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86MIt =4 2,843 3.1777 | 0.8873 | 1 5
86AIH 7154 2,858 | 2.5130 | 0.8956 | 1 5
ARG 3,000 | 1.5550 | 0.8365 | 1 3

Wd as3t 2,886 | 3.1265 | 0.7117 | 1 5

QH as7 2,927 | 2.9669 | 0.9698 | 1 5

A A= 3,000 | 3.5430 | 0.9535 | 1 5

32 MEx 2,962 | 2.1486 | 1.0455 | 1 5

4 3,000 | 1.5000 | 0.5000 | 1 2

AP 3,000 | 4.0000 | 1.4145 | 2 6

olg 2,886 | 5.8694 | 2.2223 | 1 | 11
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Who Supports Young Politicians?*

Dabin Jung** - Jaemook Lee***

ABSTRACT

This paper empirically analyzes what Korean voters have in recent
years about the expansion of youth lawmakers and the generational
change of politicians. First of all, the analysis confirmed that a large
number of voters believe that the political representation of the
younger generation is not sufficiently secured in Korea, and that they
sympathize with the argument of expanding the number of young
politicians. In particular, voters who perceive the 86 generation as
vested interests were found to be more sympathetic to the need to
expand young politicians, and supporters of minor parties were more
positive about expanding young politicians than those who support the
big party. On the other hand, internal efficacy and political interest
were found to have significant associations with the need for
expanding youth politicians, while other statistically significant results
were identified at gender, ideology, region and income levels. In
summary, various voter factors have been shown to influence the need
to expand youth representation in our National Assembly, but among
them, the influence of psychological factors has been strongly
highlighted. In other words, voters are more likely to want a young
"politician" as an alternative option for the development of Korean
politics, rather than because they have a lot of homogeneity with young
politicians.

Keywords: Youth Politicians, Voter's Perception, Generational Change
of Politicians, 86th Generation, Internal Efficacy
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ABSTRACT

The purpose of the study is to analyze the abstracts in the
psychometric research field in recent 20 years. Over 1,500 abstracts
of the journals were extracted from three major journals;
Psychometrika, Journal of Educational Measurement, and Journal of
Educational and Behavioral Statistics and analyzed using Latent
Dirichlet allocation topic modeling approach. The results suggested the
six extracted topics as followings: Factor analysis, Bayesian estimation
& SEM, IRT, general psychometric words, general academic words, and
weight/scale/regression and agreement analysis. We examined how the
research topics have changed and found out if there are topics that
are preferred by journals and implications are provided.
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I. Introduction

In recent years, data mining has gained traction as a research
method, particularly in the case of text mining, where attention is paid
to the ability to handle text type data that has been limited in analysis
over the years. Topic modeling of various text analysis methods such
as latent semantic analysis (Landauer & Dumais, 1997; Landauer, Foltz,
& Laham, 1998) and automated scoring (Burstein et al., 2001) is the
most recently introduced text analysis technique.

Journal abstracts are important in that they provide general
information about particular pieces of research. By looking at abstracts,
researchers can guess the overall flow of research. In particular, in the
case of academic journals, from 10 to as many as 50 new abstracts
are available per year. In addition, the number of journals in a
particular research field ranges from tens to hundreds of cases. Since
the amount of information in research journals is numerous, analyses
of journal abstracts can be thought of as handling large amounts of
text data.

However, this type of data analysis has been limited to simple
methods such as frequency analysis of words or the qualitative method.
Topic analysis represented by the above-mentioned text mining,
especially in the form of Latent Dirichlet Allocation (LDA; Beli, Ng &
Jordan, 2003), can provide an overview of large-scale print data. In
particular, LDA can analyze large-scale typographic data as a set of
several topics and provide information on the subject composition of
individual documents.

The purpose of this analysis is to contribute to psychometric field

studies by analyzing abstracts, which summarize the subjects and
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content of research, and by looking at the field of psychometric
research as a whole. The subject of the study, the abstracts of the
journals, are extracted from three major journals in psychometrics:
Psychometrika, Journal of Educational Measurement, and Journal of
Educational and Behavioral Statistics, which is considered the most
prestigious journals in the field of psychometrics. In order to achieve
the objectives of the analysis, three detailed research objectives were
established. First, we will discuss the themes of the psychometric field
up to the present. Second, we will examine how research topics have
changed from 1998 in a four - year cycle. Third, we will find out if

there are topics that are preferred by journals.

. Theoretical Framework

1. Latent Dirichlet Allocation

LDA considers the corpus as a mixture of documents consisting of
topics. The first step in LDA is the sampling of topics. These are
assumed to follow a multinomial distribution. In the second step, words
are drawn from the topic-words distribution, given the topic. The

generative process of LDA can be specified in Figure 1.
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(Figure 1) Generative process of LDA

1) Choose Vi ~ Dirich let(B)
where Vi = (Vi1, = ,7kv) denotes the probability that a
student who is detected in topic k chooses each of V words.
i is assumed to have a Dirichlet distribution with
parameter f.
For each document (d) in a corpus,
2) Choose na ~ Dirich let(a)
where 1a = (a1, Naz, - ,Nax) denotes the proportions of the
topics in document d. 74 is assumed to have a Dirichlet
distribution with parameter a.
3) For each word (w4,) in document d,
a) Choose a topic z4qn ~ Multinomial(ng and
b) Chose a word wg, ~ Multinomial(7y.qn=r)

When estimating the LDA, the Dirichlet distribution is used in this
study as a conjugate prior for the multinomial distribution. The topic
is noted as z, and w is a specific word in a particular topic. K is the
number of topics, and N is the number of words in document d. The

notation of the LDA generative model is also shown in Figure 2.

(Figure 2) The plate notation of LDA. The figure
is modified from figure 3 in Zhong et al. (2018)

(B ) ¥)
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Both distributions are sampled from the multinomial distributions
which are parameterized by 71 and 74. Also, the interpretation of the
multinomial distributions heavily depends on the shapes of the
multinomial distributions. For example, if both distributions are sparse,
with a high concentration of a few topics or a few words, it means
that the documents are easily distinguishable. However, if the shapes
of both distributions are very even, with balanced densities, it means
that the similarity of the documents is high, and therefore, also likely
indistinguishable. The shapes of both v+ and 7, depend on the
parameters a and fi. If these are much smaller than 1 (e.g., 0.01 or
0.001), the multinomial distribution will be sparse. On the other hand,
if the parameters are much larger than 1 (e.g., 10 or 20), the
multinomial distribution will be even.

Also, based on the conjugate Dirichlet prior (e.g., @ and f}) for the
multinomial distributions, the 7, and 7, are sampled, and topic
assignments for all words used in a specific document j are determined
by na. For example, suppose that three topics are extracted from the
corpus and that 714 is a vector which contains three probabilities
constrained to the sum of the probabilities as 1. If 74 contains a very
high topic 1 proportion with two low proportion topics (e.g. 74 = (0.9,
0.1, 0.1)), most of the topic assignments of the documents are going
to be topic 1. Based on the sampled topic assignment k, the actual
words are sampled from i given topic k.

In, LDA, the corpus can be defined as the composite of the documents
j (1, ... ,J), and the document can also be considered as the composite
of the latent topics £ (1, ... ,K). The latent topic can be considered a
multinomial distribution for vocabulary categories v (1, ... ,V). The

distribution is referred to as the word distribution in topic 4 and is
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denoted as i = (Vir, ... ,yw). Similarly, the document can be represented
as a multinomial distribution for the topic category. The distribution
is called the topic document distribution in document ; and is denoted
as 1; = (T]U, ,T}Kj).

Typically, the modeling of LDA is represented as the generative
model. The generative model explicitly shows how the data is generated
by the theoretical distribution of the components in the model. The
components of the models are w;,z,n;, and 7. given the Dirichlet
parameters « = (a1, - ,ag) and f = (B1, = ,fv). The w; = (wyy, wyy, -
,Wyj) is the set of the words wj, and the corresponding topic
assignments set can be denoted as 2j = (215, 22, " ,2vj). The sizes of
the two vectors are Nj, which denotes the length of the document J.
Since the topics and words assignments are independent within and
among the documents, the model can be written as follows (Blei et al.,

2003):
(w05, vl B) = (T, 2 Wi ) 2 (2i) 2 1 i) 1)

Equation (1) can be represented as the function of w; and 2; by
integrating over i and 7. The marginalized posterior distribution can

be represented by Equation (2):
r(wj z|e, B) = [ [ ol B p(n;]x) H:il P(an|Vzm-)P(an|7]j)d77jd)’k Q)

Specifically, the marginalized posterior distribution is mainly used to
derive the Gibbs sampler p(z, = klz—4, w), where z, denotes the topic

assignment of ¢th iteration and %z, denotes the topic assignments
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excluding gth iteration. Since the 71; and i are independent, Equation

(2) can be independently treated into two components such as

N; N
S pil BT, L, pWnjl¥z, dyy and [ p(nj]a) T2, p(Zajln)dn;

Then, both parts can be rewritten as explicit mathematical forms by
using distribution expression (e.g. probability mass functions of the
multinomial and Dirichlet distribution regarding 7, @, and z). Thus,
since the Gibbs sampler is proportional to the product of both
components, it can be easily derived as follows (Griffths & Steyvers,
2004),

nl(<‘,,—)|q+8v n](,li)q_l_ak

\Y K
Z nl({jl—).q_‘_Bv Z nj(,}i)q_!_ak | (5)
v=1 k=1

p( Zq= k| Z_ g w) <

Where nf2q is the number of vocabulary v assigned as topic & except

ngy L .
for the gth assignment, ;kﬁ“ is the sum of the word frequencies

(k)
assigned as topic & except for the gth assignment, 74 is the frequency

of the words assigned as topic & in jth document except for the gth

K
®
assignment, and ;n’”q is the total number of words in document ; except
for the current assignment q.
The Gibbs sampler indicates the probability of assigning a £ topic

to the words in a document. The probability is proportional to two other
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Op

probabilities. One of the two probabilities indicates the proportion
between the topic & assignment of word v in all documents except the
current document and the total number of all words assigned to topic
k in all documents except the current document. The second probability
indicates the proportion of the assignment & in document ¢ and the

total number of the words assigned as topic & in document /.

2. Model Selection

Since the number of the topics in the model is undecided, the model
selection process is needed to obtain the appropriate number of topics
for the model. Although interpretability is critical in selecting the
number of topics, model selection also needs to be performed based
on quantitative evidence such as likelihood or posterior probability.

The posterior of the total corpus can be represented as the product

of the probabilities of all documents with a sum over the :

J
J
p(w|la, B)= HZ izlp(WpZﬂa: B
=

(4)

There are several existing solutions to maximize p(w|a,f) such as
variational methods (Blei et al., 2003), expectation propagation (Minka
& Lafferty, 2002), and Gibbs sampling (Griffiths & Steyvers, 2004)
However, since the probability of the model fitted with 7 number of
topics using a specific specification of the priors p(wlk = 1) is
intractable in LDA, the value can be approximated by taking the
harmonic mean of a set of conditional probabilities pw|z,k = T)

provided by the Gibbs sampling algorithm. The Harmonic mean method
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for estimation of the posterior likelihood was suggested by Griffiths and
Steyvers (Griffiths & Steyvers, 2004).

This method is used to approximate the p(w|k = T) using the sampled
values from the Gibbs sampler. Specifically, p(w|k = T) can be estimated

as follows:

p(wlk=T)= — = HM({p(W| 29 k=T)}3))

1 1
I Mrevrom ©)

S

where HM(-) is the Harmonic mean operator and p(wl|z(s), k = T)
denotes the s sample taken from each iteration after burn-in.

Although there are several popular fit indices based on the
information theory, most of them might be inappropriate to apply to
LDA. The indices include the Bayesian Information Criterion (BIC;
Schwarz, 1978), Akaike’s information criterion (AIC; Akaike, 1974), and
the deviance information criterion (DIC; Spiegelhalter, Best, Carlin, &
Van der Linde, 2002). However, for LDA, BIC and AIC are inappropriate
in applying the data when the number of parameters is much larger
than the sample size.

Kwak et al. (2017) also used DIC to select the most appropriate model.
They showed a detailed process of obtaining the posterior distribution
based on the Harmonic mean method

Spiegelhalter et al. defined DIC as:
DIC = D(8) + 2pp ©®)

Where IX8) denotes the deviance and can be defined as:
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D(8)=—2log (p(y|6)) ~2loghy)  (7)

where y denotes the data, € is the parameter, and p(y|6) is the
posterior distribution. Since the term —2logf(y) is only dependent on
the data y, it is naturally cancelled out when two models are compared.

The number of effective parameters pp can be defined as

pp=D(8)-D(®) 8)

where D(@) is the average deviance and can be calculated by taking

the mean of the deviances at each node of MCMC iteration, and D()
is the posterior deviance which is p(w|k = T) that is obtained based

on the Harmonic mean method in this study.

3. Determining Priors

The Dirichlet priors @ and 8 are critical in determining the estimates
of the model, and estimates such as v and 71 are direct effects of the
interpretation of the latent topic structure. Although there is no
theoretically-grounded approach for selecting the most appropriate
values for these priors (Chang, 2010; Thomas et al., 2014), Griffiths and
Steyvers (2004) explicitly suggested 50/K for . They justified their
selection to keep the sum of the Dirichlet hyperparameters as a
constant. This means that the sum is interpreted as the number of
virtual samples which contribute to the smoothing of the parameters
in the model. They also suggested 0.1 for 8.

In this study, prior of 50/k for @ was used to analyze the data. The

usage of 50/k for @ has been reported in previous empirical studies
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(Arun et al, 2010; Bir6 et al, 2009; Canini et al, 2011; Griffiths &
Steyvers, 2004; Griffiths et al., 2007; Lu, K., & Wolfram, D. 2012;
Porteous et al, 2008; Rosen-Zvi et al., 2005;). However, for B, the
number of vocabularies are much smaller than the previous studies,
and the non-informative prior 1.0 was used.

Sample. The data for this study were from three journals. A total of
1,531 journal abstracts were analyzed. 687 (44.87%) abstracts were
collected from Psychometrika, 459 (29.98%) abstracts were collected
from JEBS, and 385 (25.15%) abstracts were collected from JEM. For
Psychometirka, volumes 63 to 82 were analyzed. Each volume consists
of four issues and contains approximately 12 abstracts. For JEBS,
volumes 23 to 42 were analyzed. Each volume consists of four issues,
and approximately 12 abstracts are contained in each issue. For JEM,
volumes 35 to 54 were analyzed. Each volume consists of four issues

and contain approximately 5 abstracts.

4. Data Analysis

Stop words. Stop words are common words that are frequently used.
In text analysis, these words need to be removed because they might
dominate the topics, resulting in obscuring the latent topic structure
of the corpus. Typical stop words include words such as a, the, are,
and Js. In this study, stop words were selected within a framework that
uses term frequency-inverse document frequency (TF-IDF) score
(Robertson, 2004). The TF-IDF score is defined as the product between
the term frequency and inverse document frequency. It can be given

by Equation 9.



W
o
re
U
oz
iCS
rr
OBt
N
o
N
o
i
N
o
>
o
rH
>
@
fo

]
(TF — IDF score) = tf;x logii( dfv) )

where tf,; denotes the frequency of the v-th vocabulary in the j-th
document, J is the total number of documents, and df, denotes the
number of documents which contain v-th vocabulary. Using Equation
9, words can be assigned specific TF-IDF scores based on their
importance. For example, since the word /arent is frequently used in
document j, it might be considered the topic of the document. However,
the word /atent need not appear too frequently across all documents
in the corpus like other common words such as a, the, article, and
purpose.

Within the TF-IDF framework, low TF-IDF score vocabulary means
that particular words are more likely to be considered stop words. In
common practice, the cutoff score of the TF-IDF score is determined
to select stop words. Although the previous research on analysis of
responses to CR items suggests a quantile value of 0.12 as the cutoff
score of the TF-IDF (Kwak, et al., 2017), a clear guideline for choosing
the TF-IDF cutoff score has not yet been suggested. Also, when the
number of unique words in the corpus is increased, the number of
words determined to be stop words is increased given a fixed quantile
value. For a corpus with a large number of words, therefore, a lower
TF-IDF score may need to be used. Also, a guideline of selecting stop
words used in text mining literature (Manning, Raghavan, & Schiitze,
2008). The suggestion is that the 30 most common words roughly
account for 30% of the total unique words in a corpus. Thus, TF-IDF
cutoff scores were selected to produce approximately 30 stop words.

The TF-IDF values used in this study are summarized in Table 1.
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(Table 1) TF-IDF Cutoff Values and Number of Stop words

TF-IDF cutoff value
(number of stop words)

Psychometrika JEBS JEM Total
Journals 0.014 0.030 0.037
(29) (28) (29)
1998-2001 2002-2005 2006-20092010-2013 2014-2017 O(‘Sé)z
Years 0.05 0.05 0.04 0.012 0.012
(17) (24) (25) ©) (10)

Selection of the best-fitting model was based on the assumption that
there existed at least two topics but that as many as ten might be
present. The R package topicmodels (Hornik, & Griin, 2011) was used
to fit the LDA data.

M. Results

Descriptive statistics for the corpus are presented in Table 2. The
total sample size is 1,530, containing 2,888 unique words. The average
document length is 58 words. For Psychometrika, the number of
abstracts is 686, containing 1,260 vocabularies, and the average
abstract length is 57 words. For JEBS, the number of abstracts is 459,
containing 889 vocabularies, and the average abstract length is 46. For
JEM, the number of abstracts is 385, containing 739 vocabularies, and
the average abstract length is 41 (see Table 2).

To identify the change of the topic across time, five time intervals

were constructed. Each interval includes four years, so every
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consecutive four years were considered the same cohort. The sample
sizes for the five time intervals ranged from 209 to 385 abstracts,
containing from 310 to 758 unique words. The average abstract lengths
ranged from 22 to 49 words. In general, the number of abstracts,
vocabularies, total words, and the average abstract length increased by

time interval.

(Table 2) Descriptive Statistics of the Corpuses

number of number of number of average

documents vocabularies total words length
Total 1,530 2,888 75,862 48
(1,531) (4,383) (147,057) (94)
Psychometrika 686 1.260 38,980 >7
Y g 687) (1,890)  (71,516) (104)
JEBS 459 889 21,010 46
(459) (1,355) (42,672) 93)
JEM 385 739 15,872 41
(385) (1,138) (32,869) (85)

Note. Values in parenthesis are before removal of stop words

1. Model selection & Topic Structure of the Combined

Corpus

Based on DIC values, the six-topic model was considered to be the
best fit among candidate models for the abstracts from three journals
(see Table 1). For Psychometrika, the five-topic model was the best.
For JEBS and JEM, the four-topic model was considered the most

appropriate model.
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(Table 3) DIC for model selection

OIFliFn;zieés Total Psychometrika JEBS JEM
2 1,153,956 483,711 253,029 187,318
3 1,128,224 474,792 248,918 184,396
4 1,111,588 474,792 247,802 183,884
5 1,106,087 469,969 248,327 184,107
6 1,105,452 470,624 248,566 184,016
7 1,106,349 474,509 248,541 184,527
8 1,110,520 476,969 248,102 184,936
9 1,116,097 475,091 248,491 184,276
10 1,120,916 474,991 248,809 184,574

Additionally, the three-topic model was considered to be suitable for

all the five time interval models (see Table 4).

(Table 4) DIC for model selection

O?i;ng; 1998-2001  2002-2005 2006-2009 2010-2013 2014-2017
2 50567.98  88919.85  138492.6 2079924  220827.5
3 5034550  88536.80 1372253 2053161  217912.9
4 50353.28  88831.92 1379421  205503.7  218002.2
5 50417.71  89000.64  138623.4 2068149  219332.3
6 50503.91 8918651  139058.8  208101.0  220761.2
7 50601.42  89375.84  139403.9  209249.9  222039.2
8 50701.43  89566.76  139736.8 2102917 2231152
9 5079650  89745.87  140036.5 2111022  224076.7

10 50889.48  89922.13 1403295  211769.1  224791.2
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The latent topic structure of the total corpus is summarized in Table
5. As referenced above, the six-topic model is the best fit for the total
corpus. Specifically, Topic 1 contained words such as factor, matrix,
algorithm, component, variable, selection, rotation, number, criterion,
loading, correlation and simulated. These were characterized as being
algorithm regarding the selection of the number of factors in factor
analysis because they are closely related to the extraction of factors
based on the correlation matrix and performing the studies based on
the simulation.

Topic 2 contained words such as /atent, variable, parameter,
distribution, class, Bayesian, develop, algorithm, estimation, random,
structural, modeling, equation, monte, likelihood, carlo, mixture,
maximum, markov, missing, and multivariate. These terms can
frequently be used in Bayesian estimation, structural equation
modeling, MCMC, missing data analysis, and multivariate.

Topic 3 contained words such as jtem, test, response, parameter,
theory, ability, score, irt, design, new, rasch, multidimensional,
examinee, assumption, dif, logistic, time, polytomous, adaptive, and
equating. These words were considered as item response theory (IRT)
because the terms are closely related to the IRT and practice. For
example, Rasch, DIF, and equating are the representative model and
techniques in IRT.

Topic 4 contained words such as estimate, error, test, estimator,
sample, standard, score, statistic, distribution, procedure, asymptotic,
covariance, reliability, likelihood, parameter, maximum, interval,
estimation, variance, size, bias, mean, assumption, level coefficient,
and equation. Since these words can be used in various psychometric

contexts, especially for statistical method and theory, they can be
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considered as general psychometric words.

Topic 5 includes words such as the following: time, measure,
research, process, subject, individual, behavior, psychometric, each,
different, how, difference, choice, change, modeling, across, allow,
work, were, type, functional, person, point, empirical, discuss,
measurement, series, into, response, and dynamic. Since these words
tend to be used in various contexts in the abstract, we can define them
as general academic words.

Topic 6 includes words such as the following: weight, scale,
coefficient, regression, set, linear, table, array, category, number, rank,
value, predictor, probability, threeway, correlation, three, kappa, class,
any, vector, sld, contain, association, binary, function, represent, equal,
all, and decomposition. This topic represents the weight/scale issue,
regression, and agreement analysis because it contains words such as

weight, scale, regression, coefficient, and kappa.

(Table 5) Topic structure of the journal abstracts in the three journals

Abstracts of the Three Journals
Topicl Topic2 Topic3 Topic Topic5 Topich
1 anaysis 0038 propose  0.031 item 0082 method 0.0 test 0079  effecc 003

2 facor 0018 approach 0.027 response 0045 estimate 0037 procedure 0023  student  0.016
3 dgorithm 0017  variable 0026 parameter 0030  score 0034 distribution 0016  sample  0.015
4 structure 0014 latent  0.025 theory 0016 eror 0023 statistic 0015 estimator 0013
5  marix 0012 illusrae 0015 dif 0013  were 0016  bae 0010 size 0013
6 two 0011  likelihood 0.013 time 0012 design 0013 sid 0.010 regression  0.012
7 probem 0010 present 0012  informaton 0011  goup 0013 how 0009 random 0012
8 they 0010 modeling  0.010 ability 0011  equating 0012  more 0009 level 0.012
9  duser 0010 estimation 0.010 fit 0011 difference  0.011 they 0009 measwre 0011
10 set 0009 bayesian  0.010 irt 0011  compare 0010 examinee 0008 coefficient 0.010
1 all 0009 maximum 0009  estimaton  0.007 two 0009  scale 0008  such  0.009
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Abstracts of the Three Journals

Topicl Topic2 Topic3 Topic Topic5 Topich

12 component 0009 example 0009 differential 0006 standard 0009  other 0007 bias 0.009
13 value 0009 framework  0.009 three 0006 different 0009  under 0007 power  0.009
14 paper 0008 muliple 0.008 process 0005  mean 0008 one 0.007 individual  0.008
15 new 0008  paper 0007 multidimensional 0.005 function 0008 demonstrate 0.006 correlation 0.007
16 common 0008 equation 0.007 logistic 0005  linear 0008 interval 0006  lage  0.007
17 apply 0007  discuss  0.007 trait 0005 sample 0007 statistical 0006 covariate 0.007
18 covariance 0007  develop  0.007 selection 0.005 foorm  0.007 rate 0006  between  0.006
19 its 0006  genera  0.007 each 0.005 test 0007 through 0006  author  0.006
20 ou 0006  obtan 0007 between 0005 more 0006 number 0005 treatment 0.006
21 solution  0.006 structural  0.006 application 0005  assess 0005 assessment 0005  school  0.006
22 number  0.006 real 0.006 difficulty 0.005 than 0005 asymptotic 0005 variance  0.006
23 assumption  0.005 multivariate 0.006 accuracy 0.005 each 0005  empirical  0.005 than 0.006
2% base 0.005 order  0.005 set 0.005 scale 0.005 than 0005  weight  0.006
25 function  0.005 cass  0.005 may 0005 reliability  0.005 only 0.005 performance 0.006
26 simple 0005 application 0.005 compare 0004 evaluate 0005 educationa 0005 gade 0005
27 identify 0005 analyze  0.005 person 0.004 most 0004 research 0005 perform  0.005
28 give 0005 between  0.004 base 0.004 set 0004 index 0005 hierarchical 0.005
29 condition 0004 monte  0.004 investigate 0.004 true 0.004 but 0004  present  0.005
30 well 0.004 sld 0.004 detect 0004  subject  0.004 confidence 0.004 two 0.005

Results suggested that the six extracted topics could be characterized
as factor analysis, Bayesian estimation & SEM, IRT, general
psychometric words, general academic words, and weight / scale /

regression and agreement analysis.

2. Topic Structure by Journals

This section discussed the topic structures of the three journals. Three
different topic structures corresponding to the three analyzed journals

are shown in Table 6.



Topic Modeling of Psychometric Journals Based on Latent Dirichlet Allocation | 47 |

The latent topic structure of the Psychmetrika was summarized in
Table 6. As referenced in the model selection section, the five-topic
model was the best for the journal abstract. Topic 1 contained words
such as analysis, factor, matrix, algorithm, component, new and
solution. These were characterized as being the new algorithm of
solutions regarding factor analysis. Topic 2 contained words such as
method, variable, bayesian, develop, algorithm, estimation, random,
structural, modeling, equation, monte, structural, equation, and
modeling. These were similar to the Bayesian estimation and structural
equation modeling. Topic 3 contained words such as item, rest,
response, parameter, theory, ability, score, irt, design, new, rasch,
multidimensional, —examinee, assumption, dif, logistic, time,
polytomous, adaptive, and equating. These words were considered as
IRT. Topic 4 contained words such as estimate, error, test, estimator,
sample, standard, score, statistic, distribution, procedure, asymptotic,
covariance, reliability, likelihood, parameter, maximum, interval,
estimation, variance, size, bias, mean, assumption, level, coefficient,
and equation. These are general psychometric words. Topic 5 includes
words such as they, approach, scale, process, fit, modeling, class, and

cluster. These are scale/class and general academic words.

(Table 6) Topic structure of the journal abstracts in Psychometrika

Abstracts of Psychometrika

Topicl Topic2 Topic3 Topic4 Topic5
1 andysis 0025 method 0.037 item 0.056 estimate 0.029 can 0.027
2 factor 0.021 variable 0.035 test 0.051 used 0.020 they 0.012
3 agorithm 0018 propose 0.030 response 0.038 when 0.019 approach 0.012
4 matrix 0.018 latent 0025  parameter 0.035 error 0.016 which 0.010
5  procedure  0.018 approach 0.013 time 0.012 distribution 0.016 scale 0.010
6 set 0.016 function 0.011 score 0.011 not 0.015 between 0.010
7 new 0.012 develop 0.009 theory 0.010 sample 0.014 general 0.009
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Abstracts of Psychometrika
Topicl Topic2 Topic3 Topic4 Topic5
8 which 0.011 al 0008  estimation 0.009 than 0.012 fit 0.009
9  provide 0010 illustrate 0.008 ability 0.009 estimator 0.011 modeling 0.008
10 component  0.009 bayesian 0.008 irt 0.007 likelihood 0.010 such 0.008
1 sld 0.009 nurmber 0.008  information 0.006 weight 0.010 class 0.008
12 solution  0.009 equation 0.008 rasch 0.005 standard 0.010 each 0.008
13 two 0008  measwement  0.008 logistic 0.005 effect 0.009 apply 0.007
14 structure  0.008 assumption 0.007 two 0.005 coefficient 0.008 cluster 0.007
15 propose  0.007 analysis 0.007 discuss 0.005 random 0.008 both 0.007
16 compare  0.006 measure 0.007 more 0.005 maximum 0.008 present 0.007
17 how 0.006 two 0.006 design 0.005 regression 0.008 illustrate 0.006
18 method 0005 allow 0.006 covariate 0.005 example 0.008 problem 0.006
19 term 0.005 obtain 0006  hierarchical  0.004 covariance 0.007 include 0.006
20 score 0.005 monte 0.006 both 0.004 level 0.007 different 0.006
21 problem  0.005 analyze 0.005 identify 0.004 give 0.006 more 0.006
22 simultaneous  0.005 design 0.005 class 0.004 may 0.006 our 0.006
23 square 0.005 structural 0.005 such 0.004 present 0.006 well 0.005
24 array 0.004 across 0.005 present 0.004 statistic 0.006 multiple 0.005
25 can 0.004 its 0.005 trait 0.004 interval 0.006 type 0.005
26 discuss 0.004 present 0.004 multidimensional  0.004 table 0.005 difference  0.005
27 muiple  0.004 application 0.004 three 0.004 estimation 0.005 introduce 0.005
28 correlaion  0.004 not 0.004 common 0.004 one 0.005 order 0.005
29 dynamic  0.004 property 0004 nonparametric  0.004 under 0.005 structure 0.005
30 object 0.004 which 0.004 statistic 0.004 structural 0.005 individual 0.005
The latent topic structure of the JEBS corpus was summarized in Table
7. The four-topic model was the most appropriate for the JEBS

abstracts. Topic 1 contained words such as algorithm, procedure,

matrix, cluster, new and component. These were characterized as being

new algorithm and procedure of component and cluster analysis. Topic

2 contained words such as theory,

variable, bayesian, compare,

regression, and between. These were similar to the Bayesian estimation

and comparison. Topic 3 contained words such as item, test, response,

parameter,

multidimensional,

theory,

ability,

examinee,

score,

irt,

design,

assumption,  dif,

new,

logistic,

rasch,

time,
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polytomous, adaptive, and equating. These words were considered as
IRT topic. Topic 4 contained words such as estimate, error, test,
estimator, sample, standard, score, statistic, asymptotic, covariance,
interval, estimation, variance, size, bias, mean, coefficient, and

equation. These are general psychometric words.

(Table 7) Topic structure of the journal abstracts in JEBS

Abstracts of JEBS
Topicl Topic2 Topic3 Topic4
1 agorithm 0.021 method 0.023 test 0.051 estimate 0.027
2 present 0.016 variable 0018 item 0.051 distribution 0.021
3 procedure 0.015 two 0.015 parameter 0.030 variable 0.017
4 matrix 0.014 set 0.011 response 0.030 sample 0.013
5 than 0.012 latent 0.011 latent 0.012 error 0.013
6 approach 0.012 estimation 0.010 order 0.012 estimator 0.012
7 problem 0.011 give 0.010 method 0.011 structure 0.011
8 cluster 0.011 compare 0.009 sld 0.010 factor 0.009
9 between 0.009 factor 0.009 different 0.009 more 0.008
10 sid 0.009 bayesian 0.008 irt 0.009 asymptotic 0.007
11 component 0.009 weight 0.008 theory 0.009 standard 0.007
12 new 0.009 class 0.008 random 0.008 covariance 0.007
13 obtain 0.008 application 0.008 ability 0.007 equation 0.007
14 solution 0.008 regression 0.008 three 0.007 new 0.007
15 other 0.008 design 0.008 information 0.006 well 0.007
16 method 0.007 coefficient 0.007 statistical 0.006 one 0.007
17 example 0.007 score 0.007 score 0.006 develop 0.007
18 array 0.007 modeling 0.007 measurement 0.006 assumption 0.007
19 linear 0.007 function 0.007 polytomous 0.006 likelihood 0.007
20 scale 0.007 between 0.007 approach 0.006 fit 0.006
21 measure 0.007 effect 0.006 derive 0.006 variance 0.006
22 square 0.007 discuss 0.006 both 0.006 discuss 0.006
23 several 0.006 include 0.006 person 0.006 procedure 0.006
2% consider 0.006 exist 0.006 general 0.005 interval 0.006
25 time 0.006 more 0.006 behavior 0.005 condition 0.006
26 both 0.006 how 0.006 describe 0.005 general 0.005
27 point 0.005 demonstrate 0.006 local 0.005 structural 0.005

28 all 0.005 scale 0.005 all 0.005 subject 0.005
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29 set 0.005 number 0005  multidimensional 0.005 each 0.005
30 empirical 0.005 performance 0.005 type 0.005 introduce 0.005

The latent topic structure of the JEM corpus is summarized in Table
8. The four-topic model was also the most suitable for the corpus. Topic
1 contained words such as method, algorithm, factor, new and cluster.
These were characterized as being new algorithm and procedure of
factor/cluster analysis. Topic 2 contained words such as /atent, method,
Bayesian, compare, and calro. These can be considered as Bayesian
estimation and comparison. Topic 3 contained words such as irem, test,
response, parameter, theory, ability, score, irt, design, new, rasch,
multidimensional, examinee, assumption, dif, logistic, time,
polytomous, adaptive, and equating. These words explicitly represent
the IRT topic. Topic 4 contained words such as estimate, error, test,
estimator, sample, standard, score, statistic, asymptotic, covariance,
interval, estimation, structural, modeling, and equation. These are

general psychometric words & SEM.

(Table 8) Topic structure of the journal abstracts in JEM

Abstracts of JEM
Topicl Topic2 Topic3 Topic4
1 method 0.028 latent 0.018 test 0.05 variable 0.032
2 algorithm 0.022 theory 0014 item 0.049 estimate 0.029
3 matrix 0.017 used 0014 response 0.032 distribution 0.017
4 factor 0.017 parameter 0.013 parameter 0.016 sample 0.017
5 set 0.013 class 0.013 procedure 0.012 error 0.013
6 function 0012 sld 0012 one 001 estimator 0013
7 solution 0.011 approach 0.012 indude 0.008 sld 0.013
8 procedure 0.009 method 0.009 random 0.008 covariance 0.011
9 new 0.009 structure 0.009 person 0.007 discuss 0.01
10 example 0.008 behavior 0.009 information 0.007 coefficient 0.009
11 approach 0.008 present 0.008 irt 0.007 effect 0.009

12 problem 0.008 multiple 0.008 fit 0.007 more 0.008
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13 present 0.007 probability 0.007 rasch 0.007 asymptotic 0.008
14 number 0.007 regression 0.007 both 0.006 condition 0.007
15 least 0.007 bayesian 0.007 some 0.006 standard 0.007
16 all 0.007 time 0.007 apply 0.006 modeling 0.007
17 than 0.006 problem 0.007 ability 0.006 structural 0.007
18 array 0.006 subject 0.007 selection 0.006 may 0.007
19 were 0.006 give 0.006 each 0.006 variance 0.007
20 apply 0.006 compare 0.006 score 0.006 measure 0.006
21 develop 0.006 measure 0.006 give 0.006 only 0.006
2 cluster 0.006 underlying 0.006 assumption 0.006 size 0.006
23 strategy 0.005 estimation 0.006 describe 0.005 normal 0.006
2% order 0.005 between 0.006 nonparametric 0.005 equation 0.005
25 compare 0.005 carlo 0.006 three 0.005 assume 0.005
2 most 0.005 alternative 0.006 latent 0.005 structure 0.005
277 reliability 0.005 such 0.005 factor 0.005 common 0.005
28 general 0.005 logistic 0.005 case 0.005 bias 0.005
29 equation 0.005 interest 0.005 polytomous 0.005 between 0.005
30 coefficient 0.005 both 0.005 more 0.005 fit 0.005

In summary, the IRT topic consistently appeared in the three journals.
However, while the term rasch appeared in JEM and Psychometrika,
it did not appear in the topic of JEBS. Also, while Psychmetrika contains
words nonparametric and multidimensional, the other two journal
contains only one of them. Also, general statistical words were
consistently used across the journals. Although JEM and Psychometrika
contains words which are closely related to SEM, the abstract of JEBS

does not demonstrate such words explicitly.

3. Topic Structure Evolution by Time interval

This section discussed the topic change by time. Since the single
cohort consists of four consecutive years, five intervals were used to
analyze the topic change trends of the three journals. Table 9 showed

the topic structure according to the five time intervals.
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The latent topic structures of the five intervals were similar with one
another. This means that the abstracts of a specific time interval are
similar with the abstracts from another time interval. For example, in
the collection of the abstracts from 1998-2001, three topics were
extracted, and these can be labeled as follows: Topic 1 might be related
to factor analysis and test; Topic 2 is likely to reflect issues related to
IRT: and Topic 3 can be considered as a topic regarding test theory
& estimation method. Although the specific contents of the topic (e.g.,
top 30 words in each topic) varied over time, the general topic structure
of the three topics was similar to one another.

Since the overall topic structures over the time intervals can be
considered consistent, the top 30 words in each topic can be compared
to show topic change across different time intervals. First, in the
1998-2001 abstracts, Topic 1 contains words such as method, factor,
item, variable, procedure, polytomous, component, and Jlevel This
topic can be considered as factor analysis. Topic 2 is about IRT and
multivariate analysis because it contains words such as response, item,
algorithm, test, class, cluster, irt, and multivariate. Topic 3 is about
test theory & estimation method, and it contains words such as /atent,
parameter, estimation, estimator, sample, and empirical. Specific topic

structure is summarized in Table 9.
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(Table 9) Topic structure of the three journal abstracts

Topic 1 Topic 2 Topic 3

method  0.033 polytomous 0.010 response  0.029  sample  0.009 latent  0.027 estimator  0.009
facor 0027  theary  0.010 algorithm  0.024 asymptotic 0.009 use 0.023 relationship 0.009
item 0025 present  0.009 item 0021 compare 0.009 test 0.021 they  0.009
approach  0.021  sudy  0.009 test 0016 factor  0.008 parameter 0018  new  0.009
variable 0019 score  0.008 dass 0015 each 0008 present 0016 than  0.009
estimate  0.018 set 0.008 number  0.013 fit 0.008 gve 0015 form 0009
procedure  0.018 parameter 0.008 can 0012  tpe 0008 structural 0014 wsed  0.008
1998-2001  distribution 0.017  these  0.008 from 0012 eror 0008  distribution 0.012 problem 0.008
from 0015 two 0008 have 0011 irt 0.007 variable 0012 interval  0.008
can 0013 function 0.008 custer 0011  theary  0.007 between 0010  sample  0.008
covariance 0012 normal  0.008 two 0010 estimate 0.007 marix 0010  abiliy  0.008
ued 0011  hae 0007 structure 0.010  equation  0.007 general 0009 empirical 0.008
when 0011 one 0.007 order 0010 multivariate 0.007 estimation  0.009 reliability ~ 0.008
test 0.010 component 0.006 statisic ~ 0.010 framework 0.007 study 0009 include  0.008
marix 0010 level  0.006 set 0009 random 0007  maximum 0009  can 0007
method 0032 theory  0.009 item 0041 hae 0009 test 0034 function  0.008
factor 0025  linear  0.008 response 002  theory 0009  procedure 0.024 correlation 0.008
variable 0021 how 0008 two 0016  both  0.008 use 0.020  estimator  0.008
latent 0021  these  0.007 study 0014 present  0.008 estimate  0.014  present  0.008
approach 0017 muldple 0007  distribution 0.012 fit 0.008 when 0013 condition 0.008
algorithm 0,015 asymptotic 0.007 parameter 0012 ability  0.007 sample 0012 than  0.007
illustrate  0.012 application 0.007 provide 0012 estimate  0.007 structural - 0.011  likelihood  0.007
2002-2005 number 0011 assumption 0.007 irt 0.011 use 0.007 matrix 0010 least  0.007
parameter  0.011 set 0.007 order  0.011 component 0.007 structure  0.010 one 0007
from 0011  hae 0007 soluion 0011  cluster ~ 0.007 interval 0010 maximum  0.007
measure 0010  more  0.007 set 0011 das 0007 new 0010 scale 0006
incdude 0010  das  0.006 compare 0011  general  0.006 parameter  0.010  study  0.006
not 0009  three 0006 apply 0011  these  0.006 ued 0009 example 0.006
between  0.009 rotation  0.006 test 0.009 demonstrate 0.006  covariance 0.009 equation 0.006
wed 0009 into  0.006 they 0009 rasch 0006 score 0009 from 0006
method 0029  three  0.008 item 0038 between 0.007 test 0.028 asymptotic 0.008
propose 0022 maximum 0.008 response  0.028  provide  0.007 varisble 0028  when  0.008
approach  0.019 illustrate  0.007 parameter  0.022 give 0007 estimate  0.021  effect  0.008
from 0015 compare 0.007 latent 0017  tme  0.007 procedure  0.017  interval  0.008
2006-2009 algorithm 0015  when  0.007 theory 0012 fit 0007  distribution 0.016 regression 0.008
present 0014 square 0007 factor ~ 0.012 all 0.006 not 0016  different  0.007
factor ~ 0.013 function  0.006 they 0010 framework 0.006 marix 0014 obtain  0.007
class 0012 describe  0.006 two 0.010 type 0.006 estimator  0.012 may 0.007
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Topic 1 Topic 2 Topic 3

structure  0.011  application 0.006 wed 0010 modeling 0.006 sample 0011  level  0.007
number 0010  general  0.006 set 0.010 measurement 0.006 estimation  0.010 likelihood ~0.007
component 0009  between  0.005 test 0009 distribution 0.006 under 0009 equation 0.007
cluser 0009  point 0005  assumption 0.009 rasch  0.006 stuctur 0009 from  0.007
two 0.008 information 0.005 ilustrate 0009 value 0006  covariance 0.009 statistic  0.007
solution  0.008 set 0.005 apply 0009  scde 0005 error 0009 indude 0.006
problem 0008 rotation  0.005 irt 0008 mean 0005 than 0008 normal  0.006
analysis 0024 structure  0.008 model 0110 not 0.007 test 002  provide  0.009
propose 0018  number  0.008 item 0031 random 0.007 estimate .02 procedure 0.008
method 0018  problem  0.008 response  0.025 information 0.006 variable 0019 when  0.008
factor 0017 coefficient  0.007 latent  0.017 irt 0.006 study 0018  hae 0008
from 0016 solution 0.007 approach 0014 more 0006  distribution 0.015 simulation 0.008
sld 0015  square  0.007 which 0014 bayesian 0.006 we 0014 covariance 0.008
algorithm 0014  cluster ~ 0.007 can 0013 between 0.006 show 0014 structural  0.008
2010-2013 marix 0013 all 0007  parameter 0013  they  0.006 sample 0012 not  0.006
set 0011  scale 0007 dass 0012  design  0.005 method 0012 than  0.006
procedure 0010 such  0.006 test 0.012 alternative  0.005 error 0011  statistic  0.006
these 0009  they 0006 present 0012 type  0.005 measure  0.010 asymptotic  0.006
have 0009 two 0006 ued 0011 fit 0.005 estimator 0009 under  0.006
ue 0009 different 0.005 order 0008 person  0.005 ilustrate  0.009  normal  0.006
example  0.009 component 0.005 theory 0007 process  0.005 estimation 0009  two 0.006
discuss 0008 several  0.005 both 0007 new 0005 parameter  0.009  reliability  0.005
method 0027  from  0.008 model 0105 application 0.007 test 0031 uwed 0008
analysis  0.027  solution  0.007 item 0032 simulation 0.007 estimate  0.020 parameter 0.007
sld 0017  structure  0.007 response  0.023 fit 0.007 variable 0016 score  0.007
propose 0015 problem  0.007 latent 0016 type  0.007 study  0.015 estimation 0.007
which 0015 square 0007 parameter 0015  show  0.007 show 0012 propose  0.007
factor 0015  cluster ~ 0.007 can 0013  these 0007 use 0011  structural  0.007
algorithm  0.014  procedure  0.007 dass 0011  such  0.006 sample 0011  from  0.007
2014-2017 have 0013 example 0.006 two 0011 irt 0006 distribuion 0.011  develop  0.006
approach 0012 more  0.006 illustrate 0010  from  0.006 procedure  0.011 only 0.006
marix 0010 than  0.006 we 0010 scde 0005 not 0010 nomal  0.006
these 0009 number 0.006 present  0.010 framework 0.005 coefficient  0.010  likelihood ~ 0.006
set 0.009 give 0.006 between  0.008 its 0.005 provide 0010 function  0.006
they  0.009 not 0.006 discuss  0.008 introduce  0.005 when 0009 reliability 0.006
variable  0.008 al 0.006 both 0007 modeling 0.005 estimator  0.008  general  0.006
component 0.008  error  0.006 random 0007 process  0.005 covariance  0.008 regression  0.006




Topic Modeling of Psychometric Journals Based on Latent Dirichlet Allocation | 55 |

For the abstracts from 2002-2005, Topic 1 can also be categorized
as factor analysis, while Topic 2 is IRT. Topic 3 is test theory &
estimation method & SEM. Compared to the period from 1998-2001,
in Topic 1, item and test related words did not appear frequently. On
the other hand, words such as asymprotic, assumption and rotation
occurred for the first time in Topic 1. In Topic 2, which is closely
related to IRT, terms such as rasch, cluster, and class initially appeared.
In Topic 3, most of the words are very similar to the previous topic,
but structural equation modeling seems to appear for the first time.

For abstracts from 2006-2009, the topic structure seems to be
consistent with the two topic structures of the previous time intervals.
Specifically, in Topic 1, the term c/uster appeared for the first time.
In Topic 2, Rasch is still appearing in the topic, and the new term time
is included in the topic. Also, the term cluster seems to move from Topic
2 to Topic 1. In Topic 3, terms such as regression and asymptotic
initially appeared.

For abstracts from 2010-2013, Topic 1 did not show a manifest
difference from the previous years’ topics. However, for Topic 2, Rasch
did not appear, and new terms such as Bayesian, latent, and class
appeared. Also, for Topic 3, the frequency of words related to SEM
seemed to have decreased from previous years.

For abstracts from 2014-2017, most of the topic structures were
consistent with the 2010-2013 abstracts. However, in Topic 2, terms
such as Bayesian and Rasch disappeared.

In summary, regardless of the time interval, topics can be categorized
into three major topics as follows: factor analysis & multivariate, IRT,
and SEM with general psychometric issues. In the late 1990s and early
2000s, SEM was not popular. In the mid-2000s, the Rasch model and
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mixture model were discussed frequently compared to previous times.
Also, structural equation modeling seems to appear for the first time.
During 2006-2009, time issues were discussed in IRT, and after 2010
the Bayesian framework and mixture model were frequently discussed

in the abstract.

IV. Discussion

This study seeks to identify the topic structure of the abstracts
collected from the psychometric journals using LDA. The objectives of
the research are to suggest the topic structures for three different
journals and the topic changes over the time period from 1998 to 2017.
The results suggested that the six extracted topics could be
characterized as factor analysis, Bayesian estimation & SEM, IRT,
general psychometric words, general academic words, and
weight/scale/regression and agreement analysis. For the analysis with
the individual journal level, the structures of the three journals were
very similar except that JEM and Psychometrika contained more
abstracts related to Rasch than does JEBS. Also, both journals might
include more abstracts related to SEM than JEBS does. For trend
analysis, the topics can be categorized into three major topics,
including factor analysis, IRT, and general psychometric. This result
indicates that psychometric research trends vary over the past 20 years.
The distinguishable point is that SEM was going to be popular in the
mid-2000s. At the same time, the Rasch model and the mixture model
were discussed frequently. Also, four years after that time, the issue

of speediness was discussed in IRT, and the Bayesian framework and
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mixture model were frequently discussed in abstracts.

This study also needs improvement in some areas. First, the stop
words in this study were selected based on TF-IDF framework. Although
a previous study (Hornik, & Griin, 2011) suggested the median value
of the scores, it tended to eliminate important words contributing to
the construction of a meaningful topic. To avoid removing important
words, a far less value of TF-IDF scores were applied in this analysis.
Although the results seem to be reasonable in that only common words
were removed, a theoretically-grounded approach will be discussed in
a future study.

Second, the range of the time intervals needs to be extended to show
more distinctive change by time interval. For example, during the past
20 years, the topics appearing in psychometric journals seem to be
consistent, even though there are some small differences across the
years. If the time interval includes many years, the change of the topic
structure should be clearer.

Third, a model selection method based on DIC was performed.
Although DIC seems to work, model selection issues in LDA are still
controversial. The research in model selection criteria is still ongoing
in the field of LDA. For instance, explanatory data analysis framework
can be applied to the model selection process. Especially, data
visualization (DV) has potential usefulness in exploring the most
appropriate number of topics in LDA. Specifically, it was suggested that
the visualization of high-dimensional data could be an important
exploratory tool for data analysis tasks, which are actively studied by
various academic communities (Le & Lauw, 2016). Alexander and
Gleicher (2016), in particular, proposed an approach that facilitates the

comparison of multiple models. The fundamental goal of the technique
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is to show the similarity between one model and another. For future

studies, we can apply the DV approach to the model-selection process.
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In-depth Understanding on Institutionalization of Civic

Education

Jeong—gon Kim*

ABSTRACT

I have studied on which Institutes and Organizations(Korean Civic
Education Institute, National Assembly Research and Training Institute,
Institute for Unification Education, Ministry of Education, National
Institute for Lifelong Education, Korea Democracy Foundation, Civic
Organizations) are reasonable and appropriate for Civic Education
Institute by four criteria. The four criteria are political neutrality and
independency, experience and expertise, nation-wide organization,
applicability of existing human resources and budget. The most
important criterion of those criteria is political neutrality and
independency. On the basis of political neutrality and independency,
the Korean Civic Education Institute(KOCEI) of the National Election
Commission(NEC) is the most excellent. The NEC is such an
independent organization as the fifth branch independent from the
other constitutional branches. The NEC has nine Commissioners. Three
are chosen by the President, three are chosen by the National
Assembly, and three are chosen by the Supreme Court. Customarily,
one of the Commissioners chosen by the Supreme Court is also a
Supreme Court judge, and is elected as Chairperson. Thus the President
or the ruling party cannot influence on the NEC's mission. As a result,
the KOCEI could be the neutral and independent Civic Education
Institute with nationwide organization at the least cost.

Keywords: Civic Education, Institutionalization, Korean Civic
Education Institute(KOCEI)
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g E]o] et A& 501, 222 SHIA FAAT] 44T B4 5= A5k
o] A Fete] 7fA/de metste FAlol #A9] A& wetste H 2%
T UAthe TRolA BATLTE Hadt AT Rt A-=0] Mg E o] i
o148 2004; 79/ 448t 2002; AAHE 2014; FAX 9 2015; 4718 2005,
2006a, 2006b, 2007, 2008a, 2011, 2012, 2016; ¥4 2002; A& 22k
2015). ¥H AR A& SO gk A4t B4 v Esi3len, o] E
AAHEO] A& A} 11 57} 5ol 49 23 o] S o HTHH Y- A4
2002; AT -AA - F=HE 2013; AP E-HSHE 2016; Shin, Jin, Gross a
Eom 2005).

ofHAE BRI A& AT F
ATe FEEA Fohal AP = -AXsH FE; 2013). 344
(AAHE&o 2 A=A ofst= H-&)oll 7 J 224
AAHEGH AAREe] X&o] et AA7L Qe sfolls BAA T A&°
|3 AARELE A=, AAZ e sfoll
Zo] FEH. 39U 47 F AAZE 3
AABEL] A=o] Higt oHA9] o] mEFth= 2
4g F2ol 7h)rﬂ°1 = 2 QulRith. 53] 53]2
AAUER] A& T HTEZ o]of tiet A+ A= S SEAIZIAL Utk

= A= j_fﬂ-J of izt 2= A& 5 AAHEL AAAE Al&e] 2
o] A AFsHA A= A= Aol digt AEHE FAstaA St Yozt
AAHEL] AT A&9 R8s AlEste], FF XA A+t =53] A+
£ AFA7]= bl 7]ofstaAt; gt & A-9] ojef Z ]EL A= F94

CL-‘?E F—‘.’L



| 112 | S78E=3 | 20204 7t b3 3%

I. 712 9+ A&
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gt A(FJA 2004; Jacobson 1976) 5°] HHEZ FFolct.
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and Shields 1999)9] A= 22 Al7], 181l 22 tiif2 EA6HHAT A=
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AAZT, 123 AATH HSEE s &
A = o7}, Qi&Etr|s]o]

9 A= AABIEANA TP Fare] Attt FES A&k Ao| f-EA
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1995; Ansolabehere, Iyengar, Simon and Valentino 1994; ¥71% 2005).

AARE A&9 F WA =9 =AY} @AA] AAHE A|&0] SH9
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29=, W7IE(Glantz, Abramowitz and Burkart 1976)9] A+EE Ao|F<&
S 99 A= 99 Hop JuwstE At Ansolabehere and Gerber 1994;
Erikson and Palfrey 1998:. Jacobson 1976, 1978, 1990; Kenny and

i

el

o
filo
WL
=
g
By
T



HAHIER XZ2 dret & Q= HIE7r? | 113 |

McBurnett 1992).
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d 2] 8-
20159 | A= (51.9%) (14.1%) (54.4%)
. 164,799,505 | 247,955,575 | 189,057,155
(100%) (100%) (100%)
2] 53,163,466 119,515,073 | 35,405,559
=° (20.5%) (38.4%) (13.9%)
. 205,603,525 | 191,882,429 | 215,094,441
3 =
201649 | A EE] (79.5%) 61.6%) (84.4%)
) 258,766,991 | 311,397,502 | 250,500,000*
= (100%) (100%) (98.3%)
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Hod HM3=

(& 5) QI7dHl M=E HIS

A= =g &= A4

R 20159¢ | 20164 | 20154 | 20169 | 20159 | 20164
AFEZIR] | 4,300,000 | 2,000,000 (125,900,000| 66,850,000 | 20,952,916 | 12,000,000
ol 7] (15.1% | G2.0% | (96.2% | (99.6% | (83.5% | (73.9%)
AFEIA] | 24,200,000 47,000 0 0 748,491 41,500
ojH] (84.9%) (0.8%) (0%) (0%) (3.0%) (0.3%)
A4

e 0 4,210,000 | 4,972,500 | 300,000 | 3,380,588 | 4,193,280

0%) (67.3%) (3.8%) (0.4%) (13.5%) | (25.8%)

Q1]

A 28,502,015 | 6,259,016 |130,874,515| 67,152,016 | 25,084,010 | 16,236,796
= (100%) (100%) (100%) (100%) (100%) (100%)
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% 7P 2 HSE Ao TE2 AMRA dAtEe AFRA F3aaoldth
201599 B9, A4 dXtEs =3d U 27.2%, A-EH 292 37.3%,
a3 A 992 10.8%F AASIAH. AHREA 3387 Aol =3
o192 56.3%, A&H UL 41.1%, 13 AAA 9L 16.7%S AHA|5F3Th
201699] A%, AHRA HA-2F B0l 20159} B sto] 4JFs] FolE
4 At} CE 6) SR “GA 0| AAE AHE HE =39 qlolA

_%
B SRl ARFA A2 18 Adigde] A7 /i
3

A= =3 8= A4
Ax 20159 | 20169 | 2015¥ | 20169 | 2015¢ | 20164
AFR:A | 1,100,000 0 0 0 0 0
Boigu | 2.2%) (0%) (0%) (0%) (0%) (0%)
AMEA 13,826,400 | 22,516,981 | 30,610,800 | 18,915,066 | 6,620,499 | 6,376,360
AQxlm | (27.2% | (48.0% | (37.3% | (36.1% | (10.8%) | (33.3%)
AP A | 2,843,130 | 2,310,144 | 6,120,240 | 6,352,700 | 7,947,631 | 2,916,916
EZ7u]  (5.6%) (4.9%) (7.4%) 12.1% | (13.0% | (15.2%)
AREA
o 0 60,500 | 2,226,900 | 500,500 700 166,000
0 (%) ©01% | @7% | 10w | 00% | 0.9%
TR
AFREA | 1,395,400 | 2,202,200 | 1,522,150 | 804,100 | 1,524,150 | 1,682,049
S.93n 2.7%) (4.7%) (1.9%) (1.5%) (2.5%) (8.8%)
AFREA 28,635,181 | 18,333,771 | 33,799,435 | 19,836,207 | 10,175,905 | 6,009,354
ZTzaF | (563% | (39.1% | (41.1% | (37.9% | (16.7%) | (31.3%)
AR A 0 0 4,000,000 0 0 0
AAsIF 0% (0%) (4.9%) (0%) 0%) (0%)
AFEZA | 3,018,600 | 1,482,870 | 3,876,500 | 5,956,500 |34,813,160| 2,020,100
71t ¥]& | (.9%) (3.2%) (4.7%) (11.4%) | (57.0% | (10.5%)
1) 50,820,726 | 46,908,482 | 82,158,040 | 52,367,089 | 61,084,060 | 19,172,795
- (100%) (100%) (100%) (100%) (100%) (100%)
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(B 7) XgsH Xg e g=
AR F= =37 ALH A4
= 20159 | 20169 | 20159 | 20169 | 20159 | 20164
) 41,411,630 24,853,870 | 16,998,250 | 17,371,000 | 27,482,180 | 14,445,170
o= 48.4%) | (12.1%) (48.7%) (9.1%) (26.7%) 6.7%)
A5 44,069,860| 42,800,000 | 17,928,800 169,319,500 14,817,250 | 64,335,115
=TEo G1.6% | (0.8% | (13% | (882% | (144% | (29.9%
o] g x|t 0 0 0 0 0 0
A H] 0% (0% 0% (0% %) (0%
e 0 |137.949,544 0 0 0 124,680,813
== (0%) 67.1%) 0%) %) %) (58.0%)
1 s8re] -696** 0 0 5,191,929 | 60,593,685 | 11,633,343
73H] (0.0%) (0% 0% (2.7%) (58.9%) (5.4%)
= 0 0 0 0 0 0
S g)*
AAREE gy 0% 0% %) %) %)
34 85,482,809(205,605,430 | 34,929,065 | 191,884,445 |102,895,130(215,096,457
= (100% | (100%) (100%) (100%) (100%) (100%)
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(B 8) MAEJHUH| N=SYE HIS
A= 3= AEH A3
Ax 20159 | 20169 | 2015¥ | 20169 | 2015¢ | 20164
HAALA 0 0 0 0 0 0
£ Ayl (0% (0%) 0%) (0%) (0%) (0%)
A2 7| 9,200,000 | 7,000,000 0 0 4,200,000 | 13,694,170
Z1EAH] | (22.2%) (28.2%) (0%) (0%) (15.3%) (94.8%)
HALS | 495,000 0 0 0 0 0
AH] (1.2%) (0%) 0%) (0%) (0%) (0%)
A& A 0 0 10,345,750 | 7,468,000 | 9,800,000 0
oJZ2xAH]| (0% (0%) (60.9%) (43.0%) (35.7%) (0%)
A& A 0 0 0 2,500,000 0 0
|9 (0%) (0%) (0%) (14.4%) (0%) (0%)
ek 0 0 0 0 0 0
7} (0%) (0%) (0%) (0%) (0%) (0%)
H23]9] 31,716,630 | 16,732,970 | 6,652,500 | 3,403,000 | 1,432,000 | 751,000
AZE] | 76.6%) | 67.3% | (39.1% | (19.6%) (5.2%) (5.2%)
A 71E 0 1,120,900 0 4,000,000 | 12,050,180 0
H| & (0%) (4.5%) (0%) (23.0% | (43.8%) (0%)
oA 41,413,645 | 24,855,886 | 17,000,265 | 17,373,016 | 27,484,195 | 14,447,186
(100%) (100%) (100%) (100%) (100%) (100%)
E AT B =8, A=, A Qe 74 Ao X =359l
olt}. Iy olg F3|elo] AA AR /S Ak A FH[ok= He2 A&
9& BollAe ZotE 7] o8t} I of+= AA, FAEEH[ oA HA |7t
=2 HESS AAsH, AR AR = 5 ZAI] 9] fFu7F k= Fol
o & A3l JfFu|e] A FEo] 7RIS 22 39 /o= Hl-8olet
= A& 14T o), AARES &9 4 FES 7IAXEEIF 22 3]9] H[go
2 Ao wds £ Q7] gj&Eoltt o)
6) 9ES QA B Qe wa2w, ‘=39 190F iy 2,0007H49]
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S Aol 201590 AL, £ H2S AW 3 oL 83%, U8
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2ASE W 2 uES AR e, AN QU A9eE Aut 2
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9] e Aow FgHG

2015493 HlwsfA 20161E°0 Aol7t UEhe 52 2285 AAH=A
201599l Al =8jofd BF AEo] YIAE, 2016d9le AEH ool
90.4% <J°l k&2 2ldo] 7%, 487 2ldo] 4.7%E ARSI A9Es FH
o] A, BHENE AAH LS Aot 3 ¥ 26.1%7F Akl
AEH ¥ 18.7% wHsAT. ot A&H 2o HF&s FHl A&°

|
20154 3,600,000€°]11 3L 201649+ 2,400,00090]7] wj&of AFAA; 2 ZF

At AFE 5, o] HEOoR Y8, EES. ATEAG00TY ol), 714
ARG 52 Gt .. AAYSY FAAFNH FAALuIE AL FH o)
WAl ASEE Hgolkn AT & Uk AW AWM AGTH, /|4,
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MAHH|IER| X|&2 M7Het & Qs HIEQITt
AE olUQtia Eo} 2ATE TH AYH|9] HY, dHE JAE Hrel g A
=30l B&F 3o AAC Enlols ohE THO| tfst AU Ut
(B 9) =2gsH| M=E HIS
A& =g AL A
Ax 20159 | 20164 | 20159 | 20169 | 20154 | 20164
I 4,000,000 0 0 0 0 0
A= W8H) | (9.1%) (0%) (0%) (0%) (0%) (0%)
. 0 0 0 0 0 0
o A 0% 0% 0% 0% (0% 0%
A A= 0 0 396,000 | 29,000 0 0
Z=21n) (0%) (0%) 2.2%) (0.0%) (0%) 0%)
A= 0 0 0 0 0 0
FA]H] - ofH] (0%) (0%) 0% (0%) (0%) (0%
s 4 0 0 0 481,500 0 0
Axl= 0%) (0%) (0%) 0.3%) (0%) (0%)
A& 112,190,000 703,500 | 3,600,000 | 2,400,000 | 11,807,000 52,652,000
ZL) (27.7%) (1.6%) (20.1%) (1.4%) | (79.7%) | (81.8%)
A W& 0 5,000,000 0 0 0 0
2= 7] (0%) (11.7%) (0%) (%) (%) (%)
ZA%E | 287,650 | 6,623,000 | 5,112,800 | 4,774,000 0 100,000
S HH| (0.7%) (15.5%) | (28.5%) (2.8%) (0%) 0.2%)
ZAGE 24,352,160 (27,208,500 | 8,820,000 | 8,195,000 | 1,911,250 | 6,508,115
dk71) (553%) | (63.6%) | (49.2%) 4.8% | (129% | (10.1%)
22 gE 0 3,000,000 0 153,000,000 0 3,000,000
A 7H] (0% (7.0%) (0%) (90.4%) (0%) 4.7%)
X2 gE 0 0 0 0 0 0
TH ZYGd] | (0% (%) (0%) (0%) (0%) (0%)
7| et 3,240,050 | 265,000 0 440,000 | 1,099,000 | 2,075,000
A=Y | (7.4% 0.6%) (0%) (0.3%) (7.4%) (3.2%)
A 44,071,875 | 42,802,016 | 17,930,815 |169,321,516| 14,819,265 | 64,337,131
(100%) (100%) (100%) (100%) (100%) (100%)
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Is It Really Expenditure Other Than Election Expenses
Not Related To Elections?
. Actual Situation Analysis On Expenditure Other Than
Election Expenses In 2015 and 2016

Daesik Kim* - Jinman Cho** - Jisung Yoon***

ABSTRACT

This paper is to examine an actual situation on expenditure other
than election expenses in Korea. Although this type of money is outside
campaign regulations and occupies a relatively big portion of campaign
expenditure, it does not draw academic attention. The reasons are
simple: limitations on data access and classification of the money. This
paper attempts to classify this type of expenditure and analyze three
selected congressmen and woman’'s expenditure in 2015 and 2016.
Although many experts argue that the large portion of expenditure
other than election expenses is used for a fixed cost, the findings
suggest that it does not. The proportion of expenditure related to a
fixed cost is not large and varies by congressmen and woman. Second,
expenditure other than election expenses is de facto related to
elections, unlike the legal provision of campaign finance regulations.
Therefore, the findings gives more credibility to the argument that
economic inequality leads to political inequality because expenditure
other than election expenses is not limited by regulations and the large
source of that expenditure comes from candidates. This paper suggests
that expenditure other than election expenses should be included in
the category of campaign expenditure in general and thus are under
surveillance.

Keywords: campaign expenditure, expenditure other than election
expenses, campaign contribution, congressmen and
woman, income and expense report
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* Ph.D Candidate, Kyungpook National University(First Author)
** Associate Professor, Duksung Women’'s University(Co-Author)
%+ Assistant Professor, DGIST(Corresponding Author)



[DOI] http://dx.doi.org/10.21487/jrm.2020.11.5.3.153

(A=)

ufolE9] XY A dust hET FH:

g=29| oju]x] o]Eg F1t ¥

153 |

=1
=R

7

uE3t WiE vk AeiEle Al
15

E}% @Olﬁ}. = 04%1011/‘& vtol=3 EY ] fig= F3 24 wigE Al

EYn $4A 19 AA7H FBB AAHA HF S aclo] Wy
Ao Helt}

AAgts vl2e] 25 57 FW YFe I ojoluts Ao 1

F

A,

FAC: EYI, vlolE, ¥, VM, ¥, A, F54H

A E

| el 3% AAE oAnsleics 35 3T et ol G, ol
RIS g 7P 4 B 59 HIg Awsiol, Syl 4¢ A
B9 the-2 x5, 22 ool lojAl B3] Fel AF5He DolFa

G=0] Al 7}A] om|R] F Al & A2 o|W|XE &goto] EAJTE 1 A,
g

W, SolEe 03 712t A2 B S Role] FAT JBE A el
t}.
o ol BAAG BE2 A2 ololx] L4 BaAL F2o] et Bt
WFF] Q4TjolS Serstect. FaKG o] Fo] ha At FAd
AA|9) Bae7t Qi o] EF o] s vwiwiol, Fave] Feio)
o1& olFolof grhe M ofZo] vlol= o] IR FOT B4




| 154 | S7YE=3 | 20204 7t HbH H3%

[. A=
uLAl7le] A7 detate] Yol Seet vl HUARG 22 WEToR
Ape] ok SolAloks BRolX 57 97 5 A A7H WoIA ml=e)
1gAE £ TANTE LA YA A7l TET SHIH FEAA
WA} oot MY AHH) FHA ARANE K §A5H glow]
FEHl 2

AT BAEE v OR AAA| oA Aol sfHA Z9E AAU
HH, $2 1978 BAko] 7Y -7iE 313 o] % wE £E7
H, 20019 WTO 7H)& &l 24402 tARgAA o] HYst=
, WS A A 28] AL B3 ‘G2 =7F F ohuE dESSHA =l
| ml=o] o]t T2 AA-AFAA Kol thHeA A4 o g 35t
A BT A ] vkl dE BolAt AP A oA F=ATE 7HA] =
870l Hat o= Qiek. A 2718 w2 S5 AIXEELET) 42 2017

¥ 109 HARAY AYER NGRFBA'E A o) WMok F34o)
AR $Pgel A it Az A B SATHs ool ml% B4
o= ojzolxl FAAA s} FEoR EAske AYS oJula. EUE EY

Z(Donald Trump)e "= HeBlz GAH o|F, 7|E9 IAEAE 27
S50 ot AER AT FAge viger 22 S3AE ATStt
u]=9] K52 Ho|x] ¢Stk 9l ol EYnE= AWty Ahs 59 Hi@=ol
7 FAEA FAREE E9he T, S F9A4, Zledd AR
7)ol d A HigdS A3t S AT AR AAck= 5 Zolut HiA
(China Bashing)' 9] EZ& ¥dyrtal ot

19799 H|F 43l o] % oJolA gH F yzte] d¥A F=rt HaF FUA| L
UL, F=of gt v A HL o] AStE I et o] HIr Aol A
20209 1149 8B4 A= SAFANH oz & oujE 7RIt HlgFo] G4
W3 % Hlo]E(Joe Biden)2 20164¥ BA] ¥38] Ed€Hillary Clinton)¥
AXEHT £ AR S-S HolH Ao dFct. AA A, 2olHEAlT Jaid]
o EX2AF A3, Hlo] &2 50%9] AA&S FHste] EFIE 9%p A= o



| 155 |

A HAl AOE Ugront, AR AANAL fhREe] APFANA e 2o
5571 BAR, ~§ﬂﬁ}9} ln’\?HiE}OlLPOﬂHL wsai S

4 2
ch, ol Sl vlolEs] £ oraw st e mizel Wazole)
SJEALS BB 4 AeAo] et Aol &2} Slekn & 4 ek HlolE Al
QI ol oAle & A Aol S| Eata|xy] Alashs AGRE Al
ot HdEcs BT AR FEshe APAe BolRnd el gt
o oA 7k Hl SRt oluet SAALEl] 2 WA Hojgron,
3 o ulo] ofato] Agkdo] | Aow HrhHo] whel,
2o AzSel el Pt el 5 Tl GES A B B4L
AR et vl THEE AL BAA, 2219 39, 44 515, A xpl
BA 5 FHEAVE oA opiicke] B4 A2 SRt e BTt o
% SUA A7 AU 99 FF ol4rS A3 BT, HA ko HolEo

W) BAZ AVISHEA F3 ol ofdl thil At spge] glojA 2 W4

% st 2 Ao Az,

Egme} vlolEL 20| 241 AT AQAel A% U A, A% AY S

9lolA 2 Holg 7X T k. Tdlw Beti,

i

—_

to

2 E{E_,
Mo
[
Mo -
N
P
flo
4

AR B =0l HieiA 3RS BA U Aoletal E49k itk S0
et vl=elEe] FEA A d4jol Ao oo AHE AT e Holu, &9
5¢ vl= ot fFERdNY 7Y Yo SFEAHO] 2F(@HH AAE

Wol FHEY ¥ el A58 e F2olthD) Iy T FH BE A

1) % o2XFAF 7|3 Pew Research Center®] HAEFAF A 73%9] ©w]=Qlo] F=



| 156 | S74E=3 | 20204 7t HbH 3%

< F=ol tef 34 A BAHYE Aoltf 1L stefete 1 PFS AR HE
ACE Az,

ol = Az U= HiE gAlE wtol=9] tiE= Xézﬂ% Egxmeto]
HlEE EAA AR, °J° 98& Ayt d

of7|skae, EFol tholgae] v FAlo] 2% OMOH ek s
2 Urhe, vlolE0] mAAL nl3o o]olg
FHe FHoE FYIT A0 FHe B
R EHHAIAE EYF Fte) 292 A Yo7 1 e 98
2ojd F3 gels o) wAle AR, }Ol A

B AXe FEe B FANLY 2UThE Gt
AL 278 TPsAel Btk F3
Ho] 0] o] 52719l tie BAF AFol, X4
Rt dof Qlold Bl § AR P54l Ak ¥ 78 Wast Utk
B A7 EYmet vlolEo tiE Ao] W sbsA, AT HAEYR
Aot AXPEA B, A8 PAGEA 2 A AR G 2] gleld e
L olf8 thewt 2re QQlolA 23 itk A, EYRe} vlolE
o] 7Hl AANI HHQ FAORA 27| A AT o] th5 A

H}-

19
of
e
filo
S
ﬂiH
2
rlr

Hhol =9l &4l 9l 3ol3¥ WFgo] 7 AL e Sl it Q4] Aol
A& U Hs A48 FHskL, AFA B4 Hom PHRE ARt
o} o] wiEol tiAd Ad WEe AAEH S AvEe A2 4 A9 AA
o2 Z9| Q43 AE HHHor Fste £2 Y Aot}

ok
do
by
rfr
)
H—[
Y
ogk
o
I
1o
jo_lv‘
k)
o
Y

e %itk o 6}»}4 RQIELOZ ]3] EMX* =X tgé}% AL T BAo)




| 157 |

i, elm SelEe] SuRtl ggel Zh AT AR 58 ANHoR 2

sfofok 3 Aoltt,

I. 0|24 AE: Al 7 oJu|A]

oS @A gk 179 AF= =2 FAYol SAIE A QoA ojHgt ko
£ £ 27l dis 230l WA AAeH, FAGA ] F2A FHA 2AE
ojgth AES= vl A9 FAEAZE AA7AA] A&E A7 gt o]
K AAZ, 2014: 10). 20009 % 24 27] 0]E0A] Jd7e 22 Y&oly M4
7F o GA FFE=A 5ol tall S AFA SAHLE o]FofH L, vl=5o] S84
715 A2 200892 AF= sto] AR}, vl AE7t 5 et 9] A
7Feol B AFE sk ol vls S ERE Qg SAIGE #stof gt
og & 9%, 2014: 54-55). o]t FAAA 22 FA2 FAA|
Xﬂ ‘41«] Alg x| Wolel 55 IRt FAFA Y 24 HIlE eIT 5
U= o] AL, FF ZstA E SAEAY Bgof tigt 94 Fxo dS5E
= 7HA =Y, 57F 8 A0 #Ac Wi A 55 5 uAE HeEE
st foh S50 4oAg o Qs Y= vl QMX“'U o] ARk
WSS L ASH7]7) of ot Bt ofye}, Hlo] =3 EY LT T2 Al7] 4
A58 S FHY A5 FAAA F+298] HIP7F =719 F5S 2Aerhe —’F’é}
< ASgo] gojxittal & 4 Utk
2 AFoAE EF e o9 disw Fde 4
TZ2E A Eote vle =7 R £42 9l dYgd¥8s 45k ole
RS E8shaat ot v59] 7P S vlAl= S
% z«] =2 SojrtEd A4 19 42‘3}717} ojgtt. ol

3

r>~
LU
N
1
=
o,
filo
Hh
i
ol
_,d
R
ol
_r,L
ruB
[N
1o
)
N
N
N,
o,
E
mlm rr
OHﬂ
ok
e
4
rlo
fu)
1o
oX,
B



| 158 | S74E=3 | 20204 7t HbH 3%

ARolele AATE ool glolA Antelg Z Bat ofujs}, niRte) oiF
= Qo] e A 2917 EHL 7] e SFol4 AAHoR T

Y== 19 AXRIZE, =7t AR 04 A7E /o] =7yelol 24 9T
n o 4R Waltz, 2001). 7HAA =59] 42 G2 A=AE9] HEet
JeEcl tal] AYe Q4o ey A A= FFS A3

71 A A 55hE Aetol glo] 1A 29] B40] EgitA] oi= At
£ AfojollA ol =AAT 7t Hojgkon, Y= E3t o]2jgt BAjo] Hx HAo]
2t shef vtk v Qlok. dEu tje AR Ao qlo] 1P AR a0
Aol A B49 4x4do] Aojdt. XA X Hol(Joseph Nye Jr.)= 8%
AArA A Q] A7t Q17Ee] MERIA], FAAA A Fof i F2A 82191
el @#: St =Ao] o]FolA gk 43I B3], s1EH 9] Aol St
FLHE 59 wtolu, ERH B A gt & HAloA Hie
AAE g2 AAol| SlolA A=Ae] F34S AR, A=ats HYH
o] 1 ARERE, 27F =71 g o] G njRiths A2 FATh A

¢

O

Ad, 9

(¢]

theoE Wb 0] BHolth. F7h $20] B4 27} 3k o] & vt
Qo] A Z19Iskchs Y2 5 wiA ojulX|e 2 o] gk =001

2 WaR s Aol YRy B hepstsle] gk EAol
e %M Bt A 27k pEoAe] BA0] BaNe AR
27te] 2ol wet Tl Ao] Wakdith: HAE
. 2R Tkt FE X BRIEo] Tolt,
4 dlokgial FREL BE, ofek YRt osloeh Y, thk olw
So] Yoz Folghek. Fhe ol T wdolsl P ol2S AL, AP
e)3 ojslo] ek wch o]$A TAH oI8le] A ThA] WHHo Qe
Zpste Wzt oA WEe AASAG BYEIt FA5HE HAe 4
A FESI|E Bt

;

¢

2) Project Syndicate. Is Trump a Turning Point in World Politics? (2020.9.1.).
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Identifying Joe Biden’ China Policy Determinants:
Norms & Values Oriented Diplomacy

Seonghyun Han* - Hanbeom Jeong**

ABSTRACT

With ever increasing U.S.-China rivalry, president Trump and former
vice president Joe Biden has both promised to take more hawkish
strategy to counter China. The differences is that unlike Trump, Biden
is approaching the issue with establishing rules-based international
norms, values and rebuilding strong alliance against China but at the
same time saving rooms for possible cooperation with China. This
paper utilize Kenneth Waltz's 1st and 2nd image among three images
to analyze the background of China policy of Trump and Biden.
Trump’'s Trade policy is the result of Trump's personalities and his
experience as business leader. On the other hand, Biden, with his long
time experience of working in traditional politics and diplomacy, is
succeeding the United States’ traditional China policy, check and
cooperate. Through the 2nd image analysis utilizing political principal
of Democrats and Republican, the difference could be found on the
perception of China from each party. There had been a voice of
disappointment and hard line toward China in Republican Party which
was reflected in Trump’s China policy, whereas Democrats’ idea of
neccessity to cooperate with China to produce global public goods
while strengthening alliance with like-minded country to deter China
in the traditional areas of great power rivalry is basis of Biden’s policy.

Keywords : Trump, Biden, Kenneth Waltz, Three images, Levels of
Analysis, Sino-Amercan Relations, China policy
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. Introduction to Multilevel Latent Class Model*
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ABSTRACT

The fundamental assumption in any latent variable model is that
observations are independent of one another, given the latent status.
However, this assumption is often inadequate when observations are
nested within higher-level units because such nested data structures
induce dependencies in data. The nonparametric version of the
multilevel latent class model (MLCM) is an extension of latent class
model (LCM) in which the dependencies in data are accounted for by
discrete latent variables. This paper aims to review models with discrete
latent variables and introduce the MLCM which integrates LCM and
random effect model. The model selection issue in the MLCM is also
discussed with an empirical example.

Keywords: Multilevel Latent Class model, Multilevel modeling, Latent
class analysis, Model selection
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I. Introduction

Latent Class Model (LCM) (Goodman, 1974; Lazarsfeld and Henry,
1968) is a probabilistic classification technique that identifies hidden
clusters arising dependency among observed responses. In LCM, the
hidden clusters are represented by levels of a discrete latent variable
and are called "latent classes”. Since the latent variable assumes to be
discrete, it is usually considered as not imposing strong assumptions
on the distributions for observed responses. As the comments by
McCutcheon (1987, p.79 “The social world seems to have been created
with less multivariate normality than many researchers are willing to
assume’), the discrete latent variable offers an alternative for the latent
variables with assumption of normal distribution.

In social or behavioral science, the nested structure may also cause
some dependency between responses of subjects due to belonging in
a higher-level unit. For example, students nested within a same school
might show similar scores in terms of academic performance
comparing to the students from other schools because the students in
same school might share same characteristics concerning academic
performance.

Vermunt (2003) proposed Multilevel Latent Class model (MLCM) to
take into account such dependency due to same membership of a group
as well as the dependency among responses caused by hidden clusters
at individual-level. The MLCM differentiates the nonparametric and
parametric approaches to account for the dependency which differs
in the specified distributions of the random effect at the higher-level
(i.e., discrete or continuous latent variable) (Vermunt, 2003, 2008).

The purpose of this paper is to review models with discrete latent
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variables and introduce the MLCM that integrates LCM and random
effect model. The model selection issue in the MLCM is also discussed

with an empirical example.

II. Model for Discrete Latent Variables—Latent Class
Models

Many empirical researches in the field of social sciences assumes the
presence of ‘latent variables”. The latent variables can be thought as
representing unobservable constructs or hypothetical concepts such as
intelligence, skills, attitudes or personality traits. These variables are
not directly measurable but can be inferred from observed behaviors
or responses. Over the last few decades, various latent variable
modeling techniques have been developed in the field of social and
behavioral sciences. However, the methodological developments have
mainly focused on continuous latent variables that are assumed to
follow a multivariate normal distribution. Examples of modeling
techniques with continuous latent variables are structural equation
models (SEMs; Bollen, 1989) and latent trait models, which are also
called item response theory models (IRTs; Lord, 1980).

In contrast to continuous latent variables, discrete latent variables
have received relatively less attention, although they provide easy and
intuitive explanations for phenomena under certain circumstances
(Aitkin, 1999; McCutcheon, 1987). As the name suggests, discrete latent
variables consist of a finite number of levels, which can be used to
capture or symbolize the latent categories of theoretical concepts,

constructs, entities, or subgroups. Examples of discrete latent variables



B

| 186 | A7YH=Z | 20204 7I2 HMbH H3&

include Sternberg’s (1998) profile of thinking styles, Ainsworth, Blehar,
Waters, and Wall's (1978) three attachment styles (i.e., secure,
anxious-resistant, and avoidant), Bennett and Jordan’s (1975) teaching
styles, Fischer and Fischer’s (1979) styles of teaching and learning, and
Jung’'s (1971) psychological types. These examples demonstrate that
discrete latent variables provide a framework for interpreting constructs
with parsimonious descriptions of underlying structures. Owing to such
variables’ usefulness, modeling techniques using discrete latent
variables have grown in popularity over the last decade (e.g., McLachlan
& Peel, 2000; Vermunt & Magidson, 2008).

The latent class model (LCM; Goodman, 1974; Lazarsfeld & Henry,
1968) is a classic analytic tool that analyzes categorically scored
cross-sectional data by introducing discrete latent variables. In the
LCM, discrete latent variables are composed of mutually exclusive and
exhaustive latent «classes that represent a small number of
subpopulations (Clogg, 1995). The primary purpose of LCM is to identify
the optimal number of classes in order to explain the dependency
among responses properly and classes are characterized by parameters
that allow to vary randomly across different latent classes.

The LCM can be defined as follows. Let Y; is a response vector for
subject 7 on a set of Jitems, where 7 =1,--,/and /= 1,**,J. The discrete
latent variable (X ) represents the discrete variable which consists of
M latent classes with particular latent class membership m. The

marginal density of response vector of subject Yj, is:

P(Y)=Y P(X,=m)f(Y,=y,| X, =m) (1)

m=1
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Equation (1) indicates that the probability of obtaining full response
vector, Yi, is a weighted average of M conditional responses probability,
AYi=yi|X=m) and the weight is the corresponding latent class
probabilities, AX=m), which represents the prevalence or size of a
particular latent class. The latent class probabilities have a constraint
that the sum of the parameters over the M latent classes must be equal
to one, since all subjects are assumed to belong to one and only one
of a mutually exclusive and exhaustive latent classes. The latent class
probabilities are usually assumed to follow a multinomial distribution

as presented:

P(X, =m)= MCXI’# -
2. exp(7,,)

m'=l1

The intercept parameters 7, are subjected on identifying constraint,
M
that is Zovm =0 for the case of effect coding, 7,, =0 or v, = Ofor the
case of dummy coding.

An underlying assumption in LCM is that latent classes are internally
homogeneous, which means that all subjects in the same latent class
share the same probability of responding to a certain item, and the
relationships among observed responses can be explained by these
latent classes (Clogg, 1995). Another assumption in LCM is called “local
independence” which states that the probability of responding to each
item is mutually independent given the latent class (McCutcheon, 2002).
Therefore, density of response vector, Y; is easily calculated by

multiplying the density of each variable directly. Suppose Y; denotes

a response of 7 subject on an item j, the local independence assumption



B

| 188 | A7WH=Z | 20204 7t2 M58 HM3&
can be represented as:

P(Y)=ZP(Xi=M)Hf(YI-j=y,»,-|Xl-=m)- 3)

The conditional response probability, A Y;=y;| X=m) characterizes the
nature of the discrete latent variable identified by a few latent classes.
It can take the form of probability distributions depending on the types
of observed responses. Usually, the form of a multinomial distribution

is preferred for this density, so it can be parameterized as:

e + B
P(K/ZY;/‘X,-:’”):M

S exp(fh, + ) )

m'=1

where (), denotes item intercept and f3;, indicates class-specific
random effect of X on the items. Note that some restrictions should
be imposed on parameters for identification purposes: dummy coding
or effect coding schemes can be used as similar as latent class
probabilities, AX=m). In the equation (4), the value of the random
coefficient, f;;, varies randomly across classes, representing the
class-specific effects.

Because these latent classes are internally homogenous within the
same unit, but distinct between different units in terms of response
patterns, individuals in the same latent class share the same probability
of responding to a certain observed variable. The LCM assumes
individuals belong to one and only one latent class and observed

responses are independent of each other given an individual’s latent
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class membership (McCutcheon, 2002). These assumptions imply that
relationships between the categorical variables can be accounted for
by their membership in latent classes (Clogg, 1995; McCutcheon, 1987).

The LCM was initially introduced by Lazarsfeld and Henry (1968) as
a way of deriving latent attitude variables measured by binary survey
items. This basic idea was extended by Goodman (1974), who developed
a simple algorithm for obtaining the maximum likelihood estimates of
parameters and incorporated nominal variables in models. During the
1980s, LCMs became a general methodology for analyzing categorical
variables, as it was placed within the framework of log-linear models
(Formann, 1982, 1985; Haberman, 1979). More idea about the basic
LCM were provided by McCutcheon (1987), Heinen (1993), Clogg (1995),
and Hagenaars and McCutcheon (2002).

Over the past few decades, several extensions of LCMs have been
proposed. For example, LCMs were extended to accommodate various
observed variable scale types, such as ordinal (Clogg, 1988; Heinen,
1996; Uebersax, 1993), continuous (Fraley & Raftery, 1998; McLachlan
& Basford, 1988; Wolfe, 1970), and combinations of different scale types
(Lawrence & Krzanowski, 1996; Vermunt & Magidson, 2001). The
extensions also involve the inclusion of covariates to predict latent class
membership, impose constraints (i.e., equality, inequality, and specific
values) on parameters (McCutcheon, 1987), and relax the local
independence assumption to make the model more flexible (Hagenaars,
2002). More recently, LCMs have been extended to include more
complex data, such as complex survey data (e.g., Patterson, Dayton,
& Graubard, 2002), longitudinal data (e.g., Collins & Wugalter, 1992;
Muthén & Shedden, 1999; Nagin, 2005; Welch, 2003; Zucchini &
MacDonald, 2009), and hierarchically nested data (e.g., Asparouhov &
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Muthén, 2008; Di & Bandeen-Roche, 2008; Henry & Muthén, 2010;
Vermunt, 2003, 2004; Vermunt & Magidson, 2008).

The above-mentioned extensions in LCMs are implemented in several
standard software packages, such as Mplus (Muthén & Muthén, 2012),
Latent GOLD (Vermunt & Magidson, 2013), SAS (PROC LCA, and LTA;
(Lanza, Collins, Lemmon, & Schafer, 2007; Lanza & Collins, 2008), R
(polca; Linzer & Lewis, 2011), and Stata (Rabe-Hesketh, Skrondal, &
Pickles, 2004). These software packages allow researchers to more

easily apply LCMs to empirical studies.

II. Models for Multilevel Data—Random Effects
Models

In social or behavioral science, data are often collected from a
hierarchical structure, such as repeated measurements nested within
an individual or individuals clustered within a higher-level group.
Examples in the literature include school effects on student learning
(Wright, Horn, & Sanders, 1997), family effects on child development
(McLoyd, 1998), and neighborhood effects on changes in children and
adolescents’ psychological and behavioral outcomes (Leventhal &
Brooks-Gunn, 2000).

Data collected from such hierarchically nested structures are
naturally correlated, that is; the observed responses of lower-level units
(e.g., pupils, time points) belonging to the same higher-level unit (e.g.,
schools, individuals) tend to correlate more with each other than with
those from a different higher-level unit. These dependencies can be

attributed to commonalities that the lower-level units may share by
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belonging to the same higher-level unit (e.g., common environments,
experiences, and interactions). The presence of such dependencies is
a concern for researchers because it not only violates the independence
assumption, but also leads to biased parameter estimates (Moerbeek,
2004). Therefore, the dependency should be taken into account when
analyzing multilevel data.

A popular approach for analyzing multilevel data is the random
effects approach (Bryk & Raudenbush, 1992; Goldstein, 1995; Snijders
& Bosker, 1999). The key feature of this approach is incorporating
random effects into the models to account for dependencies among
lower-level units. In the literature, traditional linear regression models
that include both fixed and random effects are referred to as random
coefficient models, linear mixed models, hierarchical models, and
multilevel models (Bryk & Raudenbush, 1992; Goldstein, 1995; Hox,
2002; Skrondal & Rabe-Hesketh, 2004; Snijders & Bosker, 1999). These
models include parametric random effects (or continuous random
effects) that originate from a multivariate normal distribution with
estimated variance components. Such random effects can take the form
of random intercepts, reflecting differences in the overall level of the
dependent variable across higher-level units or random slopes,
reflecting differences in the effects of predictors across higher-level
units, or both.

The random coefficient model is based on the assumption that both
random effects and random errors are normally distributed. However,
these underlying assumptions may not be realistic, particularly when
observed variables are categorical (McCutcheon, 1987). To overcome
this problem, variants of random coefficient models have been

developed for analyzing categorical data such as random effects logistic
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models and Poisson regression models (Hartzel, Agresti, & Caffo, 2001;
Hedeker & Gibbons, 1996; Rabe-Hesketh et al., 2001; Wong & Mason,
1985). These models are referred to as nonlinear mixed models. They
were integrated into a more general framework called the generalized
linear mixed model (GLMM), which permits both fixed and random
effects for various types of observed variables (Breslow & Clayton, 1993).

Although the most common specification of random effects is the
adoption of a parametric normal distribution, it is possible to use a
nonparametric specification of random effects (Aitkin, 1999). The
nonparametric random effect (or discrete random effect) is
characterized by a set of latent classes at the higher-level that follow
a multinomial distribution (Heckman & Singer, 1982; Laird, 1978;
Vermunt, 1997). The regression models, including such nonparametric
random effects, are referred to as latent class regression or finite
mixture regression models (Vermunt & Dijk, 2001; Wedel & DeSarbo,
1994). An important difference between continuous and discrete
random effects is that the latter do not estimate a variance component;
instead, they estimate regression coefficients for each latent class,
relying on the assumption that each higher-level unit belongs to one

of the higher-level latent classes.

IV. Integration of Two Models—Multilevel Latent
Class Models

An important limitation of standard LCMs is that they do not provide
information related to the higher-level structure beyond the

individual-level. To overcome this difficulty, researchers have
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attempted to integrate random effects into LCMs to accommodate
clustered multilevel data within the framework of LCMs (e.g.,
Rabe-Hesketh et al., 2004; Skrondal & Rabe-Hesketh, 2004; Vermunt
& Dijk, 2001). The incorporation of random effects into LCMs enables
researchers to account for dependencies due to the nested structure
and to disentangle them from the lower-level. Currently, several
different specifications of random effects in LCMs have been discussed.
Vermunt (2003) introduced either continuous or discrete random effects
in the model of interest. Hedeker (2003) and Asparouhov and Muthén
(2008) introduced a factor analytic approach, which includes a common
factor to reduce the dimensionality of continuous random effects.
Further, Di and Bandeen-Roche (2011) provided a discussion about
random effects following the Dirichlet distribution.

The multilevel latent class model (MLCM; Vermunt, 2003) is an
extension of the LCM that accommodates the dependencies due to
nested data structure. The basic idea of the MLCM is to include random
effects, which are represented by randomly varying parameters across
higher-level units to capture the dependencies. Vermunt (2003)
discussed two versions of MLCMs; the parametric MLCM, which assumes
a continuous random effect that follows a multivariate normal
distribution with an estimated variance term so that the magnitude of
variance estimates can be used as a measure of the higher-level effects
(e.g., Hedeker, 2003). In contrast, the MLCM with a nonparametric
specification (Aitkin, 1999; Laird, 1978) incorporates a discrete random
effect at the higher-level, which can be represented by a set of latent
classes following the multinomial distribution. The primary purpose of
nonparametric MLCMs is to identify a potential class structure that

accounts for the association among the observed responses, and to
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classify groups and individuals into latent classes at each level.

An advantage of using the nonparametric MLCM over the parametric
one is that it provides classification information for both higher-level
units and lower-level units. This additional information about the latent
structure and classification of higher-level units provides more useful
descriptions and explanations of the observed association than the
typical variance decomposition approach (e.g., Bassi, 2009; Bijmolt,
Paas, & Vermunt, 2004; da Costa & Dias, 2014; Finch & Marchant, 2013;
Onwezen et al.,, 2012; Pirani, 2011; Rindskopf, 2006; Ridiger &
Hans-Dieter, 2013).

Another advantage of nonparametric MLCMs is that they are
computationally less intensive than parametric MLCMs, especially when
models contain more than two random effects. Previous studies have
shown that estimation of continuous random effects in the parametric
MLCM is computationally intensive and time-consuming because
complicated integrals must be solved (Aitkin, 1999). The most common
method for evaluating these complex integrals is the use of the Gauss-
Hermite quadrature (Rabe-Hesketh et al., 2004, Skrondal &
Rabe-Hesketh, 2004; Stroud & Secrest, 1966), in which the multivariate
normal distribution is approximated by a limited number of quadrature
points with a few mass points. The integral can be approximated to
any practical degree of accuracy only when quadrature points are
sufficiently large (Lesaffre & Spiessens, 2001); otherwise, it may perform
poorly (Agresti, Booth, & Caffo, 2000; Rodriguez & Goldman, 1995,
2001). In contrast, the estimation of discrete random effects in
nonparametric MLCMs does not require inappropriate and unverifiable
assumptions about the distribution of the random effects, thus it could

avoid bias due to misspecification of the distribution of the random
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effects (Vermunt & Van Dijk, 2001).

The MLCM incorporates latent variables at two layers. The latent
variable /, is the discrete latent variable at higher-level (groups) with
L latent clusters, and X, denotes the discrete latent variables at
lower-level (individuals) with M latent classes. Each outcome of discrete
random variables can be conceptualized as a latent cluster/class
consisting of groups/individuals that are homogenous within each
cluster/class but are distinct between clusters/classes in the response
patterns. The term “clusters” and “classes” are used to differentiate the
higher and lower classes. Let Y represent the response to the jth item
of a subject () in a group (g), where g=1,,G, i=1,--,ng, and j/=1,/.
The vector Yg represents the J responses for a subject 7 nested in group
& and Y, denotes the full vector of responses for all subjects in group
g A MLCM is defined by two separate equations for higher and lower
levels.

The probability of observing a certain response pattern for all

subjects nested in group g is:
L g
P(Y,)=Y P(H,=D[P(Y, | H=1]) 5)
I=1 i=1

Equation (5) assumes that each group belongs to only one 1 (latent
cluster), and conditional densities for each of the ng (individuals) within
the g (group) are independent of each other given the latent cluster
membership. The term, AHz=), is referred to as latent cluster
probabilities with each element representing the probabilities of g
being in the cluster /(~£1,--1). As the clusters are assumed to be mutually

exhaustive and exclusive, elements of this vector can be conceptualized
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as cluster sizes, and thus the sum of this vector is one.
At the individual level, the probability of obtaining a certain response

pattern for each subject is:
M J
P(Y,) =Y P(Xy=m|H, =D[ /(X =y, | Xy=mH, =] ©)
m=1 Jj=1

The term AX,=ml|H;=)) is the conditional latent class probabilities,
which represents the distribution of latent class probabilities within a
particular latent cluster. A AMx L matrix denoted as pml will be used
to represent the conditional latent class probabilities. Columns in this
matrix pml represent the probability distributions of the latent classes
for a specific latent cluster; thus, each column must have a sum of one.

The conditional response density, AYu=yel Xe=m, Hr=), is the
probability of observing y, for variable ; of individual i in group g given
the latent cluster membership () and latent class membership (m). In
most multilevel extensions of LCM (e.g., Asparouhov & Muthén, 2008;
Vermunt, 2003, 2004; Vermunt & Magidson, 2008), a restricted model
is proposed by imposing a constraint on the conditional density: A Y=
Vil Xemm, He=)=KYgi= Yeil Xe=m).

This constraint implies that the conditional response density is
affected only by the latent class memberships; this not only simplifies
the model but also aids the interpretation of results. By combining
Equations (5) and (6) with the assumption of no effects of latent cluster
membership on response probabilities and the assumption of local

independence, the MLCM is:

Mg

P(Y, =y,)= Y P(H = n[H D P, =m|H =D[[(7,,|X, = m)j 7

i=l m=1 J



| 197 |

Density A Yyl Xe=m) depends on the assumed distributions of

responses. For binary items, the mth latent class density is given by

Ty X, =m=a(1-a,)"" . where @ denotes the probability of endorsing
item j for an individual belonging to latent class m.

The EM algorithm (Dempster, Laird & Rubin, 1977) is an efficient
iterative procedure to compute maximum likelihood estimate in the
presence of incomplete or hidden data (Dempster et al, 1977). However,
the standard EM algorithm is difficult to adjust in MLCM since the
number of entries of joint posterior probabilities is huge making the
method impractical. To avoid such problem, a variant of EM algorithm
for MLCM called the “upward-downward” procedure was proposed.
Details of this algorithm can be found in Vermunt (2003, 2004)

V. Model Selections for MLCM

There was extensive work on this issue of selecting number of classes
for classical latent class models. There are two general approaches for
selecting the number of latent classes in a LCM: hypothesis testing and
information criteria. One common approach of statistical testing
approach is to use likelihood ratio statistic. Many studies have discussed
this approach in the context of LCM (e.g., Everitt & Hand, 1981; Everitt,
1988). Various information-based criteria were also studied for
selecting number of classes for the classical LCM (e.g., Collins, Fidler,
Wugalter, & Long, 1993; Lin & Dayton, 1997, Yang, 2006; Nylund,
Asparouhov, & Muthén, 2007).

Even though the number of latent classes for LCM have been

extensively studied in the literature, the MLCM with two levels of latent
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components makes the decisions on numbers of latent components at
each level become more challenging and complex. This is because the
task of model selection issue in the MLCM amounts to decide the
optimal discrete levels of the latent variable in both higher-level and
lower-level.

A common strategy to decide the discrete latent components in most
applications is the stepwise decision. Lukociené, Varriale, and Vermunt
(2010) proposed a three-step approach. This approach first started with
determining the optimal number of classes (iz1) ignoring the cluster ()
by assuming /=1. Subsequently, they chose the number of / by fixing
the number of m obtained from the first step, and then re-determined
the m by fixing the structure of /to the value chosen at the previous
stage. An alternative model selection strategy is to choose m and 1
simultaneously. Specifically, a set of candidate models with
combinations of / and m are fitted, and then the ICs obtained from
the models are compared with each other to choose the optimal

combination of | and m at once.

1. Information Criteria

Information criteria for model selection were originally derived by
Akaike (1973) who used the Kullback-Leibler information measure to
discriminate between competing models. Schwarz (1978) derived
another major class of information criteria by using Bayesian statistics.
Since then, many modified information criteria have been derived or
proposed. Using the notation from Sclove (1987), information criteria

(IC) can be summarized in the following form,

IC = —2log(max L(k)) + a(n)m(k) + b(k, n) ®)
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Where n is the sample size, “log” denotes the natural logarithm, max
L(k) denotes the maximum of the likelihood over the parameters, and
m(%) is the number of independent parameters in the kth model. For
a given model, a(n) is the cost of fitting an additional parameter and
K k,n) is an additional term depending upon the criterion and the model
k.

Therefore, the IC aim to find a good balance between model fitness
(trying to maximize the likelihood function) and parsimony (penalizing
additional complexity). A model is good if it gives a small value of IC
relative to the values given by competing models. Using this notation,

various information criteria can be summarized

(Table 1) Summary of information criteria

Criterion Definition Reference
AIC —2LL+2P Akaike, 1973
AIC3 —2LL+3P Bozdogan, 1993
CAIC —2LL+ (1+1log(n)P Bozdogan, 1987
BIC —2LL +log(n)P Schwarz, 1978
Adjusted BIC (ABIC)  —2LL+log((n+2)/24)P Sclove, 1987

VI. Empirical Example

Data from study 2 of the Motivated Identity Construction in Cultural
Context 2008-2011 (Vignoles & Brown, 2011) is used to illustrate the
model selection by IC. Study 2 (N=8,652) of this data set investigate
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the contextualism across 35 nations in predicting in-group favoritism,
corruption, and differential trust of in-group and out-group members.
Further information of this study is available on the webpage of this
study.

The contextualism is shown to be an important part of cultural
collectivism. The six-item contextualism scale (listed in Table 2)
developed by Owe at el. (2012) is used in this illustration. Three items
of this scale required reverse coding. The original scale is a six-point
Likert scale: “Completely disagree,” “Moderately disagree,” “Slightly
disagree,” “Slightly agree,” “Moderately agree,” and “Completely agree.”
Responses were dichotomized into “disagree” and “agree” to be
consistent with what is specified in the simulation studies. We sample
50 participants for each participated nation and results to the final data

set of 1700 participants from 34 nations.l

(Table 2) Items descriptions of the contextualism scale

To understand a person well, it is essential to know about which

1

social groups he/she is a member of.

One can understand a person well without knowing about
2 . .

his/her family [reversed].
3 To understand a person well, it is essential to know about the

place he/she comes from.

4 One can understand a person well without knowing about
his/her social position [reversed].

One can understand a person well without knowing about the
place he/she comes from [reversed].

To understand a person well, it is essential to know about his/her
family

1)One country was dropped due to an insufficient number of participants.
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(Table 3) Likelihood values, numbers of parameters, and fit indices for
data analyzed by MLCM

Model H L LL  Npar AIC AIC3 CAIC BIC ABIC
M1 2 2 -6386 15 12802 12817 12898 12883 12836
M2 2 3 -6255 23 12556 12579 12704 12681 12608
M3 2 4 -6208 31 12478 12509 12677 12646 12548
M4 2 5 -6187 39 12451 12490 12702 12663 12539
M5 2 6 -6171 47 12435 12482 12738 12691 12542
M6 3 2 -6382 17 12797 12814 12906 12889 12835
M7 3 3 -6244 26 12540 12566 12707 12681 12599
M8 3 4 -6195 35 12460 12495 12685 12650 12539
M9 3 5 -6169 44 12427 12471 12710 12666 12526
MI0O 3 6 -6150 53 12405 12458 12746 12693 12525
M1l 4 2 -6382 19 12801 12820 12923 12904 12844
M12 4 3 -6239 29 12535 12564 12722 12693 12601
M13 4 4 -6184 39 12446 12485 12697 12658 12535
M14 4 5 -6155 49 12408 12457 12724 12675 12519
M15 4 6 -6141 59 12399 12458 12779 12720 12533
M16 5 2 -6382 21 12805 12826 12940 12919 12852
M17 5 3 -6236 32 12536 12568 12742 12710 12609
M18 5 4 -6178 43 12442 12485 12719 12676 12539
M19 5 5 -6151 54 12409 12463 12757 12703 12531
M20 5 6 -6130 65 12389 12454 12808 12743 12536

The sampled data were fitted to 20 MLCMs with latent structure with
2-5 clusters in combination of 2-6 classes. The log-likelihood values,

numbers of parameters, and IC under comparisons are presented in
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Table 3. Among the five IC, the CAIC and BIC preferred Model 3, ABIC
preferred Model 14, and AIC and AIC3 selected the most complicated
model (Model 20). When using G and ng for calculating IC, CAIC and
BIC picked the four-cluster and five-class model (Model 14) and ABIC
preferred the most complicated Model 20.

Both Model 14 and Model 20 are very complex for assuming many
classes and clusters; unless the hypotheses suggested such a latent
structure, researchers generally would prefer a simpler model. Moreover,
since the estimated parameters for these two models do not give a clear
pattern in interpreting the latent structure, the estimated parameters
of Model 3, is the model preferred by CAIC and BIC, are presented in
Table 4. The four classes have relatively equal size, though the Class
1 is a little larger. The four classes demonstrated four distinctive
patterns: participants of Class 4 generally agree with all six items, while
participants in Class 2 tend to disagree with these items. Class 1 and
Class 3 show reverse patterns on these items, except item 2.

At the nations-level, a larger cluster (A) consisted of 80% of the
nations, and the smaller cluster (B) consisted of 20% of the nations.
Based on the responses of each nation, we can assign nations into the
two clusters based on the posterior latent cluster probability. The six
nations categorized in Cluster B are: China, Ethiopia, Philippines,
Singapore, Turkey, and Thailand. The majorities of nations were
grouped in Cluster A. The differences between the two clusters are
clear. The two clusters have comparable class sizes for class 1 and 3.
Cluster A has a larger Class 2 (all-low) and a smaller Class 4 (all-high),
but Cluster B has a dominant Class 4 (all-high) and a very small Class
2 (all-low). Since the six countries categorized into Cluster B are mainly

in Asia, as the dominant Class 4 has high loading on all six items on
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the contextualism scale, this cluster is consistent with the cultural trait
of collectivism (Triandis, 1995). On the other hand, the pattern in
Cluster A reflects the typical individualism of the non-Asian countries

in the study.

(Table 4) The estimated model parameters of the 2-clusters and
4-classes MLCM (Model 3)

Items Classl Class2 Class3 Class4
1 Know social group 0.48 0.07 0.14 0.30
2 Without Knowing family 0.26 0.10 0.26 0.38
3 Know place come from 0.48 0.03 0.16 0.34
4 Without knowing social position 0.21 0.09 0.30 0.41
5 Without knowing come from 0.14 0.03 0.38 0.45
6 Know family 0.47 0.11 0.13 0.29
Two clusters and four classes
ers .80
Latent cluster probabilities P(Hg =)= LO}
dtional 1 | 34 31
Con 1t1.o.n.a atent class P(X | Hy=| 30 05
probabilities 22 .26
.14 38

VI. Conclusion

LCMs have become a standard tool in many applied research fields.
For many vyears, this basic methodology has been extended to

accommodate multilevel nested data. The MLCM is an extension of
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LCMs that accounts for the additional dependency in multilevel data
by introducing random effects in the model. The nonparametric version
of the MLCM includes the discrete random effect at the higher-level,
relying on the assumption that higher-level units belong to
homogeneous latent classes. In the MLCM, higher-level units can be
classified into a small number of latent classes, providing useful
descriptions of latent structures with categorical or typological natures.
This paper introduced the nonparametric MLCM that combined LCM
and random effect model and addressed model selection issue related

to the use of MLCMs as tools for analyzing multilevel data.
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