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Abstract

The US presidential primaries take place sequentially in different places with a time lag. However, they have
not attracted as much attention in terms of modelling as the US presidential election has. This study applied
several autologistic models to find the relation between the outcome of the primary election for a Democrat
candidate with socioeconomic attributes in consideration of spatial and temporal dependence. According to
the result applied to the 2016 election data at the county level, Hillary Clinton was supported by people in
counties with high population rates of old age, Black, female and Hispanic. In addition, spatial dependence
was observed, representing that people were likely to support the same candidate who was supported from
neighboring counties. Positive auto-correlation was also observed in the time-series of the election outcome.
Among several autologistic models of this study, the model specifying the effect of Super Tuesday had the
best fit.
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S8 PAste] A o5 RPE ARshs Zo] tliolgith. el N tlEe] 4EH /17 Al
234 FolA olul AAL AAAT AE A NAS FAT 5 9t Ak werA, o] AA o
% AT TG AA A3 o5 B WEES FANE 5 Y /187 B 5 Yok

ou] AAL g Wl BE AAT o Rojx) x| ku ALY AN FHA SR 55 AATAA A
A% XA o], ABE AZE Aol (time lag)7H WS ek o Ritel A Z4zt e Fol
Mol WA, o] 47 FnE sk oMt Bt Zel BE Ao WFE AT £
48 24T £ A AU EAE B 54 AT £ Db} ol2T WAT Aokt Akl
A, olAlo] FEE ANE A7) £ Aok ohg A7Jol FE ANGHE AT Aokt o
To] QA BT 4 glrk. YNACE AFZF RAL fduolHE BESIY, 1) o] A 3
NAH o FESe Ade] ther] whe] g shdro|He) Pge 251 YA 28 540l Ut
QA0 FUAEARGINE F4 o 7e BeA ALE sk olu) FA9 Aol 47
79 A R AolE el AT EH W) B 47} sick

2oy & Wt} AR A A9 A% R 2

A M AlEA A EAL ZHe o] A4 A3
AL AA A W 7] A, ARk AlAF B
3] (autologistic regression)& A|stch. ESH Al F T FHAAAE 1B E1A| ?%‘% L= B
I F7 YEAS 1T A EA LY 39 2P v wste] AlF3E D‘an-/] 84
B =89 4L v 2ok Al 273lA= v= AA 2
AAE 2 AF I3y Tt 240 AR dlojE] 4% ¢
4730l 24 A9} AR S A ST Al 5730l A8 -ir—? AT ‘:'O]:E A Al :}‘ﬂr
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Abramowitz (2008)+= 2008d A TR Ex& o =2 95 2H (Gallup)o] ZASE UlE53 &1

AR &, 4 he89 2/427] 44 FWEAYLHGDP) 45, o3 47] 7|12 dA5-E Ads A3

IARY S AR T Lewis-Beck3} Tien (2008) T3t 2008d tAl A3} o &S AFgloy, o]&
Aol TR EH TR AAE, A thEe) 4] GNP, AAjel 448 % A7 AT g
2 AE3te] 1952137 E 2004‘377};‘]4 o8& theA g3 A R Hgste] £HH AE AA
SI25}9IT). Norpoth (2004)= FHA o)A A7 &3} o)A  Hele) A Be| SEE
W2 3k 217] 39 23 (autoregressive model) 0.2 A 7] AIE o &3}t
A A% Q&S BEE Jd ATE Yo, du] dAdAM TEHAE AHeHA = 89S 24 A
E% 93t} Bartels (1987) ZWlE &3} (momentum effect) S 7|¥IoZ *17401]/\‘] SHAE

AE7E F5T EoM = ofolegt I FRlZAM zEtolwE] F2 249 29 H3ked
W2 AAE WA F FEE AR POl dee AL, o2 d o] o) A

deisted] #de] glokal F73sk3itt. Norrander (1993)2 o213 2uld &3}7} 73]
of e w2 AAE e £E Qe K5 FHE, S 0as s SHE7F AANA FEeHA

Ao, Steger (2007) ZHY 37 FRE T WiFge] AA diet o 2 ddAol
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20083 ul= thddolA W eululy] A WelEe Ao E TS Wekom, oo Kim (2012)2
od EAE 7H WlEe] W ubE AR PR g ATE JWeqct =3t v= 9l
9] & ¥|FS AAFE W9, ol= 2] 7}A ul=2l(African American) 2]l 3|23 (Hispanic)¢1e] 4
7} Z71ek AollA sy 2 S §dXE AA A} ow st AT JAEAE FHebsdth. Kim
(2013)2 3|2 A 2004 e AA At FAE et vl=o] Y AA A=E
St FodlA 4R dladd AVE 22 FA] FHRE XA F Ao] 27t FAE = tle TS FA
Agh, AAF 2 E s|add Ae & Alg $EE ¥ @o] (AP 2= yeht} slasd e A
7 Aol tigt F954d 0] L‘rE}L‘rZ] Fokth. Cho (2009)% 2008 1, 2, 3, 490 BT S 2o tf st
AAE A2RANE oF 1,500%8& o2 £33t 1, 22} tlolHE BA43te] A&} ALE] A A
A @ 4710 WA _4.01—3].03 T, A9, A8, 18, E9) W4y} AR L9 746} W47 ghoks Qo).
e Wl £S5 HadY A7 AAEe] $OI5A ok 2008Ks] BFG ofulAA Fug
7} W=t eulute} deie Z'ﬂ%o]»\j’— upte] B 5219 A A7, 513131-4 3= A9 A=A
7F 2 FA At A HoAFqnh

-

2.3. XPIZAIAE

fon

P23 (autologistic regression)= 20 2172 Ald|

FPAOR 029 A9 b9 T JEHL BAY & Ut PR A7 2A~E B (autologistic
model) ©] A AL (Besag, 1974) thFdt Lol Al o] & o] HEH T ot 53| A7|2ALE B
P2 71T BHANA AE F2 T B2 tig Y] AF/IE Lot y] Al @2 AFlA FHEH
St (Austin, 2002; He 5, 2003; Wu2} Huffer, 1997). Buckland¥} Elston (1993)= ~FEHE= 1
#3591 (Grampian) 2] op A5 23 B S d7aglet], 99 15 (altitude), AF & ¢ X
o (pinewood, mires), 3% g} (easting, northing) S F¥HHFCZE &3l T X AE &5 oJF
£ £5 A4E 3l 2A2H IFARYPe R ZY3EHT. Augustin 5 (1996)+= Buckland¥} Elston
(1993)9] AT A 2}7]4FH (autocorrelation) HFE F718F A7 2 A28 RS Hg3to] MEA 2
A= B3 Gumpertz 5 (1997)+= 3% (bell pepper)S iAoz 57 WU (phytophthora)
Ao A g getslr] fs) B A" M4t 4 autologistic regressionS AFE3MATE £
LHPA A AR tisf) EFro] BET, AT AGS 16 by 169] AAE vpro] 3 d= AF
sk A9 E AMA AR} iz A 3G A ARl i FHACE M7 APl AFEAS B
ol A E AFHHE T

Aol A= E’l—zr ofv] A Aol folgk AT e AR AAA W el o
Aot W] £ SHAl dEe] SUd = WY Agx al
; county)®] AR ZAIA A&, I LA, AT A S AR itk
7R 217 /;)1-1171] 3}e-S 913k Join-count statisticE B8l AHH] F248 &<
37 42 1A A3l AhE BDL ] A7 24T =
o A8% & 9% STk 94 AR AHAAD Ve AT AA AT ARAL ATE 5 9]
£2 2428 7R e A7) 2A2Y A LIS Ut
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3.1. %17 UIolE

v ol Fol= E2msh MHHS AL B 5170 F 31427 AL e EAS, A b AHES
Aty glo] Hotulelzt 49 v thE Bel WoiA g Lejartel sholo] e B
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Table 3.1. 2016 US Democrat primary election schedule

t; Date State
1 Feb 15t Towa
2 Feb 9th New Hampshire
3 Feb 20" Nevada
4 Feb 27th South Carolina
Mar 1°5¢ Alabama, Arkansas, Colorado, Georgia, Massachusetts, Minnesota, Oklahoma,
5 (Super Tuesday) Tennessee, Texas, Vermont, Virginia
6 Mar 5th Kansas, Louisiana, Maine, Nebraska
7 Mar 8th Michigan, Mississippi
8 Mar 154" Florida, Illinois, Missouri, North Carolina, Ohio
9 Mar 22th Arizona, Idaho, Utah
10 Mar 26" (Alaska, Hawaii) Washington
11 Apr 5th Wisconsin
12 Apr 9th Wyoming
13 Apr 19t" New York
14 Apr 26th Connecticut, Delaware, Maryland, Pennsylvania, Rhode Island
15 May 374 Indiana
16 May 10" West Virginia
17 May 17th Kentucky, Oregon
18 Jun 7th California, Montana, New Jersey, New Mexico, North Dakota, South Dakota
19 Jun 14th District of Colombia

a1 3,108702) ZREElol| sl £ = 3Rt ZheEe] FAE vte R sto] 3t A 9} o
= % 5|

s ZF 7B b A AT AAIE S

=4 IRE TNtoR A7 o 24 e DR

2 Agelx mejshe ne] thEY AAL HAAlelE, AAA B4 A ge 542 AT 9
t Ao 2 el g, BB AA oY o] AL ® ohe Aoz At o) AA
22 59 T A £2 FuHE Ao, AAS AN HLEA FolA ANt FHAE
w5 9elE Fgslol Qi oY S8 FRES S vl veshA Susn, A4 W47 A
A ke GG A Be el 9 £ Suste thEY $HEA AFAh Fol £3 7 shed
59 SE £8 BT § 202 to9 18 Fu) g 54 7HeEelA B A4S B Ao
I ol B BE BE 92 4 Yk 528 29 F shit

wE o] WAL, Be FAREe] SAC £2 A wEe] @ ol RS oz A
£ AA7 ok, AEE AAAAT i AZRE T3 AdEE AAY AaE s Ptk o
A, WA AAE AT A9 RE ATL o) F WY 7 Ade] FE Adfe] JF2 WA £
gtk ot RWE ERAY 3L U0 Aut ok AA Bl FFL FA F& AT 2ol 4%
@ 4 Qrk A7 Aol Table 319 WG ofu] A7 RS Fudte] AH FL ATk whe} o4k

2 (discrete) &2 144 (continuous) Q1 WHHS AL = ok
TERUTE AMSE NFFY du] AA dae Wy Aoae) dee SUd £ FE oisiA Wy A
a7t o B %8 do] BAE B 0, Ee] Sdde] o g2 8

A F 3,108709] 7R EellA My AMEart Gdd 7R Ele 1,4607H, D22
7HEEl= 1,6487 & /3= o] Qlth
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Table 3.2. Independent variables

Name Variable
AGEG65 Persons 65 years and over, percent, 2014
Female Female persons, percent, 2014
Black Black or African American alone, percent, 2014
Hispanic Hispanic or Latino, percent, 2014
Income Per capita money income in past 12 months, 2009-2013
Poverty Persons below poverty level, percent, 2009-2013
Firms Total number of firms, 2007
Retail Retail sales per capita, 2007
Land Land area in square miles, 2010
Popul Population per square mile, 2010
Time Spatially lagged dependent variable with time weight matrix and primary results
Spatial Spatially lagged dependent variable with spatial weight matrix and primary results

Ao A3 72E &Y AFLEA S W A AAA do]E](demographic and socioeconomic
data)+= US Department of Commerce2] Bureau of the Census (http://www.census.gov/quickfacts/)
< FolA, 5170 Wl tiE AR E Alede 4 ok Al tiE vlE HolHERE A¥UE AT
AT, A5, LEFEY, AA 45 AT Fol glon], 1 oo] 1Y B 45, 4% ¥ AN &
4, 9F W= So] 9t} Table 3.2 Bureau of the Censusoll A A|-53dh= A3 4A1 2 29E9) ©
ole] FolA] £ Aol 28 wsol s, Wz 1 ofu)g AW Ak

3.2, 37t AR

el AA Ao} o8k FR2EE He] AR AAE dolr 7] f3 T3t 217]dF(spatial autocor-
relation)S #Z3Il Kim 5 (2016)] A8} o] $45M47F A48 F9ol= Moran’s IQ]— =
Kds ﬁ:ﬂt’ﬁé% AL3e FA4o] 7hseitt o9 thEA LT AA Al o R e} o] WgTt i
Pl Aol join-count FAFE T3l FHA Q] HHS spete = ot (Cliffe} Ord, 1981). ©] ‘IH
27} z}ﬂn:r_% A7) JalaE WA F7F 71X @ (spatial weight matrix) S A oF 3ch.
Join-count £4]

B3 B3 o 24L STk, 1 oo ¥ EAE YT AV A2 3
1= X2

A 5 olk o] wl AJEe] &4 of

m°1'

_%_
st A7 7] PEE e A8

= A
[}
Stof AT A2 FRIe =N A 3 A3 A7 ZAAE S RYS YERd 5

3.2.1. Join-count 24 o] R (binary) ¥WSof tlal|l A §-23t &1 s o] JE=RE FolR 7] 9
3 Join-count $A o] AL} 2 F-eeivict Yele) FeAol Al ALk vL] AT Ao Bals
F 7HA A7 A £ A, AR F-E C, FAY A SRR o uf, F2EY ¥5E 4
AE T ol AA AAE 2ol 343}“4 Al 7HA sEe] A3t 3E8E 5 Uk &, AHS 7
Z]‘ﬂ"ﬂ/“] 2E e ZdUdo] IS A “CC7, AR T TRV FAHIE B¢ “CS”, g
B2F WU MHart FAE RS F¢ “SS”E}:; oz F A 7HA] FF9 #do] itk o] F o]
70\‘ 7t MR o $R7F AR ‘CSIEY 3lgo| FESet, HA A9EE A4 AIUF ME F
HJoloA A GEE t] Ao FHA) A= FHE o8 WA F2E o] ke AFTHA s
o, o] % el thE THI FAE = “CSIHEY ZHRI=ETE AR AA A} viaste] 7 A4 st
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of A7 Aol F1HA HAS sherd 4 Utk A% FAF] 714o] Ak AT
g el A u, A Es S FRAT FRHHOE FHo] Y-S AT 5 9

4, 47 A9t BHos AWEA RES o) 92 9ol A|thsE o2 2 AA ARt
+oojde) A58 TRtk AR ohE $H7 AR SR s s 250 RS e 2tk o
wis B2 45 WL Ak, Posts F AAE AL ol AR THE R} R4 & o),

E(CS) = 5zizju)ijﬂ;s, ots = E (CS?) — {E(CS)}”.

l_.

N

£ o g

E(CS)E FA317] A8 WA dejg] S99 G4 A Ho] AA 7R2E|AA 2R 8= v]& Po, U M
2 FA A go] AR e HlE Psg FAST

PC:E7 Ps =

_Vl

wzl_pc‘
n

n
A nA| 7heEelA deje] 2ddo] FAE 7B $F ne, WY Aart 348 7HeEe ¢
n—nceh ot o714 A7 7:‘47} FAAR ZEHBE ZF A QoM 54 FHIF A= AL 1
& 5clnE F AT 7F2E Ul Az v FH7 S &F Post thed 2t

Pcs = Po (1 — Pc) + (1 — Pc)PC = 2Pcf(1 — Pc).

o=, AA

AA A3 ZxroA o2fdt “CS”sid o] dntt W2 397t deAE =28 CS
join-count &7 &

the} 2ol Ael% 4 9tk
= %Zzwzj(y

ol W, yit i 7HEES] WFTFe] FTH A RS o7 ¥pE vehd ey gy = 04 wi= Wy A
e,y = 19 wie e Fdde] g9 2S udth wi @ 7RES j 7R2ES ol B
£ Ueilie 7HAR 37 7EAl g 7wk 33 7 A= 24 A A (boundary) 71wk A
2] (distance) 7]¥F, F 7FA] o g oA e, & Aol BA 71N 7Y B FelA ¥
Td AAE THote THeHER olRer AAst] A Foshe W Rook contiguity & A
gataleh. B wijv okt 2ol vekd 4 Qlok

7

wiy = { bl # 0 ey ist j Aot ek AAe) Lol

CS join-count A AFEEE W2+ A0 74, o3 &2 AR A% 2(CS) = (CS —

E(CS))/ocs e =Z8tL z3t0] 54 FFFolA &< 73‘—?— INHew Z2 **74 A7 BRH o
JE AL nEty, z3te] A S AF ol AFEL A 2 Yehte sigol
A7+ = AFTHEE 717#@} T e 3

) 717)

2 22T 5 gk 2ol Aol 344 gk Ao
A 7} Qloka kst S 9l (Cliffe} Ord, 1981).

gl

o2, >i i

]

3.2.2. XP|2XA|AE 23 (autologistic model) WY EH(categorical classification)2] dF %

e 2A2E 39840 AT 4 Urh A od3o] Yol FRA B4 olRE Fous

ARk 2A28 AARAS 48T 4 Atk B AFolAE the3 2ol AR AAR 5S4
WasE Sha 47 ATHE EENSE B 2AAY JARES A WA 97 nHow gug

i =1)
log ZZ —0) Zﬁkxm, (3.1)

fru
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yie A oA AR FEAE et WSS, zas A o o
Bre Aol tis) £44 37 A¢E vehdch

TROF vk W TE A2 F] o] ofal §oJ7 FHA Aol A AT, Besag (1972, 1974) 71 A A g
thol 37 A7 2 A 2E BFo] AgE 4 9lrt

o
ofji

PN 5 kA A,

Plyi=1) _ v
log —< =) Brra+ Zﬁijyi,
Plyi=0) = o
n = {ni;}= JEATEA A8 Y vk ALE 30 B S A0, FF2 Y &2
7} J& ABpole 00] obd Fhs 7HAth Pairwise &J&48< 7HESHA Y = {y1,92,...,yn} & 2% &
EAFETE

7(Y]8) = c(0) " exp (YTXi/B + gYTAY)

o} 22 Pt Ak o714 0 B5E o] AR W (B, B, ..., Bp, 1)’ ©L, ¢(0)E intractable 3
A3} (normalizing) F4rolth. 18]al X8+ > 0_, Brzas YERNE HEH, A= AW E (adjacency
matrix) ©|B Aj;j= A9 09} jo] AF oFE vEpdTh
A, 2% FEAFTS: Aol Q(V|0) =Y ' XiB+ (n/2)YTAY = Fa n(Y|0) &
exp (Q(Y']9))
TY|0) = =—— "2~
V= Sew @vio)

2 Uehd £ 9t}

Caragea®} Kaiser (2009)+= Besag7Z} A|AISF oA T571 A2 W2 (confound) =] o] B3 2]
A 7F S A A3} centered autologistic 28-S th23 o] A|AISFA T} (Park, 2015). & A7
AN A= 1AL autologistic model & H 43 23 Ql centered autologistic model S F WA oz
A3kt

(
aris}

e

Plyi=1) <

log Plyi=0) 2 Prwik + ; i3 (Y5 — 1), (3.2)
ol uf p;E =09 A w3 HS Yol tigt 7|thgkoln ofefe} o] YeRdT
exp(X;8)

= Eiln=0) = = By

Centered autologistic model®l] thalA] WM Yol t3t 2% &5 For+= o334

i
=

m(Y10) = e(0) " exp (YTX,-B —yTAu+ gYTAY) ,

4
A Asjole] A B R4S Aol & ARoIME A7|2ALE B0l A2 A FEE 3
83 BRE BT, Gebd Mg sol tha A7 o2 e el B8 371519, ol p+ 14
A AR ASE Gtk BehE DS 22 A WAl 2RE 43T & )
P Yi 1 L
108 iy =) = 3 Bk + By TIMEBones + 3505 — ). (33)

J#i
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TIMEone; & A 37+ ABAAE 3517 Jafl AF23E Z7F 71=%] F oA A|ZF xJol2 A
0ol 71548 4% A0 /150 BLE Asol AT, TiMEone,s] A2 157 B %

A3 o)A ARl AN AAL} ABHE AL A0 Agste] ol mel AZHE wejshelth
7l—rEl i9] AA AFHE tol2ta i, viE oA Ao FRT x| JTe] HAE 1, oL A=
0oz JA4gc} TIMEonei% oS3} Zo] vehd 4 gl

Uiz Yi
Z i {1, ti—t;=1,
—u Ui5 =

0, else,

ojmj o] u;j= AlIZE 7HE A FH %Mlv} TIMEone; & u; & A 95 7H] A|7H |
oA, A ol o] X3 AFE jE FolA Feje] FHES AAE A vj&S 9ulstH, o] o
St By AsE FAsHA Al EA9 1947} v wigeke] FAE AT 5 3
A7k &S YER Y] 42 TIMEone; & AA| A A2 Aol sbA thFgk Ak
2 43 oz HLE AT 4 Qo). Bartels (1987)0] &3¢ 2ald &35 #as}

A Zxtol] AASHA e ofo] Qo FRZA F F 4328 AA Aih= 79 38 AA dae},
3le ol AAIS AA A7t o] 58] Faxel #Ho] Slthe 7Hgsted the ARk 7He A Y S A3
TIMEtwo; & 183ttt vi;= 2 we] AJZF 7] 38e] ¥4colth. TIMEone; thAl TIMEtwo; &
F7FeE vl WA 2y ohg3t Zo] veRd 5 Qlth

N HJ

o
AL gl

e E Azw
=

bS]

Py, =1)
o8 g =) = = 2 Bk By TIMERN0: 43 (3 = 15), (3.4
Z'Uijyi 1, ti—tj=1U{{t:—t; > 0)N (t; <5)}U{(ti— t; >0)N (t; = 5)}
TIMEtwo; = . Vi = ? J J < g j ,
va 0, else,

JulA oz 2 AE 7R} Lo 751_% mo 279 o
estimation) 2 ARESHL, AP7IZAAE 9242 Frole A $= SN A F41 ATt
gestA] okom, ol Hgt Ho“ﬁﬁi 0 = (Br,B2,-... Bp,m)" & 3L 98 FARFeE st
1 (maximum pseudo-likelihood estimation) =+ tl2 3 X AQ £H 71&2 *H (Markov Chain-
Monte Carlo method)& 83t} (Sherman -, 2006). & A7 e FAR7Fo= st S &
&5t 2712 A2 FAEA B (3.2)9 BE4E v 2ol FAET. &,

o
£
B
u)
o
k1
Ay
pollet )
27
. B
)
E
B
c
B
%
5
)
o)
2

0 = arg max lpr,(0)

°laL, lpL(0) = >, loglexp(yi(XiB + 037, v5))/ (1 + exp(Xi + 037, y;))] ot
Centered A}7| 2228 A9 Ip,(0)7} Tk} Zo] & 4 it

leL(0) = YT (XB+nA(Y = ) = 3 log (1+exp (Xif + nAi(Y = ) (3.5)

3.4)¢] 4% TIMEone;, TIMEtwo; 9 20| Azt 9| ZA4< el W5 2 (3.2)9)
lpr ()l st A (3.5)9] X &} Zo] FHgste] B4E FABAT
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Table 4.1. Join count statistics for US counties
E(CS) Cs Standard error z-value p-value
Statistic 4353.42 1571.00 46.59 —59.73 <0.0001

Bernie Sanders
I Hillary Clinton

4.1. o7 P9 Al Ay}

Join count statistics2 F3] u]= 3,1087]2] F}+ElE7HY] B+ AAAAE setsigon, o2 Ay

& Table 4.10] ATt T 7FEA] FEoA AR o|2d BAE 7+ 8,7367H 7HEl FollA

0] 23 Fh2ElQ AA A} e A= L5777 Y3tk ol % Tkl thE Z R} FAEE “CS7 I

o] 7|tf RS9} 19 BEAXE 7z} 4353.42, 46.59 2 AAE Jom o] tho] z-value: —59.737}

At

AAR o MR ofu] AA e 22 THAE A e 7H2EE7|8 27 o|FA e T

Al sjEe] fosithke g AYsFa ot AA AFe o3t FlEE7E T THAE XA

3HA FE FE A &4 0] EAfstte 2g 9 n s

Figure 4.1914 A7 235 Edi2 o B2 AAE -2 FHA | gt A od

gREL 22 F(state) oA A7 A7) w523 FFS 7R o). o] F2 2

|, ghke 29 My Anart A E A golty. 2 B& 299 Fee HY Aos, dEZde ¥
2 ot dejg] " B¢ 2 =A Ye

g2 2¥9S AA sk 7 E Bl s AT 5 9
FolA Wy AExe] 3¢ 1 9Je] oA PAIE Mok Sle AL #FF 5 Atk West Virginial]
Aol 79 3o 7heEEe] F2 Fejg SUEE AAG 7R EHEE EEA AW WY Y

£% AAHD e X 4 AL, Nevadad) A9 w1 AH2AE AAsHe Aol vhz Hs) A
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Table 4.2. Variance inflation factors about 10 independent variables of training data

Name AGEG65 Female Black Hispanic Income Poverty Firms Retail Land Popul
Variable 1.25 1.18 1.68 1.24 2.90 3.11 1.49 1.23 1.09 1.338

Table 4.3. Model 1: logistic regression

Estimate Std. Error z-value
(Intercept) —10.660000* 1.384 —7.701 1.35E—14
AGE65 0.118100* 759.375 8.526 2.00E—16
Female 0.163400* 4258.865 5.955 2.60E—09
Black 0.237700* 403.027 17.067 2.00E—16
Hispanic 0.052080* 134.987 10.845 2.00E—16
Income —0.000040* 1299.099 —2.011 0.0443
Poverty —0.000630 793.874 —0.041 0.9672
Firms —0.000001 102.625 —0.105 0.9167
Retail —0.000030* 348.453 —2.484 0.0130
Land —0.000090 143.916 —1.811 0.0702
Popul 0.000110 124.443 0.701 0.4834

*: p-value < 0.05.
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Table 4.4. Model 2: autologistic regression

Estimate Lower Upper
(Intercept) —6.143000* —9.426000 —2.374000
AGEG65 0.111100* 0.077320 0.149700
Female 0.081300* 0.019880 0.142500
Black 0.213500* 0.189500 0.237100
Hispanic 0.050740* 0.037160 0.062690
Income —0.000005 —0.000044 0.000026
Poverty —0.048610* —0.081910 —0.023360
Firms 0.000008 —0.000002 0.000017
Retail —0.000004 —0.000021 0.000017
Land 0.000271* 0.000063 0.000427
Popul —0.000047 —0.000134 0.000563
Spatial 1.090000* 1.051000 1.167000

*: p-value < 0.05.

Table 4.5. Model 3: autologistic regression with time weight matrix

Estimate Lower Upper
(Intercept) —6.619000* —10.2200000 —2.578000
AGE65 0.111600* 0.0773000 0.144000
Female 0.080580* 0.0020740 0.163000
Black 0.211200* 0.1825000 0.241600
Hispanic 0.048760* 0.0352600 0.063040
Income —0.000005 —0.0000470 0.000026
Poverty —0.051170* —0.0868800 —0.023940
Firms 0.000009 —0.0000025 0.000025
Retail —0.000006 —0.0000310 0.000018
Land 0.000280* 0.0001500 0.000433
Popul —0.000048 —0.0000900 0.000300
Time 0.956100* 0.4093000 1.765000
Spatial 1.069000* 1.0270000 1.161000

*: p-value < 0.05.
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Table 4.6. Model 4: Autologistic regression with time weight matrix 2

Estimate Lower Upper
(Intercept) —4.030000* —7.9800000 —0.820000
AGE65 0.113000* 0.0787000 0.155000
Female 0.080000* 0.0008000 0.171000
Black 0.215000* 0.1910000 0.256000
Hispanic 0.050400* 0.0363000 0.065200
Income —0.000005 —0.0000500 0.000032
Poverty —0.046700* —0.0940000 —0.009760
Firms 0.000009* 0.0000003 0.000017
Retail —0.000003 —0.0000250 0.000014
Land 0.000257* 0.0001070 0.000433
Popul —0.000050 —0.0001200 0.000550
Time —3.120000* —4.0700000 —2.240000
Spatial 1.100000* 1.0600000 1.160000

*: p-value < 0.05.
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Figure 4.2. ROC curve of four models about training data. Dashed line is logistic model, dotted line is autologistic
model, long dash line is autologistic model with previous time and solid line is autologistic model with Super
Tuesday.

Table 4.7. AUC and misclassification rate (threshold): comparison of the four models with the training data

L L Autologistic with Autologistic with
Logistic Autologistic . . .
previous time super Tuesday
AUC-Training 0.8489 0.9691 0.9659 0.9620
Misclassification rate 0.2305 0.0930 0.1017 0.1059
(threshold) (0.61) (0.57) (0.55) (0.55)
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Figure 4.3. ROC curve of four models with the validation data. Dashed line for logistic model, dotted line for
autologistic model, long dash line for autologistic model with previous time, and solid line for autologistic model
with Super Tuesday.

Table 4.8. AUC and misclassification rate (threshold): comparison of the four models with the validation data

L L Autologistic with Autologistic with
Logistic Autologistic . . .
previous time super Tuesday
AUC-Training 0.6547 0.9093 0.9004 0.9120
Misclassification rate 0.2928 0.1464 0.1577 0.1441
(threshold) (0.54) (0.57) (0.58) (0.57)
A% Ak A Aol 2L o)1 e HAsdh A 2AaY mYeld 249 T
T YEAR WA Aes @ goE At 2o g Hol, e FdUdS AN o) FREV '
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