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Abstract

The present study examined
measurement equivalence of the Satisfaction
with Life Scale (SWLS) between American
and Chinese samples using multigroup
Structural Equation Modeling (SEM),
Multiple indicator multiple cause model
(MIMIC), and Item Response Theory (IRT).
Whereas SEM and MIMIC identified only one
biased item across cultures, the IRT analysis
revealed that four of the five items had
differential item functioning (DIF). According
to IRT, Chinese whose latent life satisfaction
scores were quite high did not endorse items
such as “So far I have gotten the important
things I want in life” and “If I could live my
life over, I would change almost nothing.”
The IRT analysis also showed that even when
the unbiased items were weighted more
heavily than the biased items, the latent mean
life satisfaction score of Chinese was
substantially lower than that of Americans.
The differences among SEM, MIMIC, and
IRT are discussed.

The Concept of Life Satisfaction
Across Cultures: An IRT Analysis
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Kitayama and Markus (2000)
presented a theoretical analysis of cultural
differences in well-being, and argued that (a)
well-being comes from cultural participation,
and (b) to the extent that cultural participation
requires different forms across cultures, well-
being feels different and means something
different across cultures. For instance, the
Item Response Theory (IRT) analysis of the
positive affect (PA) subscale of the Positive
and Negative Affect Schedule (PANAS:
Watson, Clark, & Tellegen, 1988) showed that
“pride” was not endorsed by Chinese who
endorsed other “positive” emotions, whereas it
was endorsed by Americans who endorsed
other “positive” emotions (Oishi, in press).
This measurement discrepancy indicates that
“pride” is not conceived as “positive” among
Chinese and reveals the conceptual difference
of “positive” emotions between Chinese and
Americans (see Huang, Church, & Katigbak,
1997 on anxiety between Philippines and
Americans). A main implication of Kitayama
and Markus’ theoretical analysis for culture
and personality research is that it is crucial to
examine not only mean-level differences in a
construct (e.g., self-esteem) and the
nomological net of this construct across
cultures, but also the deeper structure of the
construct because the traditional questions of
mean-level difference across cultures
presuppose conceptual equivalence.

The Satisfaction with Life Scale
(SWLS; Diener, Emmons, Larsen, & Griffin,
1985) has been one of the most widely used
scales for the measurement of global life
satisfaction. Life satisfaction is one of the
central constructs of well-being (Diener, 1984)
and has been of great interest to both cultural
and personality psychologists (Diener, Oishi,
& Lucas, 2003; Diener, Suh, Lucas, & Smith,
1999 for review). Its psychometric properties
have been well-established in the United
States (Pavot & Diener, 1993). In contrast,
the psychometric properties of the SWLS in
non-American samples have not been
extensively examined (see Vitterse, Roysamb,
& Diener, 2002, however, for an initial effort
in this direction). Therefore, although
previous research found large international
differences in the mean levels of life
satisfaction (e.g., Diener, Suh, Smith, & Shao,
1995), it is unclear exactly how these mean



differences can be interpreted because of the
lack of information concerning measurement
equivalence. The present study examines
measurement equivalence of the SWLS
between Chinese and American college
student samples, using the structural equation
modeling (SEM), multiple indicator multiple
cause (MIMIC) modeling, and Differential
Item Functioning (DIF) analysis.
DIF Analysis

To examine measurement equivalence
of the SWLS among Chinese and American
college students, I employed the IRT analysis
with a model-testing approach (Thissen,
Stenberg, & Gerrard, 1986) using the Multilog
7.03 program. IRT is different from classical
test theory (CTT) in several important ways
(see Embretson & Reise, 2000; Hambleton &
Swaminathan, 1985 for details). The most
significant difference between CTT and IRT
in the present context is concerned with the
standard error of measurement. Whereas the
standard error of measurement is assumed to
apply to the whole sample in CTT, the
standard error of measurement in IRT varies
depending on the latent trait score (typically,
there is less reliability for those with extreme
latent scores). In other words, whereas the
source of errors in CTT is either occasion (in
the case of test-retest reliability) or item
sampling (in the case of internal consistency),
additional sources of error can be considered
in IRT (as in Generalizability theory by
Cronbach, Gleser, Nanda, & Rajaratnam,
1972; Shavelson, Webb, & Rowley, 1989),
such as a person’s latent score and person-by-
item interaction. Traditional reliability indices
such as Cronbach’s alpha and test-retest
reliability coefficient do not provide
information about person-by-item interaction,
namely, whether some items measured some
individuals better than others. In IRT, this
interaction is considered. In addition, classical
item parameters (e.g., item-total correlation)
are sample-specific, whereas IRT parameters
are not sample dependent. The score computed
in IRT, therefore, can be readily compared
across different test forms. By and large, IRT
parameters have a greater degree of
generalizability than classical item parameters.

Second, in CTT, if two individuals
answered the same number of items
“correctly” (or gave the same number of “yes”
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responses), these two individuals would have
the same total score. In contrast, in IRT, even
if two individuals answered the same number
of items “correctly” (or gave the same number
of “yes” responses), the person who correctly
answered more difficult items (or those who
said “yes” to the items less frequently
endorsed) would receive a higher total score
than the other who correctly answered less
difficult items in IRT. Virtually all previous
cross-cultural research in well-being has
neglected item difficulty parameters. Thus, it
is of great interest whether the scoring method
of IRT, which takes into account the item
difficulty parameters, would reveal a different
result than the conventional scoring method.

There are several IRT models. For
personality research, the 2 parameter logistic
model (2PL model) is perhaps most relevant
as it estimates an item discrimination
parameter and item difficulty parameters (see
Embretson & Reise, 2000 for review; see
Gray-Little, Williams, & Hancock, 1997;
Reise & Waller, 1990 for examples). An item
discrimination parameter (“a” parameter)
indicates how well a given item captures the
latent trait that it is supposed to measure. This
is conceptually equivalent to item-total score
correlation in CTT and item-factor correlation
in factor analysis. An item difficulty
parameter (“b” parameter) indicates the
likelihood of “passing” the item (or saying
“yes” to the item), given different levels of the
latent score. If a person with a latent score of -
.75 (.75 sd below mean) had a 50% probability
of passing item X, then the b for item X is -
.75. Similarly, if a person with a latent score
of .50 (.50 sd above the mean) had a 50%
probability of passing item Y, then the b for
item Y is .50. The 2PL model is typically
expressed as follows: Pix = exp(o(0x-
Bi))/[1+exp(a(0x-Pi)], where Pix indicates the
probability of person X passing item I, 0x
indicates person X’s latent score, a indicates
the item discrimination, and i indicates item
I’s difficulty.

Suppose item 1 had the item
discrimination, o = 1, whereas item 2 had the
item discrimination, oo = 2. Let’s further
suppose that both items had the item
difficulty, p =.50. The person with a latent
trait score of 1.00 has a 62.24% probability of
passing item 1, whereas the same person has a



73.11% probability of passing item 2. In other
words, even when 0x and i are the same, Pix
can be different, depending on an item
discrimination parameter. Most important,
when estimating a latent trait score, the 2PL.
model takes into account item discrimination
as well as item difficulty, and, therefore, the
better items (those with higher item
discrimination) have greater weight in
estimating the latent trait score than do other
items (this is an advantage of the 2PL model
over the 1PL and CTT).

So far, all the examples assumed that
items were dichotomous (i.e., pass or fail; yes
or no). In many scales used in psychological
research, however, items are multiple ordered-
response categories (e.g., strongly disagree,
disagree, neither agree nor disagree, agree,
strongly agree). Samejima (1969) developed
the graded-response model of IRT that is
appropriate for polytomous items. Whereas
there was one item difficulty parameter in the
dichotomous model, there are k-1 item
difficulty parameters, where k is the number of
response categories (e.g., there are six b
parameters for a 7-point scale). In the case of
the 3-point scale, the “b1” parameter indicates
the level of latent score that has the equal
probability of endorsing 1 and 2, whereas the
“b2” parameter indicates the level of latent
score in which the probability of endorsing 2
and 3 is equal. If bl is-.33 and b2 is .67, then
people whose latent trait score is below -.33
are most likely to endorse the response
category 1, whereas people whose latent score
is between -.33 and .67 have the greatest
probability of endorsing the response category
2, and those higher than .67 are most likely to
endorse the response category 3.

DIF analysis under the IRT
framework examines whether item
discrimination and item difficulty parameters
are comparable between two groups (see
Holland & Wainer, 1993; Milsap & Everson,
1993; Thissen et al., 1986 for review). In
essence, this analysis provides an index for
whether the conditional probability of getting
an item “correct” differs across two groups. A
large DIF indicates group differences in the
conditional probability; namely, an item has
DIF if the probability of endorsing an item is
different across groups, given the same level
of latent score. The IRT analysis also
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provides the estimate of latent mean score for
a scale for each participant. As articulated by
Reise, Widaman, and Rugh (1993), IRT
generates the estimate of latent mean scores
even when there are items exhibiting DIF.
Specifically, Reise et al. state “Our basic
requirement in IRT is that at least one item be
invariant across groups. The invariant item
can then be used as an anchor to estimate [
values for individuals within both groups
concurrently on a common scale”(p. 561).

A general approach for identifying
DIF items is very similar to model
comparisons often used in SEM. As in SEM,
measurement invariance will be tested on an
item-by-item basis. A model that constrains
target item’s parameters to be equivalent in
two groups will be compared with the baseline
model, in which all the parameters are allowed
to differ between groups, using G* value (G is
the difference in -2 times the log of the
likelihood function in two models; -2 items
the log of the likelihood function is provided
by Multilog for each model). If constraining
the item parameters across samples does not
result in a significant increase in G, then the
target item is deemed non-DIF. If
constraining the item parameters results in a
significant increase in G2, then this item is
deemed DIF.

Despite the vigor of IRT, to our
knowledge, it has not yet been used in cross-
cultural research on well-being. Traditionally,
multigroup SEM has been used to establish
measurement equivalence (e.g., Schimmack,
Radhakrishnan, Oishi, Dzokoto, & Ahadi,
2002). Although this is a great advancement
over traditional models that do not control for
measurement errors, multigroup SEM tests the
equivalence of item discrimination parameters
between groups only, and does not test the
equivalence of item difficulty parameters
between groups. Another SEM-based
technique is multiple indicator multiple cause
(MIMIC) model (Joreskog & Goldberger,
1975). In the MIMIC modeling, two samples
are combined to one data set, and a group
variable is included as an exogenous variable.
As can be seen in Figure 1, the baseline model
that does not allow any association between
the group variable and errors for items will be
compared with the model that allows for
association between group and error terms for



five items. Because the factor loadings are
assumed to be equivalent across groups in the
MIMIC, the association between error terms
and the group variable indicates the lack of
measurement equivalence between two
samples. As in SEM, MIMIC focuses on item
discrimination, and does not take into account
potential differences in item difficulty. The
2PL model of IRT provides a more rigorous
test of measurement equivalence across groups
because it tests the equivalence of both item
discrimination and item difficulty parameters.

In short, the main goals of the present
investigation were to examine (a) whether the
items in the SWLS would show DIF among
Americans and Chinese, (b) if there are DIF
items, whether they are conceptually different
from non-DIF items, and (c) whether item
biases would affect the magnitude of mean
differences between Americans and Chinese.

Method

Participants. In China, 556 students
at  Zhejiang Institute of  Technology
participated in this study. They completed a
questionnaire package in the classroom. In the
United States, 442 students at the University
of Illinois enrolled in an introductory
psychology course participated in this study.
They completed the same package in groups
of 15 to 20 in a large lecture room.

Measures. The Satisfaction with Life
Scale (SWLS: Diener et al., 1985) was used to
assess global life satisfaction. The SWLS
consists of five items (“In most ways my life is
close to my ideal,” “The conditions of my life
are excellent,” “ I am satisfied with my life,”
So far I have gotten the important things I
want in my life,” and “ If I could live my life
over, [ would change almost nothing”). The
participants responded to these items using a
7-point scale, ranging from 1 (strongly
disagree) to 7 (strongly agree). The English
version of the SWLS was translated into
Chinese by a bilingual research assistant.
Another bilingual research assistant back-
translated the Chinese version of the SWLS.
The back-translation version of the SWLS was
compared with the original SWLS by Ed
Diener. The back-translation confirmed the
accuracy of the translation.

Results

Traditional Analyses
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First, I conducted traditional tests of
psychometric properties of the SWLS in China
and the US. Cronbach’s alpha was .71 for
China, and .88 for the US. In both samples
items 4 and 5 had the lowest correlations with
other items. To test structural equivalence of
the SWLS, I next conducted confirmatory
factor analysis. I compared the baseline
model without any constraint of factor
loadings with a series of constrained models.
In the baseline model, factor loadings can be
different across the two samples, whereas in
the constrained model, factor loadings were
set to be exactly the same value across two
samples for one item at a time. The baseline
model yielded the chi-square value of 50.26
(df=10, p <.01) with the fit indices of GFI =
.98, AGFI = .94, and RMSEA = .06 (see Table
1 for factor loadings). Despite the significant
chi-square, the fit indices suggest that the one
factor model fits the data fairly well in both
samples. Next, I compared the unconstrained
model with a series of constrained models that
constrained each item one at a time. Table 2
shows that only the model that constrained
item 5 was significantly different from the
unconstrained model. All other models did
not differ from the baseline model. Thus,
according to SEM, only item 5 showed an
item bias across the two cultural groups.

Next, I conducted a series of MIMIC
analyses. The baseline model, in which no
association between the group variable (China
was coded as 0, and U.S was coded as 1) and
the error terms was allowed, yielded the chi-
square value of 236.75 (df =9, p < .01), GFI =
921, AGFI = .821, and RMSEA = .161. This
model is conceptually equivalent to
constraining all the factor loadings between
two samples in the multigroup SEM analysis,
and the fit indices suggest room for
improvement. Next, we allowed an error term
for each item and the group variable to be
associated one at a time. Allowing the error
term for item 4 and the group variable to be
associated resulted in a dramatic improvement
in fit, Y (df=8)=48.24,p < .01,4 Y’ =
188.51, p < .01, GFI = .983, AGFI = .956, and
RMSEA = .072 in this model. Although chi-
square is still significant, the fit indices are
acceptable. Allowing any additional error term
to be associated with the group variable did
not improve the fit indices nor result in a



significant change in chi-square value. Thus,
the MIMIC analyses indicate that item 4’s
relation to the latent trait life satisfaction was
systematically different between Chinese and
American samples. The final MIMIC model
(with item 4’s error and the group variable
associated) yielded the standardized regression
coefficient from the group variable to latent
trait life satisfaction of .458, p, < .01, d =1.03,
or a large mean difference between Chinese
and American samples.
The DIF Analysis

The reliability, multigroup SEM, and
MIMIC analyses provided information about
the dimensional and structural equivalence
across the two samples. However, these
analyses do not provide critical information
concerning item difficulty. It is unclear from
the previous analyses, for instance, whether
the probability of endorsing item 1 “In many
ways my life is close to my ideal” would be
different between Chinese and Americans with
the same latent life satisfaction score. To
address this issue, it is important to go beyond
the traditional approach and use IRT. DIF
analysis is the most relevant criterion in
addressing this issue. Following Reise et al.
(1993), I compared the baseline model, which
allowed all parameters (the item
discrimination parameter and item difficulties
parameters) to differ between the two groups
with a series of constrained models, in which
item parameters were set to be equal between
the groups. Table 3 shows that the baseline
model revealed that item difficulty parameter
estimates for the first three items were fairly
comparable, whereas these estimates were
markedly different between the two groups for
Items 4 and 5. To illustrate cultural similarities
and differences in an Item Characteristic
Curve (ICC), Figure 2 shows two ICC’s. The
first panel shows the ICC of item 2 for
Chinese participants. The X axis indicates
latent life satisfaction in a standardized unit,
and the Y axis indicates the probability of
choosing a particular response category. If an
item is functioning as it is supposed to be, then
the probability of choosing a response
category should go up from 1 to 2, 2 to 3, and
so on until 7, as the latent life satisfaction
score goes up from 3 SDs below the mean to 3
SDs above the mean. Figure 2 indicates that
item 2 meets this criterion in both groups. For
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instance, a Chinese whose latent life
satisfaction is 3 standard deviations below the
mean has about 62% probability of choosing
category 1 “strongly disagree” for item 2,
about 36% probability of choosing category 2
“disagree” for item 2, almost zero %
probability of choosing categories 4 or higher.
A Chinese whose latent life satisfaction is 2
standard deviations below the mean is most
likely to choose category 2, followed by
categories 1 and 3. Similarly, a Chinese whose
latent life satisfaction is 2 SDs above the mean
is most likely to choose category 6 “agree,”
followed by categories 7 “strongly agree” and
5 “slightly agree.” In contrast, the ICC of item
5 for Chinese (Figure 3) clearly indicates that
this item is not functioning as it is supposed to
be. For instance, a Chinese whose latent life
satisfaction score is 1 SD above the mean is
most likely to choose category 2 “disagree”
for item 5, followed by category 6 “agree.”
Also, a Chinese with latent life satisfaction
score of 2 SDs above the mean is mostly likely
to choose category 6, followed by the equal
probability of categories 2 “disagree” and 7
“strongly agree”! The ICC of item 4 was very
similar to item 5. Thus, it is clear that the
majority of Chinese whose latent life
satisfaction score was quite high (e.g., 2 SDs
above the mean) did not endorse these two
items. In contrast, the ICC of items 2 (Figure
2) and 5 (Figure 3) for the American
participants follows the expected patterns with
a shift of the dominant response as the latent
life satisfaction.

Although ICC provides valuable
information visually, whether each item is
functioning differently between the two
groups has to be formally tested using the
model comparison method. Table 2 shows the
G? for each constrained model. For instance,
when item 1’s item parameters were set equal
in two groups, G* index was 37.7 with 7
degrees of freedom. Because the G is
distributed as chi-square, significance can be
tested against the chi-square distribution. The
last column of Table 2 indicates the p-value
for each constrained model. Essentially, the
larger the G2, the larger the DIF. As expected,
items 4 and 5 had very large DIF. According
to the G* indices, item 2 was the only item that
did not have significant DIF.



Because item 2 was the only item
without DIF, the latent score for each group
was computed based on this model. The latent
life satisfaction score was .71 lower among the
Chinese participants than among the American
participants. Because the mean of American
participants was set to zero with a variance of
1, this can be interpreted as Cohen’s d (d =
.71), or a large effect size. The t-test on the
simple sum of the five items yielded ¢ (979) =
18.35, p <.01, d =1.18. The mean difference
is therefore smaller based on the latent score
than the observed score, suggesting that the
sum of the five observed scores somewhat
exaggerated the cultural difference in life
satisfaction. T-tests on each item resulted in
large differences between Chinese and
Americans (d = .70, .67, .83, 1.55, .70 for
items 1 to 5, respectively). Interestingly, the
degree of DIF and the size of the mean
difference seem to be independent, as the item
with the largest DIF (item 5) was not much
different in the size of the mean difference
from the item with the smallest DIF (item 2).
The latent life satisfaction score was computed
with items that had more information (i.e.,
items with higher discrimination) weighted
more heavily than others, and therefore was a
more accurate reflection of the true score than
the simple sum of the five items. Although
cultural differences were smaller with the IRT
scoring, IRT analyses still revealed substantial
differences in mean life satisfaction between
Chinese and Americans.

Discussion

The present paper examined
measurement equivalence of the SWLS
between Chinese and American college
students. The reliability analysis revealed that
the SWLS among the American college
students had a higher degree of internal
consistency than among the Chinese college
students. The multigroup SEM and the
MIMIC analyses showed that items 5 and 4,
respectively, in the Chinese sample were not
as good indicators of life satisfaction as they
were in the American sample. The DIF
analysis revealed that four of the five items
had significant DIFs. Replicating Reise et al.
(1993), I found more item biases when I used
the 2PL model of IRT than multigroup SEM
and MIMIC. The differences between two
SEM-based analyses and DIF analyses
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demonstrated that DIF present a more
conservative test of measurement equivalence
between groups than multigroup SEM and
MIMIC. This indicates the importance of
taking into account both item discrimination
and item difficulty parameters.

Items 4 and 5 had particularly large
DIFs. It should be also noted these two items
were identified as different across the two
samples by multigroup SEM and MIMIC
analyses as well. Neither SEM, nor MIMIC,
nor IRT explain why these two items had
largest cross-cultural differences. Therefore,
the interpretation of these findings must rely
on the post-hoc analysis of item contents
and/or insights from cultural psychology and
anthropology. In terms of item content, these
two items assess one’s satisfaction with past
accomplishments (“So far I have gotten the
important things I want in life”” and “If I could
live my life over, I would change almost
nothing”), whereas the first three items focus
on external living conditions or the present
level of satisfaction (“In most ways my life is
close to my ideal,” “The conditions of my life
are excellent,” “I am satisfied with my life”).
A number of cultural and cross-cultural
psychology studies have found that East
Asians do not evaluate their personal
accomplishments or task performance as
positively as do Americans (e.g., Markus &
Kitayama, 1991; Heine, Lehman, Markus, &
Kitayama, 1999, for review). Markus and
Kitayama (1991) laid out two general
motivational syndromes; self-enhancement in
an independent society, and self-criticism in
an interdependent society. In the present
context, the positive evaluation of their own
past accomplishments seems more self-
enhancing than the positive evaluation of
external living conditions. One of the reasons
why generally satisfied Chinese participants
did not endorse items 4 and 5 might be, then,
that the endorsement of these two items seems
too self-enhancing, and not socially desirable.

Another explanation is that Chinese
concept of life satisfaction is based primarily
on external conditions and the current status
rather than past accomplishments. Even if
Chinese view the conditions of their lives as
excellent and are satisfied with their lives in
general, they may still feel that they have not
accomplished important goals in life and that



they would change something if they lived
their lives again. In a self-critical society,
where self-improvement is highly valued,
then, past accomplishments might not
guarantee satisfaction because the old standard
that they just achieved is constantly upgraded
to a newer, higher standard. Unfortunately,
the present study does not present any
information concerning the relative utility of
the two interpretations. Future research
should test which account is more plausible. In
addition to these two accounts, however,
translation equivalencies should be examined
as one of the possible causes for DIF. For
instance, item 5, which uses counterfactual
reasoning, might be particularly difficult to
translate in a culture where counterfactual
thinking is not employed as often as in
Western cultures (e.g., Bloom, 1981). It is
important to examine measurement artifacts,
because they will allow researchers to make
theoretical interpretations of the obtained
results.

Before closing, the limitations of IRT
should be noted. As suggested by the self-
presentation account, IRT does not address the
issue of response style nor social desirability.
For instance, a key reason why IRT identified
more DIR than other methods might be that
item difficulty parameters are largely affected
by response tendencies such as a mid-point
use or extreme scale use (see Chen, Lee, &
Stevenson, 1995 for cultural difference sin
response tendencies). Similarly, desirability
of the item might be different across cultures.
As discussed above, items 4 and 5 seem
particularly socially undesirable to endorse in
a culture where modesty is highly valued.
Thus, researchers should keep in mind that
IRT analyses are affected by response
tendencies and social desirability. Equally
important, the identification of DIF items
using the IRT should not be strictly
determined by G? values alone. These indices
should be used as a guideline rather than strict
rules. Finally, the latent means in the IRT
were derived based on only one non-DIF item.
Although this is acceptable, this is far from
ideal. In order to obtain truly unbiased latent
mean differences, a greater number of non-
DIF items should exist.

Conclusion
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The DIF analyses provided a different
perspective from the traditional approaches to
the measurement issue in culture and well-
being research. Equally important, IRT
analyses revealed a substantive level of mean
differences between Chinese and Americans,
even when the biased items were weighted
less in scoring. Thus, previously found mean
differences between Americans and Chinese
(e.g., Diener et al., 1995) might not be due
simply to item biases. Finally, IRT analysis
provided invaluable information concerning
the concept of life satisfaction. The present
research illuminates the importance and
benefit of employing DIF analyses in other
constructs (e.g., self-esteem, depression). |
hope that DIF analysis and other IRT models
will be utilized in the future in various
research topics in culture and personality.
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Table 1

Factor Loadings in the Baseline (unconstrained) Model
China

Item Unstandardized Standardized
| 1700 62

2 1.05 .66

3 1.17 72

4 .69 49

5 .68 38

UsS

Item

1 1.00 .84

2 .97 .80

3 .96 .85

4 .84 .67

5 1.02 71

Table 2

Model Comparisons by Confirmatory Factor Analysis (CFA) and DIF analysis

CFA DIF

Item Constrained Ay’ 21K G2

1 .53 3098.7 37.7%*

2 .53 3075.7 14.7

3 3.72 3095.5 34.5%*

4 2.27 3155.7 94.7%%*
5 8.32%* 3156.8 95.8**

Note. **p <.01 df =1 for CFA analyses, df = 7 for DIF analyses.
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Table 3
The Baseline Model of IRT analysis
Ttem Parameter China US
I a 1.33 2.89
bl -2.68 -2.23
b2 -0.87 -1.25
b3 -0.35 -0.82
b4 -0.10 -0.49
b5 1.08 0.29
b6 2.89 1.82
2 a 1.89 2.62
bl -2.68 -2.46
b2 -1.01 -1.32
b3 -0.35 -0.82
b4 0.08 -0.41
b5 0.86 0.31
b6 2.46 1.54
3 a 2.18 3.13
bl -2.55 -2.36
b2 -1.09 -1.55
b3 -0.36 -1.07
b4 0.00 -0.76
b5 0.61 -0.06
b6 1.96 1.44
4 a 1.04 1.79
bl -1.53 -2.50
b2 0.62 -1.56
b3 1.26 -0.99
b4 1.91 -0.44
b5 2.64 0.25
b6 4.43 1.63
5 a 0.75 2.08
bl -2.02 -1.71
b2 0.18 -0.84
b3 0.81 -0.20
b4 1.55 0.06
b5 2.35 0.65
b6 4.16 1.76

Note. “a” denotes an item discrimination parameter. “b” denotes an item difficulty parameter for each
threshold.
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Figure Captions
Figure 1. The multiple cause multiple indicators (MIMIC) model
Figure 2. Item characteristic curves for item 2 for Chinese (upper) and Americans (lower). Note. Item
characteristic curves: 2 indicates item 2 for Chinese; Item characteristic curves: 7 indicates item 2 for
Americans. Ability indicates latent life satisfaction score in the standard deviation unit. Each of the curves
plots the probability of endorsement, as the function of latent life satisfaction score.
Figure 3. Item characteristic curves for item 5 for Chinese (upper) and Americans (lower). Note. Item
characteristic curves: 5 indicates item 5 for Chinese; Item characteristic curves: 10 indicates item 5 for
Americans. Ability indicates latent life satisfaction score in the standard deviation unit. Each of the curves
plots the probability of endorsement, as the function of latent life satisfaction score.
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Graded Response Model
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