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Measurement invariance — Why?

Why testing for measurement invariance?

m Measurement structures of latent factors need to be stable
across compared research units (e.g., Vandenberg, & Lance, 2000).

m Differences between groups in latent constructs cannot be
unambiguously attributed to ‘real’ differences if no Ml test is
conducted.

m Testing measurement invariance (MI) is a necessary
precondition to conduct comparative analyses (Millsap, 2011).



Possible Causes for Non-invariance

Non-invariance could emerge if...

m ...conceptual meaning or understanding of the construct differs
across groups,

m ...groups differ regarding the extent of social desirability or social
norms,

m ...groups have different reference points, when making statements
about themselves,

® ...groups respond to extreme items differently,
m ...particular items are more applicable for one group than another,

= ...translation of one or more item(s) is improper (Chen, 2008)



Different testing frameworks and forms of

Measurement invariance

Measurement invariance testing
= within CFA framework

m within IRT framework

Forms of Measurement invariance
m Configural invariance (same pattern of loadings)
m Metric invariance (same loadings for each group)

m Scalar invariance (same loadings and intercepts for each group)



Evaluating Measurement invariance

Evaluation criteria of Ml within multiple-group CFA
m y2 difference test
m Changes in approximate fit statistics, e.g.

m ASRMR

m ARMSEA

m ACFIl: Most common (Chen 2007; Cheung, & Rensvold, 2002; Mead, Johnson, &
Braddy, 2008; Kim et al., 2017)



Measurement invariance testing within

MI testing within many groups
m Exact Ml is mostly rejected within many groups.

m Stepwise post hoc adjustments based on modification indices have
been criticized (e.g., Marsh et al., 2017)

= Many steps because of many parameters that have to be adjusted

m Modification indices show high multi-collinearity, making adjustments often
arbitrarily

= No guarantee that the simplest, most interpretable model is found

= New method for multiple-group CFA: Alignment method (Asparouhov
& Muthén, 2014)



The alignment method in a nutshell

Alignment method

m Scaling procedure to refine scales and scores for comparability
across many groups

m Goal: Finding (non-)invariance pattern in large data set

m Iterative procedure using simplicity function (similar to the rotation criteria
used with EFA)

= Simplicity function will be minimized
m where there are few large noninvariant parameters
= and many approximately invariant parameters

m (rathen than many medium-sized noninvariant parameters)



The alignment method in a nutshell

Alignment approaches and procedure

m Three approaches
m ML Free approach
m ML Fixed approach (fixing the mean of one group to 0)

m Bayesian approach

= Procedure
m Configural model as starting point (factor means = 0, factor variance = 1)

m Estimating parameters by freely estimate factor means and variances and
iteratively fixing factor loadings and intercepts

m Final aligned model has same fit as configural model



The alignment method in a nutshell

Alignment fit statistics
= Evaluating degree of (non)invariance and alignment estimations

m Fit statistics
m Simplicity function value
m R2? (between 0 - noninvariant and 1 - invariant)
m Variance of freely estimated parameters

= Number (percentage) of approximate MI groups

Difference between alignment and scalar estimations

m Monte carlos simulation: Reproducibility of the estimated parameters



Study design

NN N

Study aim

m Testing measurement invariance of the WHO-5 well-being scale
across European countries (one-factor model; fixed-factor scaling method)

Sample overview

m European Working Condition Survey 2015

= 33 European countries

m 41,290 respondents (employees and self-employed)
= 49.6% females, n = 20,493

m Age: 15to 89 years (M =43.3, SD =12.7)
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Study design

Instructions: Please indicate for each of the 5 statements which is closest to how
you have been feeling over the past 2 weeks.

Over the past 2 Atno |Some |[Less More |Most | All of
weeks. .. time of the |[than than of the |the
time half of | half of [time time
the the
. time time
Measure: WHO-5 17 | .. I have felt 0 1 2 3 2 5

cheerful and in

m Various studies confirmed good spirits.

. ; ; - 12 |... 1 have feltcalm |0 1 2 3 4 5

its high reliability, and relaxed,

One-faCtor structure 131...1 hgve felt active [0 1 2 3 4 5
and vigorous.

(e.g., Krieger et al., 2014) 14 | ... I woke up feeling |0 1 2 3 4 5

ot fresh and rested.

pre.dl.ctlve and construct 15 | ... my daily life has |0 1 2 3 4 5

validity (Topp et al., 2015). been filled with
things that interest

= WHO-5 is used in =

health-related domains such as suicidology (Andrews & Withey,
1976), alcohol abuse (Elholm, Larsen, Hornnes, Zierau, & Becker, 2011), Or
myocardial infarction (Bergmann et al., 2013).
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Results (1)

Table 1. Fit indices of the WHO-5 one-factorial structure from confirmatory factor analysis for the EWCS 2015 wave.

Country y? p RMSEA SRMR CFI TLI Country 2 p RMSEA SRMR CFI TLI
ALB 23.541 .000 .061 .020 981 962 ITA 18.295 .003 .044 021 985 970
AUT 19.355 .002 .053 .019 .985 969 LTU 25.583 .000 .065 .017 983 967
BEL 79.461 .000 .076 .027 .967 935 LUX 40.638 .000 .085 .028 961 922
BGR 24.006 .000 .060 .016 .984 969 LVA 13.660 .018 .043 .014 990 .980
CYP 6.740 .241 .019 011 .998 997 MAC 0.870 .972 .000 .004 1.000 1.008
CZE 24.285 .000 .062 .022 981 962 MLT 17.156 .004 .049 .024 978 .956
| DNK 58.834 .000 .104 .039 .936 873 | MNE 28.660 .000 .069 .023 971 943
ESP 111.872 .000 .080 .028 .960 921 NLD 28.490 .000 .068 .023 971 942
EST 24940 .000 .063 .018 .986 972 NOR 35.956 .000 .078 .027 .968 936
FIN 45.805 .000 .091 .027 .959 918 POL 10.380 .065 .031 012 995 990
FRA 83.358 .000 .102 .034 947 .894 PRT 11.594 .041 .036 .015 992 .985
GBR 28.355 .000 .054 .018 .985 970 ROU 3.786 .581 .000 .007 1.000 1.002
GER 34.899 .000 .054 .018 .984 .968 SVK 16.486 .006 .049 .014 991 981
GRC 19.900 .001 .055 .016 .989 978 SVN 6.691 .245 .015 .009 999 .998
HRV 15.340 .009 .046 .015 .989 978 SWE 31.245 .000 .072 .025 974 947
HUN 22.906 .000 .060 021 .983 .966 TUR 41.563 .000 .061 .015 981 961

IRL 26.803 .000 .065 .028 970 940

Notes. MLR estimator; df = 5; RMSEA = root mean squared error of approximation; SRMR = standardized root mean
square residual; CFl = comparative fit index; TLI = Tucker-Lewis index.
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Results (1)

Figure 1. Unstandardized factor loadings with 95% CI for the one-factor WHO-5 model.
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Results (Il

Figure 2. Intercepts and 95% CI for the one-factor WHO-5 model.
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Results (V)

Table 2. Test of measurement invariance and fit indices for WHO-5 one-factor model across countries.

Form of invariance Y2 P df RMSEA SRMR CFlI TLI

Configural invariance  978.730 0.000 165 .063 022 979 959
Metric invariance 1601.885 0.000 293 .060 .063 967 963
Scalar invariance 4045.027 0.000 421 .083 .095 908 928
A Configural — metric  623.155 128 -.003 041 -.012 .004
A Metric — scalar 2443.142 128 .023 .032 -.059 -.035

Notes. MLR estimator; RMSEA = root mean squared error of approximation; SRMR = standardized root mean
square residual; CFl = comparative fit index; TLI = Tucker-Lewis index.
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Results (V)

Table 3. Alignment fit statistics.

Fit function R Variance Number (percentage) of Difference of alignment

contribution approximate MI groups and scalar model M (SD)
FL1 -193.314 719 0.005 29 (87.9%) -0.015 (0.071)
FL 2 -176.841 .886 0.002 32 (97.0%) -0.016 (0.042)
FL3 -190.018 743 0.006 30 (90.9%) -0.005 (0.075)
FL4 -184.561 781 0.004 32 (97.0%) 0.011 (0.062)
[FL5 -209.841 027 0.008 217 (81.8%) | -0.015 (0.094)
IC1 -215.504 612 0.010 21 (63.6%) 0.139 (0.102)
IC 2 -199.284 797 0.006 23 (69.7%) 0.145 (0.082)
IC3 -200.148 .695 0.006 16 (48.5%) 0.137 (0.080)
[IC4 -226.765 430 0.016 14 (42.2%) | 0.124 (0.130)
IC5 -220.895 562 0.011 22 (66.7%) 0.111 (0.106)

Notes. MLR estimator; FIXED approach; FL = Factor loadings; IC = Intercepts.
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Figure 3. Differences of

unstandardized factor loadings
between alignment and scalar

model.
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Figure 4. Differences of
intercepts between alignment
and scalar model.
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Results (VIII)

Figure 5. Differences of factor means between alignment and scalar model.
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Results (IX)

Figure 6. Differences of factor means between alignment and scalar model.
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Discussion

Summary & conclusion
m The WHO-5 scale seems partially invariant across countries

m However, using a manifest approach or a full scalar model is
probably a bad idea

m Alignment is an exploratory tool that can point out problematic
indicators

= As a new tool, its performance has to be evaluated under different

conditions (number of compared groups, form of non-invariance, item
distribution, etc.)

m However, first simulations studies (Aspharouhov & Muthén, 2014; Flake,
2015; Marsh et al., 2017, Kim et al., 2017) showed promising results 21



Thank you for your attention!

Email: philipp.sischka@uni.lu
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Appendix ()

Table 1. Sample size, percent females, mean and standard deviation of age, and reliability (McDonald’s Omega).

2010 2015
Country N % female Age M (SD) W N % female Age M (SD) W
ALB 941 43.7 41.6 (11.9) .90 995 53.1 39.7 (13.2) 91
AUT 938 47.9 40.1 (12.3) .82 1017 51.9 41.6 (12.5) .88
BEL 3904 45.4 40.4 (11.0) .85 2578 47.2 42.0 (11.8) 87
BGR 993 47.2 41.8 (11.5) .93 1057 50.1 43.3(11.9) 92
CYP 989 447 41.0 (12.0) .91 995 48.8 38.6 (12.5) .89
CZE 964 43.1 41.5 (11.6) .90 990 50.4 43.0 (11.8) 87
DNK 1061 47.3 40.4 (13.2) 74 997 47.2 42.7 (13.5) 81
ESP 1001 43.2 39.8 (11.0) .88 3341 47.2 42.0 (11.1) .90
EST 959 51.6 42.3 (12.7) .86 990 54.0 43.5 (13.4) .88
FIN 1016 49.1 42.0 (12.7) 81 995 50.8 45.0 (12.4) 84
FRA 3015 475 40.3 (11.3) .88 1520 49.4 41.9 (11.5) .86
GBR 1548 46.5 40.7 (13.2) .87 1611 46.5 41.8 (13.5) .89
GER 2104 46.4 41.4 (12.3) .85 2076 49.6 43.8(13.1) 87
GRC 1029 39.7 41.2 (11.3) .90 998 43.4 42.3 (11.6) .90
HRV 1069 45.9 42.6 (12.3) .92 997 49.0 42.7 (12.3) 91
HUN 1006 45.9 40.8 (11.2) 87 1010 51.9 43.9 (11.8) .89
IRL 993 45.8 39.6 (12.2) .86 1043 46.7 42.4 (12.4) .87
ITA 1457 39.8 41.3 (11.1) .88 1390 46.2 45.0 (11.7) 87
LTU 939 52.0 41.4 (11.9) .91 989 53.9 43.9 (12.6) .92
LUX 972 42.8 39.9 (10.9) .85 991 48.1 41.2 (10.7) .85
LVA 985 515 41.3 (12.6) .83 941 52.9 42.7 (13.1) .88
MAC 1090 38.7 40.2 (11.3) .89 1001 47.2 40.9 (12.9) .90
MLT 991 33.1 37.7 (12.3) .83 999 40.3 39.6 (13.0) .84
MNE 995 43.2 39.4 (11.9) .92 999 47.2 39.9 (12.5) .90
NLD 1013 458 40.3 (13.2) 81 1024 475 42.0 (13.9) .88
NOR 1076 475 41.3 (13.3) .82 1025 49.4 41.8 (13.8) .82
POL 1435 45.0 39.4 (11.8) .92 1128 53.0 41.8 (13.0) 91
PRT 997 46.8 42.4 (13.1) .92 1008 53.2 45.6 (13.1) .87
ROU 965 43.1 41.0 (12.5) .88 1052 48.7 41.2 (11.7) .87
SVK 987 44.1 40.3 (11.3) 91 954 50.6 41.9 (11.5) .94
SVN 1384 45.8 39.9 (11.5) .88 1586 49.5 42.4 (11.5) .89
SWE 969 48.2 42.7 (13.0) .81 1002 48.0 43.3 (13.1) .86

TUR 2085 27.5 36.4 (12.4) 91 1991 29.4 37.3(12.2) .88 25




