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The Structure of the Chinese CES-D Scale:
An Application of Confirmatory Factor
Analysis to Higher-Order Factor Structure

Yah-Jong Chou*

I . Introduction

Psychological distress, especially depression, is an important
construct in research on stress, social support and coping process. There
is compelling evidence in western as well as Chinese society that high
level of psychological distress is significantly associated with stressful
life events, chronic life strain, and lack of support (Chou, 1993; Cohen &
Syme, 1985; Kessler, Price & Worthman, 1985). However, meaningful
comparisons of rescarch findings from different studies are based on the
assumption that psychological distress in various social groups and across
different cultures is in fact the same construct. And many researchers
have argued that this assumption may not be warranted. For instance,

there may be cultural differences in the manifestation of depressive

* National Chung Cheng University. The author thanks the anonymous reviewer for
comments on an earlier version of this paper.
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symptoms or in the expression of psychological distress (Aneshensel,
Clark, & Frerichs, 1983; Kleinman, 1986).

The major purpose of the study is to investigate whether a
depressive-symptom scale developed in the United States is assessing the
same underlying psychological distress in Taiwan. In particular, it aims
to examine the factor structure of a Chinese version of the Center for
Epidemiological Study Depression (CES-D) scale. The CES-D scale is
widely used as a measure of mental health in research on stress and social

support, as well as on social gerontology.

The 20-item CES-D(Radloff, 1977) scale was developed based on
items tapping depressed mood, feeling of guilt and worthlessness, feeling
of helplessness and hopelessness, psychomotor retardation, loss of
appetite, and sleep disturbance. Four items were worded in the positive
direction to break tendencies toward response set as well as to assess
positive affect. According to Radloff and Locke (1986), factor analysis
of the scale usually revealed a four-factor structure. It included a positive
affect factor, a depressed affect factor, a somatic-retarded activity factor
and a fourth factor reflecting interpersonal difficulty. Although the scale
was not designed to discriminate various subtypes of clinical depression,
it was expected to identify the presence and the severity of depressive
symptomatology (Radloff & Locke, 1986). This scale has been used in
many community studies as an indicator of well-being. Several studies

have attempted to investigate the factor structure of the CES-D scale.

Krause and Markides (1985) using maximum likelihood exploratory
factor analysis found four factors that correspond to the factor structure
found by Radloff (1977) and Roberts (1980) of the CES-D scale. Ensel
(1986) also factor analyzed the CES-D scale and reproduced the four-
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factor model. Lin (1989) using principal components factor analysis with
orthogonal rotated solution to identify a 16-item Chinese version of the
CES-D scale (four positive affect items were excluded from factor
analysis) and found three factors (i.e. affective mood, somatic-retarded
activity, and interpersonal problem) that were consistent with findings
from other studies.

However, these previous research on the structure CES-D scale has
generally conducted using exploratory factor analysis (EFA) approach
which could not specify a prior factorial patterns. And orthogonality of
factors was often arbitrarily imposed in the analysis. Thus factor
solutions from different studies showed substantial discrepancy for some
items. Liang, Van Tran, Krause and Markides (1989) have provided a
succinct comparisons among different factor solutions of the CES-D.
The limitations of EFA approach in construct validation have been well
documented. These include limitations on defining a testable model,
yielding unique factorial solutions, assessing alternative models, and
adequately test factorial invariance across multiple groups (Long, 1983).
Unlike exploratory factor analysis, confirmatory factor analysis approach
(CFA) does not have these limitations, therefore, is considered more
powerful test of factorial validity.

Only recently, there were studies using CFA approach to investigate
the factorial structure of the CES-D scale. In a study comparing
generational differences in the structure of the 12-item CES-D scale
among Mexican American, Liang et al. (1989) found that a three-factor
model (i.e. depressed affect, somatic-retarded activities, and positive
affect factor) to fit observed data adequately. The 12-item CES-D scale
examined by Liang et al. did not include the two interpersonal problem
items, thus their results gave partial support to the factor structure of the
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CES-D proposed by Radloff. In a study of elderly women, Thompson
and Heller (1990) briefly reported a three-factor (i.e. positive affect,
negative affect, and behavior symptoms) structure of the 20-item CES-D
to have adequate fit. Their findings were consistent with other studies
with the exception that they combined the two interpersonal items with
the negative affect items to form a negative affect factor. However,
Thompson and Heller did not include detail information on the process of
model-fitting in their article.

Based on findings from these studies on the CES-D, one can
conclude that the stability of the four-factor structure was generally
supported. However, no study has yet demonstrated the original 20 items
of the CES-D can be accounted for fully by the four-factor model using
confirmatory factor analysis strategy. One major study of the CES-D
scale using covariance analysis approach focused on 12 items of the
original 20 items because some items did not pass reliability test (Liang et
al., 1989). Because many empirical studies were and are still using the
summated score of the 20-item CES-D as an indicator of mental health
(Ensel & Lin, 1991; Levy, Derby & Martinkowski, 1993; Roberts &
Bengtson, 1993). More investigations using confirmatory factorial
analysis are needed to establish the factorial validity of the full 20-item
CES-D scale. Therefore, the present study will use confirmatory factor-
analytic approach to examine the factor structure of the Chinese version
of the 20-item CES-D scale.

In addition, the present study proposes a single second-order factor to
account for the correlations among four primary factors. Since previous
dimensionality research on the CES-D has generally conducted using
exploratory factor analysis approach, it focused on primary level

components and often assumed independent (orthogonal) factors
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structure to explain the covariation of depressive symptoms. Tanaka and
Huba (1984) have pointed out that incorrectly imposed orthogonality can
produce results that the levels of simple structure after varimax rotation
are poor. This may be part of reason that research findings did not reveal
complete consensus concerning factorial structure of the full 20-item
CES-D scale. With the hierarchical confirmatory factorial analysis one
can test the appropriate of the factor independence assumptions. If these
primary level factors of the depression scale are found to be highly
intercorrelated, then this indicates the possible presence of higher order
constructs. In practice, a single sum score from the CES-D is often used
to represent the degree of depressive symptoms. Thus, it is critical to
establish empirically a framework of the CES-D that has a single second-
order construct accounting for interrelationships among primary level

factors of depressive symptoms.

The present study will address three major research questions: (a) Is
the Chinese version of the CES-D scale measuring the same underlying
dimensionality of psychological distress among the elderly in Taiwan?
that is, can the four-factor primary level model of the CES-D obtained in
the United States be replicated in Taiwan? (b) can a single second-order
factor model explain the interrelationships among four primary level
factors, and (¢) if so, can the second-order factorial model be validated
successfully across another independent sample of the elderly?

11 . Analysis

This study uses confirmatory factor-analytic (CFA) approach to
assess both primary and secondary factor structure of the Chinese version
of the CES-D scale. The CFA model specifies the relations of the
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Figure 1. The Hypothesized Four-Factor Structure of the CES-D Scale
(F1: positive affect; F2: depressed affect; F3: somatic

activities; F4: interpersonal difficulty).
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observed measures to their posited underlying constructs, with the
constructs allowed to intercorrelate freely. Figure 1 presents a diagram of
the proposed four-factor model of the CES-D scale. The four factors are
positive affect (F1), depressed affect (F2), somatic/retarded activities
(F3), and interpersonal difficulty (F4). The specific items associated with
these four factors can be found in Table 1. In the present study, the
schematic presentation of structural equation model follows the Bentler-
Weeks representation system (i.e. EQS notation, Bentler, 1992). Thus, in
Figure 1 the Vs indicate the observed variables while residuals associated
with the measurement of the observed variables are designated as Es. Fs

refer to the latent constructs (i.e. factors).

In addition, one-way arrows represent structural regression
coefficients and thus indicate the impacts of F latent constructs on the
observed V variables. The sourceless one-way arrows pointing from the
Es indicate the impact of random measurement error on the observed Vs.
And finally, the curved two-way arrows linking all possible pairs of
factors suggest that the factors are intercorrelated. Since in the CFA
model one is more interested in testing the significance of each factor
loading than the significance of the factor variances. Therefore, the
factors, rather than one of the factor loadings, were given unit variances
for the purpose of setting the scale metric of the latent variables (Bollen,
1989). Anderson and Gerbing (1988) have also recommended that in
confirmatory measurement models it is more appropriate to fix the
variances of the latent construct to unity than to fix the pattern coefficient

for one indicator of each latent construct at 1.0.

Factorial validity of the CES-D was tested using analyses of

covariance structure. The maximum likelihood estimates of the models
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were obtained from the EQS program (Bentler, 1992). It is important that
the evaluation of model fit in the analyses of covariance structure should
base on multiple criteria (Anderson & Gerbing, 1988; Cudeck & Browne,
1983; Mulaik et al., 1989; MacCallum, Roznowski, & Necowitz, 1992;
Tanaka, 1993). That is, the model fitting strategies should reflect the
meaningfulness of the substantive theory, the significance of statistical fit
as well as parsimony of the model.

Therefore, the hypothesized four-factor model was proposed based
on past research on the CES-D scale, several criteria were then used to
evaluate the overall model fit in this study. These include the x?
likelihood ratio statistic, the relative x? likelihood ratio ( x2/df ratio), the
Bentler-Bonett's Normed Fit Index (NFI), the Bentler's Comparative Fit
Index (CFI). The chi-square likelihood ratio statistic measures the fit
between the sample covariance and the fitted covariance matrix. A

_ nonsignificant chi-square indicates the hypothesized model fits the
" observed data adequately. However, the x? statistic is very sensitive to
sample size and deviation of multinormality assumption. In practice, it is
dften found that a good fit based on a large sample size may result in a
significant chi-square. Hence, alternative indices of goodness-of-fit
should be used. One alternative is the x2/df ratio which attempts to take

sample size into consideration.

The goodness-of-fit indices of the NFI and CFI are based on
comparisons to a null model. They range from 0 to 1. Usually, values of
NFI and CFI greater than .90 arc desirable. According to Bentler (1990),
the CFI is not influenced by sample size and avoids the underestimation
of fit found with the normed fit index. In addition to the overall
goodness-of-fit indices, assessment of model adequacy should also be

examined by evaluating parameter estimates. Convergent validity of the



The Structure of the Chinese CES-D Scale 9

factorial model can be assessed by determining whether each indicator's
estimated pattern coefficient on its posited underlying construct is
significant (Anderson & Gerbing, 1988; Byrne, 1994).

Recently, MacCallum et al. (1992) have call attention to the problem
of capitalization on chance in model modifications in covariance
structure analysis. They argue that stability and cross-validity are critical
issues in model fitting process. Cudeck and Browne (1983) also argue for
the importance of cross-validating the covariance structure models.
Therefore, to provide more stringent test of the proposed structure of the
CES-D, the final factorial model obtained from the analysis will be cross-

validated using another independent sample.

. Method

1. Respondents

The data for the present investigation came from a study of social
support and psychological well-being among older people conducted in
1992 in Taiwan. A stratified three-stage area probability design was used
to draw a sample of noninstitutionalized adults 60 years of age and older
that reflected the different geographic regions and degree of economic
development in the island of Taiwan. Face to face interviews were
conducted by trained interviewers in respondents’ home. The CES-D
scale was used as one of indicator of psychological well-eing in that study
(Chou, 1993). A total of 1460 respondents were interviewed.!

Since more than 95% of respondents were either married or
widowed, the present study will not include those respondents who were
divorced or single. The final sample for this analysis consisted of 1379
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elderly who were married or widowed at time of interview. Among 1379
elderly, seventy-two percent were married and 28% were widowed.
Fifty-three percent were men and 47% were women. The ages of the
respondents in this final sample ranged from 60 to 95, with a mean age of
69.4. Most respondents (43%) were illiterate, another 35.5% had no
more than a grade school education. Thirty-two percent had monthly
family income less than NT$ 5,000, twenty percent between NT$ 5,000
and 9,999, 17% between NT$ 10,000 and 15,000, and the remaining 31%
had more than NT$ 15,000.

To establish the cross-validity of the CES-D factor structure, the
sample was randomly split into two subsamples. After excluding cases
with missing data, the effective sample size was 662 for the calibration
sample and 661 for the validation sample.

2, Instrumentation

The Center for Epidemiological Studies Depression (CES-D,
Radloff, 1977) scale is a 20-item scale which measures symptoms of
depression over the past week on a four-point scale. The scale was
intended to assess depression in general population. The CES-D was
translated into Chinese using back-translation procedure. Because the
most common spoken language in daily life in Taiwan is Taiwanese
rather than mandarin Chinese, and majority of current cohort of older
adults in Taiwan either can not understand or are not comfortable to
communicate with mandarin Chinese.  Therefore, two stages of
transtation were involyed. First, the CES-D was translated into Chinese,
then the Chinese version was translated into Taiwanese. Same procedure

was followed in each of the two translation stages.
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The CES-D was translated into Chinese by the author. The Chinese
version was then back-translated by another bilingual professional into
English, which was compared with the original version. This back-
translation process continued until these two professionals both agreed
that the accuracy of Chinese translation was achieved. Next, the Chinese
version was translated into Taiwanese by members of rescarch team
(including the author) who were proficient in Taiwanese, and version was
finalized after agreement was reached among the members. One remark
is in order regarding back-translation process. Because some items were
more difficult to translate into Chinese and Chinese into Taiwanese, the
agreement on accuracy of translation was based on semantic equivalence
rather than literal transiations of the original items. Lin's (1989) study of
depressive symptomatology in China using the CES-D scale also adopted

semantic equivalence criterion.

IV. Results

1. Test of the hypothesized four-factor model

The hypothesized four-factor model with independent measurement
errors (M1, Figure 1) was examined using data from the calibration
sample. As indicated in Table 1, the %2 likelihood ratio was highly
significant with a value of 613.103 (df = 164). Since the x? likelihood
ratio is highly sensitive to sample size, with a sample size of 662 it is
expected that this ratio will be significant which indicates that the
proposed model does not perfectly fit the observed data. However, other
fit indices suggested that the proposed model had an adequate fit. The
relative x2/df ratio was 3.738. The NFI and CFI for this model were .913
and .935 which suggested more than 91% of variance in the observed data
was explained by the proposed model.
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Table 1. Standardized Maximum Likelihood Estimates for CES-D Scale

Items and Goodness-of-Fit indexes (The Four-Factor Model,

M1)
Calibration
parameters sample (n=662)
Variances and ccvariance
of first-order factors
[F1,F1] 1.000%*
[F2,F2] 1.000%
[F3,F3] 1.000%*
[F4,F4] 1.060*
{F1,F2) -, 277
{F1,F3] ~.243
[F1,F4] -.221
[F2,F3] .B73
[F2,F4] .743
[F3,F4] 152
First-order factor loadings
Fl Positive Affect
vl Felt as good as others .485 -
v2 Happy .B837
vl Enjoyed life .868
v4 Hopeful .693
F2 Depressed Affect
v5 Bothered L6486
v6 Rlues .756
v? Sad .882
v8 Fearful . 808
v9 Lenely .11%
v1l2 Failure .587
v13 Depressed .819
v1l4 Crying spells .768
F3 Somatic Activity
v15 Poor appetite .578
vlé Hard to concentrate 726
v1l7 Talked less .575
v18 Restless sleep .589
v19 Couldn't get going .816
v20 Everything an effort .740
F4 Interpersonal Difficulty
v1C People disliked me .812
vll People unfriendly .611
Goodness-cf-fit indexes
x* likelihood ratio 613,103 (df=164)
x¥/df likelihood ratio 3.738
Bentler-Bonett NFI .913
Bentlex's CFI .935

* denotes a parameter fixed to 1.0 in the analysis.
note: all parameter estimates are significant at .05 level.
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In addition to the overall goodness-of-fit indices, assessment of
model adequacy should also include the examination of parameter
estimates. Ideally, the specified parameters should be statistically
significant. Table 1 showed that standardized factor-loadings were all
significant and were all greater than .48, indicating each indicator did in

fact have substantial nonzero coefficient on its posited latent construct.

As expected, Positive Affect (F1) had significant negative
correlations with the other three factors while Depressed Affect (F2),
Somatic Activity (F3), and Interpersonal Difficulty (F4) factors were
positively correlated. Correlations among factors ranged from -.221
to .873. To establish discriminant validity among factors with high
correlations (i.e. among F2,F3,F4), each of the estimated correlation
parameters among these factors was constrained to 1.00, then three
constrained models were reestimated separately. According to Anderson
and Gerbing (1988), a chi-square difference test on the values obtained
for the unconstrained and constrained model can be evaluated. If the
unconstrained model has a significantly lower chi-square, then the factors
are not perfectly correlated and discriminant validity is achieved. The
results showed that, compared to the unconstrained model, all three
constrained model had a significantly higher chi-square values. For
example, the model with correlations between Depressed Affect and
Somatic Activity factors constrained to 1.00 had a x% value of 755.079
which vielded a large x? difference score of 141.976 (df = 1) with the
unconstrained model. The values of NFI and CFI for this constrained
model were .893 and 914 as compared to the 913 and 935 of the

unconstrained model.

Therefore, although there were high correlations among three of the

four proposed factors, above analysis demonstrated the discriminant
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validity among these factors. However, moderate to high covariations
among these four factors indicates that there is possibility of the presence
of a general second-order factor to account for these covariation. The
higher-order factorial model will be examined in the next section.

Although researchers generally agree that model-fitting process
should be justified on substantive as well as statistical criterion, in
practice there is no one agreed upon guideline. For instance, some
researchers suggest that confirmatory factor analysis models involving
psychological constructs often require the researcher to specify correlated
error variances in order to obtain a well-fitting model. Correlated error
variances can be substantively meaningful in reflecting minor, possibly
sample-specific data covariation not explained by the target factors in the
model (Byrne, Shavelson & Muthen, 1989; Tanaka & Huba, 1984).

On the other hand, Anderson and Gerbing (1988) consider that the
use of correlated measurement errors can be justified only when they are
specified as a prior. MacCallum et al. (1992) also raised the issues of
generalizability of models resulting from data-driven modification of an
initial model. They strongly recommended that the final model obtained
from modification process should be cross-validated to independent
samples.

Since the assessments of the initially hypothesized four-factor model
(M1) already showed an adequate fit, and the examination of the
modification indices based on the Lagrange Multivariate (LM) test
revealed that no substantial gain could be obtained from respecification
of M1 model by including correlated measurement errors. To avoid the
problem of capitalization on chance, no further modification was
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proceeded. Therefore, the hypothesized four-factor model is accepted as
the CES-D structure model.

2. Validating second-order factor model of the CES-D

In this section, a single second-order factor, called Depression, is
further proposed to explain the covariation among the four first-order
factors obtained in the previous section (M2, Figure 2). This implies that
the structure of the CES-D scale is multidimensional at the first-order but
unidimensional at the second-order Jevel. And the variance of each first-
order factor was decomposed into the variance accounted for by the
second-order factor and a residual variance (Ds in Figure 2) not
accounted for by the higher-order factor. To establish the unit of
measurement for the higher order factor, the variance of the second-order
factor (i.e. F5) was fixed to unity. With this model specification, we
expect to find empirically the model to have a satisfactory overall
goodness-of-fit with all first-order as well as second-order factor loadings
to be statistically significant.

The second-order factorial model was rejected for this sample, with a
chi-square value of 614.637 (df = 166, p< .001), as fully adequate.
However, NFI and CFI were .913 and .935 which indicated that the model
was compatible with the observed data. The relative x%/df ratio was
3.703. Table 2 presents the standardized maximum likelihood estimates
of parameters. All of first- and second-order factor loadings are
significant at the .05 level. Loadings from the second-order factor,
Depression, to the four first-order factors vary between ~.280 to .193 6, with
the Depressed affect and Somatic Activity having highest loading. The
Interbersonal Difficulty factor also had high loading(.800) on the
Depression factor. The residual variances of first-order factors ranged
from .032 to .323.
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Figure 2. The Second-order Factorial Model (F1: positive affect; F2:
depressed affect; F3: somatic activities; F4: interpersonal

difficulty; F5: second-order general depression).
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Table 2. Standardized Maximum Likelihood Estimates in the Second-

Order Factor Model (M2)

Calibration
parameters sample (n=662)
Second-order Factor Loadings
F5 General Depression Factor

Fl Positive Affect -.280

F2 Depressed Affect .934

F3 Somatic Activity .936

F4 Interperscnal Difficulty .800

First-order Factor Loadings

Fl Positive Affect
vl Felt as good as others .4B5%*
vZ2 Happy .835
v3 Enjoyed life .869
v4 Hopeful .693

F2 Depressed Affect
v5 Bothered .646%*
v6é Blues .757
v? Bad .882
v8 Fearful .807
v9 Lonely 719
v1l2 Failure .588
v1l3 Depressed . 815
vl4 Crying spells .769

F3 Somatic Activity

v1l5 Poor appetite .579%
v1i6 Hard to concentrate .726
v1l7 Talked less .575
v18 Restless sleep .600
v19 Couldn’t get geing .815
v20 Everything an effort .740

F4 Interpersonal Difficulty
v10 People disliked me .810%*
v1l People unfriendly .612

Goodness-of-£it indexes

¥? likelihood ratio 614.637 (Af=166)
x*/df likelihood ratioc 3.703
Bentler-Bonett NFI .913
Bentler’s CFI .935

* denotes a parameter fixed to 1.0 in the original sclution.
note: all parameter estimates are significant at .05 level.
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Overall, based on various fit assessment indices, the second-order
factorial model can be concluded to well represent the observed data on
the CES-D scale. Thus, the results of the second-order factorial model
are consistent with the conceptualization of depression as a general

construct with multiple interrelated yet distinct dimensions.
3. Cross-validation of the CES-D Factor Structure

To address the issue of cross-validation of the findings from the
calibration sample in the previous analysis, the four first-order factors
model was first tested for its invariance across a second independent
sample (i.e. validation sample) then followed by the cross-validation of
the second-order model. In the first-order structure, all factor-loadings,
measurement error variance, and factor correlations were constrained
equal across calibration and validation samples. For the higher-order
structure cross-validation, all factor loadings (including first- and second-
order), measurement error variance (variance of E), and the residual
variances of first-order factors (Ds), were constrained equal across these
two independent samples, and then tested statistically in a simultaneous
analysis of the data using multigroups procedures of the EQS program.

The results of the first-order factorial model showed the constrained
model to be well-fitting with values of .903 and .928 of NFI and CFL
The chi-square likelihood ratio was 1329.591 with 374 degree of
freedom. The relative x?/df ratio was 3.555. The LM test statistics in the
EQS program provides information on whether the hypothesized equality
of the specified constraint can be held statistically.  Although the
multivariate LM x? statistics indicated the five specified equality
constraints did not hold (i.e. [F1, F3]; [V7, F2]; [ES, E5]; [E13, E13];
[E11, ELL]), their chi-square values were all rather small (less than
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5.815). Based on the above evaluation, the four-factor first-order

factorial model is concluded to cross-validate successfully.

The findings of cross-validation of the second-order factorial model
revealed a relative x2/df ratio of 3.574; the values of NFI and CFI
were 902 and .927. This indicates the model fit is adequate. The
multivariate LM x? statistics indicated several equality constraints
involving measurement errors and residuals of the first-order factor were
significant (i.e. [ES, ES]; [E11, E11]; [E13, E13]; [D2, D2}; [D3, D3]).
However, their 2 values were again all relatively small (less than 5.894).
No substantial improvement on model fit can be gained by releasing these
cquality constraints. Therefore, the second-order factorial model is also

considered to cross-validate satisfactorily across validation sample.

V. Summary and Conclusions

Radloff (1977) had proposed that the CES-D consisted four
dimensions: positive affect, depressed affect, somatic-retarded activity,
and interpersonal difficulty. Although these four factors were generally
obtained in several major investigations of the properties of the scale, no
study attempts to directly fit all of the 20 items into the hypothesized
four-factor model. The purpose of this study was to assess whether the
hypothesized four-factor model well represented the structure of the
Chinese version of the 20 item CES-D scale. Furthermore, this study
proposed a single second-order factor to account for the covariations
among primary factors. In addition to use confirmatory factor analysis
approach, this study also provided the evidence of the cross-validity of
the proposed models.
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The results indicated that the four-factor model proposed by Radloff
was consistent with the observed data. Not only global fit indices showed
adequate model fit, all factor loadings were also significant and greater
than .45. Thus, convergent validity of this factorial model for the 20-item
CES-D was demonstrated. The moderate relationships between positive
affect and other three factors were consistent with the argument in
studying mental health that positive and negative affect should not be
viewed as an opposite end of a single dimension. Instead, they should be
treated as different yet related concepts,

Correlations among depressed affect, somatic activity, and
interpersonal difficulty factors were quite substantial. However, further
discriminat validity analysis indicated that these three highly correlated
factors were indeed different constructs. These moderate to substantial
covariatons among four primary factors suggested the existence of higher
factorial structure. A single second-order factor, called general
depression, was proposed to account for the covariation among four
primary factors. The second-order factorial model also showed an
adequate fit to the data. With exception of moderate loading from the
second-order factor to positive affect factor, all the first-and second-order
loadings were again substantial.

Several researchers (Aneshensel ct al., 1983; Krause & Markides,
1985; Liang et al., 1989) have argued that two interpersonal items in the
CES-D should be excluded because conceptually they seemed to
confound the lack of social support resources with depressive affect, and
empirically they were found to correlate weakly with other factors.
Contrary to previous research findings in Western culture showing
interpersonal factor having the weakest relationship with other three

primary factors and with a second-order factor of depression, the results
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of this study indicated that interpersonal factor had strong relationships
with depressed affect and somatic factors when the primary level of the
factor structure was examined, And when the second-order structure was
posited, the interpersonal factor again had strong loading on the second-
order general depression factor. This findings suggest that for this
sample of elderly in Taiwan these two items of interpersonal difficulty
did reflect some degree of respondents’ psychological distress. Is it
possible that in this culture psychological distress is commonly
manifested in the perception of interpersonal relations? This issue merits
further study. It is also worth in the future research to examine the
differential relationships among these four primary factors and other

major concepts in stress and support rescarch.

The presence of a second-order factor implies that the CES-D scale
can be conceptualized as a generalized measure of psychological distress
with four unique yet related subdimensions. In practice, it implies that
the use of total score of the scale as an indicator of general psychological
adjustment is justified. Further examination of the second-order loadings
found that four primary factors did not contribute equally in defining the
second-order factor, with positive affect factor contributing much less
than the other three factors. In other words, the second-order factor
mainly reflected the respondents' psycho-social distress, though it also
assessed the absence of positive affect. Since the CES-D scale was
originally developed to include not only the more general measures of
distress but also the assessment of positive affect, these results gave the
strong empirical support to the validity of the CES-D scale as a general

measure of psychological well-being.

The four primary factorial model as well as the single second-order

factorial model were all successfully cross-validated in another
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independent sample. Therefore, it can be concluded that the Chinese
version of the CES-D scale has demonstrated sound psychometric
propertics as a general measure of psychological well-being. It has a
factorial structure with four factor at primary level as originally proposed
by the Radloff and a single factor at the second-order level. However,
cautions should be taken when making generalizations from findings of
this study. Although this study provided a much more stringent test of the
CES-D structure than previous research, it is always possible that
alternative models other than the one specified in this study will be
equally consistent with the observed data. In addition, the model was
derived from the elderly sample. More research is needed to substantiate
the results of the present study and to investigate factorial invariance of

the CES-D among various social groups in Taiwan.

Notes

I Due to some clerical complications, exact response rate could not be
computed. However, the demographic comparisons between the present
sample and the 1990 census data showed comparable results with one
exception that the present sample contained less proportion of older adults
aged between 60 and 64, and more proportion of the elderly aged between
70 and 79.



The Structure of the Chinese CES-D Scale 23

References

Anderson, J. C. & Gerbing, D. W,

1988 “Structure Fquation Modeling in Practice: A Review and
Recommended Two-Step Approach,” Psychological Bulletin 103:
411-423,

Aneshensel, C. S., Clark, V. A. & Frerichs, R. R.

1983 “Race, Ethnicity, and Depression: A Confirmatory Analysis,”

Journal of Personality and Social Psychology, 44: 385-398.
Bentler, P. M.

1990 “Comparative Fit Indexes in Structural Models,” Psychological
Bulletin 107: 238-246.

1992 EQS: Structural Equations Program Manual. Los Angeles: BMDP
Statistical Software.

Bollen, K. A.
| 1989 Structural Equations with Latent Variables. New York: Wiley &
Sons.
Byrne, B. M,

1994 Structural Equation Modeling with EQS and EQS/Windows.

Thousand Oaks, California: Sage.
Byrne, B. M., Shavelson, R. T. & Muthen, B.

1989 “Testing for the Equivalence of Factor Covariance and Mean
Structure: The Issue of Partial Measurement Invaria.ncé,”
Psychological Bulletin 105: 456-466.

Chou, Y.

1993 Effects of Social Support from Various Sources on Psychological
Well-Being among the Elderly in Taiwan. Paper Presented in the
1993 World Congress of the World Federation for Mental Health,
Makubhari, Japan.




24 (it BRIt R AR R )

Cudeck, R. & Browne, M., W,
1983 “Cross-validation of Covariance Structures,” Multivariate
Behavioral Research 18: 147-167.
Ensel, W, A,
1986 “Measuring Depression: The CES-D Scale,” in N. Lin, N. A. Dean &
W. A. Ensel (eds.), Social Support, Life Events, and Depression.
New York: Academic.
Ensel, W. A. & Lin, N.
1991 *The Life Stress Paradigm and Psychological Distress,” Journal of
Health and Social Behavior 32: 321-341.
Krause, N. & Markides, K. S.
1985 “Employment and Psychological Well-being in Mexican American
Women,” Journal of Health and Social Behavior 26: 15-26,
Levy, L. H., Derby, J. F. & Martinkowski, K. S.
1993 “Effects of Membership in Bereavement Support Groups on
Adaption to Conjugal Bereavement,” American Journal of
Community Psychology 21: 361-381.
Liang, J., Van Tran, T., Krause, N. & Markides, K. S.
1989 “Generational Differences in the Structure of the CES-D Scale in
Mexican Americans,” Journal of Gerontology 44: s110-120.
Lin, N,
1989 “Measuring Depressive Symptomatology in China,” Journal of
Nervous and Mental Disease 177: 121-131.
Long, 1. S.
1983 Confirmatory Factor Analysis. Beverly Hills, CA: Sage.
MacCallum, R. C., Roznowski, M, & Necowitz, L. B.
1992 “Model Modifications in Covariance Structure Analysis: The

Problem of Capitalization on Chance,” Psychological Bulletin 111:
490-504.



The Structute of the Chinese CES-D Scale 25

Mulaik, S. A., James, L. R., Alstine, J. V., Bennett, N., et al,,

1989 “Evaluation of Goodness-of-Fit Indices for Structural Equation

Model,” Psychological Bulletin 105: 430-445.
Radloff, L. S.

1977 “The CES-D Scale: A Self-report Depression Scale for Research in
the General Population,” Applied Psychological Measurement 1:
385-401.

Radloff, L. S. & Locke, G. Z.

1986 “The Community Mental Health Assessment Survey and the CES-D
Scale,” In M. M. Weissman, J. K. Myers & C. E. Ross (eds.),
Community Surveys of Psychiatric Disorders. New Brunswick, N.
1.: Rutgers University Press.

Roberts, R. E.

1980 “Reliability of the CES-D Scale in Different Ethnic Contexts,”

Psychiairy Research 2: 125-134.
Roberts, R. E. & Bengtson, V.

1993 “Relationships with Parents, Self-Esteem, and Psychological Well-
Being in Young Adulthood,” Social Psychology Quarterly 56: 263-
277.

Tanaka, J. 8.

1993 “Multifaceted Conceptions of Fit in Structural Equation Models,” In
K. A. Bollen & J. S. Long (eds.), Testing Structural Equation
Modeis. Newbury Park, CA: Sage.

Tanaka, J. S. & Huba, G. J.
1984  “Confirmatory Hierarchical Factor Analyses of Psychological
Distress Measures,” Journal of Personality and Social Psychology
46: 621-635.




26 (Rt EREH R ERRYER)

Thompson, M. G. & Heller, K.

1990 “Facets of Support Related to Well-Being: Quantitative Social

Isolation and Perceived Family Support in a Sample of Elderly
Women,” Psychology and Aging §: 535-544.



(PR RRRAER)  BUIER
shefpHgelz LA ST SRR FoATELE (41) » H27-60
EEB6EIH - BE - B

LB IR B A AR ST ¢
RifE PR FIFER

B & &

Al
S B B8

3K K4 A | (MIMIC Model) £ LISREL (LInear Structural
RELationships) [\—7%& » FHfL & 2% Hauser FHEIFEREE Goldberger 2
197142 - BB T4EFRA S ERFHEE ) (multiple-indicators
and multiple-causes model) (Hauser and Goldberger 1971) RYRS TR (&
1)

A TEEMIERER T GREA | KR AR AR

# | (Ordered MIMIC Model) 14 " 5025 b Bk 8 B BUE I A A HE |
(sibling resemblance in educational attainment) (EfR S EEH L)
B - BT BB Benin and Johnson (1984) 1 Hauser and Wong
(1989) A1 T FRIEAECIE | REERFE - (FERA NLSY
(National Longitudinal Survey of the Youth, 1979-1992) &k} - BIEF
2 ER% (sibling pairs) BEA - #R#8{F3E Hauser and Wong (1989) SLTEA
T KRS | b TSI RRLLIE | A9 - BRIk - fPETRELA

WS PY S LT




28 (it @R R R )

PEBA ) (degrees) FRERZKENAL T SKEBEESY | (vears of schooling) (13
B3 R TERMGRIEER | (Ordered MIMIC Model) 2 & #5753
FFEREE O | ArERES -

{

X1 711

719

—_——————
X 2 Aoy

V \Yz“-—ez
X 3

I 3% 37 3 - bl

SRR ERBANS © B R R BT R AR
WFERRE - 58 I E B HBL R A B 32 (R » LUK
Benin and Johnson (1984) f{1 Hauser and Wong (1989) 451 " T R&H
TEOME , PEEIFENZ - BIUETE T AORIER | F TR
IR | AURRETIRE - ¥ TR TSRS RS AR A 5 AL
IRAAA SRR 53k - SETIENERRA NLSY " A | Tl
HURFNE - SENETELEE GRS TS - 518 " —IBSRRAREAY
B TSR R | (50 MTAS SR ORARIE - 1% BB
& © '



TLAEAEERBE RO AR | R AR ) IR 29

K - REFRRTEHE

BT EESEN L aR B R E N RS AR R
Hrhit erE s g it eI - BAERE - EARE - DRFETR
KT BT (educational inequality) B - fUf I FHEHMF
SR B SRR LTRSS SR S SR - M AR IR
HRERYNIEINEEERENREBEER - BERRET
(schooling) FE20HHAT AN HTIRGR » ARHATAIRITSE © RAZE
iy BRI R A TEN S E g - EE TR T
DIAREIEE S 2 I (Hum, 1993) « it G RFEBHEE] - ERTHE
RS BOE  SIERIECIRETE T LAUE - DO iRk
s DUETRECR SRS AR ARG - AR
FEEEREEE T4 RUEOAEIFESR - DHAE MRS
BB » RS T FHERERTTREN: -

sz EREEEASEHRERENRE SRR LREE
Bal T AFSRE | (nature) 7T T B KEE | (nurture) HIPER] - THEHLRE
YRS R TR A ETEE LR o MR SR I
(identical twins) ~ SEIEE I (fraternal twins) ~ BUCEERI(RAY R
ik ~ DIR A AEEEE TR Aok EHTE - hEaE s EE
R R DT Tk RE TR f TR ME
Bl o AR E SRR S ST B » Al—BER TRXKL 1
TR | FESEINEREE - SRS AEENER (B
FF7 - (EHE ~ RETREERRNIS) T - MEEE THREK, FE
11 EEMRBME R ERETIES Sk AT SRR R
(Dunn and Plomin, 1991) -

R REERNE AR EREEE - (LRI SR RE

R EEER THRA ) M ST E R RRER R T RIET
£ | (family background) AT BB F 22 - BIEFIR IAREIZRE




30 (RLErRERE T AR R )

FREY - B0 - KEEHF 5204 B2 2 @ A 9 30 H BU 8 (educational
attainment) [L3REE - —ECEiEEER T HTESMET | (status attainment
research) Y B Bt + Blau and Duncan (1967) FE F &% ©® 4 £ (path
analysis) ZRERETEEH FRSESMATINE - SR ST BE (R
PSSR BRE) $HAME A SENIRRRATS (R = .26) - 1LENHIZeE
T {/ji& Blau and Duncan F{EZ 4 + AT LA EER LT
B T HBOEERIEEY | (SRR (logit model) FROMTEE RS K,
BAESHERER - B FRETFRERE A BB R R I
ARNEHIE5096

SRR E - RET BE AR EEIR - e
ERMEEMRET RESRSBEFETN TLmits » hi{H5aE -
Hauser and Featherman (1976) [ T #E S ERTRE « DIEER 2 B4
ARSHE » FHEAZEHEFNER M (oldest brother) SREMFEIHIAERT » &
A E(E AT S B E AT A AR 4. 525 .60 - MR DIF LS
EVE AR A N ERR - S AT e EREYE
REFERE T LB B EAY LI -

BT B R R T BRI RN T O R
ISR BN ERIERE « RATE ZHIZEE Lindert (1977, 1978) » fit
R RERERAHEASE (REME - E8 - HAER - Wbk
B~ HAERIRGE) f1 0 %RE (R R AEED BIME - Zajone
(1976) - Zajonc and Markus (1975) » DK Zajonc et al. (1979) BIRESTT-
LEEMHAFF (birth order) B THIBRFIBHREEE - 75t e
S5 Rt Blake (1981, 1989) 3V 7 2808 74008 (RIEH
B~ BH) HIEE  Hauser and Sewell (1985) $MFREE P TR
FIBUE ERHIBR{R ¢ Mare and Tzeng (1989) Bl s ift—45-3 5 B4
AR (G NS R B B R ) WIREHYS T2 e
g o




SR AEROIEERTE  FE " HORRE ) P9PEA 3

BESR | SSE B FH R BN R EBUE B B W 4T 2R [E R
gk PRI A SR TR SR A B AL A
(individual) » R ELFFTRIRES REL8T] - Pt 52 BGLAY T B 2R BE ]
(between-families) 7= BRHE A FHL QIBEEGS - BA) 5L YRR
1% » IR RN ERAIEE « R ahE R IR e
HEREETEMALTER SRR E AR - 0 B
IRIeER RO EIE, - BESRSHE ZIRKEA (within-family) SleehER
MR « RN TR F AR A= IS - DA TREEA
& B 7 4 A [7) 69 4F F§ (Dunn and Polmin, 1991; Hauser and Sewell,
1985) » (3B LERAZCIN B EEHEREIUTRA] - LUE ABIAZERAL - [MI7RAE
e 2 BERS = R RIS L R B R PO = 5L - ey > 82
WoefEmd T EEERT ) ERAEKT - BT B—ERERE ——
FoPREN R —— BTN AIERPCEE -

2 - FRAFHDETIZER BB

B ET EHIC E B Jencks RIHFIR (1972) - 7Efth
MRgRFZEt » HETREEIT SIS WS 11 (IQ) FIEETIMEEE LR
Hie— - MRS T LN EMENFERR - Bi5HE -

CEIEREE | BT YERG RFEIEE GERIEREY RGN AHEARE
B o Hrh R LR RIS R R P SR BRI E AR
HIBIEY R S SRR BRI A s THIERE « ERR
R E AR E S AT TS, o W (ERERT AT
7E « Jencks 2 AZUE » HRAIF R RCEERENAT AR R MR E
B RSB R AR - ATRE T RRFTEEm AL
L S E ATy » BT R RS E RS ER - AT ARE
F7 ~ HERELAY{E S E RIVE R E AR B RTIRE (1972) « TA
Olneck and Bills (1979) $1¥Hi 4 FFFIFREFIR (family size) ¥ AR




32 (Rt AR B 5 SRR )

HUET] - B ~ BB RIERAT - HRARFHAIEIES 5 i2
BT G TR AN BAT IS O (Hauser
and Sewell 1986) -

Jencks & ARIBFSE (1972, 1979) i 8 A B F L iR
73 0 Bt SR RS sERE R - A SRR
B E M # H 51 & 2 & 1] Behrman et al. (1977), Chamberlain and
Griliches (1975), Olneck (1977) I Sewell and Hauser (1977) % AEFE
AHAFEERREST - EETEN > 5% T FRHE, (Sibling
studies) B T SR EA RIS B B TS GRSE - Bl RS
A% o ERMEH AT - BB ENFIeEE 1R TRE
(houschold) FiEN— ABTE » SRIRERAE L 1 TER
PREE ) PR DA TE A I ERBR R - bR s T 5
ME—FPTRHI—EA - GRESEEN T 5 S8 EH—
LA T BEAIR RSN OB R 1R
Bl A SR < AT > B T LIS B R TR - Bk
"FRIFTE ) KERA TR EECH | (sibling pairs) fEESSMTEAT o 1

TFRHITE ) BERAETOSEL A S I - SRR R
HURRFEAIE B0 » P T AT S R BB - YERHEE (1
RTHIRTCE LR ST 52 BEM B RE Y 22 BB B /7 (Hauser 1988) - 38
TERHFERCES TR - —E5{7ERL Benin and Johnson (1984) (f#& BJ)
fr "B e | (Sociology of Education) #iH] FA—Eahsc - #%3%
12 Hauser and Wong (1989) (58 HW) $5HH H T 505 (35504 A S
PREHTEE -

EURS F 5 F R A FEAT i AV ER AR T AR EI% ) (brother
pairs) » BRAREER/INTT L IF2R 2 ERBEMEA ; BI$EH - DA T 50
BCE ) IRATIAZET AR - BEET © (1) RENTLEEaE
B TREEE T RMBITIAE » (2) AR R R R AR
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FREEHERES > ) FREREarE Lt TREE - B
BT R 7EI S E R - 405 Nebraska JMEFREMET EREHRA
(NASIS 1 Lincoln data) + o 7EAPHEHA T RBERE © SJURKE
SRR T ET R MRS F RN R 2
I3 B8 (cross-sibling effects) « L » AbMFRER bl e AU ERR Y

M go{E3L 8 | (residual covariance) FERL S LLE AT R A RHUBRES
Wk o 2 R R SRERR AEEEY - B ARAELL
ik TAETT | 0 JRENUSTERCE AT b - LR g REIREY

R -

(
{

£ 7 BEsE LAY - BY AR ER (RIEl 2) RO ACHEY
HE RIS RG-SR RN - SR - T
B~ A TUAE - A BILUB TR R AT I - RAR - PSR T
Mo ARRE | EERAURMEILEBMR A AL TR ACE - T T IRIECH
AR E L e R VE A R M 5 SRR T > FEENLAE
S B E VIR RS A AR AT ARIFIY - LA LUIRIRNL
FIERIENG NGRS - BRI+ BY BT RBETEME M o T8 TERT R

Y
mnE | «— 8
S,
R —

2 Benin and Johnson Ffi 77 HEFERY
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FIREERE 15 - FRBAHOME DA TUSE I - BRI ; T
SURBERIEINE F B R SLBHAAE | (1984: 17) » fnfFTis £
SUBH AR BBE (S04 (PR TR T A0 | (role-modeling)
Rty —fREN -

HW 3 B LIRAGHETRRLASAR - 72 BT (f M rsllpate
RIRERRE AR  FME - PR RERY (A0 1) Fr
SRAREE BY MY - HW 385 JERT KSR T B ARG R g
WATERRE R - HURPIRR T SRR i S BB R b 2 S
ELBGZ O - LRI AT VA T2 B ACS - BURFZE T Smpres |
(multi-groups) ¥y LE& » S AE("HE LISREL 2 1) /5 (F Bk - 3
H - HWHSH B SARISERR - (e sl e ar s B i T 5
REHERE))  ASERSENIVSE  RTRSEEAHNE
Sh - BATRM TR EERS > FRNREME R RS
HAPHT—ERS> - Beks BAPER » BY FE P B A A EL R
HHFmERRy " FRME RS, -

P2 HW FERIGRBITACE /M7 T Nebraska £ » i L B33EL
TRIREFL B BORSEATRIE - (1) TR FIREIRE (V) () ¢ (R
B) TR RO S B HR SRR U ALRERE » T
HERSAACENY ¥ SR - ERAE B TIRES  EatR
RIFRAHAM =R L O —RRIse B 1) - SERD B BUSSTA A
BB < SRR S% - AR B A AR SR —Ab=E LA
A SEANEAHERE - (2) RIS B T IO E e ) » Ed7
HERE T4 | GhEh) RS ITERE TEE (LBl 2228 1y
W= Rk HW B TH# -SHE "SEHEEE T, > b
Kalamazoo SUsSRISHHRASIHT + FESLIIGAH B Bis » W >
=] rﬁ@ﬁ%’h PRSELE - MRS MGEESERNEE B
57 -
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B~ s

4.1 TSR | RIS

SR TTAMRRRERSY 58— B AanEsg AT (LB 1897
Ay o filg—{ T PATE8TE  (endogenous variable) * 77 BB
M | (causes) [) T #-AT81E | (exogenous variables) » x's * PAR—1{A
T 4B | (disturbance) (SUEE TTRERTE ) 0 £ o FRAHIK - SEEELT
Fl—i% % TR TR 2R FERFEAATEIE T M EERE
(unobservable) + & —MFREEAT | B/ERIE ) (latent variable) © #
Sl By S —(E SR A L T R FR AR (factor analysis) SEE[pLAD]
MYBEBITE | AL T (indicators) v y's » LU HTERHETEIZENR
HSEERTE  e's » FTARL (QUE 1A 4RED) - HELL KRR BT
HATLUE TR, RO TR RIEEES - SRIRGRAT
77=71x1+72x2+...+7'qxq+...+'erQ+(. )
ot (1) SEVELERIR 7 75 w8k T £ FOBRYEALE © 2501
sl FET o Bl () fifk
n=rx+t{. 2
Heh g 2—{EE7EEIE » x B QX1 (A& (vector) AT RGN

H ooy 21 x Qfl T &SR R {% B, (structural regression
coefficients) + ¢ HIE M #5#FHH , (a structural disturbance) - K

IR S — (B IIRR AT WERAT
YI = }Ll Ui T & 1

Yp= A, Nt Ep
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Yp= Ap 7 + Ep. 3)
FA Q) HOE P EREHES - 5 y, #E 7 HUEEENE > ©
% " FI#EL , (observable) B¢ " W #HI & | (measured) HYRIE - 2
g S ] y, R 2 RE » MEE IS ENEEE > . n(p=
L...P)» SETESE " HIRARF | (measurement errors) » 1 H &R
X's Z/2& "HITHY , (independent) - LUK ¢ p Ml 2 T oy
) - BHLUEREAERR « B3, (3) o Es e =t -

y=An+e. 4)

Hby 2Px1{EEEME > A 2Px | {# "HEAKSE, (factor
loadings) + & HIZ Px 1 {HEEERIH - #tA0—fi LISREL fIMIAYHT
(assumption) » JRRSUHEE E (L, e)=E(e,n)=E(x,¢)=0- i}
PSR - 20 (2) FIRE (4) HIE RS TSt (reduced

form) :

y=A(rx+)+ e

=(A7)x+(A¢+e)

=X +v. (3)
H B AR
L=EVv)=ENAL+e)(Al+e) 1=22U+0. (6)

RV CWBIRE ] 0 R ¢ (BRE - SB S - @
FE () BYRBUITIA PXQ (BICH » WILAA 7 1oy o T A s A
o T PHQEBEAFT | ME (6) M T EMBE (symmetric) 3t
RO > 2P (P+ 1)/ 2B FREICH > L W, A A F1 6
ne s Opp o SF2E 1+ 2P [BBHORETL - iiat MR T
(PXQ+P (P +1)/2 (1B A) BB - ETLURBEEHERT
poaTQr Ay Ao 0y Opp, BT W » J22P +Q+ 1 (R B) i
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o EFET - EP M QMARKER 2K (to 2R B A R

Mo, RRE TR LB ARIRB DESRRIRIBIE] TR
(identified) — f115 " S22 ¥ ) (ust-identified) BT
(over-identified) FIREIEH - BIAIP=Q=2Ff» A=B=T7" BRI

Fe=zges | WA FAMEHE E=0): EP=Q=3 FFrA=
15, B = 10, B4 TR, 0 HERES A-B=5- MEP=28EQ
—3B% A=9,B=8 B[RS 1 - HIKHREEIE THER K TE T %
5t 4% H& | (multinormality) FIRGHE T » BIFTH T B A A HESS
(maximum likelihood estimation) KRR EN S B T AR ANE E
(efficient estimates) (Hauser and Goldberger 1971) » RO SRR R B
SR (L HE {5 5 H B2 3 A5 > Joreskog and Goldberger & Ay ZEHIER A
(1975: 632-638) «

A p BB TEERE , c HHSEEREE (undeter-
mined) » PRHAFRIRIHE(LAS AR E0S = T IE%E(L, | (standardization) DIER
st o EMEHEREE U (it ¢ ERE) ER 1 K
BEE—E A RER 1 Y f AL FNECAEIE - HERY A's HILL
A, BITEBIRIEL » st IERRR AT R FTIRAIE T - ?

4.2 TR

S TEAEEUE | Bl TEMEE AT uE TR AR
A E BRI RN TR - STl TRk, 1A
Ttk T, B TIEFFEMK ) (Ordinal Level) HUHIE - SER "%
SEERE | HURTEE » IRE BRI LISREL AR - © B - B
FNETENIE | (I y's) B TIEEBH B EEBER T SRR
# | (Ordered MIMIC Model) - SEREFERINUMETFEEE > B 55H Muthén
(1979) i » 4t AL —#tEEdE LISCOMP (Analysis of Llnear

Structural Relations Using a COMprehensive Measurement Model: A
Program for Advanced Research) A fit " MEE LR B | (Structrual
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Covariance Model) i " #7878 | £ &M ~ IE/F T IR

(censoring) FTER « KT » BAHABBIGRREF 00 £ B (A KRS 2
) + {81 L3447 LISREL H{TBLEIT 88 - IR AL - 8

AR » BHRS T RSP RRRRIERD | R RARITABRIR - 77 Muthén
ANEFIRZGERIE (1979) « LURSH Muthén FREEIER L » B
"BARRIER | WA A -

SFRCAIRIERIR A R R R ERARN B IR
RFREE (v, flly,) B0 " PoRvasE | BRIt « Jit - Fass
MITFRBE Z IR R AR LRI © Hcll Muthén (1979) B9581% » AR
B YiEARER y* IS - T H y* BRI oo < yi* <+
3y HlfE y* AU RRETTEIEAEEE > y, @2 j - R Gl s y*< G
(=1,2.3,...0) » Ho C,Cp,...CpLy 25D T8 ) (thresholds) - ZEARAZE
HIBIFeh o SREBEB12 R 16 5B E M ErbE | g A
) FEFIHE - 75 LISCOMP t1 > F o's RETERFNE » TREE
HYB B ILRTRER A — AR 5 DKL - PErr koM oy 1) 2
EMOERGE -2

nw=ati,n+e, (N
X=a,t Ay toe,, (8)
n=rx+{. ' (9)

IRER LH =A% 8L F (g A nECER )
Wt Ay x+H A ¢+ e,
=a;tyYXtoe ¥
Var(el*)=Var(el+ Fy=1+Ww, (10
2FTant Ay X+ A0+ ey,
=axt Ay x+ e,
var(e,*)=Var(e,+ A, £)=1+ 1,°V. (11)
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Muthén RF] © ¢ EEHEEY | (Probit Model) BYJREE - 5ei§2%t (10)
F1(11) KEHEY, + Bl Var (& *)= Var (£,%) =1 - ¥k » FELTTH AL
BT T —STigHIERY | (Bivariate Probit Model) ESILL " IHEBRSIH
% , (joint probability function) FEZFR *

Pr(y|=1,y2=1|X):F(a+FX,A\I’A'+ ). (12)

HF (L) BT EEATE - AET E T8, (e + Tx)
FI—{E T HEBEREERE ) (AW A" +1)  Muthén (1979) FREBAEF
6.6) 119 a,T, AW %28 - feg DREEBANEDIHEN | AREEAH)
(=) SR A T dbEctieERn | o > TEAERIE R (10) FI (A1)
a,h,y,V BEER o ERE TP BEEEE  WITH TR
e - BEMTETEEH 2 Muthén (1979, 1983, 1984) B¢ LISCOMP
(Muthén 1987) i FH5F < 7

4.3 {RARER STk

HA B S BRI M - iR e L eis H DU R Ay
FEta TEEL B A B EEDIERIR kAR R R GR § — R
a0 s R TR R R AR B R B AR B R - FTLA—(H
TR ARAER 528G ) (perfect fitting) Bkl » MIEAER LIRS
pERAKET TS, BN - SEtEtEMEr LETERY TEEE
(goodness-of-fit) IR « HNEEHZ 2GR » FERERRA
B TR E SRR A AT R AL - B
HEERSE TRUISEIE | (model selection) AT - AR EEHRA THES
() | (fitted) SRR B REEORIED » SSMEEIRRER TR AT LR
HESEY | (the most plausible model) - B8R » TERFHHVIREAIT [H R AT
TR TEAE, TREE TR -

fEHWIgH et » e R BT BEEEE TES
B (AL ) B p (EAVRER » A HIRAEET TGIRRTE
(Likelihood Ratio Test) (A x > #&m) {EESIRAIRE LSS © 8 moEeEng
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ftlL FT ¥R i Raftery (1986) By it - {8 H bic (Bayesian Information
Criterion) {EFS 1A 12AY E FMk I8 - * MIRIMER » foPleqr s
"EGIR ) (nested) TR HISAMELE: - REOTM bic (EEE/
EBR T RULEZOEE | EREBEAEN SR 2SS
By - 'O BT R HW BRI DUESSINE 2 F - ZEAr 2 =R POy
HW BUBRLRI T, BIRRERS 2 L2 Ml bic » SRIEFHERE—5f

=
{h ~ Bk BE
5.1 BRI T R Ay

ABHITIR A 2B NLSY (1979~ 1992) Bk} » 384} 2 Ohio
State University " A E&E RS .[» | (Center for Human Resources
Research) ATRISR - REEREF 1 9TOE B EERITT » DI EIE14Z21 5
FRBR - HH 12,6860 HEF L - 1tk > ESI B AT - k=l
BHREHATE - AP ENEE o 5 CABEBEHWRETG ) B
1994 H RE B TH L BEG R R - ISR R T fr 222

"F5 5 (Household) FREETHIREMEREA + itk BN BB B I95 34
HHEE | A S 2RI BIIE  SS0HES NLSY
F AR -

AT R R A T R - B E SEET
RFRFTZEAEES (1) CRRE 2 R - AR,
5,856 ZAEBULHA T RBR - A5 B3R H 12,444 {H R + (2)
BRAEIEER RS TE » RS T FEMM: | A RS SR
TE - ' 3) Bk NLSY WA 3 Arsins - T - 1ip - 5.
TR MR F AR S - R AT B S B
I’ao



SRR AR BRST © L CIRRRE ) BORER 4i

RASIEE FE R L AR b RAC) 2 55 (sibling size) E BN [FIBC AR
(BIAn - AT = EECY - PUGIRHE7RE AfrE ) 7
AR AR IS » LA MERER "
HIFRSRNE - AR AR T R BARIRRGE E AT
B FEERR 7RI - R TS ARSI
HOENTIRRE (PN AARERE - T DR H A R AR T RE) -
o FEFEETRRCERRMIEER AR R R REERN EE T
R Fhc - s ASCANTHIS S - 3645 1,680(RECE SyalRE
1, 689(EIEFE ¢ Hrh TSUBAAT | AHA6TE - THEARED ) H39TH "ok
B, A428% - THbIRfiC , H397H - -

F 1 FREAZEABERL (FHEBIRED)

RRHE VENE KBRS RHE WHEE
1. & H(N=1,689)

11.02 (3.10) 11.11 3.78)  3.625(212) 1292(2.54) 1281(242)
2. MLE(N=467)
10.97 (3.30) 10.82 (4.07) 3.641(2.13) 12.63(2.68) 12.57(2.62)
3. PhER(N=397)
11.12 (2.95) 11.25(3.53) 3.682(2.12) 1312(225) 13.23(2.17)
4. FLER(N=428)
10.85 (3.15) 11.16 3.67)  3.545(2.08) 12.64(258) 12.91(2.34)
5. PhEBNN=397)
11.19 (2.96) 1125(3.78)  3.635(2.17) 13.37(2.54) 1298 (2.43)

* R IR EE T IR Duncan HOE @ ARHEFHIE (SED) » B+ A
(REIFE]) -




Ot SRR B o R R )

22 RRRIBI AIRRAERE ¢ DU TR RS

L b

AZE 1.0000

BEL 6009 1.0000

AW 5422 3830 1.0000

SUEL 4065 4039 4193 1.0000

HEL 4174 4039 4272 6279 1.0000

2. ik

AZEL 1.0000

B2 5930 1.0000

i 5530 3803 1.0000

BEEC 3193 3485 3096 1.0000

KB 3415 3292 3562 5051 1.0000

3. gk

A# 1.0000

BEEL 6231 1.0000

AEE 4989 3741 1.0000

SUER 4323 3523 4045 1.0000

GREL 3822 3695 3490 6189 1.0000

4. 58

AE 1.0000

#5 .5938 1.0000

AB% 5088 4416 1.0000

BEEL 4047 3578 3240 1.0000

BB 4372 3662 3974 4977 1.0000
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5.2 BAERI(E

##20 Hauser and Wong (1989) Hfii% » AHFELIERNBEREE
(DUEET) ~ REHEETRE CUERD « SR 145 ORI
(L Duncan's SEI 3K &) 1E B SREEMASTE SH#IE » 5 URETERHK
AR RILL x s Xg0 x5 TR - HESRIEE T2 CLARIRER) BERIHFIR
FEESEISE » EFNEENBEHILL ¥, 112, 11y RER < AT+ AR
PR » FEE AR SEE TR () TR, o 1E
SEMERIch 2L T T BB | (1) (family-related educational
background) » JE{AB/EREEE TR, A AFERNEERR
(&) WTEA > MBRAERERFOZE DAL ¢ WBEE ¥ KR
o [FRE p tHETLLEE @ TEE ) E - CHREEEERE T
(B HL TR | (S MBGEEVE (M y, My, 2RER) - EFRES
B4 FO AL, HEEUARATR T FAEERE ) (AR - HFTEY
WHD—ESEEES 1@ A, =1 A, BEEHERIES A, B
L A, AL RENTFRERENENEET] - WA =
1, AR THEETRETERENEEIL N HEHR )
HREENMOZIBENGEE Rt ¢ H e, IR TR, @

M4, FOTBEREATE » SRIRRBRAEAER (RE 1) - KFEHX
PRI SR B ERl » A TR (x)  ABL(x,) ~ A (x3) ~ REX
(v)) ~ $7ER (v,) FL{HE0E ; ARSI SITH - FRYEE - FITHR
FERESRIREER L IR 2 -

S~ — IR BRI 5 BORER

6.1 BT EHEA

B MDA EAREA (G11,680{ERCE) FER - R HERRE
AT R BT RS THERI 4T - KT A > BIE AR (baseline
model) 1> BT A =1 2R TR FEETEE (n) HERESN - 25
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FHE BB FLUFMA TIRE | (restrictions) ; SFIERITE TH B2
B - IR TS BRI LR - o5t 3 MEE A (S« S
B S BATEITASEETE (L = 42, df = 2, p = .809) - FIH B JyHE A
MEILE 7, = 7, BB 5 1550 A F B B9ERSS - BITiGE T RS
REMEHTLEE SAHFRE | (OER - 1S53 s - &
I B th 2B AR EFAESHE (L= 115, df =3, p=.765) ; T A A
B A LIRS - 1B B 1127515 TR & F R T R
B BOFEHAERIEKEE T A R B 7oREA S S 13 A B
MR (%= 0.7, dfy=1,p> .05) - SAJfT » FIEH B BB (228 -
BY T —{EEI Y - R B EEELAER A K -

R30I | SR R 2T AN

ikl L p bic  Contrast x> dfy p
A. Baseline 42 2 809 -14.4

B. Aty =71, 115 3 765 -21.1 (B)-A) 7 1 >05
C. B+ A5=1 148 4 830 -282 (CO-B) 3 1 >05

FHEAIB AN L A, =1 BIFRERE THE C(RE3)  SHanE
AR EY S FFZJ B T h ) EE RN ETHE - SR
C HAHE - R (L7 = 1.48, dF= 4, p = .830) - *DfijéBtbﬁE’J‘?i%ﬁ},
IHERE T LR (17 =03, df,= 1, p> .05) - 3T {RELIRKETSY
FEER » TamE PR LSBT bic ﬁﬂmﬂfﬁ?& CHB "Rl
SRR |

6.2 TUAHF 2R

HI—H TR USRI T ERHSHE - HERML S | AE
SANRIERIT RIS » BEAE 26 - hik - Wbk - DRESDUiAF 4E
KRR S - 3R A4 TR LISREL M7 » h ] LR
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PRI SRR - 5T HW AERLEIZ HIEEIRER » FERAIE 4
TSRS HURIHEEE T - 1800 H KB 2SN bic ERET TRATLUER
Al o PSR 4 09 - FTSEIRUESRE | () HE TR
th » FEETFRISENAAREA TEBMERES | (selection bias) (Hauser and
Wong 1989) (5 B) 1 (2) ARREHENTE - NaRMrEE
SHBIEEREE (B C) ; 3) RES B IS AR TR EA
RIS Sy (FERY D) + (4) FHEBE SIS T2 E B HIE
2 (R E) 5 ) B ERENLETIREN A F &G); (6)

TYERGIEEIRRR  WE R E S EVUARRC S AR (T
H) -

Fd: TREORIREA | R SRR - DUATF R AR

=2 > 4 p bic Contrast x- dfy P
A. Baseline 6.6 8 576 -53

B. A+®(IN) 33.6 26 .146 -160 (B)(A) 27 18 >.05
C. B+6 ¢ 48.1 33 043 -197 (©)»-(B) 14 7 =05

(INZEQ)

D. C+T'(I N) 622 42 023 -250 (D)(C) 14 9 >05
ED+Y 11712 631 43 025 25 (E-D) 9 1 >05
F. E+A(I N) 66.6 46 025 275 (F)<E) 35 3 >.05
G. F+ Ay =1 71.0 47 014 278 (G}(F) 44 1 <05
H. G+¥(I N) 81.4 S50 003 -290 (HHG) 104 3 <025

IN:invariant, EQ:equal

REASERY > 7R3 4 MRS » MEGUEREIER (¢ ) MEMtErEE
#E 05BAHER G B F pYERS » SEREE/KHE.0258 B H 8L G 19LL
8 PR bic BRI AR R AR EAIE ? RIS
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REIELEEREREN type 1 () 252 » 25 bic WIERHIE type 11 ( 8)
R SEE R RN - FEEIHER o 1SR G B H RIS H
T R ER BN RTEE R E » TSR ERER
TEHERR ) B ERNTORE  AIER S RS
(BRI H) - DUT M — e E R B -

B 0 M 4 BRI IREEIE N L A, = | BUERE B
B T RENIERI TR ST (R - 5 5.1 K B Ay
EFAIRAAEAA BITHESTE (L2 = 114, df= 12, p = .50) » FIELAE
TIEERRAS R » SAUBRAR S T IO I R TR R A s
BEWAWER (x° =48, dfy=4,p>.05)  [RILk » WIEEEH T REEXET
WIZERIRE ST | RFTEN > 5 4 107 G LR ol DUES -

EAEHAEIN L U B TEE ) (invariant) (UEEE © T RIKERE
T VB AL F KRS VA SR ) ) IR © R 5.1 18
C BERE » BRI B AR A AR (12 = 112, dfy=
3,p<.025) ATll » TVBRELFEINE | SV T R RS E LR
FEIE « 5 BRI ERERGEE S, BHRARNESREA >
I BB S R/ INIE 2 48R D A TS BRSRISTAREC Y W AR
DHEREC S RIBRSA O ¥ FIS - TS AT IR ST (2 =
03,df;=2,p>.05); Eig "EBLFARENEES, 0 TRE, M
"Suk ABGL THbBR RO THBE, ABGL o (ESNETE (T A
TR ) BB EE S ( TRR AT i ) OB -

7% 5.2 B EABARBA RS AT ALY - FEN RIS FL
WEE > THORDRMED  HEHAK (L, SBB 91,
1.010,.827,1.069) ; L4 - " B EFEINE ) WEENE TR, BE
TR (R0 T 5dsh ) RO T ik B EEK (U SR12.625R12.913) ¢
LA T e s B4Ry (0 TR, IR TEEES | ) )N (W S3RIES1.628
F11.634) -
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# 5.1 TEREEIEACME ) ERMeEIERRE © T RAGRERE

AL L2 df p  bic_Contrast ¥ dy p

A. Baseline 66 8 .576 -33

B. A+ 4,71 114 12 500 -78 (B)M(A) 48 4  >05

C.A+¥(IN) 179 11 .084 -64 (O)-(A) 113 3 <025

D A+Y =Wy 69 10 732 67 (D)MA) 03 2 >05
V=W,

IN:invariant

F52: T FREEDEHEEINE, -

M — AR, AR 2T

v 6’611 6 “xn n 712 713 Ag
WA 2625 2735 2.494 089 178 332 991
Whik 1.628 2620 2219 062 151 210 1.010
gk 2913 2141  2.387 154 123 287 827
heE 1.634  3.553  2.693 .160 .108 197 1.069

i 1 BB(hEHYE 0SHE KHE

for L o BERAEE 4 TREOREEY G Al H BUELER - #BFHZR 5.1 %1 5.2
FIEBH.C % - AR BREY BREREENSIEE R
BEER > EEREYILFRRBERA A (RS RRCE)
BA > IEIECES (G SR IRECE) B - AR BI YRS »
B EIR R RIS T R ERR - A LRA SRS -
RS A A A SRR SRR - T RSB R EER RSBk

A .
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B~ R 5 PR

EHBIEMEN TRBEH , KX "THBERE
(educational achievement) - fEaRBEEE MR RS {E » HIE2SEE
—FHER "FHEW ) (equivalent) 3% - BT E KD, « FHBEE
LU E S IE - #1401 Boudon (1974) SR S E S —EEF
HEREGHUETE | Duncan (1968) {4 A SR HE ST A FERRIH
TERAVELTEZER ¢ Sewell (1971) RIEEHET T H580E | 1 7 B3
T AE EAE - FE L BAAEEREE R - s
RIBLE » TEFPEEsRoe R B BB TR ; B 3F 8 NIRRT Mo
MR T8 | TIEF TR TEBHE ) DR T TR, ?
KIFS MERAIRVREEE | A1 TR TR, TSR BEAREE R
HREL > R SRIREEE - RESFE/KESIEFREIEE (Sewell
1971) - LE4} » EEZFLAERER S 43 0 shE DB REAE AR Sy |
BYZER - FLL 1% TRBAER (RS THERR iR RS
RIGE ML T2 | FERME A BB A AUseRE » wIReEELL Mok
Bl RIGEMRL - R KBGO  BFWBES B TEhE
BEAT )~ TRER | e (RIERTAESIITIR A I E A ki) |

'REBERLLE ) SESR o TR R AR 5 A DY D S
TFREBAAELEE, - 6 HESTR SR EI R E S -

TE2 6.1t » BUMA S EASIRI SIRITHREATE (L2 =6.1, df =
8, p=.641) > IZHIMAEZ: - SFFILMERI BRI C 4883 A, = 1F1 ¥
TR/ T RECHH T EER M » TS /1532 Hauser and
Wong (1989) F1 Benin and Johnson (1984) f 53525 o ARISHILELETER
FEEL » HOR B (L7 = 7.9, df = 12, p=.790) FIKEAI C (L2 = 6.848, df =11,
p=-8112) TR THETHAESTE - SRR A RIS iR
FEER - thaREME AR (27 =18, df,=4,p> 05; ¥ 2=0.7,df,
=3,p>.05) ; REL » 5 BRI EEGETARAER & - thEb B R EEN
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R RIR AT - T IERRERRNEST ) BITRT R
HEAE - HERERI—RRCREEE TR > BR SR Y,
=V, f1 ¥, =V, BURE AR (ANRAL D) - HASREIFI—hoaK

TEEGER (x 2 =0.2,df;=2,p> .05) °

F 6.1 T FEBUHEIE ) BERERBIRE T SRR

2

el > df p bic _ Contrast X dfy — p
A. Baseline 6.1 8 641 -53
B. A+ 72171 79 12 790 -7t (B)-(A) 1.8 4 >05
C.A+V (I N) 68 11 811 -75 (O-«A) 07 3 >05
D.A+Y, =¥y 63 10 791 -68 (D)A) 02 2 >.05
Vyr=W,
IN: invariant

F62: TFHEEBAMELME, :

FEROARIER | AR BEAET

v T 711 712 713 Ay
o 557 2.547 3.197 107 0414 .016 1.0
24 2494 3283 985
i 489 1.662 2.523 069 .038 010 1.0
i 1913 2.737 1.182
e 659 2.190 2.877 057 052 016 1.0
Ik 1.885 2.628 971
i 435 1826 2626  .048 086 010 1.0
B 2078  2.844 1.007
i BT RETRERTRCEOSHE - # R MAE 0SHE K
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R 7 TR S RO IR
(EAEHEBEFIR124E - 30 SEL F3501F )

REELL REBEE EHREAT
o/ 19 /.18 257 .27 977 .97
W/ B 12/ .05 37/ .25 91 / .94
LNV 07 /.12 21/ 31 92 / 91
o/ 5 177 .12 43 / 33 95 / .95

7% 6.2 i 7 EARRRIRMREHESS » MR T8
BB AT - WIARTE T A, ZfEHE @ fligk
52108 - EMAEHERE 52 F - ERSSMERIN(RRE

ML 5 (Probit) BUHE - RN ERURGAT TR B8 HERH
FRGEIIRTI S 3 - SBR—BRPHIE R RS e — s
EC¥ » HARBHEFEED12F BT (SED 550 » BlWED
AEHEHENBERF (12X0.107 + 12X 0.041 +5%x0.016 -3.197)=F
(-1.34) » FZ ERTTHB19% ¢ (AENHEE T » BAKKHSF
[0.985 (12 X 0.107 + 12 X 0.04]1 + 5 < 0.016 - 3.283)] = F (-1.427 X
0.985) » HARRLI1896 - iE/E4Z Probit Bk » p,=F(Z yx— a) H
H F () B HE 5 B8 CDF (cumulative distribution function) (Winship
and Mare 1984) - #EH S - PURESE R BOBMT IS BTSSR » 7]
BIHANTR 7 - MEHER > 72 FF SR T » skl e
UL RS  HREHEX -

R

HESE - ILERE - LIRSMEE AR e R R
HE L EE - B RS RatiE . T FEEY BEY—E
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BIE ) CEUSELE TS ELURITE R RS (variance components) 5K
35 A [ S RS R SRAUS2 % 7 (Chamberlain 1977) » FEEHITEH]
FRIFEESSNTEA T TR THRER ) NERNTAE
(Hauser 1988) ; kb4t » SEARIHE TEACBIE | TEHE(SFE BRI
{24 (Griliches 1977, 1979) -

M — W SE R | 5 B Hauser and Goldberger (1971) 1148 » 22
1% Joreskog and Goldberger (1975) » LUF, Chamberlain (1977) #i{F 7
—HRGETR - ERIERR T F RSB HAE ) BT - BIEE Hauser
and Wong (1989) » 324 TFEMHE, 1 7 F-REEMRCHE , aY5R
B FERT T RORIERY | B T EORRER | o FERIERE R
F = HpYE 5 T 85 Benin and Johnson (1984) #1 Hauser and Wong
(1989) B K E L S TR T B — B3k - HiEERE
B AR T MMET TR | B TR ORIEEY ) R HE
2 th{# 3T LISREL7 #1 LISCOMP FR{E#ERAE » 435 E mfaiE
Bl T R R BB A AU E R -
TEARTgerh TR | TR R R (0T
B LRSI o 1] TR | FRAIRTEN R B g R
(A0F B DB A A E) - TASLERVFFOTER - REPERIFKETAR
FEIERRTE F » BEEMTE R T ALEIRERINER 5 () T ERIRYERR
BIE | (&) MMEBER (VR 0) 55 S RS R A
BIERAENHENIEE » 52— SRR EERY - b5 - EF
{E#ERI7E LISREL " E£8 | (multi-group) fEAIZERE ~ » “FRIE KLY
TRk FIARE TR¥PY ) (within-group) B¢ " B¥fH] ; (between-group) £
BUEAITR B RGER,

EFLL NLSY (1979~1992) Bt &R T RIEHA > sk

B R T 210 1,680HECE - AHENEEW TN TR HE
¥ TEEE - AREM - DUKECHIS B EEEAGR - R HES.L
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B 5 AT+ ARHSER B R SRR SR BB LA RS O BIR EE R Y
SLERIhER (LR M FARIRE) « MR EEEREGH
et BY AR R HEFEHUMERERE © R Rt A B A
R EAAELIEZES - T AT DAL RERR RS » Bho
RS ¢ SUEABE IR T 2R B I S A RERRRE - B
SEMERRE « AR T RIS st b Rk B AT AR
B EERIRGHL - S ARARA I R A BRI A TR -

B hER - AT - FKER RIS 2 (FamtEi)
BETS (U RHE) M8 meaans=5  EREET TS
AR | BT REEIRE AR - HAAL B) ATl (ZAR
AR ERRR) - WTEE HW FrRRE GRS ERS
%) TEs & RBEEROREIAN TR SERIas] -
AR BY E0E » BRI FIRRPE IS TR EERR
FEEZR B A A A ORI S AL - SR TR OREER
RAAR T4 BIERIMAR] - EEEER - MRS ER T2, 1
FEOAMERS - TERRERASHAEREE T » TR M
AR PR -

AT SRR AR A - TERS RS F M FRE R =
Bl BT RERRE L M 2B A R a SRR AN] - 4 » AR
FLRERT MR R % T ERAR T 25871 BJ B HW Riff
WLHEE - thEPMER SRR RN - BE - R REEE A
DR 2 [ » {7 -— B (RNRBESTIRI ~ REERSHS - g )
TEREBRANA (Hsueh 1992) - EEHGHKER TR BE "5 | fofEn
DARIRAFEFRARTBIE - B4R - RSB BE IS RIRR
F 2 ECE RIS (Kuo and Hauser 1995, Mare 1993) -
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Ak W

1 BRHAFREEHEENSERR  BEEErSBaeriEE " i
JE , (omitted variables) 7T {8047 3E B 55U of v BE i LAY AT (Taubman
1977) - ;ERHNH SRS EZE - B EREREREREE - T
YER CRESY | MR ARG RIE R A R - Pl THRER
B B eSRFASERETORMMEERE R "KEY
B REMR FEAER TS (construct) + ERFEEREREE ? EM
HARRE ORI RS ? RS - RIS ARMBENER - FEHESR
A - SRR SER A RRET R  (IREESARESR - It
FUTFRHE S EARREER T ARMERES , BRI (Jensen 1980) - iELE
ZEANR G RS » IRl » E4 TRIREY ; (biased) {l
2t (Bowles 1972, Griliches 1977, 1979) -

2 Benin and Johnson (1984) 325 - BBEHFHAMIE LELIHFER

Ff5E  (model) ; It - WEBIHERET - SEHEBRIEREARN
HIB SRR - At - Mt EREEIM: (same-sex) FIMIRIRI B B
R FE TSR - the B REEELNE - MHEPIL RN ST
He Ao HiHAg -

3 BREBGDERREEE T RS (N SRR B - MEREH
WAHIBE  TEEERE T 2R LS R RF A R A B B USRI R
JIH - TEFRRCR R  ET TR R R GUAR - iR - Dk
i) RO R - HAEEAES - BRI RIS BRI B E SR
A% - JRELE HE SRR R AR 1 (2% A 50 35 UK Hauser and
Goldberger 19714 FEHIEREA) -

4 MRFRCEMEBREMAZES  WEEERFFRIT - BRINA
SEMASE % - FRITE TR | (under-identified) BITE T+ TIREAD
A T THTE | (instrumental variables) - £SUCREHIRAITIEAM RS
BEETHA AR -
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(MR R SRR

AMFFEFTER BRI P=2, Q=3 | HEARHAFHEAES 1 BR
b A =18938%E - FRUEBHNEEER 2 (HE3) -
HiF: LISRELS PER{MAEMETN - #3E 19954E[ERF SPSS 314 LISREL7 £5
Hp 2 HE B E - MAWFRSTEITIN994EE » SERIT19954 =
A+ LUERFARER LISRELT {52 B i gARR AR - # LISREL7 AR -
FERRAHER | WA ST MENIATRE ¢ S8 > BB PRELIS B
I (AT LS TR R -
AT S + I LISCOMP il TSR GRIEE] | 15 Z(E£ 8 (Muthén
1984) - SE—{EFEERSREVSHEHEAERIE (y) BHMTRIA (x°s) LIKELERR
{E R AREAHERE (univariate maximum likelihood probit regression) « %4
& « FER MR A SR ERSREAEREN S L (L - RS EEE
IR ERERSE R T AT E &2 B {5] (estimates of the reduced-form
parameters of the structural model) - Bz% - LARTE BTG Z f&5F 0 FEH
M b/ NE TS A Y 5 (GLS fitting function) ARHEALIEAIG S8 -
L4 200 T RIS R | (saturated model) Fil "R EEIE A | (the
hypothesized model) FLET15 < #{ALL (Tikelihood ratio) RIS B{ER L
2 EHFEEFE x4 (asymptotically distributed as a y %) » HFFEE
B MBS TRRARE | i 2B EE - it BT AEE
K ERIFRE 228 - IR Joreskog and Sorbom (1988) » P B =] FlAkIRHAH;
BRI RV RS IR U R HE B M SR  JRAJEEER - P AT T
B EREEN BT -
THIBLR bic BT B B 5L Schwarz (1978) FR /48 » SA74 4R Raftery
(1986) fERMMIR HATIE  bicj= L% — df, X log N » N Jh2 RS -
TRIR Raftery FUERME - TEMRELRIRISFEMR bic - ZRMBIERHAIE AR
& MEME/ME{E - Hauser and Wong (1989) 3R bic EAEMISERIE V- 80k
M FERE L SR AR TR R SR Y - RS
T R A A A A S B AT R e R T
3 - FBLEEA bic TTLARIZRTREE L - ARIHETEH AR S EA
jl: s
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10 E52:R5 Hauser and Wong 33— (1989: 160) °

11 MEFEREYREGEREERR - fTEERENER > £~
e SEE AR RS RRNEE - FERAHFEBER EEH
FEREEY thera T4 - BRS80S 8 ) (secular effects) - [A]
I - EFEAABASHIE ERE T - FREAEHMEEAZE R A -

12 BHAE 4 ZHEEIEIAE - SRR TE - BURRIERES - HIFHERE 3 M -
AR EERUL -

13 @ FRFRIMTBIE (x|, x,, X5) FSLEAEIHRE - OIN HUfRRY  RPIE TR
BE SRR AT L AREEE S ACIS A A5 RAR « IN (invariant) £ LISREL 23
HOIEEL R - RS BUETERERERIRI— B © T EQ (equal) FEEIEEAIZE
fERYAESE -
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TR ) B TR
HOFRRELE : LUt e mEIa TR e

% % A

28 B

A PR BRI (Jog-linear analysis) RYRHTRESS
EH - TR TEBRIERERY | (log-linear models) H T HEAHIRR
# | (log-multiplicative models) 1535 SRR FE R - S5 —SRRIWFEH
] FE S AR AU B BT AR AT T I 3R (BTR Y Mk 5% contingency
tables) + iy B B S B3R » EL (AR AU B AR M 40 AT HY B RO B
(hierarchical models) B & FMA MR « BEUERMMT-MEAT IR
ierimdh - B BRE AR (categorical data) KIS < BT

* ALY RAATRARE T LA GHEFER REHEUH TS LR
BEAR , 534 AREAXRRMMANSARMR o LB TR HEHE
Kinfh ey ihie o 3t B A ARSI - HARHR  MH RGOS T PRI
AR~ ARREE S FERANH T HEL © YuXie & Raymond Wong &
15 #8deE GLIM &4 R334t b R 28 » £ — BREGH o AR A w53 TH A
R TLRRERATSREAARE GRATH c EHAMETREARGIHA
B hRA A AR A SR B B S R o A EERIR > BRR 8
%31 1 (NSC84-2412-H-029-004) 32 ¥ Bh o £ K » — XK B ELEA -

kB AR S A S 4
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AYSHTRELRS & T BRI B BRI 2 8 - MEBES Goodman
REERRE AN ARRIME BB I S0 @t - B ST in A K tide
TEL (nonvertical) HYAEHEME BB - 25— MA0GH BRI B BRI
BAEHEWMAE Y ZroEes -

it SR BRI %204 5 RE (nominal scale) EIERY « ¥
BRI E AR ERER - HRTFESEIERTSERF
(ordinal) HEFIRTRRPE - FIAOPERR - BOEEE » LA HE R
HERTEE - K AT LML EN R EEN - Sl
SRR BB ETRAE » FIATAA AT Rt BRE AR - RRRIEE AT
ABRFRILEREER - £ HEGFEIREANE T EESE TR
HER 7 R R TRIEE B & A (Clogg, 1982a: 114) - BSiEAS
AT RSN R » ARAEE « RERLERENSHT
BER R PR, - GRS AT (F141] Marsden, 1981) ~
0% IR B ¥ (B 40 Hout, 1982; Kalmijn, 1991) - B # BLis (F 40
Weakliem, 1991) ~ 55 )37 (#4] Clogg, Eliason and Wahl, 1990) ~ &
AR (B4 Liedka, 1991) % 5T -

A — MR 5 F g 4Rl (hierarchical models) 2843
PERIERL - B2 BRREEE B0t © Rl e T A Ry
o b - BOEEAEE B BT B AZHENE - 4
EFAFERE - 8RR (saturated model) X KFHAENEEE » T
— B A (parsimonious) R - BREHRERAVRE M « — iRk -
TEATFIRA DB SR RS MR AR S E %
ARG ER » SIBGREEAIOAT » TTLURISER A PR TYI
R (RIERANANEAET) BIBMEENI EIRG] - DIAFS A DR RN »
BANEAWEHRE IR #1527 R —#EEN - BFAETLAE
—2ROKELE - S EHENRE - 2B BRES - BAATS
BB TIEERAEAY | (non-hierarchical models)
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=T A MFTSIZE » Goodman (1979) $#2HH— AT URTRIERED
(association models) B A 437 N R HYH B R & E R (ordered
categories) * B FHIFREISHTREAIL—FHHIAME - HRnt EriEH i
FEESIfT I EHE Y (status attainment model) BB 251 - SIREHTHIEHZE
AR o Goodman (1979) A REEEEY 5347 /71% (analysis of association,
#57 ANOAS) 2 1L odds-ratio By TREBEE il | 8yiRE
(simple models) » X043 55 i #ERFHE (null association) =R
(uniform association) ~ 73 MERH & (row-effect association) 515 FE R
$# (column-effect association) ~ 175! %X fE2E —#& AU (row and column
effects 1) 5 175! % FESE 155 (row and column cffects II} R .
Goodman D755t ARHRIK 2 x 2 Z0F% (subtables) (% odds-ratio 5%t
FHTFIRBE « 2 85% Fy BTFIFR i 18T (cel) HUHAFE » HI odds-
ratios 0, = (EjFr"H,j-t—l)’l(Fz",jHF;H,j) > {120 9:;' =1 » RIE R HERER
B g, =6 RIRE—REEE - Fiihy ANOAS fEA B i Ll odds-
ratios » FEMEMIEREFR - Hrf - KHLL Goodman HITTFIRKFEEE 45
T (S S RC ) 7Ei e BN Ze i LR - 2 LAl rhng
— S BAATRAIAY o 3B odds-ratio AYFREHALET - Goodman FiTEEH
BRSNS SER - A EEHET DAIRRREE: - SRR E T
Hﬁﬁ’ﬂ‘fﬁ?ﬂ@jﬁ%ﬁ@ﬁ’ﬂﬁﬁ’ﬂ%ﬁ% » SRR T S FE AT IR
BIHIRTE -

Goodman HiH I RIES [F R EAHEEIRRFEal H R R - AR
SERFS M BRI TEAE S (ascribed) FAER (achieved) HUBATEEL
B S ERR R | - iR A SRS RMBTEET - 1At B
WSS REEA » MER HABE AR - ATRISE R A - IR TEAEmI
FEFBAMIE I A TSR] - FE852 T » Goodman [ 77i% » SRLATEAIRHE
A HER » A2 EANER - BB - —E2IHEk
ST EIE K bR -
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MR AR SR - R TN B TR E R E EE
TRBE o B+ Mo E/EET R DU i o S e 4 ST B T AR
B R TR R IR SR S i Eh o B b SR
TR RER i & AR R (RARUT B — S ER R, - LU Rt i &
FRESEIR T - BIRECHUAHE IR - B0 - BRIHTEUSORTS
TEASEEE A HEREAR - RN Sk e B o al a8 e
FEAE - WELAVEREE - RS T HEREIAY B RERR (K R s e R 32
& E ) HATEE R AT TERTERE B M AT [ B &
BEIRYBAGR - 1T Goodman BARELZRMIT i T BN AT AR AE]
PR (HREE) HORESI AT B R ASTERIR - Clogg (1982a; 1982b) K2 TR
B IR e R E S A B R e LR T 7 [ RS B M5 R {RE R
Ft o WWEHATAER LS UREA 9L L AORIR - SRR T USSR (Blau
and Duncan, 1967) #JEI[#5 A Otis D. Duncan 7£1979(1] 4JS T3 T B2E
TRENR AR B AREILE, | —20 » RS 5 TR, 7
LSBT S - AYMEH - Duncan #4233 B2 Hout & Sobel 25 A_(Sobel,
Hout and Duncan, 1985; Hout, Duncan and Sobel, 1987) 74 JJB 384>
WIHSHEVETR B S B - VA - ° Duncan ARG S B
MM R G DA B R M EE e &) LA R B2 -

A - BE R R

FE AT E IR » FTCURSRENRI MY (margins) ASETIZH)
B @SBl (absolute mobility) HILLTR » BT (outflow) ~ I
(inflow) RAEGTED (total mobility) Ll + 53— 57 » thATLAZ S B
B (margins) HHIE HAHHFTE] (relative mobility) KR - LA
{5 F ST BRI B ORI B AR T SR D) - R oy
BCSs W ATRBER P IR R % (2 R Goodman, 1979; 1984;
Clogg 1982a; 1982b; Agresti, 1990; Hout 1983; Hagenaars, 1990;
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McCuliaph and Nelder, 1989: Chapter 6) = b A5 LR R S B B (TS RN
e FIAE (L ARERY (Hauser, 1984; Smith and Garnier, 1987
Wong, 1990; 1992; Xie, 1992) » SELLHIAI & HIBR M4 B BOAERAY
28 TTEREE — % AT Goodman KRR A (Goodman,
1984) tHIE H HEF A& - I EE RS (vertical mobility) T HX
B HIT A L 1 25 5 T i B (nonvertical mobility) BUALREME S B - H
Hauser (1978; 1979) /@ ZRi8EU (levels model) 5z Hope (1982) FYSET
f&7(diamond mode!) AEFLHE + 35— S BRI FEBUHTRIEII R
A SR 7T {88, - Hauser AUMRIBILIFR R KB H RIS
77 Hope RSN HIE ACESRER (Yamaguchi, 1987; Wong, 1992) - 7

1B i 5 B AT S E 2 BUE RT A 2 BOH BTl & B R B
(origins) Bil§% % (destinations) HIRHE M (association) » e e
FUGRHERE (F)) - 24 L BUEERERLE TER BRI AR
FEBNERED » TN EIRRE M (association) < 4} » REEESE
(crossing effects) {BREFEIFrE HATHT IR PR IEREY - BESBH
B4 57 AR RE R W B 5 - WTEBIATC # (2 K. Johnson, 1980;
Pontinen, 1982) « FIARTERIRER - BRI BUEE th— AT & iE)
REIHT IR AER -

A EIEE B E) 5T + Hauser (1978; 1979) FifiHHY topological
model TG T [@AUEH | (levels model) EA_E Goodman HYHEBNTHR
% (quasi-independent model) iy 8% A KA (22 K. Goodman, 1984) - 8
Hauser FfEAIBEEHE ST R S BRGNS - (A2 - BFHEITSHARIR
R BRI o Goldthorpe % A (Goldthorpe, 1987,
Erikson and Goldthorpe, 1992) {7 EhZ: 8157 % (AR » AL R
P (inheritance) - FLITHE (affinity) ZHESAARER N BRI ARIFIEIRYRZ
BE o TTHELRA@ORERL 5 Stier and Grusky (1990) $2H ' BEBRHEIE
 (overlapping persistence model, fl§5& OP #A) - F| AR B -
SRS TR TERTED (career mobility) $1 ST TS I@HIRRR - {R
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T2 LR BT EN 2 8 « IR EHE (suboccupational) ~ R 325 ig
(occupational) ~ K@ [HIFF4H (substratum) ~ B #EE (stratum) Kz 2FFY
FFRE (sector)  FAMFT AL EFHBINFEHEIRE] - Wong (1990; 1992) BIILL
BRI - HEIE AR BB MR B A UK (class-specific
diagonal inheritance) ~ ZTFI# 3 (sector inheritance) B — i B 45 i 7&
(general class inheritance) - 4% » Breiger (1981; 1982; /R 5 Snipp,
1985; Jacobs and Breiger, 1988) ki B {(REAL 1A > FEF] Hauser &
Goodman BYFE A » £2 H! — %E $f BUAR I 48 B0 AR 6% RS 1 e 4
(homogeneous structure) » FILIAH (5 HiBhgshr BB MR
BGEEBIBE « DRSS ATAORCE » W] s R S R
(/F2 K, Goodman, 1981) - Breiger (1990) iIf; 3 [&/F1| F HH Rl A g T
FAELR Wright and Perrone (1977) (25, Wright, 1985) Fra8i5 © /& {
& (contradictory class positions) 43 4ERI5E « T3 B E sy
R B Tt D AESE R 2 B B R A4 AT RS L EEN LY
B4 HE (Wright and Cho, 1992; Western and Wright, 1994) - #8> » 5k
TSR R M P R AR A 8 R L R A S BT e S R A S L
FREIYEE R EEE -

IR FEE A TR BEERY | (uniform association model) 3
HIEREM: (Goodman, 1979; Duncan, 1979) « IR ) — (2 Bk
TEEHTHIRRRE - HER/ER TS BE B ER RN, - {2
& aE (AR AL AR B fy e A i A\ EZHY R R
TEHERY » TEETE BT » BAEEERBEER T - ﬁﬁ‘@“@ﬂ@ﬁ
B — BRI RT (A0 1, 2, 3,-+) B RER S T4 (design
matrix) = Hout (1984) 32 S XERIAYZE BRI (R T LU A B o 7Eng Rk
#E - Hout #RF Haberman (1974) f linear-by-linear I Al » {HF
BIAHIABSERI ST SEL 438 « BRzoy e 1 (Autonomy) AzH3ERY
Al (Training in occupation) = fHFEHESREN A B —Ajit S R H i fir i
R EROTIIRT » A2 5 SAT S5 « 24 -+ SAT
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{EAUEE Duncan (1979) B2 —BREIEAIAGEAIEAL - Hout B SAT R4
g1 Goodman HIfTF RUIEIHY (RC) FIEERE]IARMATEEIRTIE) - SAT
KRR A —FEERRTER E (a priori) B9 - FIF-—Shit SAEHH AR R
SRR 5 T RC BU IR B %R (a posterior) » FIFATLETT
B2 R AT B I AR B o R0 B B AR B B O A B A B BR AR
(Yamaguchi, 1983; 1987, Wong, 1990) -

e FENRFCE FRYET %2 DL Goodman (1981;1984) Ak
FELHAREY T 4T5IRG eSS i | (row and column effects model IT) BE
B o O SRS EIE H R - T B RRRL S REAT K
S TER A SR R B 2 [EeH s - fEil g - MR EE
BRI HERS - B T9IRORERINOEY S - A 2Mt TR -
A R A R (S E N R R IR K P GRS T8RS - (RIS > B
— R R E R R R SR - R

AL ST SR BB B B W BAE TR A R AR TR R S Bl
S 1 THE (two-way) B (three-way) FiBIEE < #EAMEHRBIRER
75180 H — 14 15 51794 (square tables) » AR ARIBEIA S
(B T BIFEIEAT) v R TH B IR E A — AU ToIR - AT 4
BRI R L O

logF;=A+4;+4;,+A+¥ 1)

b & RAETIRGHTSTEE A, B A, S PIECHE (fiy) FBIRNTTE
PEEEATSBIEA § 1] P = gy, v, » ECETTFIRUE - A RSN 2EEA
IR 5 328 (levels parameters) SHAZ $ETE S B (crossing effects) AT
el i R TS v, NE—{EEIBARERRR - [{ipss Ak SeisEsED)
MR - p 81 v, SRIRITHYERIRERES® ¢ RIS TF RN
REESORLRE - B - I - AEOULRETEIBRAER T HBURRR
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Bl o ¥=guv, UWTHHE—FEE - EARSHEE  HURELE
TR A BRRE (multidimensional RC) » HIIZE | oel & ¢

log]«;j =A+A + }Lj + §¢my,-m Vim (2)
m=1

EEBIFES RC (M) B5EME A (Goodman 1986; Becker and Clogg
1989) - Goodman BY RC fEHUZ RC (M) MR BRIEES (BB /@K ;
M=1} = RC (0) FR{ Ty NEAERE » AR 7ER - ALLiRgerEfE—
{& J& @ LA L B9 fE R (14 Gilula and Haberman, 1986; Smith and
Garnier, 1987, Clogg, Eliason and Wahl, 1990; Weakliem, 1991) - [tLfif
TREUAT AT SR ERRRE » BRISESMHT (factor analysis) 380 - 85 >
BEARR T AR5 E 15 % 8 @i (dimensions) - ARISBEZAEEY + AT
PSS ERAMARNEE - 52 SRR R RS
B (rotations) LTRE  J@TE < RHEAEREE RS (orthogonal) » RC (M)
RERRER T TR B EEES S SRS S E S
DEE R E GRS E A AR -

BR 7T HERIIRENR S A - B MR F BB EERE
RIS — TR AR = B A - =B E RS
(Bint ey - BHR) BYLLECTR S - — RIS AT REEIRE 1L Goodman
WIRHERERI S T - 298 Goodman HJAEES » Clogg (1982b) #HH— %
WAL R T R BIR AT - 750t SR B th s et (B14n
Hauser, 1984; Yamaguchi, 1987; Wong, 1990; 1992) » §45 & 1y5 s
KM= Erikson B2 Goldthorpe (1987a; 1987b; 1992) ArfEHey 4L
[FIFEIEL | (common fluidity model) - 3E{ERE A IHEHETRENZ (4
R ERR L E) FIFERS () BUREE () S (B8 T A 5 Bg
EAEFIRY - R e DU T s Ak R

log}?;} :i+i;+ij+ﬁ’k+irk+ijk+ly (3)
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Hep o k R EER GRS EIR) - MREHR 0 EERE
TR B 8 (B 3 ML E—ESEWEE 1, ) SRS EREIRY
1TFI0 E P RER B B3 (4, = 0) - Goldthorpe £ Erikson {5 It

R H W F 20 T BRI mEN Ry FUH Bk (Featherman
Jones, and Hauser, 1975) : B EIREIZARENT - 5 —EM
EEEANE - 2 EHEABRZHOEHBE KmmeF%E@
(parsimonious) #880 - FELEEHATE L B54 (M RER) WERHE
SETLUE HE DB BAETE - BRI S - SRR
HESIRCSETTENSS o T HAEAUAURS & RS T ik sl R Fa iR 1 - 1088
2 FJH 5% I » Goldthorpe and Erikson fEFURELE RS B HEHE it
YR FIH 9 - #7752 » Goldthorpe 25 ARIHHZEEA 2 LIBEL
BEERE T > [RAMERT Goodman $EH A ESRAE R A ML BT
g - 0% _EEATIRAT TR (B D) R 0 0 E K ERIER
E - RIATHS G i erEAd - AR ESAERYERER

logFuy =A+A;+A;+ A + Ay + 2 + A+ Gty vy 4

HEFSERRA R DRSS — 8RR « B v ZREFN > 55 bk
Goldthorpe F[I Erikson BAERUFHLE - RIS ¢ B v BIEFERRRRIVEHR
M ATE AR - NMEMESEEEE - REER
77 - KEHEAERNRE » EEE HEEIFRAYIE B RK TSR
AR - #8 > ZHERAHATLARRHT TR IRRE (1= v) 1B
WA DAKR ] — R B ERUE (0 ) BRITYIER (B ESES) fERE A
] > ke e EhE S RV - — BRI (@) B2EUIZETY L
Fﬁ%ﬂ’a&ﬁﬁﬁ»ﬁ*‘é g BB BB AR EEFE & (Duncan, 1979) -
AT R - B EmAa X BIEIIEEARD -
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2 - ENMHET

e FIENFARFHEES [ SRR SR IR Eny - B
KO EEPECBE) - BZEERIER) R REN b
SRE TR AR - ZELLBIASE AT - BT E RN,
FEVE R BN (structural mobility) BA %7 #i#i Bh (exchange mobility) 7351
HISZE - FFENRE —EBS T — (@it S AASHEIETRERIRT (Rogoff,
1953; Yasuda, 1964; Featherman and Hauser, 1978; Hope 1982) - {H
7= QA TRSREIEIRED - AURERASHE - Hope (1982) PR ESJET 1AL
AT EREY T AREAL | (halfway model) 3% B EL R FSHEME R ED -
Featherman » Jones B Hauser (1975) F2 SR BhF HLEL SaR BE AR 1l
A2 BEREEMEREY ; 2chiiEl (R MR E) H 2 ER 8T
B - SRR A E S T R B R B A R B R
TiE ¢ AT EINIIRZE (residual) B 22 #4578} - Sobel, Hout
Ed Duncan (1985) BEREXENVENARRS — Bt - RS MR BT
BB AT A il o R - AP SR R M BT LA ED
FRHY TREEL ) B THREL ) (B FEELE M (marginal heterogeneity) 2R3t
HRUGmE - (H2 - tMIBAREREDETES T HYREEA
(quasi-symmetry model) RURAKMRA: - FRICITBEHASHEIE IR BB 2
HRBINEFIELR - #85.2 > Sobel E ABHEHMERIIEEE T HE)
REHEEHRERAYSME 2 (H , (Sobel et al. 1985: 360-2) » EhFELE

PHERIFEIRAL | BOTOHERE - HERTRIE AR BTy g
¥ AR (main diagonal) #Y & B 3 FE 2 ¥ #34Y (Bishop, Fienberg and
Hoiland, 1975; Hout, 1983) - i EST IR N AR - WTRIZRMTEL
B I@ITRENER  AELLEHZE AT » B AR TSR
AU | (conditional quasi-symmetry) (Sobel, 1988) - E{EfEZ T b
BAE (BT E) N - A HERTRIER o RIS A ER
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FUEE (FIA0AARATPER) B S (B FFREIMERR) A BE T AIRVERE(E
(F) B

Fix = 1B e Oyt (%)

(e —HRHLP - 6,0, T,a, =1 TEEA =4, B3 i=)
&;=1° FRi# Sobel et al. (1985; Hout, Duncan and Sobel, 1987) » 7.
HETRBNRA o, HIBSEREILIRED - 5> B, B 6, MOMERR - ARACHE
B o £ = HENIEEIE - n DUE IR E 2 BHIIRE] (restrictions) »
RARERELEAE 2~ R EMERAYZER - FTRA » SE— RS R DU LE
s RS S AURS R EIR I o 0 B AT 2 (PR B AU
) AR LB AS RSB AR T SR EN N F R AL (2 . Landale
and Guest 1990) - 7RI S kS HEHY 34T » Tsay (1996b) FERI LK
T LR U A b RS A M B e BN R A  R A SERREEURT
RIS R EY A -

Bt~ SO R e R B R

FESPRTRIEL 3R EN 2 /51 » Yamaguchi (1987) fgHi—{ELIE —2
Bk thEs iR Ay RATEE » Xie (1992) FEZ 5 " B — @R BUER
#I | (uniform layer effect model) - Yamaguchi BYfEEI CCERREITIFR
B —7eiE - & R EE E&NRA - (HEREE H5
B - B TR TR RER, — EEREETTYIRERIERE
TERERY 1T BATIZMEeIEES 2 —2 - A2 HIFSnITaIRE
BNERE » Bt S E A S TREASE - KM Yamaguchi HOfER!
SEETRSEAGETS - HOR - EERIFESTRET I EINA Hauser #Y
B FEA (levels model) ARSI ATIBIRAIIREIEE -
FEHAELY - 4%+ Yamaguchi BB EERIAREE Goodman BYHE —FT
5| R FERREEA (RC model) (Xie, 1992: 380-1) LE#L - BT AR L3lAY
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FIRE R BB ELERTTFIFR > Xie (1992: 380-4) $RHY T HBIFHIRGE
FEREH | (log-multiplicative layer effect model) @ A4 #7825 &D
2 o ILRBEYR B ST T 7 RAVE IR FIHEE—E T LR
i# | (a common association pattern) 5 —{f " 7545 G2 E | (a
table-specific parameter) FTiS S S RIPHFRATRIESRL - FTLL - H—15AY
BE A RENRRITT Y IRIREA — 2L RIAURE, -

log@k:1+ﬂi+lj+ﬁk + A+ Ay + Wyt (5)

Hep oy, HIRSTFRATHBEEERBEABE Y (association) v, FIE%
ENREEEAZR - 1 " —BEAR ~ TITREMSA ) (row
effects model) + " FI|3% JEAEE | (column effects model) 5 Goodman

TATHISESS B Y | 5 - T g, (RSB TR
PRI (deviation) (Xie, 1992) - FLARAUAGEPE & — 20 HHAE R AR
(restrictions) JIEERY 2B THIER L - W EIRPHI R LLEAET TV (B
ERUAYREELE: - e —(EEMl TEEY | R o BRI T DASMT
BATYIROVEE - AT LEEATT I FBMTA s RNV T HAERE
s FRERE (Xie, 1992) -

Th ~ G A BB SR AY T B

— R ARRRAE FISRA AL AR » 0 R e i
BEVERZR M - THFEE LRI SER SIS (competing models) H1 »
BRI - AR AR — R LR BRI
RERA - BEfE—{EEMERE (baseline model) ; #4%% - FE— I AN
# —HEEEREOENEEE - - SRR R R
(BUAn > BEFIETRY) LR, - FERUESBARE] RSB ERA

TEAUE R P AT EAT RS, (goodness of fit) ki B —fiEE]
TR IEAY - FRERBYHERL - ¥ BLE A log-likelihood ratio chi-square
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(I}) > BvNG 12 - FEaRECHE - FHMEA SR SR AR R AR
# (saturated model) I L2 BERE - B LA DAE FE nested models Y
HAMEEASBIEAES - BT nested HIRRAL » BAEGE LT
log-likelihood ratio chi-square ZKZEREIREL - HFPIEADR  BHR
FIREAB E B - ST EELIEIRE » Raftery (1986) $HHAY F ECHREERZ
{6{4& (Bayesian Information Criterion » f§## BIC) - w3 BIC ELRTEK
AT BT iR R S AL BURH A8 - Raftery ISR 17 -
B H 2 (df) AR ASE (V) = AR e MBI RNER R - BIC FYL A
T

BIC = [* — df (log N) (7

BIC &R DSz R 8 H B A FmE s g - B EE Y
2 1] B {4 3E nested models 1A LL#E < {HA AT (FI20 Weakliem,
1992) ELBAIAR A —EutL BIC FAMM A TR TE DERES - 2
T Ese L, o FERLE BN AT - ERRNEE 8/ RITE
75> EHEMERK  FEETELLIE nested 85 » SRS
Eas EIRAREROMARYEESK b A LI - SR AR S
Woe Rz fxfaiE BIC R R — -

SR A ) A (R T LA T TR R A R - AR E
(S B2 B - FIJF chi-square partition Y 5% » LB RS EEIAY
chi-square 758  H—7={Et&IHK chi-square 53fd » FRIEERTLARIZR R
ER S8R S EAE (Bishop et al,, 1975; Hout, 1983) - FREX &4 (ANESERD)
R BNFENT » Yamaguchi (1987) {if F—FREIRHV AR B BETE
£ FEE T HEREIFAAERENHRET  BING RS imE R —
HEEN=R s " —EEEERE ) (one-degree-of-freedom
test) - (A REHER EE B - BEAR A SRS ZE
HEREFRE R - R SRR AR 2 BER
BATIRYEAE (assumptions) F2 REEEA -
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A2 f# A GLIM (Numerical Algorithms Group 1993) #9 2 =
(macros) ZR{LEHREVZE] - GLIM AR A A - (EAERERIREESF - -
REMH S BEHE A L e s MEm FLUEE - ARER
GLIM BB BARERERIAT H 1 » 32 R Aitkin (1989) | 727t eresny
SR > B[ Breen (1984) - * AT I SIS IR A SAS 11
CATMOD k. SPSS B LOGLINEAR 551 {di i — A i B is M AR
BN EH MR B B AZRBEY (2] Goodman 7 RC FEAT) HI%EH]
EAtELE B R Matrix 22 - P BT GLIM 24+ + APL (STSC,
1989) ~ GAUSS (Aptech Systems, 1991) + CDAS (Eliason, 1990) -
LIMDEP (Greene, 1991) S5k #8752 2010 7] F 3R 5 F R BUAE TRy -

RIRRT SBT3 — RIS A S H A YR
12— © — 32 Tterative Proportional Fitting (IPF) 255 » i 558
BIEP R ASERHER » HECE AR B8RSR (hierarchical
models} + H M EEMEREMIFT S BUHEHEMNEREMS | B—EHE
Newton-Raphson 12f7 » [ AR89 fEE 1 BEE0EstE » BN 8L
fEAALFT 2B - (E ARSI - H A B SR ST
EAIAFHERR (Bishop et al., 1975; Haberman, 1974; Goodman, 1984) - (1
[ AR SR E T BUR VA - N H B BOETRA » Y
AR RS iR s -

TETITBCE > S B S AR R AR AR
H + Bt AEE (design matrix) BUTEFAME o BRI SO MR IR
WA - FEBENAHERIPREY Se R - 2HERY
EERREE BRI B R MRS - SRR IR S
Br& - MERAER ANER  RENEEE—EN - BEY - e
HHLMRIREERERR - IS S SR REING - BBsHE
R AT BAR RIS R - A BT R LA BT L
RERTEERSBETAA « & LR ARG R Hohtses
RERFAFENER - WREERZS « Bl Hwser 12, @
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FEPET L B TR T MERSRZ MR R
HEREM -

1 ARt RE R

Bt
TR
A EERR i I m v Vv Vv
1 E#3EF T (High Non-Manual) 2 2 1 1 1 1
O —#9EFT (Routine Non-Manual) 2 2 1 1 1 1
M E % (Self-Employed) 1 1 3 1 1 1
W FiffiF T (Skilled Manual) 1 1 1 4 4 1
V  OSEREfMEF L (UnskilledManual) 1 1 1 4 4 1
VI EEA (Farm) 1 1 1 1 1 5
M
FAREERR
ARG RR I 0I I IV V VI
I ERIFFT (High Non-Manual) 7 7 6 6 6 6
I —#BIEFT (RoutineNon-Manual) 7 7 6 6 6 6
I B% (Self-Employed) 6 6 8 6 6 6
IV FiffirtE=F T (Skilled Manual) 6 6 6 9 9 6
vV FEfiFESF T (UnskilledManual) 6 6 6 9 9 6
VI 2 A (Farm) 6 6 6 6 6 10




75 it @RI RS SRR )

DA EREGT T S S MR B S B SRR O R R B AT
DRy ERER] - DU R LA — SR R T B R S
% s

B ~ EEE il & A Lo

&R 2EMH " EEMESREEATIE | (B 1991) 1> T
BB S A — (B S B SO B O e e By -
A3 HY S AR 53 $E /2 LA Goldthorpe 25 A B EGP 5345 42 15 EL 7
(Erikson-Goldthorpe-Portocarero  Scheme, & & EGP) (Erikson,
Goldthorpe and Portocarero, 1979; Goldthorpe, Llewellyn and Payne
1987; Erikson and Goldthorpe, 1992) - '° E3fdit @B 2R 21
" BB AE AR 3 4> 5% | (International Standard Classification of
Occupations, f&f§ ISCO) (Treiman, 1977) K& 8% - 15 7 8-Sk
EGP 73305%% » ZB9EF |t Ganzeboom 25 A B 53 R A AT R4S
EEEY ISCO BB R EGP A4 48 (2 5 Ganzeboom, Luijkx and
Treiman, 1989) « '° FIR PR BMR A » SE:(63 EGP Ry {E 5 4848
& ETHEEIREIME A SRR A NS,  FEMIET T PR (high
non-manual) » -—fZFEF T HEM (routine non-manual) » AL (self-
employed) » i E T TREAK (skilled manual) - JEF i 14 F T B #%
(unskilled manual) J2 2 AFE#R (farm) - ' ZEMS0SRE @R BIRIZE 18 R
HISIIEERME KBTS = - SRR3R B v B BURFERFT (1
ATER) FTE BB E » I HAS RS - SERaE— 5T
BIfE B A AR A0 B AT LA S H A SR P R o e BT A s
ERILLE - (B2 I e R S T S A A » |
TRZ IR - LU SR AR » B AR ABCETE
—HETER Wright BTEEHIN Marxist PB4 48 (Wright, 1985) ; 18
TR A Goldthorpe R H I EHE (Weber, 1978) HylLiRIR
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# 2 EEB A MERETEE ¢ 199088

St
FARPERR
ACHRFE AR I I m Iv VvV VI K
1 FEHFEFT 101 43 46 32 29 4 255
1 —f&IEFT 12 11 8 8 12 0 51
m =& 51 45 76 35 49 6 262
IV HEEFT 26 24 29 69 20 9 186
vV FEEFEEF L 28 18 21 30 47 3 147
Vi BA 93 47 112 159 150 325 886
FEE 311 188 292 333 316 347 1787
ik
TSR
AR I 0 m v OV VI
I E¥EEFELT 82 95 47 18 21 5 268
o0 —f3EFT 11 29 19 10 10 0 79
m B 47 8 56 34 39 9 271
IV #irtEF LT 9 31 25 55 53 4 177
vV FEHMmETLT 23 34 27 25 43 2 154
Vi BA 42 104 87 161 230 195 819
B 214 379 261 303 396 215 1768

BEE © RERRAEUS 3555
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SRFTRSIEIY EGP 5345256 (W, 1994; So and Hsiao, 1994) - 1% ik
SBIIHFIEH] EGP S EZHETTAE B Y Wright 195335200 (W,
1994) < HE - SEEHENES R TERER, - THenisER
BRI - BAOMPRERER  EEEWEENEARR » K
LB T 48T - BERE SRS - 2 BB R s
BT (B 5 Tsay, 1995) » K& REHEIAYITL & /G 54 (Sheu, 1989;
Tsay, 1996b) » AZZHLEF F Goldthorpe 1 EGP 43 4HZ5#S -

JTHR - EEET SR R SR S o R - W
Bt SR ~ RIS BB O FEE R (&
FEER 0 1982; 1987; 1990; 1994 ; ZBYgYE - 1983 ; L5185 0 1986, 1987;
1994 ; E5ifldn - 35— 1985 ; IRAEZ - FIERE 5 1983 5 BFRA - &
WUE 1990 5 FRIELL - BREE > 1994  ZR065 - BEYGYE » 1992 ; 2Ep
HH » 1995 : Sheu, 1989; Tsai and Chiu, 1993; Tsay, 1996a; 1996b) -
B & BN LB 7 0t H RN (GFERR » 1990; 1994; Shen,
1989; So and Hsiao, 1994) - [T A BAIEENIEH ~ s~ (1985) K25
1 (1986; 1994) {8 FI ST B B WBUETRAET sk Dt &g e >
CANRINPRES:Ri = et eyl i e 1= R N DB |0 a ¥ s ¥ = AR5 St
EHRBIHIIRE BB (channels of mobility) FEGEELIEEH o (i
RS ROAR Y S S BOH A T RThs R R ROSAESING » IR
FERK EIRUTRENE - B BhF S R AR (RO R -

R~ IR I B 5y B

DA A R — 35 R S B v B B R SR A R e v L s
BB - B RHHRIE 6 x 6 BUTTTISRATAIRS = HE BN - 2 350
EBT B AR R ENR BRI - S s
FARRE 5 5AER] > SB— (SRR A (model specifications) ;
IR CEECRR BRI BT © B I - R — Tk
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CNBEIRE | B T MEHRZEL | IRRESER | LR ERE TR

- SSSE SRV MR - BRI LRIREEIEEE

\LERR) (sonb) Whe SE Ll ¢ 2EOEUALAREDY BN Gy I RECOEY— L2 (stevoBerp yirm sjopows) WY 5T TR : F2bH

060 9¢t' 1T g 6 19PON 'SA 8 |3pOI {(§)

000" S 14 S L PO '$A g 19O (1)

€00 sTTL | § [PPOIN 'SA ¥ [9po (£)

Q0 1T°8LI 1 ¥ [9POIA “SA T [9POIN (7)

1845 6L'9 9 £ 19POJN sA T [SPeN (1)

.t AafeTE
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%L AL | (conditional independence model) 5 — & L #E & AU
(baseline model) » R EFTHI FRAVIEBE AR EL 2 R ME SR - RS
Z o BT REBESTNEE S S BIFBRAA%
T o AIERIRLE 5B R GBI T BT (independence model)
L - NG ERU B s 2 BRI &gy - T o SRR
M ANCETEIFR AP o B8 (main diagonals) RS-
ERMAHAIANER . TS - PRI R TR B
DA RRERe R 7 LA S B AR T BIREE (A0 T B eia
5 o MEERBIIRFEEA - B LA LR B 2 R RTTShE
RER R » S0 B - 5 (AR —— T SR aisE
RAL - ARRAERIR S AR AR — o RIS
HAREIUENAREARTAR » ) ISR ER S a2 R
[FIe ;B - B el A RS R B0 - R T AEE
HHfEE » log-likelihood ratio (12) ANEAYTIE - [fif B BIC Histi e i - £5
TEREACT RACA A S B bR R T AR SR A
NS FERIEA - 8057 SR BRI AR R
BHEE CROREER o EHE X B2 BIC [HERE - (SR
SRECGEE RS - IR R MR = 22 B RERE (AL = 6.79; df=6; P
=.341) » BN S IR S o S8 PUAS A B — (S L R
RN - " 75— B | BT IRIRARE B —3 © 75—
SRR P ATEE SR REUEE, - R F RS Ao
HIRRMERI(RAYE - ARIRISEOREERIR — LB 228y » (HAA
HIRCEEEANESATD » P R BIC iHER FIB RS - iEfm=
REUT AR L (B P AR S Ry BB SR R R R S e o AR I3 —
LROER SR LRI B FER Y - R e R
SRPHES ISR - RFIRIE L BN AR BRERN - o
T — R R (AL = 178.11;df = 1; P= 000) » T H. » &1
T SRRV At B B A E R B B IS (558 AL =
1225, df = 1; P = .000) - SR - SRR EE E TE a osm
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% » BIC $5EHiEr -242.3 BE1S -246.4 » BOBAK - RN Bt
BT T TR AR - TR IR AREL A EIRRE] - F1TAR
W B TR KR o RELE S SR - B EL s B B R
ST BE (outflow patterns) & BIE AR (AL = 2141, df =5, P
= 000) » K\ L5 STt En BT RTE ARy - THRALSUH]
TERRET R STIRER TR SR - B\ SEEEHAIEE
W B I B A AE TR AT B PI SR BE (inflow patterns) 5 S AT A
(AI? =21.36; df=5; P=.000) < *'

A R R B E TR R e — Y S
FTHIRIRIE (¢) I bR B FERGERA] (homogeneity restrictions) < @&
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FERIEE AR SE R RS - - — R T R R R E
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BIC s HEERE R AR » (A R R = DASR 10V ARR
(design matrix) ZEfLEE AR OYHIE - EREGTERNE —EHERH
levels model » [EAASA RT3 Hauser [ levels modet PEELE RS » JE1H
SR A P TR A B PR B P AR BT R RO$E S | T+ SRR
ZIRETERAY o Brf o U AR R AR S M B A A E AR AR
(DA 2 (03 BIREREMEAR (4) TR ENA ARSI © ™
FEBE (3) REAFER (5) SIHBRERWERE - E  BRTHE
Hh BB ot - AFETI R SRS B R M S AR B I T
FyiEnE - 22 HE = HI AR IR M SR S SR E R
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SR - BER P AUREMEAHEAE - {H BIC [HAIFMERT - B1EHS
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NP afcil el ek Sv e ¥l e 5 SR (S P/ ba oy =i O a8 St Bl
A ZEBRRE QREE - fu - 1) SHEERCEER  JI -
TEFERR IR R AR FERE RS [ - S 3% B S0k M AR
TREHITFIEE IR BEZS > RN AT LA MR LEE o f2
FAAFER 0 B RRBH LR » FFHREFIMA — 6 | B
BRERHNKGMELBAMIHR o

F 4 [FEITHISE S AR R S 2 R A B R R i

PR/ R ] 2 3 4 5 6
BIEE

BRERTE (gy) 565 825

TTZISREE (1, = v)) -416 -517 -208 289 243 611
H iR e 725 =204 265 664 267 1.932

(114) (206) (.115) (.122) (.135) (.178)
Bt © TR 2S5 MEHER (standard errors) -




MR MR | B T BSIRIE R | OB RN | DIt e TR 83
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BRI - SREHOEREIRS - AT B AT -
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B (BINMER  BERHESEE) MEE B4 EH5EU Hout
(1984) 15 SAT #2EI Stier and Grusky (1990) [ty OP &2 - HI[SEiE—
st TR | SRR A B AR EAER - DiPrete (1990) TR
L TE RS — iy B EARY F R A SBRTE I A S BR IEAR
EUHHZEE o BESR » DiPrete (1990) FTHHHABEAITEMA £ - TrEH
i R - {ESSERR M R H SR AR E B S » B 5F
HAES BRI TR -

ik ®

1 {(EBER AT TR R - KSR e R - B
B MAERARRR T A - tt S B F FRER RN A ER - Bl
canonical correlation (L J& FH 22 KL {1 Wasserman and Faust, 1989)
correspondence analysis (2 R4l Bourdieu, 1984: 226-83) -

2 AHREEAEREARRRTE 552 R Goodman (1979) » FLICHEEIR
Goodman (1984) fEEEE -

3 Goodman FHEHIMEAITERZ % » TMEEHAIRFEN - Mt FFHY
22 » Goodman BT BUR MTAIBH: LITEAT » ARSI
AT Goodman FTSRRILIZREIEA -

4 fIAD - - ERESSRE TR » TR REERM T BRI AR
" A e T B R R TR SR SR T A P R S E L
5 -

5 S —{E{F & Duncan B Goodman (1984) fRERHITE > BHE Leo
Goodman (5 Clifford Clogg) HIFER + WA Goodman HIEEIZR >
{75l -

6 A TERIH log-linear FAIHIRHEHIE - B log-linear By A
HES: > 522 Knoke and Burke (1980), Agresti (1984; 1990) °
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Hope (1982) By " $&AIEAY | & TRICEY ) 1R TS RIERSY » BT
FRHY T APTEA | (halfway model) B T 32 RS | (difference model) »
L CRARAY | )N GEREE) BIOATER  FTRET IR T
LIS R R AR IR - FRFHARERHSHE - Hope AORAUEIS 4347
BRI EIENE - TS E% - HERESTHRBERARE TE
Goodman By R » & HE B AY [F] 2 Goldthorpe (£ &, Erikson and
Goldthorpe, 1992) TERATHEE - #5222 T Hope 1EA AT 4%
ERYERE -

BT S AR RSS2 2 UEEAY (perfect mobility model) » FRESHIEELT
FIRMATHI G H BRI - B e R RS B LT E e
TR o WERT RIS RS (diagonals) -/ H BHAREsE 24!
ERBILRR -

Goodman FIBRERE A BT HESF IRINERE - 757 Sl L
HYEH - F2# Clogg (1982a) -

ARIGAEEG - LUFTFR GRS BT () 21855 T #35 | (origins) 3 LA
51 () BRANFE THBE ) (destinations) < ELL R 41T 5 LLC K5 - Bl
A | EREREIIX log Fy = A+ AT + /ﬁ +A+ W BTHEL  AE
BEITERFRY L4 -

A3 R SRR VR AR L3RR (normalization) FOEE T
FHERKIL - HMMER » 5522 M3 505 Goodman 1984, Agresti
1990 -

GLIM EEREIEHE GR2) NSRS E R Poisson, Normal, Binomtial,
Inverse-Gaussian 5, Gamma 53fr » FiEELRE -

Agresti (1990) B [ff#k A 515 &AM EBBNEATEE > RO SIE
FRIERER . Wit R .

AR LG R BRI MRS - TR AR e rE
FERIM - HEMHHE - L Abbot and Sapsford, 1987; Acker,
1973 - FIRRSMATEHT « FHSHLRE - 12— > 1985 -
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Goldthorpe SFAZEE BN ER O A+ SRR IR - F/H EGP 1Y
SRR E A B R LT R - BB R KRR E B RS
CASMIN + BRI F LR Tl T3 (LRI L GG Rt g -
%3 Harry Ganzeboom SIS At Ep kL fe A Fd s - fEIGRTE
o+ REUSFIIGIINEI - LIS MR — kit - [BR 0 BE
S R R TRIR -

Goldthorpe % A fETE B L& & 72 £ (2 R Erikson and Goldthorpe,
1992) » FHAEEEIRRTESBE - FILUEE AR E S EEE
(full version) » MiERFE - (EMERRAREIRZERS (collapsed version) - R
HiRZes th » AR Goldthorpe O ¥EZRESATFERRANGR - AN
BRI R » Y/ BRI IREA (RT558 1994 & GFEEER © 1994 5 So
and Hsiao, 1994) -

FFEERR (1990; 1994) 557 Wright HyMAEZEHE - IGELTRRSEINILERR © ol
A Wright () T BERASREEPEAR St ) AOCLBCRATE - RIFA RS -
HE—HHIBIRR LI AT - SERSTEDR (1994) -

REARAIRAZED © SHESEEEE - —EEMBARE  BR - 28R
BEXEEEREDERE T ONESR (2R Breiger, 1981; Goodman,
1981) - B - HEERERHNBEL —ERENSEEBEI
Breiger, 1981; 1990) ; {HE R #IS NSRS IR —FESE MDA
RH - AEETARETRIER - SEATT S - ERREER T
BHEMEMER - PR R AR T RS Y
B (F NSRRI SE RTINS AT - MR Rl A IR S
NHEE -

=Dl Hauser (1978) B levels model ZEAERE - A7 53R
B SRIER B R R - B R A A ERER - R A
BB E A R A e - thE R R -

SE SRS B MR AUEEDE, » TR REHRME% - —RBEE -5
BRI B A E AR EE ——FI . AR5 B
HGYRSEY (40 Erikson and Goldthorpe, 1992) ©
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22 ERHAH-E2ERE LY (redundant) » Rt - EHEERANMESH
FE -

23 AR AERRE - BRI R - WREREA NS - 1F
EFHLRESTIHLIIE - S - AT ENER - HURERKE
IR (FREFRZ — 1978521990 — MIETER4F) ¢ A0 AR
PRI TR A S« 1ok AT R
K HARBIRRE - RS T W B LR T -

2LEHH

B57E
1994 (FERRGEAISHPEMRETF « [LBmhe - 25 - 28 JRERRS
)RR (IR (BRESHEERERLEREER
) > H109-150 - Bt ¢ PR ERTebTRRERZT -
L - mEE
1994 CGHEER - AEARBEVE ) - (GIE) 35 127-150 -
FFELAR
1982 (HEEIREL @ EMMENWERWE) - REEE - 1R - H
FER (F4R) » (TLERISSATRE) » H265-299 - 2 : chuk
W eke = R #aF9erT -
1987 (EMWOYREEAHE) - CRER 2D 11:25-60 -
1990 (EEMRERTE R LEEEN—®itE) - (hEHeET)
14: 1-30 -
1994 ((ERASHEEIRR R AR E) () - Bib - s
BCBR EW TR -
SRMEZe - FrtpE
1983 (it EfEpELREIET) - (HERLEEA) 7: 191214 -
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GLIMAH [l 75 S e S e BT B ] -

$C This is a GLIM program to estimate intergenerational class
$C Mobility: Men vs. Women, Taiwan 1990.

$C Equal Row and Column Effect Model with Diagonals

$C Sector factor is added.

$C Date: 2-19-1995

$echo

$units 72 $data Freq $read

[DATA FILE]
$data sect $read
[DESIGN MATRIX]

$calc %0=6:%D=6:%T=2

$calc d=2%gl(6,1):0=%gl(6,6).c=%gl(%:t,6%6)
$calc inh = %if(%eq(0,d),2,1)

$calc diag= %if(%eq(0,d),0,0):diag=diag+1
$FACTOR O %O D %DDIAG7INH2C2
$CALC %N=%CU(FREQ)

$Macro model O*C+D*C+diag.C

SENDMac

$MAC STAT

$CALC %B=%DV-%DF*%LOG(%N)
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$CALC %U=%CU(%SQRT((%FV-FREQ)**2))
$CALC %X=%CU(%FV):%U=50%%U/%X)

$PRINT LOG LIKELIHOOD RATIO '%DV
$PRINT 'PEARSON CHI-SQUARE "%X2
$PRINT 'DEGREE OF FREEDOM ' %DF
$PRINT 'SAMPLE SIZE '%N
$PRINT INDEX OF DISSMILARITY '%U
$PRINT 'BIC STATISTIC '%B
$ENDMAC

$MAC ST2

$CALC %B=%DV-(%DF-4)*%LOG(%N):%Q=%DF-4
$CALC %U=%CU(%SQRT((%FV-FREQ)**2))
$CALC %X=%CU(%FV):%U=50*%U/%X)

$PRINT 'LOG LIKELIHOOD RATIO '%DV
$PRINT 'PEARSON CHI-SQUARE '%X2
$PRINT 'DEGREE OF FREEDOM (corrected) '%Q
$PRINT 'SAMPLE SIZE '%N
$PRINT 'INDEX OF DISSMILARITY " %U
$PRINT 'BIC STATISTIC (corrected) '%B
$ENDMAC

SMAC K2

SCAL %I=%I+1 §

$PRINT 'Iteration’ *2 %I

$CALC VI=0 )

SCALC V2=((%EQ(0,2))* H(DYH%EQ(D,2))*H(0))/2
$CALC V3=((%EQ(O,3))*H(D)+%EQ(D,3))*H(0))/2
$CALC V4=((%EQ(O,4))*H(DYH%EQ(D,4))*H(O))/2
SCALC V5=((%EQ(O,5)y*H(D)H%EQ(D,5))*H(0))/2
$CALC V6=((%EQ(0,6))*H(D)H%EQ(D,6))*H(0))/2
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$FIT V1+V2+V3+V4+V5+Ve+#model §

SEXTRACT %PE

$CALC H1(C)=%PE(1+0) $CALC H=(H+H1)/2

$CALC F=(PE-%PE)**2:%F=%CU(F) $CALC PE=%PE
$CALC %S=%GE(%F,10**%C)

$ENDMAC

$ACCU 5

$YVAR FREQ $SERROR P SLINK L

SMAC INIT

$CALC %C=-4:%P=40 $CALC %S=1:%I=0 $VAR %P PE
$CALC PE=100

$CALC H(O)=0 $WHILE %S K2

$PRINT 'Program converged after ' *2 %l ' Tteration’

$USE STATS

$VAR %D SE$

$CALC SE(0)=H1(0) $CALC %M=%CU(SE)/%D
$CALC SM=(SE-%M)

$CALC %V=%SQRT(%CU(SM**2)) SCALC S1=SM/%V
$CALC %H=%CU(SM**2)

101

$PRINT :'Fully Normalized Scale Values (Mean=0; Sum of Square=1):"

$PRINT S1 8

$PRINT : 'Partially Normalized Scale Values (Mean=0):'
$PRINT SM §

$PRINT : 'Phi Cofficient:'

$PRINT %H $

$C The following part will estimate the standard error of the Phi

$C Coefficients using Row and Column Effect scores
$CALC RS=S1(D):CS=S1(0):PH1=RS*CS
$FIT #model + PHI
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$USE ST2 $DISPME §
$SENDMAC

$USE INIT §

$STOP
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A FEEFTETTA LLI S B A LA = 2R FerEE » SERSRH
FEETAT LR B 2 B 525 (rate of event) FRIF LI (crude rate)
WER - (ERAEEFEFFRENRERER AR, - EERH
B (distribution of composition) B #H 17 5 ¥k & (composition-specific
rate) - HELEHR - BRI EE ST RN SRR » —Hffes
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ECERIREREE » St B R L e R e R
SRR TR s 0 DA B s R R = R L B R R
Fl ARk « B —RETEE AR Bl AR ELEREA SR » R Rl
B #E ¥ (L, (regression standardization) BX i B 4 % ¥k (regression
adjustment method) » 53— Ak RIRBMNIFEEBEBEERE 71k © &
AR ERE =2 LRI - B B R BRI AR (log-linear
purging method) (Clogg, 1978; Clogg and Shockey, 1985; Clogg and
Eliason, 1988; Xie, 1989) « &AL TTRERAHHT RAEREHIRIRES - T
% ALUE R MR (Jog-linear model) REAFHE L -

A~ HRRRERREE

(—) ERER{LEBRRARE

— TS I MR — R E T B R - 1
e SR ERNEA - RERSEF M ERERRTTEE
F 2= (observed difference) BYEFHZ R (crude difference) * NHfE
EAZFEEER IR (true difference) - ATEL » FHFEER THEEE
EBE TR F 2R » A VAT RO SRR R
MR TR P REIA T TRAENATSR - iS5 - HRE
TEEITRIRAE — X LIRS - S R R e R
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HA L EREESE-HORENEE - HNRETmET R
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HI » A0SR BRI E I LR B (BNSHECRIERED < FH T - P
TS TS R HBHER » BB BRI - B
It » BFGR A BRSBTS IR T DAL EA TR - ()
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MRIRR —H SRS B R AR R EAE I BUIRRE » DS EAA e
FEHIH R LLE -

—EEERAIE — HEIE SEIRRE T R R - S -«
RE G TR (B8 FUARE K « EiL - B FHe s
o[ — (& AR B A RS R A A RIS IR G 1% ATk
BRI LER: - (IR - ER2 R _ i ER S = 1
BB A S - HYEEERIAZE MRS - ST TihEiasa
St ErEERUREERTTI [ o R A S B AR
ERR > LHEETRFS (inequality) FUSSERFAENEEH K, - S0l
FRIA R E B M TR S TSI Z BIHYE (Semyonov, 1988;
Weilington, 1994) - NEIS5E) I8 2= 5 R MR BRI TR
B9 (Rosenfeld and Kalleberg, 1990; Semyonov, 1988; Semyonov and
Cohen, 1990) B & B 19 14 7 2= % & H 5 & LL # (Casper and
McLanahan,1994) % .

(EEESLEE e - B — B B TE S i E N S R A
HY - (BRI B R F SRR S BT ] - oy AR 4 R I
HRBTETS TR - SRR RS R - TR RBE o
HFHEER  BIR THBSBEEERE ) R TEEEER
R o I TEARRERRTR - TR BRI RS B
ZERPDLATRES - TR 2 RORS SR R R R - &
R A RCR - T IR | AR R
LB ERS EUA TR I (a2 ) 22— e
THMES - et LRI BT BB S AT
8- FURHISEERNE - HERGTEEE a0 G
RHRAITESR) - EREEFARET PRy - e
IR LI R R (RN R R A - 40 1855, 377
7 o AR » R B S R SR R T [ RS SR T2 T R I
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%ﬁﬁiﬁﬁﬂﬂﬁ#ﬁéﬁﬁ}ﬁ@%ﬁ% » A HETERAEER (LA~ &
PEES) FEBHETS - BT AT AR - SRR AEEIE
RS Rt — - HK@IE (LOF1E) 7 E B R e R e LAS R R
iy - SRS (1) BIEERHEREE © Q) HRENEEREME

BERFERNER  (3) HBETEEEERIERATERNERK
(4) THgBs SR ERANER 2 e Z H /P RIFMSER 2R - HEER
1 fiif 77 (Rosenfeld and Kalleberg, 1990; Iams and Thornton, 1975; Jones
and Kelley, 1984) -

Ln;m - Ln;f =(a, —ag)t Ziif(bim —by)
(D (2)

+2by; (Xim — Xir)
(3)

+ Z(bim - f)(Xll‘l‘l |f)
(4

4y

Hrhy SARBIE (FR1F) MZFEE - m 1 f 3 HIEoRBIEMZ T
(EE) - a R ENTHHEECE - X M b S BIRE BT EA
SEEH B GE HE (AR RED - B4 i T RBYERA -

# R RE H BRI R CeREEEM) - Alk
{18 e (B T P Bk 22 T LA ANAR 2 - B - [ 1 FPEVES ()
EFNEE (4) AEN 2FHERE -
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Ln;m - Ln;f ={a, —ag)* Zii‘“(bim =by)
(1 (2)+(4)

+ ¥ by (Xim — Xif )

2
3 2

(B R5— EE R I (LAIB ) » BRI EE R feahs
FHEIARA DR R 3= - FIRA - s =T
S35 1505 (3) TEATES (4) TERURES - WIS DI TCER M S A
PURASEIE (TATHE(L) » HOM T sUaR Y TR B 2 ]
Mk 2R - (EREHAE 1S (4) 0 CEERE) SR REE
Y (residual) > HHEMEFEFARA - FIL - AR 131 3003ER2
Y EEE SRR RN SRS B - TR BRI - A5
MHTEBIRGRIFERAE | GBS R i 7 B R E (R
e

Lny,, - Lny, =(a, —a;) + 3 Xir (b, — by)
() (2)

+2 b, (Xim — Xir) 3)
(3)+(4)

3\ T IEER DR 7 F T A - RS SRR R (E
AR - Semyonov (1988) ¥§58 1 A —E043 B s = SR MR
ROERTEEERS THkure | WERSS  CHRhEMe
5 (group membership) 1A JJZA%BH (returns on human resources) Fif
AL - A B EMIREA5E) I HT SR (market discrimination) fU7S R
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#Hioy - FSAHEER A NEAEM =R L EEE 5= RVHNE
ES R I R e iiRe ity e A AT Ak e L ya e = ]
AFTEAT NS AT F BE (composition or endowment) 2 S2FTIE X
g« ARITHEBIHLE EE 18 2 5 E S A M = RAUR (structural
difference effect or component) » HF BN EBREFRTIETTLERT
AR RS £ EAO RO BT E AR HIRY - B ERNARE
$H 32 B T DA RRREAER S » JRETE R AR E (5 #ET T8
=R PR R - BN E AR RN SRR
AR - A - i EEEER S - TF R ERuRAmE
Rt (AR BIRETRA S BT HBER - ' 54 HTEERE
HE AR TS R AR R - R 1R AR B s REE A
R B AR A FRFTEERER BT LURREZET
CHE R BEEE A - Semyonov and Cohen (1990) FEEE =FIEMY
ESTEEEEY IR AR | (legitimate gap) © AEmHILHY
BEHSERESNERENE S Y TEEEEEREN® -

TEE B L+ Rosenfeld ] Kalleberg LAZAL R 143476 -
Pk ~ EURIA S PUERAY B TS = RNGE T - KSR
TAFE A A - THY - BREESH EBTEHA S B M = R R Al
5289 ~ 439 ~ 359F1359% (Rosenfeld and Kalleberg, 1990: Table 6) -
54% » Semyonov BE5T DL RGP {E A BLIE AN P R SRR
A58 1378 (bi-ethnic labor market) FEEFEFR45Eh J1T785 (mono-ethnic
labor market) 2t EFSHEATE » A5HESPR AT 2 RROR (SRR
HEZEE) 1 13% F 120% 1% (Semyonov, 1988: Table 4) » TRLLEEY
H B AR EF AR - f#& Semyonov F{1 Cohen (1990) #YLLEF33{F
558N ) TR TR Fes SRR E TERY TS IR R (54096

S kit EREII6096 - MR - AR RBNE R SR R
BELLERR gt » AR BRI B T E ERVmIREE -
WIS R AR THEERS -
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(Z) BHEHRIERRE

RS E B P TR RS M B BAERT S T ATRR B
ZHERVEE RS IEES S ER R R R c AL 5B
PRIV LR R G - IR SR B R PR E R 7 »
—REEREAIRH S SRR (B R, 6) - FELFSE
BRRRHE(VRUEEHY - B SR ERS SR R —HEEEA
ARG - RIEES R 2 e E RN ERRE R EL - AL - Eke
PR S A LA LE B2 - EH R A SR E TS E AW LS
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PR RARAHY - LR TeE o o Sk s S s B L e o 41
FOTEL > AT SRR (adjusted rate) - SEFEFRL AL FRsE
RITEHEAL, (standardization) - J5FE " fE¥E(y, | TIEMREARHBYREEHREGE
FREMH G RTERIER » W EE— SR SRR -
WL - AR E MEN DA BB C SR IFER - [
AT AR RS K BT RS I R - — i TR R
EHARIREERE T BRI R = B P DA AR - RATE
BHREMRREREE ? | BOEESR  /EETE R s
WRR - REBIEHAIR S (R RR) 2R EEMNERTAE? F
o SRR R G &4 ?

EtE BB W9 » HRRER fl SR AR 4 (composition) - 4
(group) FO{K%IH (dependent variable) = #EIHH [ X I X K 7 % X £
= - EFRIUREL - EREAORIE S BULIC - G I D FHgEE s B
E TR A BT sl IR - 39k - 1 JRIK EREC -G
1 D BUEAAER S H SUE B0 (the number of levels) - 7 5 fE s
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HFA SRRSO AT EE R 2 B - BRI 2 2]
B TSRS o2 - 7EEME L - FRL (RIS E Rk
Reiim L) R A=, - AU L EV A E R SRR - AHEAE
A2 b ER A EROBRRER (Kitagawa, 1955 ,1964;
Keyfitz, 1968; Shryock and Siegel, 1980; Spiegelman, 1968; Wunsch and
Termote, 1978) ¢+ Clogg and Eliason (1988) Ff5H T E AR FIETEL
HBETEEREIRELZ R - iEE BRI EER R IER - AR ERY
st R E R I AR AR A R BB S TR -

7 £, For = {E8E > 5 (O) - EIER (G) F fBIE (D) » 2N
(i, j, k) ZSHERUBREE RS, - T Fyy S —HBGRMAR U T A I ZERS
HIHHSEREL - B ARRAIERR °

T = Figk ~ Fige 4

Hep T+ ST TS B0 « Fy, = N;; F0R5 j (EE#ERIEE
i SERELRE TR B - IR ryy, FO5H j TEIRIRE - 2 § (EAHRCPAVES kORI
SATE Y38 45 5K (the rate of prevalence) - L - 55 j [AERERYEE k BRI
BAIE 7 FHERAIR -
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Cii=Fi / Fipu M

C; 3 § IS | ALRAAIIELR) - I AR T.C, =
1o RITEASTLUEEN 6B SR AIRATAH () TIIHEZ
B RS C, - BB - SRR R R MR
(IR - A L T A L R ST — M RO S
(C) » DUBHIEHEEO A R - AN - HERRALIESS ¢

o = Z CF nyg ®

Bt - 722 ST ISR B = RORHEINLIES  KEE
— BB ARG T AR IR A - (L AHE R (B RR)
C; FRIEAEHEVIRER - W - SO0 L S IEE Er R
i & (Clogg and Eliason, 1988; Keyfitz, 1968; Freeman and Holford,
1980) - Clogg and Eliason (1988) S5 {BUHELEAT R X BIRE X {RE8HH
(C-G-D) ZRFROMERINR » A LA —E AR A A AR IE T
RfSEE  MEBEEEREASETREREME -

LA, (multiplicative model) e nAH i ~ BRI TE
 EZESETNEMEROMNE  TUERNT

CGD G G CD _CD CGD
Fiik =”‘icfj 1{? T? Tik TS( Tijk (9)

ZRTFRA(ERRE—E UK 470 ’sekis - 5k
&z 400 # | Rl Fo R B SR BRI R AR BB I R
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FITGARE « BT 400 5 1 Jlz 9ok = {ERIA TR B 5]
B T T (E R TE B0 DA e A PR (R B T R AU YR R (R (partial
association) * JRIHE » /¢ W THREEBIVERG . O WETH
e S (B TEARRNR - ZFTREIREME AR (partial group effect) & M
0 BIRIE TR BB IEA IR R - ZR AR R R (partial
composition effect) °

e 9fRAR 5 - BARTIAEHHIERBGE R HBER - 1PERE
AR — L B - B £ R AP TR
MEMEEILE  EHEFETEMAYEEREBRENE
ABEHMTE -

DL SR MR B s A M AT A M A - FE ST BURMEBE ERUE
FEIRFFEERT £° f0 o> RRERNCR - HHAERTESR
BIRE (F ) RETEHGEREE - B AR LA Bl =01 0802011
RIBLAR *

B = B/ (25° 735°) | (10)

[ * »
Tio = Feji / Eojs (11)

— TS FRE RS e R (AR - DUES R e
HIRLERE S - (RS s (AR SRS S 7 MBS AR i - B
BEEE

1.8 s MEENHKNAREE AR -

2. TEZREFBEKLUE s BHEER2% B
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3. MREE LT HES R s B
LAEE®E -

b st g A A e B R S R AT SN 1 2 B
Fik = B (750 7o) /(59 755P) (12)

Heh s (RFAERE I (08 - FHEY > ISR E R & E R
¥ 1y, BTLHA By REFEER - B 2R R %R
(r'y,,) FIBAE BB R (thRRRAEAR) SMBIDIBAELES » 8 T AR

BARSIEIORIEZER » TUFeH th ol DU B BRI & = R AT ARk
Ko RBIE#EERNOBE -

ANE > AR BB (ARS8 - R TR RS R A
RE—ERIERER - 52 CRBRS BN IEIE - B
BT IR S E (AR R B B RO R R
EEFMECR - QB TH S 2 BRI AE - Liao (1989)
ATiR R R LM T EHESE A TR E - iy 7 —4i%
ML AR R R AR ER > I3 ER 1657 -

RE -+ AE + BE + ABE = CRD (13)
RE + BE + ABE = RD (A) (14)
RE + AE + ABE = RD (B) ' (15)
RE = RD (AB) (16)

H o RE AREIERZER » tWRRERMR (rate effect) » TR HAT
A v, BAEVERIE Y B SRR BT AREY - AR FOFSEAHIAAETE (I
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E— R S RRETE (A0 RS RRUR - BER
TS T EAE TR (A RY) RIS ERUR - T ABE RIIUERRE
B S0 E 2 [ AS = RAY A H/ERI R - T AE - BE 71 ABE HY
R S ES A B AR - ME 7 INERS BB R {8
IEAS SAE AT B B E 2= B AR RUR T DA RS Ltey =K
43 o B4k » CRD (crude rate difference) S [EIFERTHRZRE > RD (A) »

RD (B) £ RD (AB) R4+ BIFRmBEREE —(EAE BRI B EAS S A R
MR AR E R (EEEEE s 2= 58) - 1B EHEREERY
RS AL = R R ko AR SRR = B FOBERI- S E BB B SR
ERBRG I HBEENESR - HAit - H{E RD(A) - RD (B) fI RD
(AB) TEHTEGRIEBIRIETENS » Bl RE - AE - BE §1 ABE #L W/
DAt =13 E 1605 BE 7 AE A KRE -

BB YRR B A\ IR RO R R AR
sEar A2 B Liao (1989) FUTHSE - MiE B0 HY &I ZE L » Sweet
(1984) B FEFEH1970FF 1980F M ERIERBIFTE MM R FHE
B =0 IR NSO AE R - B4 FHIMERIEEE
HIEE I 43 96 2R A A FELORIUAL IR (Weeks, 1989: 242) - Clogg
#11 Shockey (1985) LU Bk 141 RERIAFRET 2 B 1 96942 2 19801955 )
FEEERES  BHETREEHENMHHERE - ZEAITER]
MBI EHEES IR EEERESSE - Liao (1989) L
B 19705 FI198SFIYFEL  RERE - HERR -0.683(%,) * HTE
BREREEREROEEERN RS ECRNEEEZRE
-3.464(%,) (Liao,1989:Table 2) - 534} - AR ESHFE IR 19804
EF1988FER B TR A & EF R =R B6 S 1EEHSR - B
R PR ER IR RS ERR - AREEERRNEIE
RSB I1232{FH 085 GF4E 0 1990 © & 6)  fELA EAVRESHISE. 255
RARE » DS L B R B b R B IERLE
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LR R Pk T + TR S L A
# -

DA LR R - BT DR s i R Rl (FR%eE) B H]
HER AR RTH B EENE: - R R LR RS ER L
CHUNERF BB A BRSNS < ANkt - BRFEE TTDIARENRER
ARSI B IR AL - 4w B LU BIRR e _ b AL A Zer
EREEEANTRUEE TR EREREEESR LIS
2% -

% ~ FHHIREOR R BT b

HEATFEIIRBIET » AR EE R AN TI9F S
EAR BRI 19375 (Jones, 1983; Kalleberg, 1988; Kalleberg and
Lincoln, 1988; Rosenfeld and Kalleberg, 1990; Semyonov, 1988;
Semyonov and Cohen, 1990; Kelley and Evans, 1993) - NEEE R
BRIZLNLE - FrE R R - ERERL TS - BERERE
B P IFE IR R ET /] - (R = RRAEE
K- LIEBE - 1980FHF » WP HEHFEE R PFHEEHEN6.
%6  F1993FRFEHELAIRS FHR A 7566.098 » ZARUIHTEINYET FRFm -
ARG EREHER WIS BN R -

S B EE RN - DERS AR isE
MR FUREHEIFERE —IERNE - FRaSnam
BN GRS R N RSB e R e B MBS 2 B AR
B o ZAERLAU SR N RSB BRI R 0 L R UL
SN = A BRI AREH SRS M e AR I « 0 HOEEA L
BHEEEASRNERT S ZW -

R SERGE R R (L B BB R B R o - A E
A E R TR R AT TSE . T BT e
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F 1 BIRHERH

BIHYE e B
A T{ems RAETEMEARKA » B4 7T
Ln (A TfEF8) BRIE TAERIRA B A AR BIE
HFin LASI A A
PRI FEEPETE - AIEER . HERI
HEFH HEREEMRHEER
IBFTERIE BAE T/EZ AN\ TISEmATE S T8 » LI F M
[BEIEET ¢
11—50 A FRiEEIE » BRI —S0AE R » HERO
SIADLE REEIE  IBATRESI ALLEEEL  HERO
1% DU IR &
b:CHEE REENE  BEEER ) HETHERO
s EEPRIE - [REES] - HETRR0
ey 51E9 Tsai and Chiu (1991) EIREE FES

HATE | B THE - RETWFAER - HTERARSEE e

1 FOMI48 D HEREE - ST REaIES63 M M L 489H LTt - Al
HETE TRATERE ) BT (HFREMH - IEREE) EM TR - &
BilhryE B TE R R A 1R - BERERE T ATTREA
B (G BRI B B0 R LI ERIE (SBFTRUE ~ 113
EEY) - BRI TR

(—) SRS BB B R TR S TR SRR S BIE

gy -

() DASC VERERE - HEfT IR LIE > MHERs

et -




118 (it GBI BT T R )

(=) HERE BRI 22 PR By » S T AR AR T 1 -

Soh  AmE AR TR R e ) SR
SRIEBIET - HOMTER B BT S R TR e RS
2 BB A ERRESS o BT 19804EE 19934F » 514
LR o T RORHR FRAL IS © B (E7EERS) FOSJBE R
CETEHRETE) BRI = EIR20Ak » E oo e e R
R EBIBRESHITE - 55~ ZoMAYSS B ERMHST15 — 1920 — 24~ 25
=29~ e~ 65 EA—H LA — TR A A B -
LA C #Raz  ATELERAORSHY (M) H119804E 3 19934E » HEF144F + R
RE-HIEEE - LG 351t s MiRsE S5 1 EmEk » FEs T
BEEER -« TIHRBORE - ATEMRE - S e AR R
8 LAD FwZ -

BRI AT - SeLIHBER MBS Q0B 275 ERasg)
TIRHEAE R (Rl — R FORERY (EIBY) BB A a8 X IR
X BT ER ZRFE A FIER AR 9804 I ALHE B » HETTAE
H13EH 16F7%#) RD (A) ~ RD (B) ~ RD (AB) CRD - F{f Liao
(1989) AR MR » F-R AR IS 1 R B 19804E 2.
FERZRSBIERY - Bl RE ~ AE ~ BE f1 ABE -

PR B BRI  ATLIRTSERIRR AN - BI5EDL 22X 14 X5 iy
WS RELIR X R X S50 E Tz 3T 3% » DABA S B M BRI A i 3
(205X 9) » REFI9BOFHIF-O AR BRI » TSR 9B R 12808
ARg » AILURGREEERB SR 258 (RS ) A% 18R
AR o I SRR 9804 FHRE A (SR M) LR + B
FI3K1G RD (AB) - F§# » RD (A) #1 RD (B) FE S LLESRE - Filld
AP BHRAR '
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(—5 TR EMERT 11X 14 X5 FOZCMERY 11 X 14 X 5 FUEEERERE < BFHE
X BEIPER B E - P 9B R 1289388 - HFREEER
MWL S JERAHER R,

(D) BUARFEH LIS T LLPIRMEE - i (—) TH B EAESRR
LREE - MRESFARRTRLRBEEIRERNARR
(rigy) * AATHR

(2]

[ 11] £l
Tic) = Wm X wljog + We X iy (17

Heh w BELHECSE LS m F f SHIRTBL
M o

(=) BERHFREN oy, H19805FHERRE 2 SRR (FHNHMX) th
% Bl H#18 RD(A) -

[FA%# » RD (B) thA] Ll ARG F iR - HERERHIE
BIR  1ESFERRHRT 2 X 14 X 5 YRR KR X 55 T8 Z R
F MEHBERKES G T ZFEHHE KR -

—E RD (AB) ~ RD(A) * RD (B) jz CRD E¥3R#G:Z 1 » BLAJLEUR]
A3 1689RETL ST2MMES AE - BE - ABEFNIRE - E[it - HIE
I MR A RO T BT - AT LR DR nE RS E
ESRNIRGETFNERZR - E TR EHRMA HEAEER
45 R
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B MR RBCR - B

ER—EER T » HMTERETEBE LB TEER > H
RARRE AR R (WEANEAR LERM FERiER R
R - FEATRAT o 1992F BHATIH TIFFER3 141270 2t
HIFS18,5997C - LAY A T TIERTMER B IEERTS9% » MBHEHHE
Z12813)C (R 2) - TR » B TR TIEMGERE
REJEZR -

B LIER 2 i ~ IR AIEE EREATTE AR K
SRR - TN E 5 TR I BR i SRR LIRS - B
Rl 2 BRI DB A S B LTS ER - THEES
B - TR IRFSRAENI R P E o B s A I ER -
FLASS MERT7R S B TR 2 R (12,81300) K& - 2ERn
il ~ BE - TIFRIRESR RS E S A B SRt i R
ARSI RACOR - T e 2 R R RRI S 5
LR RIEE -

R TIRAEE AR (MR MMERTRE S  BFET riE
ST - FIRR 3FYIRGSS - MM A TIEFE (L log) < %7
TR NI 2FRF 25 BB TR BT 1 TAE A R
B SRS RAOER 4551 - thak 4 BRFTIDISER - Bty
H TG EZRDA 1306 2P REIUIR - 876 2B 58N
Mg PERISEmAT SRR - ERERRR O EERIA RS H A
b R AT AT RERIEATS AU BN R (WS 2RISR HEAHIBRED -
R - _EMRYRHFEAS RE S RN - DUEMAERIRGES St
1Tt A TIPS R R RS - AT ER i RIE 13 %Y
TERREREERIGR - FRETHAMAHRE R - RMREMNMERZ#ES
ILEA RHEREHER R R BRI AT ER R
o MR E R RERE -
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%2 P A TG ES BRI T LY (RED) RAZRRE

T W ..
WIEZTA 5o & M RRERE
(N=563)  (N=489) t
A I {Ers 31412.0782 18599.1820 12812.896
(16722.159) (10832.692)
Ln (B TYEFE) 10.2498 9.7125 537
(.447) (:489)
E# 35.7052 32.9714 2.734™"
(10.159) (9.590)
A N ) 6696 6196 050
(471) (.486)
HEEH 11.1030 10.0511 1.052""
(3.748) (4.656)
B (I0ADLTF =0)
11 —50A 3002 3252 -.025
(.459) (.469)
SIALLE 4227 3967 026
(:494) (.490)
T2 (EiE#£-0)
REE .5453 5153 .030
(.498) (.500)
ARFEs 3073 4397 1327
_ (462) (497)
e g 54.6191 53.2817 1337
(8.905) (7.300)

"p<.01, ™ P<.001-
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223 1 BN RS R ST

Bzl 3 28 %
» " b 5.8, b 5.€.
Fhy -.000228 0002 -.003380 0029
LSRN (K = 0) 1767327 041 134283"" 0496
BEER 031845 0062 020567 0069
B (10ALL T =0)
11— SOA 025466 0438 094425 0502
SLALLE 058163 0443 1942537 0495
T (BEHE=0)
R L203469° L0505 329147 0947
ﬂﬁﬁ% -.093795 0548 ~.230472- 0652
3 ] 012848™" o022 012997™ 0036
HEE 9.191842""" 1385 gs14274’"t 2220
R? 2562 2697
N 563 489

"p<.os, “P<.0, P00l

4 1 B H TR e SR

m el Xi(By—Bp BX,—Xg (B, —B)(X,—X)p
3 10393 -00924 00862
IESRNRGL (GRAE = 0) 02630 00671 00212
B4 02290 03110 00240
B (10 ALLE =0)

11 — 50A -.02243 ~ -00236 00172
SIARLE -.05399 00505 -.00354
7o (BiER=0)
BLER 06476 -.00987 00377
ekt 06010 03051 -01810
[rpideg=] -.00794 01738 00020
I .19363 — (2) 06929 — (3) -.00320 — (4)
o 5.0)' (12.9) (-0.6)
HHHER 27157~ ()
(51.7)
Ln (A L{EATE) 8 53730
(100)

* EIINBCEREL Lo (ALIEATS) ZRIERS 1002 Ll -
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LA TE A A R SR B © iR

5 EEME S AERER - 1980~19935

S OHEER  AESER SRR BT BEEER R

0 @= €)] @ THHEG) ©
Br@+0)+6)

1980 3498 1502 110 754 5.18 119
1981 £6.10 1390 152 5.78 558 101
1982 097 1703 268 636 602 198
1983 7665 2335 368 1082 643 242
1984 7768 232 323 974 13 211
1985 7534 2466 269 1220 720 257
1986 7557 2443 378 1084 747 234
1987 a4 253 202 1018 838 154
1988 7841 2159 17 282 932 174
1989 7726 274 163 1056 904 150
1990 .15 2085 161 905 87 148
1991 7950 2050 135 863 908 143
1992 7859 2141 1.82 897 922 140
1993 82.53 1747 155 9.10 554 129

ERIR - SERE A JERRERS 0 19805219935

BB IESIT - IR T HERREHIRE RN R E LR
9T R R A 2 RO B IR E RIS - &SP T 1980 %
19934FAY BB N JRERTRI - B HA ANE S RIS
HANCAL LB T - B0 > AAR 1980 A AR EERRS
15.02% - BN1992FFIF521.4296 - [HER T 439 » WFELIFRHEES
T R TS R TS - AL - ERIVEMNMERR SR
PHFTREE A ERER - ARTE AR R - (AR Z 2
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IREFARRMIRL R EL (SERS) RINRAEE - DHEBEE (SR
[4) FLigdtry - ERSR] (ST EIRFTES) P RO S BARR (SRR A
RAHVENE) I > EME AR KRR RBERBBTZ TG
ERfEE -

® 6 EEHESBITE — MHARER L 0 19804 519934

i) e & 3
T jogorE 1093 =R 19804F 19934 =8
1519 827 302  -525 17.53 507 -12.46
20—24 9.78 769  -2.09 2386 1631  -7.55
2529 1837 1603  -2.34 1541 16.84 1.43
30—34 1199 1709  5.10 958  15.66 6.08
3539 1123 1579 4.56 9.08  15.06 5.98
40—44 990 1296  3.06 859 1241 3.82
45—49 9.44 793 -1.51 728 674  -0.54
50—54 9.53 730 223 434 546 1.12
55—59 6.84 580  -1.04 294  3.64 0.70
60—64 3.45 4.39 0.94 1.13 1.97 0.84
65 1.24 2.00 0.76 0.27 0.84 0.57
A 14.44 20.55
i (TFA) 4354 5463 2213 3353

R © EERE A AR - 1980 R 19934 -
* N\ESEEUER (Index of Dissimilarity) » A= (12) T | p—q; | > p R q 2FIE

1980F R 1993 FE L E G o LLo -
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%7 BME SR AR R — tERIS R - 198042 19935

3B % = 53
FRE TR AERE REFNR L¥ BNER Ik FERE BEER £% BEER
~ R RTHER &£ B TR
1980 £
15-1% 0.64% 21.15% 351% 2.52% 72.18% 025% 9.79% 1.19% 271%  84.06%
20-24 0.86 373 11.52 330 2059 0.29 4.58 7.91 2.65 34.56
2529 086 256 10.99 133 8427 1.39 6.51 930 177 8102
30-34 081 1.63 649 062 9045 1.09 9.56 326 035 8574
35-39 1.56 2.79 312 .29 92.24 0.87 10.26 0.94 0.13 87.80
40-44 1.42 5.42 240 0.1% 90.58 1.74 11.29 0.42 - 86.56
4549 1.44 7.34 141 058 89.23 234 11.07 .29 - 86.30
50-54 1.50 8.19 297 0.75 86.59 143 12.05 0.52 - 35.99
55-59 1.25 11.89 4,13 0.33 82.41 1.02 16.85 0.34 - 21.79
60-64 242 20.25 217 0.75 74.41 265 20.22 232 - 74.82
65 208 25.26 0.68 - 71.98 - 32.16 . - 67.84
ZER 1.18 692 5.59 1.07 8524 4.95 8.77 4.39 1.42 84.46
1993

1519 059 30.94 5.45 117 5945 .20 27.15 10.30 417 58.18
20-24 0.74 4.51 9.12 4.84 80.80 .58 407 .63 383 77.89
25.29 0.68 238 8.94 195 86.05 0.62 6.06 147 141 3444
310-34 1.39 2.31 175 0.75 8779 1.37 %23 6.34 0.85 322t
35.39 147 335 593 0.98 ®3.22 241 10.37 4.52 0.25 82.86
40-44 1.55 378 4.67 .53 89.46 1.79 11.78 318 .49 82.75
45-49 2.1% 5.16 3.09 0.60 88.36 323 13.49 1.32 - 81.95
5034 237 10.34 1.49 060 8520 355 1540 0.24 - 80.81
55-59 2.81 19.61 099 0.56 76.02 3.7t 22.39 - - 73.90
60-64 2.56 25.59 1.16 C.46 7022 2.61 25.44 0.26 - 71.70
65‘ 225 47.01 0.64 021 4990 343 3585 - - 60.71
& 1.53 7.49 564 128 84.04 1.58 11.71 536 1.30 80.05

HREARE - SEE A RS - 1980F K19935 -
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St FFifese 6B R - BV EREINIE 19805 #1993
FRTAREL THE R R - FRLEEERESEE AR A i R
K BE > PN ERRIAER - 8152 - AREREhE
FEEER (RRT) - EWFERIREEET THE ) EHAJERE
TR FoR < BIRG (BReE]) Lol - A B PE A SRaRAS - UL - 1B
TEERREAEE I AME R AR RERS RS B -H 1 - IR LAERR
HEAERENE MR -

AR BARTEIRERIARYBER] - BT A48 DA B \JEH
SRR - FAREERTPASR 858 31M - AARmERAIASRAGEL
ECHIRREI IR, R LIRE BB SE C 22 5 - FrEIHLR
SRR SGS I AR E R - [y - SRFIE 3B - ARKA
FERMECAYBE IR A - HUL9924FAY A DA B TR T SR R 1 9804
BRARTA96 » NG FHEARLLBIRRY43% - — HERm A REE
EREESREE L RRE CRMLRESS | SRR
Bh MR RRVE R S A E EE N 2 A ISR - SRS
PINHERZEBIRAFIGAF 8092 SHIEE o - [3 L8R Ir/ei Eg
Woed > Bk RS E Ay M

B VE— SRR RS ERER - BITET T ANREEE
R A RBERRE R % - DIBRRE A ERR SR FER -
Tl R - R AR RSB F R -
SIPTRESRANER 9FfoR - fEER ot - FRATATLURHEZE B (CRD) /YRR
IEZFBCR (RE) NFEHEZ RBURRIAES © I - A5 B
Py SR RAE) ~ MEAERE RACR (BE) MRS~ A (T
H (ABE) « AT R, » TEHEREREREREEE  AIREEERANE
IEZRFRLERATR - Bt - kSRR - R A
MRS E R R A JJASE R A QUATSRER1AE) A%
BOAF - SRrERHS T BRI TF - ST LR AsRE
Rot# RSP — (R R = R R H A
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FRNSER BN EERERSFINHEEEERD

FE -
# 8 1 EMHHIE 5 1RE EERRSEER SR
EEOMEE AR FRB OB FlERER
mo@ B @ OO E=®

1980  15.02 100 15.02 100 — —
1981 13.90 93 13.58 50 0.32 3
1982 17.03 113 19.87 132 -2.84 -19
1983  23.35 155 2592 173 -2.57 -18
1984 2232 149 21.78 145 0.54 4
1985  24.66 164 25.89 172 -1.23 -8
1986  24.43 163 26.98 180 -2.55 -17
1987  22.53 150 27.45 183 -4.92 -33
1988  21.59 144 27.22 181 -5.63 -37
1989 22,74 151 25.38 169 -2.64 -10
1990  20.35 139 24.10 160 -3.25 21
1991  20.50 136 22.95 153 -2.45 -17
1992 2141 143 26.06 174 -4.65 -31
1993 17.47 116 18.34 122 -0.87 -6

a LU19804F HTHEKTS 100 -

b LL19804FHIARREHS100 -

c BIEHER - TR HSE RERLUEENRE R HEERRR

7N °
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RO EMBESNABEEHCEBERBRREEHE

EEERNR

R ik S BRI EREENEE
thryEsy H2ER  =RRE ERBR ERGR EATEWUE

(CRD) (RE) {AE) (BE) (ABE)
B EE
1981-1980 -1.13 -1.44 0,66 -1.89 2.87
1982-1980 2.01 484 -3.03 0.77 097
1983-1980 8.33 10.89 -1.79 -1.93 116
1984-1980 7.29 6.76 0.26 -1.53 1.80
1985-1980 9.64 10.87 -1.70 -2.87 334
1986-1980 9.41 11.96 -2.08 -1.27 0.79
1987-1980 7.5 12.43 4,07 235 1.49
1988-1980 6.57 12.19 4391 2.73 2.03
1989-1980 7.72 10.36 -2.24 -2.06 1.66
1990-1980 5.82 9.08 -4.17 3.17 4.09
1991-1980 5.48 7.92 322 271 3.48
1992-1980 6.39 11.04 -3.97 2.71 2.03
1993-1980 245 332 111 -1.50 1.74
IHFEETE
1981-1980 0.41 0.32 -0.01 0.14 -0.03
1982-1980 1.57 1.21 0.19 0.22 0.05
1983-1980 2.57 335 -0.50 0.17 -0.10
1984-1980 213 163 0.29 021 0.00
1985-1980 1.58 221 -0.37 0.29 0.03
1986-1980 267 330 -0.41 -0.17 ©0.05
1987-1980 092 1.23 -0.19 -0.26 0.13
1988-1980 061 1.01 -0.24 -0.32 0.16
1989-1980 0.53 0.90 -0.24 -0.31 0.19
1990-1980 0.51 0.62 -0.02 -0.44 0.35
1991-1980 0.25 0.60 021 -0.29 0.14
1992-1980 0.71 1.08 -0.18 -0.52 0.34

1993-1980 0.45 0.85 -0.27 -0.45 0.32
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# 9 (M)

HBERYRA

B ERASE TERIESHE R
thmeviEsy  HESR ERHR ERHR ERBR ERTHHR

(CRD) (RE) (AE) (BE) (ABE)
ETBRIE
1981-1980 -1.76 -1.92 -0.13 0.33 -0.05
1982-1580 -1.18 -2.04 -0.09 0.72 0.23
1983-1980 3.28 313 0.30 023 -0.38
1984-1980 2.20 271 -0.56 0.18 -0.13
1985-1980 4.66 4.69 0.04 0.80 -0.88
1986-1980 3.30 3.26 -0.01 0.66 -0.61
1987-1980 2.64 237 0.22 0.85 -0.80
1988-1980 1.28 1.97 -0.05 0.65 -0.39
1989-1980 3.01 316 -0.02 0.85 -0.97
1950-1980 1.50 1.59 -0.11 0.78 -0.76
1991-1980 1.09 1.29 -0.28 0.74 -0.66
1992-15980 1.42 1.66 -0.43 0.73 -0.54
1993-1980 1.55 217 -0.65 0.72 -0.69
B o 3 T AR

1981-1980 0.40 -0.57 0.46 -0.28 0.80
1982-1980 0.84 377 -2.05 -0.61 - 027
1983-1980 1.25 1.17 0.51 -0.22 -0.22
1984-1980 205 0.36 1.73 -0.22 0.17
1985-1980 2,02 0.00 1.54 -032 0.79
1986-1980 2.29 1.81 0.84 -0.60 0.24
1987-1980 3.20 4.75 -0.76 -0.84 0.05
1983-1980 4.14 6.52 -1.42 091 -0.05
1989-1980 386 447 0.00 -1.06 043
1990-1980 3.53 3.62 0.46 -1.01 0.46
1991-1980 3.90 1.70 1,93 -1.23 1.51
1992-1980 4.04 6.82 -1.73 -1.48 043

1993-1980 0.36 -0.88 0.97 -0.78 1.04




130 G REET R T ERREER)
#£ 9 (8
i A 2 RO
R E2 PRI FRREER
LBy MR ERBE ERHYR ERBR ERTEBR
(CRD) {RE) (AE) (BE) (ABE)
x

1981-1980  -0.18 0.73 -0.98 -2.08 215
1982-1980 0.78 1.90 -1.08 -1.10 1.06
1983-1980 1.23 3.24 -2.09 -1.78 1.86
1984-1980 0.92 2.05 -1.20 -1.68 1.76
1985-1980 138 3.96 -2.91 -3.07 3.40
1986-1980 114 3.59 -2.50 -1.16 121
1987-1980 0.75 4.07 -3.34 2.1 2.12
1988-1980 0.55 3.59 -3.20 -2.15 231
1989-1980 031 1.84 -1.98 -1.54 1.98
1990-1980 0.28 3.24 4.49 -2.50 4.04
1991-1980 0.24 ,4.33 -4.66 -1.93 2.50
1952-1980 021 1.48 -1.62 -1.44 1.80
1993-1980 0.10 117 -1.16 -0.99 1.07

& W

ASCATRR AR R NE (L (BOEBRTIRES) K BRI
BULBMR R AEE - RHRRERT - EMTLUSBIERRFS T
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Covariance Structure Analysis with
Intraclass Dependent Observations*

Li-Jen Weng** P.M. Bentler***

L. Introduction

Independence among observations is one of the basic assumptions in
covariance structure analysis. However, as was noted, for example, by
Freedman (1985), some of the individuals in a conventional cluster
sample may have known and interacted with each other. Under such
circumstances, independence is unlikely. Violation of the independence
assumption may bias the estimates. Moreover, no matter what
distributional assumptions are made for the variables, all current
statistical theory developed for covariance structure analysis requires the
assumption of independence among observations. Once independence is

questionable, the associated tests may become invalid.
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In the present study, an attempt is made to approach the problem of
dependent observations in covariance structure analysis. A dependence
structure among all the observations is assumed. To simplify the
problem, the same dependence structure is assumed for all the observed
variables.  Under the assumption of normality, the matrix normal
distribution (Arnold, 1981: 313; de Waal, 1982; Nel, 1977) gives the joint
distribution of the elements of a data matrix where both the variables and
the observations can be correlated. It is assumed throughout this research
that the data matrix follows a matrix normal distribution. The crucial
problem for covariance structure analysis is to find a consistent estimator
of the covariance matrix among the variables with the dependent effects
among observations filtered.

The present research focuses on one case. The dependent structure
studied has practical implications, especially for family, genetic, or
classroom research.  This dependence structure is block-diagonal
intraclass, implying independence among groups. Members in each
group are assumed 1o correlate equally with one another. Data collected
from twins, couples, or siblings are examples. Many researchers have
worked on the asymptotic properties of maximum likelihood estimators
(MLE's) with dependent observations (e.g., Amemiya, 1985; Bar-Shalom,
1971; Bhat, 1974; Crowder, 1976; Heijmans & Magnus, 1986a, 1986b,
1986¢; Weiss, 1971, 1973). However, the study of special cases is
necessary because the published theorems are usually very general and
are not guaranteed to be easily applicable to all cases.

Amemiya (1985) presented theorems on consistency and asymptotic
normality of extremum estimators. By extremum estimators he means
"estimators obtained by either maximizing or minimizing a certain

function defined over the parameter space." Observations are not



Covariance Siructure Analysis with Intraclass Dependent Observations i41

required to be independent or identically distributed. These theorems are
applied to establish the consistency and the asymptotic normality of the
MLE's obtained in this study by verifying the assumed conditions.
Special attention is given to the dependence structure among observations
because not all dependence structures satisfy the sufficient conditions set
forth.

This paper is organized as follows. The notation and the matrix
normal distribution are first introduced. The asymptotic properties of the
maximum likelihood estimators are presented. A two-stage procedure is
proposed to use the MLE of the covariance matrix obtained from
dependent observations in covariance structure analysis.  Finally,
examples from simulated and real data are presented. The simulation
studies investigate the effects of ignoring dependence among
observations while the data are dependent. The real data example
analyzes the factor structure among six personality scales based on 77
couples. The implications and the limitations of the model are discussed.

Directions for future work are suggested.

I1. Notation and the Matrix Normal Distribution

The following notation, unless indicated eclsewhere, is used
throughout the paper. The n x p data matrix X represents the observed
values from a random sample of n observations on p variables. The vec
operator stacks rows of a matrix into a long column. The symbol A (X)
represents an eigenvalue of matrix X. The n x p matrix ( represents the
expected values of data matrix X. In other words, E(xU.) = Uy X= [XU]

and g =[x ) The symmetric positive definite p x p matrix X

represents the covariance matrix between the columns of the data matrix
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X (i.e., the variables). The symmetric positive definite matrix R (n x n)
with all the diagonal elements equal 1.0 represents the correlations
between rows of the data matrix X (i.e., observations). Matrix R

specifies the dependence structure among the observations.

A matrix X with a moment generating function

My(t) = exp[tr( 12 't) + 2 "tr(tRt 2],

where t is of the same order as X, is said to follow a matrix normal
distribution with parameters ¢, R, and T (Arnold, 1981). X ~ Nn.p( i,

R, ¥). The joint density function is
f(X) = 2 7 Y™P2RP? £ ["2exp{-2"tr[R(X- £ ) £ WX- )T,

-0 < x, <o, X = [x,].  The usual assumption of independent
observations leads to a special case of the above density function with R

=1, the identity matrix.

The matrix normal distribution implies that the covariance between
any two data points depends not only on the covariation between the
associated variables but also on the correlation between the observation

units. In mathematical form,

COV(X,;,X,,) = PixT s

Were p, is an element of R and o}, is an element of X (Arnold, 1981:

311). Therefore, when observations are independent as assumed in most
statistical methods, P =0 foralli # k, and data points between any two
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observation units yield zero covariance, i.e. cov(x,, X,,) =0foralli+

k. All the observations are identically distributed. The ordinary formula
for computing the sample covariance works. However, if observations
are dependent, i.e., p, # 0 for some i # k, computation of the sample
covariance matrix using the ordinary formula and ignoring the
dependence structure may yield an estimator which confounds

covariation between variables with correlation between observations.

'II1. Asymptotic Properties of the Maximum
Likelihood Estimators / and £

The dependence structure studied is block-diagonal intraclass,
implying independence among groups. Each group may consist of
different number of observations. Members in each group are assumed to
correlate equally with one another. Data collected from classrooms or
siblings are examples. Donner and Koval (1980) estimated the intraclass
correlation among siblings in univariate cases. They did not prove any
asymptotic properties of the maximum likelihood estimators where the
observations were dependent.

Let n, be the number of observations in group g, G be the total

number of groups, and n be the sum of all ns. The group size n, is

assumed to be fixed. Further, assume lim G/m= §,0< 6 <1. Let
n— o

m, be the number of groups of size k; in other words, m, = {number of g :
=k} A im ok =f, d ¥ f-
n, = 1. Assume Glgloo < "t 0<f,<lan kél f, = 1 for some

finite positive integer K, K =max n, < o . Suppose an industrial
g
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psychologist is interested in studying the working attitudes of employees.
The employees are organized into work groups of two or three. There are
an equal number of these two types of work groups. In the study, there

will be 100 samples of group size 2, and 100 samples of group size 3.
Thus n =500, G = 200, m, =100, m; =100, k=2o0r3, K=3,and in

the limit §= 0.4, and f,=1f,=0.5.

For each positive integer n, X(n) is an n X p random matrix to be

observed. Without loss of generality, X(n) is assumed to follow a matrix
normal distribution with zero means, row correlation matrix R(p), and

column covariance matrix ¥ ; X(n) ~ N, 0, R(p), X). Here R(p),
representing the dependence structure, is block-diagonal. Each n, X mn
diagonal block in R(p) has 1.0 on the diagonal and p elsewhere.
Denote the vector containing the p* distinct elements in the lower triangle
of X, as o,. Let §, =(0,, p,) be the true parameter vector of order g;

q=p* + 1, with p* = p(p + 1)/2. The total number of parameters q is
independent of the sample size n. The domain of §= (a, p), or the

parameter space ©, consists of all possible values that @ can take. o is
the vector with the p* distinct elements in the lower triangle of ¥ . The
parameter space © is a subset of gq-dimensional Euclidean space; @ =
{(o, P 4,1, < Z< A, —e<p<y, for 0<i, <A, and some
e<K'and y < 1}. For matrices A and B of the same order, A > B in the
Loewner sense of inequality, if and only if A — B is positive definite
(see, e.g., Browne, 1974: 10; Browne & Shapiro, 1988: 207; Kano &

Shapiro, 1987, Theorem 1). The definition of the parameter space
implics that the eigenvalues of ¥ are bounded between A, andA,.

Theorem. The maximum likelihood estimators of ¥ and O, g= (o,
p), under the conditions specified above are consistent and
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asymptotically normal with plim 8= #,, and Jn (@'— &)

N[0,A(8) '], Where A(8) =limEn™ (&L, / 2690

[ gy -logy —' 5§ f, k-1 129 (¢ ~vecx;!
K, (2 ®1)K, (ol T+ (k=Dpy 1-p | ° 0
1
)
K _ _
. 52&( k-1 )2+152p
ym. k>1 \Hk-Dgoy (1-p)

The matrix K, is of order p* X p*' with typiéal element

[K,lyen= 2'1(5,.g5jh +0;0,), i<p,jsp,gsh< pand g repre-
' - _ ! 1" :

sents Kronecker's delta. And K;, =(K,K,) 'K, 1sa left inverse of K,

of order p(p +1)/2 x p>. See, for example, Browne (1974).

The asymptotic variance of Jn (p— py), denoted as y(p,), is

K - K -
2p157 ka[ k-1 ]zﬁ{sz k-1 1,
k>1 [ 1+(k-Dpy k>1 ~ 1+{k-1)p

+2

1-5 K k-t 1-6 |,
1-p, K31 “1+(k-Dp, (1-p)* ]

So, an estimate of the asymptotic variance of p is given by w(p,)/n.
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Amemiya's (1985) theorem 4.1.6 on extremum estimators is applied
to prove the consistency and asymptotic normality of the MLE's of p and
2. The verification of the required conditions is given in the Appendix

for the sake of completeness.

The maximum likelihood estimator & is asymptotically efficient
because its asymptotic variance-covariance matrix reaches the Cramer-

Rao lower bound (see, e.g., Amemiya, 1985, Definition 4.2.1). The
likelihood ratio test of p, = 0 is defined as 2(F, - F, ); where F, is the

function value of the negative log-likelihood under the null hypothesis H,
of no dependence and F, is the function value under the alternative

hypothesis H, of non-zero p,. This statistic is asymptotically distributed

as a chi-square variate with 1 degree of freedom (see, e.g., Amemiya,
1985, Section 4.5.1). This test can be used to evaluate the
appropriateness of the dependence assumption among observations.

IV. A Two-Stage Procedure for Covariance
Structure Analysis

A Consistent estimator of the covariance matrix is one basic
component in covariance structure analysis. % and p in the model have
been shown to be consistent and asymptotically normal. Weng and
Bentler (1987) discussed the use of ¥ in covariance structure analysis
when the data follow a matrix normal distribution and the dependence
structure R is known. In the present research with an unknown parameter
in the dependence structure, if the sample size is sufficiently large and

one takes p at its estimated value P Fcan be uvsed in any computer

package for covariance structure analysis. Using £ instead of S in the
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analysis yields appropriate estimates. S represents the usual sample

covariance matrix estimate under independence.

A two-stage procedure is proposed for cases with sufficient sample
sizes. & and p are estimated and evaluated at the first stage. At the
second stage, covariance structure analysis is performed with an
appropriately chosen input matrix. If the result of the likelihood ratio test
indicates that p, is not significantly different from zero, observations can

be treated as independent, and the usual analysis procedures using S

~

follow. If p, is significantly different from zero, one can use ¥ in
analysis, while fixing o at 5. With p fixed at its estimate, the observed
data can be transformed to independently and identically distributed
vectors, while still preserving the original covariance matrix among the
variables.  Standard asymptotic statistical theories for covariance

structure analysis are applicable.
Suppose X follows a matrix normal distribution, N, (0, R, %), with

R =R(p). Decompose R as AA', Where A is a square matrix of order n.
The transformed matrix, Y = A™'X, is distributed as N, (0,1, X). With

p being consistent, we have R—P—>R and A—P—;»A, where
R=R(p) and A = A(p). Asympotically, Y* = A”'X has the same
distribution as Y. Note that each row in Y is independently, identically
distributed as N (0, £ ). Since the transformed data have the same
covariance matrix as the original data, analyses can be carried out by
using the transformed independent data instead of the original dependent
data. Existing programs for covariance structure analysis can be used.

Statistical theories based on the i.i.d. assumption are applicable.

The two-stage procedure has several advantages. First, one can

evaluate the degree of dependence among observations prior to any
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analysis. If the degree of dependence is negligible, the data can be treated
as independent and the usual analysis procedure follows. Second, when
dependence exists among observations, with o fixed at its estimate and
with sufficient sample size, the transformation approach discussed above
is legitimate. Calculation of the sample covariance matrix among
observed variables is straightforward without the need for developing
new estimator for it. Third, as long as ¥ is obtained, any standard
package program for covariance structure analysis can be used to get
model parameter estimates and other statistics. However, when sample

size is not large enough, the transformed data may not be independently,
identically distributed because of the sampling error of p. The sampling

error of 5 may affect parameter estimates and associated standard errors,

as well as the chi-square statistics.

Alternatively, one may simultaneously estimate the intraclass
correlation and the model parameters. However, if the model is rejected
with the one-stage estimation procedure, it is difficult to detect which part
of the model breaks down. Moreover, the statistical properties of
estimators under the one-stage procedure have to be proved otherwise.
Statistical theory in covariance structure analysis under the independence
assumption is not applicable. The two-stage procedure has the advantage
of decomposing the problem into two components and examining them
separately. As long as the transformation approach is appropriate,
existing computer programs for covariance structure analysis can be used

to obtain parameter estimates and available statistical theory is applicable.
Note that 5, the MLE of p, is not the only estimator that can be used

in the two-stage procedure. Any consistent estimator is appropriate. One
may be able to obtain estimators simpler than MLE.
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V. Simulations and Example

This section presents the results from two simulation studies and one
real data analysis. The purpose of the first simulation is to compare S and
$, where S represents the usual sample covariance matrix under
independence and 3 represents the MLE of the population covariance
matrix under the assumption of a matrix normal distribution with an
intraclass dependence structure. The second simulation investigates the
effect of using S and 3 in a tow-factor analytic model. The real data
example looks into the factor structure of six personality measures on 77

couples.
(I) Simulation 1

Two cases of six variables are studied. The total sample size is fixed
at 200, which is considered acceptable for six variables. In Case I, m=2

and G=100. In Case I, m=10 and G=20,. One hundred replications were
performed for each case. The population intraclass correlation (p,)

ranges from 0.0 to 0.9. The population covariance matrix (I, ) is:

[9.000 4.410 4.410 1.323 1.323 1.323]
4.410 9.000 4.410 1.323 1.323 1.323
4.410 4.410 9.000 1.323 1323 1.323
1.323 1.323 1.323 9.000 4.410 4.410
1.323 1.323 1.323 4.410 9.000 4.410
| 1323 1.323 1323 4.410 4.410 9.000]
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Two estimators of the covariance matrix, S and ¥, are obtained. S =
X'X/(n - 1). % is obtained from the Newton-Raphson optimization

procedure (see, e.g., Fox, 1971, Section 2.10). The starting values are set
as £ =S and p = 0. The iteration stops if the sum of the absolute values

of the parameter changes is no greater than 0.001.

Table ] RMSE?ofsand &

Py 060 01 02 03 04 05 06 07 08 09
m I

2 S 0.743 0.736 0.728 0.734 0.794 0.835 0.858 0.890 0.950 0.970
2 L 0.740 0.731 0.715 0.706 0.748 0.736 0.739 0.749 0.747 0.749
10 S 0.713 0.745 0.853 0.971 1.127 1.268 1.525 1.686 1.845 2.103
10 _i:_ 0.710 0.722 0.702 0.767 0.772 0.775 0.820 0.844 0.910 0.933

a 1 100 yp j
Average RMSE(s) = —— ¥ 1Y 3(su-ay,) /p" ,and
100 =1V j=1k-1

. 1 106 jp
Average RMSE(8) = —— T | ¥ $(8,~0,,)"/p" .
100 27y . 2.0 ¥
i=1Yj=1k=1]
m = Number of observations in each group

I'= Input matrix used in the analysis

Table 1 presents the average root-mean-squared-error (RMSE) over
100 replications for S and $. The average RMSE's for & arc small and
the average RMSE of S is, in general, greater than that of 3 for any given
intraclass correlation. All the average RMSE's fall between 0.7 and 1.0

except for those of S in Case II. In Case I, the Difference between the
average RMSE's for S and ¥ is less then 0.1 for 0.0 < P2, < 0.4, and the
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difference gradually increases as p, increases. In Case II, where m

equals 10, the average RMSE's of S are much greater than those of X.
The results suggest that, when the total sample size is fixed, the
difference between S and £ increases (1) as the degree of dependence
represented by the intraclass correlation increases, and (2) as the number
of observations in each group increases or equivalently as the number of

groups decreases.

The RMSE and bias of 5 are presented in Table 2. The MLE of the

intraclass correlation under a matrix normal distribution performs quite
well with small RMSE and bias.

Table 2 RMSE® and Bias® of

m\p, 00 01 02 03 04 05 06 07 08 09
RMSE

2 0.038 0.044 0.040 0.038 0.036 0.028 0.029 0.023 0.014 0.009

10 0.014 0.023 0.032 0.034 0.033 0.034 0.040 0.034 0.024 0.013
BIAS

2 0.000 0.002 0.000 -.004 -.005 -.002 0.004 0.000 0.003 -.001

10 0.001 -.004 0.008 -.003 -.002 -.003 -003 -005 -005 0.000

100
*‘RMSE@)# (B -p) 1100 .
i=1

o X 100
Bias(2) =E(p) - p, = .le.J’lOO—po-
i=

m = Number of observations in each group

The likelihood ratio test (LRT) of the hypothesis: H,:p, = 0 versus
H,:p, # 0 is performed in each sample. The likelihood ratio test when
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H, is true has an asymptotic chi-square distribution with 1 degree of
freedom. The probability for Type I error is chosen at the @ = 0.5 level.
The average test values and the empirical power or probability of Type [
error (for p, = 0.0) of the test during the 100 replications are presented
in Table 3. The empirical power of the test is the frequency with which
H, was correctly rejected over the total number of replications. The mean
of the chi-square statistic is close to 1.0 at P,y =0, but far from 1.0 for g,
> 0. The test appears to be very powerful. In Case I with m = 2, the
empirical power of the test reaches 1.00 for 2o 20.2. In Case I with m
= 10, the empirical power of the LRT reaches 1.00 for Po 2 0.1. A power
analysis is conducted to study the theoretical power of the test. The
series of hypotheses tested are Hy:py = 0.0 versus H,:p, = 0.1, up to
0.9. For the sake of simplicity, the power analysis is based on the
asymptotic normal distribution of 5. Power = Prob (o /¢ w(p,)/n) >

3.841 | H, is true). p? /(y(py)/n) under H, is asymptotically

distributed as a non-central chi-square variate with 1 degree of freedom
and non-centrality parameter pf] /(w(py)/ n), p, =0.11t0 0.9 (see, e.g.,
Hogg & Craig, 1978, Section 8.4). The middle of Table 3 gives the
theoretical power of the test for population intraclass correlation ranging
from 0.1 to 0.9. The results of the power analysis support the high
frequency of rejection in the simulation.

Smaller sample sizes should decrease the power of the test. Another
simulation is conducted to look into the empirical power of the test with
smaller samples in comparison with theoretical power. The same setup is
used except for the sample size. In this case, the sample size reduces to
100 with m =2 and G =50. The results are given in the last two rows of

Table 3. The power is reduced as a result of a decrease in sample size.
But, the power of the test is still very high and reaches 1.00 for p, > 0.3.
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Table 3 Mean of the Chi-Square Statistic and Power” of the Test

mip, 00 01 02 03 04 05 06 07 0.8 09
(n = 200)
Mean of the Test Statistic
2 (.86 791 2483 5449 9999 167.59 26635 39656 609.82 977.42
10 096 3364 11835 21147 33892 497.64 70155 961.46 1347.85 2074.14
Empirical Power of the Test
2 0.02 0.69 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
10 0.04 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Theoretical Power of the Test
2 0.05 070 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
10 0.05 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
{n=100)
Empirical Power of the Test
2 007 046 0% 100 100 100 100 100 1.00 1.00
Theoretical Power of the Test
2 0.05 0.42 (.95 1.00 1.00 1.00 1.00 1.00 1.00 1.00

*For p0=0.0 the number represents the probability for Type [ error rather than the power of the test.

m = Number of observations in each group

n = Total sample size

(II) Simulation 2

The purpose of the second simulation is to compare the results of a

confirmatory factor analysis using either S or % as the input matrix, while

the data are matrix normally distributed with intraclass dependence

structure. The analysis based on % corresponds to the proposed two-
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stage methodology. In this model £, = A ® A, +'F,. The two-factor

model includes six variables with three indicators for each factor. The
population factor loading matrix (A,), the factor covariance matrix

(D, ), and the residual matrix ('Y, ) are as follows.

2.1 0]
2.1 0
21 0
Ay =
0 2.1
0 2.1
0 2.1]
(1.0 0.3
@, =
0.3 1.0]
[4.50 0 0 0 0 |
0 4.59 0 0 0
0 0 4.59 0 0
¥, =
0 0 0 459 0 0
0 0 0 0 459 0
|0 0 0 0 0 4.59]

The two cases studied are the same as in Simulation 1. The sample
size of 200 is considered sufficient for the two-factor model studied.
Therefore, the transformation approach and the proposed two-stage
methodology may be applied. One hundred replications were performed.

The parameters of the factor model were estimated using the MLE option
in EQS (Bentler, 1989).
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Table 4

Mean and Standard Deviation® of 1 and .}5

155

Py

0.0

0.t

0.2

0.3

0.4

0.3

0.6

0.7

08

0.9

2.0744
(.245)

2.0689
(.244)

2.1479
(:239)

2.1415

(.233) -

2.0762
(207

2.0719
(.204)

2.1204
(:207)

21175
(201

2.1218
{.265)

2.1100
(.243)

2.1007
(257

2.0998
(:232)

2.1006
(.248)

2.0813
(:220)

2,1230
{.280)

2.1026
(.238)

2.1141
(.321)

2.1179
(259)

2.0330
(308)

2.0477
(243}

o0

20075
(215)

2.0917
(216

2.1264
(237)

2.1064
(224)

2.1194
(.309)

2.1174
(.262)

2.0398
(304)

2.0498
(214

2.0841
(.343)

2.0673
237}

2.1895
(428)

21233
(.242)

21013
(.425)

2.0726
(225)

2.0956
(.546)

20733
(216}

2.2128
(.634)

2.1435
(240}

2.0695
(705

20812
(245)

2.1551
(212

2.1502
(212)

2.0528
(239)

2.0515
(239

2.0939
(.242)

2.0941
(.233)

2.0814
{:258)

2.0807
(.255)

21126
(.276)

2.0996
(.264)

2.0808
(231}

2.0684
(219)

2.0826
(278)

2.0659
(.234)

2.0502
(307

2.0321
(.246)

2.1474
(2714

2.1268
(.232)

2.0941
(318)

2.0988
(.229)

20775
(.236)

2.0708
(.236)

2.1194
(201}

2.1064
(.198)

2.1685
(313)

2.1230
(257

2.1283
(312

21125
(224)

2.1258
(405}

2.1164
(271)

2.0398
(.446)

2.0445
(231}

2.0434
(.471)

2.0310
(213)

2.0803
{.598)

20514
(239}

2.0559
(.694}

2.1249
(237)

2.1565
(672)

2.1154
(.264)

2.0832
(.228)

2.0767
(.226)

2.0666
(:242)

2.0609
(:241)

2.1014
(229)

2,0016
{223)

2.0625
(267

2.0672
(.246)

2.1127
{:260)

2.1193
{.225)

2.0928
(.245)

2.0802
(.236)

2.1308
(.285)

2.1135
(:246)

2.0873
(.289)

2.0790
(.240)

2.1232
(.292)

2.1211
(239)

2.1492
(310

2.1389
(237
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Table 4 (continued)

(iR RS L SRR )

Pa

0.0

0.1

02

03

0.4

0.5

0.6

0.7

0.8

0.9

10

2.1174
(.202)

21124
{201)

2.1109
(.226)

2.1062
(.2348)

2.0988
(.254)

2.0984
{:208)

21102
(.324)

2.1079
(232)

2.1098
(.382)

2.0880
(.235)

2.1314
(412)

2.1320
(222

2.097%
(416)

2.0930
(.258)

2.1218
(.527)

2.1199
(:255)

2.0499
(622)

2.1236
(278)

21340
(705)

2.0897
{270)

2.1056
(.236)

21009
(.236)

2.1110
(.240)

2.1044
(.237)

2.1182
(232)

21102
(.229)

2.0959
{.222)

2.0921
21

2.1151
(.241)

2.1143
(219

2.1337
(231)

2.1280
(:223)

2.1184
(.255)

2.1052
(221

2.0941
(284)

2.1084
(240}

2.0939
(.296)

2,0984
(.238)

2.1040
(.323)

2.1072
(.232)

™

2.1127
{:239)

2.1077
(.:238)

2.1259
(.238)

2.1184
(235)

2.0940
(.248)

2.1046
{:206)

2.0684
(.260)

2.0863
(207

2.0974
(.346)

2.0966
(.216)

2.0808
(317

2.0652
{.226)

2.1247
(491}

20829
(.286)

2.0797
(.549)

2.1090
(263)

2.0745
(.581)

2.1567
(241)

2151
(.764)

2.0861
(272)

2.0726
(:208)

2.0667
(.209)

2.1153
{225)

2.1114
(:223)

2.1014
(.233)

2.0874
{.238)

2.0556
(.227)

270501
(223)

2.1043
(241)

2.1145
(239)

2.1668
(:242)

2.1624
(.227)

2.0893
{-276)

2.0855
(216)

2.0912
(.288)

20970
(208)

2.0815
(.254)

2.0945
(232)

2.1110
(352)

2.1290
(256)

10

e

2.1406
(.209)

21343
(210)

2.1123
(251)

2.1084
(.230)

2.0715
(.296)

2.0678
(.230)

2.1383
(307

2.1182
(234)

2.1253
(.383}

21211
(229

2.1640
(.482)

2.1236
(228)

2.1106
(.481)

2.1091
(.260)

2.0342
(417

2.1043
(210)

2.1245
(.635)

21169
(273}

2.0540
(.680)

2.0942
(:269)
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Table 4 (continued)
Po 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
P m 1

$| 209018 21136 20935 21138 20801 21150 20592 2.0408 21189 2.1925
(247)  (228) (232) (259} (249) (254) (237) (269) (33D (316)

2
£ 120863 21044 20904 21175 20962 20910 2.0798 2.0524 2.1150 2.1543
(246} {(227) .(225) (244) (230) (234) (202) (231) (246) (25%)

161

§ | 21088 21148 20922 21241 2.1424 2.1256 2.1066 2.1020 2.0848 2.0693
(234} (237 (265) (29%) (343) (410) (513) (484) (636) (76D

16
£ 21017 29032 21041 21354 21345 20925 20703 20688 2.1226 2.0916
(235)  (219) (224) (237) (203) (238) (22D (220) (263) (280
S| 03062 02847 03067 03027 03026 02912 02977 02765 0.2969 03203
(083) (099) (095) (.094) (093) (098} (119) (108) (116) (113)

2
£ 103072 0281 03076 03033 03004 02919 0.2965 02720 0.2938 03118
(083} (097) (.094) (092) (086) (.083) (106) (.096) (083) (.090)

21

s| 02925 03139 02882 02979 03145 02864 02929 0.2828 03195 03124
(083) (088) (103} (1200 (138 (187) ( 187)  (229) (.259)  (330)

1¢
$ 102926 03137 02905 03092 0.3037 0.3073 0.2983 03031 03078 03217
(.083) (.086) (088) (092) {(083) (.096) (097) (096 (.0%96) (080}

85tandard deviation is in parentheses.

P = Parameter

m = Number of observations in each group

[ = Input Matrix used in the analysis
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Means and standard deviations of the six factor loading estimates and
the estimated factor covariance over the 100 replications are given in
Table 4. All the means of the parameter estimates are very close to the
true values regardiess of the population intraclass correlation, the number
of observations in each group, or the input covariance matrix used in the
analysis. As p, =0, the factor loading estimates from S are always
greater than those from % by approximately 0.005. This results from
different denominators used for S and ¥ : (n-1) for S and n for ¥.
Therefore, S equals approximately (200/99)% . Factor loadings estimates
from S are greater than factor loadings from $ approximately by a
multiplier of (200/199)".

When we look at standard deviations of the parameter estimates,
discrepancies among cases appear. The standard deviations of all factor
loading estimates show similar patterns. The standard deviations of
parameter estimates when § is used are usnally larger than those with £
being used, except for very small p,, say under 0.4 for Case I and under
0.2 for Case II. This result seems to indicate that the parameter estimates
using S have less empirical efficiency than using £. When ¥ is used, the
standard deviations of the parameter estimates have small differences
between the two cases. When S is used, the standard deviations in Case 1]
are larger than those in Case I, and the difference increases as 2o
increases. The results seem to indicate that although the mean parameter
estimates are close regardless of group size or the input matrix used, the
use of S leads to estimates with greater dispersion, especially for data
with large groups and high degrees of dependence, when the total sample |
size is held constant.
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Table 5 Frequency of Model Rejection

159

P | 00 01 02 03 04 05 06 07 08 09
m |

28| 3 6 10 9 13 23 32 35
28| 3 6 4 5 2 3 7 7 3
08| 6 12 16 43 57 75 8 94 98 98
10 2| 6 9 7 7 7 5 4 4 8 6

m = Number of observations in each group

I = Input matrix used in the analysis

Table 6 Mean and Standard Deviation® of the Chi-Square Statistic: 12(8)

g | 00 01 02 03 04 05 06 0.7 08 0.9
m 1 =
s 8526 8757 8224 8267 9938 8928 10741 12268 13.080 13.743
@42) (42) (¢43) @) @35 (¢4 (@6 (56 (64 (65
2
s 8520 8648 7939 7.687 8311 7.314 7550 7914 8260 7.683
42) (40) (43) (7 (41 (G4 (2 G99 @5 (I
g |7.695 9239 10708 14.812 18.339 25201 34.415 42673 55675 71.865
G8) (32 &7 (33 O (L4 (177 (200 @57 (18
10
$ (7734 8660 8.154 8659 8002 7.841 7938 7861 8375 8225
(3.8) (46 (37) (42) (44) (39 @l 45 (42 (46

2Standard deviation is in parentheses.

m = Number of observations in ¢ach group

I = Input matrix used in the analysis
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The frequency with which the two-factor model was rejected and the
mean and standard deviation of the chi-square test statistic are
summarized in Table 5 and Table 6. The expected frequency of rejection
is 5 with @ = .05. The test associated with the model has 8 degrees of
freedom. The mean and standard deviation of the statistic are expected to
be 8 and 4, respectively.

The model tends to be rejected too often when S is used as the input
matrix, especially in Case II. When £ is used, the frequency of model
rejection ranges from 2 to 9, and the chi-square test statistic behaves very
well with a mean close to 8 and a standard deviation close to 4 in both

cases. In Case I with S as the input matrix, the test performs fine for
Po < 0.4, while its mean and standard deviation begin to increase as

Py 20.4. In Case Il using S, the test did not perform well even with
Pp = 0.1, while the mean and standard deviation of the test statistic
increases dramatically as p, increases. The results indicate that the test
statistic is asymptotically distributed as a chi-square variate with 8
degrees of freedom if ¥ is used as the input matrix, but it does not have
an asymptotic chi-square distribution if S is used in the analysis.

(IIT) An Example

The sample consisted of 77 couples. The Bentler Psychological
Inventory (BPI) (Comrey, Backer, & Glaser, 1973), which asscsses 28
personality traits, was administered to the couples. An interested reader
may refer to Bentler and Newcomb (1978) for detailed description of the
sample, the data collection procedures, and the BPI. For demonstration
purpose, six personality traits were sclected based on husband-wife
correlations on the scales (Bentler & Newcomb, 1978) and the factor
structure among the personality traits (see, e.g. Stein, Newcomb, &
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Bentler, 1987). Deliberateness, Diligence, Orderliness, Law Abidance,
Liberalism, and Religious Commitment were chosen. The first three
reflect the factor of Conscientiousness and the rest reflect the factor of

Social Conformity.

A confirmatory two-factor analytic model with three indicators on
each factor is employed. Separate analyses were first conducted on
husband and wife samples to ensure the appropriateness of pooling
together the data. The fits in both samples are acceptable. For husbands,
£(8) = 10247, p=.248, the factor loading of liberalism on Social
Conformity was not significant. For wives, z*(8)=13.953, p=.083, and

all the parameter estimates were significant. The data on husbands and
wives were pooled together to form the couple sample of size 154. The
husband and wife in each couple are assumed to be dependent. The
sample size of 154 is considered at least moderate for the transformation

approach and the two-stage methodology to be used.

The model using S as the input matrix for the couple data cannot be
rejected; 32(8) = 12.079, p=.148 and all the parameter estimates are
significant. Means were subtracted from the original data prior to the
estimation of £. The Newton-Raphson iteration method was used to
obtain Zand p . p =0.193 and the LRT, asymptotically distributed as a
chi-square variate with 1 degree of freedom, yields 22.056, rejecting the
hypothesis of no dependence among husbands and wives on the six
personality traits. The two-factor model, using & as the input matrix,
cannot be rejected, either; 2%(8) = 12.039, p=.149, with all the
parameter estimates being significant. The parameter estimates and their

associated standard errors are summarized in Table 7. The high similarity
in the results coincides with the simulation results with 5 being close to
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0.2, since when p, = 0.2, the results for S and 3 in both simulation

studies are essentially the same for Case I with m = 2.

Table 7 Parameter Estimates and Associated Standard Errors for

the Couples Example

Input Matrix Used S 3

Parameter (6) ] S.E. [ S.E.
A, (DB 2.577 (.656) 2.875 (.676)
Ay (DG) 4,322 (.791) 4.201 (.769)
Ay, (OD) 4.029 (.772) 4.185 (.767)
Ay (LA 4.087 (678) 4.177 (.696)
Asy (LB) -2.041 (.632) -1.799 {.610)
A (RC) 3.878 (.785) - 3.647 (.755)
# 0511 (.122) 0.528 (.122)
y,, (DB) 33.463 (4.436) 34.936 (4.756)
¥,, (DG) 30.806 (6.293) 32.893 {(6.053)
¥y (OD) 33.245 (5.967) 32.849 (6.023)
v, (LA) 11.453 (4.873) 10.682 (5.14D)
vss (LB) 36.945 (4.500) 33.589 (4.269)
Wes (RC) 38.627 (6.198) 36.466 (5.718)

DB = Deliberateness
DG = Diligence

OD = Orderliness
LA = Law Abidance
LB = Liberalism

RC = Religicus Commitment
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VL. Discussion

The presented model has practical applications in many areas of
research. For example, an industrial psychologist may observe similarity
in working attitudes among employees under the same supervisor. This
similarity can be either the cause or the result of being assigned to the
same supervisor. Suppose the psychologist is interested in the
relationships among various working attitudes and intends to conduct a
factor analysis on these attitude scales. One immediate difficulty
encountered is the dependence existing among the employees under the
same supervisors. The current research offers one solution to this

problem.

The model is limited in some aspects. The limitations provide
directions for future research. First, the matrix normal distribution
assumes one dependence structure for all the variables. This constraint is
unacceptable in certain research. Second, the degree of dependence
among observations within groups are assumed to be identical. This
restriction can be relaxed to allow for different intraclass correlations. In
addition, other dependence structures can be studied for different
research designs. Stadje (1984) pointed out that not every dependence
structure yields consistent estimators. One has to prove the properties of
the estimators under different dependence structures.

Transformation is a useful approach for certain classes of
dependence structures. Suppose the dependence structure can be
decomposed as follows: R = KLK', with K known and L unknown
diagonal. The intraclass dependence studied is a special case of this
general model. If the eigenvectors of the dependence structure do not

depend on any parameters, the data can be transformed to independent,
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but not identically distributed vectors. The distributions of the vectors
depend on L and X . The proofs involving independent, but not
identically distributed observations, are usually simpler than those
involving dependent observations. Extra conditions are necessary for the
parameter estimates to have desirable statistical properties.

Another line of research involves dependent but non-normally
distributed data. The matrix elliptical distribution is one possibility, The
transformation approach should give uncorrelated and not identically
distributed vectors. Whether the transformed vectors are independent
depends on the nature of the matrix-valued distributions. More work is
needed.
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Appendix

Theorem 4.1.6 of Amemiya (1985) is used to prove the consistency and the
asymptotic normality of the maximum likelihood estimators &. Let L (6)denote

the function to be minimized over the parameter space ®@. The following
conditions have to be met.

(A) a“an / 8660 exists and is continuous in an open, convex
neighborhood of 8;-

(B) n_l(é?an | 6656') g converges to a finite positive definite matrix
n

A(8,) =lim En’’ (é‘an ! 650" )£9 in probability for any sequence 8’ such that
0

plim &, = g,.
© oL, /) —N[0,B(6,)], where B(6,)=lim En”

(aLn/aﬂ)go x(é’Ln/d?')go.

(DY ! L (&) converges to a nonstochastic function L (&) in probability

uniformly in & in an open neighborhood of 6,
(E) plim n'lﬁan ! 8650" exists and is continuous in a neighborhood of By
A transformation of the original data matrix X(n) is used to verify the stated
conditions.  Partition X(n) as (X‘l ,X'2 ,X'3 ,,..,X'g,__.)', where X, is the
observed n, X p data matrix for group g. The eigenvalues of each n, X n,
diagonal block of R (o) are [1+¢ n, —1)p] with multiplicity 1 and (1 - p ) with
muitiplicity (ng —1). Tet T, be a nonsingular n, X n, matrix with all the

elements in the first column equal to n;’ * and the remaining columns being

orthonormal without pand ¥ involved. Define Y, = T;;Xg- Then, all the rows

of Yg are independent. The first row ‘of cach Y g has a normal distribution with
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mean zero and covariance matrix [1 + (ng - 1) p1E. The remaining rows also
have a normal distribution with zero means and covariance matrix (1 - o) 2.

Denate (Y,,Y,.Ys,.,Yy,o) 38 Y@ Y (0)=(¥y» Yo Yzo -o¥np

yn1+1’ yn]+29 ynl+3""’ yn1+n2’ ynl+n2+1’ yn1+n2+2""’ ynl+n2+n3=“"

e ---). Eachy,isa column vector of order p.
1772 g

All the rows of Y are independently, but non-identically distributed.
Although there are theorems for consistemcy and asymptotic normality of the
MLE from independently but not identically distributed observations (e.g.,
Bradley & Gart, 1962; Hoadley, 1971; Philippou & Roussas, 1973), Amemiya's
theorems (1985) are applied to prove the consistency and asymptotic normality of
the MLE's of o and £ for the sake of simplicity.

Let us denote the y,, whose distribution is N(0,(1+(n, - 1)p)L). 8~ 1,
2,3,...,G,as u. Let the G X p matrix U represent the transpose of the collection
of all the u,’s. Note that (1+(n, — 1),9)'”2 u, ~N(0,Z) for every g. The
remaining y,’s are independently, identically, normally distributed with zero

means and covariance matrix (1 - ©)2. Denote the transpose of the collection of
all these y;’s as V, an (n - G) Xp matrix. The i.i.d. property plays an important

role in the demonstration of asymptotic properties of the MLE’s, pand T. The

negative Log-likelihood for Y, or equivalently for Uand V, is

L (Y, )=

G
-2'l{npln(27r)+p by ln[1+(ng—1)p]+p(n—G)ln(l—p)+nln]£|
g=1

g 1 'yl 1 ~ly 1
+ T ————u Ut —1r VvV IV )]
g:ll+(ng_1)p l_p
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The first and second derivatives of L () are as follows. The derivative

with respect to 3 refers only to the p* distinct elements in the matrix. The
product A ® B represents the right Kronecker product with typical element [a,]B].

L, (6 S -1 g -1 f el
-_— =2 Kp n Vee ¥ - ¥ ———Vec(Z ugugE )
o g=11+(ng—l)p
- Vec(Z 'vrvz )} ()
l-p
AL(O) G n, -1 1
=24p X ————p(n-G)——
p g=1 1+{(n,-Dp 1-p
-g ——u—m—ulﬁ_lu st rve v (3)
g=1 [+(n =Dl &7 "8 7 (1_p)7
3L (@
21 )=2*‘K; -n(Z7 @)
odc
G -1 -1 " el -1 N | -1
+2 ———x'ex U u X +X u uZ ®I)
g=1 l+(n,-1)p &
] I
+T—~—(E"®E'1V'VZ_1+2"'V'VE"®Z_[) K, “
-p
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AL (8 G n, -1 a0 -
gL, (9 )=2'1K; 3 £ - Vec(Z ]ugug'f. )
V7 or7/2] g=1 [1+(ng—])p]
- - vee(z'v've™ )} (5)
(1-p)
AL_(6) G T
_ n, —
—t=27{-p X £ } ~p(n-G) 3
p g=1 L1t(ng-Dp (1-p)
G m, -
+2 X u X +2

1 -1
v &V (6
P ETITIE a- } )

The definition of matrix K, is given in the text.
Verification of Condition (A)

Condition (A} is met trivially.
Verification of Condition (B}

It is to be shown that for any sequence g, = (o, ,0,) such that

plim 9; =a,, n’](éan/ 2059') ., converges to a finite positive definite

n

matrix A(6,) = lim En"' (&L, / 3059") 5 in probability.
[t}

Recall that (1+(n, —])Po)_m u,’s are iid., so are the rows of V.

Therefore, we have

p
V'Va(l-py)Z,s
n-G
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M
L
<
<
[ P |
1l
—_
|
>
Nt
3]
=

*

It can be shown that under the assumption | g — po’ <& <K?,

1 G 1 . P
- Z _'**—*llgu _)Eo.
Gg=1 l+(ng—])p

n

£

The results follow based on the above statements.

. -1 &AL B o
plim n (%53}9;22 K; (2, ®£,")K;

8L
=limE n! oo
5’0‘50’ 90

al é%L 1 _K k-1 .- .
n 1 - =_KP Z __“ﬁ:_zvec Enl Z ugug E’ll
Godp & 2n Tk>1[1+ (k- e ] {g:ng=k}
n

1

—————— K Vec(Z* lyryz*!
p K _
-2l ¥ fk—k—]—K;VecZE,l
k>1 1+(k-D)pg

_ 1 _
2 l(l—é’)l—_p-;KpVecEOl
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K -
=276 % £ k-1 1-9 k- S VecZy'.
Kk 1+(k-1}p - -

4 e 1 K k-1 _
En~'| ==2 =— X mk———~—KpVecEB1
& 2n i 1+(k-1)p

B n-G
2n(1-py)

2 2
So, lim En™’ o L, =plimn~' 9 Ly ,
docp )6, Jodp 0w

K;_, Vec Za'

-1 azLﬂ p K k-1 2 n-G 1
n 2 T T Z m, * - P .2
g )6 2y L1+k-Dpg, an  (1-p))

K 2 ,
+l z ———(k D tr I ugu, Z;,_l
n gaql+k-Dg L {gn, =k}

t—— g tr V'VEY
n(l—pn)
P K k-1 2
—-— 5 P Zf[———] ——(1-
2 k>lk 1+(k-1)py ( 5)]3(1 po)
K k-1 2 1
+5p X f|l———\"+(1=-8p—=
k>1k[1+(k‘1)90] ( ap(l—po)z

K _ _
=lp{5 5 fkl: k-1 ]2+ 1 (52
2 k>1 1+(k-Dpy (1-pp)
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=lmEn™' (2L, /3°) .
60

Therefore, n‘](ﬁanléao’?e')e, converges to A(§)=lim E
n

n-l(a an !/ 5658 4, in probability for any sequence 6; such that plim

g =,
A(Gy) =

[ IS k-1 1-6 ]

'eghky |5 Y ¢ - K, VecZy!
| Ko (Zo" ® 20k [ ko1 T+ (k—Dgy T—py | P 550
2
K k-1 ]z 1-6
Sym. 5y f +
i & l:k>1k(1+(k—l)ﬁ’0 (l—~p0)2]p |

The positive definiteness of A (8,) is to be shown next.

LetA(g)=2"'%r 0| & Kp' 0}
et ALG) {0 1] A(eo)[o 1

_ - , ] -
ez 63 f—X _1=e VecZ;!
| k>t 1tk=-Dgy 1-p

A(8y) =

S rfsgf[ k-1 ]2+ -9
S RS FRY Ty (-p)* ||

_ Kn A
Azl An |
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Since Ay = 261 ® zal is positive definite, |:\_(90)\ = ‘Kn‘ ‘Xzz - Azl
_71— J—
Ait At| (see, c.g. Graybill, 1983: 184), and A(8,) s positive definte if and

only if ‘K(Bo )\ > 0 (see, e.g., Basilevsky, 1983: 135).

— —_ — 11—
An —-AnAuAn

- R

_ - K —
|Z |ﬁ2p 5(1 é‘)2+25(1 5) y fk k-1
(1-p9) 1-o k>1 14+(k-Dgy

K k-1 K k-1
+8) X fil —— 28 ¥ f—— 2
k>1 ]+(k—1),00 k>1 1+(k'—1)p0
k-1 2 K k-1 2

K
Azp
> 8p|Zg Y| ———— | TR
| e EETUET Ko 1+ (k- Dpy

K K

-2 k-1 k-1

~op|Ze[ T | 3 i |70
ka1 {1+&k-Dp 51 1+(k=Dpy

So, |A(6,)] >0 and A(8,) > 0. Note that [Kg ﬂ is of full column

rank p*+ 1. Therefore, A(8,) is positive definite.
)
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Verification of Condition (C)
The first derivative of L with respect to 6 at 8, is rewritten before the

asymptotic distribution of (2L, / &0) P is shown.
(]

ZL K u,u,
(—“J =27'K < nVeczy' - (35! ® 35 ) vee 3 r —£&%
o j6 k>1 {g:ng=k}1+(k—1)p0

V'y
('@ Y (n-G v{«——_
20 O, Ve (n-G)(1-py)

= 2_1K,—,{n VecZ,' -G Vec )

-(Z;' @z
k

v MR

] ug“;
m, Vec| — I -3,
1 m, {8n,=k}1+(k-1)p,

-(n-G)(5;' ® %/ )Vec[——L - zo}— (n-G)Vec L'
(n-GX}(1-p,)

S . | -1 K 1 ugu:g
=-2 KP(Z0 @I ) X m, Vec|— z — -3,
k>1 m, {&gn=k}1+(k-1)p,

V'V J
+(n-G)Vee| —————_3_ |}
[(H~G)(1—Po) }

AL, 4] G n, -1 1
(—_n.Jg —_—-21 p Z l—g.—__p(n_G)._._
ap )% g=11+(ng-Dpy 1-p
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K -1 u,u,
— z mk—-k———-tr _l_ hA ..__gi.—_zo 2(‘)1
k51 1+k-Dgy || M ggn, =k}1+k-Dp

K k-1
-p X m———
Kk>1 1+(k-Dpgy

+ n-G tr[( VY z )E”' +p(n-G) ]
— n_
1-p, |\(=C)1-p) )" 1-p,

K _ 1 u,u
=2 Vec'):;1 Y my —-—-k—l-—Vec S r —2E 5,
ka1  1+{k-Dg m, {gn=k}1+(k-1)p,

n-G [ V'V ]
- Vec -Zg 1
I-p,  [(M-G)1=p,)

1(&1,“] | ! A D, Wh
_—— =-—| Fo =—-—— , ere
\/H a0 )t JH 2\/;

AL,

L 9 lg
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KP(251®251){(@ Jmy oy fmg Jn—G)@Ipz]

-1 -1 K-1 +n-G
Vee' 55! ceyJmg - ®1
ec 0[(\/_1+p0 ‘/_1+2p0 K1+ (K-1p 1—p0] pZL
and,
[ [ ! ]
u
Jmy Vec 1 % —gug——'ﬂo
My {gin, =2} 1+(2-Dpy
4Jm; Vec L z —ﬁgg——zo
m; {g:ng=3}1+(3‘1)90
I
1 ugUg
my Vec| — z ——-3I,
K [mK {g:ngzK}l""(K"l)PO }
— 'V
n-G Vec[—-L——Z ]
] (n~G)(1-g) ° ]

Allthe u S and rows of V are mutually independent. For every k, \/m, Vec

"gug

1
I T —E, | > N[0,2M,(Z, ® % )], where M\, =
’:mk {En =k} 1+ (k- 1)p, 0] PR i

K, K, isa p’ x p’ symmetric idempotent matrix (see, e.g., Browne, 1974). And
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Vl
n-G Vec [—-V— -z D:I has the same asymptotic distribution.
(n-G)(1-py)

The joint asymptotic distribution of D is N[{), I ® 2M_ (£,®%, )]-

gL
It can be shown through matrix algebra that 1 it is
vn\ a9 )b

asymptotically distributed as N[0, B(8,)], and B( g,) is identical to A(4,).
LI

Verification of Condition (D)
Theorem 4.2.2 of Amemiya (1985) is used to show condition (D) on
uniform convergence of the likelihood function.

Define ®, a compact subset of q-dimensional Euclidean space, as

e= {0=(Z,p): Al LS4l ,,—e5psy, for 0< A, <A,, and some
g<Kland y <1}. Note @ @. Leth (y,.0)=Inf,(y,,6)-Eg In
f(y,,d), where f(y ,8) is the normal density function for y,. Note

Egh,(y;,0) =0. It is to be shown that for every i, there exists some & > 0
0

1+& n
suchthatE  Sup_ ‘h,(y,,g)’ < oo, Then, n™ ! 3 h;(y;, ) converges to
fc®d Lo i=1

0 in probability uniformly in # € ® according to Theorem 4.2.2 of Amemiya
(1985). So n”’ L (#) convergestoa nonstochastic function L( &) in probability
uniformly in & in an open neighborhood of 6,.

Let n, =0.

g-1
Fori = kz n, +1,whereg=1,2,...,G,
=0
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1 ' -1
b, (y,,6) = —————t{y,y, ~[1+(n, - 1)p, ], 12"

Otherwise,
1 ' 4
h;(yf ,0) =1_—tr{yr'y1‘ _(1 _PO)ZO}E 4
-P

g-1
Let us first discuss the case where i = ¥, n, +1,withg=1,2, .., G.
k=0

N0t60<——1-—<](.
1+(ng—1)p

b v, 8] < Kjerty,y, (1 +(n, -1y 1Z,327|
=K[y,T™y, -[1+(n, ~ D, lir(Z, ™).
If y, 27y, 2[1+(n, - Do, Ir(Z,27"),
b, (y,.0)] <Ky,z7y,
= K(Z"y, rzg 27z (351 2y,).

Let z, =3;"%y, 2. ~ N(0,[1 +(n, -1, I1,).

Because 4,1 <Z< 4,1, we have ,1(23’2):‘12(‘)’2) < ;jzl/lmax (Z,) =M, say.

112 ¢-1ali2
0 T7'Ey? <M,

So, T
Therefore, |h, (y,,0)| < Kz, (MI »)z,

=KM(z;z,).

2 .
Sup  |h;(y,,0)| <K’M?(zz,)".
00
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E Sw | (v,,0 <K’M’E(zz,)
6
<3p K M2 [1+(n, —1)p, ]’ < oo forevery g.
It y, 27y, <[1+(n, - Dpy Jr(Z,E7),
|h1(y119)| <K[1+(ng—1)p0]tr(20)3—1)
<pKM[1+(K-1)pg]< = forevery g.
g-1

Therefore, when 7 = kZO n, +1, withg=1,2, .G, there exists some § > 0

such that E Sup |h, (y,, 9)|”5< 0,

(=0

A similar relationship can be derived for other h,(y,;,#8)s, noting

K < ! < L < oc, Details are given in Weng (1990). Therefore, for
K+l l=-p 1=y
every i, there exists sone & >0 such that E Sup |hf. (yf_,g)|1+5< oo . This
60
completes the proof. (I

Verification of Condition (E)

limt L _ plim k- ezl
plim——— = plim— -n
ndode T an 7
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K 1 1 -1 : -1 -1 ' -1 -1
+3 —[E2T Rz Z u,u, |Z +Z Z u,u, I @I
k>l]+(k1)p|: ({g:ng=k} & gJ tgn =k} &%

1 ~
+1—(2‘1 erlvivitizlvivetes) ik,
-p

=27k, {-(z"'®z™)

K 1+(k-1
g DR g py s s s e £
k>1 ° 1+(k-Dp

1~ _ B _ _ _ _ ;)
+(1—5)T«@(z ' =l liryrle ThiK;

2

. 12°L 1 __| K k-1 - c e

plim— I =pllrn—Kp > ———— Vec| I ! 2 ugl, p>utll B
n Jdoép 2n k>1[1+{k - 1)p] {g:ngzk}

ST vee(z7'v've T
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- (k= DI1+ (k= Doy 1=pp |omv oyl gl
=2 Ns —(1- 60— k- vec(z g,z .
{ S e-npP é7(1—;9)2} g ’

K _
0 plim—{-p ¥ m [—kl—]z—p(n—a)

2n| Ty FlLlHk-Dp (1-p)

K (k-1

3 wu, =7
k>1[1+(k - 1}p] {g:ng =k}

£7g

2 r vvg™

(1-p°

=25 Iéf[L] —(1-6)
P k- p(l_ o)

+{52 (k= D[Le (=Dl l—pOB}tr -y
K1 (k= 1P (1-9)

Since plim n'léan / 5679' exists and is continuous for every # € @, Condition
(E) is satisfied. ]
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HAILE AR E SRR - R AR THE - B - A
HEMEESER  TEREEHMERRE < Wit - dARERE
HEE—HETEREAL TAEES  — TAthAZE LR T EZVES
BERFURIKL « ST - SRAFRER IR+ SR e R R ERE 1
AIESZ St (B RS - IRERH - RIMRT 2R
FREVEE - HIG - ATIERERE BRI E IR AN - R
F—rE BRI ERIRRIE AL/ B SRR -

HR AR A EERFE Bt —EFE s ITiEE
(survival analysis model) SERAEEIBIAM ATHIF R -« AHITTHEER
ISR PR P A R AR LA AT » — IR ERE kL
AEERFIE PR R RERIR BT ? Z— R TS
S —(EEEEAIRE - B PRI R R T AR R (time
dependence) ? Kf5 » & —ERIFAEIRE BRI AREHERNRS - 4
IERERIREIREE © FRRIEA IR G LRI - SRR A AT HERER 1%
REHAAN ? AR BRI E EIRE T — RV |

TSGR B 20 e PR A 9B B8 K T3 TR 400 Kao (1958,
1959), Pike (1966), Cox (1972), Crowley and Hu (1977) - jz Dhillon
(1979) 5 - BRHARE 225 4 HL 1 F 7RSS K PR8I, » AR RIERR T
XM EE > 4 Lancaster (1979, 1985), Nickell (1979), Abraham and
Farber (1987) » AIHEE (1991) » FRIFIZHIEZHHER (1991) & » BAFEHE
RIRHEEET ¥ » & Morrison (1967) ~ Ginsberg (1971) » #kiiH & (1990)
F oo MhAh o TEFEFE RSB B FE A IR A B EEZ 0 40 Lane, et al.
(1986}, Green and Shoven (1986), Giliberto and Thibodeau (1989),
Schwartz and Torous (1989) - AAiiH 32 8 5 1H:3R (1992) » 2408k (1992,
1993a, 1993b, 1994) » ZFCBRIHLEAEED (1992) « AREHES (1993) & -

R AN TR EAER I - FAERER - FIREIREE
IARRAAGRVERREI LS » — TS R /) - HEAEURE - AR
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I - BRI A A - © ARSI MRS I ERR
55+ BLREFIRE AN - L SRR - (ERHREE
ER AP R R BAR - BRI R A RS R I ATR SRR
WRB R, BRI (1992, 1995) REEREEA (1992) B#E7E
RIS - A (1992) & RIGEETE » IR T I ARE R MR I
BAL  ARFEERR T - PR E RS R RE - S
= \BEESE - BT S - WS - Bl - RARMEEES) - 88
B - REET SRR B ERE A -

BB RIS (1992) MEEH - B S ERIEEREERT
FEF IR CINFE - BT REERH SN R s R F R R A
HME S — PR R R A BRI FER M4 (time dependence) Y%
72 o JREN - FEERmTHERHITREGRT - RERF TR/ ED
BTN REAZNIEHER] 7 E(AMER RIS AR E
ERAE - AR - BEEAHEN A RR > BN E RS
JH| > HGERSRGEIE R BEH BRI RIRE » ) TIRFPEFHAR]
AR FOREIRHERRGEE A - RIRGREEAERRRE - iR
TR H S E R e - ¢

AR E R AT IR B AR AT A - WA E
AU o B8 = ENSREIASEH R I R B R B R AL - SRR
HEHER - BTSRRI RIS TT 1 -

A~ K e R0 D £ R Y

BB M EEB AR E RGN IR (EARRFEFR)
55— FERBAET - W EE A B R R R A S A B3 Bl R AR
ETTRES B M HHRFIE TR (pdf) KBRS TEE (cdh) 4351
ST, F(T) - At - ZFRFER R t AARIER R RRAREREKEL S (1)
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=
SO=p@T>H= 1—F(@. (1)

TEETE t HIRTRERSARMEA - (BYE AR 2 R IR R e
BB (BFEIRR) h () 55

pit<T<t+A|T28)  f(1) (2)
At Sm)

AR (1) - () WEATHEEH A(n) 82 S () HTYIRAR

Bty = lim
At—=0"

h(£) =M, (3)
dt :
70 = h(eyexp(= [ ). @

AR R P A A B SR B R PR BRI AR » BT h (0 1§
(B R R RN () SRR EE Bl (=21 > AIHN @) 40
H pdf 15 -

f(t)=Aexp(-At). ()

IERFREMEAE T 22 exponential i » (EASEE SRS EIAERR B
GRS RS MR EAERR B A TTRE - I - IR
PR HEMI R T B5—#% exponential 53-ECSE-—f{L% Weibull 4360

1E Weibull 980 » B84 JF R RG0S (R AFRIR

h(t) = Aa(Ar)*, (6)

U A 5 exponential S0 Rz EFIHRAEE G SAsS - ] o B8
84 Weibull 53-BC T & # 1R 2 8 (scale parameter) ¢ - 2 FHR (%
o=o » FH (6) A4 - FIKSH o EUMFREMRES A () 2
HARIARERTE (dh () / dr) (time dependence) * B THIREIE © 5|l
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dh(t)

o 20’%05113%, (7a)
dnit) _, Fo>1 (7b)
dt ’

FRENFA Weibull S3dH - FfEtHs o /A 1> RBEFHRRE 2 idiases
FERR ARz IR _ B 7 > BRI 20 R B IR AR
FURME » R 0 FHHEE2E 0 KR 1 RIREERHAREESIOR - 558
R RS HHR A T AR TR AR AR B SR B R A R B R
FOHERTE - TIEFMRZ B 0 S/ 1K » RIS R OR SR R
HHEHR S SR - B ELHRIA R - A LEF Weibull /3 EORERAS
exponential 73fC - IREL - EREFHIEFERE Weibull FERET -
BEREHIESZE o JAETHENE - RPIEEMN AR E R
SAHIE#EEKME - JRHEE L R R A R S B 75 B e S R AR
A HFEER - RIHZEE FAHREE & fER -

F41 > B SRR R P I HRRR R - AR —
{k, gamma 438 (generalized gamma distribution, GGD) T Z &R - KIS
GGD & Weibull 5B —iLIE=, » HIE » GGD 4E & EE Weibull
HEFEEHER - ©

REF R R R R (K - — R T ol 2 B RE T A R e
REEES - AFRERIHTNR (2 R - IREHR - BN
P - BEREELY, - EABERR - SIRERBTERE Z SRR
ARREER IR R DIRIREE AR - HILLRE=E (6) R AEFI iR G
BR8] FREFRA MR -

h(t;Z) = Ae( A L exp(2' B), (6"
Z2'=(Z,,Z;,,Z,) = s BB ERE -

BF=5.Po, B )=s [EREEEE
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AR () 20 0 BILES T2 pdf 5
F (12" = Aa(A)* Lexp(Z' Byexp[ - (i) exp(Z' B)] (8)

ES X=log T Al T=exp X (LA 8) > Wi f=-logl, a=a",
B =—op B log THY pdf £

f(X)=iexp[X'ﬂ°_Z'ﬁ —exp(X_ﬁO_Z‘ﬂ)],—m<X<w. (9)
o [e2 a

FW=[(X-F-2'F) o] HIE 9 R RKE W BIEEBESE
(standard extreme value distribution) A8, » H pdf 5

SW)=exp(W —expW), -0 <W <. (10)
H log T A FRZE °
X=logT=6y+Z'f +cW. (1)

EEEEE (9) ~ (10) BA=UEITB4T  flog Ty = o L f (W) °
AL - (1) AR R E B

T=exp(fy+Z'f +oW)=exp(fy+Z'f)T,- (12)
Ty=e™ + FIREAE (baseline) JIRRE T WA A HEFHART -

HH (12) 21 B B R R R AR R < S B E A
(multiplication) » [ RAGLLAERHE C HARHERY > =0 B30 B
mfEAY (accelerated life model) » 22 K Cox and Oakes (1983) -

RRECHESERS (7) ARt REEE T A B (LABOR) -
KB A FURARIE (MAT) ~ A F I EL B (COST) ~ &=,
(TYPE) - %% il (AREA) R & 348 51 (IND) % 0] 62 & 174>
1 o 7 I A SO Z BRES

Z=2Z'"(LABOR , MAT , MACH ,COST ,TYPE , AREA ,IND). (13)
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1ERE TR RS %0k (duration data) B » — AEEREE—TENEE - B
TEBISLHARTAS TS - B A e R 7 RURRE » M REE AR AR R
% Wik » SRR RIRREFTSE R e BRI - AR IR
T FRENTEE S AT E DR A5 4 AT (consored) HUERE -
DA AT P B e iy A e B i B AT B B SR EZ RS
(19914£108) » FEKIEET RARMIAEF] - KL - H5eBaIfER]
HESEAEmA  HHSHEESHMTE230EEEES > L8
A5 FTEYET (right censored) BREAS -

EWBER AT EIE AR SRR AR TR
BT ARINERE - (BMEREHAR - it - BREOIFOBIIE
FIRIEREEAD - [HRFRES R R A JTEETRIEA - REERR
AERYERIMLAEH -

&L FREIFEHERAR IS FAEEH) WBESA
(censoring time) » 1 T, 7258 | L AEEHEIEHFHBEHEIR - ER
HE T < L, IS EEAFER TR esies  Hikfie
BRI | ERFRIORHER I BOHA (logr) 5 -

logs; = Min(log T, log L),

i 2{1, log 7, <log L,

j=1,2,-,n. 14
0, logZ >log L; PEhSTE 19

B 8, =0 » SRAPERAREREETRS A > 5 6, =1 - &
R TRy

Pr(logt,=log L)=Pr(logT; >log L;)=S(log L;) = S(logz). (15)
EZRIR AT (B logy, <log L) » HIBLMSR sl rs’
Pr(logt;,8; =1) = f(logt;), <. (16)

Ry (14) 82 (15) A%
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Prlogt,,8,)= f(logt,)? Slog) "% ,i=1,2,-,n. (17

Eig - HEREEY (1, ) BEIL » AEEREA TR R EEEE
BRI -

L(B,0)= li[f(logr,-)‘i S(logt,)' ™. (18)
i=1
B W, =(logT,~ - Z'B) | o » HEERRERIHA S S8 AL
BARE

Max log L(f,0)= Y [ 1og ™ F(H) +(1+ &)logSOH]  (19)
i=}

ZEEAA (1) 3 W (1) 2B A B AR

BK¥ (19) = » FIA Newton—-Raphson &K% » BIAISREEEL B

B & o e Bl RIS AR R 2 B

log 7 RS HEF AR MBS TR /r -
2 TRV

R EERINE SRS (1992) WARET TR ERENS
Fas > HIEWRRREARI 19K - s ERiBAA s S B a i aT
5 RENETEN—RHE - SHSEEEARTREEE Mgt
o b EEREERGEGELNSOBREBERIMEHE R
B EERAEHEREN  SERBEREER T B A
% » FHSCORREE LA - !

FHRTEE BRI T ¢
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DUR : FREFIHIR - (KRS L R R AR HE - SRR3R Al
HENIIF RS H AR B H IR -

AREA : % M - HR B SmT - ' fl AREA=1 ; F Al

AREA=( -
COST : ARHMESR - MBERNFEAELL - REETRZEERARAT
e -

IND : ENAVEE - HEGAEEMNESE » B IND=1 ; &H]IND=0 -
LABOR : 5T A% -

MAT : FRZREZ@ILE] - AIAPEE R TReiE R g E 28t
Bl -

MACH : f%352k 5 S BLE] - RIS TREE g e EmAILLey -
TYPE : {&HIE » ZE%E » [l TYPE=! ; %H] TYPE=0 -

F1: KEEH LREEAHETE

T8 EEE

IR LLE] (%6) 60.00 49.40
FISFFEFHART (DUR) (B) 13.45 8.17
BT A8 (LABOR) (A) 82.87 95.97
R B ZEELF (MAT) (%) 56.75 37.93
K432k 5 Z®LLF] (MACH) (%) 33.39 25.52
AR (COST) (%) 24.83 16.56
P& BIRE (TYPE) (%) 61.67 49,03
FEHE (AREA )(%) 38.33 49.03

FEZFURE (IND) (%) 26.67 44.59
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(iSRRI R R AR

& 2 1 KSR BT

MR (log DUR)

Exponential Weibull Generalized
fF FEag Y Gamma
INTERCEPT 3.8241 3.4646 3.7008

(0.0001)** (0.0001)** (0.0001)**
LABOR -0.0006 -0.0002 -0.0008

(0.7329) (0.8369) (0.0767)*
MAT -0.0052 -0.0037 -0.0047

(0.3420) {0.1477) (0.0424)**
MACH -0.0118 -0.0113 -0.0120

(0.0854)* (0.0004)** (0.0001)**
COST -0.0104 -0.0081 -0.0071

(0.3043) (0.0825)* (0.0515)*
TYPE 0.3663 0.3173 0.5260

(0.3363) {0.0668)* (0.0001)**
AREA 0.2539 0.3553 0.4185

(0.4790) (0.0340)** (0.0030)**
IND -0.1867 -0.2547 -0.3130

(0.6555) {0.1730) {0.0069)**
SCALE 1 0.4474 0.0183

- (0.0615) (0.0085)
SHAPE 1 i 32.6725

- - (15.1221)*
LLV -59.8699 -47.6223 -39.5523
NO.of Obs, 60 60 60
SR

1. $5IMPIESP {H (P value) -

2.6 % 01 BIZREZ RBGR R 1096 15 96 P A HE
3. LLV £ log likelihood Value -

4.8 a & » £ standard error ¢
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ESHE AT HHRE - B K | TE60F R o EBTIAHERIRE
FH36% » FHHFHERHA] (DUR) B13 45 A » ELERS (1993)
214,048 Bt - M EEEERS T ABES2.87A - FRFYHE
56,759 A M - BERERA/RT33.3996 5 E B o TR BIEEHE
ATHBIRER - ARSI FIRE24.8396 LG F Al ek
iR R LRI EEE - FT LI R A I SRR R
By - TTEATREEE61.67%BEE » 3833% B SENSFAIRE
W o H 38 3396 KR IR G » 61.67% HIZERT DA @ %
% o itk BRI 26.67% BINEAEEAEY » K (73.33%)
VBT - |

605 K e 2 i B BUA RTETH FRa Bl B b - FIRUA SAS B
5 > BT (19) HANLUGET - JHBRAERT SRR 2 - &R 28UR
exponential ZEHYALEHE SR EEAR - (B7E Weibull HORF - it
R EREeE » AME LLV BIgE 07 » BEEHRBOE S ERE - B
FAAA R HE .2 —EMT R A RARAR A AE > R EER R
£ Weibull Z3-FECRIFERINLCARRAA -

E5e2 B TS (LABOR) HREUR & (-0.0002) - Fonss A
450 25 IR PR EL P R R IS e AR A E 2 B
FAREREEAS TH9ERE—F - MAT ZREUREE (-0.0037) » FRRHE
Bt 1 FUR L B < R R LA T - RIS > BRSK
[ S A B S R 28 SRR ARRE » (RIS SR
B E M T OB AR S B A - SE SRR AR RS
TR - WE AR RS - MACH ZRB8 LE&
(-0.0113) » I FRIUFORIZR £ S IBAENT - OARHELLEY (COST) $0E
FFBEAEEAD » FRAR RS  FoRERBE R » FHER]
HAME A+ HhAR A ALREEE (-0.0081) MUAGETAS RS LIERES, -
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HARURE (TYPE) FR A ERIRAR A IE F B8 (0.3173) - —
BTSRRI MR - YIRS e
£ HE - RRSEE  ALREEREER T EER - R
& (AREA) F{RES T B RS (0.3553) » BB TRGS Tl sEHTE
XTI AR - Btk > FEERURE (IND) ZAREUS & (-0.2547) » AT
B LRI FE SO PR RS - RS IREE Weibull SMEE T2
MR - RO EERNRR (04474) - FRAEEFEHIRGE
BRI R HATIIRE R o R A AR (D) 2
T BT AR R AE & ol LT HERTAR R BB R A e RIS
B BEBIAEA SRS FF > H RN ESER s A
A1 > A HAISETE AL » L ESEFIR e iR - A R
RS INRN LA B2 mEey L - 10

& ATE — B HE Weibull 73ELE — & k2 gamma 4 &
(generalized gamma disribution, GGD) {74387 » HIZEIRAE GGD 47387
T SURRBOTRERE R (0.0183) » F—RHET SR HiRaE Tk
T SLHARIARAR YL - 17 (EIRSERE GGD S FEERAOAS I » T LIss
IRHE A AR FEBBI TSR A M e Weibull S3EC0AERE] - ARk IE
(MACH) ~ AT RELEH] (COST) ~ & (TYPE) R & HE
(AREA) BT R AR HIRIA 207E Weibull B TEESES - HE
TNE (LABOR) ~ [ 5 EEAAGLLAT (MAT) LUK EE24HUEE (IND)
SRR WAEEEHAER R IS SRR E -

HAMAE & 1135 & 5555 LABOR # IND A{ZEHT 2 &0 » FA
BXIE » — AEFRS SR R B - R — AT S
EARF RN T A BRI - SR8 A « LABOR A2
REFHEABIIZ D ETHSETER A NIEE « A
THrRRE - NS EME S ER SN - EEMssse st Rk » Frl
PR HISTRE A - 53— » IND BRI B AR B i
o ERMAEEERE (MATHEEASEILL) - B i
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IND FHABES £ » FoRAEr e - BMmERsEE TR
WHER | ERAEKETREY EASE - A8 BT - HiE
s o [ > 4SE4T LABOR SRIND FfESSIis s R S - e
DIAHHIE (s 258 HEEA KRS - BT - S ERY
B 0 AR E T - RSB AR R
ST AIAYEE C BTEL - HREE - BT E TR R R A
B~ BT - SRS AR B R T AL T S MY BYEE - 5t
E~Wﬁ%é¥’E%MHEk@ﬁEﬂwiﬁﬁéﬂmﬁﬁﬂ%%
Fg) o !

Bk o B LR R R B B BN R B B T A RS R
R > BT PDF ~ CDF + R AEFIEIE S (BN 1-CDF) FERHMEELS
SMEZITESE 3 o ¥ 3% 3885 Exponential 81 Weibuil S FEUEEHER
KSR » AE RIS RSB - et A « S5 FEG8) 1 6dE 2/ CDF 82 S B
i > ATLIE RSB » Exponential 48R Weibull S3EIAfEEHAS R
MR » (LR ES AR -

ERGEEEENENTREE  « B—AR RS EE SRR
BIHERAERZ o NG T T AE IR R Y EC (IR R HEF 3]
R EAR - AansE H S0EH ¢ T e AR R PR —
- FH - BRI - TRMSIRPEN-—89 PDF #iR
= AANES13.39% 52 18.3% - FHIE 389 PDF B thal LAEE] » BEE
SYELESTRITES B 812 F A e 5 IRR(E « (RS AR AR Ry
B - RS0 BN PER— ST AR
FUERZZE » Rt ERMRE S M R TER IR A AT - AmE Ry
R -

S EZE R K E N E S EE ARl - i

£ Exponential 8 Weibull MG HER S - TS SR ARHIE
LAENILUBIE - K IEIR{FIE 2 Exponential F1 Weibull i {853 BUHY
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7% 3 PR IR IR B R

BITERE EXPONENTIALfEZHE ~ WEIBULL{LZHi

LGl

(H) PDF CDF S PDF CDF § PDF CDF S
0 1.7 1.7 983 0 0 1000 0 0 100.0
1 0 1.7 983 0 0 1000 0 0 100.0
2 1.7 33 967 0 0 100.0 0 0 100.0
3 0 33 967 0 0 100.0 0 0 100.0
4 0 33 967 0 0 1000 0 0 100.0
5 33 6.7 933 1.7 1.7~ 983 1.7 1.7 983
6 133 200 3800 1.7 34 966 1.7 34 96.6
7 1.7 217 7183 33 6.7 933 1.7 350 950
8 50 267 733 1.7 g4 0Olo 1.7 67 933
9 33 30,0 700 50 134 866 50 117 883
10 100 400 60.0 50 184 8ls6 33 150 850
11 L7 417 583 50 234 76.6 50 20,0 800
12 183 60.0 400 50 1284 716 1.7 217 783
13 33 633 387 0 284 716 100 31.7 683
14 67 700 300 67 350 650 67 384 o6lé6
15 33 733 267 83 433 567 67 450 550
16 33 J66 234 50 483 517 0 450 550
17 0 766 234 6.7 55.0 450 50 500 500
18 6.7 833 16.7 83 633 367 117 61.7 383
19 0 833 167 50 683 317 83 70.60 300
20 1.7 850 150 6.7 75.0 250 67 767 233
21 0 850 150 50 860 200 0 767 233
22 0 B850 150 50 850 150 100 867 133
23 33 883 117 5.0 90.0 100 33 900 100
24 33 917 83 33 933 6.7 0 900 100
25 1.7 933 6.7 0 933 6.7 1.7 917 8.3
26 0 933 6.7 0 933 6.7 33 950 5.0
27, 0 933 6.7 0 933 6.7 1.7 967 33
28 0 933 6.7 1.7 95.0 5.0 0 967 33
29 0 933 6.7 1.7 96.7 33 0 967 33
30 33 966 34 1.7 983 1.7 0 967 33
31 0 966 3.4 0 983 1.7 0 967 33
32 1.7 983 1.7 0 983 1.7 1.7 984 1.6
33 0 983 1.7 0 983 1.7 1.7 100.0 0
34 0 983 1.7 0 983 1.7 0 1000 0
35 0 983 1.7 0 983 1.7 0 100.0 0
36 1.7 100.0 0 1.7 100.0 0 0 100.0 0
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CDF 84 S #{{REaT » [HARTHRERYEAF=R - FERERETS
HREETIERL - BEEDATHERORE - B HEN TR T
fIRA13.45{@ F © ] Exponential 8 Weibull 7380 53195 F
MR 2RIR1S8EA R 16.22M8 A -

& W

PR SR R B A T R A M TR AR - SRR
ML > B AREMERE R A - Fit - S A B RET
= 0 ARG AR - R SRR RRERE - (EEH MR
HRRAETHEEN - WIRERAERMRIEEE - Ft - A B
IEARE - SRR A R AR B R . - ZefM— AR E T
AR BRRLS - BRSBTS BYEE R
ARIEFIIREAI = - HAF SR sahn 2 B R R
RERERARIE -

BROZAXEIEEESEESRE  LHEASETRNRSE
(exponential, Weibull, GGD) {2t » FMRHRE S AL - 2R
CHRERLEE) ~ BSOS - ROARRELLD) - IETVRE - 15
MO ~ RS AR A A R B P R S e e
- 55— Hm TR e A R R S FE 1 S L B PR TE R AR
SR+ BIREREPR P FIERTEE TN - MRS SR MR R iR arie
i B hEEEAN - MRS R - R e
ERPEF HAR e TR -

B TORHRS] - BHS AR Q60 R - B EEEET R
BUZ FIRZERIMS - RABEISRAE » EreR AR E Y SR
e B R VAR SR - Ra SRR AL R
PR R RN - (BT - Bk - AT
AR 1988EE 2 1R HE A KD - SRR B AR EBEE » AR
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BT RSE - BOTEREEA PR - i arERE 2l
SEE BT A KPEROREE - LA R R R R g A RN
R 7 ERS—AESEHENHRE -

i M

| REEHFHE%E (1992) FHHEMNEE -

2 E Samuels and Smith (1968) K Mueller (1976) Za iR/ NEAE £ 5
HR R R -

3 BEFHYE (1992) - HTE > H185-200 -

4 FE%E b BMESKETRECN  —ERBEERTE &R
TR - Al RESEERE BT - BHELRER
E&J o

5 ERTESGEE L RIYESESESREESE A ENSE - SRS E
(BRSSO ED LS REEEERERETY
FHRIED - AR ERE -

6 SR GGD By 28 (scale parameter) SH2 iR 28] (shape parameter)
e AR BB H AR S ERE » AR BEeR (L a TR
5 (R Weibull SMECAREREH - BRI Weibull B GGD BYBR{R » A2
2 Kalbfleish and Prentice (1980) » 55— -

7 BRELBENER - F2F N —HRERA -

8  FTEEATET (right censored) BIEEHE AR - BERATINK
TRRERHAE - TOPTTE/A TR (left censored) 2 I8/r R HALIRAMALARIRE
B E#A HBHRGE - it _EERRER » MY EREENERE
TR R RIS N SE R IR - R A SRR - ARiERE
B R EE 7% - AT 22 Miller (1981) + H2-38 » 3 Lawless
(1982) » EH31-44 -
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10
11

12

13

14

15
16

(SRR A ERIREHER)

FRIARIHAEEE - FPIDL Pr (- ) 258 t REEERI T (HES t < Li) (iR
FEBKBL -
HEEE - HEHEAEE (1992) - EHREHRE -
SRR AR B F ERE NN EISER S » BIFIER) 5T AR
BB - REFIS% (1992) » H190 -
SRR £ BURAE ¢ g IEP - SR - L - meend - B
i~ BN AT - R R T -
FRATEEAFEER U, - BT 558 3510 - HEES - 24
B R RO TR - H—EHS Lin (1994) 0 516 -
RB IR ARE MR AR IR iAo
BERRARIRER MR ERE - 540 SES (1993) BTl AkE
FEROIREET » FhE - B2 - #8260 - REAEEREIEH)
HARI T BIRE13.31, 15.96, 16.20, 18.12 % 19.80 fE H » ML EFH T K E
- BEERE 0993) £ 81> H8-13 -
W S AR TIRER IR » W2 R, Lin and Png (1995) -
Weibull 53Hc fEfErkE, (bazard function) &

h D) =P X,

Hip X =exp {—%}, a=P" - FRLL
aT

dh(t,Z)

=P(P-11"2x,
» (P-1)

d*h(6;Z)
dt’

P(P-1(P-2u"3x.

Pt

. 2p0 4
(DEO<P<1;H dh(atl’Z) <0 d}:’;z) >0-(2)FE1<P<2;H|
t i

) 2,0 . 20,
MEZ) o, EHED) oy psg s g BED) L, PHE2)
dr dr* at dr?
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>0 - T SAS R HERRRIES2 M (o) T PEMER (/P > It - &
2Rt o = 0.4474 5 (P > 2 KL - ELEPRERISAR & SRR - MERE
R RIRTe i A - B 200 B -

17  ERFERFLUERE (likelihood value test) » AJLIEIH GGD £ Weibull
CEEEER - hRtEsR - BIFIERA GGD 242 - AfifE GGD
SR - AEAIEERRIAGRERR - EiL - BT RFATRIERI
R B s A2 AR MM - BRITHRA Weibull HFUREZRR - 20
B RAIMASH BT BIFP AR R4S - RUMESRERR] GGD 2Lt
S EN o

18 PR SHHIFENI AR - BRMEEEEERELER -

19 BEERASIHFHERLARS PR S AR A SR R - B3R E
Exponential 5 Weibull Fr 5T EIRRE - A& W LUGEIfEEHE - 8
2 - FIFIFE SAS 2L GGD F.z{h3] PDF ~ CDF ~ J SR » B
—ELRERE » B(I7F GGD #HCH - FLER0 » FUNEZ BRAFAA - Wit
#EEES] GGD THY{EE] PDF B CDF » #F 2r 3% Exponential £
Weibull 280 FAMEEHE -

2EHF

FHOEE

1992 ERRE A RN B RS S AR HERAR RIS —— DIEER
Bl - (PEEEEETEERIE)  H131-155-

19932 ( EMEIESTRHNRA— IIE LRI RIREL ) - (R
AT EETY 21: 355-379 ¢

1993b ( EERAEBINTIEN - RERBGEHE — 5—&
"EST AL - (REwmET) 21:99-122 -

1994  (EERENERFRTRs BEWRE—RRECTREELTA
£y o {PEEFBET) 2:1-28 -
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FHOER - FEHER
1992 (EEEEE EARBERSTRIRR) - (GEETE)
43:227-245 - :
PRI E

1990 (B FRERERIEE)  (TRGBSgEgRT
&) H269-317 -
1991 ( SSEHEREE T MS@ e —— EABNE A BN R )
(A& AC) 18:137-158 -
MRS ~ J7itE
1992 (ZALHHRERRL TERBEEHMZHT) - (REH
Y 20: 5991 -
M
1993 { REASZ B HEERIEISATZ ST BRI —— EANE R E TR
BHBUSERNERT) (BRSO 21:355-379 ¢
AN =N Vi)
1992 (BEZeR; : RESEAN) - Bk FTEHEEAR -
EALY - MRTEES - MOTE « HME
1995 (2R HEARORSBEY) - 21k X TEEA
ﬁ o
R R wits
1993 (BRI AREI A SER Y THIE —— LIRSS
| SRR - Bt ¢ eSS -
R BRA
1992 (MRERELTHS R ESRESFTR) » Tl
SHEEE - AL R -
BRIIE - BYEAE
1991 (SESEEL SR © (SBHRRSENE - o
75-100 « BAL © chuRgekLrh L A S0 SRR -
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{(HEREtRGEEREEA) BULER
IR TERT R LA SRR SEF B (41) - R211-262
REs69H - # - BL

ERHEERIEPN | HEREE
KRR RO ER

BROM Y O oot

B M

BRIt LB BT 4+ AR SRR - MERET
SR  BE—ESARAYE AR | /B3R EAE R AT
4o WA 1R (knowledge discovery) Y T{E | iEERIEMEMS T it @Rl
BB R (R HER AR, - FIRF R A TR R — (e
BRI, - [RE M - 2L LR E ARG L RIS B RE -
BEFATFME  DIATHBELKI 2 E (Society for Artifical
Intelligence and Statistics) 1995 R ERFTHRIV2E R E » %P
FrEERIER TEINGR L - MESBAEEYF T - B R - B8
8. i - EREEREAENG L TLERER BB - M
A EE R ERe A LB AT E R - BERR 0 TPIA
FERCE et ERIE BT TR SRR DIERE S E
RIKTRRRHE T - 2 (EEiEnt Rl « M2l TaE  —Hn

PAXARRETHMEARSCELARER LT TOEL A —PREGH o
ST L T AT
MR SEFE LR EA
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ERHERE TR IR » UREMIREE A M A ATEE (6% S B
o BGEFRFE BT SRS A L FRIR A

BERL  AEEBIT - g RMMEES—F - Me—
BEATEEER S > BEF¥RNWITH » HEEEHE (Genetic
Programming) - i8R E ST A T HEHME SR ARMERER
BERVAIERRIE T » s —ERAEIRIAG « 2R - 13
FARYELE - EEREES - EFREAERN TE - ERIDIREEn{ ? %
ERMEEEA —E AR MEAEE  ERBETS - UPRETES -
I » AR EE R — (BTG - BRI EREE—ERW
FER R BT - M R R E AR AR RE M ERUREER
T 87 AR B — R P e TS PRt -

AP FRES - REEEEE P EA TR EBEESESR -
BAAWEERES =Y - B AR SR E AR R BT
PR/ IR « SRIRAE T ) BT BEdE chi Z AEfrTR0RReY
TR o SRR SR —A0BARE ] - WRBRME TAER
REJIEEL - WIS RAERMIRE —ERE TRIE | BZA0EN - &
HARE Y GHRE AR FR B LE - FIsHas &
TIRIEZRASEFTERATE - bR A FREFEH AL LARBAERNY
THEY  ARGAERTRERL—FH -

BT HEMI R E AR AR R SR I - (EAT R
Seefy - HLRESER SRERID ST - B - FiFaR
XEEEE RIS - SEA RRBESNAR - HEERFIRET
FLERERE A o B EE R B R SR - RTAE
SIRRMERERER 7 BB R B T R S MRt L
REST -

B EENTEATRHE (T oy TR SRR RERA
w7 IR - ERMTERE R EE ERE R - IREEERE
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TR R GRS TS5 « AR CHREBRMARSHERR
ST - (DR E AR R A FAVE © JE PR E AR Y
SEish » RS EIEMR (Lubinsky, 1995) - H75E RS A TERATHE
FHi T B RS AR SRR, - R AR - (RILE - 2
S {ERMRA AT S SRR E A - AR » BRI
= HEEEOR S AAER - EAE RIMERTEREST - BTl - fE
TERIEEE F ARG SEEA S A - Rt - EERR R
ST R R R A - AFE— RS - A G R
fE RSB LAERRT -

TEEREIREIE T - TS0 T2 ARy Eas - TR AT -
(s B A S B4 - TR = ERMIRFRGREAY
R B R AL SR P — (R R SR IR A ARSI —— ETREREE
230 . FERRR R IR T (John Locke) Hill - B ZHEFHNE
s o HAOEEHEENER - AKX ETHIAS - AZPRARA
Se s B 0N LeRsl B TR (Quantity Equation) @ W2 HWEE
mEarhi—RERRA o SIUETE - RPN SRR SR BT
R SRAER T E - TR L2 - SBE AR
D TR M B AR S FT R RS - R —ERR RS

&~ fHEREMEEE

DTHRBEEEECN  BMABETRIERELSE
(Evolutionary Computation) B4 8% @ BT E LR ERS
TR » SEEATE ) BOMEMER o SERE TEME AURTEEK - |
B A TR SR E A A 2 A - S EH TER ) (intelligence) Y
RIS TREE (3 T o A RHNEITFREE Toring f8E (Turing
Test) (Crevier, 1993) - Ll * HEEBEMS - HASTEILURBE
BB E A T ETEE—ERE S ERTZE THUES - SR + BEARFIERER
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HEEHAREERER ? BN 2N - RO TR
AR IHEVLRG—AAx L fwar - LEESRETERET
[E] (solution space) T » KR IEHEATEZE - R » —RTIS » HHAH
BB ERTREHE A - $23—AY 5% (brutal force) £ BT FEME
Bk » FRAYJEHE (impractical) BANFIFT (infeasible) g o i » 72
A E(Theory of Algorithms)i H 1 » FREFHBEEFICHE T, 2
AT o MBS BB R RHELASENE » o B RIS B LRy
agEt b - SEESEIEAA T B - ACRCEIZER o R ETER ST
7~ ES PR WEET T HBNERE  ERET . rE -

RAFTERMSEREEE0ENET - HIBitERE » TRHRE
TERYREIE - FR-R IR A AR R ET IO FRE » 78508 Fth B R
[l BY 44 3 » 40 Rechenberg (1965) AY i 1k 35 #§ (Evoluntionary
Strategies) ° Fogel ZF (1966) # i® {k # # (Evoluntionary
Programming) * Holland (1975) #9382 =, (Genetic Algorithms) 2
Koza (1989) R EEAE - FUESSTIRAB SR - BEIST - %
EAHER I FIBE A FE - #E25 - TS L RIS B 2 -
EREE —{EFE TR FERIBaA - SRUBTEIEEY » A ETE HEY
BRI E T —ESR - 55 Fes By
HAWRERRE - AR MERSH - REBENS  CUTEER]
ELMETEAETIRD - BE—EHE -

BEHEEA ER R ERE SRS - F—EE
FE 2 (computer program) (LT - i K B 40 S 4R B IS TE 20
LISP (List Programming) 355 5K AYEE » BIEMEREHE LISP By—FE
TR RRFIFRILE < PRl > ZE LISPEES T » 5 (Bssim—n
ot TR AR A TR (AR - B BT R E/AEE
PSRRI - CREE R R AR e —
HIRIARRAR - ARSI LY — » BRIV » tt
EFRIERRMAREREATHEE — R TSR — (M BT — Ao
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o BEHTHTHE TSRS (reproduction) HEAZAT (crossover) © fifl
B R T ISR — A R B T IO B TR
£ o MR MY - BRI BRI - LR BRIRARITE
FE JJ (fitness) FOR » BT SRERSricH Eo i FE R R A T S HUBRE 0
BB AR E MRS ATER N - BRILZ S - EERTAYER
o> HLRHATRETE A 2o - IR « R HSE BN EIEET - B
By T B A R R AR o LSS TERERA PRI - 2
PR E M MG - FTAZ Koza (1992a) — B AT
A 5.1 -

FREEL R B ATLER BN R R A B —(E LR
SRR AT Tt g - TEEBSBOTERSERE T - BITRAER
E « SREETEAR RSB ESE - TR R
iR RS - AR ES R R RS - Riafril
SEFEYHES R ERE - A LWE S ERER () w3k
A ETOEIE ST - JIATE SRR (SURED) R PR
R - ERNSE/CERANNE - BN - ATHSmMERN
(B HOS 2 - ZORRIIE R —fRAR (SiREY) et —Hit - A
RGN T » EEMEEMY - TIEEHMIEILT - AEREEE TF
RERTRS A "SRR BEEE ) RPILEE - EE8RE
TR - TR SRR - EEER IS EERR
R S AR TR AR - ERIhIYR RSz -
HI AT 55 S IR B R BRR e — (H e i syt -

BT ETEREBR ISR A A - IS EARGE  BERENR
HESHIETER -EERIERE - — AR R - WARE
HERANBPRAE - BRESARERSBEURET - ABFIVRE
GBI » SERPAUREK (R - WU Insages — FREIE S
2 - B0 BAMRIERARERRARERREA - TERETY
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BRET BETFIS ToRAVIREL » HBIP 1 ERUE - T2 M et

e e

#ELA ERIRREAT » B A DB B AR R A A e
R o — BT HE AR 2 R SRR S A R — LS s
HG AR B E A ER SRR MR - (12 > SRSk
AREAR LMEE " EYFHE | (single-point-to-point) REEEY, » T
EERE EGREER) HIE T $ETI%E, ) (multiple-points-to-points)
HYZR © [RILE S AREISRE (local optimum) BUFERH | » &R
BEEATRCE < YR BN R S B M R A PR
FRMAL o LA TSR EEHR S R0 TR SR e -
25 e L T A R 2 o R T — A A ch e iR - BB
A BRI LHSCE RS IR RS - 7D AR B iR e,
(Neural Networks) H i 5 #% #& 4% (Angeline, Saunders and Pollack
(1994)) -

2~ BUHERETEBEER

Koza (1992b) T8 HAREERE IR FHOER - FERITHIEAC
> Koza MHFHR S BT A SIREHEAATR o 00 emsse

AP = BT 1T - ER R DR R R, - T

ERREETH RS - ASCLL FEEFTEIT Koza IURFSE » 5B
HAEEN - £ RIGREZEERSIEE - SRSREIK
AT —HRET « SR » Koza SEERHUTIGE T « EHBERS 2t - 4
FEART " K BITHIRER « BB TBEARES T —Rf
Hy—K (100%6) , » BWEHFSRAM—RK - BE - BFFHITIOLE © &
BABRTRE—RAELATERE T o RFE > ALH 0
MELBRA 5 2 BT RRMVETFER GRS BRI
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I RAJERE THE - 8 - Koza Frt{THBRESE NMERTIHEE
TR E AR [ BEIEEEREBIIRER - RREE
St EAEmESST ) (L SEALRIERE » Koza RUiS iR ARR M H70H (B 7)
R RHR T S HEE 2R - HE » SEERRE AR —E
HIEREL -
_ M2[1.234366+h(.)]

GNP

P

Hep o

_ M2(0.47«GNP +0.00235)
0.47*GNP? - 0.3749+ GNP +0.0003008

{REHEEMY - SRRSO IR — AR - Koza ITRRIAS
SRACGRE R G E BRI AERET B3R THER ) 2R
B - BMRSEEEEERINRE - It - BTN > thie
HEE TSR, - &k 0 BATHE 7% Koza REEETESTESE
R EEEEERER - B rHEERMFEAR T4 Koza 1
Al » EHTFAT Koza BUFSERA LT o T A RA BRI THY S
8 Koza AHFIRY - BEHETFXREETEER N EREE /12
BRI T EEEE -

FTLA » BERALL FIEHEEE - BPIRHESSPIAITELRTHT Koza 1UE
ERE - ABAREERMNGEREHBE Koza ZHFERSE - FF
SEERERBTHEN - FiF > MR EHERCRNIER - bl
A » R B A — R AGERA -

ASCRAFEITERHRA EPS ZORECTING - RTINS
1% 2 - T G R ORI TR R A TR - HERERTH
- T R R R RLBE AN B R
#OR o RERFRHZAE 1963 1 5] 1992: 4 - TR MIGEORIHIRZ B
1962: 1 %1 1991: 4 - FILHEEH 120{EHLEE -

h(.)
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£ 1 RREH
% =€ fik
PGNP GNP ZEiigh USCEN
GNP87 EE GNP (FH=1987) USCEN
MNY2 M2 HERsfites USCEN
60c BEEZRFIR (=B ) IMF ZIFS
x2EEER
% ' BE sk
PGNP GNP 7Fikige; NIAQ
GNP86 H'E GNP (EH]=1986) NIAQ
M2 M2 RS FSM
RMTD3@ ST |5 E R TEIE S HIE— TR CMH)| FSM

FIREBEEGERL MV =PI RET  ERIESHAISE

Bl log 14 > AILISE] T FBIHRIERIE -

log (Py+ log (T) = log (M) + log (V)
MR (1) 3T R

log (P) = log (M) - log (T) + log (V)

(1)

(2)

RSTERMERE T V REEEBREN  Fill > BIESHEE
70 G HERARTIFHR LA BB - I REUER

B - SR AT R SR (3) -
log (P} =log (M) - log (T) + k (M, T, IR)

(3)

Hp UIR | Forfi - J7122 3) SHAB T LIS RATERT - Hb
—EME log (M) B log (1) BGRREELH - I3 —ERAEIRER log (V)
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BREARAAEY - k - L1 EARIL - &k —iRTTS BRI EMBRIER - £
B SEEEE RS RG] - —RINE - R LGSR -
FEHFES (3) AUBERE b - AISUR(EHIERTERE T /7 (3) ik
Ry » ROVERRRERE R T SR EEFERIING - /688N
W > Bt LGRS SR SN e RME P RASRS M - M
{4 & () BUTRESE A B R R R DB B R -
K& » #HLEEEBENEZEAREAER 3) FAURRERR - Al
HBMERREHELY AR SRR BERERR
EENRIERMERG - WEEHPME - DUNRMIER R a8y
ZORIR L A B BN R B S B T - AREMERMIN AT
th  BFIEF TPGNP, Rk P+ TGNP87 ; (BERILL "GNP86, MY
#£7T, » "M2; (% "M, ARSI (EERILE R
IT=1E A EdiFRmEFR) % "R, -

# 3 BIERR MG TR RE GRE)

E 24T
2 W (RN TR t-E pH
Intercept -0.941802 0.39298943 -2.397 0.0182

log (GNP) -0.773090 0.06621536 -11.675 0.0001
log (M2) 0.930928 0.02095407 44.427 0.0001
log (IR) 0.045321 0.00672047 6.744 0.0001

SSE=0.07001, R2=0.9977, R* =0.9977, DW=0.152

B HERR

B BRI log (P) HEER ST > FERVIRER 3P - T log
(GNP) ~ log (M2) F1 log (IR) S5 E3 %88 - HusEAS M (fitness) ERRR
FETRTTH (SSE) - B ERFS TSR SSE 5 0.07 - LB GTERHE
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PR ERMEMHEE - EWHER IR - SRS
B o B IR0 s | B H A5k Granger B Newbold
(1974) AR HIERERR (spurious regression) « MBS RS 1 80E
R BRI G » 4 7 —SEETAMS ) DHE S (unit root)
BLIERE S (cointegration) - fR [3ELEZ 4} - BRENTOEFRE » ot
ITE SRS IN A {8 721 Granger causality ZEr B R METE
PSRBT SR MAREE - ATDL » IS8R MAEEERITR
=B AR BRI TiE ) EWEE e - RIFHEME
R RSP ATEE A 1Y SSE SRR e B B SR B S A
FIFESER T LIRS - RSN BRI IR ATIE Sk
FRPERGRATTANRYES « ERY B2 I R 2 2R A RO - B
AMATHEEER B L E R E T EREH - HIE 2R K EEHRE
9« * ARAFEEAR FRTFTH Koza (1992b) » FRLITER BB Koza 14
e —RE B L AR T S R A B IR T T A0 -

BT BRAFMEILIEEE Aot - HBEREAR IFREY
B - E—(ERRAIRRA R ot (SR L $ 3B o SR ABIE S
R BEELE - 7 48R SNER T HENRBUEESHRHE - 7EE
40 FEESEET sin B cos HE » RS STAIRE2E/HE
PR - JEES A R MR EEL GBS NS B A
2 - R AER S T H PN TRSE (RIHEEES) » RS
RYISTE] (FEHRAED - MEREFEICES T HAGE (e S i
ROSEE) « BIE RS R BEIET (R - i - sos
BT SRG) BT A2 - BRI BN R S E SR
{EREE T EI SR EER - © Bibl B R E E s S aR R fi—
E2BARTERARRERE - Fibl » RIS S2EECEEA LR
#%E Koza (1992a, 1992b) 4 /3 -
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%%, 4 KEHT al-a5 BBETE

TERMERREE 500

Fbh TR EER 2,3,4,5,6
g--EReEsAlE R E 50
B EHRERREAEERERIEE 50

FHBESHIILER {+,—, X, %, exp, Rlog, Sin, Cos}
TR OHIITTR {GNP, M2, IR, R}
B EE 50
74 B G AU Y 50
ZeRR S 100
eI 0.2
{E RS R ERIFR S 17
LR TR AIRER 0.5
THRAE 100
BoSEEE®E SSE

BAZR 4838 5 0 B BIRITSRAUIEEE - HAERFINE 600 -
R 6 FIBE IS KB SSE 701X, ~ S0fCE100/CAYZR3E - Hr al
F a5 BARIRF AFTIHRIRVAS R - T bl 2 bS QUZMRIRER SATGEIN0RE
R - ek o RFIFTLIEE - MEAREMAGERTR - EEAATHER
FEFg R IR FEHREMRRE - Lh4Y - SRPHERTLAEE] - /455100
REGEEIE » AIRSR AFTRITROS AR » ARIZRRUFSREIRIED
BRFTSFIRUREIR - 5L a2 B a3 B9 SSE 73512 0.066 5L 0.060 - [I{E
SETREEER T - SR o3 FRBERELR R EAHT I8 - HEEE
HIIAATER, (4) €2 (5) b - BEREERXIEHFTEENREERL - Al
FUAHIERB.1tH - 5 T A LLEL » IRAFIRFELEE a3 B2 OLS # log (P) HY

R =By e 1 -
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7% 5 ¢ {EEE b1-b5 B BEE

TZEEERE R 500
F T 2o SR 2,3,4,5,6
SR EEsyEE 50
H—FH R A SR B 50
ERMESIICER {+,—, X, 9%, exp, Rlog}
REREESTILER {GNP, M2, IR, R}
HBRIRIE R 50
A SR (RS 50
ZetnuE B 100
ZERHI R 0.2
(e R ERIFRE 17
R BRI BRIRR 0.5
TR 100
Ho s fEA e SSE

R 6 * HRIZHEE Gen= 0,505,100 Ky SSE (GER)

i GEN=0 GEN =50 GEN =100
al 16.6014356945 | 1.7560194444 | 1.5877132321
a2 4.5280953476 | 0.0943477508 | 0.0669074593
a3 18.4662807460 | 0.0662950995 | 0.0607039044
a4 14.1192882072 | 19335507499 | 1.5578049443
as 9.7651900811 | 2.6750861048 | 1.6254611716
bl 24.2477124200 | 0.1209872472 | 0.0950912770
b2 7.4295429800 | 0.1248445692 | 0.1222076943
b3 6.7823155886 | 0.6041591037 | 0.5166354455
b4 24.7274992134 | 0.5533928640 | 0.1564576940
b5 244970863778 | 0.5991962402 | 0.2972428306
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log (P) = log (M2) - log (GNP) + k (GNP, M2, IR) (4)
Hp

k (GNP, M2, IR) = ((gnp / (((((gnp / ((m2 - gnp) - gnp)) + gnp)-
(-0.56)) + ((gnp + Gr * (((sin (m2 / gnp) + gnp) * sin (-9.54))
(sin (m2/ ((gnp * (-0.56 - gnp)) * (gnp/ gnp))) + gnp)))) * sin

((ir / gnp) * (gnp - m2)))) - (-9.54)))) (5)
H

gnp = log (GNP) m2 = log (M2) ir=log (IR)

FHFS (4) FER S I e 2 e BB EERNT - FItERME
AERREEHERED T HEWHELRNAR - BEHE Koza
(1992b) HUFERE 20 - BIFLLARERE] | EERETTEAE—
RAZE T EHREERR - 15852 Koza (1992b) FRg A HEHEY - BHE
AR E B.1 - FEH IR 7R > HA B a3 ~ bl 2 b2
SRR EREEER - WS B EEREER Y
FRINR IR B R SRR R0 -

A FHEA AR ESER P B A B Bk
O AIRMATS R R Koza TF—3) - Koza SE|MFHRER
2RI - Bl 1.6527 - MynEHE S EHIERHESR - AN
(AR SRS R R ey —(E - FIEHRE b2 - ARIBHIER
B.1 - {538 b2 AT EIRVIEAFRU R 5UE B 8 1.66 100 BT R B A
A - RIEEARIRER 6 » 15 b2 ATAEAE MR » FE RS b
R PSS AR « AR - TR ERF IS 23 o BFTR
REETFERERIAT A2 (5) i BER—EFIE - GNP B M2#Y
FERR MR TOFE—EHBL -
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£E18 20 » BTG TREE (5) FRibstHMITUEE EBRF (2K - 31T
B EHSEARERETE—EEE - (AT HER S .581.8.2
S - T T HET8E1.6508 » B2 Koza AYtFEH 5T - Hallman et
al. (1989) B2 Humphrey (1989) 15225 X RI7FEk % M2 FuiiIE AR
REEHY - FAEERE FORIR - B RE R fIERES -

ATHEERGREHMERET—HEIRIIE ? RMALAEENE
FHIFAZBIER - MR RTINS 74 BERE SSE 5
0.706 - [FIkEHE - FeM5rBlkiRFE 485 SHUB BB AR ERIET
SAHAIEREE - 3% SHIR S RIESEF » RIEHEAFEE0M « SOUEAR100/8H
SSE - Hrh al ¥ a5 BAEF 4 TATSEIRYRER - 10 bl 2 bS HIEEE S
FETSEIRUAS R - B TRBIERIRRS ARG, - 1006 » R
AP S BT THOS RBURF - AR AR BN AR MEERR AT 2R
FEER - R ad B a5 Y SSE S3HIE 06348 0,506 - H R FFIHUBRAL
BB a5 FRTSEIN - HRBOpF IR TTIER (6) » MERIRERATE
BRI A HIF A T8k B2 » FIRRES T ELER - BAPIHHEEE a5 B
OLS ¥ log (P) MIFCE5R A (EY [F1E 3 -

log (P) = (log (((gnp + ((log (((((-7.19 - gnp) - ((((m2 - gnp) - (gnp
+gnp)) - gnp) * ir)) / gnp) - ir) - (m2 * m2)) + gnp) - log ((((gnp +gnp)
- m2) - (m2 - gnp) * (((gnp + ir) + ir) - (m2 - m2)))) / gnp) -
ir)) + gnp) - (m2 * m2)) - explogsinlog (m2 - gnp) - (M2 -
cos (m2 + (m2 - (m2 - m2)))) - cos (m2 + (m2 - (m2 - (-4.25))))) *

((-4.25 + ((gnp + gnp) - (gnp * m2))) - (((m2 + ir) + ir) - (m2 - gnp)) *
m2)))) (6)
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log (P) 7£ GP B OLS yE=(H : 28

il 3

bl
1 1 1 1 g“r 1
N s g 2 =
<o <o <o (? ' OI
B =%

-0.2

t-1661
1-0661
78861
£:9861
r-+861
1-€861
¢ 1861
e6L6l
pLLG]
1:9L61
Lol
£TL61
y-0L61
1:6961
Z:L961
£:6961
P £961
1:2961

—o— QLS

—o—(GP

5t




228 (AL ERIEEr BT RYER)

7 BRAEERHRESEHORE (B8

S8 5T
B & tHiE Rz t-fl p-{H
Intercept 5.150583 | 0.94570982 5.446 0.0001
log (GNP) | -0.753168 | 0.12869377 | -5.852 0.0001
log (M2) 0.615813 | 0.05337688 11.537 0.0001
log (IR) 0.245289 | 0.02838309 8.642 (.0001

SSE = 0.70620, R? = 0.9821, R = 0.9816, DWW =0.283

5 8 | B KIEEEFE Gen = 0, 5052100 [F#1 SSE (28

bimt: 3 GEN=0 GEN =50 GEN=100
al 39.4751786496 | 1.6001926406 16001926406
a2 41.3487536682 | 0.7455070149 0.7315891104
a3 26.8567646949 | 1.8955262774 1.1959025085
a4 33.0949060660 | 0.8526333263 0.6346563918
as 22.6192243478 | 1.2386248062 0.5062178911
bl 323602415962 | 0.8990328900 0.8445017865
b2 35.7581759220 | 1.2207678276 1.0602512173
b3 12.4748416357 | 1.3310489601 1.3310489601
b4 22.4495660415 | 1.5862027886 1.3700185785
b5 43.4232369828 | 0.8667889255 0.7646361182

JAAEE (6) TMEDAGH - EEARE RIS - T
() IR EAGRIEERG - ALl TR BRI R £
AT - EH - HAU AR AR ? #5515k B2 &
TFIB 3R EL b RABHEFF P 4 B RS R — (B 4 7=t (3) 1Y
RRIEERAY - PSR - BB ORI
FHRIVERET - FLITEREEER SRR Tk
WA REFST - ERHBRMIF ARG AES - BE L - SEewss
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REREEERER I ETRLEIERGE - FERBSELEE
AR AHERLIHYL - W% Yang & Shea (1994) « [T HEH
TR R BRI AN S 2R -

i~ Bl EeEeEtagRsg ?

7 b - R E R SRR - SR8 EEREERHR
1 L ATREN R B TAAE - BRI (ERMBIT e R &
Ry e o BEEHHNE S BB AR - i
TEiE S EEE L EE AN HERE : B AR AR SRR ERY
A KR AEH &k ? BURR  DIEERRERT S - BEEEER
a3 ~ b1 B b2 o - SRR EHEE AR - (EERHER B F
BMTLIFSER » BrT b2 LISt - a3 B bl 7R8I FEVHARERIA
- FitL  TREREIRN T RMEREARRER © @A RIBAE
meg B4 AKX AT A Sl o SEARENMEE S EEAENMNE
B At — e A TR Ehal 7 PRI R - SERRaRE
HFMRE AR ZRENNTE B2 - TR 2P ATERET
FECHIAE -

SEEMRERT A E S 48 4 - F LISP EESATRBNRHARBEIGS
RIR R (SRR b2 EEHEATRLE: - SEAEHEER - ARRORE (BRL
LERTEHRE) FrRIRNEE B ER - R - TEE AR
R (AR WA TR, B TR AR - FBRG - &
TS b e AR B PR A —RIFEEARRARTHLG - REPETEE
fErRAE T RAW L WERFUE (frontier) b o R ERAE
¥ BEAES - FTVENHENRDRA ERRIRA) - TEEFHE
SAHEEH (Algorithmic Information Theory) » #HHE (NEEFEHE
(Algorithmic Complexity)) A2 + F—fF (object) TEEREE BB AR
(Universal Turing Machine) B3 T R ANWEE (RAERREANK
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) - "IGERRAIES T BIERETORESANIAT L B A A S E L
A > REEAR  BRIERMEESS -SSR T 2 A% |

(Approximate Reasoning) » FIHEE ST LIRS - S - B8
e A ARSI SRR R e MR ARt - P ie o
BENAERTEBIERERE - 0ER o RoBOiiRL AL TRA
BT CATHAERER > MMM EH THBEEOBEN AR
OB (IR KRR EH RS-

Bt ER R T S REE R AIRE ? LSBT - B
PHRERERMFAE U - RAETHER b2 FFRim B EAER - B2 &
AEAMURERPHEEGNEERERE » R o3 Fratiiivstic B 24 - |
FREMLEZEWE I —ERIE - AR THERE, 2 DUSEE a3 TS
ERY SSE f)s B2 TIRERRHE , BUISTR > R R TR LY

TR | R BEEGE ) (overfitting) « FTERRETLE - SEER
AR AR - C RIS K RS » 0 BB AR
RAWF + CRIRBANER - RS o AR BB 5
LA AARE AR - ISR 2 T R IR IR 21
BRI EB LR S TET ) (0L - EEREE o ISR
—{REIEETERB (penalty function) - 7E H ATCELAR - & FATERRE
ERBCER T ERR G R L - AT - FE e B R B T A
BIREBAIEZTRE " B HHE | (Information Criterion) » #] AIC
(Akaike Information Criterion), BIC (Bayesian Information Criterion),
FIC (Fisher Information Criterion) - [t 4 » MDLP (Minimum
DescriptionLength Principle) tIEFfE NI NIEEALIHE - Ao e
FFHRIATHE T - $HEER AP R KA T AR5 - 41 Scolve
(1994) B2 Wei (1992) - {HIE/IMEARRIE I F A LA T ? Lauritzen
(1995){ELLBLEULIERIRE - BT TiEHEA0EHR ¢

No small sample results of any significance arc known to me. (p.26)
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BT /MEEZEREIN - BEERIDIL » RFHAREEIITRIERA
Pl FE I EUR AR AT - ARSI - JEE R EEGEE
ARIBZE A » F - TERURRIET SR - SRFHS AR AN TR
2<%, (in-sample) M4}, (out-of-sample) FIBCHELLEE - JREN - BH
BB R R R B R B AR BT - MREIE RS
SEPERLE THEREREHE - At TMETH SSE 1ME - i FETRRIAK
I » 211 SSPE (sum of squared prediction errors) tHFEMEKIS S « ARG
Koza (1992b) F 5% » BRI ERATERI RTER Y » BIBRAR A S
ARGV RGERGY « BARER - 2 KRBT - TEEANIE
¥ > S FACREABLAER - TERMNE D - #120FAYE R AT
SOFESFEANAIER - JREIEEZERE1963: 1 ] 1982: 4 - ZHH
FHE 1962: 1 E11981: 4 - TRAOBAHESREERNETH - REEHRE
1983: 1 £ 1992; 4 » EMERILE 1982: 1 £ 1991: 4 -

I £ REAT80A BRI AR IEERRFER - JIRR 9T - £
FOBEHESTE - RARMGIRITE IR - (RIS 488 SHOBE A
HEFRTSOTM BRI TSRS » HARYIFE 105 - & 1085
B IR (L T 100REF » AR SSE - BRI
TERIZER A SSPE - 1R8 SSE - {847 a4 AR EIRERTIERR
RPN - REEEAFINHIEA D F -

log (P) = log (M2) - log (GNP) + k (GNP, M2, IR) <
Hep

k (GNP, M2, IR) = sin (2.72 + (((ir + (ir + sin (-1.48))) *

(-1.48)) / ((4.33 + sin ((gnp - (sin (gnp | (m2 * m2)/

((m2 * (-1.48)) + gnp))} - gnp)) / (((sin (m2) /m2) * sin

(gnp)) - ((cos (m2) - (ir * (gnp +m2))) + m2)))) * m2)))
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9 SRR GEE T AREL (EB) ¢ 1963: 1 — 1982: 4

Model-1 28({E5]
B fdigtHE FRHEE t-{iFl p-fiE
Intercept 0.635123 | 0.28049390 2.264 0.0264
log (GNP) -1.036667 | 0.04699530 | -22.059 0.0001
log (M2) 1.003368 | 0.01539021 | 65.195 | 0.0001
log (IR) 0.078958 | 0.00686719 11.498 0.0001

SSE = 0.01667, SSPE = 0.07574, R? = 0.9984, F =0.9983, DW=10.72

10 © BXEEELE Gen = 100 B SSE &
SSPE (EE) : 1963: 1 — 1982: 4

T SSE SSPE
al 1.5999298828 | 1.7465597347
a2 1.6255382926 | 1.8543774187
a3 0.0717859184 | 2.1047432318
ad 0.0192405101 | 0.0672607563
a$ 0.0284926297 | 0.0831830847
bl 0.1670751781 | 3.0964667583
b2 0.9946509059 | 15.3993457101
b3 0.0821156711 | 0.2780130295
b4 03717427121 | 2.2893105894
b3 0.0861279756 | 0.0349934493

R 11 MR AR SO (RS (1)  1962: 1 — 1981: 4

Model-1 22843t
=R fEHEHE R t-{H -l
Intercept 4.479476 0.626638134 7.148 0.0001
log (GNP) -0.704005 0.08648681 -8.140 0.0001
log (M2) 0.608745 0.03811986 15.969 0.0001
log (IR) 0.325145 0.02979381 10.913 0.0001

SSE = 0.15509, SSPE = 0.70262, R* = 0.9899, R = 0.9895, DW =10.895
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TR (7) AR e RO HREE HER 3) iR
PERS D IUEATEGE F 1 20 EIEAAS 4 - B BRI
BANREET » FHR r EREEE0 - TH W Q) TEEE
BEMR—E "4 - NESELENTEEETR SRR
RIEGERFY TR (T) R REAEREE - RS RTES (7) sl
AHNA0ZEM A% TR » © WAL SR B R AL - ARk
ORI = » RITHILUER, - 51 (7) 89 SSPE £50.067 » Boigi:
RFN0.075 5 10 BT TR R T s
AI[FIRFRREL GP € OLS ¥ log (P) ITABIRRE - #LE 4 » FRI958
Il GP {E1983F LURIY40TEF » ¥ log (P) (9FEH] » HVY>2 — LAk
Y IE1ERE: OLS FafE: -

B BT EREER  Fh &K Diebold and Mariano (1995)
TRATEE S, MET & » FERRHEAREEGE REMEN T - # GP #
OLS FHHIFHERERE I TELURE (asympototic test) « B THETE S, #ist
BRI - B S TR %28 2 64T Box-Pierce X, 1§
JE ° KEFRIRREIERITUAEES (X)=6.227) » ZRENEEIANHHBEA G
37 AR BTFHELT S, e - IS S, = 10 » FTRAZE0.05 B —3R 24
BEMET - BRIHERFIEMEN - 71 GP AR EER TR EER
OLS -

FELL - SEERBAFRT HREAP & () W% EREEGE M2 89558
HE - FIL - ARGRT—EORER T - SAITLUECEE — s © &
BATERNELRGTH T » FEAGNTHER —BLHFH A
W BB F 7y dodo il o BEBEY (Rpd) HA BRI FER
($H) o CHRERE - REF MR BEey - LEFHo

MY BRI PR 7 Bkl b o 3 11885 1243
BIRARMERRELE R EAGRER - #8658 12 TSSE, —fh > B(IarL
AR AR P IR R AR a5 FTRRHBEEHETRY - H SSE 85
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0.056 - S MR ERRFREAUAY0.15509 5K - T ERYEEBI X RIFIFY AR
(@)

log (P) = log (((sin (sin (log. exp. log. exp. sin (m2) + sin. log.
exp. log. exp. sin (m2)) + sin (gnp)) * log (((log (m2) * gnp) * log. exp
(m2)) + exp (exp. log. exp. sin (m2) + (sin (sin (gnp + sin (m2)) + sin
(m2)) * log ({gnp +sin (m2)) *» m2) x log. exp. log. exp (m2)) + exp
(1.72 + sin (1.T2))) - (-1.69)) + (m2 / sin. log (log. exp. log. exp (m2) +

(((4.86 / log. exp (gnp + sin. sin (gnp + sin (m2)))) + ir) +ir)))) ®

% 12 | BRI Gen=100 B SSE K
SSPE (E##) : 1962 :1 — 1981: 4

PRt SSE SSPE
al 0.1924329652 7.4097310516
a2 0.5120331812 5.3415378651
a3 0.1634411429 0.7357428760
ad 0.7196925084 0.6155675044
ad 0.0567330853 1.0089169895
bl 0.6988117015 | 31.8570062237
b2 0.6229769314 3.7542788341
b3 2.8936244352 4.2058834105
b4 0.3024963573 0.9325835964
b5 0.3027790330 3.9627926138

FifE= (8) BRT—HEI SRR (6) ANEFRILIES - — -~ EffEtE
TE BRI - B EFHERRATER Q) AT RIUR M
ey - AT RS EE SR A EZERARER D - MR HRE
B - BRELZSL » ERAMUKEEET - IR — KRR R
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FRER, o U ME— LB EEHY AR b3 - fLEE b3 TSR E—EERE
g (712 9)) - R EIRE AR O) MIEEMIFTEAY m2 - T
A 1200 » WETLABHEN SSE B+ RiREE+ "5, 28T © A
DL - il - TEER s E RS EEERY o e E
B ERND -

log (Py=(gnp - 8.66) )
TSFATERE a5 FTRRAOBAETREEANE - B AERECHE 7 itk
1284 SSPE —Ri » M7 LLE 2SR a5 B AN AEFE R
SSPE f£1.008 » LEARMEEBHEAIG0.7026 55 E— 18 - P BT 5T
WEEMEZE - B ShEFLLE: GP 82 OLS 7ETEH] log (P) FAYZER -
ST[4EER M 1982 —FLIE + GP % log (P) MYTHEIELLIL OLS
MiE » —EEEENS% - EE198958 “FEI134E3  GP FEHE
KBS o H4) » Ffftsk Diebold BiMariano i S, EFTILURE
B 4 » Box-Pierce [ X &g E 6 MR IEE R VI A MHBEEE (X =
4.8799) » FTLIBRIEH RS » Sy 29 ° £F0.058—FREEAJHERT -
RPHERFIEEER - hEEHER (8) FrfisRnY GP HllZ 457! OLS
BOTEE - SEEEEREAR TR GER 8) BN - B8 HIR+X
PR PR N REMERSERR MEREERY - i H - HAREREAREE a3 -
H SSE fBF OLS » T B'EN SSPE B OLS AHzE 4% - ATLL » 3t T3k
i BYTE - SEEMAERRERNE T KT o Bk &4
MEAARERATEALEN TR T AER "M, AL TH
R-BEAFFEHOEY > CRMAHF A thdod o BEERE/RTH
HEBLHAFLOEHTERES o

AN

R AR B E A L R R R B R AR A S - FErt RS
o2 —EFHE FHIRAFE I - Eit - FEEMEEAMEESE - A3
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& BV G BER E A E L R SE RS — AR IR 7
TH - MEE@HEE - BfiER T aBsEEn EalEr -
HIEEGE - F LISP IBHARHAET S - EEFNEEmHEER
ERECTIR LT E I AR -

N
f\/\ /\f'\
| ! T
\m2) E

HFSERE R RA2 - fCREHEOMERETE - FERAEEEA
SHEEHRATA - ERMEFERBE R BT - T HEREET
K - MAEEENERT AR T - EaNEATE MK - Fikl -
BT SREREN T B ReE TR e B R LA R
BEBF)T - BA > BT ERAEPERERTEEEH PR R
SFF o AT EEER A R A R - E
it B TS WRTOERETREENR - W IERGELE|
EZTIHGELE - T BN RE A TTRE PR A B AR S REARE T -
H— WS - SRe e E RS - RSB T AR IR
MERIGRS - B AT AR SRR BIREASHE < B R AR AR EE
AMRFERYTTE] ©

ik H

1 FERTEEER TR S —EEAR TIF » aiE —(E5Egag
HEE - HRE T &SRR (data mining) - FHHEE » 7/&=
Charemza 5 Deadman (1992) » %5 «
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10

11

SE R A S RE BB R TR, o TR TEHE L B
EH - AR EEENER 5275 Davis (1978) -

LISP 5 F 75195631 1962 £ i B2 % McCarthy FiT8ll5E - E 5 Prolog
(programming in Logic) Fl@A TP R FEHRIEE = - W LISP
ROFRSR - 83 McCarthy (1981)

El5REFZ 34 - Rudolph (1994) EASEEHA » ZE/MA " EREFEZE 4 (elitist
election) BEETTH » FIZRAFR GA B ARG HHE—HTHES (Absorbing
States) it 22 ELEES - FRLL  TRREAEGRE - EFHGRER
A AR E 2RI - ERAERSEE LA HEHRE - F2H
Gelsema (1995) -

W A RS B ER R S R M B AR A AT
S BT S8ER TSRS - TR LIFHAR - Shapiro,
Prugel-Bennett and Rattray (1994) Z{EERT{ERIIISRR - e AT
R g 2 TS - RACHIeE SHEHEOEE A
REEENEE - 8N TN RERNSBENTEER -
R (BEHERR SRR H S TR E Y RIS 26 B —
r['i o

HRER— T - TTSE BT - MRHRRIEEK (1995) -
AR AT st - S Kolmogorov £25EE (Kolmogorov
Complexity) - 'ZREBEEFRAERD » REERMSE - Cover #
Thomas (1991) —&th » BILAHE FELE) M4 -

HRER - thiFS% Martin (1995) FYSTHR -

PSR 0 2 RS EIREEIT (1996) -

AT ETFETESE T2 (7) 3 log (P) MEFTTREN - RITREST
23t (7) 473800 M2 - GNP £ k E SRR TETRY - il - ]|
I8 M2 ~ GNP B & By E BETA (7) » 2KE log (P) HEFTTRA] -

{5 B2 44 B8 Hochberg-Tamhane HY# i (Hochberg and Tamhane (1987),
Table 7) * 7f al-a5 1 OLS AEEA —EBERER - HERAARE
EE (FEMKEE 0.05)
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12 {HEMET LTS @ BRI REE -

BEXH

BRfHEr - PRIHER - BEEEIE
1995 (ERBAUEALRIZN HRE N @ BENEWER) - (58
#i) 3:73-98 -
BRAET - BRI
1996 (HMBEBERNHEPYE  EEABENRRIE FER)
Working Paper Series No. 9604 » BUAKSBIGHER o
Angeline, P. J., G. M. Saunders and J, B. Pollack
1994 “An Evolutionary Algorithm that Construct Recurrent Neural
Networks,” 5(1): 54-65,
Charezma, W. W. and D. F. Deadman
1992 Nem New Directions in Econometric Practice: General to Specific
Modelling, Cointegration and Vector Autoregression. Edward Elgar.
Chen, Shu-Heng and Chia-Hsuan Yeh
1996a  “Toward a Computable Approach te the Efficient Market
Hypothesis:  An  Application of Genetic Programming,”
Forthcoming in Journal of Economic Dynamics and Control.
1996b “Bridging the Gap Between Nonlinearity Tests and the Difficient
Market Hypothesis by Genetic Programming,” in Proceedings of
the IEEE/IAFE 1996 Conference on Computational Intelligence
Jor Financial Engineering, 1IEEE Press (ISBN: 0-7803-3236-9),
pp.34-40,
1996¢  “Genetic Programming and the Efficient Market Hypothesis,” in J.
Koza et al. (eds.), Proceedings of the 1996 International

Conference on Genetic Programming. Cambridge: MIT Press.
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Chen, Shu-Heng, J. Duffy and C. H. Yeh
1996 “Genetic Programming in the Coordination Game with a Chaotic
Best-Response Function,” in P. Angeline, T. Back, and D. Fogel
(eds.), Preceeding of the Fifth Annual Conference on Evolutionary
Programming EP'96). Cambridge: MIT Press, MA.
Cover, T. M. and J. A. Thomas
1991 Elements of Information Theory. John Wiley and Sons.
Crevier, D.
1993  AI- The Tumultuous History of the Search for Artificial Intelligence.
BasicBooks.
Davis, M.
1978 What is a Computation ?” in L. A. Steen (ed.), Mathematics Today:
Twelve Informal Essays. Springer-Verlag.
Diebold, F. X. and R. S. Mariano
1995 “Comparing Predictive Accuracy," Journal of Business and
Economic Statistics 13(3): 253-264.
Dworman, G., S. O. Kimbrough and J. D. Laing
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(eds.), Proceedings of the 1996 International Conference on Genetic
Programming. Cambridge: MIT Press.
Fogel, L. J., A. J. Owens, and M. J. Walsh
1966 Artifical Intelligence through Simulated Evolution. John Wiley.
Gelsema, E. S.
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1992 “On Predictive Least Squares Principles,” The Annals of Statistics,
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Yang, Y and J. Shea
1994 “Money and Prices in Taiwan in the 1980s,” BEMERE R MIRE
e - B ¢ TR AR AT 0 -

W A

A ERERBENFEEN
Al FRZEM

E{HFE R TEREMEHE T, (random search algorighm) < BT f#
TR TN - B TS TRYFIRZEM] (search space) - iR
ERFAIZIZERTE R (programs) FT#R AR 22RT - SEEARERIER -
B2 LISP BT ERZER] - BT E THRER BRFCES A
HMERREGE  Bl— @R 2 — 4% LISP # - 55T RS
e MR EAE (P) 2 M2 HHFG 28 GNP S - BBuE=
£ G() >

165w M2
G (M2, GNP)=1.65 % (GNP) (A1)
MR G EEEEBUE AL LISP [ty S =37 (LISP-S expression)
RIEB =0T -
G = (% 1.65(% M2 GNP)) (A2)

HRE—F I G R LISP-S REHEAARE 7 @M 5 M (a
rooted, directed parse tree) AEFEI » BIET I HIEHANBIA. 119 -
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B Al

FLL » BE AR (A1), (A.2) B (A1) » BAPTETEL T RIS S0
SRR R ELISPRI BN ER BN » 8%
Stark (1989)) ©

MiiFiEL: LISP AT A2t R s MR Bt em - Em—
AERRERENER - HRNERR B8 ERA —{# LISP-S
FH - ERA —{EAHSIERY LISP fZeHR - Frll » NLEREHEREEAE
ST RIRAYEAER S Y - W I BIER GP S ERFHY— R -

H A2

{HE - TEETREER b - INEATERT LISP SRRA LAHER ATy
SRR o EIRER: - RFIVERERIEA T o AEA I -
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FJLAE R LISP BRI SEE00 - B SR ATanmBsss
EFAORREIA. 1R * BL9G - ST LI 2P IR TE LISP AWfrhiysasy
5 BB BHEES - LARS - B ENEEES TR
$E o W ETER 84 sin 8 cos » —HBE G B EE 4k
5) = Ll > LIBIA 2R/ REEMUEITS » LIRS 4=
TRZEEF » (BRAIF AR SR SIS Zos - NS sia
HZERF - AARA sin FEEL - B 0 SSEFTEERY RS T BEEREELL
"ERE ) PR - B2 —{EBSW sin B cos FEE NS ET
B - FTLL > MR E SR T - B (RELER) (hE
HATHERT » HIEFS I » BREKER A AT B R B 9144 5 8 (initial
function) - [T HEAYBREET R IS o408 B8R AT AR T 2R -
HAREFTEATEEERG - EA 11165 « 8IS 20T
— RGN RTEIS o IEARSF > B —1PE8 R SR 7T H-9.99519.99
ZHIFTAEV RN (ST RIS - BRI LIE
FRAFEBAEIETT A - BIA0 » 283 ERIEIMA kst - (B8

(% 23)= %mx&%ﬂ&éﬁzﬂstﬁcp » TR R PSP T A Y o

BRIk - EREER D » WEA.1HEY M2 B GNP o SBBERM T LA
AT (include) AN DVE AL TE © MIMEASCD » SRPIEREhy
BT GNP » M2 B IR o /A0 & chikpasgy - B AR ATAE B FF AR AR
i GP SR 2/ A% LISP 3 -

—#R LISP ffE R iiE SR CAWIRETR S - 1A ei sy
FTEREECHTALL AR - (PNE S (AT, - FIAYPELSUsE) B
LISP AT - FILIEMSURIRZ SR T (atom) « 5341 - HiME
—fEl LISP SEA R E - LA - hB R ReeL e
EREYTTIRILES LISP MHE— M HURBINARES - PIAIEA R
& EA SN LISP £ - SEHAY LISP B B A FREM ARSI s
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RS o BUADEESR - SEIRZERIMHES LISP AYER AL R BB H R H
SREEEES - HIFRERIL - HHEUBEEES N ETR I BERRS -

*

o R

GNP Riog

A2 FBEE

— H iy te & Bl e 2 O2n0e | GP SR ZEIEDHEE - K
MOEREIRA B - S BEEHRERFIYENE - DIASUR
Bl - BT BER AR > CRERER L (SSE) Bl »
TRENERFTERIRAU SRR G™:

G* = arg min SSE (G) G eQ(F,T)

Heh Q (F, T) BSEHEEORS F RAREEE(T F ATRT4RY LISP £y
£5 - B152 0 Q BUEFKZER - M

SSE (G)= Zn:(G(GNP,-, M2, IR, ,R)- P)*
i=1
H1 B,GNP, M2,, B IR, 53BIRFHEAA (in-sample) TFRYEE i {H
Rl - HhEEAS PGNP, M2,, B IR, SRR 1HR A IHBHE
¥ - 1 SSE (G) FREAT > HRFTILIBHSEASE R E ) iR
SRR - B3R SSE (G) IHEEIRE —E 712 RARRIIEAE -




248 (it @R BT RaER)

A3 =REE

fESRZEMEIHHRETHER - GP FrEMRE RSt —a
HRRERYIFERSHIRE - S s R — e
FIREAHEREARISIR R Q B BEE—EFETEM Ty, c Q) °
At BHHSEERCEMSRTH = EEAEETEAY - Al
RERBE T, MEE—FEFFIRS T2 T (Z,cQieN) -
HiE—EEE - BITTEES S ESHkR -

BT Z Mey R - TR R LIR EER - e LUk
RIS - ZEHRT - KB GP AY3UEE - F2efaRg i
HEEER - AR - HFTTZEMnREREAS00 GRB R E

ABEF 5) - LR + WS —ReE R EHAES REE—(Br500
1R LISP BFTARRAIRRAE - Misa BRI E e L2 irE R R
PSR P ERER -

HRBFUETEM 5, B - 3, BTZRRER Koza (1992a) Bt
SRAYAZ SL¥43¥: ("ramped half-and-half" generative method)FfEE4: - 5
EEMRAHE SN GP aURA A - AR REIERSZ 8 - 7R
B BEAYEREE - SEREA PR LISP BIsviRBIMANY BBE & s
RESE O BB AR — M - TSR AR A HAEW
ERTEFERIEFAN: - BN » AR —BHih 2 FEEE TR %
BHE M2 - BRAFETHY M2EASZARBEES - Ll —# LISP RiT4R5
K o {0 R BRIA R RENSRE T s Sy * « BIER *
BRBR T VR IR T~ (atom) FHE % » I » EMEEISHERRY
HREM - R EEY  FEEEEFEHEN 35 B RETH
EIM2 - FEERFN.35T M2 AR » FTOULES » SEARBHESER T
(EA.5) - {H2F5 —EFRTFHHEEE - QB EE + R
4 T H +DARERER T « KL - fEReaa a s - %
[BA.6FTRF RER L « FEISHRAYRZR - LISP B9 g T—HE
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REEFERRINBE—TE - EAR > LAUBIAA, ASELAGFTRAY LISP B
B HEESRZ1L,2,3 -

B A4 i A5
*
clS
Bl A.6

ERY > fEfEfiRfET - & AR (B LISP SiSRIEE) -
HANFRANARE RIT 2 2 EEY - ENRERNTT A L8R
B - B REBURRI (grow method) » FRIEEAS RS E—E
FIVERE K ARIRACEERBELAPRE E AR - TEERIEIT
ERINYRECRAE] K (EA{THERAIRSRE AT DA SRR - ALl
e BB BIER - EF A NER - N9 0 BRI TR
TRE - B » R4 4rh - IRBERSHEILESEILE « MHEERERS
HEMEICE - RILRRER GRS — R 12K - Fil - 3




250 in: o epp. watirc b T

“@E??ﬁ@iﬂ’ﬂﬁ$?ﬁm E LISP Bt R TREET K

B RUNERHEE L ﬂ%ﬁ&ﬁ?’%* FEABLRFREBRER S RACT TR
BIRTTRECTI AR EARER - LA RA] - Bk

@ﬁﬁ’%uge@mgiﬁmxﬁﬁio

BB RV ERRIN TR (full method) - SERETLREEK LISP My
HE—ERRFECTHRE K - EEIREE KR MR EeE
1E - BFUEHAIRRS] - ERRYRE/ S K - FrARR BRI A
Do RAERER ST EL - R - A E—EEEEE

%m@%&%roﬁ§u9ﬁ%ﬁﬁﬂxﬁwﬁﬁ%ﬁﬁﬁ%ﬁ=

FTARCRFRERTR AR IE—AR - FPEAEEE K BRIRBERE a4y
BV GRS ELE -

TELA_EPfutr I REGR R R - # LAV - R
EURIRSS /BRI BRI (B4R PE9[-9.99, 9.99]) %z
EEREEAIBIE - 14 - 5 R TS TR R - (b [
BRI - M1E Xy & 512 LISP KAV BB Ik 2 Mt R &
Hy -

ERFEHMER RS R R R L EERIMAEN S
AR - BA0RR - TEACSCPIRMHKER Koza - #GE 2,3.4.5.6 TIFRESK
TSR © MRS Xy BURRERES00 - FRLL - 7ER—(ERIE T - Fscis
BlI7ERY LISP S A RIEAITERY LISP 455 FB50IR GHEiiaZk 4) -

TERIRAZERE X, 1R o ERTEE TR TIER R ER X, A
EA -HHEEENZEMI(E,>X) REER Y, 2EL
To(Z) > Zy)  MRILEEHE - TEFPIE - AT —E Z,,, (1 20) B
2T B 3, PEFTHERY LISP BHET—(EELET (fitness)
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e - B R Wt RRMTEMERER T, R
T, - BR T4, T AR R ARRERRIREROM H SN
RIRHEETAR— o DIASCEE] » BIWERTHCARE] - RIS
—@ﬁdﬁaﬁ%zﬁﬁﬁ (SSE) B/ Nt - FLL - FEIF SRR EROARAE

» —{ER ERAEIBLE SSE GRS RELR 43R 5) - L 4£ 2,
E&Zﬁu » FPMESER S, TR LISP fifY SSE fEEHK - B TS

AR - A4 SSE, £ X, TEE  {EAEAY SSE -
TE SSE,(j =1,2,-+-500) PRER » EEHIE THEETHIFNE

500

mom {sse, ) 8L AR ERESE {p) 0 HF

0< p, 1Y) B X8 py =1 - EEHEHENEE X, 2 X, HEE
hyNERTENAS - ] LR R R TR E N TRer—
ERTBAEE - BRI TERTNRE R -

{p, F7 s34 e8I T LISP SO BRI

FEM— @SS - BHLEYTRY LISP Sl S - BMREE
BEEAIRERY (HRAE) - BBy LISPRITTS » RFIE T REMED

Yy - FETEREESAT - HRSEARAL {ssE, ) s

{ Py }SOO o FFAR » BeffE H Koza (1992a){E "Symbolic Regression” —
EiFRFR{ FERUEsgart - Bl

A

Pij=wo0 ~
Zf":l ay




252 (it GRS R A ERREER)

He g, = j=1,--,500.

1
1+SSE, ,’

FESR L > el SSE; ; TBRFIAEEME: (raw fitmess) - TIHE a,
5 13 3% B & P (adjusted fitness) @ iff p, BRLHES M

(normalized fitness) -

t{n}), — B BB TIRRES SR

1T %, RS - B =B BRI =g/ ETATES T » Bl Y ~ %
Bl R - 5 —EREE S B EA S ¥, Th—ERD - 58
ESTHEAILE BRI REER « et - TRFYs BRY S 4EELEIR D
HEBEEETTE R 109 (B504F LISP ) » R ECHEIE LA F 709 (EI300
B LISP &) » Z885EETH1553810% (SOFR LISP 1) » iAokl FHI10
Y6 EHPTRRAY THTAEAS ) (new birth) SEFETTICSE I » H74 BGLESE
TR "TRE  (immigrants) EHETT - EEEEHETHENS
@ MHEHMER - RRECHZEMTS - EBNILERE « &y - &
MIZRES: BRAERSF X, (1 2 0) g1 LISP SRR (diversity) » $5
EE A TR R R BRI &Y (premature convergence)

PAUT 3AFime sy B S S e En s E e A 0 EeiRey - &
FRERBGEIETT - AR £, DAY —MLISPRE E A EIHE H
B X o BB B—REBEEA Y, 5% AE LISPRS - 13528

Wt

H

500

TR RMAEAREEOREAR (o} - iR 3, o

R LISP 3 j #A —fEAHSBREAUREE p, HOB A ARSI IE A -
EEWVETTEESER CRE AR - DASRS > ENEEET
SOR » R — RN PRSI Y -
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HEBTEER - WA T —E LIEREZED - RECHLURREM
BB B O —REET - RESEFRARAR Z, PR

{p, J" B TRARE 55— JOREMEEE 1 LISP it

FTLAS — AR BE PR Se R AE WA { LISP f2K - SEMAR LISP RS
BR "M, I TE, - DANBSME - MRERRABEE
oo B—-IGERAURERTEA (A3)

p=3.18+ M2 (M2 * IR) (A.3)
88 —ZCRENAERE AEAAY)

p=0.86IR+1In

(A4)

MZ‘

RiERIRTENE R LISP X BA B2 FREA (AS5) K (A6) -
(+3.18(x (M2(* M2 IR)))) (A.5)
(+(* 0.86 IR) (Rlog(36 M2 GNP))) (A.6)
FHISERTAR LISP FE=UAR LISP S fENEA.7 -




254 ' (it orRiEA T R SR BRI )

A 7HARTRE LISP fHER AR - R IHE GP BT - HES
BRETSMEE F—R - RIEES TR L% ES
BRAGREH - BB ER L 8E % Br¥E (crossover point) « 5B BRETE
—#4 LISP & 35— HENEE - FEEANEMEAR - £8E2ky LISP i
B — 1S BEAO T (subtree) « SE{AHGREATEEHE ZRACES - LA
[EA. 7S5 - BERAESBNEE » FFHE E 7R MR - M
FEASEITE E T RS ACE - B AR FRHEIIEAL8
P o

ERRECRAIUE 2Ry - SRR TR R HEIE
B (B%ER1/2) ARGE RO ARRS (H BB ) BEHE - —25E(H
FERZRR - PSRRI 9B E LA AR B (SUHEEY)
HARACHCES - ALLAE 7RG - B 743859 LISP & 30H IOk g (FD
25 2,4,6,7) 0 BH=EEKSEL (N2 1,3,5) - FHEENERNUEFZHK
PSR ECRG » RIS 2,4,6,7 B45H VAR GRS 2 0B - 35A% )
B BRI SR FHRRBCRL RS AZ AR - RUERL,3, SHFErE | 3ROSR
ACBCES -
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— BT o A T —ESREEEE TR - BEET
— RV 2R e AR T E A AR i I M B A T iR
78 - DIBA.TEE) - 5384 LISP #i @ B3 MO H S, » TA:8R0E
SEITRLSHECRCES - FRRAZERS R ER3ATA G T8 (RIEA. 88970 T4
PRSI EES DL RAUNE > A BB ATRIERY T8 (HA8
oA T8 SRR Ao TR BB LU IALE - ZNIE TR AR R A
[BA IR -

@u ()

clch

)

GNP\

9

@A 9FHYMIEFRIFRAEIEN » BRI (A7) B (A8)

M2
=3.18+1 .
p=3.18+In e \ (A7)
p=0.86 IR+ M2 (M2 * GNP) (A.8)
TSR LISP =, - (R TTTER (A9) Bl (A.10) -
(+ 3.18 (Rlog (% M2 GNP))) {A.9)

(+(* 0.86 IR) (* M2 (* M2 IR)) (A.10)




256 (it erRl Rt B SR IrE R )

B RFIARSEERA TR - Q7R g E
BT BrETTEEERRAX (5B - KRS RRIVEEHEE GP FE B
EAHE SRR - Bt - B4 JAUGR Koza AYHeE R
RUEREE FIRERS 1T GRS R 4815 5) - (IRFEARCAYRERF - BT
—iRA - HPREEE1T - AU LU 209 A R — il
RN EREEERET > BTG EEA -

At —RAEAEFECSER - T— 2R RGE R R R
ERIHR LISP 18 - ;EMARAY LISP IEIMAZ] X, o« IR
W > AR R BEIFEI TR H EFIATECE - LIARSTRYS - HPYACEC
HIEL—HEATEAI0RME - AL EERBITRECISOR - &
g KRR OOR)) BB THETHY -

RS ity TAPER e - FeeTsest 3, i {p, ], 1

RTCREBEEIRAE £ — IR0 - AR - EIRA LT — SRR —EE
RUBSR G AR OB - A0 » LB RRR02 GHR AL 48L&
5) » B—RERAERMERy - WPNSIER B S iR gy A E
4 —(EEREEE BB A B BERE B - BHREEES - BRIMEIS
RREEEREH - Ko {+, —, *, 96} LB DAL —
SREHENE TURESIHET HHITER - B (sin, cos, exp, Rlog)
PR — B AT AR SR S T - TC RIS S T
R ER - EWRARE TR TERT LA AR B —EEET
F o EHRTHRIHIHEREREEAN AL HYEESE - TR F
— R EERER A ESRREN L2 ARBIIA
(mutually independent) - {58 BUEHAC R — 1% - S8 —EEETEIE
SEAEVECERR AL - TEARZL D SR IR AHETTS0K -
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LA ERAFRT RN S R EE TR EREN EEEFT -
PR T ¥, >0) 14508 LISP BfiWEL - fEE =fEEME T
oo AEEREFERS LR AL WK (premature
convergence) B » FHBA LEEIAIAGEIET - Hop o THTAR
53, (new birth) {2 —FEE FIYENET - AR - EEE
TC ¢ FrAEBENMEEEAREE &, o Z o FIHaTEATRRI RS
(grow method) FELAVERE AR HIR (FE4AH » th— EFREER1T) By
ROIE T @ BE—E 47, & - SEETEE "I, BRRERNESR
ZREHHEGETAR AR T, RArEmsR - [t FrelqE e
TEREE M T > BEERHAMENECEH - £ F - t—E#
RS0 (FEE A 48R 5) -

i LIRAVAEESETT - BEFT X4,X,2,, - R ERE
— A - WRE - ERERIE G BIMMFENEETE—E
m > {1 G eX (i 2m) - B MRFBFAEEFERAGIRR! - &
SHCRRETREAERR - Akl E4G0h » AIRESILI TRIEER
SHOEEI SRR - HE—EENE - IFFE G(G X)) H SSE(G)=
0 BEHRfR (Erres i AR - BEENE - E—EE By
ER AR BB ERRERR 100 (B RFE 48K §) -

Pl EERRMAEHEMARESASEFRERRA - HREWRERMm
5 EBEHEENE HEEIREN TR - [RINVEIE - A3CnVERIHAEE
R AR - TALL - SRR T HERE Koza (1992a) (RFRIEEEAE) 1E
EERES. - R LI T %5 H Al GP A2 HEQWERFR S
% @ Chen and Yeh (1996a, 1996b, 1996¢), Chen, Duffy and Yeh (1996),
Dworman, Kimbrough and Laing (1996) -
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M B

B R{EREERER
B.1 FEES100fCZRREAVERE © BEEDRI(1963: 1 — 1992: 4)

fHEE al
log(P)=sin(((gnp-(-9.67)}-m2)+sin.sin.sin(((m2-9.67)-sin.log
((((gnp-(-9.67))-m2)y+gnp)+(-0.77-((gnp-m2)+og(((m2-gnp)-m2)
-(-9.67)))))+cos.log((m2-(((m2-(-9.67))-m2)+sin((gnp-(-9.67))*-

9.67))) gnp)))

REE a2:
log(P)=((cos(-7:82*6.29)+sin(m2-gnp))*log(log(gnp*((m2-gnp)
+(gnp*(m2*exp(cos.cos(m2*6.29)))))+m2*(m2*exp.cos(6.29%*m2)))
)Y*exp.cos((log(cos(-7.82*-7.82)-m2)+(cos(-7.82%6. 29 ) sin(

6.29-gnp)))+m2)))

fR#E a3 :
log(P)=((m2-gnp)+(gnp/(((((gnp/((m2-gnp)-gnp))+anp)-(-0.56))+
((gnp-+(ir*(((sin(m2/gnp)+gnp)*sin(-9.54))-(sin(m2/((gnp*(-0.56-
£gnp))*(gnp/gnp)))tgnp))))*sin((ir/gnp)*(gnp-m2)))-(-9.54))))

BiE ad:
log(P)=((8.23-m2)/(m2/(-3.37)))
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fREE a5
log(P)=cos((gnp-cos(gnp-cos((gnp-cos(3.47/(m2/3.47)))/(gnp/
cos.cos((gnp-gnp)*+(3.47-(-4.25+m2)))))))+(3.47-(gnp+m2)))

fRfEE bl :
log(P)=(((m2-gnp)*+((-0.66-(((gnp-(({(-0.39-(-0.66))-(((((m2-
gnpyHm2-gnp))-(-0.39))+(-0.66/(-5.69)))-(-0.39)))/m2)-ir))*(-0.39))/
(-5.69)))/(-5.69)))~(-0.66-(-0.39)))

fREE b2

log(P)=((m2-gnp)~(3.77/(-7.43)))

fR&E b3 :
log(P)=(((exp6.80H({(((((exp(gnp)/(m2-9.63))-gnp)/((m2/log.exp{gnp
Ar)yHir*((((gnp/ir)*+(exp(m2)/(gnp-gnp)))/ir)/(m2-gnp)))))-m2)-
gnp)/mZ)+log(gnp)))+((((exp(m2)—gnp)/(mZ-gnp))/((m2/ir)4(exp(gnp)
Kexpm2-gnp))}+((m2-9.63)/(((((gnp-gnp)/A((ir/log({(m2-6.80)/(ir-mZ}))
*+(exp(gnp)/(m2-gnp))))-gnp)-gnp)+(exp(m2/ir)/(gnp-(gnp/ir))))))/
(exp(gnp)/(m2-9.63)))

g b4
log(P)=log(log((m2+m2)-log(m2/(5.62*(m2-gnp)) Y/ ((ir+((((5.62*(m2
-gnpNA(M2/m2)*(m2/(5.62*(ir-(((-0.64+m2)+m2)-log{(m2+ir)/(m2*
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5.62))NN)(M2/(m2-gnp)+log((ir(m2/m2))-m2)))*m2))-m2))*(m2
-gnp)))

et b5
log(P)=(((m2-+(-8.39))(m2+(((-9.22-((log(((log(m2)-9.36)/-6.19)/(gnp

-m2))/(gnp+(-8.39)))*gnp))+(-8.39))/gnp)))*log(log.log.exp(-9.22-((((
log.log(m2)-9.36)/m2)/((gnp/-6.19)/(m2+(-8.39))))*m2))-gnp))

B.2 TEFE100 KRB EEMER - ZEER (1962: 1 — 1991: 4)

1REE al:

log(P)={exp.sin.sin.sin.sin.exp.log(gnp)+2.83)

FRiEE a2

log(P)=({exp.sin.sin.sin.sin.sin.sin.sin.sin{6.73)/sin.sin.sin.sin.

sin.sin.sin(6.73))+sin.sin(gnp))

Rt a3
log(P)=log(m2*((-2.49-log(((m2-ir)*(((exp(cosm2-((m2-gnp)*((ir-3.86)/
(-2.49))))%(-2.49))-3.86)/ir))+log(((-2.49+3.86)-3.86)+log(((-2.49
+3.86)*(-2.49))+m2))))+H(m2-ir)))

TR ad:

log(P)=log({cos(gnp-ir)+ir)*(log({m2-cos((log(gnp-(-5.99/log((
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cos(m2)+ir)*(log(ir)*m2))))*m2)-5.76))-(cos(({gnp+(5.76-(cos(ir-m2)
+(5.76-(m2/sin(ir))))))/log(gnp))*ir)-(cos((ir-gnp)-m2)+ir))) *m2))

fEfE a5
log(P)=(log(((gnp+((log(((((-7.19-gnp)-((((m2-gnp)-(gnp+gnp))-gnp)*
ir))/gnp)-ir}-(m2*m2))+gnp)-log(((((gnp+gnp)-m2)-((m2-gnp)*
(((gnp+ir)y+ir)-(m2-m2))))/gnp)-ir)))+gnp)-(m2*m2))-exp.log sin.
log((m2-gnp)-(((m2-cos(m2-+(m2-(m2-m2))))-cos(m2-+(m2-(m2-(-4.25))

N)*((-4.25+((gnp+gnp)-(gnp*m2)))-(((m2-+iry+ir)-(m2-gnp))*m2)))))

Bt bl
log(P)=(((ir*ir)*(2.82-+(-2.66))*(((m2/ir)-(ir/(m2*(m2/ir))})-
({((m2/in)«((r*m2)/(((m2/ir}-((m2*(m2/ir))(m2*m2)))-(2.82/(
((m2/irH((m2/ir)-((ir+ir)/ir)) (ir*m2 )y *((m2/ir)-(((ir*4.83)
-(ir/(-2.66)))/(ir*ir)))))))¥'m2)})

fHEE b2

log(P)=log((log((ir*m2)/(5.33/((m2-log(gnp/(log(((gnp/gnp)/gnp)*m2)/
((log(ir*ir)-m2)-log((1.38/gnp)*log(m2)))))-log(5.33/(m2-5.78))
M*m2)/(5.33/(m2-5.33)))

gt b3

log(P)=(log.log.log.exp.log.exp(M2)*(log.log.log.exp.log.exp.exp.log(m2)
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(1.80*log(gnp))))

fH#E b4
log(P)=(((m2/gnp)/(gnp/m2))+(m2/4.33))

B bS:
log(P)=log((((gnp+log((gnp*((((gnp+5.75)-(m2+m2))+gnp)*((-4.83
+((gnp-m2)+log(m2)))+((((-4.83+gnp)-(m2+m2))+gnp)+log.exp
log(m2)))))+m2))-(m2+m2)y*(ir*(-4.83+((gnp-m2)+ir))))+m2)



(MERSHRFERREEA) BUER
cho el R LA SO SRR R ZER B (41) » FH263-287
FERscE9H - R - ik

it R =

% &
- g =

ERE AR BRI SRR PRSI -

FERT EFE T - (#/ Likert BRAYE 2R - H120 - EHM
TERE - SR EER TUARBFERESENR ) (EERR - #T
LR s R

TAEEEAFRE LA R IRE S EIETLE. 7.
RBJRPEL "THEEERE, - THE, ~ THER, - TAH
By - MR TIEEREE) M BN ERe R R R EAE
IEVRY - BRI gHRE - - BB REMEE -

LA Likert @RFTEAHORISER  KEMTLIL - WLUESFHS
Rt EaNHES - MEMENRESY - A EEE B AT
W% - (HEFTH R I - ARSI EAREE RV E © el GrydtavE
B (degree of consensus) » [ AHFEHYEL(r - BUETESRRS T AN A
Likert 2RFTESER - HEITGHNREREC LSRR - |

PR RRT LALRAHEREAFER > TRAPE B AL HRH
® EHA R EZ AR (B I NSC 85-2415-H-001-016) ©
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{AI3H ‘consensus’ ? 4 F LY HLET TAYE & © “Agreement in
opinion; the collective unanimous opinion of a number of persons.” Fff 21
‘consensus’ ASKE » EEE a8, - BERAENES - A
2 T AR, - |

AIHFERVEEREE » TER AR S A L F IR ? AHHFERY
AEREHIE - RS TRH BRI BORAE - BEREA O s 2
Ts' $EIR ) E R Tl RFES -

i) BEERCERBE - T BREMESREH T - e
AL MIRFEETRA S LR 0 FRRER L -

i) HEARSTOET PRORHER - LEIERYE - AR
eIk - FEREESY 0 -

i) IR INRIRE 8 - B - =02 M AR -
= TRIAFER RO SRS AE 0 B 1 2R

iv) HEERERIEEEE - STEEEREL  HEAREE ALK
wdl o BUA > B - fEE s AR B B B R E R
R - (88 T MEEGY ) AR RAMELRE - rTRERR L R R Y
ERBREE T SR - FTLALR A Rime/ VR0 - DU RERTIL S
B .
AR T A EEREFI s e THBRE 50  Filty

WEE 7l \Hﬁﬂﬁg » BBH] 57 0 DARHAAERISRAEE - (S TEEE
EIEAE

AL HAEINT - 5 BRI R BEAUACE - 7 H SR g
RO R Zﬁﬁ‘f? o B =HILIAE A4 (axiomatic approach)
FGRESIEAE < * e S A - S AR -



e TR 265

i~ HBHENEAE

FIN—EHES  WIESE - MR ERfRRE I8
2 ML ARRERAS - REHERAF -

(1)

i i 1l iv v

B C
i
‘ I
[ | I
i 11 i iv v i i il iv v
D ‘ E
:
| L
‘ L
j : I .
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I — RS RE B AREIHFT L I Se A MTR B T e » B -

RS B AN S AT HE SRR 28 BE4: + BI40 © Encaoua
Ed Jacquemin (1980) HY 7 %2 5 1 AT $5 BY (concentration index) FH 32 -

Fields 5 Fei (1978) BUFTRIIRAZE » LUR Esteban £ Ray (1994) 457

R {LISIR (polarization index) FF9REE - S IBMATHLY (E -

MRS I EERIEERS  SEELSRARBER -

H B R 2 H Kendall B2 Stuart (1963) » HB08 5 & F A 8454 36
B (17) =

ERTREENMBE TEER ) SRR A

RIET - CLHSEN K CRE T SRERE - NS SRR
'ERRERBR AT WER - 22 TREER 82
B RS - FTLUE R R A R R AR e B A
%ZF&% °

SET5AEAF Esteban €2 Ray (1994) 75353 B RORS L H5 A4S AR HE VBT 3 -

SN BRI 2 & Aczél (1966, p. 41) A5 Theorem 3° -

WeEEE (16) =L o 7RG -

MER S =WPey s 8 - BTarSss g8 -

Phdege 15 = MEREE DUMBRy B - BT ER TS THMS -

R IBTMFIRATHBA BN M - 3590 M8 s @A &

SERHUREE M DURARR s PO BES I A4HIR -

HERBEUYE 20 B - 8RR - SR - EEE ( 1979) - Theil

(1967) » Kendall Bt Stuart (1963) » LLE Gastwirth (1972) 253787 5454

G fEFITRAERR 189 ARF - T & IE AR RS 2700.5 »

LA GBS M fE -

2 1, Esteban B Ray (1994, pp. 837-40) ) Theorem 2’ Az FBHH -

B R 1B/ W U -
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2LEF

HREE - FEA - R
1979 {EERHEHIERE  FHSHARNSEABEEEE) - 2ib-
e = R AT HREET (22) -
Aczél, J.
1966 Lectures on Functional Equations and their Applications. New York
and London: Academic Press.
Encaoua, D. and A. Jacquemin
1980 “Degree of Monopoly, Indices of Concentration and Threat of
Entry,” International Economic Review 21: 87-105.
Esteban, J. and D. Ray
1994 “On the Measurement of Polarization,” Econometrica 62; 819-851.
Fields, G. S. and J. C. H. Fei
1978 “On Inequality Comparisons,” Econometrica 46: 303-316.
Foster, J.
1985 “Inequality Measurement,” in Fair Allocation, ed. by H. P. Young.
Providence: American Mathematical Society.
Gastwirth J. L.
1972 “The Estimation of the Lorenz Curve and Gini Index,” Review of
Economics and Statistics 54; 306-316.
Kendall M. G. and A. Stuart
1963 The Advanced Theory of Statistics. London: Charles Griffen and
Company.
Theil H.
1967 Economics and Information Theory. Chicago: Rand McNally and

Company.




(ﬁiﬁfﬂ%ﬁ‘!’iﬁ%ﬁ%ﬁfﬁﬁ) B
SRR AR R RITE AT E & (41) - H289-316
ERis6E9H - Bl » Xt

IR R L e A AT AT

& 4 AR OB o L

=

Tuljs

it ERIER TR E I A7 BLISHERENS  UEEHE
B - EEEE  MAEFHEEENE  MERRETERESREHN
—fEE T T H (Sudman and Bradburn, 1982) - {H:2 - 76l & RPEHE
chFFHEH RS » EZEAHE (concepts) » S EBSRRT T LUAIRARCES
5% (empirical indicators) » FIFYEREA A - FRUERLAR MEZEGH
B BRI E SR - WM SR FE Ry
(EFEEIREE (Schuman and Presser, 1981 © 1520 [|EHFEFEEY » 1995) < 55

*AEXAEAZSRGTHERGAARARMNEER ARG TERRERE
HE@EREE, (HH%5% NSCR1-0301-H-001-46-B1) 31 6 e A R A A X
B E X TP K o S E A G T EREET LACEEHEHRAFIT o &
So AR kT R B I | T A REAN ARG B HRS R
BT AEEOFREL - BRAMEE—PAORE ) ARRNEATERZE o
B ELPEHERRELZHRARXE AR EEES R » bt ¥
R E e 8 AR o 25 ke B HEUS RS AT R K R R
VABE J&AT ¥ AT 2 B R A o s & @ 5T R B0 T A0 8 A AT 4G
FH IR AR I N ERBERHLAR -

ST S VoF T FY T

M BRI Y A AR R R R




290 (TERSE R A NRAERERE)

5t 0 B AARIEEM R H SR RNR » TEERERhARER oIS » BAREy
FEAESERRLIE R - HERLeREE - T BREYTE
MELRARAIBME R R - HRELERBNFAERE 5 BES
RRETTEAE R -

THE AR - R g R A R [ B M A [
PR » WA 23 N R TP B A TS iR
FEIAHRER HFERRTE (Manton, Woodbury and Tolley, 1994) < $K7f » it ey
R B SH  E (fuzzy) » TIFREREE - 88804 - HL75 > 75—
HEANFEE T - ZEHRHRTRFE AR A, (total income) 2
0 ML ZRAEWRIE THEARTAE, o TR
DIk T BN FIERIE D | SRR - B e
R ZEIBREI S A TR, B TR A
STEREEN TER BTN NBE -

O » Bt SRR B SR E P TR - DL LAYSFSRIRE »
H LR ERRREE M E AR (Li, 1989) « £ ANGHFITIES
IDREE LR — (AT A H B SERIIRE - 65Ul LR TRl
SERERENESITE  UEEFEY REFER M iE
FE6OBRFT05R ] » (HiRkE N\ BB BRI AR » ShiE—(EH
EHBIERITBORMRE - T2 Eit ORISR  BAS
Rt — AT RIRERG AL IR R B R BB T G
B? , (EEUETEEOHE - 8352 EHEST®RY) - & T
BB NEKOSRIA L AN FENES ) B TR, S
REREFIE AL > BRIREA SIS e RN - IR Ak
VU » ASRAARSREARYRIBAT X FATFEEAE (corisp) AU
ROTITHHREY - SETREMEERE - AR - WY » B
FEHTATRERER -
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fEERamT - BRFIE AR TR - B rRERIEeY
Fi o WG — T AT R B e & A - fEnt
B AR IR AR AT NE RS AU TR - AL RS
ANJEIRM SR REME R T T - ST TR R B R
(the fuzzy logic model of beliefs) - B EIIER » FoR{E A BFE
ERFEIEE EWEEERE - Fll B EEAR (Boole) HEz(EE
AR - MERT AR BB HE=FEER - A>B A<
B A~ B - (HARBHEZEERN - RENHEHNEL - KR
HRRWEEBAENEE - FERETSEESFAEE - 405
o BHAEMES BRIt E B T e - BESENE
YIRS RERRE - BN HAREEBNE RAREE » ALLERER
FRERENY - VA HAMRERMEIEREE - DUES AR S EaEs
ERAEFAE T EAT T 68 (utility function) -

BT N EERRAI T R ASE T B RIRE - AR RSB ER
MRt AP AR A EIARERGE - AN EITRI T
ERES QSIS - SRS ERIERE T - RIS
EEZGRE - HEERENRNERHE RS AT - SRR AR
HTBHFRZCMRE - SEEEGERYHZ SRR -

PR T MBI E - (BT Ui - S
EFLAGAF - HRBANS M SRS - T &
B (fuzzy set theory) WU BHRFE » TEMNEMEEFAYOTRERRLT - BEML
HRERRATRERR - {5 FERORRERESIOHIRE - T RS U
AET - TR - B MERIER SRR - PRI
BHIEAIR - FHEGIRRIE - LM T AT E s — s
BUEREA - LR GEEM N AE - A EEBRERE T2 % Klir & Folger
(1988), Li (1989), Zimmrmann (1991) B Manton, Woodbury and Tolley
(1994) o




292 {HErElE R 5B RArER)

A~ BONLE R B

B - BFMEAE R ESSE S i SR SR LOER - B
AL IR SRR - TR IR KR A L
A. Zadeh (1965) ATitHHEVIISE G HEGR - BIFYEI EEIRES AT E
TLE M (McNeill and Fredberger, 1993) < Zadeh [ SiBE80SE a0y
TREFh (set theory) FIIA BHMERTR A A EIAEN BRI M BB -
FEEMESHERT B x B A BEFHT-0E - HixeA iz &
BREWE - Fxe A HIxRE A E500sE  AREAIR—#
B HeWBEARURERRHAE - (AESHZR T -THEENEE -
B X FIREFFERY A B 4 WERET » T RBITEh 2L » ie—
TEHIRE LR M -

TR SR SRR (AR S A N SBEH
B (membership function) R L RBHWARIBIR G - W TR EINE R
BFRIHER - Mt @RS - AR RS ki,
PRFT B RESE HAS T M — AR (S TR - 3 ATRERR A AR
AR SRR, FIROAERAME: - b4 RN EMREE e EA
IR E - RS FEURENS - D/ASIFREEN " Hmb
7 LIRS - DU AP E AR e s R S B B
;g

TR S T LGS AR o YRR IR
BNER R BB B — R A E B — A R TS5
B - BRI - SR TR SRR R S -+ S AT
BRI HAEHNT 8B A R X3 (&) Cr—Ems
WIT 4 GRS HATZ SR e AT TREZN) - A K5
BETLL 1y FT 0 THEIE 1 4 X (0,11 AUSITERIGR It 1,
BOTERME T X FEGTTHE x S5 A BRI T SRR « 1, (o) [
BTN » F7 x SRBH A ORREERTE « 1 4 (0) BOIBHEER 0 7
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x BB A BREERME - MR [0,1] RYEEL - AIAMERC AMFIE
Weatim < BYIRL -

TEBUSER S TRITCR » WRENAEMBNESES - flan - T FE
A E-FE SR EAEER ) MR [ERERI IR B
IS - MIEKISRATESR » WRUEmH— {2055 AE 9096
ROEEEE ; » EIE—(E60mRA MEREI AT "3006HFEE | - TERURIS
B BBERRIER 051 1 - I - FHERE S - (LT TERER
REEARTREMEST - M EESR R AEREFTER T HEA
RUBLE - MRIRSATEIFEE  FTRERAMSE - HTHRRHRE -

TERE SR AR\ BRI D I HRIE SRR EREVIRIER
15 - BEAFISTARRLS . LEEBRENTRIAHEEN: - TS
& MERARERR B MR AMRRIHIRE ST - ERIERE A P (BRI R 14
FREgs AT ISR BRI 1 - MR SRR
WETH -

2.1 FRAFER By

RN /T RPN BRI EE R E
AEE

FE2L QM) BHEHEEh R LAAHENESEEHEESE
£ (normal set representation) < 5 R B TFEZ —FKIKERM {Aa( co)|

weQ,ae(0,)} EHTFIMNE : () B 0 cQ.{4,(0)|ac(0,D)}
8 x, % X(0) GIERESRS - i) HHTEN ac (0.1)  BE 4,
M A B usBi- I - (1 B o- REE: B RU {—oo,4+00)
FHIREREE o— ({8 (Borel o algebra) ; LERBAERSFTEY a <

O.HRweQd ﬁa(aj)dgiana(a)) ; A_adgsup A (o) o BIFEHR &
X:Q - O(R) BEENEEHE B (fuzzy random variable) -




294 (P RUBE B RIREER )

ARTE A AR B S B B 2 - DM E R MIRES B R
5 - [LRRER AL LGB SREENSE - i RIRMIRER
B - EHIRET B R OB LRSS ARl EE T
2 & Kwakernaak (1978) - Kruse & Meyer (1987) - Z& Maton,
Woodbury & Tolley (1994) -

2.2 IR R E

BRI R e MR RARERO RS - L5 - BRI M
BTERETEEZEN - BREHRE THESYEREESE, - &
1M AR PSSR AEN S ER SR EST » [hRHERR
TEFENAEAREEE S TS R BERE -

Casals et al. (1986, 1989) & LIS AR B ERIETH
Hist SRR TE + Saade & Schwarzlander (1990) $1#HES&#H (hybrid
data) FEHIRMIEEHRE 5 Miyamoto (1990: 240) H162 5 B R
FE - BT IR F R BT BRI E R B T T
Mo MBS TERTRFERES TS - 10 T A T AR
% BRRHEE - FETRRE AR IR EE M - BT
MEEMENMEE BRI SR - H #AEEEMNER L - K Casals ef al.
(1986, 1989) » Saade & Schwarzlander (1990) » F% E FF{FREEHLAY
ZERE AR ER T R A ERGR R SE -

Watanabe & Imaizumi (1993) #§ Neyman & Pearson 5% 17145 HiL{E
ARSI ¢ £RH T LS R RS T E (the fuzzy statistical
test) > [MTFA L 77 AR € AITSHOHER IS SR th R AERIEY - =80 - 18
IR F EMIE S A M SR SE - KROTRERAAA
HvE SR -



Bk SRR R 295

2 ~ BBt At o b

RHELRIRE T E S B SR B, - AR IRGYR e
5 © Sugeno (1977) R E FBRIEAEEE BT » RIFTRHIREN] - f
A RERE T — AR PN - thEliEiR - PR RR R B
— R R TR - H LS -

3H I P BB AT (A R A AT R IR R B 55

(1) NI BE ST AATEr R R ERE - R T R
FFE -

) BEEFARRTE R - ERENEERENAR -

(3) B T R LR R SRR RO R I AT ERSIR S AR BB Ry
R

TLVEHIE R AR S - B TR AP Ry AR
B 5 o BILFLEFES AL BRI - AIRME B S
S - A AR A AT AR AR TR R A PR
ST ELERET -

3.1 AR ET

— i ATE B B S P R B TTRERE A VB HEF THERR - BIAT > —{BlIR
SRR - FESETAIRAE & - #ATHER TURRAYRR - FRLLE
BRI BORERS R - DAEREERRATRAIIE - BAETE
RS R 7 AR SEEL MR AR REIAGE
fratam - (AR ARANEFHFREEARR > MABAEFRIVEE
[ - TERFRE—LRPESME T BRI E R

EEL P F=(a,b) BEAEEER =120 0 B
AR - AR {F} BYHIEAEME R (the expected fuzzy interval) BT
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R FE ARG T B ERIER] - =2 SR
S (a,b) &1+ a = Z“' RERIME) - b= be (BB AAE) -
FH32 WA {F) 51 EME R T 4 B (average of the

expected fuzzy interval) &S uF = a ; b

EH3II. BA {F) S8 M P A8 (median of the fuzzy
interval) FE & ES mediany = (mym,) *» HF m, 5 {a,-} AT+ m,
5 {5} ByrPfrBy -

EFEIA HE {E} SRR RS (mode of the fuzzy interval)
SEFRF modep = (my,my) * Eimm 2 {q,} 0958 - my & {b}
B

T3S (EBIHER) A {F) BB SERTERS Rank(E)

< Rank(F;) » IR a’;b‘ siaf;bf o a';b" =aj;bj BF o FoM
& Rank(F) = Rank(F,) > Bl F, #8 F, FERAHFF (tie) -

3.2 MRS RAER
Tt EFET AR EIFEEEREEANES  aT
AR A2 2R BT R EWE SR - BRI =
TFEIERIARH AR > DUERENILALLER - Bl BEERTRER
BTG () {REH S R TR R S TR GRAG
—EEEERIEE)

ZORAZEHEEE—EREE ST - IR -
PRERT S -HER
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FEBRAnE S GnESE) RRHEENLEEZREHT? GBia
—{EHEE])

IEHRIRIREER R AR E — (& R EI B = IR -

A EF a2 iR R ISR e - &
PREMEERNTRE - FRIEERERZAARE e IFR R
K B - PIUIRTE T HAEEER AR REERERZ , 0 M
BR A LR

REES] - S Y
R R e e
TTEIIAIE RS - SBR[ AT ORTS - BT HDE
WA A BB - MRS USSR R - HEVE AR
CRMBATERRTIE  ERR RS

EORTZIEE __  RER LEITRSZHE (M) bt
RIESZn[EeR i BRRAaREE_ /i - RInsEE
AR AR E - AR RER SR - TRFTFA5 8
ML SR ERE C REEME - SREA - 0

i 1|2]3]4]s R EE

RS A YERL A g 0.6 | 0.4 Rz

Lk 1{2i3|[4]s5 BHEIRZEE
g Rl g b 02]0.38 B IRE

EFiR 1213 ]4fs IR
BEEIERRTRE |05 0.5 | HRIRZEEARRERZ




298 (SRS B AERRERR)

LT - Bl AR RS RERTERGER I AR
B AR R - HohEplfse—£= Ty Rttt
ATt @R FERT 1992486 H AREHSAHIRES » SHRM100IA SIS
Wil (RS EILTHAIE) SRR - Fritdy " ElitgRaE, i
FLFAMGHETER - HPHSDEBNEHER - HINRE
9896  ERFRAFEIY » B LAR AT R R B S A b (21993
£+ DABCARMTRR IR AL AT e 16 71 By SR B P B A B RS AR
# o S62RIRFIET - AT TRATIAS  FHHEBEIRCEY
889 o

33 B
HPIrsE—

MIRE © fEAAILHE  —ENOZE FARENEFEECEEES
L2 EIEBRANES  BFER K- 7%)

#3-158 THENEH G R, ERETNEAESNER - 2
"B, TR REREEERIEENY L - TRES BN s
WRERE TR THEEME ) T BRI R AT
Vo FERREE TR S e -

# 3-1 ' AN B EELET RNEL

T~ [ s[w[isfz2o0] 25] 30353840 [4s]s0]5s5] 6o 70] 50
e | ts| af2] o] 25| 7 1qus| 1| 1] 2| 111

PR |10|20]|25})30]| 35| 40]45]|50| 55|60 70| 80 |L00]200
(K80 1] s) 2117 3] 25| 417 2112 4] 21 3] 1

W |ol1s] 1720 24§ 2s5)27|30]35]|37]38]40] 45] s0] 55
e | o] 1] v 4] 1l s 1|ar| e] 1| 2] 8| 6] 23] 1
reim {60 | 70 | 75 | 90 [100] 1501

(ZRED 2 1 1 1 1

(BT
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HEBAERRE

1 I 5 13 20
”(")__1[310 (x)+ 1[1015](")"‘ 1[1520]():)+—I[2025](x)+—1[2530](x)
28 32 25 23 20
1[3035 (x)+o= 08 [35,40](x)+§-’[40,45](x)+§][4s,so](x)+§I[so,55](")

8 8 5 5
1[5560](") +_[[6065](x) +"‘1[5570](3’5) t e 1[70 75 (X) + "'1[7530](")

3 3 3 3 1
*9s I[s085)(x) + o8 {[85.50) (%) + o8 T150,95) (%) + ‘g‘gl[gs,mu] (x)+ o8 I1150200)(¥)

Hd L) B 15 E B (ndicator function) + E1 f 1(x)=

1 if xefc.d];
0 if x¢[c.d].

=
b
3

=
()

B o B Y 3

=
—_

A (N Wil
15 25 35 45 35 65 75 85 95 105
T

B 3-1 A iEESRBERE
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7 3-2 BIRBIEM RN ER T A R I HE S -

(it ErREE T BT R IR )

32 T4 TR KA R

Ko (A TT) BB A
8--10 1 0.01
10--15 1 0.01
15--20 5 0.05
20--25 13 0.13
25-30 20 0.20
30--35 28 0.29
3540 32 0.33
40--45 25 0.26
45--50 23 0.24
50--55 20 0.20
55--60 19 0.19
60--65 8 0.08
65--70 8 0.08
70--75 5 0.05
75--80 5 0.05
80--85 3 0.03
85--90 3 0.03
90--95 3 0.03

95-100 3 0.03
150--200 1 0.01

DA TAEEEE, RS EEER TATRER ) AR -

B R BATTLIN A S B EERIEE S (e BAVRET - #1
73 ° 35,0000 TARERR ) MRS - BARSHEBE - 2R
ZERBH EFFRNR - R 33 BTSSR A TR

RAg—LLE -




TR TN Fn ek iy i) 30t

% 3-3 - AT R TR R LR

A |wF =409 |F=(35.1,46.7) |mediang =(30,40) |modef = (30,40)

g [x =399 |s=18.2 median =35 mode = 30

HBIRAE=
[EIRE ° EEA g T — ARG ERR SV FNRE S5 ?

%345 TAEtEHE RN, ERFALEEMGIEN - Ho
FERR, - TR, B RREERN L - TARES LR
BIRBURTER . THEEMH ) B RIEEMERZE ST R
F o B R BiRsTER o RARGREEENER -

34 AR BAEBFEFRVEL

TR ol 121 14]15)16] 18]21
(R ) 51 36 | 18 3] 34 1 1

LR 12 14|16 1820211221241 25
g | 4| 2|47 |22 8| 1] 8] 4| 2

wmem |12 1] 15]16] 18] 21
e | 18 8 415 | 11 1

R 3-SRINRIRBE R B EAE TSR -
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7% 3-5 - BAHEERAEEE

BH TR R B HH E H B
9 5 0.05
10 5 0.05
1 5 0.05
12 41 0.42
13 37 0.38
14 55 0.56
15 56 0.57
16 90 0.92
17 43 0.4
18 44 0.45
19 22 0.22
20 22 0.22
21 15 0.15
22 14 0.14
23 6 0.06
24 6 0.06
25 2 0.02

DL TAESHEE MRS B T BAKEER B - 1
MRS

u(x)-;ilg(msfm(xw 111(x)+ a0+ 2 Ila(x)+ 114(x)+ ©1s(x)

90 l
98 Ilﬁ(x)+ ]17(x)+ 118(-")"‘ Ilg(x)+9§ ]20(x)+ 12](x)+—122(x)

6
g]ﬂ(x) + - 124(x) + 125(x)

FA 1 (x) PRI H 1 (x) = {(1) i x=c;

ifxzc.
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17 —_—
0.8
%D.ﬁ - R
[ I
E-U.d ‘
_ 0.2} | | TTF
| 0 "I_I'_"II—TI!‘\ dl ;__M‘I‘l”ﬂlﬂmm
9 1011 1213141516 17181920 21 22232425
F i

B32 BAMEERSEEE
l6EEEHA T BANEER | BETS  BEEESEE - 2R
4R R A TS E AR - 5 - 6iS R A A
B L - |

£ 3-6  fRBIET MBS L

AR (=157 |F=03.8,17.6) |median; =(14,16) |modep = (12,16)

g |x=153 |s=1.9 median =16 mode = 16

EHIHE=
RORE © 7EBMRAiE e — (A R S BB 750

37 TOBMEITERED , FEREMEREHNEY - Hd

CERR, TR EIREMEM AR L - T ARERSBIILASRRE

WRBMETER . "HETE ) B BEERERZSECIEHETE
F o ARSI KB - RiRERERERER -




304 (FErRlE B RmaE )
z 37 AL EREFRNES:
FRR 9ot 12| 1516 18] 21
(BN 1 5 37 19 3 31 1 1
il 9 12 11416 | 18] 20} 22124 25
(%) 1 4 3147 2 9 8 4 2
FEEMHE 9 12 14 15 16 18 21
(R 1 19 10 5| 56 6 1
HEBERES
u(x)——lﬁ(x)+ I-;(x)+ ls(x)+ lg(x)+ Im(x)+ 142(x)+ ],2(3:)
;:Iu(x)+' L (x)+ ﬁs(x)+ ﬂe(x)+'4157(1)+ ﬁs(x)+ ﬁg(x)
98 Iza(x)+ Izl(x)+ Izz(x)+ 6 123(x)+ 124(x)+ 2 125(:1:)
1
0.8+
iy 6
&
Foar
H H L
;Lmem\r\|\!1\1mmmmm

678 910111213141516171819202122232425
£

[ 3-3 ZAEHEFFIREBEHEE
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7 3-8 T AT FRIVEREARK

BHEER BB o A
6 1 0.01
7 1 0.01
8 1 0.01
9 6 0.6
10 5 0.5
11 5 0.5
12 42 0.43
13 38 0.39
14 57 0.58
15 57 0.58
16 88 0.90
17 - 41 0.42
18 42 043
19 22 0.22
20 22 0.22
21 14 0.14
22 14 0.14
23 6 0.06
24 6 0.06
25 2 0.02

305

7% 3-8RI R IR RS TSRO, - DL TAREHRE

WEFBAEHN ' WEBEFER | (URBE -

16 T EHH IR, MHISEMS - RARSNEE  ER
HRREBLAEMFERZNBEEER - & 3-SR E RN E

AR TR -
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& 3-9 BRI B TS R LB

s |ur=156 |F=013.7,17.5) |medians =(14,16) [moder = (12,16)

g atE  |x=15.1 |s=1.9 median =16 mode = 16

=gt

FH DR &8N /8 A SR A IR (R A B BB
RIRRARRTENA » B - FEAER AU Ereh 2 — (A s E T A AR
#E ° Russel et al. (1978) 5 TR BRI B AFRZER; » Stk
—E T A R R E R R - R s R
H UCLA BB - Tk Hays & DiMatteo (1987) ARZ MM
Ji¥k - B UCLA B » iyt /\RBRET T ULS-8 B B -
HFErPSt IR B RS IE IR - IERAZE/RI8 UCLA Bl RS i
EEENRGART R QR T S SRS -
Wik - BREMEEESEREESE -

ARG A IE AR 50 SRR EEH
BERRGHIEER] « WAL EEME N - SER LTI A
IBEEER VAR < B - T TENIEE - B BT B 7y
HRERRA R » 2 3- 1 ORI A I R R B T
*_{l, o

1% 3-10 » B MBEI A RREE » 2FBRBERY
B o (LR E AR BB LR A E RN - AR
BEI—RITAIER - WREMNTEHNRESIER - WE% - Bk
TR MR B A RS (E I -
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7= 3-10 : (SR HERE MBS RET R
BEBR - IR
BENBRZEE & 8
1 2 3 4 5
b A TERL IR A AR 96 132 152 76 41 497
(E4H) (19.3) | (26.6) | (30.6) | (15.3) (8.2) (100)
2. RiB4qkEEE 150 141 113 60 33 497
30.2) | @84 | (27 | g2.n (6.6) (100)
3. MEEE E B R 67 118 142 102 68 497
(13.5) { @371 | 8.6 | (20.5) | (13.7y | (100)
4. ERTATE JEFr B 109 119 139 65 65 497
(21,9 | 3.9 | 8.0) | (13.1) | (13.5) | (100)
5. {588 o 3 U 149 173 114 46 15 497
30.0) | (34.8) | (22.9) (9.3) (3.0) (100)
6. 1878 AR ERRE 92 127 153 76 49 497
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(28.8) | 26.6) | (21.9) | (13.1) (9.7) (100)
3. RS TERMEMNE 132 107 158 55 45 497
(26.6) | (21.5) | (31.8) | (LD 9.1 (100)
& 3t 938 1049 1080 545 364 3976
(23.6) | 26.4) | (27.2) | (3.7 (9.1) (100)
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. iR R Ek 236.91 | 115.82 ] 75.49 | 38.33 | 30.41 | 496.96
(E4) (47.7) [ (23.3) | (15.2) | (7.7 | (6.1} (100)
2. WEBLEMEEZEE | 26098 | 117.72 | 6572 | 31.40 | 21.15 | 496.96
(52.5) | (23.7) | (13.2) | 6.3y [ (4.3) (100)
3. EEEEEHBRER | 21921 | 12020 | 83.70 | 46.54 | 27.30 | 496.96
44.1) | @42 | e8) | v | 5.9 (100)
4. HAlFRERIER R | 35436 | 115.52 | 68.35 | 2920 | 29.53 | 496.96
GrLy | @3] (38| 9| .9 (100)
5. 7EM B8 A 261.76 | 120.68 | 76.34 | 24.68 [ 13.52 | 496.96
2 | @4 sy | ol @n (100)
6. WHARIERMER | 226.84 | 118.84 | 72.67 | 47.68 | 3003 | 496.96
(45.6) | 239 ) 46| 96| 6.2 (100)
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w(x) = 0.05 x £;(x) +0.23x L(x) +0.15x I;(x) +0.07 x I; (x) +0.05 x [5(x)

BMETE A TR EERERLE:

EF 3.6 IR E EFSTEC 0 SFDL (fuzzy distribution of
loneliness for single item) + SEE LIRS REE] - 7 mBREEZEELZ
EmER p HEMEERRTD B EEEEE ) SRIRER
- BTSN I, ER

Z J=> Jpy| % py
ISFL:_(Z 1/ kjl ’ J‘) 3.1)

H k BREZEESRT - 5, TRFHOMEE -

2 (3. o A EES ERR Y » B RIATRH
AR5 - BURRURS R R TR » BN LRSS
] - |

LT PSRRI » SR79E 263 600 BHEM B SO A
o - BRI SEHRERG (m=5) ;

| E R AESE - LB R @)\ﬁﬁ%i@ﬁmﬁﬁtt%
(0,0,0,0,1) » BT IARA L BZIZERHEWRSE 51 » Iy =

2. EHAGRIRY (BRI SE  AARKEREZESULR
(0:0319050) ﬁﬁﬂﬁﬁt%ﬁt%%ﬁgﬁﬁﬂﬁﬁA I—BJ ISFL
0.6 -

3 ERASBEAELE i EAREERBREZASILER
(0.5,0,0,0,0.5) » REZREARHRMI  ARRLERR > MR
A AERIES T0.511+0.5Ts | - BEREER 4(=3+1) I =08
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4 ERERBZEEYESMEE > fIU: HEERBTEHOLS
(0.2,0.2,02,02,0.2) » I EEA & BB S ©0.211+0.21),0.213+
0.214+0.215 | FEZTEFEES 3.48 (3+0.45) » gy =696

T 3.7, B FDL BHEMRERE RN - & n BIEHRISE
B AR ORI Iy, B8

m |, m
lo—n 1 mo ZJ-:ljﬁZj:lfprj = Py
== ipy+ . N G2
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m . m
1 YIRS ¥
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x pl]’

m . n m . .
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THEIEE 0.5 047 | 051 | 048 | 046 | 051 | 049 | 047

R TR B RBUR0.49

3.4 #ERM

EHE O HERSAEAEHERTREIME - ERETE LIRPER
OISk (central tendency) « —f AR BISE B RAEILETH
RS - ABF—F B9 > £ 3-3 ~ 3-6 ~ 39 1 FFILARET &
B A DMCSRR A Sz — — BB Az - R 2K
AR SR R S RAIER -

TEEFHHET T - THEETERERFR - FREOGRRER
B o (EfEEMIE T BT R RTER  F/SLIERE
SR GRS MHEEEIR SRR (M ERRE T
HES - B—7HHE B EENRE—ZHENS - HIREREE
TN EREI A E B R SR EIRTETE R BB RS
ek » RIS RTRE R AY R » S EIEA KR EERIMHER M - FrDL
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WSNERIRERE - $ESEBRINIHETS » FRTEAE—
A TREMEHAEATE » HE SRR Rl SRS - 2
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TEAERT B R R S AR FAIRFSEH (Costas et al., 1994) « T4
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FEAE BRI —RYIRATE » IE S o 5 O 2 S S 2 s iR,
FOFEA] (Manton, Woodbury and Tolley, 1994) - SER7E [ S HEHasAT—
R B ZAURET » USHIEBREE AR (Hesketh et al., 1988; Costas
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TERFIR TR S | BESER TS R RSB A 2T FE A — R A
EHEHEAREAR S - 3 0 SRR FT R I kA R B i
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PRBEETE - FEET R TEE AR - BERE BB
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BREEEHR © S AT T FURHR AR — B R TR -
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REEIRS - HSERH ErRLEREATT AT - BRI S AR | 751y
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CABE R E T (Center
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Research) 42

"33 | (disturbance) 36
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T % % #ic¥ | (sibling pairs) 33
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TE 24 (factor analysis)
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35 -‘
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T g A | (Probit Model)
40
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F$54% | (indicators) 36
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27
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errors) 37

TZgHa R, (Ordered
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T# 4 (construct) 55
M32 41k, (standardization) 38
T 75 838 , (latent variable)
36
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"M £ | (selection bias)
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Bentler Psychological Inventory
(BPI) 160
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confirmatory factor-analytic
(CFA) approach 6

covariance structure analysis
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D
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- Donner 143
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G

generalized gamma distribution,
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Goldberger 27

H

Hauser 27,28
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LISREL 27
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maximum likelihood estimatores
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NLSY (National Longitudinal
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R

.Radloff, 1977 2

Raftery 41

root-mean-squared-error (RMSE)
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S
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structural equation model 7

T
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approach) 265
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e
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18 3% 4% B 1, (regression
standardization} 105

12 8% 34 4 % (regression
adjustment method) 105
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