ESM 1

Mplus syntaxes for scientific literacy including doubly-manifest models (DMM), latent-measurement/manifest-aggregation models (LMM), and doubly-latent models (DLM) 

TITLE:		Scientific literacy G6-G9: Doubly Manifest Approach (Model 0a);

DATA:		FILE = Imp_List.dat;
           		TYPE = IMPUTATION;

VARIABLE:	!Variable definitions:
!1.ID-Variables, 2. Covariates L1, 3. Covariates L2, 4. Competencies
NAMES = ID_i ID_cc 						!1.
Gender Migra Books HISEI HISCED DGCFb			!2. 
School SuS_Maen SuS_Migr SuS_hSES SuS_Univ		!3. 
zNATK6 zNATK9 zICTK6 zICTK9;				!4.

CLUSTER = ID_i ID_cc;

USEVARIABLES = zNATK6 zNATK9 zNATK6_cl;

WITHIN = zNATK6;
            
BETWEEN = zNATK6_cl;

DEFINE:	CENTER zNATK6 (GROUPMEAN);
  		zNATK6_cl = cluster_mean(zNATK6);	

ANALYSIS:	TYPE = COMPLEX TWOLEVEL;

MODEL:	%WITHIN%
		!Manifest variables L1
            		zNATK9 ON zNATK6 (b_within);

  		%BETWEEN% 
 		!Manifest variables L2
            		zNATK9 ON zNATK6_cl (b_between);

MODEL CONSTRAINT:
            		!Define and estimate the composition effect
            		new(comp_e);
            		comp_e  = b_between - b_within;	

  OUTPUT:	STDYX;


TITLE:		Scientific literacy G6-G9: Latent-Measurement/Manifest-Approach (Model 0b);

DATA:		FILE = Imp_List.dat;
           		TYPE = IMPUTATION;

VARIABLE:	!Variable definitions:
!1.ID-Variables, 2. Covariates L1, 3. Covariates L2, 4. Competencies
NAMES = ID_i ID_cc 						!1.
Gender Migra Books HISEI HISCED DGCFb			!2. 
School SuS_Maen SuS_Migr SuS_hSES SuS_Univ		!3. 
zNATK6 zNATK9 zICTK6 zICTK9;				!4.

CLUSTER = ID_i ID_cc;

USEVARIABLES = zNATK6 zNATK9 zNATK6_cl;

WITHIN = zNATK6;
            
BETWEEN = zNATK6_cl;

DEFINE:	CENTER zNATK6 (GROUPMEAN);
  		zNATK6_cl = cluster_mean(zNATK6);	

ANALYSIS:	TYPE = COMPLEX TWOLEVEL;

MODEL:	%WITHIN%
            		!Latent factors L1
           		zNATK6_L1 BY zNATK6@1;
            		zNATK6@0.229; 			!WLE-reliability = .771
  		zNATK9_L1 BY zNATK9@1;
            		zNATK9@0.197; 			!WLE-reliability = .803

            		zNATK9_L1 ON zNATK6_L1 (b_within);            		

  		%BETWEEN%  
            		!Manifest variables L2
            		zNATK6_L2 BY zNATK6_cl@1;
           		zNATK6_cl@0;
            		zNATK9_L2 BY zNATK9@1;
            		zNATK9@0;

            		zNATK9_L2 ON zNATK6_L2 (b_between);

MODEL CONSTRAINT:
            		!Define and estimate the composition effect
            		new(comp_e);
            		comp_e  = b_between - b_within;	

  OUTPUT:	STDYX;


TITLE:		Scientific literacy G6-G9: Doubly Latent Approach (Model 1);

DATA:		FILE = Imp_List.dat;
           		TYPE = IMPUTATION;

VARIABLE:	!Variable definitions:
!1.ID-Variables, 2. Covariates L1, 3. Covariates L2, 4. Competencies
NAMES = ID_i ID_cc 						!1.
Gender Migra Books HISEI HISCED DGCFb			!2. 
School SuS_Maen SuS_Migr SuS_hSES SuS_Univ		!3. 
zNATK6 zNATK9 zICTK6 zICTK9;				!4.

CLUSTER = ID_i ID_cc;

USEVARIABLES = zNATK6 zNATK9;

ANALYSIS:	TYPE = COMPLEX TWOLEVEL;

MODEL:	%WITHIN%
            		!Latent factors L1
           		zNATK6_L1 BY zNATK6@1;
            		zNATK6@0.229; 			!WLE-reliability = .771
  		zNATK9_L1 BY zNATK9@1;
            		zNATK9@0.197; 			!WLE-reliability = .803

            		zNATK9_L1 ON zNATK6_L1 (b_within);

  		%BETWEEN%  
           		!Latent factors L2 
            		zNATK6_L2 BY zNATK6@1;
            		zNATK6@0;
            		zNATK9_L2 BY zNATK9@1;
zNATK9@0;

            		zNATK9_L2 ON zNATK6_L2 (b_between);

           		MODEL CONSTRAINT:
            		!Define and estimate the composition effect
            		new(comp_e);
            		comp_e  = b_between - b_within;	

  OUTPUT:	STDYX;


TITLE:		Scientific literacy G6-G9: Doubly Latent Approach (Model 2);

DATA:		FILE = Imp_List.dat;
           		TYPE = IMPUTATION;

VARIABLE:	!Variable definitions:
!1.ID-Variables, 2. Covariates L1, 3. Covariates L2, 4. Competencies
NAMES = ID_i ID_cc 						!1.
Gender Migra Books HISEI HISCED DGCFb			!2. 
School SuS_Maen SuS_Migr SuS_hSES SuS_Univ		!3. 
zNATK6 zNATK9 zICTK6 zICTK9;				!4.

CLUSTER = ID_i ID_cc;

USEVARIABLES = Gender Migra Books HISEI HISCED DGCFb 
zNATK6 zNATK9;

WITHIN = Gender Migra Books HISEI HISCED DGCFb;

ANALYSIS:	TYPE = COMPLEX TWOLEVEL;

MODEL:	%WITHIN%
            		!Latent factors L1
           		zNATK6_L1 BY zNATK6@1;
            		zNATK6@0.229; 			!WLE-reliability = .771
  		zNATK9_L1 BY zNATK9@1;
            		zNATK9@0.197; 			!WLE-reliability = .803

            		zNATK9_L1 ON zNATK6_L1 (b_within);
            		zNATK9_L1 ON Gender Migra Books HISEI HISCED DGCF;

  		%BETWEEN%  
           		!Latent factors L2 
            		zNATK6_L2 BY zNATK6@1;
            		zNATK6@0;
            		zNATK9_L2 BY zNATK9@1;
zNATK9@0;

            		zNATK9_L2 ON zNATK6_L2 (b_between);

           		MODEL CONSTRAINT:
            		!Define and estimate the composition effect
            		new(comp_e);
            		comp_e  = b_between - b_within;	

  OUTPUT:	STDYX;


TITLE:		Scientific literacy G6-G9: Doubly Latent Approach (Model 3);

DATA:		FILE = Imp_List.dat;
           		TYPE = IMPUTATION;

VARIABLE:	!Variable definitions:
!1.ID-Variables, 2. Covariates L1, 3. Covariates L2, 4. Competencies
NAMES = ID_i ID_cc 						!1.
Gender Migra Books HISEI HISCED DGCFb			!2. 
School SuS_Maen SuS_Migr SuS_hSES SuS_Univ		!3. 
zNATK6 zNATK9 zICTK6 zICTK9;				!4.

CLUSTER = ID_i ID_cc;

USEVARIABLES = Gender Migra Books HISEI HISCED DGCFb 
School zNATK6 zNATK9;

WITHIN = Gender Migra Books HISEI HISCED DGCFb;

BETWEEN = School;

ANALYSIS:	TYPE = COMPLEX TWOLEVEL;

MODEL:	%WITHIN%
            		!Latent factors L1
           		zNATK6_L1 BY zNATK6@1;
            		zNATK6@0.229; 			!WLE-reliability = .771
  		zNATK9_L1 BY zNATK9@1;
            		zNATK9@0.197; 			!WLE-reliability = .803

            		zNATK9_L1 ON zNATK6_L1 (b_within);
            		zNATK9_L1 ON Gender Migra Books HISEI HISCED DGCF;

  		%BETWEEN%  
           		!Latent factors L2 
            		zNATK6_L2 BY zNATK6@1;
            		zNATK6@0;
            		zNATK9_L2 BY zNATK9@1;
zNATK9@0;

            		zNATK9_L2 ON zNATK6_L2 (b_between);
zNATK9_L2 ON School;

           		MODEL CONSTRAINT:
            		!Define and estimate the composition effect
            		new(comp_e);
            		comp_e  = b_between - b_within;	

  OUTPUT:	STDYX;


TITLE:		Scientific literacy G6-G9: Doubly Latent Approach (Model 4);

DATA:		FILE = Imp_List.dat;
           		TYPE = IMPUTATION;

VARIABLE:	!Variable definitions:
!1.ID-Variables, 2. Covariates L1, 3. Covariates L2, 4. Competencies
NAMES = ID_i ID_cc 						!1.
Gender Migra Books HISEI HISCED DGCFb			!2. 
School SuS_Maen SuS_Migr SuS_hSES SuS_Univ		!3. 
zNATK6 zNATK9 zICTK6 zICTK9;				!4.

CLUSTER = ID_i ID_cc;

USEVARIABLES = Gender Migra Books HISEI HISCED DGCFb 
School SuS_Maen SuS_Migr SuS_hSES SuS_Univ zNATK6 zNATK9;

WITHIN = Gender Migra Books HISEI HISCED DGCFb;

BETWEEN = School SuS_Maen SuS_Migr SuS_hSES SuS_Univ;

ANALYSIS:	TYPE = COMPLEX TWOLEVEL;

MODEL:	%WITHIN%
            		!Latent factors L1
           		zNATK6_L1 BY zNATK6@1;
            		zNATK6@0.229; 			!WLE-reliability = .771
  		zNATK9_L1 BY zNATK9@1;
            		zNATK9@0.197; 			!WLE-reliability = .803

            		zNATK9_L1 ON zNATK6_L1 (b_within);
            		zNATK9_L1 ON Gender Migra Books HISEI HISCED DGCFb;

  		%BETWEEN%  
           		!Latent factors L2 
            		zNATK6_L2 BY zNATK6@1;
            		zNATK6@0;
            		zNATK9_L2 BY zNATK9@1;
zNATK9@0;

            		zNATK9_L2 ON zNATK6_L2 (b_between);
zNATK9_L2 ON School SuS_Maen SuS_Migr SuS_hSES SuS_Univ;

           		MODEL CONSTRAINT:
            		!Define and estimate the composition effect
            		new(comp_e);
            		comp_e  = b_between - b_within;	

  OUTPUT:	STDYX;


ESM 2
Correlations of the used variables
	
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)
	(14)
	(15)

	(1) Gender
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(2) Migration
	0.02
	1.00
	
	
	
	
	
	
	
	
	
	
	
	
	

	(3) Number of books
	0.04
	-0.22
	1.00
	
	
	
	
	
	
	
	
	
	
	
	

	(4) Parents’ occupation
	0.00
	-0.25
	0.36
	1.00
	
	
	
	
	
	
	
	
	
	
	

	(5) Parents’ education
	-0.01
	-0.24
	0.36
	0.52
	1.00
	
	
	
	
	
	
	
	
	
	

	(6) Cognitive abilities
	-0.03
	-0.15
	0.25
	0.22
	0.21
	1.00
	
	
	
	
	
	
	
	
	

	(7) School track
	0.04
	-0.09
	0.35
	0.38
	0.33
	0.38
	1.00
	
	
	
	
	
	
	
	

	(8) Students, male (%)
	-0.24
	0.00
	-0.08
	-0.10
	-0.06
	-0.04
	-0.13
	1.00
	
	
	
	
	
	
	

	(9) Students, migration (%)
	-0.01
	0.46
	-0.20
	-0.20
	-0.19
	-0.22
	-0.23
	0.02
	1.00
	
	
	
	
	
	

	(10) Students, high SES (%)
	0.04
	-0.08
	0.22
	0.27
	0.24
	0.23
	0.46
	-0.05
	-0.23
	1.00
	
	
	
	
	

	(11) Students, university (%)
	0.02
	-0.13
	0.34
	0.42
	0.36
	0.36
	0.65
	-0.07
	-0.34
	0.53
	1.00
	
	
	
	

	(12) Scientific literacy Grade 6
	-0.10
	-0.28
	0.38
	0.35
	0.32
	0.46
	0.46
	-0.01
	-0.28
	0.25
	0.40
	1.00
	
	
	

	(13) Scientific literacy Grade 9
	-0.06
	-0.22
	0.37
	0.33
	0.30
	0.45
	0.46
	-0.08
	-0.27
	0.27
	0.39
	0.68
	1.00
	
	

	(14) Computer literacy Grade 6
	-0.05
	-0.16
	0.29
	0.25
	0.24
	0.41
	0.42
	-0.04
	-0.20
	0.22
	0.38
	0.63
	0.57
	1.00
	

	(15) Computer literacy Grade 9
	-0.02
	-0.17
	0.33
	0.30
	0.27
	0.45
	0.46
	-0.09
	-0.27
	0.26
	0.41
	0.63
	0.69
	0.63
	1.00


Note. N = 5,738; SES = socioeconomic status, Students, university (%) = percentage of students whose parents have a university degree; Correlations were estimated before the multiple imputation of missing values.


ESM 3
Effects on the scientific literacy in Grade 9 including composition effects of class-average achievement for all models
	
	DMM
	LMM
	DLM

	
	Model 0a
	Model 0b
	Model 1
	Model 2
	Model 3
	Model 4

	Level 1
	β
	SE
	β
	SE
	β
	SE
	β
	SE
	β
	SE
	β
	SE

	Prior competence
	.53***
	.01
	.80***
	.02
	.80***
	.02
	.74***
	.02
	.75***
	.02
	.75***
	.02

	Gender (0=male)
	
	
	
	
	
	
	-.04*
	.02
	-.04*
	.02
	-.05**
	.02

	Migration (0=non)
	
	
	
	
	
	
	-.03
	.02
	-.04*
	.02
	-.02
	.02

	Number of books
	
	
	
	
	
	
	.12***
	.02
	.11***
	.02
	.11***
	.02

	Parents’ occupation
	
	
	
	
	
	
	.04
	.02
	.03
	.02
	.03
	.02

	Parents’ education
	
	
	
	
	
	
	.03
	.02
	.03
	.02
	.03
	.02

	Cognitive abilities
	
	
	
	
	
	
	.13***
	.03
	.13***
	.03
	.13***
	.03

	Level 2
	
	
	
	
	
	
	
	
	
	
	
	

	Mean prior competence
	.96***
	.01
	.96***
	.01
	.96***
	.01
	.95***
	.01
	.90***
	.03
	.87***
	.04

	School track (0=other)
	
	
	
	
	
	
	
	
	.22***
	.06
	.21**
	.06

	Students, male (%)
	
	
	
	
	
	
	
	
	
	
	-.06
	.04

	Students, migration (%)
	
	
	
	
	
	
	
	
	
	
	-.11*
	.05

	Students, high SES (%)
	
	
	
	
	
	
	
	
	
	
	.03
	.05

	Students, university (%)
	
	
	
	
	
	
	
	
	
	
	.04
	.06

	Composition effect (b)
	.33***
	.03
	-.01
	.04
	.11**
	.04
	.03
	.04
	-.10*
	.05
	-.15**
	.05


Note. N = 5,738; DMM = doubly manifest model, LMM = latent measurement/manifest models, DLM = doubly latent models, SES = socioeconomic status, Students, university (%) = percentage of students whose parents have a university degree; Standardized regression weights (β) are shown; In addition, the composition effect (b) is shown for each model; Model 0a: manifest-manifest specification (DMM), Model 0b: latent-manifest specification (LMM), Model 1: latent-latent specification (DLM), Model 2: latent-latent specification (DLM) with strong covariate control on Level 1, Model 3: latent-latent specification (DLM) with strong covariate control on Level 1 and control on Level 2 for academic track, Model 4: as Model 3 with additional control on Level 2 for other features of class composition.
* p < .05, ** p < .01, *** p < .001

ESM 4
Effects on the computer literacy in Grade 9 including composition effects of class-average achievement for all models
	
	DMM
	LMM
	DLM

	
	Model 0a
	Model 0b
	Model 1
	Model 2
	Model 3
	Model 4

	Level 1
	β
	SE
	β
	SE
	β
	SE
	β
	SE
	β
	SE
	β
	SE

	Prior competence
	.46***
	.01
	.76***
	.02
	.75***
	.02
	.70***
	.03
	.70***
	.03
	.70***
	.03

	Gender (0=male)
	
	
	
	
	
	
	-.02
	.02
	-.02
	.02
	-.03
	.02

	Migration (0=non)
	
	
	
	
	
	
	-.04*
	.02
	-.05**
	.02
	-.03
	.02

	Number of books
	
	
	
	
	
	
	.10***
	.02
	.09***
	.02
	.09***
	.02

	Parents’ occupation
	
	
	
	
	
	
	.05
	.03
	.05
	.03
	.04
	.03

	Parents’ education
	
	
	
	
	
	
	.03
	.02
	.03
	.02
	.03
	.02

	Cognitive abilities
	
	
	
	
	
	
	.17***
	.04
	.16***
	.04
	.16***
	.04

	Level 2
	
	
	
	
	
	
	
	
	
	
	
	

	Mean prior competence
	.92***
	.01
	.92***
	.01
	.93***
	.01
	.92***
	.02
	.85***
	.03
	.81***
	.04

	School track (0=other)
	
	
	
	
	
	
	
	
	.25***
	.06
	.25***
	.06

	Students, male (%)
	
	
	
	
	
	
	
	
	
	
	-.02
	.04

	Students, migration (%)
	
	
	
	
	
	
	
	
	
	
	-.19***
	.05

	Students, high SES (%)
	
	
	
	
	
	
	
	
	
	
	.02
	.05

	Students, university (%)
	
	
	
	
	
	
	
	
	
	
	.02
	.07

	Composition effect (b)
	.46***
	.03
	.04
	.05
	.24***
	.05
	.13*
	.05
	-.04
	.06
	-.10
	.06


Note. N = 5,738; DMM = doubly manifest model, LMM = latent measurement/manifest models, DLM = doubly latent models, SES = socioeconomic status, Students, university (%) = percentage of students whose parents have a university degree; Standardized regression weights (β) are shown; In addition, the composition effect (b) is shown for each model; Model 0a: manifest-manifest specification (DMM), Model 0b: latent-manifest specification (LMM), Model 1: latent-latent specification (DLM), Model 2: latent-latent specification (DLM) with strong covariate control on Level 1, Model 3: latent-latent specification (DLM) with strong covariate control on Level 1 and control on Level 2 for academic track, Model 4: as Model 3 with additional control on Level 2 for other features of class composition.
* p < .05, ** p < .01, *** p < .001
