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The split-ballot multitrait-multimethod (SB-MTMM) approach has been used to evaluate the
measurement quality of questions in survey research. It aims to reduce the response burden of
the classic MTMM design, which requires repeating alternative formulations of a survey
measure to the same respondent at least three times, by using combinations of two methods in
multiple groups. The SB-MTMM approach has been applied to the European Social Survey
(ESS) to examine the quality of questions across countries, including the differences in
response design and measurement errors. Despite wide application of the SB-MTMM design
in Europe, it is yet unknown whether the same quality of survey instruments can be achieved
in both a different cultural context and in a logographic writing system, like the one in Taiwan.

This study tests for measurement invariance and compares measurement quality in Taiwan
and Denmark, by estimating the reliability and validity of different response scales using the
SB-MTMM approach. By using the same questions as in the ESS, a cross-cultural comparison
is made, in order to understand whether the studied response scales perform equally well in
Taiwan, compared to a European country. Results show that quality estimates are comparable
across countries.
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1. Introduction

Survey measures take various forms, and studying their quality is an important issue, as

they result in measurement error biases. For example, questions about subjective concepts

can be measured by Likert-type response scales with different numbers and labels of

response categories, with a feeling thermometer or using rating scores, among others

(Alwin 1997; Schaeffer and Presser 2003). In comparative survey research, different

measurement designs influence the response distributions and may lead to comparability

problems across countries (see Bjørnskov 2010). Among the tools used to evaluate

measurement quality, two approaches have been rather popular: the split-ballot experiment
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and the multitrait-multimethod (MTMM) approach (Saris et al. 2010; Saris et al. 2004).

The basic principle of the split-ballot experiment approach is to randomly divide the

respondents into two or more equal-sized subsamples with equal representativeness of

the total sample (Schuman and Presser 1981; Petersen 2008). The respondents of each

subsample answer survey questions simultaneously and under the same conditions.

Variations in the questionnaire for each of the subsamples are treated as an experimental

stimulus to examine questionnaire effects.

Alternatively, Campbell and Fiske (1959) suggested the MTMM design to evaluate the

validity of social science concepts based on the correlations among measures of variables

(Alwin 1974). The classic MTMM approach requires a respondent to answer questions

about a minimum of three traits, that is, concepts or constructs measured using three

different methods, for example, response scales, leading to nine different observed

variables (Saris and Gallhofer 2014). Given the matrix, criteria for convergent and

discriminant validity of these variables are advanced in Campbell and Fiske (1959) to

assess validity. Structural equation modeling (SEM) can be applied to estimate the

reliability and validity of each method. A comparison of fit statistics indicates which

model best fits the data. Since the respondents need to repeatedly answer similar questions,

it becomes a burden for them and may cause memory bias or order effect of the questions.

Saris et al. (2004) developed an approach to reduce the response burden by means of

using different combinations of two methods in multiple groups. They combine the use of

multiple groups in a split-ballot design, while the MTMM approach allows estimating the

reliability and validity of the different questions. Such a split-ballot MTMM (SB-MTMM)

approach has been applied to the European Social Survey (ESS) to examine the

measurement quality of questions across countries, including the differences in response

design and measurement errors (Oberski et al. 2007, 2010; Saris and Gallhofer 2014; Saris

et al. 2008; Saris et al. 2010). Information about the quality of more than 2,700 questions

from different European countries and the United States are stored in an online database

in the Survey Quality Predictor (SQP) 2.1, which is an online system for survey quality

prediction (Saris and Gallhofer 2014; Saris et al. 2011). On the basis of the data collected

in all these countries using mainly English and European languages, a meta-analysis has

been performed to develop a procedure to predict the quality of survey questions. This

prediction tool is available in SQP 2.1. In the meta-analysis (Saris et al. 2011), it has been

found that not only question characteristics, such as question wordings, response scales

and labelling, but also the written and spoken language used in formulating the questions,

determine the reliability and validity of questions.

With respect to nonWestern languages, some studies have evaluated different designs

of response scales by the means of a split-ballot experiment (Lau 2016; Liao 2014).

Some, such as Chen (2005) and Hsiao and Tu (2012), have applied MTMM to evaluate

validity and reliability in Taiwan using Chinese-language content, but none had a focus

on the effect of the formulation of single questions. Because no MTMM experiments

have been done in Asia and specifically in Chinese, so far, the quality of survey

questions cannot be predicted with SQP. Therefore, we designed this research to start by

collecting quality estimates based on MTMM experiments in Taiwan. Previous studies

have indicated that respondents in East Asian countries, for example, tend to more

frequently choose responses in the middle of the scale than those in the West because of
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the influence of collectivism (Chen et al. 1995; Harzing 2006). It is unknown whether

the same quality of survey instruments can be achieved in both a different cultural

context and writing system. The cultural transportability of experimental and pretesting

techniques cannot be assumed; it has to be tested. For instance, Goerman and Caspar

(2010) and Pan et al. (2005) have found that cognitive interviewing does not work

equally well across cultures.

Using data from the SB-MTMM design in the Taiwan Social Change Survey (TSCS)

and corresponding data from the 2002 ESS Round 1 in Denmark, this study aims to

compare the measurement quality of different response designs across countries. It is of

interest to explore the similarity, as well as differences, when the same experimental

approach is applied. Therefore, we conduct a test for measurement invariance with the aim

of concluding whether relationships and means across countries can be compared. The

next section discusses the SB-MTMM approach that is used for this study and briefly

introduces the test for measurement invariance. We then present the research design and

results. Discussion on the findings are provided.

2. The SB-MTMM Design

A drawback of the classic MTMM design is the burden on each respondent of being asked

multiple questions that assess the same construct. In addition, early questions may

influence answers to later questions due to memory that is carried over. Consequently, the

data quality may be overestimated (Saris et al. 2004). In order to minimize the carry-over

effect from the previous answer, an interval of at least 20 minutes between the

administration of the related items (Van Meurs and Saris 1990) is suggested.

The SB-MTMM design reduces the cognitive burden on respondents by using two,

rather than three, methods in the MTMM design, while three traits are measured. Random

samples of the same population are also used, as in the split-ballot experiments, but each

respondent only needs to answer the questions concerning the same trait twice. This is seen

to combine the benefits of the split-ballot approach and the MTMM approach, in that it

enables researchers to evaluate measurement bias, reliability, and validity simultaneously,

while reducing response burden (Saris and Gallhofer 2014).

We assume that the estimation model for the SB-MTMM design is the same as in the

standard approach, given that the random samples are drawn from the same population.

In the standard MTMM design, a minimum of three traits are measured using three

different methods, leading to nine different observed variables. Therefore, a correlation

matrix of 9 £ 9 is obtained. However, this is not always the case when using the SB-

MTMM approach. Nevertheless, the same models can be used, as we will show later.

Various models have been suggested for analysis of the correlation matrices, and a true

score model proposed by Saris and Andrews (1991) is commonly applied. The advantage

of this model is that its standardization of the coefficients directly provides the estimates of

the reliability and validity coefficients (Saris and Gallhofer 2014). Recent applications

include those by Revilla and Saris (2013), Saris et al. (2010), Zavala-Rojas et al. (2018),

Revilla (2015), Revilla et al. (2015), and Oberski et al. (2007).

The use of a minimum of three traits to be repeated using at least three methods serves

the purpose of identification. With such a consideration, the model can be defined by the
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following Equations (Saris and Andrews 1991):

Yij ¼ rijTij þ eij ð1Þ

Tij ¼ vijFi þ mijMj ð2Þ

where Yij is the observed variable for the ith trait and the jth method; rij and vij are the

reliability and validity coefficients for the ith trait and the jth method, respectively; Tij is

the true score or systematic component of the response Yij; eij is the random error

associated with Yij; Fi is the ith trait (or factor); Mj is the variation in scores due to the jth

method; and mij is the method effect for the ith trait and the jth method. The model posits

that the observed variable is the sum of the systematic component plus a random error.

Also, the systematic component of a response is the sum of the trait and the effect of the

method used to assess it.

We make the assumption that the traits are correlated with one another. The random

errors are not correlated with one another, nor with the independent variables in the

different equations. The method factors are assumed to not be correlated with one another,

nor with the traits or the random errors. Figure 1 is a graphical presentation of the true

score model.

When all variables other than eij are standardized, vij, and mij correspond to the

reliability, validity, and method effect coefficients, respectively, of a measure, while the

squares of these coefficients present the reliability, validity and the method variance,

respectively. In this approach, the reliability and validity of single questions have been

evaluated, not complex concepts. As a result, the validity does not indicate how well the

measured indicator represents the concept of interest. The validity is only affected by the

method used, that is, v2
ij ¼ 1 2 m2

ij. The lack of reliability will decrease the correlations

between the variables, while the method effects will increase the correlations between the

variables measured by the same or similar methods. This effect is called “common method

variance”. The model specified in Equation 1 and Equation 2 assumes that the disturbance

term only contains a random error component, eij. Therefore, in this model, we make

M1

t11

f1 f2 f3

t12 t13
t21 t22 t23

t31 t32 t33

M2 M3

Fig. 1. MTMM model illustrating the true scores and their factor of interest.
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the assumption that there is no unique component (Saris and Andrews 1991, 579).

This assumption is plausible when the stem of the questions remains the same in the

multitrait-multimethod experiment, and the variation only comes from the variations in

the methods.

The total quality of a measure can then be computed as q2
ij ¼ r2

ij £ v2
ij, where q2

ij

represents the amount of the variance of the observed variable, which is explained by the

latent trait of interest. The quality indicators, reliability, and validity are typical measures

of quality, which vary between zero and one, like correlation coefficients. With respect to

the multiple groups in the SB-MTMM design, estimates for the parameters of the model

can be obtained using structural equation modeling for multiple-group analysis (Saris and

Gallhofer 2007, 2014).

3. Test for Measurement Invariance

With the SB-MTMM model, the variance-covariance matrix of the traits, Fi, is obtained.

This correlation matrix is corrected for measurement error and can be used to test whether

the same construct is measured across countries. The test for measurement invariance

is typically done using the variance-covariance matrix of observed variables, although a

criticism that has been referred to as susceptibility, that is, to what extent the procedure is

sensitive to artifacts in the response process, is commonly made (Butts et al. 2006; Marsh

and Byrne 1993; Byrne and Watkins 2003; Saris and Gallhofer 2014). Saris and Gallhofer

(2014 chap. 16) showed that in a test for measurement invariance, the response process

can be distinguished from the cognitive process. As we have said above, the variance-

covariance matrix corrected for measurement errors will be obtained in the MTMM

analysis, and this matrix can be used to test for the cognitive equivalence or comparability

of the concepts in the different countries.

Therefore, we used the variance-covariance matrix of the latent traits to test for

measurement invariance. The test is usually conducted in three steps, where each step is a

prerequisite of the next one. In the first step, a configural model is fitted to check whether

the pattern of fixed and free loadings and disturbance terms is the same across groups

(Horn and McArdle 1992). In the second step, metric invariance, the configural model is

restricted to one where the factor loadings of equivalent manifest variables are invariant

across countries. When the model is not rejected, comparisons of relationships across

groups can be made (Horn and McArdle 1992). The third step, scalar invariance, implies

that, in addition to invariance in the factor loadings, intercepts of equivalent manifest

variables are also restricted to be the same across groups. If the model is not rejected,

comparisons of means can also be made across groups.

Figure 2 shows the path diagram of the model to test for measurement invariance. The

model is specified in Equations (3) to (5).

f 1 ¼ t1 þ h1l1 þ d1 ð3Þ

f 2 ¼ t2 þ h1l2 þ d2 ð4Þ

f 3 ¼ t3 þ h1l3 þ d3 ð5Þ
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Where h1 is the concept of interest and F1 to F3 represent the indicators used in the

study corrected for measurement errors.

Standard restrictions were imposed to identify the model: the loading of the first trait

(l1) and its corresponding intercept (d1) were fixed to one and zero respectively. Secondly,

we make the assumption that the error terms are not correlated with each other or with the

latent variables. To test for metric invariance, we assume that the loadings (l) are equal

across groups, and for the scalar invariance we assume that the intercepts (d ) are also

equal across groups.

4. Research Design

Two data sources are used for this study, one from Taiwan and the other from Denmark,

and both are collected using the computer-assisted personal interview (CAPI) technique.

Taiwanese data are drawn from the 2015 Taiwan Social Change Survey (TSCS) (Fu et al.

2016), which included questions on globalization, work, family, and mental health, and

included the SB-MTMM experiment. Surveys were delivered to randomly selected adults

aged 18 years or older within each of the selected municipalities. A three-stage stratified

sampling design was adopted based on the urbanization level and geographic areas of the

townships and boroughs in Taiwan as the primary sampling unit (PSU). The probability

proportional to size (PPS) sampling method was used in the first two stages – township

and village or li under townships, respectively. Finally, household-registered residents

in each village or li, which are equivalent-sized neighborhoods in urban areas, are

systematically selected to obtain a representative sample of Taiwan’s population. A total

of 2,034 complete cases are obtained, with a response rate of 57%.

The experiment conducted in the 2015 TSCS adopted a two-group SB-MTMM design.

The sample was randomly divided into two subsamples based on the respondent’s number,

which was assigned beforehand, as odd or even. The odd-numbered subsample (Sample 1)

got Method 1 (M1) first and then Method 3 (M3), and the even-numbered subsample

(Sample 2) got Method 2 (M2) first, but Method 3 (M3) next. As shown in Table 1, the

combination of M1 and M2 was missing by design.

λ11

τ2

τ1

τ3

η1

f1 d1

d2

d3

f2

f3

λ21

λ31

Fig. 2. Model to test for measurement invariance.
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In other words, this set of correlations between the variables measured by M1 and the

variables measured by M2 is absent. Saris et al. (2004) have shown, based on the work of

Satorra (1993), that, in general, the parameters of this model evaluated with two groups are

identified and all quality indicators can be estimated using multiple group estimation,

except when the correlations between the traits are very similar or zero (Revilla and Saris

2013).

The measures for the SB-MTMM experiment include several questions. Each question

is measured with two sets of response scales (M1 and M2 in the case of 2015 TSCS) that

are answered by Sample 1 and Sample 2, respectively, and one other set (M3) answered

by all of the respondents. Both of the subsamples answer all other questions in the survey

as well.

The questions used are commonly used indicators of the latent concept “Political

satisfaction”. The following three indicators of political satisfaction are used for the

experimental design as follows:

1. On the whole, how satisfied are you with the present state of the economy in

[country]?

2. Now thinking about the [country] government, how satisfied are you with the way it

is doing its job?

3. And, on the whole, how satisfied are you with the way democracy works in

[country]?

Using the same indicators for the three methods, M1 is measured using a fully labeled

four-point scale, with labels very satisfied, satisfied, dissatisfied and very dissatisfied. M2

and M3 are measured from 0 to 5 and from 0 to 10, respectively, both using show cards

with only the endpoints labeled as “extremely dissatisfied” and “extremely satisfied”. For

all of the methods, a higher score indicates a higher level of satisfaction. The correlation

matrices were obtained for analysis using a structural equation model. The design of the

experiment has been summarized in Figure 3, where Tsi denotes the Taiwan sample i, Dsi

denotes the Danish sample i where i ¼ 1, 2, and c stands for the combination of the two

samples within each country.

In order to estimate the parameters, covariance matrices obtained for the nine measures

are used in the multi-group SEM in LISREL. The maximum likelihood (ML) approach is

adopted to deal with missing data, which occurs by design (Saris et al. 2004).

The same measures of satisfaction, use of show cards and a two-group SB-MTMM

experimental design can be found in the 2002 ESS Round 1. The data from Denmark

(ESS1_DK) are used for the comparison with the data in Taiwan due to the same data

collection mode of CAPI in both the main questionnaire and supplemental questions. The

Table 1. Two-group SB-MTMM design.

Method 1 Method 2 Method 3

Method 1 Sample 1

Method 2 NONE Sample 2

Method 3 Sample 1 Sample 2 Sample 1 þ 2
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sampling design for ESS1_DK is a simple random sample based on a register-based

sampling frame, with a lower age cut-off of 16 years. A total of 1,506 complete cases were

obtained, with a response rate of 67.56%. More details can be found in the ESS1 –

Documentation Report (European Social Survey 2014, 42–47). As in the case of Taiwan,

the SB-MTMM experiment was performed alongside other questions, among others, about

politics, work, family, well-being and immigration.

One difference in the experimental design between 2015 TSCS and ESS1_DK is that all

the respondents in the latter got M1 first, and then M2 and M3 for samples 1 and 2,

respectively. Therefore, the combination of M2 and M3 is missing by design in the Danish

data. The differences in the data structures are clearly observable in the correlation

matrices presented in Table 3 and Table 4. Nevertheless, the same model can be estimated

on the basis of these two different correlation matrices.

Another difference is that in Taiwan, an unfolding technique, in which interviewers first

asked about the direction and then about the degree of attitudes (Schaeffer and Presser

2003), was used for M1, with the scale coded reversely as 1 ¼ very satisfied to 4 ¼ very

dissatisfied. In the ESS, one direct question was used, in which all four categories were

presented immediately. Although the data have been recoded to have the same response

order as that in the Danish data, the difference in procedure means that we were not able to

determine the effect of the scale length, only because this effect is confounded with other

aspects. However, it is possible to determine which measure is better in each country and

across countries.

5. Results of the SB-MTMM Experiment

Socio-demographic variables were first compared between Denmark and Taiwan with

post-stratified weights. As shown in Table 2, the distributions of demographic

characteristics are similar in age and gender. The proportions of those aged 60 years or

older are lower when compared to other age groups. Also, there are similar proportions of

men and women in both samples. On the other hand, the proportions of married and

widowed respondents in Taiwan are higher, but those of single or divorced respondents are

higher in Denmark. It is noted that ESS used other variables to ask respondents whether

they live with a partner, but a category of “cohabitant” is included in TSCS for marital

Method

TS1/DSC TS2/DS1 TSC/DS2

Question

(01) Very dissatisfied
(02) Fairly dissatisfied
(03) Fairly satisfied
(04) Very satisfied

M2 (6-point scale)M1 (4-point scale)
(00) Extremely dissatisfied (00) Extremely dissatisfied

(10) Extremely satisfied(05) Extremely satisfied

M3 (11-point scale)

Q1. How satisfied with
present state of economy
in country

Q2. How satisfied with
the national government

Q3. How satisfied with
the way democracy
works in country

Fig. 3. Two-group SB-MTMM design for Denmark and Taiwan.
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Table 2. Description of Denmark and Taiwan samples.

Country Denmark Taiwan

Variable f/M %/SD f/M %/SD

Age

16–29 years 304 20.2% 401 19.8%

30–39 years 277 18.4% 359 17.7%

40–49 years 245 16.3% 382 18.8%

50–59 years 294 19.5% 378 18.6%

60–79 years 197 13.1% 263 13.0%

70 years or older 189 12.5% 247 12.2%

P ¼ .553 N ¼ 1506 100% N ¼ 2030 100%

Gender

Female 736 49% 1043 51.3%

Male 766 51% 991 48.7%

P ¼ .096 N ¼ 1502 100% N ¼ 2034 100%

Marital***

Single, never married 486 31.3% 594 29.3%

Married 800 53.6% 1141 56.2%

Divorced 119 8.0% 123 6.1%

Separate 15 1.0% 9 0.4%

Widowed 91 6.1% 149 7.3%

Cohabitant 0 0% 14 0.7%

P ¼ .000 N ¼ 1493 100% N ¼ 2030 100%

Educational level***

Elementary or less 26 1.7% 416 20.5%

Junior high schoold 392 26.2% 256 12.6%

Senior high school 733 49% 541 26.7%

Tertiary education or higher 344 23% 815 40.2%

P ¼ .000 N ¼ 1495 100% N ¼ 2028 100%

Health status***

Very good 648 43.2% 468 23.0%

Good 512 34.2% 619 30.5%

Fair 253 16.9% 630 31.0%

Bad 86 5.7% 314 15.5%

P ¼ .000 N ¼ 1499 100% N ¼ 2031 100%

Interested in Politics***

Very interested 202 13.4% 34 1.7%

Quite interested 723 48.1% 330 16.3%

Hardly interested 487 32.4% 654 32.4%

Not at all interested 90 6.0% 1003 49.6%

P ¼ .000 n ¼ 1502 100% n ¼ 2021 100%
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status. If “cohabitant” is dropped, the proportions of other categories in marital status

increase slightly, from 0.06% to 0.4%, in TSCS and the result of the Chi-square test

remains significant. Educational levels are recoded for both ESS1_DK and TSCS for

comparison. Almost half of the Danish sample have a senior high school degree (49%),

while 40% of the respondents in the Taiwanese data have a higher tertiary education

degree, including formal education at colleges, universities and higher degrees.

There are other variables that can be used to reveal the difference between Denmark and

Taiwan, such as health status and interest in politics. Both ESS1_DK and 2015 TSCS

employed five response categories for health status, but the former used a balanced scale,

from “very good” to “very bad” with “fair” as the middle response, while the latter used an

unbalanced one, from “excellent” to “bad.” The categories of “bad” and “very bad” in

ESS1_DK are combined and so are “excellent” and “very good” in 2015 TSCS, resulting

in four response categories (see Table 2).

With regard to interest in politics, both samples employed the same response categories

for measurement. It is noticeable that more than 60% of the Danish sample indicated

certain levels of interest in politics, while nearly half of the Taiwanese sample were not at

all interested in politics.

Table 2. Continued.

Country Denmark Taiwan

Variable f/M %/SD f/M %/SD

Method 1 (4-point scale)

Q1. How satisfied with present

state of economy in country***

2.91 0.577 2.12 0.771

Q2. How satisfied with the

national government***

2.72 0.656 2.04 0.767

Q3. How satisfied with the way

democracy works in country***

3.10 0.595 2.58 0.752

Method 2 (6-point scale)

Q1. How satisfied with present state

of economy in country***

3.46 0.917 1.96 1.241

Q2. How satisfied with the national

government***

3.06 1.091 1.82 1.254

Q3. How satisfied with the way

democracy works in country***

3.74 0.854 2.77 1.339

Method 3 (11-point scale)

Q1. How satisfied with present state

of economy in country***

6.92 1.938 3.94 2.036

Q2. How satisfied with the national

government***

5.86 2.268 3.58 2.089

Q3. How satisfied with the way

democracy works in country***

7.24 1.876 5.31 2.251

*p , .05.

**p , .01.

***p , .001.
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Table 3. Correlations, means, and standard deviations of Danish samples1.

Sample 1 M1 M2 M3

Q1 Q2 Q3 Q1 Q2 Q3 Q1 Q2 Q3

M1

Q1 1

Q2 .410 1

Q3 .288 .288 1

M2

Q1 .414 .267 .179 1

Q2 .262 .677 .162 .410 1

Q3 .269 .261 .473 .407 .388 1

M3

Q1 .0 .0 .0 .0 .0 .0 1

Q2 .0 .0 .0 .0 .0 .0 .0 1

Q3 .0 .0 .0 .0 .0 .0 .0 .0 1

Mean 2.91 2.73 3.11 6.94 5.92 7.31 .0 .0 .0

S.D. .579 .652 .599 1.915 2.273 1.884 1.0 1.0 1.0

n 653 653 653 653 653 653

Sample 2 M1 M2 M3

Q1 Q2 Q3 Q1 Q2 Q3 Q1 Q2 Q3

M1

Q1 1

Q2 .497 1

Q3 .411 .317 1

M2

Q1 .0 .0 .0 1

Q2 .0 .0 .0 .0 1

Q3 .0 .0 .0 .0 .0 1

M3

Q1 .554 .373 .300 .0 .0 .0 1

Q2 .388 .744 .196 .0 .0 .0 .466 1

Q3 .362 .309 .603 .0 .0 .0 .421 .372 1

Mean 3.46 3.08 3.74 .0 .0 .0 6.92 5.95 7.30

S.D. .911 1.069 .844 1.0 1.0 1.0 1.962 2.203 1.794

n 687 687 687 687 687 687

1All of the correlation coefficients are significant at the .000 level.

Liao et al.: Equivalence and Quality of Response Scales 127



Table 4. Correlations, means, and standard deviations of Taiwanese samples1.

Sample 1 M1 M2 M3

Q1 Q2 Q3 Q1 Q2 Q3 Q1 Q2 Q3

M1

Q1 1

Q2 .678 1

Q3 .317 .388 1

M2

Q1 .0 .0 .0 1

Q2 .0 .0 .0 .0 1

Q3 .0 .0 .0 .0 .0 1

M3

Q1 .525 .518 .304 .0 .0 .0 1

Q2 .496 .628 .360 .0 .0 .0 .733 1

Q3 .252 .314 .532 .0 .0 .0 .428 .482 1

Mean 2.09 2.02 2.57 .0 .0 .0 4.07 3.68 5.41

S.D. .749 .755 .757 1.0 1.0 1.0 1.963 2.039 2.219

n 880 880 880 880 880 880

Sample 2 M1 M2 M3

Q1 Q2 Q3 Q1 Q2 Q3 Q1 Q2 Q3

M1

Q1 .0 .0 .0

Q2 .0 .0 .0

Q3 .0 .0 .0

M2

Q1 .0 .0 .0 1

Q2 .0 .0 .0 .686 1

Q3 .0 .0 .0 .381 .475 1

M3

Q1 .0 .0 .0 .673 .637 .345 1

Q2 .0 .0 .0 .589 .748 .399 .781 1

Q3 .0 .0 .0 .293 .337 .651 .392 .419 1

Mean .0 .0 .0 1.97 1.80 2.77 3.77 3.44 5.21

S.D. 1.0 1.0 1.0 1.216 1.239 1.331 2.067 2.100 2.298

n 890 890 890 890 890 890

1All of the correlation coefficients are significant at the .000 level.
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As for the satisfaction measured by three response scales, significant differences are

found between countries, as well as among methods. Among different methods, the mean

scores of three satisfaction questions are higher in Denmark than in Taiwan. In particular,

the differences between Denmark and Taiwan are larger when satisfaction is measured by

M2 and M3, despite the consistently low levels of satisfaction in the Taiwanese sample.

The results of the satisfaction measures using a two-group SB-MTMM design are

reported in Table 3 and Table 4 for ESS1_DK and 2015 TSCS, respectively, indicating

incomplete data in each of the subsamples. Since both of the datasets employed

approximately the same SB-MTMM experimental design, the parameter estimation

followed the same procedure. The correlations for the unobserved variables are indicated

by zeros and the variances by ones, as required for the multiple-group analysis with

incomplete data in LISREL (Allison 1987). The correlation between the variables

measured by M1 and M2 is missing by design. Therefore, the parameters are estimated

based on the incomplete covariance matrix. In addition, in order to estimate the

coefficients of reliability, validity, and method effects for the two randomly selected

subsamples simultaneously, we make the assumption that the model is the same for both

groups, except for the specification of selecting the variables of the two groups.

The Taiwanese data had the peculiarity that the correlations between questions 1 and 2

were much higher than the correlation between these variables and question 3. The

program Jrule (Van der Veld et al. 2008), which was used to detect misspecifications in the

model, also detected this high correlation and suggested introduction of a correlated error

between questions 1 and 2 in the model for the Taiwanese data. Only in Method 2 was this

correlated error not significantly different from zero. In the other two methods, these

correlations were 0.14 for M1 and 0.28 for M3. The explanation is not so simple, but it is

clear that a deteriorating economy has been a serious issue in Taiwan in the past decade,

and this has been seen as the responsibility of the government. Research in political

science has indicated such consequences of economic performance on voting behavior and

named it “economic voting” (Wu and Lin 2013). One can therefore expect a much higher

correlation between satisfaction with the government and satisfaction with the economy

than between these two and the functioning of democracy, which does not depend so much

on the present government only. With this one correction, a proper solution is obtained

with a chi2 ¼ 32.20 and df ¼ 38 after we corrected for the zero cells in the correlation

matrices, the RMR ¼ .011. The Jrule approach to test for local misspecifications (Saris

et al. 2009) did not suggest improvements.

Table 5. Estimates of the parameters for the two-group SB-MTMM design1.

Reliability Validity

Method M1 M2 M3 M1 M2 M3

Country D T D T D T D T D T D T

Q1 .55 .55 .74 .72 .58 .72 .79 .86 .92 .98 .74 .81

Q2 .74 .69 .90 .87 .77 .79 .87 .90 .94 .98 .81 .83

Q3 .91 .62 .62 .85 .76 .62 .76 .88 .90 .98 .81 .81

Average .73 .62 .75 .81 .70 .71 .81 .88 .92 .98 .79 .82

1“D” denotes the ESS1_DK data and “T” denotes the 2015 TSCS.
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The estimated reliabilities and validities for ESS1_DK and 2015 TSCS are reported in

Table 5. As the total quality of a measure is defined as follows:

q2
ij ¼ r2

ij £ v2
ij, Table 6 has been derived from Table 5.

Table 6 shows that in both countries, the second method, the six-point scale has better

quality on average over the three questions. This is also true for three questions, except for

question 3, in Denmark. The quality of the measures using Method 1 (four-point scale) and

Method 3 (eleven-point scale) do not differ very much. However, when we look at the

estimated validities of the questions using Method 1 and Method 3 we see that they are

slightly better in Taiwan, while the reliability using Method 1 in Taiwan is lower.

5.1. Results of the Test for Measurement Invariance

Table 7 shows the variance-covariance matrix of the latent traits. As the baseline model

has only recently been identified, it is not possible to conduct a robustness test with the

configural model. When the loadings are restricted, Jrule shows that the loading of the

second trait is misspecified. As was mentioned above, the government is seen as

responsible for the economic situation. This seems to be stronger for the case in Taiwan

Table 6. The quality of the different questions for the different methods used1.

M1 M2 M3

Country D T D T D T

Q1 0.43 0.47 0.68 0.71 0.45 0.58

Q2 0.64 0.62 0.85 0.85 0.62 0.66

Q3 0.69 0.54 0.55 0.83 0.62 0.50

Average 0.59 0.54 0.69 0.8 0.56 0.58
1“D” denotes the ESS1_DK data and “T” denotes the 2015 TSCS.

Table 7. The variance-covariance matrix of the traits.

Denmark

n ¼ 1502 Q1 Q2 Q3

Q1 .17

Q2 .13 .34

Q3 .09 .09 .19

Mean 2.91 2.73 3.11

Taiwan

n ¼ 2020 Q1 Q2 Q3

Q1 .28

Q2 .28 .37

Q3 .15 .19 .29

Mean 2.09 2.02 2.57
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than in Denmark. This means that this measurement instrument has only partial metric

invariance, that is, only the first and the third items are comparable across countries.

Leaving this loading free, the concepts can be seen as comparable across the two countries.

As equality of loadings is a prerequisite for scalar invariance, the intercepts are

restricted to being equal in both countries, except in the second trait. The likelihood ratio

test (Table 8) indicates that the fit of the scalar model is not significantly different from the

one of the metric model, and Jrule did not show additional misspecifications. These results

imply that, at the cognitive level, partial scalar invariance is established. As the observed

data are corrected for measurement errors, this result means that the relationships between

these concepts and other variables and the latent means of the concepts can be compared

across countries.

6. Conclusion

The SB-MTMM approach has been widely applied in the ESS to evaluate the quality of

survey measures. It remains unclear whether this approach performs equally well in

logographic writing systems. In addition, it is of interest to explore possible similarity or

difference between ESS and Taiwanese data. Using a two-group experimental design,

Danish data from ESS Round 1 and the 2015 TSCS are compared. The results indicated

that questions measured by six-point scales with labels at endpoints (M2) have the best

quality, while the measures on either a four-point scale with full labels or an eleven-point

scale are equally acceptable. Although differences between Danish and Taiwanese data

can be observed, the findings are comparable, despite the fact that the order of applying

methods differed. These findings are contrary to previous research suggesting that fully

labeled response scales provide higher reliability than those with endpoints (Alwin and

Krosnick 1991; Holbrook et al. 2006; Weng 2004), while the results are consistent with

other studies (Saris and Gallhofer 2014; Saris et al. 2004). The designs of response scale

deserve further examination. However, these methods differed in more than just this one

aspect, which may explain these results.

One possible reason for the relatively poor quality of M1 in the 2015 TSCS may be the

different measurement procedures used for the different methods during the face-to-face

interview. An unfolding technique, in which interviewers first asked about the direction

and then about the degree of attitudes (Schaeffer and Presser 2003), is used for M1 to

minimize the tendency of choosing the middle category. On the other hand, show cards are

provided upon request for M2 and M3, so it is easier for the respondents to answer the

questions using Methods 2 and 3, rather than using Method 1. While the inquiry process

Table 8. Likelihood ratio test of the metric and scalar models.

Chi-square
Chi-square
difference

DF
difference Pr. (.Chi2)

Partially metric
invariant model

0.0766

Partially scalar
invariant model

0.8217 0.74511 1 0.388
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should be considered as part of the methods, researchers need to be cautious with its

influence on data quality.

One cannot draw general conclusions about the effect of different aspects of the

methods on the quality of questions, because often, like here, more aspects vary at the

same time. Also, findings on quality of measures may differ by the measured topics. For

general conclusions, we refer to the results of meta-analyses over large numbers of

MTMM experiments (Saris and Gallhofer 2014).

A second result is that the concept “political satisfaction” is only partially invariant

across the two countries. The results of the invariance test show that the understanding of

the indicators of satisfaction with the economy and with the way democracy works are

comparable in Denmark and Taiwan. However, this is not the case for satisfaction with the

government. For this last indicator, there seems to be a different interpretation in the two

countries. This signifies that means and relationships of the latent variable “political

satisfaction” can be compared across countries, but composite scores can only be

compared if one uses only the comparable indicators in computing the composite scores.
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