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A 18 Fo/eg@ 01 Fog A o= 0FH 174 EXst=
£ REIote] B4 BYFth RRFeY AL F A BMSE SR
AR &4 Ao HTyel] YaeiEd HT 1] ARAfol= Rp4lo] A
Aot TH(EE Aol ZAHAY A48 o 24 2 7Idage A715 1
HHE A SEThEAA Y 2006). ol wEt AT 7F FAAClE dut 24 <
Ast=A1E BAlIe L, golAL 2H <% ((Riker and Ordeshook 1968)°] m=™H
FR3Y9lol didf 7= gFde Fxgo] ofE A34= Wie dAHAd 8
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A 944 270 1214
(77.76) (22.24) (100)

x?=27.152, P-value=0.000
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€ © shuEt= sl Adol eAE SA ek SNS o] 8HlE ko] wA
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o] &3t} (12.26) (87.74) (100)
< 35 264 299
2 1
e elewn (11.71) (88.29) (100)
A 112 1,101 1,214
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X*=9.737, P-value=0.021
(B 3) SNS 0|t Al FH0 WXHEA
4 B3 A
. 2 624 646
Q3F 1A,
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AFY 12Y 12 150 162
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dFYol 344 3 103 106
o] g3t} (2.83) (97.17) (100)
2 o st 25 274 299
(8.36) (91.64) (100)
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x*=13.285, P-value=0.004



| 12 | ¢qg=s |

20179 25 HM23 A=

(B 4) SNS 0|8zt Y E= ATHA 71 wWXt2A
7+ 0] 7+ A
P 20 626 646
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Bkl FFAE FSE s WAE olgste A=E SAst] EP FUAR
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gt TAE DA gyt olE B W FEASES fd uAE &
5| o]g3trh= Aol el T AEAQ oqulE THAAL Y= WAAAE
e og Fsfor & daAol v & + Uot

=2 ol e sl AT e ok & A AN FAE
A2 =€ o84 iy E AUAA 9x2EF7 9

Goleh, et SNSO| Fgo] Twgelel T GFS nxAet AP ol
24 70% 202§l Be gTae KA g 4 gE 4 E
Aelet. of BAE FHe AL ANl BeAHE ofd ST
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SNS o]& 7to] o2, AFH FAE M2 AZofA AuE dgAo] A|7|E

FL&HQl Ex o
Q) )

Oq Ej 0‘399(\&1&1- 0.396***
e (0.084) (0.079)
. -0.208 -0.207
o= (0.183) (0.183)
e 0.162° 0.163°
a5 (0.069) (0.070)
ooz 02547 02527
w (0.143) (0.145)

o] 0.011 0.010

H (0.049) (0.049)
. 13747 13777

A Al

A4 (0367) (0.369)
su 0.705° 0.702°

= (0.276) 0277

0.102 0.101

[e=]

A9 S 0272) (0272)
0.040 0.043

PK (0.246) (0.247)
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Iy A SNS ofgo] AXFfo] ojudt FFHE fle AL otlrh
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(B 7) HIMA FHo9 ZHol
) @ ©) @
AT Ty | AR WA e
o 7Kl o
o123 -0.146 -0.111 0.112 0.109
v (0.106) (0.137) (0.171) (0.092)
A3 0292 0310 0.421 0.153
°= (0.226) (0.307) (0.391) (0.198)
e 0.119 0398 0.340° 0.149°
= (0.084) (0.112) (0.138) (0.073)
Soo= 0.530"" 0.695" 0.178 0.380
T (0.176) (0.230) (0.284) (0.152)
o) 0.017 0.047 -0.073 0.029
H (0.059) (0.075) (0.092) (0.051)
. 1938 0.182 0.267 12717
al A
AAAA (0.529) (0.658) (0.842) (0.446)
Su -0.399 -0.012 -0.298 0.083
B (0.305) (0.363) (0.480) (0.248)
2l X -0.969° -1.381° -0.203 -0.548
(0.395) (0.624) (0.523) (0.313)
PK -1.035" -1.072° 2.176" 0.950"
(0.373) (0.499) (1.033) (0.328)
= -0.006 0.501 0.826 -0.056
o}
A (0.320) (0.448) (0.562) (0.283)
0.123 1.078" L.101" 0.146
JT}0) 1 B Zt}
ARG | HEORER (90 (0361) (0.483) (0.250)
Zmolo 0.040 0.571 1.180" 0.036
R (0.373) (0.491) (0.572) (0.335)
0.103 0.238" 0.135 0.194"
=]
SNS ©]8-Hl= (0.094) (0.123) (0.159) (0.083)
JRp— 39147 4,004 -2.950 3,188
oY (0.776) (0.982) (1.196) (0.663)
N 1,089 1,089 1,089 1,089
Pseudo R-Squared 0.076 0.109 0.088 0.058
Log Likelihood -308.777 -196.606 -137.983 -384.635

0.1, * p<0.05, ** p<0.01, *** p<0.001
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Social Media Use and Political Engagement in Korea: The
Case of 20" General Election in 2016

Youngdeuk Park®-Jaemook Lee™

ABSTRACT

This paper examines the effects of SNS(Social Networking
Sites) utilization on political participation by analyzing the 20th
general election in South Korea. Previous research has shown
that new media such as the Internet and SNS promote political
participation by reducing the cost of political information
acquisition, but the results of this study show that SNS
utilization and voting participation are not significant. However,
SNS utilization has a significant influence on non-electoral
political participation. This seems to be because citizens can
organize themselves by the social network and social capital
provided by SNS.

Keywords: Social Networking Sites, Political Participation, Turnout,
Non-Electoral Participation, Media Effects

=39l 2017.03.28. AR 2017.0403.  AABRY: 2017.04.17. |

* Yonsei University
** Hankuk University of Foreign Studies
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Aol 1Y @ &3t Hufstd oHle] SR sl o]dS d= AR
A oyt ojdlzr TIFe] o]elo] HFEH= WH, o|vle] Fiz s Fofut
= H&Z AR Autel]l 24 FSIstA dub tisolA 2AE7] ot o
o] StfeErhd ARAR FJEZ Hoh A2 Hgor R ¢ Qe kYol
solut o]9o] HFEe WM, oRle] SE QIgh ARREA MG 7 T2 ¥
g gisolA & QAHA Gtk webd oulgor o]0l HiE 1EFe}
ozt Mol AN t© F FUHIN A FH AYAGA A 2HE AET F
As717F o @2 ¥y, oql & gt H|&-E AESH He dees2 2%
3tE7] otk Zejuto] oot oWl AL & XA HA X &= fEd
A A8AGA=Y 249 AdE Aol9 14 #AAE Fof dd9 4 2A

AL WA FA] ¢

FESI= 50| 9tk E3] AMAll(Saskia Sassen), Alo]F<&(David Jacobson),

4o]AK(Yasemin Soysal) I Z-& 49| ‘FEHAE(globalist) 52 =Ao|F9}

olfAZE BHed ol AT 2 =714 o] o|uRFAE FF5t=

4%t Flojztal FARt, vhd A (Christian Joppke)et #& S

Aol FFF HFE Aol g A7t oA ARt HRE
£ FINA 2 AL W BAF WAE AR+
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WAESAY AT AYSd] N @ FHe WA FAAAFEL
Ze Furt oo Pucks FR7E el ol FEsEA FUAt A
A2 382 AV ZUS FEstn o

Aefol J1 3 FIUE Y HES AV DA FNR7 A
Q7] ohyul the] AISE A uteh FRue|AEG ATARE F
242 ek A we Ut dneRe Adss FAABFEel T
WA % olFW AW oW FFL v, Tedm 1 FelH FAA

AW T A oW FHl 29l Z NGOs, FRRA, AR 5o g%
T gich EG FAAUFHE] o Fads}
Q

of F olWAMe] GFEE HAE FAF WAUZS Fohf: WFoE o

TE°] AP et

AAGAE o2 FHe| WAuGEA 723 dedRd REE A
grte AolA AHE AYu tdFe] s7iRds 7Pt ddet YRt
ZA9 =7}, oldRld e &F, AAE FASke ARezAY I7HE At
T Qlths HEE Hopggth w7 dlele B4 33AAE St ot ol
AL ol F2& Ad FAEo0l AL o yobrh AR, AR, W
o] 25 ERF SSRFe ANER ] AAol Asolx: =Skl 7 Shd
o #AY 2 YRR He A2 oA ZANYE E4sk=H Ao
A =7k FAA SHe Sice AFol Sl ol wlE2 iz A
AEFold g AAsts Akl s A7l AL AA =T mHe
Aot &2 BABAHE o2 Tt FNAAEAY F7to| gt BHFAA Al
A3ttt

AAEFA mde St (James Hollifield), €)XY (Daniel Tichenor),
2A8(Zeev Rosenhek) ol 2al] HH=lo] gtk AAEFOH HITL 7|23
o7 UAYA Hdo] sk GAgt FAREAC =7t o]l ko] o]
FTE SAlske ABoEAY =71 JEe HEH =7h= shiel YA
(monolithic entity)7} o2}t Tkt A== o|Folfrtal 7Pggtch. webA A
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AA =T B oulgHo] glojA Ut YRR AS] F77E ofd,
7Fe AR HE 93, 4, A ZxE 7 ot AR Yol -’Jr—f"?:ﬂ
24 F7HY] e QXA B7HE T Stk AAESo Bde 34
W ookt #3471 E4% AAe detstal FAsk=d SlojA ZAAke] A
tist7] s k2ot Wi At 7hgRity B4 7 ARl TAste o]
fre olele Fdislell= dEld FREA BRE Ak, ot HEEY
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dolelSol ol ZHsA g ARlH FA/US BT ATES ALAY
Agoleh, Aol P AEHE HHe WS AFEL v A7y
Mol sty otk FUY ABATES AEROIE W%, AR, vl 54
5 GUAAE B9 oAl Foke BAst dlrh. vuATHEE Adst
e ATSE gREe g Q1 uladTen & 4 Ak helo] B¢
£ X} GlA FAOIFA Fa ATFAR FHG AVlE 19904 o2
guy 2 5o g A2 sMoR 3 Aol HEAT €A S ol

o vl fUTHE BlastAY fE=7EE 7 BlR At dRES A
(Schain 2012). ZL#v} Alo]g Aol glo] AAehA Tt 747]§TE1
5 7HI WE 7t IAE AT Haihe d BF F7klA wAe
dio] o o F7tlAlE HolAA] Ferboles AFAR 9 Xﬂ*‘—'ﬁﬂ‘# ‘6}
UJ] o] HollAl HAlo|Fe}t FAH HZ AT} Bt o {315101"? gt olE 4
i AAE FAolF HludArt F2 =7F 7w Ao 7| Zsta
H#sls HPHEZA 9Z3F9)(methodological nationalism)' =4S A5y, =+
7b ZF vndge] digk digte® w7t RS oA EA] It HluATLE Al
Alstarz gt

A% AN AT Fol HMuATIES AGT W BATelL F
KX =

rsh
oL

E

tlo

KB
=

%9

=°.=

;

i}

2 FHFtoltt. ettt Afolat oMol A $9S 2A ABA oyl
7t §99) olulsvh, 2T ol NFARARL e 7 §7 delA vz
Aefste] HmATE AR, AEH UM olnle] AT Fto

g3t DEF Aol g IAER W, A, TF Fo| ol At
G FAEL olWle At efsglon, olule] U FAY FAW F7}
PAqol HUA ABe STk $1 oW AL 71%93. & 6
gl &3thy] me Aoz Bgre W Bao] s of

ARG Ed el B4 olFuEaEe] A7 99 o
742 A G4V B FAES AR, olUFEIb G
ISl M) FEA olul $839 o] FHF SR ok ol
S QWA AU oluEsleb] Hrke Bag 49 Bl s A



Aoz olug £8st= 93 oulstth(Hollifield et al. 2004). o3t o]WA

AFete AR 2 %3 WA

L £ APsh= o] FH AEH
550 ¥ de BRHo|AL A7t & IdFs vHch EBEFHo]ARogers
Brubaker)= Citizenship and Nationhood in France and Germany 2= 2]
A 5dap ZFA] o|ugA o5 AHstal Qirk BRHo[A mEW =Y

3 s oY Aol 7 FoA GAHOR Aolsh] WHA AuA B

42 d9e o oo 543 z¥ae 474 254 AT 2Ey ok
oA RS WAAA gt o] T2 ANAE ®Bdo] £ yet 7o ougA X
o] Wil qlthal FARtthBrubaker 1992).

AT AFolA =S BlaEdTe] EATEAE A A8l disl
79 e HBAR] ASE AASHEL ok FA0lFE 24S dUEs
A9 olgor I &4 A =7 BAE WEsk et U7k &
AR A= AL ol FAlolF £45 HEs] dysprldl AweiAl ¢

< Aolth ol =7IHE HlnAFY E4ENE Adele A WHEH 1
%39 (methodological nationalism)’= “g¢|stal o]o tigt ]S A|7|skaL §)

THWimmer and Glick Schiller 2002).

HMet 22 &2 (Andereas Wimmer and Nina Glick Schiller= Ao &
AARE AN=7tR AAsks Aol FAlolF: AFE R ARSI Aute]
TrAsfgict AR BREA WS "NE/E7WARETE 20 AlAS &
Arge ARIA, AAA FATolge 7HEE Fstl ke AoltHWimmer
and Glick Schiller 2002, 302).c]+= 9AMHOR HOFE wf ARS|¥sto] =ql=
7 B4 ZRAES & JdFs 7] wwoln, 1 WHIY KoA AAAY
A BAA, ARl A4S SRl G2 geftithes Aotk fwet 29 4
gle WHEH UEFoo Al 7HA FHIE AestdA 1 F stuz At
A e dEIet B4 24E =7 AAR gddste AT &1L 8l

th(Wimmer and Glick Schiller 2002, 307). At3|}she Zul=tzlo] AA <loj
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FAlo1F Aol AAHA AelH & Tk F& ole] kS ulwstel oful
A BB WAL U B ATAEE olux BWRY 5US AT of
g JMoz A72 APAg Lt of g mEL A% o¥yos ¥
o FAHOR @ Fhel olWAAL WAl BEG Fol wrl oF E
of mpAL dEAoR Foko RPo] &5k FlolH, E B ok
A Fokro BYeld £2E E4E0] WdHE AL ohith wg Hokt 1
Het AMHOE 9%, B 5 UEiE 4SS B4 Ahdd Sy
Rohe FaRod S4o] oA vehtAw, FHORE WAS

o RSl ZRIHS ANSE 5 ole mde] EA
2008 o14Y oldPORA olulA FAHW o] Jjut & AL, 1)
AT ol FFHA Hish 3A WaE Aystid ot @AY Ut

ozt FREAE YRR, &9 FEH|AIRFP(differentiated
exclusionary model), ‘“F3}%(assmilationist model), ‘THESIFS] =Y
(multicultural model) 22 e 4 Yot FEUARFT LS 929 =5AE =

5 BEGAo] ol 54 ARgliok] FHIAT 8ok, olSel A AlslH, 4
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o] 9ltK(Triadafilopoulos

o u

(Migrant Integration Policy Index: MIPEX)' &

A~
T

1 9]

AAR oz BrAs

R

ko] ojwlz}

}12 Qlth, MIPEXS] 9F 7HA|
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7F
(labour market mobility), @°]¥I&e] 7} AZE
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o(political participation), ®°]
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QAo A7) AS(long-term residence), ®°IRIAHe] %4 HE 7Fs(access to
nationality), @o]®Ate] thgt ¥k ZXA|(anti-discrimination) S52& @Al &
d, v =7 193 35, 98 5 F 337h=0] Fefsta Slrh
MIPEXE Zt=9] oW1 tHEstony, §3tey, +RuARY 5 old
Foll 715k g {3l oo Bristd 7129 WA g, AR A EE
W 7hse ARAAE AHgste] Brigiths HollA 1 9ozt dokar skt
»
2

o

I

S =7 oA FRAA +ES vlavbssHA stol FAe| =9I, B, O
g1 Ade 5T & Atk Bl ok Eok ARt A RE AlTHCEH
ojeix T ARG Holske FAZAAL, AWALE], mHo] Fof ol
A FRAF digt 71EE AASkAL, =7 2wl ogt AF s37]9E Al
Rl

St o Fot AF Aot 2 A& 7N HEHL FAAE =
Ao HrEo s YA Dl =o€ FHH dF Edoee T "o+
M A g S0f FAIF Aol 2 =4 F shue B F8 oWl

STl g7t HEstar et sk Aotk AA% A (Christian
Joppke)= HEHEE AjFog g o s
zoloA  AWEFHcivic integration) @ AT 9ty FAFcHjoppke
2007). AlF1L Fgol 719t gk ojyiz S Ae thEslro Rdo] ofRiREY]
23 e FHR'Y FEo 7123 A vhef oAt 8= ARl A
S s A7l AL, o]HIAt ATRle] 8= ARRlY] o], AL A=
izt 7| 2AQ AAE 5= Aol ARlegol T4AQl a4ty K Qi
oo wtet o|IAFF =g=oll Y=oly] HEE F& Adojo] tigt HAET} of
AL 4A A7 dojus, ASRS, HAw
5, el FoHAY Z2 dFd
= ARSE & ok ol wsHEE Fol 8T =EAIRl SE
= BHOo8 sta Qlrk ol=dt AWl FR AFE 1990dd] FHF gt
oA AZtEe] 1 o]% AL, dinfH, QAEoL 5Y, ZHFA F FY 7
o
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ZFQl AZHWill Kymlika)s tHEskEo]7E HESta QA oyl 4390, o]
gt ohEskee] AE =Ao] o|de =AM gRd F2 1 ZAE Ax 7t
Aol =&t Aotk W% Agrte T AFH A
(Multiculturalism Policy Index)’©] 7]4tste] thEslsol7l AEslal okl &
A7F FAste =7 RS B4, 12t 71e0A thedlole AEskaL
AA gon, & HFE T thedso AFol ¥ U2 s A9E vs
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Political Science Approach to International Migration

Studies and Methodological Issues

Byoungha Lee”

ABSTRACT

This article aims to examine political science approach to international
migration studies. Unlike economics and sociology, political science lags
behind developing its own perspective on international migration.
However, political science has developed its own theory based on three
keywords such as interests, rights, and institutions. Built on three
keywords, political science has specified political economy theory,
rights-based theory which puts emphasis on international norms and
judical powers, and neo-institutinalism theory. I also argue that political
science needs to go beyond ‘methodological nationalism,” which mainly
takes nation-state as a main unit of analysis. I suggest that we should
consider other sub-national units as an alternative unit of analysis in
examining the complexity and transnationality embedded in international
migration itself. Finally, this paper claims that we need to utilize various
indices when we evaluate each state’s immigration policy.

Keywords: International Migration Studies, Political Science Approach,
Political Economy, Neo-Institutionalism, International Norms,
Methodological Nationalism
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The SNS Use and Electoral Campaign Effects

Woo-young Chang -Kwak Ryul Lee”

ABSTRACT

Today's social media communication clearly reveals the characteristics
of 'individual centrism' and 'metwork extensibility’ that are based on
private friendship. In other words, networking based communication that
extends individual friendship away from group is being performed in real
time in everyday life. This study analyzes the effect of the SNS election
campaign in the case of the Korean 20th general election. From a
methodological point of view, this study empirically analyzes campaign
effects using social media(twitter) big data of campaign period.
Specifically, this study classifies the twitter activity types of candidates
and then compares the social media effects among the groups by
combining candidate characteristics and electoral characteristics that
affect election results. This research is an pilot study that it is difficult
to generalize the results, but it shows that the twitter campaign can
affect the votes and winnings in combination with the candidate and
electoral variables.

Keywords: Big Data, Communication, Electoral Campaign, SNS, Political
Effects
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An Introduction to Mixed Logit Model

Byung-Jae Lee*

ABSTRACT

The logit models have been quite useful in analyzing the discrete
dependent variable. Specifically, multinomial logitt(MNL) and conditional
logit(CL) models have been the workhorses in analyzing discrete choice
data with polychotomous nominal categories. However, there are some
limitation in these models which restrict the applicability of these
models. Three well-known limitations in these models are the
assumptions of homogeneous preference among individuals, independence
of irrelevant alternatives(IIA) and no correlation across time and
individuals. One of the recent advances in categorical data analysis is
mixed logittMXL) model, or random parameter model. MXL obviates the
well-known  limitations of standard logit models by allowing
heterogeneous preferences, unrestricted substitution patterns, and
correlation in unobserved factors over time. The purpose of this paper is
to introduce MXL and its applications.

Keywords: Mixed Logit, Multinomial Logit, Conditional Logit
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1. Introduction

The logit models have been quite useful when the dependent variable
is discrete, i.e., when the dependent variable has more than one mutually
exclusive category(Agresti 2012; Hilbe 2009; Powers and Xie 2008). More
specifically, multinomial logit(MNL) and conditional logit(CL) models have
been the workhorses in analyzing discrete choice data with
polychotomous nominal categories. Since the methodological innovation
by McFadden(1973), plenty of works that applied these models have
appeared for analyzing individual choice in many fields, including
electoral choice in multi-candidate election setting in political science.
The primary advantage of these models is that the researcher could
incorporate the alternative-specific variables as well as the variables on
the people making choices. However, there are some limitation in these
models which restrict the applicability of them. Three well-known
limitations in these models are the assumptions of homogeneous
preference among individuals, independence of irrelevant alternatives(ITA)
and no correlation across time and individuals(Glasgow 2001; Train 2009)

One of the recent advances in categorical data analysis is mixed
logittMXL) model, or random parameter model. MXL obviates the
well-known limitations of standard logit models by allowing
heterogeneous preferences, unrestricted substitution patterns, and
correlation in unobserved factors over time. Like probit, the MXL has
been known for many years but has become only very recently available
for practical data analysis since the development of simulation
techniques.

The main purpose of this paper is to introduce MXL and illustrate its
applications with some simple examples. To motivate, random utility,

multinomial logit and conditional logit models are introduced in the
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second and the third section. The fourth section describes the reasoning
and estimation procedures for MXL, and the fifth section discusses the
applications of MXL. This paper concludes with a brief discussion of the
possible research topics that could use MXL models.

II. Random Utility and Multinomial Logit Model

Most of the logit models are based on random utility maximization
behavior. These models are based on the assumption that individual
choice among alternatives can be described by a utility function, which
depends on the attributes of the alternatives and the characteristics of
the individualLong and Freese 2014). For example, individual voter
selects the candidate or party that yields that highest utility. The decision
maker 7 faces a choice among J alternatives. The utility of person 7 from

alternative ; is expressed as follows:
Uj= Vi T €

where V; is the systematic portion of utility, e; is the unobserved
stochastic portion of utility. In turn, V; is a function of observable
attributes of the alternatives, x; and of the decision maker, z The
probability that individual 7 chooses alternative ; is the probability that

the utility of alternative ; exceeds the utility of all other alternatives.
P;=Pr(U; > Up)VE=Pr(V; + ¢; > Vy + e VK

Based on the different assumptions about the distribution of random

terms, different choice models follow.
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Multinomial logit model(MNL) assumes that the unobserved portion of
utility are identically and independently distributed(ID) that follows type I
extreme value distribution. It is quite well known that the choice
probabilities of MNL have the IID property.

An example of MNL is the choice of transportation mode: car, plane,
and train. Here, the satisfaction from each transportation mode, V

depends linearly on cost and time.

Vi=ay + oy + vz
Vo=ay + Bry + 72y
Vi=ay + Bxg + 724

In this case, the probability of choosing alternative / is increasing with
V, which in turn depends on cost(x) and time(z). For estimation, we
need to transform the satisfaction index, which can take any real value
so that it is restricted to the unit interval and can be interpreted as a
probability. The multinomial logit model is obtained by applying such a
transformation to the V,. For each probability, we get:

eV'
P —
1 v v, v,
e 'te 't+e’
e
P p—
2 Vi, Va, W,
e +e ‘te
6V:;
P, =
3 v % v,
e '+e '+e’?

Here, the two characteristics of probabilities are satisfied, which are:
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Once fitted, a logit model is useful for predicting the probabilities of

choice for an individual(Croissant n.d.).

III. Conditional Logit Model and its Limitations

If we make the assumption that the random terms are IID type I
extreme value distribution, we obtain the conditional logit model.

T e
exp(z;;8+z; ;)
pP.= k T j=1, ..,m.

1 m
YexplaB+2")
=1

where x; are alternative-specific regressors and z; are case-specific
regressors. For identification purpose, one of the 7, as in typical
multinomial model, need to be set at zero in estimation.

Unlike MNL, Conditional logit(CL) model requires the inclusion of
alternative-specific variables, while individual- or case-specific variables
are sufficient for multinomial logit model. In case that we have a dataset
that includes alternative-specific variables, such as prices and quality
measures for all alternatives or evaluation of all candidates by
respondents, not just the chosen alternatives, then we can use
conditional logit model.D)

1) The parameters for conditional logit models are usually estimated with
the data in long form(instead of wide form), with one observation
providing the data for each alternative for each individual.
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As an illustration, here is a conditional logit model using the dataset
on mode of transportation(Cameron and Trivedi 2010). The models that
incorporate alternative-specific variables require the dataset in which
each row of the dataset represents one alternative for one person. So, if
we have /V individuals choosing among / alternatives, then the data need
to have NxJ rows. In the following example, the variable mode
distinguishes the modes of transportation(1=train, 2=bus, 3=car), and the
variable id indicates different individuals. choice variable indicates which
mode is selected(and not selected) by the individual. So, for the first two

individuals, the data are as follows:

id mode choice time hinc
1 1 Train Not selected 406 35
2 1 Bus Not selected 452 35
3 1 Car Selected 180 35
4 2 Train Not selected 398 30
5 2 Bus Not selected 452 30
6 2 Car Selected 255 30

Here, alternative-specific variable time indicates the amount of travel
time for each mode of transportation for each individual. The first row
indicates that it would take 406 minutes for individual 1 to travel by
train, and the alternative train is not selected. Both individual 1 and 2
selected a car as his’/her mode of transportation. The variable hinc,
household income, is case-specific variable and the same value are
repeated three times for the same individual. Below is the Stata output
for a conditional logit model with combination of alternative-specific
(time) and individual-specific(hinc) variables. For an easier interpretation,
odds ratios are presented instead of coefficients.
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(Table 1) Conditional Logit Model for mode of transportation

Variables Odds Ratio

. 0.08"
Time 0.002)

Train Base category

income (5.'8%

intercept (%' 21542;

Bus

1'05***

income 0.016)
intercept 90005; ;
Log-likelihood -84.92

N 456

Car

% p € 0.01, * p €0.05 * p € 0.10, standard errors in parentheses.

In Table 1, the coefficient for time indicates the effect of time on the
log odds that an alternative is selected. The coefficient of time is
negative, which indicates that the chances of an alternative being
selected decrease as the amount of time required to travel using that
alternative increases. In other words, the odds ratio for time variable,
0.98, indicates that increasing the time of travel by 1 minute for a given
mode of transportation decreases the odds of using that mode by a
factor of 0.98(2%), controlling other variables. And a unit increase in
household income increases the odds of traveling by bus versus traveling
by train by 3.2%, controlling other variables. A unit increase in income
increases the odds of traveling by car versus traveling by train by 4.9%,
controlling other variables.



| 86 | dng== | 20174 25 2@ H15

IV. Moving Beyond the Conditional Logit Model?)

Although MNL and CL are quite useful in analyzing the choice
situations, there are some problems such as IIA property and the
assumption of preference homogeneity. MXL considers the coefficients
themselves to be random variables and then estimate the
multidimensional integrals that define the choice probabilities using Monte
Carlo simulation. In other words, the procedure draws the random
numbers from the assumed joint probability distributions of the
coefficients, and compute the conditional choice probabilities. This
process is repeated many times, and the results are averaged. Then, the
average is an unbiased estimate of the unconditional choice probabilities.
Let me describe these processes in detail.

For the standard logit model, the probabilities are:

Now suppose that the coefficients are individual specific. Then, the
probabilities are:

iij

eﬁyir
P =

Kl Zeﬂfr,]

J

In this situation, we have two possible estimation strategies. First,

estimate the coefficients for each individual in the sample, or second,

2) This section is largely based on chapter 6 of Train 2009 and Croissant n.d.
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consider the coefficients as random variables. The first approach is not
much interesting, since it would require numerous observations for each
individual. And, we are usually interested in the values of the coefficients
for a given individual. From the second approach, the random coefficient
model is developed.

1. Random Coefficients

The probability that an individual will choose alternative ; is:

57y
fiwy

Z e 8 IT.’I; i

J

Pr‘,j‘ﬂi:

This formula describes the probability for individual 7 to choose
alternative ;j conditional on the vector of individual-specific coefficients A
~» To get the unconditional probability, we just need to compute the
average of these conditional probabilities for all values of B;

Suppose that, V;; =a+ gz, ie., there is only one individual-specific
coefficient and that the density of B;is A8, 6), where 8 is the vector
of parameters of the distribution of A. The unconditional probability is

calculated then:

Py=BP,18)= [ (P,18)7(8.0)d3

8

which is a one-dimensional integral that can be efficiently estimated by

quadrature methods.

If V,;= @Txij where B, is a vector of length K and A4, &) is the
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joint density of the K individual-specific coefficients, the unconditional
probability is:

P, = B(P,5,) ff / (Py18)f (8, 0)dB,dP, ... dBy

This is a A-dimensional integral which cannot easily be estimated by
quadrature methods. In this kind of situations, the only practically
possible method is to use simulations. In simulation, £ draws of the
parameters are taken from the distribution of A, then the probability is
computed for every draw and the unconditional probability, which is the
expected value of the conditional probabilities, is estimated by averaging
R probabilities.

2. Unrestricted Substitution Patterns

One of the strong assumptions required for MNL is IIA assumption.
Although multinomial probit model does not require IIA assumption, the
mixed logit model provides more flexible alternatives. Mixed logit does
not depend on IIA property or the restrictive substitution patterns of
logit. The ratio of mixed logit probabilities, PP depends on all the
data, including attributes of alternatives other than ;j or 4 The
denominators of the logit formula are inside the integrals and therefore
do not cancel out. The percentage change in the probability for one

alternative given a change in the n/™ attribute of another alternative is:

f 9" L, (0L, (8)f (9)d 3

- - / WLik(ﬁ)[L%@}f(ﬁ)dﬁ
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Here A™ is the m™ element of B. The elasticity varies across
individuals. A ten-percent reduction for one alternative does not need to
imply a ten-percent reduction in other alternatives. Instead, the
substitution pattern depends on the specification of the variables and
mixing distribution, which can be empirically determined. Note that the
percentage change in probability depends on the correlation between Z;
(B) and Zx(B) over different values of B, which is determined by the
researcher’s specification of variables and mixing distribution.

3. Correlation in unobserved factors over time

Standard logit does not incorporate any unobserved factors that persist
over time for a given decision maker. This might be problematic for
longitudinal data analysis. By applying a standard logit model to
longitudinal data, we are assuming that the unobserved factors that affect
a person’s choice are new every time the person makes the choice,
which is very unrealistic assumption. To take into account both random
preference variation and correlation in unobserved factors over time, the
utility for respondent 7 for alternative ; at time ¢ is specified as follows:

Uz‘jt = ﬂiXijt €

where subscript ¢ indicates time dimension. However, we still assume
the IID extreme value distribution of & over time, individual and
alternative. The correlation over time over alternatives arises from the
common effect of As, which enter utility in each time period and each
alternative.

Assume that gs are NV (ﬁ_, o?). Then, the utility equation becomes:
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zﬁ (/8+0—771)Xuf+6

Here, 7 is a draw from the standard normal density. The equation

becomes
zgt - 6 ijt (‘7771)(1;: + 62Jt)
zgz‘ 6 XZ]t + eut
where, e;; =onX;; +¢€,;. The second term in the right side of the

equation, on;X;;, is not independent over time or alternatives, while €
is independent. Then, the covariance between alternative ;/ and £k is,

C’ov(eij“eikf) ot (X, X))

ijt
and the covariance between time ¢ and g is

Cou (e €ijt> € qu) (lelem)
By specifying the Xs properly, we can obtain any pattern of
covariance over time and alternatives.
Conditional on B, the probability of the sequence of choices by
person is simply the product of the logit probability of each individual
choice by that individual.

since e j is independent over time. Then the unconditional probability
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of the sequence of choice is simply the integral of this product of logits
over the density of 8.

4. Simulation

The probabilities for the random parameter logit are integrals with no
closed form. Moreover, the degree of integration is the number of
random parameters. In practice, these models with random parameters
are estimated using simulations, in which the expected value is replaced
by an arithmetic mean. More precisely, the computation process is as

follows:

1. Begin with an initial hypothesis about the distribution of the
random parameters

2. Draw R numbers from this distribution,

3. For each draw 4", compute the probability P;; =

n P L.

4. Compute the average of these probabilities: F,]: P
r=1

5. Compute the log-likelihood for these probabilities

6. Iterate the process until the maximum is reached.

To estimate a model wusing simulations, one needs to draw
pseudo-random numbers from a specified distribution. For this purpose,
what we actually need is a function that draws pseudo-random numbers

from a uniform distribution between 0 and 1. These numbers are then
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transformed using the quantile function of the required distribution. For
example, suppose we need to draw random numbers from the Gumbell

distribution. The cumulative distribution of a Gumbell variable is

e

expressed as Flx)= e’ the quantile function is obtained by inverting

this function:
= F! (z)=—1In(—1nz)

And R draws from a Gumbell distribution are obtained by computing
F_I(X) for R draws from the uniform distribution between O and 1. The
problem is that there may not be a good coverage of the relevant
interval for sufficiently numerous draws to be made. More deterministic
methods like Halton draws are more practical and useful. Halton draws
are made from Halton sequence.

Halton sequence is the sequence used to generate points in space for
numerical methods such as MCMC simulations. An interesting feature of
Halton sequences is that although they are actually deterministic, they
appear to be random for many purposes. It produces well-spaced draws
from the unit interval, and can be used in a way that provides negative
correlation between simulated probabilities for individuals. Based on a
particular prime number, the sequence is constructed based on finer and
finer prime-based divisions of sub-intervals of unit interval. Using a

prime number 3 as an example, the process is as follows.

1. Break the interval into equal parts. Then start of sequence is 0, 1/3,
2/3.

2. Break each sub-interval into 3 equal parts. Enter the break points
into the sequence in a particular way and enter all lowest break

points, then enter all the highest breakpoints. Now the sequence
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becomes 1/3, 2/3, 1/9, 4/9, 7/9, 2/9, 5/9, 8/9

3. Break each sub-sub-interval into 3 equal parts, starting with all the
lowest sub-intervals. Enter break points into sequence in particular
way, first all the lower breaks, then the upper breaks. Now
sequence becomes 1/3, 2/3, 1/9, 4/9, 7/9, 2/9, 5/9, 8/9, 1/27,
10/27, 19/27, 4/27, 13/27, 22/27, 7/27, 16/27, 25/27, 2/27, 11/27,
20/27, 5/27, 14/27, 23/27, 8/27, 17/27, 26/27

4. Continue this until a sequence of desired length is obtained.

V. Applications

1. Household’s choice of electricity supplier

The first example uses the dataset compiled by Huber and Train(2001)
on household’s choice of electricity supplier. In this experimental data,
residential electricity customers were presented with a series of
experiments with four alternative electricity suppliers. The following
alternative-specific variables are included in the dataset.

* price: price in cents per kWh if fixed price, 0 if TOD or seasonal
rates

* contract: contract lengths in years

* local: whether a local company(0 or 1)

* wknown: whether a well-known company(0 or 1)

* tod: time of day rates(0, 1)

* seasonal: seasonal rates(0, 1)
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The following is the mixed logit results, with contract, local, wknown,
tod and seasonal being assumed to be normally distributed random
variables. The coefficient of price is fixed. The following estimation is
performed using mixlogit command in Stata, which is a user-written
program by Hole(2007).

(Table 2) Mixed Logit Model for Household Electricity

Variables Coefficients
price ©on
-0.27%*
contract 0.05)
local (02 2154;H
Mean 1 .55***
whnown (0.18)
tod 0.61)
_9.35#»**
seasonal 0.61)
contract ((()) g 2)***
local (11 8877)***
SD wknown (112244)***
247
tod (2.47)
seasonal é' %%;k*
Log-likelihood -1105.2832
N 4,780

#*p € 0.01, * p € 0.05, * p < 0.10, standard errors in parentheses.

The upper panel in Table 2 shows the mean coefficients and the
lower panel estimated standard deviations of the coefficients. All
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estimates are highly significant, which means that these coefficients really
vary across individuals. The mean coefficients for contract, tod, and
seasonal are negative, and the coefficients for local and wknown are
positive. The signs in the coefficients indicate the direction of the
average effects of these variables on the dependent variable. Customers
prefer shorter contract length, non-tod and non-seasonal rates, while
they prefer local and well-known companies. Because we assume normal
distribution for these coefficients, we can get some information that
cannot be obtained in standard logit. For example, using the mean
coefficients, we can determine the amount that a customer with average
coefficients for fixed price and contract length is willing to pay for an
extra year of contract length, which is 0.266/0.958 = 0.277. This means
that a customer with mean coefficients for price and contract length is
willing to pay 0.277 cents per kWh extra to have a contract that is one
year shorter.

2. Train Traveling

The second example is to use the Train data, which is included in R
package “mlogit.” The data show the stated preferences for train
traveling and were collected in Netherlands in 1987. The unit of
observations is individual and the number of observations is 2,929. The
dependent variable is either choice 1 or choice 2. The other variables in

the dataset are as follows:

* Price: fare of the train(1 or 2)

* Time: travel time in minutes

* Comfort: comfort level(1, 2, or 3 in decreasing order)
* Change: number of changes(0, 1, 2, 3, or 4)
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In this application, two mixed logit models, correlatedMXLC) and
uncorrelated models(MXLU), are estimated. Time, change, and comfort
variables are assumed to be randomly distributed. Censored normal and
normal distribution are used for time and change, respectively, while log
normal distribution for comfort are used for random draws for each

parameter. For comparison, multinomial logit results are also included.

(Table 3) Multinomial Logit, Correlated Mixed Logit and Uncorrelated
Mixed Logit Models for Train

MNL MXLC MXLU
intercept -0.030 -0.032 -0.035**
(0.04) (0.048) (0.041)
Price 0.0071%** 0.001%*** 0.002%**
(0.00) (0.000) (0.000)
time 0.028*** 0.027%* 0.033%*
(0.003) (0.001) (0.001)
change 0.326™** 0.349*** 0.410**
(0.060) (0.043) (0.03)
comfort 0.947" -0.130"** -0.077***
(0.947) (0.018) (0.006)
Time.time 0.112**
(0.00D)
Time.change -0.200***
(0.061)
Time.comfort 0.152%**
(0.002)
Change.change 1.607***
(0.059)
Change.comfort 2.060%+*
(0.007)
Comfort.comfort 1.451%*
(0.006)
(0.000)
Sd.change 2.189%**
(0.03)
Sd.comfort 3.428%*
(0.004)
Log-Likelihood -1723.8 -1556.2 -1589.6
McFadden’s R® 0.151 0.233 0.217

=Ep € 0.01, ¥ p € 0.05, * p € 0.10, standard errors in parentheses.
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Table 3 shows the results of multinomial logit (MNL), MXLC (correlated
mixed logit), and MXLU (uncorrelated mixed logit). In terms of signs of
the coefficients, the notable difference is in the sign of comfort variable.
In MNL, it does not provide much information other than the positive
sign. The signs of the coefficients for comfort variable in two mixed logit
models are negative, which is the opposite to the one in MNL. The
standard deviation of the coefficient for comfort shows large variation of
the effect of comfort on the choice. The distribution in Table 4 shows
that the mean is much larger than the median, which indicates that
some respondents give very high weights on the comfort, although most

people do not.

(Table 4) Distribution of Mean Coefficients for MXLC and MXLU

time change comfort
MXLC MXLU MXLC MXLU MXLC MLXU
Min 0 0 - -0 0 0
1™ 0.00 0.000 -0.743 -1.070 0.160 0.092
quartile
Median 0.027 0.033 0.349 0.406 0.878 0.926
Mean 0.060 0.063 0.349 0.406 21.238 329.307
31 0.103 0.108 1.441 1.882 4.819 9.345
quartile
Max oo oo oo oo co 0o

3. Latent Class Mixed Logit Model

So far, we have assumed that the distribution of the coefficients in the
model is continuous. However, the coefficients could be discrete and we
need more elaborate model in these situations. In latent class model,
each respondent is assumed to belong to a class ¢, in which preferences

vary across individuals, but not within classes. In this case, the



| 98 | dqng== | 20174 25 2@ H15

probability of a particular sequence of choices is given by:

exp (l',];f )ﬁq Yijt

And the probability of belonging to class ¢, ie, H,, in the above

iq

equation, is usually specified as:

_exp (ZiT’yq)

g Q
Yiexp(Z'y,)
q=1

where 7q is set to zero. The log-likelihood for this model is

Yi
T explal)B, |

I Q
S,iZZm E}[’(Ilj D J
TR T Mexpal)s,

j=1

This can be maximized directly using standard methods, or indirectly
using the EM algorithm. Following is an example of the three classes
latent model. For the estimation, the same dataset as in the first
example, the choice of household’s electricity supplier, is used. For the
adequate number of classes, the standard methods of model comparison,
such as Akaike Information Criteria(AIC) or Bayesian Information
Criteria(BIC), can be used. Here, three latent classes model are specified
for estimation. The interpretation of the results is same as in the first
example, although the coefficients are estimated only for the people in

the same class.
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(Table 5) Latent Class Mixed Logit Model for Household Electricity

Variables Coefficients
. -0.803%**
Price (0.118)
-0.507***
Contract (0.059)
0499
. Local (0.205)
Choicel 0.357"
Wknown (0.182)
-5.992%**
Tod 0.932)
-6.647%*
seasonal (0.993)
. -0.211**
Price (0.085)
0.023
Contract (0.030)
3.087%**
. Local 0.250)
Choice?2 2,308
Wknown (0234)
-1.878*
Tod (0.735)
seasonal _(10‘.976654')
. ~1.140"
Price (0.141)
Contract _(8%%(;;**
1.675%*
Chot Local (0.336)
01C63 1 6 45***
Wknown (0.262)
-12.530***
Tod (1.387)
seasonal h 1(11'353%)
-0.279
Sharel (0.291)
Share?2 0.000
(0.286)

=k 0.01, ™ p < 0.05, * p < 0.10, standard errors in parentheses.
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Table 5 shows that the weights for each variable vary across the
classes, although there are also variations within classes. Choice2 has
larger mean coefficients for tod and seasonal, while choice2 has larger
coefficients for local and wknown and the negative sign of the
coefficient for contract. What this table shows is that there are
approximately three groups which weight alternative-specific variables

differently.

VI. Discussion

The MXL has many advantages over other choice models. It enables us
to incorporate the possibility of preference heterogeneity among
individuals, to relax the IIA assumption and to make the incorporation of
correlated preferences across time possible.  This model has many
potential venues of application in political science. For example, it nicely
matches the spatial model that assumes random individual weights that
were distributed independently of preferences, which can be modeled via
MXL. As Mebane et al. illustrate, MXL latent class model can be applied
to model “issue public’(Mebane et al. 2014). According to them, issue
public that Converse describes means group of voters who vote on the
basis of a single or small set of issues and that this issue or set varies
among individuals or groups. The proposition of issue public implies
different fixed or mean values for the weights for different groups of
voters, which can be exactly modeled via MXL latent class models.

The existing statistical methods such as multinomial logit or conditional
logit has some limitations to deal with this kind of preference
heterogeneity. Although the models of voting behavior existed for

decades, little is understood about the heterogeneity in the impact of
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issue positions, demographic variables, and other factors on vote choices.
Both MNP and MXL can be specified to explore random preference
variation. However, MNP is limited in the number of random coefficients
that can be estimated, and these random coefficients should be normally
distributed. MXL can include any number of random coefficients, and
these coefficients can follow any distributions. In this sense, MXL could
provide useful tools by which we can probe many unanswered questions
in voting behavior in particular, natural and social science in general.
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