whe SURdXce (ZRUdV) ZRXld be like aSSleV (TRSic 32), 12% Rf
Whe SURdXce ZRXld be cRUn (TRSic 2), and 9% Rf Whe SURdXce ZRXld be like gUaSeV (TRSic 54).>6 @ All in all,
50% Rf Whe baVkeW (SRem/dRcXmenW) can be accRXnWed fRU b\ WhUee SURdXce W\SeV (WRSicV).>7 @ FRU VimSliciW\·V
Vake, I haYe ignRUed Whe VmalleU WRSicV and Zill fRcXV jXVW Rn Whe WRS WhUee WRSicV fRXnd in Whe dRcXmenW. In RUdeU
WR VimXlaWe WR VRme degUee Whe Za\ in Zhich Whe WRSic mRdel ´UeadVµ Whe SRem, I haYe cURVVed RXW ZRUdV WhaW
ZRXld be UemRYed b\ Whe VWRSliVW, and highlighWed in gUeen (TRSic 32), \ellRZ (TRSic 2), and blXe (TRSic 54).

In Table 1, Zhich diUecWl\ fRllRZV Whe SRem, WheUe aUe WhUee cRlXmnV WhaW liVW Whe WRSicV fURm Zhich ´The SWaUU\
NighWµ iV SUedicWed b\ Whe LDA WR dUaZ mRVW heaYil\. In each cRlXmn Rf Whe Wable, Whe nXmbeU Rf Whe WRSic iV
liVWed aW Whe WRS ne[W WR Whe SURbable SURSRUWiRn Rf Whe dRcXmenW WhaW XVeV ZRUdV fURm WhiV WRSic. The ÀfWeen
ZRUdV belRZ each TRSic nXmbeU UeSUeVenWV a VamSling Rf Whe ZRUd diVWUibXWiRn WhaW makeV XS Whe ZhRle WRSic.
FRU e[amSle, in Whe faUmeU·V maUkeW e[amSle Whe WRSic ZiWh Whe laUgeVW SeUcenWage ZRXld be ´aSSleV.µ UndeU Whe
´aSSleVµ WRSic, Ze mighW Ànd MacinWRVh, FXji, HRne\cUiVS, and Gala, all ZRUdV aVVRciaWed ZiWh aSSleV. FRU Whe
SXUSRVe Rf making Whe aVVignmenW Rf ZRUdV fURm Whe SRem WR Whe WRSic ke\ZRUd diVWUibXWiRnV cleaU, each WRSic
haV been aVVigned a cRlRU (gUeen/32, \ellRZ/2, blXe/54).>� @

¬

FigXUe 3: ´The SWaUU\ NighWµ b\ Anne Se[WRn.
Te[W ZiWh a VWUike WhURXgh iW haV been UemRYed
aV a VWRSZRUd dXUing SUeSURceVVing. Te[W
highlighWed in gUeen can be fRXnd in TRSic 32.
Te[W highlighWed in \ellRZ can be fRXnd in
TRSic 2. Te[W highlighWed in blXe can be fRXnd
in TRSic 54.

¬

TDEOH 1: KH\ZRUG GLVWULEXWLRQV JHQHUDWHG E\ D 60 WRSLF PRGHO RI 4500 SRHPV (NRWH: KH\ZRUGV LQ WKLV WDEOH DUH
UHSUHVHQWDWLYH RI WKH HQWLUH PRGHO, QRW MXVW ZRUGV IURP ´TKH SWDUU\ NLJKW.µ

Topic 32 Topic 2 Topic 54
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ZinWeU 

leaf 
aSSle

¬

TRSic 32 and 54 aSSeaU VimilaU WR Whe cRheUenW, WhemaWic WRSicV in Whe WRSic mRdel Rf SFLHQFH. TRSic 32 inclXdeV
ZRUdV WhaW cRXld fall XndeU Whe UXbUic Rf ´nighW,µ and Whe ZRUdV in TRSic 54 cRXld be deVcUibed aV Whe ´naWXUal
ZRUld.µ We mighW be WemSWed baVed Rn WhiV ÀUVW Uead WR aVVign Whe WRSic labelV ´nighWµ and ´naWXUal ZRUldµ in Whe
Vame Za\ WhaW Blei labelV WRSicV fURm SFLHQFH aV ´geneWicµ and ´eYRlXWiRnµ; hRZeYeU, aV I Zill diVcXVV fXUWheU
Rn, WhRVe labelV and Whe aVVXmSWiRn WhaW Whe WRSicV aUe ´WhemaWicµ in Whe Vame Za\ aV Blei·V ZRXld be incRUUecW.
FRU e[amSle, Whe nighW and naWXUal ZRUld Rf ´The SWaUU\ NighWµ aUe acWXall\ SainWed UeSUeVenWaWiRnV Rf WhRVe
cRnceSWV, and cRnVeTXenWl\, iW ZRXld be miVleading WR Va\ WhaW Whe SRem iV, VWUicWl\ VSeaking, abRXW nighW and Whe
naWXUal ZRUld LQ WKH VDPH ZD\ WhaW Whe aUWicle fURm SFLHQFH iV abRXW geneWicV and eYRlXWiRn.

TRSic 2, Rn Whe RWheU hand, dReV nRW haYe Whe Vame XnambigXRXV cRmSUehenVibiliW\ WhaW 32 and 54 dR: Whe ZRUdV
in TRSic 2 aUe mRUe lRRVel\ cRnnecWed. IW ZRXld be WemSWing WR Uead Whe WRSic aV haYing WR dR ZiWh deaWh, bXW Ze
ZRXld dR WhaW becaXVe RXU Ueading Rf ´The SWaUU\ NighWµ SUediVSRVeV XV WR cRnVideU iW WhaW Za\. TheUe aUe
´inWUXdeUµ ZRUdV in WhiV caWegRU\. B\ lRRking VRlel\ aW Whe ZRUdV in Whe liVW and nRW Waking inWR cRnVideUaWiRn
´The SWaUU\ NighW,µ ZRUdV VXch aV lRng, ZRUld, and da\ aUe nRW neceVVaUil\ ZRUdV Ze mighW claVVif\ aV ´deaWhµ
ZRUdV in Whe VWUicWeVW VenVe.

In facW, WRSic inWUXViRn iV Rne Za\ in Zhich cRmSXWeU VcienWiVWV haYe begXn WR deYelRS a meWhRd fRU eYalXaWing
and inWeUSUeWing WRSic mRdelV. In ´Reading Tea LeaYeV: HRZ HXmanV InWeUSUeW TRSic MRdelV,µ (Sdf) JRnaWhan
Chang, JRUden BR\d-GUabeU, Sean GeUUiVh, ChRng Wang, and DaYid Blei VXggeVW meWhRdV fRU meaVXUing Whe
´inWeUSUeWabiliW\ Rf a WRSic mRdelµ (2). The aXWhRUV SUeVenW WZR hXman eYalXaWiRn WeVWV meanW WR diVceUn Whe
accXUac\ Rf mRdelV b\ XVing Whe ke\ZRUd diVWUibXWiRnV (like Whe indiYidXal iWemV fURm Whe faUmeUV· maUkeW), and
Whe WRSic WR dRcXmenW SURbabiliWieV (Whe SURSRUWiRn Rf kindV Rf aSSleV cRmSaUed WR hRZ man\ fUXiW aUe in each
baVkeW) ³ called ZRUd inWUXViRn and WRSic inWUXViRn WeVWV UeVSecWiYel\. WRUd inWUXViRn WeVWV inYRlYe VelecWing Whe
ÀUVW eighW RU VR ZRUdV fURm each WRSic and adding Rne ZRUd WR each liVW fRU a WRWal Rf nine ZRUdV. HXman VXbjecWV
(geneUall\ diVciSlinaU\ e[SeUWV) ZeUe When aVked WR deWeUmine Zhich ZRUd in each gURXS did nRW belRng. Chang,
eW al. diVcRYeUed WhaW ZiWh UelaWiYe high VXcceVV, hXman UeadeUV cRXld diVceUn a WhemaWic cRnnecWiRn beWZeen
WeUmV WR Ueliabl\ diVWingXiVh Whe Vingle RXW-Rf-Slace WeUm. AV a UeVXlW, Whe aXWhRUV VXggeVW WhaW ZRUd inWUXViRn
WeVWV meaVXUe ´hRZ Zell Whe infeUUed WRSicV maWch hXman cRnceSWVµ (6).

On Whe RWheU hand, WRSic inWUXViRn WeVWV SUeVenWed hXman VXbjecWV ZiWh WRSic labelV (like aSSleV, SeaUV, and cRUn
aUe labelV fRU Whe ´W\SeV Rf SURdXceµ WhaW mighW be aW Whe faUmeU·V maUkeW); Whe ZRUdV mRVW likel\ WR be aVVRciaWed
ZiWh each WRSic (VXch aV MacinWRVh, Gala, FXji, and HRne\cUiVS), and Whe WRS dRcXmenWV aVVRciaWed ZiWh each
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WRSic (baVkeW nXmbeU 1, baVkeW nXmbeU 2, baVkeW nXmbeU 3, fRU e[amSle). Then, Rne dRcXmenW (a baVkeW Xnlike
an\ Rf Whe RWheUV) WhaW dReV nRW belRng in Whe gURXS, Whe ´inWUXViRn,µ iV When added WR Whe VeW, and hXman VXbjecWV
ZeUe When aVked WR idenWif\ Zhich dRcXmenW did nRW belRng, Zhich, again, Whe\ cRXld dR ZiWh UeaVRnable
accXUac\.

FRU Whe SXUSRVeV Rf mRdeling SReWU\ daWa, ZRUd inWUXViRn ZRXld nRW be aV effecWiYe a meWhRd fRU deWeUmining a
mRdel·V accXUac\ aW caWegRUi]ing dRcXmenWV RU deWecWing laWenW SaWWeUnV XnleVV Whe VSeciÀc changeV WhaW haSSen
WR Whe naWXUe Rf WRSic diVWUibXWiRnV fRU SReWic cRUSRUa aUe adjXVWed fRU. ´InWUXdeUVµ aV indiYidXal ZRUdV dReV nRW
ZRUk fRU LDA WRSicV Rf SReWU\ becaXVe SRemV SXUSRVefXll\ acceVV and UeSXUSRVe langXage in Xne[SecWed Za\V.
In RWheU ZRUdV, WRSicV fURm Whe mRdelV in m\ SURjecW ZeUe nRW eaVil\ inWeUSUeWed b\ ke\ZRUdV alRne, and \eW Whe
UeVXlWV aUe VWill XVefXl.

IQWeUSUeWiQg MRdelV Rf FigXUaWiYe LaQgXage Te[WV

TRSic mRdelV Rf SReWU\ dR haYe a fRUm Rf cRmSUehenVibiliW\, bXW RXU XndeUVWanding Rf cRheUence beWZeen WRSic
ke\ZRUdV needV WR be VlighWl\ diffeUenW in mRdelV Rf SReWU\ Whan in mRdelV Rf nRn-ÀcWiRn We[WV. M\ UeVeaUch
cRnÀUmV, WR a degUee, Ted UndeUZRRd·V VXVSiciRn WhaW WRSicV in liWeUaU\ VWXdieV aUe beWWeU XndeUVWRRd aV a
UeSUeVenWaWiRn Rf ´diVcRXUVeµ (langXage aV iW iV XVed and aV iW SaUWiciSaWeV in UecRgni]ed VRcial fRUmV) UaWheU Whan
a WhemaWic VWUing Rf cRheUenW WeUmV.>� @ HRZeYeU, becaXVe Whe WRSic mRdel I deVcUibe heUe haV been ´chXnkedµ
aW Whe leYel Rf indiYidXal SRemV, Whe maWWeU Rf hRZ Ze inWeUSUeW a mRdel and hRZ Ze XVe iW aV a Yehicle fRU
diVcRYeU\ iV diffeUenW fURm hRZ UndeUZRRd deSlR\V Whe WeUm aW Whe beginning Rf hiV inWeUSUeWiYe SURceVV. M\ XVe
Rf Whe WeUm ´diVcRXUVeµ dUiYeV m\ aWWenWiRn back WR clRVe UeadingV Rf indiYidXal SRemV VeaUching fRU VimilaUiWieV
and diffeUenceV beWZeen SRemV SUedicWed WR cRnWain higheU SURSRUWiRnV Rf Whe Vame WRSic.

TRSic mRdelV Rf SReWU\ dR nRW UeÁecW Whe anecdRWal eYidence WhaW LDA fUeTXenWl\ leadV WR VemanWicall\
meaningfXl ZRUd diVWUibXWiRnV. InVWead, WRSic mRdelV Rf Whe RHYLVLQJ ENSKUDVLV daWaVeW cUeaWed fRXU cRnViVWenWl\
UecXUUing W\SHV Rf WRSicV. MRUeRYeU, UecRgni]ing Whe fRllRZing fRXU W\SeV Rf WRSicV cRXSled ZiWh clRVe Ueading Rf
VamSlingV Rf dRcXmenWV cRnWaining each ´WRSic,µ Zhich allRZV a liWeUaU\ VchRlaU WR Vee cRheUence in WRSicV aV
fRUmV Rf diVcRXUVeV, ZRUked mXch beWWeU fRU deWeUmining ZheWheU RU nRW Whe UeVXlWV Rf Whe mRdel ZeUe acWiRnable
and cRmSUehenVible. When YieZed aV fRUmV Rf diVcRXUVe, WRSicV can be Ue-cRnVideUed in lighW Rf ZheWheU RU nRW
clRVe UeadingV VhRZ WhaW indiYidXal dRcXmenWV aUe enWeUing inWR a fRUm Rf diVcRXUVe fRU a WhemaWic SXUSRVe.

LDA WRSicV fURm a mRdel Rf Whe SReWic dRcXmenWV in Whe¬RHYLVLQJ ENSKUDVLV daWaVeW UeWXUn Rne Rf fRXU W\SHV Rf
WRSic, Zhich I deÀne aV fRllRZV:

OCR>10 @ and oWheU langXage oU dialecW diVWincWiYe feaWXUeV>11 @ ³ TheVe WRSicV UeSUeVenW, fRU e[amSle,
eUURUV WhaW RccXU in Whe RSWical chaUacWeU UecRgniWiRn Vcanning SURceVV XVed Zhen WXUning SUinW dRcXmenWV inWR
digiWi]ing We[WV, fRU e[amSle VXbVWiWXWing ´cRmµ fRU ´cRUn.µ The mRVW cRmmRn OCR eUURUV haYe been ÀlWeUed RXW
WhURXgh a SUeSURceVVing WechniTXe WhaW VeaUcheV fRU VXch eUURUV and À[eV Whem; hRZeYeU, machineV aUen·W SeUfecW
and VRme Rf WheVe feaWXUeV Uemain in Whe Ànal daWaVeW. TheiU SUeVence ma\ VRUW RXW aV if Whe\ ZeUe feaWXUeV Rf
anRWheU langXage. MRUe cRmmRnl\ in WhiV daWaVeW, hRZeYeU, Rne RU WZR WRSicV fRUm aURXnd an aSSUR[imaWe 1%
Rf Whe daWa WhaW inclXdeV fRUeign langXage WeUmV RU Whe RUiginal fRUm Rf a SRem befRUe iWV EngliVh langXage
WUanVlaWiRn. The fRllRZing WZR WRSic e[amSleV fRXnd in Whe Vame WRSic mRdel aV ´The SWaUU\ NighWµ demRnVWUaWe
hRZ Whe mRdel clXVWeUV WheVe:

TRSic 4: de la el en gUeen YeUde cRn lRV mi Ve del SRem n lR RV SRema \R RR \a VRbUe

TRSic 30: de miVV ain jXmS daW ah de\ WeU \R Vlim VcaUleWW hXnh giW back WX VWan fX hXh baUbie den
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SimilaUl\, WRSicV can alVR be cUeaWed b\ gURXSing WRgeWheU diVWincWiYe dialecWV and langXageV RWheU Whan EngliVh.
We Zill nRW be cRnVideUing WheVe WRSicV in deWail RWheU Whan WR SRinW RXW WhaW Whe\ e[iVW.

LaUge ´chXnkµ WopicV ³ LRngeU RU e[Wended SRemV WhaW RXWVi]e Whe majRUiW\ Rf RWheU dRcXmenWV in Whe VXbVeW
SXll Rne RU mRUe WRSicV WRZaUd langXage VSeciÀc WR WhaW SaUWicXlaU SRem. FRU e[amSle, Whe ke\ZRUd diVWUibXWiRn
fRU TRSic 12 inclXdeV WeUmV VXch aV: bRng\, \Rngh\, bR, lad\, jXg, RUdeU, jRneV and jXmblieV. TheVe aUe ZRUdV
WhaW aUe UeSeaWed fUeTXenWl\ in Whe e[Wended SRem ´The CRXUWVhiS Rf Whe YRngh\-BRngh\-BRµ b\ EdZaUd LeaU
and demRnVWUaWe hRZ Rne SRem ZiWh high leYelV Rf UeSeWiWiRn can SXll a WRSic aZa\ fURm Whe UeVW Rf Whe cRUSXV,
alRng ZiWh RWheU SRemV ZiWh high fUeTXenc\ UeSeWiWiRnV Rf SaUWicXlaU ShUaVeV. In Whe caVe Rf TRSic 12, Whe SRemV
inclXded in Whe WRSic and VhRZn in Table 2 Wend WR be lRngeU and WR inclXde gUeaWeU incidence Rf UeSeWiWiRn. IW iV
SRVVible WhaW WheVe SRemV VhaUe WhemaWic afÀniWieV, bXW Whe VWUengWh Rf WhRVe afÀniWieV haYe mRUe WR dR ZiWh
lingXiVWic VWUXcWXUe Whan meaning. In Table 2, Whe dRcXmenWV ZiWh Whe higheVW SURbabiliWieV Rf dUaZing a laUge
SURSRUWiRn Rf WheiU ZRUdV fURm TRSic 12 aUe liVWed in deVcending RUdeU. UndeU Whe ´TRSic 12µ label aUe Whe
SURbable SURSRUWiRnV fRU each dRcXmenW e[SUeVVed in decimalV. In Whe VecRnd cRlXmn aUe Whe cRUUeVSRnding
SRem WiWleV.>12 @

TDEOH 2: TLWOHV RI SRHPV LQ WKH ReYiVing EkShUaViV GDWDVHW ZLWK WKH KLJKHVW SUREDEOH SURSRUWLRQ RI TRSLF 12,
OLVWHG LQ GHVFHQGLQJ RUGHU. IQ WKH OLVW RI SRHPV, WKRVH DYDLODEOH RQ WKH APHULFDQ AFDGHP\ RI PRHWV ZHEVLWH
(ZZZ.SRHWV.RUJ) FDQ EH UHDFKHG E\ FOLFNLQJ WKH OLQN RQ WKH SRHP·V WLWOH.

Topic 12 Poem Title

0.680665
The CRXUWVhiS Rf Whe¬YRngh\-BRngh\-BR

0.590501
ChRRVe Life

0.504747
ZeUR SWaU HRWel [AW Whe¬SmiWh and JRneV]

0.501921
The MidnighW [FRU heUe¬Ze aUe heUe]

0.47986
EaUWhmRYeU

0.462247
InYiWaWiRn WR Whe VR\age

0.412626
MU. Macklin·V Jack O·LanWeUn

0.358385
The SWeel RiSSeUV

0.333965
The CUXel MRWheU
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0.276595
VacanW LRW ZiWh PRkeZeed

0.274312
LXllab\ Rf an InfanW Chief

0.253223
The JXmblieV

0.250493
AmeUican SRnneW (35)

0.230571
R�ckenÀgXU

0.221246
TZR PRemV

0.217995
The Lad\ Rf ShalRWW

0.2177
MU. SmiWh

0.209471
The AVVignaWiRn

0.191892
UlalXme

0.179114
I TRR WaV LRYed b\ DaShne

¬

Semantically eYidenW WopicV ³ SRme WRSicV dR aSSeaU jXVW aV Rne mighW e[SecW Whem WR in Whe 100-WRSic
diVWUibXWiRn Rf SFLHQFH in Blei·V SaSeU. TRSicV 32 and 54, aV illXVWUaWed abRYe in Anne Se[WRn·V ´The SWaUU\
NighW,µ e[emSlif\ hRZ LDA gURXSV WeUmV in Za\V WhaW aSSeaU XSRn ÀUVW blXVh WR be WhemaWic aV Zell. AV I
menWiRned eaUlieU, WhRXgh, Whe illXViRn Rf WhemaWic cRmSUehenVibiliW\ RbVcXUeV ZhaW iV acWXall\ being caSWXUed b\
Whe WRSic mRdel. The Za\ in Zhich Ze inWeUSUeW VemanWicall\ eYidenW WRSicV like 32 and 54 mXVW be diffeUenW fURm
Whe VemanWicall\ cRheUenW WRSicV Rf nRn-ÀgXUaWiYe langXage We[WV. IW iV mRUe accXUaWe WR Va\ WhaW TRSicV 32 and 54
SaUWiciSaWe in diVcRXUVeV VXUURXnding ´nighWµ and ´naWXUal landVcaSeVµ in Anne Se[WRn·V ´The SWaUU\ NighW.µ

AV Eli]abeWh BeUgmann LRi]eaX[ SRinWV RXW in TZHQWLHWK-CHQWXU\ PRHWU\ DQG WKH VLVXDO AUWV, Se[WRn·V SRem
enWeUV inWR an RngRing cRnYeUVaWiRn ZiWh RWheU cRnfeVViRnal SReWV abRXW madneVV and aUWiVWic geniXV b\ engaging
in langXage WhaW UefRcXVeV cRllecWiYe aWWenWiRn Rn a Zidel\-UecRgni]ed ZRUk Rf aUW ZiWh a UecRgni]ed cRnnecWiRn
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WR anRWheU aUWiVW VXffeUing fURm menWal dXUeVV.>13 @ She enWeUV inWR WhaW diVcRXUVe WhURXgh Whe RWheU VXUURXnding
diVcRXUVeV WhaW inclXde nighW and naWXUal landVcaSe. IW ZRXld VWill be incRUUecW WR Va\ WhaW 29% Rf Whe dRcXmenW iV
´abRXWµ nighW, Zhen ZhaW Se[WRn deVcUibeV iV a SDLQWLQJ Rf a nighW Vk\ and naWXUal landVcaSe. AV liWeUaU\
VchRlaUV, Ze XndeUVWand WhaW Se[WRn·V XVe Rf Whe WXmXlWXRXV nighW Vk\ deSicWed b\ VincenW Van GRgh SURYideV a
cRnceiW fRU Whe mRUe VigniÀcanW WhemaWic e[SlRUaWiRn Rf WZR aUWiVWV· VWUXggle ZiWh menWal illneVV.

TheUefRUe, iW iV imSRUWanW nRW WR be VedXced b\ Whe Veeming WUanVSaUenc\ Rf VemanWicall\ eYidenW WRSicV. EYen
WhRXgh Whe WRSicV aSSeaU WR haYe a VemanWic UelaWiRnVhiS ZiWh Whe SRemV becaXVe Whe\ aSSeaU VR cRmSUehenVible,
iW iV imSRUWanW WR UemembeU WhaW VemanWicall\ eYidenW WRSicV fRUm aURXnd a PDQQHU Rf VSeech WhaW UeÁecWV TXiWe
SRZeUfXll\ Whe deÀniWiRn Rf diVcRXUVe deVcUibed b\ BakhWin: ´beWZeen Whe ZRUd and iWV RbjecW, beWZeen Whe ZRUd
and Whe VSeaking VXbjecW, WheUe e[iVWV an elaVWic enYiURnmenW Rf RWheU, alien ZRUdV abRXW Whe Vame RbjecWµ (293).
The VigniÀcanW TXeVWiRnV WR aVk UegaUding VXch WRSicV Zhen inWeUSUeWing LDA WRSic mRdelV haYe mRUe WR dR ZiWh
ZhaW Ze leaUn abRXW Whe UelaWiRnVhiSV beWZeen Whe Za\V in Zhich SRemV SaUWiciSaWe in Whe diVcRXUVeV WhaW Whe
WRSic mRdel idenWiÀeV. WRUd inWUXViRn WeVWV (Whe kind VXggeVWed b\ Chang, eW. al. aV a meaVXUemenW Rf a mRdel·V
accXUac\) ma\ VWill ZRUk ZiWh VemanWicall\ eYidenW WRSicV becaXVe VemanWicall\ eYidenW WRSicV miUURU Whe
WhemaWic cRmSUehenVibiliW\ Rf WRSicV fURm mRdelV Rf nRn-ÀgXUaWiYe langXage; hRZeYeU, WheUe aUe naWXUall\
RccXUUing ZRUd inWUXViRnV WhaW ma\ nRW affecW Whe efÀcac\ Rf Whe WRSic diVWUibXWiRnV, and WheVe ZRXld UeTXiUe
deeSeU hXman inWeUSUeWaWiRn befRUe jXVW WhURZing Whem RXW.

Semantically opaqXe WopicV ³ SRme WRSicV, VXch aV TRSic 2 in ´The SWaUU\ NighW,µ aSSeaU aW ÀUVW WR haYe liWWle
cRmSUehenVibiliW\. Unlike VemanWicall\ eYidenW WRSicV, Whe\ aUe difÀcXlW WR V\nWheVi]e inWR Whe Vingle ShUaVeV
VimSl\ b\ Vcanning Whe ke\ZRUdV aVVRciaWed ZiWh Whe WRSic. SemanWicall\ RSaTXe WRSicV ZRXld nRW SaVV Whe
inWUXViRn WeVWV VXggeVWed b\ Chang, eW. al. becaXVe eYen a diVciSlinaU\ e[SeUW mighW haYe WURXble idenWif\ing Whe
´inWUXdeUµ ZRUd aV an RXWlieU. DeWeUmining a SiWh\ label fRU a WRSic ZiWh Whe ke\ZRUdV, ´deaWh, life, heaUW, dead,
lRng, ZRUld, blRRd, eaUWh«µ iV YiUWXall\ imSRVVible XQWLO \RX UeWXUn WR Whe daWa, Uead Whe SRemV mRVW clRVel\
aVVRciaWed ZiWh Whe WRSic, and infeU Whe cRmmRnaliWieV amRng Whem.

In Table 3, I liVW Whe SRemV Whe mRdel SUedicWV cRnWain Whe higheVW amRXnW Rf TRSic 2 in Whem alRng ZiWh Whe
SURbable SURSRUWiRn Rf Whe dRcXmenW WhaW dUaZV fURm TRSic 2 (The amRXnW Rf each baVkeW Whe mRdel SUedicWV can
be deVcUibed aV ´aSSleV,µ fRU inVWance).

TDEOH 3: TLWOHV RI WKH 15 SRHPV ZLWK WKH KLJKHVW SUHGLFWHG SURSRUWLRQV RI TRSLF 2 LQ
WKHP DQG WKHLU FRUUHVSRQGLQJ WRSLF GLVWULEXWLRQV. II WKH SRHP LV DYDLODEOH WKURXJK WKH
APHULFDQ AFDGHP\ RI PRHWV (ZZZ.SRHWV.RUJ), \RX FDQ UHDG LW E\ FOLFNLQJ RQ WKH OLQN

IURP WKH SRHP·V WLWOH.¬
Topic 2 Poem Title

0.535248643 When WR Whe VeVViRnV Rf VZeeW VilenW WhRXghW (SRnneW 30)
0.533343438 B\ Za\V UemRWe and diVWanW ZaWeUV VSed (101)
0.517398877 A PValm Rf Life
0.481152152 We WeaU Whe MaVk
0.477938906 The WimeV aUe nighWfall, lRRk, WheiU lighW gURZV leVV
0.472091675 The SlaYe·V CRmSlainW
0.451175606 The GXiWaU
0.447100571 TeaUV in SleeS
0.446314271 The Man ZiWh Whe HRe
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0.437962153 A ShRUW TeVWamenW
0.433767746 Be\Rnd Whe YeaUV
0.433152279 Dead FiUeV
0.429638773 O LiWWle RRRW Rf a DUeam
0.427326132 BangladeVh II
0.425835136 ViWae SXmma BUeYiV SSem NRV VeWaW IncRhaUe LRngam

¬

Skimming Whe WRS ÀfWeen SRemV aVVRciaWed ZiWh TRSic 2 ZRXld cRnÀUm RXU aVVXmSWiRn WhaW Whe mRdel haV
gURXSed WRgeWheU kindV Rf SReWic langXage XVed WR diVcXVV deaWh. TRSic 2 iV inWeUeVWing fRU a nXmbeU Rf UeaVRnV,
nRW Whe leaVW Rf Zhich iV WhaW eYen WhRXgh PaXl LaXUence DXnbaU·V ´We WeaU Whe MaVkµ neYeU Rnce menWiRnV Whe
ZRUd ´deaWh,µ Whe diVcRXUVe DXnbaU dUaZV fURm WR deVcUibe Whe eUaVXUe Rf idenWiW\ and Whe VhackleV Rf Uacial
injXVWice aUe idenWiÀed b\ Whe mRdel aV dUaZing heaYil\ fURm langXage aVVRciaWed ZiWh deaWh, lRVV, and inWeUnal
WXUmRil ³ langXage Zhich ´The SWaUU\ NighWµ indiVSXWabl\ alVR dUaZV fURm.

TR Va\ WhaW TRSic 2 iV DERXW ´deaWh, lRVV, and inWeUnal WXUmRilµ iV RYeUl\ VimSliVWic and dReV nRW UeÁecW Whe Uange
Rf aWWiWXdeV WRZaUd lRVV and deaWh WhaW aUe SUeVenW WhURXghRXW Whe SRemV aVVRciaWed ZiWh WhiV WRSic; hRZeYeU, WR
Va\ WhaW TRSic 2 dUaZV fURm Whe langXage Rf eleg\ ZRXld be mRUe accXUaWe. IdenWif\ing WhaW DXnbaU·V ´We WeaU
Whe MaVkµ and ´Be\Rnd Whe YeaUVµ dUaZ fURm diVcRXUVeV aVVRciaWed ZiWh eleg\ VXSSRUWV UecenW VchRlaUVhiS b\
MaUcellXV BlRXW in hiV 2007 eVVa\ WiWled, ´PaXl LaZUence DXnbaU and Whe AfUican AmeUican Eleg\:µ

I am XVing a VeW Rf WeUmV WhaW SRinW WR hRZ I Vee DXnbaU aV iniWiaWing a WUDGLWLRQ Rf AfUican AmeUican
elegieV. I VhRXld XndeUVcRUe heUe WhaW I am nRW aUgXing WhaW Whe AfUican AmeUican SUacWice Rf Whe
eleg\ iV neceVVaUil\ diVWincWiYe fURm RWheU WUadiWiRnV Rf Whe eleg\. BXW I ZanW WR VXggeVW WhaW VXch
SUacWice iV cRnWinXRXV. DXnbaU·V SRemV Rf Whe 1890V SRinW XV diUecWl\ WR mRUe UecenW elegieV ZUiWWen
b\ AfUican AmeUicanV in Whe laWWeU SaUW Rf Whe WZenWieWh cenWXU\. (241)

B\ idenWif\ing DXnbaU·V SRemV in a WRSic Rf elegiac langXage, Whe WRSic mRdel VXSSRUWV BlRXW·V claimV WhaW
DXnbaU·V SRemV SaUWiciSaWe in elegiac diVcRXUVe aV a meanV Rf idenWiW\ fRUmaWiRn fRU AfUican AmeUicanV aW Whe
WXUn Rf Whe WZenWieWh cenWXU\. WhaW Whe WRSic mRdel (and Whe clRVe Ueading SURmSWed b\ Whe WRSicV SURdXced b\
Whe mRdel) mighW alVR helS idenWif\ iV ZheWheU RU nRW RWheU SRemV b\ cRnWemSRUaU\ AfUican AmeUican SReWV
VimilaUl\ dUaZ fURm TRSic 2, fXUWheU VXSSRUWing BlRXW·V claim WhaW DXnbaU ´iniWiaWeV a WUadiWiRn.µ

In facW, DXnbaU iV nRW Whe Rnl\ AfUican AmeUican SReW inclXded in Whe liVW Rf dRcXmenWV WhaW dUaZ heaYil\ fURm
TRSic 2. ´The SlaYe·V CRmSlainWµ b\ GeRUge MRVeV HRUWRn (1797-1884) iV alVR inclXded. ´The SlaYe·V
CRmSlainWµ mRYeV WhURXgh Whe WhUee VWageV Rne mighW e[SecW WR Ànd in an elegiac SRem ³ fURm lamenWaWiRn WR
SUaiVe WR SRVVible cRnVRlaWiRn. CRXld HRUWRn, a SReW and a VlaYe, ZhRVe SRemV ZeUe ZUiWWen dRZn b\ VchRRl
childUen and SUinWed XndeU Whe WiWle TKH HRSH RI LLEHUW\ in 1829 haYe been an inÁXenWial SaUW Rf DXnbaU·V
inclinaWiRn WRZaUd Whe elegiac? IW ZRXld Wake a cRmbinaWiRn Rf mRUe WRSic mRdeling WeVWV and mRUe WUadiWiRnal
hiVWRUical and aUchiYal UeVeaUch WR anVZeU WhaW TXeVWiRn; hRZeYeU, WheVe aUe Whe TXeVWiRnV Ze haYe been hRSing
WRSic mRdeling mighW helS SURdXce.

In RWheU ZRUdV, RSaTXe WRSicV VXch aV TRSic 2 in mRdelV WhaW haYe mi[ed UeVXlWV SURmSW Whe kindV Rf TXeVWiRnV
Ze aUe lRRking fRU aV hXmaniVWV. WhaW WhiV Vmall diVcRYeU\ VhRZV iV WhaW WRSic mRdeling aV a meWhRdRlRg\,
SaUWicXlaUl\ in Whe caVe Rf highl\-ÀgXUaWiYe langXage We[WV like SReWU\, can helS XV WR geW WR neZ TXeVWiRnV and
diVcRYeUieV ³ nRW becaXVe WRSic mRdeling ZRUkV SeUfecWl\, bXW becaXVe SReWU\ caXVeV iW WR fail in Za\V WhaW aUe
SRWenWiall\ SURdXcWiYe fRU liWeUaU\ VchRlaUV.
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JXVW aV VemanWicall\ eYidenW WRSicV UeTXiUe inWeUSUeWaWiRn, deWeUmining Whe cRheUence Rf a VemanWicall\ RSaTXe
WRSic UeTXiUeV clRVeU Ueading Rf Whe RWheU dRcXmenWV ZiWh high SURSRUWiRnV Rf Whe Vame WRSic in RUdeU WR check
ZheWheU RU nRW Whe SRemV aUe dUaZing fURm VimilaU diVcRXUVeV, eYen if WhRVe Vame SRemV haYe diffeUenW WKHPDWLF
cRnceUnV. While VemanWicall\ eYidenW WRSicV gUaYiWaWe WRZaUd UecXUUing imageV, meWaShRUV, and SaUWicXlaU liWeUaU\
deYiceV, VemanWicall\ RSaTXe WRSicV RfWen emShaVi]e WRne. WRUdV like ´deaWh, life, heaUW, dead, lRng, ZRUldµ RXW
Rf cRnWe[W Well XV nRWhing abRXW an aXWhRU·V aWWiWXde RU WhemaWic UelaWiRnVhiSV beWZeen SRemV, bXW Zhen a
diVciSlinaU\ e[SeUW VcaleV dRZn inWR clRVe UeadingV Rf Whe cRmSUeVVed langXage Rf Whe SRemV WhemVelYeV, Rne
ÀndV WhaW WheUe aUe Uich deSRViWV Rf heUmeneXWic SRVVibiliW\ aYailable WheUe.

SeaUching fRU WhemaWic cRheUence in WRSicV fRUmed fURm SReWic cRUSRUa ZRXld SURYe diVaSSRinWing Vince WRSic
ke\ZRUd diVWUibXWiRnV in a WhemaWic lighW aSSeaU aW ÀUVW glance WR be Uiddled ZiWh ´inWUXViRnV.µ HRZeYeU, b\
XndeUVWanding WRSicV aV fRUmV Rf diVcRXUVe WhaW mXVW be accRmSanied b\ clRVe UeadingV Rf SRemV in each WRSic,
UeVeaUcheUV can make XVe Rf a SRZeUfXl WRRl ZiWh Zhich WR e[SlRUe laWenW SaWWeUnV in SReWic We[WV. FRU SReWU\ daWa
in SaUWicXlaU and liWeUaU\ We[WV in geneUal, clRVe Ueading and cRnWe[WXal XndeUVWanding ZRUk WRgeWheU, like Whe
ZeaYing and XnUaYeling Rf PenelRSe aW heU lRRm, in RUdeU WR idenWif\ UelaWiRnV beWZeen We[WV b\ VhXWWling
beWZeen cRmSXWaWiRnal de-familiaUi]aWiRn and VchRlaUl\ e[SeUience.>14 @
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>1@For other gentle introductions to LDA for humanists, see Matthew Jockers·s blog post ´The
LDA Buffet is Now Open; or, Latent Dirichlet Allocation for English Majorsµ or Scott
Weingart·s blog post ´Topic Modeling for Humanists: A Guided Tourµ or Shawn Graham, Scott
Weingart, and Ian Milligan·s ´Getting Started with Topic Modeling and Mallet.µ

>2@The process of determining the number of topics to tell the model to use is not, as of yet, a
standardi]ed procedure. The measure for the ´rightµ topic number is often derived through trial
and error. After starting with one number (usually between 40 and 60) one determines how
´actionableµ and ´coherentµ the topics that the model produces are, adjusting up and down in
subsequent iterations until there is agreement that the best model has been produced.

>3@For more information on how LDA has been used by humanists to detect changing attitudes
toward patriotism and nationalism, see: Nelson, Robert K. MiQiQg Whe DiVSaWch.

>4@In the farmers· market example mentioned earlier in this article, each topic (kinds of produce)
is composed of the words (Gala apple, Bosc pear, yellow squash, etc.) in the document (basket).
Topic keyword distributions are a list of the words likely to be from a particular topic, in order
from most likely to least likely. For humans interpreting topic models, key word distributions are
often where the process begins.

>5@For more information on how LDA has been used by humanists to detect changing attitudes
toward patriotism and nationalism, see: Nelson, Robert K. MiQiQg Whe DiVSaWch.

>6@The words ´poemµ and ´documentµ throughout the remainder of this article are used
interchangeably because the dataset consists of individual poems saved as individual plain text
documents that include only the title and body of individual poems.

>7@The sum of the three top document probabilities: (29+12+9=50)

>�@ Again, to be clear, the keywords in each topic are derived from all the documents in the set of
4,500 that the LDA considers to be part of the topic, so there will be more words in the key word
distributions than there are in ´The Starry Night.µ The model assumes that words in the key
word distribution are often found in the context of other words also listed in the key word
distribution.

>�@I qualify this statement out of recognition that the document types Underwood is modeling are
volumes as opposed to individual poems, which may have effects on the degree of reliability
with which one can make the comparison. For more on conversations between Ted Underwood
and I regarding topics as forms of discourse, see Underwood, Ted. ´What Kinds of ¶topics· Does
Topic Modeling Actually Produce?µ and Rhody, Lisa. ´Chunks, Topics, and Themes in LDA.µ
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>10@OCR ² Optical Character Recognition software visually changes scanned print pages into
digiti]ed text.

>11@Topic modeling is frequently used to help discover information in a variety of languages. I
choose ´otherµ rather than ´foreignµ here, since not all ´otherµ languages would be for all
researchers ´foreignµ ones.

>12@When the model outputs the probable proportions for each poem, it expresses that proportion
in a decimal. When possible in my discussion of a topic, I convert the decimal to a percentage
because that expression of proportion seems more appropriate and avoids statements such as
´RukenÀgurµ is predicted to contain .23 of Topic 12; however, when I list document
probabilities as they have been produced from the model, those same numbers are expressed as
decimals.

>13@For more on the ekphrastic conversation between Anne Sexton and W. D. Snodgrass
regarding ´The Starry Night,µ see Loi]eaux, Eli]abeth Bergmann. TZeQWieWh-CeQWXU\ PReWU\ aQd
Whe ViVXaO AUWV.

>14@The author would like to thank the Maryland Institute for Technology in the Humanities,
especially Travis Brown, Jennifer Guiliano, and Trevor Muxo], for the support she received
while performing the research that led to this paper.

AbRXW LiVa M. RhRd\

LiVa MaUie RhRd\ UeceiYed heU Ph.D. in EngliVh langXage and liWeUaWXUe fURm Whe UniYeUViW\ Rf MaU\land, ZheUe
heU UeVeaUch ZaV VXSSRUWed b\ a MaU\land InVWiWXWe fRU TechnRlRg\ in Whe HXmaniWieV (MITH) WinnemRUe
DiVVeUWaWiRn FellRZVhiS. HeU UeVeaUch cRmbineV adYanced cRmSXWaWiRnal anal\ViV ZiWh WUadiWiRnal liWeUaU\
meWhRdV WR e[SlRUe 20Wh-cenWXU\ SReWU\ and AmeUican liWeUaWXUe, inWeUVecWiRnV beWZeen YiVXal and YeUbal media,
and ZRmen'V liWeUaWXUe. CXUUenWl\, Vhe iV Whe SURjecW manageU fRU WebWiVe 2013 aW Whe RR\ RRVen]Zeig CenWeU
fRU HiVWRU\ and NeZ Media (RRCHNM). She mainWainV a digiWal SUeVence aW LiVaRhRd\.cRm and can be
fRllRZed Rn TZiWWeU aW @lmUhRd\.
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