
Preparing the data for analysis in Mplus:

- Download the dataset from http://www.europeansocialsurvey.org

- Select the relevant variables

- Match the individual data to the country-level data (using the countryID)

- Recode all responses to numerical values 

- Give numerical values to missing values (e.g. 999)

- Save dataset as a .dat file without columnnames

Screenshot of my dataset in Mplus. The order of the variables is:
fltdpr wrhpp enjlf fltsd fltanx fltpcfl IL CPI cntryID

Example 1 – Emotional wellbeing 

The prepared dataset is available upon request by email (S.Jak@uva.nl) 



• ALL INPUT FILES FOR EXAMPLE 1
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Step 1 (obtaining intraclass correlations and fitting a null-model on the between-level):  

Syntax to obtain intraclass correlations of the items: 

 

Syntax to fit a null-model on the between level: 

 

 

DATA: 
  FILE IS ESSwellbeing.dat; 
 
VARIABLE: 
  NAMES ARE  fltdpr wrhpp enjlf  
   fltsd fltanx fltpcfl  
   IL 
   CPI 
   cntryID; 
 
  USEVARIABLES ARE  
   wrhpp enjlf fltpcfl  
   fltdpr fltsd fltanx ; 
 
  MISSING ARE  fltdpr wrhpp enjlf fltsd fltanx fltpcfl (999); 
  CLUSTER IS  cntryID; 
 
ANALYSIS: TYPE IS twolevel basic; 

 

DATA: 
  FILE IS ESSwellbeing.dat; 
 
VARIABLE: 
  NAMES ARE  fltdpr wrhpp enjlf  
   fltsd fltanx fltpcfl  
   IL 
   CPI 
   cntryID; 
 
  USEVARIABLES ARE  
   wrhpp enjlf fltpcfl  
   fltdpr fltsd fltanx ; 
 
  MISSING ARE  fltdpr wrhpp enjlf fltsd fltanx fltpcfl (999); 
  CLUSTER IS  cntryID; 
 
ANALYSIS: TYPE IS twolevel; 
 
MODEL: 
   %WITHIN% 
   wrhpp with enjlf-fltanx; 
   enjlf with fltpcfl-fltanx; 
   fltpcfl with fltdpr-fltanx; 
   fltdpr with fltsd fltanx; 
   fltsd with fltanx;  
 
   %BETWEEN%       
   wrhpp-fltanx@0; 
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Step 2 (a measurement model within and a saturated model between): 
  
All syntax except ‘MODEL’ is identical to Step 1 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MODEL: 
   %WITHIN% 
             posWB by wrhpp* enjlf fltpcfl; 
   posWB@1; 
 
             negWB by fltdpr* fltsd fltanx; 
             negWB@1; 
 
   %BETWEEN%       
   wrhpp with enjlf-fltanx; 
   enjlf with fltpcfl-fltanx; 
   fltpcfl with fltdpr-fltanx; 
   fltdpr with fltsd fltanx; 
   fltsd with fltanx;  
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Step 3a (strong factorial invariance model): 
 
(all syntax except ‘MODEL’ is identical to Step 1) 
 

 
 
 

 
 
 
 
Step 3b (cluster bias model): 
 
(all syntax except ‘MODEL’ is identical to Step 1) 
 

 
 
 

 
 
 
 
 

MODEL: 
  %WITHIN% 
            posWB by wrhpp* enjlf fltpcfl (1-3); 
  posWB@1; 
 
            negWB by fltdpr* fltsd fltanx (4-6); 
            negWB@1;   
 
  %BETWEEN% 
            cposWB by wrhpp* enjlf fltpcfl (1-3); 
  cposWB; 
 
            cnegWB by fltdpr* fltsd fltanx (4-6); 
            cnegWB;   
 
  wrhpp-fltanx@0; 
 

MODEL: 
  %WITHIN% 
            posWB by wrhpp* enjlf fltpcfl (1-3); 
  posWB@1; 
 
            negWB by fltdpr* fltsd fltanx (4-6); 
            negWB@1;   
 
  %BETWEEN% 
            cposWB by wrhpp* enjlf fltpcfl (1-3); 
  cposWB; 
 
            cnegWB by fltdpr* fltsd fltanx (4-6); 
            cnegWB;   
 
  wrhpp-fltanx; 
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Step 4 (adding observed between-level variables to the model):  
 

 
 
 
 

 

 

DATA: 
  FILE IS ESSwellbeing.dat; 
VARIABLE: 
  NAMES ARE  fltdpr wrhpp enjlf  
   fltsd fltanx fltpcfl  
   IL 
   CPI 
   cntryID; 
 
  USEVARIABLES ARE  
   wrhpp enjlf fltpcfl  
   fltdpr fltsd fltanx 
   IL CPI ; 
 
  MISSING ARE  
   fltdpr wrhpp enjlf  
   fltsd fltanx fltpcfl  
   IL CPI (999); 
 
  CLUSTER IS  cntryID; 
  
  BETWEEN is  IL CPI; 
 
 
ANALYSIS: TYPE IS twolevel; 
 
MODEL: 
  %WITHIN% 
            posWB by wrhpp* enjlf fltpcfl (1-3); 
  posWB@1; 
 
            negWB by fltdpr* fltsd fltanx (4-6); 
            negWB@1;   
 
 
  %BETWEEN% 
            cposWB by wrhpp* enjlf fltpcfl (1-3); 
  cposWB; 
 
            cnegWB by fltdpr* fltsd fltanx (4-6); 
            cnegWB;   
 
  cnegWB with IL CPI; 
  cposWB with IL CPI; 
  IL with CPI; 
 
  enjlf on CPI; ! direct effect of CPI on Enjoy Life 
 
OUTPUT: stdyx; 
 

 



• ANNOTATED OUTPUT FOR EXAMPLE 1



Fit statistics of Step 1 (Chi-square statistic of the null-model)

Intraclass correlations of Step 1 (proportions of indicator variance at the 
country-level)

Significant chi-square indicates 
significant country-level variance

ICCs range from .035 to .122



Fit statistics of Step 2 (measurement model at within-level)

χ2
(8) = 587.562, p < .05, RMSEA = .036, CFI = .97



Standardized parameter estimates of Step 2 (measurement model at within-level)

Factor loadings (λw) 

Factor covariance (φw)

Factor variances (φw)

Residual variances (θw)



Fit statistics of Step 3a (strong factorial invariance)

χ2
(26) = 8196.16, p < .05, RMSEA = .076, CFI = .62



Fit statistics of Step 3b (accounting for country-bias by freeing residual 
variance at the country-level)

χ2
(20) = 1145.3, p < .05, RMSEA = .031, CFI = .95



Factor loadings (λw) 

Factor covariance (φw)

Factor variances (φw)

Residual variances (θw)

Factor covariance (φb)

Factor variances (φb)

Residual variances (θb)

Intercepts (αb)

Calculating the ICC of the common factors using the factor variances:
ICC = φb / (φb + φw)
Positive wellbeing : .062/ (.062 + 1) = .058
Negative wellbeing : .137/ (.137 + 1) = .120

Factor loadings (λb) 

Parameter estimates of Step 3b (unstandardized)



Calculating the proportion of country-bias per item:

Proportion of country-level bias in country-level variance:

θb / (λb
2 φb + θb)

For Item 2: .014 / (.6322 * .062 + .014) = .361
For Item 3: .014 / (.5072 * .062 + .014) = .468
For Item 6: .039 / (.4442 * .137 + .039) = .591

Proportion of country-level bias in total variance:

θb / (λb
2 φb + θb + λw

2 φw + θw). 

For Item 2: .014 / (.6322 * .062 + .014+ .6322 + .299) = .019
For Item 3: .014 / (.5072 * .062 + .014 + .5072 + .411) = .020
For Item 6: .039 / (.4442 * .137 + .039 + .4442 + .304) = .068



Factor loadings (λw) 

Factor correlation (φw)

Factor variances (φw)

Residual variances (θw)

Factor correlation (φb)

Factor variances (φb)

Residual variances (θb)

Intercepts (αb)

Factor loadings (λb) 

Parameter estimates of Step 3b. (standardized)



Fit statistics of Step 4 (Adding observed variables)

Warning appears because the 
country-level residual variance 
of the item FLTSD is negative. 
As it is not significant from 
zero this can just be interpreted 
as absence of cluster bias in 
this item.

χ2
(28) = 1383.1, p < .05, RMSEA = .030, CFI = .95



Parameter estimates of Step 4 (unstandardized)

Factor loadings (λw) 

Factor covariance (φw)

Factor variances (φw)

Residual variances (θw)

Covariances between common 
factors and contextual variables

Variances of common factors 
and contextual variables

Residual variances (θb)

Intercepts (αb)

Factor loadings (λb) 

Means of contextual variables



Parameter estimates of Step 4 (standardized)

Factor loadings (λw) 

Factor correlation (φw)

Factor variances (φw)

Residual variances (θw)

Correlations between common 
factors and contextual variables

Variances of common factors 
and contextual variables

Residual variances (θb)

Intercepts (αb)

Factor loadings (λb) 

Means of contextual variables



Country-level parameter estimates of Step 4 with the item ‘Enjoy Life’ 
regressed on CPI  (unstandardized)

Direct effect of CPI 
on ENJLF (b)



Country-level parameter estimates of Step 4 with the item ‘Enjoy Life’ 
regressed on CPI  (standardized)

Direct effect of CPI 
on ENJLF (β)



Preparing the data for analysis in Mplus:

- Download the dataset from https://www.oecd.org/pisa/pisaproducts/

- Select the students who received Booklet 1 (BOOKID = 1)

- Select relevant variables (in this example: PM00FQ01 PM00GQ01 
PM903Q03 PM909Q01 PM923Q04 PM924Q02 PM955Q01 PM995Q01 
PM998Q02)

- Select the relevant country-level variables from the country-data (in this
example: ‘SC14Q02_mean’ and ‘SMRATIO_mean’)

- Match the individual data to the country-level data (using the variable ‘CNT’)

- Recode all responses to numerical values 

- Give numerical values to missing values (e.g. 999)

- Save dataset as .dat file without columnnames

Print screen of the prepared dataset: 

Example 2 - Mathematical ability 

The prepared dataset is available upon request by email (S.Jak@uva.nl) 



• ALL INPUT FILES FOR EXAMPLE 2
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Mplus-scripts for Example 2 

The item labels for v1 to v9 as used by PISA are respectively: PM00FQ01, PM00GQ01, 

PM903Q03, PM909Q01, PM923Q04, PM924Q02, PM955Q01, PM995Q01 and PM998Q02.  

Step 1 (obtaining intraclass correlations and fitting a null-model on the between-level):  

 

  

DATA: 
  FILE IS pisa.dat; 
VARIABLE: 
  NAMES ARE  v1-v9  
   short 
             stratio 
   cntryID; 
 
  USEVARIABLES ARE v1-v9; 
  CATEGORICAL ARE v1-v9; 
 
  MISSING ARE  v1-v9 (7 8 9); 
  CLUSTER IS  cntryID; 
 
ANALYSIS: TYPE IS twolevel basic; 
     ESTIMATOR IS WLSMV; 

 

DATA: 
  FILE IS pisa.dat; 
VARIABLE: 
  NAMES ARE  v1-v9  
   short 
             stratio 
   cntryID; 
 
  USEVARIABLES ARE  
   v1-v9; 
  CATEGORICAL ARE 
             v1-v9; 
 
  MISSING ARE  v1-v9 (7 8 9); 
  CLUSTER IS  cntryID; 
 
ANALYSIS: TYPE IS twolevel; 
     ESTIMATOR IS WLSMV; 
 
MODEL:      %WITHIN% 
            v1 with v2-v9; 
            v2 with v3-v9; 
            v3 with v4-v9; 
            v4 with v5-v9; 
            v5 with v6-v9; 
            v6 with v7-v9; 
            v7 with v8-v9; 
            v8 with v9; 
 
            %BETWEEN% 
            v1-v9@0; 
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Step 2 (a measurement model within and a saturated model between): 
  
All syntax except ‘MODEL’ is identical to Step 1 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Step 3a (strong factorial invariance model): 
 
All syntax except ‘MODEL’ is identical to Step 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MODEL:      %WITHIN% 
            math by v1* v2-v9; 

math@1; 
 
            %BETWEEN% 
            v1 with v2-v9; 
            v2 with v3-v9; 
            v3 with v4-v9; 
            v4 with v5-v9; 
            v5 with v6-v9; 
            v6 with v7-v9; 
            v7 with v8-v9; 
            v8 with v9; 
 
            v1-v9; 

 

MODEL:      %WITHIN% 
            math by v1* v2-v9(1-9); 
            math@1; 
 
            %BETWEEN% 
            Bmath by v1* v2-v9 (1-9); 
            Bmath; 
 
            v1-v9@0;   
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Step 4 (adding observed between-level variables to the model 
 
 
 

 

DATA: 
  FILE IS pisa.dat; 
VARIABLE: 
  NAMES ARE  v1-v9  
   short 
             stratio 
   cntryID; 
 
  USEVARIABLES ARE  
   v1-v9 
             short 
             stratio; 
 
  CATEGORICAL ARE 
             v1-v9; 
 
  BETWEEN ARE  
             short 
             stratio; 
 
  MISSING ARE  v1-v9 (7 8 9); 
 
  CLUSTER IS  cntryID; 
 
  DEFINE:   stratio = stratio/100; 
 
ANALYSIS: TYPE IS twolevel; 
          ESTIMATOR IS WLSMV; 
 
MODEL:      %WITHIN% 
            math by v1* v2-v9 (1-9); 
            math@1; 
 
            %BETWEEN% 
            Bmath by v1* v2-v9 (1-9); 
            Bmath; 
 
            Bmath with short stratio; 
            short with stratio; 
 
            v1-v9@0;      
           
OUTPUT: stdyx; 



• ANNOTATED OUTPUT FOR EXAMPLE 2



Fit statistics of Step 1 (Chi-square statistic of the null-model)

Significant chi-square indicates 
significant country-level variance

ICCs range from .057 to .138



Fit statistics of Step 2 (measurement model at within-level)

2
(27) = 36.74, p = .10, RMSEA = .005, CFI = .998



Standardized parameter estimates of Step 2 (measurement model at within-level)

Factor loadings 
( w)

Factor variance ( w)

Residual variances ( w) are fixed at 1 for scaling and not provided in the output



Fit statistics of Step 3a (strong factorial invariance)

2
(71) = 84.64, p = .12, RMSEA = .003, CFI = .997



Factor loadings ( w)

Factor variance ( w)

Factor variance ( b)

Residual variances ( b)

Thresholds ( b)

Calculating the ICC of the common factors using the factor variances:
ICC = b / ( b + w)
.190/ (.190 + 1) = .160

Factor loadings ( b)

Parameter estimates of Step 3a (unstandardized)

Fixed at zero



Factor loadings ( w)

Factor variance ( w)

Factor variance ( b)

Residual variances ( b)

Thresholds ( b)

Factor loadings ( b)

Parameter estimates of Step 3a (standardized)

All standardized factor 
loadings are 1, because 
residual variance is zero

Fixed at zero



Fit statistics of Step 4 (Adding observed variables)

2
(87) = 98.66, p = .18, RMSEA = .003, CFI = .998



Parameter estimates of Step 4 (unstandardized)

Factor loadings ( w)

Factor variance ( w)

Covariances between common 
factor and contextual variables

Variances of common factor 
and contextual variables

Residual variances ( b)

Factor loadings ( b)

Means of contextual variables

Thresholds ( b)



Parameter estimates of Step 4 (standardized)

Factor loadings ( w)

Factor variance ( w)

Correlations between common 
factor and contextual variables

Variances of common factor 
and contextual variables

Residual variances ( b)

Factor loadings ( b)

Means of contextual variables

Thresholds ( b)
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