Supplemental materials to “Individual Differences in Students’ Approach and Avoidance Sensitivity as Predictors of Academic Progression During Elementary School”

	Table S1

	Multigroup CFA of academic performance with invariance testing between intervention-, and comparison schools for each timepoint

	 
	 𝜒2 (df)
	CFI
	RMSEA
	Chi-square difference (df)
	p-value

	Time 1

	Configural model
	5.959 (2)
	.998
	.044
	
	

	Weak invariance model
	11.481* (5)
	.997
	.036
	
	

	Strong invariance model
	11.835 (8)
	.998
	.022
	
	

	Configural vs weak
	
	
	
	5.375 (3)
	.146

	Configural vs strong
	
	
	
	5.611 (6)
	.468

	Weak vs strong
	
	
	
	.326 (3)
	.955

	Time 2

	Configural model
	7.760* (2)
	.997
	.054
	
	

	Weak invariance model
	6.375 (5)
	.999
	.017
	
	

	Strong invariance model
	6.660 (8)
	1
	.000
	
	

	Configural vs weak
	
	
	
	.174 (3)
	.982

	Configural vs strong
	
	
	
	.485 (6)
	.998

	Weak vs strong
	
	
	
	.319 (3)
	.956

	Time 3

	Configural model
	1.274 (2)
	1
	.000
	
	

	Weak invariance model
	2.936 (5)
	1
	.000
	
	

	Strong invariance model
	8.593 (8)
	1
	.009
	
	

	Configural vs weak
	
	
	
	1.679 (3)
	.642

	Configural vs strong
	
	
	
	7.121 (6)
	.310

	Weak vs strong
	
	
	
	5.201 (3)
	.158

	Time 4

	Configural model
	2.499 (2)
	1
	.017
	
	

	Weak invariance model
	5.442 (5)
	1
	.010
	
	

	Strong invariance model
	11.314 (8)
	.998
	.021
	
	

	Configural vs weak
	
	
	
	2.960 (3)
	.398

	Configural vs strong
	
	
	
	8.853 (6)
	.182

	Weak vs strong
	
	
	
	6.519 (3)
	.089

	Time 5

	Configural model
	2.521 (2)
	1
	.017
	
	

	Weak invariance model
	5.263 (5)
	1
	.008
	
	

	Strong invariance model
	8.779 (8)
	1
	.010
	
	

	Configural vs weak
	
	
	
	2.735 (3)
	.434

	Configural vs strong
	
	
	
	6.296 (6)
	.391

	Weak vs strong
	
	
	
	3.465 (3)
	.325

	Note: CFA = Confirmatory Factor Analysis. 𝜒2 = chi square. df = degrees of freedom. CFI = comparative fit index. RMSEA = root mean square error of approximation; * = significant p<0.05.






	Table S2

	Standardized parameter estimates of longitudinal confirmatory factor analysis (LCFA) of academic performance (AP) with autocorrelated errors. 

	 
	 
	 
	Estimate
	S.E.
	Est./S.E.
	p-value 

	Global factor loadings at each time point

	AP 1
	
	BY
	
	
	
	

	
	NOR 1
	
	0.870
	.009
	94.579
	<.001

	
	MAT 1
	
	0.764
	.014
	55.654
	<.001

	
	ENG 1
	
	0.874 
	.013
	66.533
	<.001

	
	SAM 1
	
	0.781 
	.015
	51.094
	<.001

	AP 2
	
	BY
	
	
	
	

	
	NOR 2
	
	0.876
	.010
	86.895
	<.001

	
	MAT 2
	
	0.794
	.013
	62.261
	<.001

	
	ENG 2
	
	0.886
	.009
	94.586
	<.001

	
	SAM 2
	
	0.810
	.014
	56.155
	<.001

	AP 3
	
	BY
	
	
	
	

	
	NOR 3
	
	0.893
	.010
	89.939
	<.001

	
	MAT 3
	
	0.793
	.017
	47.549
	<.001

	
	ENG 3
	
	0.902
	.009
	99.183
	<.001

	
	SAM 3
	
	0.822
	.015
	55.257
	<.001

	AP 4
	
	BY
	
	
	
	

	
	NOR 4
	
	0.885
	.010
	93.027
	<.001

	
	MAT 4
	
	0.795 
	.016
	49.101
	<.001

	
	ENG 4
	
	0.914
	.008
	115.120
	<.001

	
	SAM 4
	
	0.812
	.015
	52.970
	<.001

	AP 5
	
	BY
	
	
	
	

	
	NOR 5
	
	0.901 
	.007
	129.504
	<.001

	
	MAT 5
	
	0.805
	.016
	51.085
	<.001

	
	ENG 5
	
	0.907
	.008
	115.515
	<.001

	
	SAM 5
	
	0.846
	.016
	52.181
	<.001

	Correlations between factors across different timepoints

	AP 2
	
	WITH
	
	
	
	

	
	AP 1
	
	0.889
	.010
	84.703
	<.001

	AP 3
	
	WITH
	
	
	
	

	
	AP 1
	
	0.786
	.020
	38.462
	<.001

	
	AP 2
	
	0.820
	.018
	44.331
	<.001

	AP 4
	
	WITH
	
	
	
	

	
	AP 1
	
	0.758
	.020
	37.210
	<.001

	
	AP 2
	
	0.778
	.020
	39.270
	<.001

	
	AP 3
	
	0.842
	.016
	53.303
	<.001

	AP 5
	
	WITH
	
	
	
	

	
	AP 1
	
	0.752
	.018
	41.778
	<.001

	
	AP 2
	
	0.764 
	.019
	40.637
	<.001

	
	AP 3
	
	0.820
	.014
	56.565
	<.001

	
	AP 4
	
	0.838
	.017
	49.886
	<.001

	Correlations between error variables across time 

	Norwegian

	NOR 1
	
	WITH
	
	
	
	

	
	NOR 2
	
	0.405 
	.033
	12.340
	<.001

	
	NOR 3
	
	0.222
	.031
	7.133
	<.001

	
	NOR 4
	
	0.265 
	.029
	8.984
	<.001

	
	NOR 5
	
	0.185 
	.027
	6.938
	<.001

	
	ENG 1
	
	0.005
	.044
	0.109
	.914

	NOR 2
	
	WITH
	
	
	
	

	
	NOR 3
	
	0.210  
	.035
	5.972
	<.001

	
	NOR 4
	
	0.253 
	.029
	8.770
	<.001

	
	NOR 5
	
	0.200
	.033
	6.094
	<.001

	
	ENG2
	
	0.069
	.044
	1.574
	.115

	NOR 3
	
	WITH
	
	
	
	

	
	NOR 4
	
	0.278
	.035
	8.065
	<.001

	
	NOR 5
	
	0.188
	.037
	5.131
	<.001

	
	ENG 3
	
	0.086
	.052
	1.658
	.097

	NOR 4
	
	WITH
	
	
	
	

	
	NOR 5
	
	0.280
	.026
	10.692
	<.001

	
	ENG 4
	
	0.071
	.037
	1.918
	.055

	NOR 5
	
	WITH
	
	
	
	

	
	ENG5
	
	0.201
	.041
	4.858
	<.001

	Mathematics

	MAT 1
	
	WITH
	
	
	
	

	
	MAT 2
	
	0.577
	.027
	21.082
	<.001

	
	MAT 3
	
	0.443
	.032
	13.746
	<.001

	
	MAT 4
	
	0.376
	.030
	12.476
	<.001

	
	MAT 5
	
	 0.361
	.028
	12.703
	<.001

	MAT 2
	
	WITH
	
	
	
	

	
	MAT 3
	
	0.530
	.026
	20.694
	<.001

	
	MAT 4
	
	0.431 
	.031
	14.101
	<.001

	
	MAT 5
	
	0.448
	.027
	16.893
	<.001

	MAT 3
	
	WITH
	
	
	
	

	
	MAT 4
	
	0.530 
	.031
	16.844
	<.001

	
	MAT 5
	
	0.492
	.032
	15.331
	<.001

	MAT 4
	
	WITH
	
	
	
	

	
	MAT 5
	
	0.633
	.027
	23.881
	<.001

	English

	ENG 1
	
	WITH
	
	
	
	

	
	ENG 2
	
	0.276
	.040
	6.948
	<.001

	
	ENG 3
	
	0.112
	.033
	3.441
	.001

	
	ENG 4
	
	0.072
	.039
	1.837
	.066

	
	ENG 5
	
	0.023
	.039
	.577
	.564

	ENG 2
	
	WITH
	
	
	
	

	
	ENG 3
	
	0.222
	.036
	6.126
	<.001

	
	ENG 4
	
	0.111
	.037
	2.984
	.003

	
	ENG 5
	
	0.090
	.028
	3.157
	.002

	ENG 3
	
	WITH
	
	
	
	

	
	ENG 4
	
	0.126
	.041
	3.070
	.002

	
	ENG 5
	
	0.170
	.036
	4.748
	<.001

	ENG 4
	
	WITH
	
	
	
	

	
	ENG 5
	
	0.286
	.038
	7.579
	<.001

	Social science 

	SAM 1
	
	WITH
	
	
	
	

	
	SAM 2
	
	0.435
	.037
	11.616
	<.001

	
	SAM 3
	
	0.267
	.037
	7.143
	<.001

	
	SAM 4
	
	0.244
	.041
	5.985
	<.001

	
	SAM 5
	
	0.226
	.039
	5.831
	<.001

	SAM 2
	
	WITH
	
	
	
	

	
	SAM 3
	
	0.315
	.030
	10.549
	<.001

	
	SAM 4
	
	0.266
	.031
	8.481
	<.001

	
	SAM 5
	
	0.259
	.030
	8.548
	<.001

	SAM 3
	
	WITH
	
	
	
	

	
	SAM 4
	
	0.400
	.035
	11.404
	<.001

	
	SAM 5
	
	0.310
	.037
	8.329
	<.001

	SAM 4
	
	WITH
	
	
	
	

	 
	SAM 5
	 
	0.379
	.034
	10.987
	<.001








	Table S3

	Summary of goodness of fit indices for ESEM of BIS and BAS items

	 
	 𝜒2 (df)
	RMSEA
	90% C.I.
	CFI
	TLI
	SRMR

	1-factor
	2818.324* (104)
	.116
	[.113, .120]
	.622
	.564
	.109

	2-factor
	962.829* (89)
	.071
	[.067, .075]
	.878
	.836
	.058

	3-factor
	122.645*(75)
	.018
	[.012, .024]
	.993
	.989
	.014

	Note. Estimator is weighted least square mean and variance adjusted (WLSMV). Rotation is oblique geomin. ESEM = Exploratory Structural Equation Modeling. BIS = Behavioral Inhibition System. BAS = Behavioral Activation System. 𝜒2 = Chi-Square test of model fit. Df = Degrees of freedom. RMSEA = Root Mean Square Error of Approximation. C.I. = Confidence Interval. CFI = Comparative Fit Index. SRMR = Standardized Root Mean Square Residual. * = significant at p<.001. 







	Table S4
	
	
	

	Standardized factor loadings of three-factor ESEM on BIS and BAS items 

	
	Factor

	Item
	1
	2
	3

	BIS
	
	
	

	Even if something bad is about to happen to me, I rarely experience fear or nervousness

	.558
	.018
	.230

	I worry about making mistakes
	.551
	.172
	-.004

	Criticism or scolding hurts me quite a bit
	.605
	.003
	.161

	I feel pretty worried or upset when I think or know somebody is angry at me
	.626
	-.010
	.247

	Even if something bad is about to happen to me, I rarely experience fear or nervousness
	.711
	.009
	.247

	I feel worried when I think I have done poorly at something important
	.588
	-.030
	.276

	I have very few fears compared to my friends
	.561
	.225
	-.032

	BAS drive
	
	
	

	When I want something, I usually go all-out to get it  
	.090
	.711
	-.008

	I go out of my way to get things I want
	.105
	.749
	.003

	When I see an opportunity for something I like I get excited right away  
	.003
	.719
	.131

	When I go after something I use a "no holds barred" approach
	-.029
	.642
	.131

	BAS reward responsiveness 
	
	
	

	When I get something I want, I feel excited and energized
	-.073
	.133
	.699

	When I'm doing well at something I love to keep at it
	.029
	-.053
	.594

	When good things happen to me, it affects me strongly  
	.123
	-.004
	.667

	It would excite me to win a contest
	.012
	.135
	.596

	When I see an opportunity for something I like I get excited right away  
	.000
	.337
	.525

	Note. Factor analysis was conducted using exploratory structural equation modeling (ESEM). Estimator is weighted least square mean and variance adjusted (WLSMV). Rotation is oblique geomin. Standardized loadings reported. Items are from original version (Carver & White, 1994) of the BIS/BAS scales, and are available from author: “All of these scales are being made available here for use in research and teaching applications. All are available without charge and without any need for permission” (Carver, 1994). The youth version (Muris et al., 2005) uses the same items as Carver & White, but they are slightly changed and simplified to make them more understandable to children. Also, the youth version does not contain reverse phrases (Muris et al., 2005).














Table S5
Estimated means, standard deviation and correlations among variables

	Variable
	M
	SD
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	1. Gendera
	0.50
	0.50
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2. BISb
	0.01
	0.87
	-.18
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3. BAS DRb
	0.01
	0.87
	.10
	.14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4. BAS RRb
	-0.02
	0.82
	-.03
	.31
	.47
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5. NOR1
	3.06
	0.97
	-.21
	-.05
	-.10
	-.07
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6. NOR2
	3.08
	1.01
	-.21
	-.04
	-.11
	-.08
	.79
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	7. NOR3
	3.05
	1.01
	-.18
	-.07
	-.11
	-.08
	.68
	.72
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	8. NOR4
	3.06
	1.01
	-.21
	-.07
	-.10
	-.07
	.66
	.68
	.74
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9. NOR5
	3.11
	1.01
	-.23
	-.05
	-.13
	-.07
	.65
	.67
	.72
	.74
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10. MAT1
	3.20
	0.92
	.08
	-.13
	-.08
	-.11
	.64
	.58
	.54
	.51
	.51
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	11. MAT2
	3.22
	0.99
	.07
	-.13
	-.11
	-.15
	.60
	.68
	.58
	.53
	.54
	.76
	
	
	
	
	
	
	
	
	
	
	
	
	

	12. MAT3
	3.19
	0.97
	.05
	-.12
	-.09
	-.08
	.53
	.58
	.69
	.57
	.56
	.65
	.71
	
	
	
	
	
	
	
	
	
	
	
	

	13. MAT4
	3.17
	0.99
	.01
	-.10
	-.11
	-.10
	.52
	.55
	.58
	.68
	.58
	.61
	.65
	.72
	
	
	
	
	
	
	
	
	
	
	

	14. MAT5
	3.20
	1.02
	-.01
	-.11
	-.11
	-.10
	.53
	.54
	.59
	.58
	.70
	.61
	.65
	.69
	.76
	
	
	
	
	
	
	
	
	
	

	15. ENG1
	2.94
	0.83
	-.12
	-.08
	-.08
	-.07
	.77
	.70
	.61
	.58
	.59
	.65
	.60
	.53
	.52
	.53
	
	
	
	
	
	
	
	
	

	16. ENG2
	2.99
	0.94
	-.10
	-.05
	-.09
	-.09
	.72
	.81
	.66
	.63
	.62
	.59
	.69
	.56
	.54
	.54
	.76
	
	
	
	
	
	
	
	

	17. ENG3
	2.97
	0.98
	-.11
	-.06
	-.09
	-.07
	.65
	.68
	.83
	.70
	.69
	.54
	.57
	.70
	.60
	.57
	.64
	.70
	
	
	
	
	
	
	

	18. ENG4
	2.99
	0.99
	-.11
	-.08
	-.13
	-.08
	.63
	.65
	.72
	.83
	.72
	.53
	.54
	.59
	.71
	.60
	.61
	.65
	.73
	
	
	
	
	
	

	19. ENG5
	3.05
	1.02
	-.15
	-.06
	-.13
	-.06
	.63
	.64
	.70
	.70
	.86
	.52
	.54
	.57
	.59
	.71
	.60
	.64
	.72
	.76
	
	
	
	
	

	20. SAM1
	3.16
	0.74
	.03
	-.10
	-.09
	-.10
	.65
	.57
	.53
	.49
	.52
	.65
	.59
	.49
	.48
	.51
	.69
	.58
	.54
	.50
	.51
	
	
	
	

	21. SAM2
	3.16
	0.80
	.04
	-.07
	-.09
	-.11
	.61
	.68
	.57
	.53
	.54
	.59
	.71
	.55
	.52
	.54
	.62
	.71
	.58
	.54
	.54
	.70
	
	
	

	22. SAM3
	3.17
	0.84
	.02
	-.09
	-.09
	-.06
	.55
	.59
	.72
	.59
	.60
	.56
	.58
	.73
	.61
	.61
	.52
	.55
	.72
	.60
	.61
	.57
	.62
	
	

	23. SAM4
	3.20
	0.82
	.03
	-.08
	-.12
	-.09
	.54
	.55
	.59
	.70
	.60
	.53
	.55
	.59
	.72
	.61
	.50
	.54
	.60
	.72
	.60
	.54
	.57
	.67
	

	24. SAM5
	3.23
	0.84
	-.04
	-.07
	-.11
	-.06
	.52
	.54
	.60
	.60
	.76
	.51
	.53
	.57
	.59
	.75
	.51
	.53
	.59
	.61
	.75
	.53
	.56
	.63
	.66



Note. N = 2147. Estimated means, standard deviations and correlations are based on full information maximum likelihood from the Mplus software. BIS = Behavioral Inhibition System. BAS DR= Behavioral Activation System - Drive. BIS = Behavioral Inhibition System. BAS RR = Behavioral Activation System – Reward Responsiveness. NOR = Norwegian. MAT = Mathematics. ENG = English. SAM = Social studies.
a   0  = male and 1 = female
b  Factor scores

Table S6
Descriptives and bivariate correlations for observed variables.

	Variable
	n
	M
	SD
	Skew.
	Kurt.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23

	1. Gendera
	2147
	0.50
	0.50
	-
	-
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	2. BISb
	1783
	0.00
	0.87
	-0,14
	0,03
	-.18
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	3. BAS DRb
	1783
	0.00
	0.87
	0,05
	-0,39
	.10
	.14
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4. BAS RRb
	1783
	-0.03
	0.82
	-0,28
	-0,08
	-.04
	.31
	.47
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	5. NOR1
	2030
	3.07
	0.97
	-0,12
	-0,38
	-.21
	-.05
	-.10
	-.07
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6. NOR2
	1948
	3.09
	1.01
	-0,11
	-0,41
	-.21
	-.03
	-.10
	-.07
	.79
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	7. NOR3
	1910
	3.06
	1.01
	-0,18
	-0,49
	-.18
	-.06
	-.09
	-.08
	.68
	.72
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	8. NOR4
	1823
	3.08
	1.00
	-0,09
	-0,48
	-.21
	-.06
	-.09
	-.07
	.66
	.68
	.74
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9. NOR5
	1783
	3.14
	1.00
	-0,15
	-0,31
	-.22
	-.04
	-.12
	-.06
	.64
	.67
	.71
	.74
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10. MAT1
	2030
	3.21
	0.91
	-0,21
	-0,06
	.08
	-.13
	-.07
	-.11
	.64
	.57
	.53
	.50
	.49
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	11. MAT2
	1948
	3.22
	0.98
	-0,20
	-0,29
	.07
	-.13
	-.11
	-.15
	.59
	.68
	.58
	.52
	.54
	.75
	
	
	
	
	
	
	
	
	
	
	
	
	

	12. MAT3
	1910
	3.21
	0.97
	-0,22
	-0,23
	.05
	-.12
	-.08
	-.08
	.52
	.58
	.69
	.56
	.55
	.65
	.70
	
	
	
	
	
	
	
	
	
	
	
	

	13. MAT4
	1823
	3.19
	0.99
	-0,26
	-0,33
	.01
	-.09
	-.09
	-.10
	.51
	.54
	.58
	.67
	.57
	.61
	.64
	.71
	
	
	
	
	
	
	
	
	
	
	

	14. MAT5
	1783
	3.23
	1.02
	-0,28
	-0,34
	.00
	-.10
	-.10
	-.10
	.52
	.53
	.59
	.57
	.69
	.60
	.64
	.69
	.76
	
	
	
	
	
	
	
	
	
	

	15. ENG1
	1936
	2.95
	0.83
	-0,18
	0,32
	-.12
	-.09
	-.07
	-.07
	.77
	.69
	.61
	.58
	.58
	.65
	.59
	.53
	.52
	.52
	
	
	
	
	
	
	
	
	

	16. ENG2
	1854
	2.99
	0.95
	-0,14
	-0,12
	-.10
	-.05
	-.08
	-.08
	.71
	.81
	.66
	.63
	.61
	.58
	.69
	.56
	.54
	.53
	.75
	
	
	
	
	
	
	
	

	17. ENG3
	1901
	2.98
	0.98
	-0,09
	-0,37
	-.10
	-.05
	-.08
	-.07
	.64
	.68
	.83
	.69
	.68
	.54
	.57
	.70
	.59
	.57
	.64
	.70
	
	
	
	
	
	
	

	18. ENG4
	1805
	3.01
	0.99
	-0,10
	-0,32
	-.12
	-.07
	-.12
	-.08
	.63
	.65
	.71
	.83
	.71
	.53
	.54
	.58
	.71
	.59
	.61
	.66
	.73
	
	
	
	
	
	

	19. ENG5
	1779
	3.08
	1.01
	-0,17
	-0,35
	-.13
	-.06
	-.12
	-.06
	.62
	.64
	.70
	.70
	.86
	.51
	.54
	.57
	.58
	.70
	.59
	.63
	.71
	.75
	
	
	
	
	

	20. SAM1
	2027
	3.16
	0.74
	-0,03
	0,93
	.03
	-.11
	-.09
	-.10
	.65
	.56
	.53
	.49
	.51
	.65
	.58
	.50
	.49
	.51
	.68
	.57
	.54
	.51
	.50
	
	
	
	

	21. SAM2
	1942
	3.17
	0.80
	-0,08
	0,61
	.04
	-.07
	-.09
	-.12
	.60
	.68
	.57
	.53
	.54
	.59
	.71
	.55
	.51
	.54
	.60
	.71
	.58
	.55
	.55
	.69
	
	
	

	22. SAM3
	1907
	3.19
	0.83
	-0,19
	0,18
	.03
	-.08
	-.08
	-.06
	.55
	.59
	.72
	.58
	.58
	.57
	.58
	.73
	.60
	.61
	.52
	.56
	.72
	.60
	.59
	.57
	.62
	
	

	23. SAM4
	1819
	3.21
	0.82
	-0,11
	0,38
	.02
	-.07
	-.12
	-.09
	.53
	.54
	.59
	.70
	.58
	.52
	.55
	.59
	.71
	.61
	.50
	.54
	.59
	.72
	.59
	.54
	.57
	.67
	

	24. SAM5
	1781
	3.25
	0.83
	-0,13
	0,35
	-.02
	-.07
	-.11
	-.06
	.50
	.53
	.59
	.58
	.75
	.49
	.53
	.56
	.58
	.75
	.50
	.52
	.58
	.60
	.75
	.52
	.56
	.63
	.65


Note. Means, standard deviation, skewness, kurtosis, and correlations among model variables reported. Correlations based on pairwise complete data. BIS = Behavioral Inhibition System. BAS DR= Behavioral Activation System - Drive. BIS = Behavioral Inhibition System. BAS RR = Behavioral Activation System – Reward Responsiveness. NOR = Norwegian. MAT = Mathematics. ENG = English. SAM = Social studies.
a   0  = male and 1 = female  
b  Factor scores






Table S7
Twenty most common patterns in missing over time

	BIS a - BAS DR a - BAS RR a
	NOR 1-5
	MAT 1-5
	ENG 1-5
	SAM 1-5
	n
	Percent

	1-1-1
	1-1-1-1-1
	1-1-1-1-1
	1-1-1-1-1
	1-1-1-1-1
	1110
	51.70

	0-0-0
	1-1-1-1-1
	1-1-1-1-1
	1-1-1-1-1
	1-1-1-1-1
	188
	8.76

	1-1-1
	1-1-1-1-0
	1-1-1-1-0
	1-1-1-1-0
	1-1-1-1-0
	89
	4.15

	1-1-1
	1-0-1-1-1
	1-0-1-1-1
	1-0-1-1-1
	1-0-1-1-1
	84
	3.91

	1-1-1
	1-1-0-0-0
	1-1-0-0-0
	1-1-0-0-0
	1-1-0-0-0
	71
	3.31

	1-1-1
	1-0-0-0-0
	1-0-0-0-0
	1-0-0-0-0
	1-0-0-0-0
	64
	2.98

	1-1-1
	1-1-1-1-1
	1-1-1-1-1
	0-1-1-1-1
	1-1-1-1-1
	48
	2.24

	1-1-1
	1-1-1-1-1
	1-1-1-1-1
	1-0-1-1-1
	1-1-1-1-1
	46
	2.14

	1-1-1
	1-1-1-0-0
	1-1-1-0-0
	1-1-1-0-0
	1-1-1-0-0
	45
	2.10

	1-1-1
	1-1-1-0-1
	1-1-1-0-1
	1-1-1-0-1
	1-1-1-0-1
	44
	2.05

	0-0-0
	0-1-1-1-1
	0-1-1-1-1
	0-1-1-1-1
	0-1-1-1-1
	41
	1.91

	1-1-1
	1-1-0-1-1
	1-1-0-1-1
	1-1-0-1-1
	1-1-0-1-1
	33
	1.54

	1-1-1
	0-1-1-1-1
	0-1-1-1-1
	0-1-1-1-1
	0-1-1-1-1
	23
	1.07

	1-1-1
	1-1-1-1-1
	1-1-1-1-1
	0-0-1-1-1
	1-1-1-1-1
	22
	1.02

	1-1-1
	1-1-0-0-1
	1-1-0-0-1
	1-1-0-0-1
	1-1-0-0-1
	19
	0.88

	0-0-0
	1-1-1-1-0
	1-1-1-1-0
	1-1-1-1-0
	1-1-1-1-0
	18
	0.84

	0-0-0
	0-0-1-1-1
	0-0-1-1-1
	0-0-1-1-1
	0-0-1-1-1
	16
	0.75

	1-1-1
	1-1-1-1-1
	1-1-1-1-1
	1-1-1-0-1
	1-1-1-1-1
	14
	0.65

	0-0-0
	1-0-1-1-1
	1-0-1-1-1
	1-0-1-1-1
	1-0-1-1-1
	13
	0.61


	[...]b
	
	
	
	
	
	


Note. 1 = Present and 0 = Missing. BIS = Behavioral Inhibition System. BAS DR= Behavioral Activation System - Drive. BIS = Behavioral Inhibition System. BAS RR = Behavioral Activation System – Reward Responsiveness. NOR = Norwegian. MAT = Mathematics. ENG = English. SAM = Social studies.
a  Factor scores
b 76 unique patterns were found. 


Table S8
Frequencies of classified missing patterns in academic performance measures

	
	Missing pattern
	n
	Percent
	

	
	Complete data
	1298
	60.46
	

	
	Ignorable missingness
	486
	22.64
	

	
	Monotone missing after T4
	125
	5.82
	

	
	Monotone missing after T2
	93
	4.33
	

	
	Monotone missing after T1
	74
	3.45
	

	
	Monotone missing after T3
	71
	3.31
	



Note. Monotone missing pattern are cases that had either complete or mostly complete data up to the time-point indicated, but at later timepoints had no data. Ignorable missingness are cases where data is missing intermittently or for some values on different timepoints throughout the study period, but where there is no monotone pattern where all variables from the later timepoints are missing. 


Table S9
Analyses of longitudinal missing on academic performance – Effect size (cohen´s d) for difference in T1 measures

		Variable
	Cohen´s d
	SE
	95% CI
	p

	
	
	
	LL
	UL
	

	BIS
	0.184
	0.075
	0.037
	0.331
	.014

	BAS DR
	0.151
	0.075
	0.004
	0.298
	.044

	BAS RR
	0.180
	0.075
	0.033
	0.326
	.016

	NOR1
	-0.240
	0.070
	-0.378
	-0.102
	.001

	MAT1
	-0.237
	0.070
	-0.376
	-0.099
	.001

	ENG1
	-0.205
	0.071
	-0.344
	-0.066
	.004

	SAM1
	-0.185
	0.071
	-0.324
	-0.047
	.009





Note. N = 2147. Grouping variable was coded complete data or ignorable missingness = 0, and monotone missingness (any) = 1. Analyses conducted in R (version 4.3.2) using the lavaan package (version 0.6.16) and using code adapted from Enders (2022). 

Table S10
Analyses of missing predictors – Effect size (cohen´s d) for difference in academic performance measures

	Variable
	Cohens´d
	SE
	95% CI
	p

	
	
	
	LL
	UL
	

	NOR1
	-0.060
	0.060
	-0.18
	0.06
	.32

	MAT1
	-0.078
	0.060
	-0.20
	0.04
	.19

	ENG1
	-0.079
	0.061
	-0.20
	0.04
	.19

	SAM1
	-0.032
	0.061
	-0.15
	0.09
	.60

	NOR2
	-0.170
	0.058
	-0.28
	-0.06
	.00

	MAT2
	-0.144
	0.059
	-0.26
	-0.03
	.01

	ENG2
	-0.079
	0.059
	-0.19
	0.04
	.18

	SAM2
	-0.142
	0.059
	-0.26
	-0.03
	.02

	NOR3
	-0.183
	0.059
	-0.30
	-0.07
	.00

	MAT3
	-0.202
	0.059
	-0.32
	-0.09
	.00

	ENG3
	-0.176
	0.059
	-0.29
	-0.06
	.00

	SAM3
	-0.133
	0.059
	-0.25
	-0.02
	.02

	NOR4
	-0.107
	0.060
	-0.22
	0.01
	.07

	MAT4
	-0.089
	0.060
	-0.21
	0.03
	.14

	ENG4
	-0.075
	0.060
	-0.19
	0.04
	.21

	SAM4
	-0.111
	0.060
	-0.23
	0.01
	.06

	NOR5
	-0.189
	0.060
	-0.31
	-0.07
	.00

	MAT5
	-0.149
	0.060
	-0.27
	-0.03
	.01

	ENG5
	-0.177
	0.060
	-0.29
	-0.06
	.00

	SAM5
	-0.101
	0.060
	-0.22
	0.02
	.10



Note. N = 2147. Grouping variable was coded complete data = 0, and missing = 1. Analyses conducted in R (version 4.3.2) using the lavaan package (version 0.6.16) and using code adapted from Enders (2022). 


Figure S1
Illustration of the flow of the study sample for the five data collection points
[image: ]
Note. Norwegian school years start in late august and end in june the subsequent calendar year. Gray circle indicates the grade level of the sample in the current study at each data collection. At each data collection, data was collected from 4th through 7th grade, except T5 where data was collected for 5th through 7th grade. At T1 data was collected at the start (september) of the school year. T2 was conducted at the end of the same school year (june), and data was collected from the same sample. At T3 the sample from the current study had transitioned from 4th to 5th grade. The cohort that provided 7th grade data on T2 had transitioned from elementary school to middle school and did not provide data at T3. A new cohort entered the study at T3 and provided 4th grade data. At T4 the study sample had transitioned to 6th grade. A new cohort provided 4th grade data and 7th graders from previous year had left the study. At T5 the study sample had transitioned to 7th grade. Also, at T5 data was not collected for 4th grade. Thus, due to the open cohort design of the study, only the subsample starting in 4th grade (n = 2147) at T1 provided data at all 5 data collection points. 


	Figure S2
Mplus syntax for intra class correlations for academic performance at each time point.

	TITLE: ICC academic performance;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;
!FS_BIS FS_DR and FS_RR are saved factor scores from factor
!analysis (ESEM) of BIS and BAS (see figure S11), and were added to dataset 
!after ESEM was conducted and used as predictors in final step of analysis

USEVAR = acad1-acad5; 
MISSING = all (-999);
CLUSTER = schoolid;

ANALYSIS: TYPE=twolevel basic;
          
OUTPUT: SAMPSTAT STANDARDIZED;




	Figure S3
Mplus syntax for multigroup CFA of academic performance with invariance testing between intervention-, and comparison schools for each timepoint. 

	TITLE: Multigroup_CFA;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;

USEVAR = nor1 mat1 eng1 sam1;
! Change numbers to 2, 3, 4 or 5 for other timepoints

MISSING = all (-999);
GROUPING = group (0 = cont 1 = int);
! Group 0 is control schools, group 1 is intervention schools

CLUSTER = schoolid;

ANALYSIS: 
TYPE=complex;
! Provides adjusted standard errors and fit statistics 
! that are robust to the potential effects of clustering

MODEL= configural metric scalar;
! Provides between-group tests of invariance
              
MODEL: 
AP1 BY nor1 mat1 eng1 sam1;
nor1 with eng1;
! Change numbers to 2, 3, 4 or 5 for other timepoints

OUTPUT: SAMPSTAT STANDARDIZED MOD(3.84);



	Figure S4
Mplus syntax for Longitudinal CFA with autocorrelated errors.

	TITLE: Longitudinal_CFA;
DATA:  File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;
USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;
ANALYSIS: TYPE=complex;
          
MODEL:
AP1 by nor1
        	mat1 eng1 sam1;
AP2 by nor2
	mat2 eng2 sam2;
AP3 by nor3
	mat3 eng3 sam3;
AP4 by nor4
	mat4 eng4 sam4;
AP5 by nor5
          mat5 eng5 sam5;

[nor1-nor5@0]; 
[mat1-mat5]; 
[eng1-eng5]; 
[sam1-sam5];

nor1-nor5; 
mat1-mat5; 
eng1-eng5; 
sam1-sam5;
[AP1-AP5];

! Correlation same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;

! Correlations indicators at same occasions
nor1 with eng1; nor2 with eng2; nor3 with eng3; nor4 with eng4; nor5 with eng5;

OUTPUT: SAMPSTAT STANDARDIZED MOD(3.84);


	Figure S5
Mplus syntax for LCFA weak invariance.

	TITLE: Longitudinal_CFA weak invariance;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;
USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;
ANALYSIS: TYPE=complex;
          
MODEL:
! Weak invariance (loading equality);
AP1 by nor1
        	mat1 eng1 sam1(1-3);
AP2 by nor2
	mat2 eng2 sam2(1-3);
AP3 by nor3
	mat3 eng3 sam3(1-3);
AP4 by nor4
	mat4 eng4 sam4(1-3);
AP5 by nor5
          mat5 eng5 sam5(1-3);

[nor1-nor5@0];
[mat1-mat5];
[eng1-eng5];
[sam1-sam5];

nor1-nor5;
mat1-mat5;
eng1-eng5;
sam1-sam5;
[AP1-AP5];

! Correlation among same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;

nor1 with eng1; nor2 with eng2; nor3 with eng3; nor4 with eng4; nor5 with eng5;

OUTPUT: SAMPSTAT STANDARDIZED MOD(3.84);



	Figure S6
Mplus syntax for LCFA strong invariance.

	TITLE: Longitudinal_CFA strong invariance;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;
USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;
ANALYSIS: TYPE=complex;
     
MODEL:
! Weak invariance (loading equality);
AP1 by nor1
        	mat1 eng1 sam1(1-3);
AP2 by nor2
	mat2 eng2 sam2(1-3);
AP3 by nor3
	mat3 eng3 sam3(1-3);
AP4 by nor4
	mat4 eng4 sam4(1-3);
AP5 by nor5
          mat5 eng5 sam5(1-3);
      
! Strong invariance (intercept equality);
[nor1-nor5@0];
[mat1-mat5](4);
[eng1-eng5](5);
[sam1-sam5](6);

nor1-nor5;
mat1-mat5;
eng1-eng5;
sam1-sam5;
[AP1-AP5];

! Correlation among same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;
nor1 with eng1; nor2 with eng2; nor3 with eng3; nor4 with eng4; nor5 with eng5;

OUTPUT: SAMPSTAT STANDARDIZED MOD(3.84);




	Figure S7
Mplus syntax for LCFA strict invariance

	TITLE: Longitudinal_CFA strict invariance;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;
USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;
ANALYSIS: TYPE=complex;
          
MODEL:
! Weak invariance (loading equality);
AP1 by nor1
        	mat1 eng1 sam1(1-3);
AP2 by nor2
	mat2 eng2 sam2(1-3);
AP3 by nor3
	mat3 eng3 sam3(1-3);
AP4 by nor4
	mat4 eng4 sam4(1-3);
AP5 by nor5
          mat5 eng5 sam5(1-3);
! Strong invariance (intercepts equality);
[nor1-nor5@0];
[mat1-mat5](4);
[eng1-eng5](5);
[sam1-sam5](6);
! Strict invariance (variance equality);
nor1-nor5(7);
mat1-mat5(8);
eng1-eng5(9);
sam1-sam5(10);
[AP1-AP5];

! Correlation among same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;

nor1 with eng1; nor2 with eng2; nor3 with eng3; nor4 with eng4; nor5 with eng5;

OUTPUT: SAMPSTAT STANDARDIZED MOD(3.84);






	Figure S8
Mplus syntax for curve of factors model (CFM).

	TITLE: CFM linear marker_nor;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;

USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;

ANALYSIS: TYPE=complex;
          
MODEL:
! Weak invariance (loading equality);
AP1 by nor1
        	mat1 eng1 sam1(1-3);
AP2 by nor2
	mat2 eng2 sam2(1-3);
AP3 by nor3
	mat3 eng3 sam3(1-3);
AP4 by nor4
	mat4 eng4 sam4(1-3);
AP5 by nor5
          mat5 eng5 sam5(1-3);
          
! Strong invariance (intercepts equality);
[nor1-nor5@0];
[mat1-mat5](4);
[eng1-eng5](5);
[sam1-sam5](6);

! Strict invariance (unique variance equality);
nor1-nor5(7);
mat1-mat5(8);
eng1-eng5(9);
sam1-sam5(10);

! Linear model of curve-of-factor
I_AP S_AP | AP1@0 AP2@1 AP3@2 AP4@3 AP5@4;
[I_AP S_AP]; I_AP WITH S_AP;

! Correlation among same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;

nor1 with eng1;
nor2 with eng2;
nor3 with eng3;
nor4 with eng4;
nor5 with eng5;

OUTPUT: SAMPSTAT STANDARDIZED;




	Figure S9
MPlus syntax for second order growth mixture model with class-invariant variances for three classes.

	TITLE: Second order growth mixture model, 3 classes,
class invariant variances, nested within schools;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;

USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;

CLASSES = C (3); 
!Change number in parenthesis according 
!to number of  classes tested

ANALYSIS: TYPE=MIXTURE COMPLEX;
              STARTS=500 10;
              STITERATIONS=10;
              PROCESSOR=8;

MODEL: %OVERALL%
! Weak invariance (loading equality);
AP1 by nor1
                  mat1 eng1 sam1(1-3);
AP2 by nor2
                  mat2 eng2 sam2(1-3);
AP3 by nor3
                  mat3 eng3 sam3(1-3);
AP4 by nor4
                  mat4 eng4 sam4(1-3);
AP5 by nor5
                  mat5 eng5 sam5(1-3);

! Strong invariance (intercepts equality);
[nor1-nor5@0];
[mat1-mat5](4);
[eng1-eng5](5);
[sam1-sam5](6);

! Strict invariance (unique variance equality);
nor1-nor5(7);
mat1-mat5(8);
eng1-eng5(9);
sam1-sam5(10);

! Linear model
I_AP S_AP | AP1@0 AP2@1 AP3@2 AP4@3 AP5@4;
[I_AP S_AP]; I_AP-S_AP;

! Correlation among same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;

nor1 with eng1;
nor2 with eng2;
nor3 with eng3;
nor4 with eng4;
nor5 with eng5;

! Class specification
%C#1%
[I_AP S_AP];
%C#2%
[I_AP S_AP];
%C#3%
[I_AP S_AP];

! Adding more classes
! %C#4%
! [I_AP S_AP];
! %C#5%
![I_AP S_AP];

OUTPUT: SAMPSTAT STANDARDIZED TECH4 TECH7;




	Figure S10
Mplus syntax for second order growth mixture model with class invariant variance for 3 classes, and comparison between intervention and control schools, no equality constraints between groups.

	TITLE: Second order growth mixture model, 3 classes,
class invariant variances, nested within schools,
comparison between intervention and control schools,
no equality constraints between groups;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;

USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;
KNOWNCLASS = CG (group = 0 group =1);
CLASSES =  CG (2) C (3); 

ANALYSIS: TYPE=MIXTURE COMPLEX;
              STARTS=500 10;
              STITERATIONS=10;
              PROCESSOR=8;

MODEL: %OVERALL%
! Weak invariance (loading equality);
AP1 by nor1
                  mat1 eng1 sam1(1-3);
AP2 by nor2
                  mat2 eng2 sam2(1-3);
AP3 by nor3
                  mat3 eng3 sam3(1-3);
AP4 by nor4
                  mat4 eng4 sam4(1-3);
AP5 by nor5
                  mat5 eng5 sam5(1-3);

! Strong invariance (intercepts equality);
[nor1-nor5@0];
[mat1-mat5](4);
[eng1-eng5](5);
[sam1-sam5](6);

! Strict invariance (unique variance equality);
nor1-nor5(7);
mat1-mat5(8);
eng1-eng5(9);
sam1-sam5(10);

! Linear model
I_AP S_AP | AP1@0 AP2@1 AP3@2 AP4@3 AP5@4;
[I_AP S_AP]; I_AP-S_AP;

C ON CG;

! Correlation among same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;

nor1 with eng1;
nor2 with eng2;
nor3 with eng3;
nor4 with eng4;
nor5 with eng5;

! Class specification
%CG#1.C#1%
[I_AP](i1); 
[S_AP](s1);

%CG#2.C#1%
[I_AP](i2); 
[S_AP](s2);

%CG#1.C#2%
[I_AP](i3);
[S_AP](s3);

%CG#2.C#2%
[I_AP](i4); 
[S_AP](s4);

%CG#1.C#3%
[I_AP](i5); 
[S_AP](s5);

%CG#2.C#3%
[I_AP](i6); 
[S_AP](s6);

OUTPUT: SAMPSTAT STANDARDIZED TECH4 TECH7;




	Figure S11
Mplus syntax for second order growth mixture model with class invariant variance for 3 classes, and comparison between intervention and control schools, equality constraints between groups.

	TITLE: Second order growth mixture model, 3 classes,
class invariant variances, nested within schools,
comparison between intervention and control schools,
equality constraints between groups;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;

USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;
KNOWNCLASS = CG (group = 0 group =1);
CLASSES =  CG (2) C (3); 

ANALYSIS: TYPE=MIXTURE COMPLEX;
              STARTS=3000 100;
              STITERATIONS=100;
              PROCESSOR=8;

MODEL: %OVERALL%
! Weak invariance (loading equality);
AP1 by nor1
                  mat1 eng1 sam1(1-3);
AP2 by nor2
                  mat2 eng2 sam2(1-3);
AP3 by nor3
                  mat3 eng3 sam3(1-3);
AP4 by nor4
                  mat4 eng4 sam4(1-3);
AP5 by nor5
                  mat5 eng5 sam5(1-3);

! Strong invariance (intercepts equality);
[nor1-nor5@0];
[mat1-mat5](4);
[eng1-eng5](5);
[sam1-sam5](6);

! Strict invariance (unique variance equality);
nor1-nor5(7);
mat1-mat5(8);
eng1-eng5(9);
sam1-sam5(10);

! Linear model
I_AP S_AP | AP1@0 AP2@1 AP3@2 AP4@3 AP5@4;
[I_AP S_AP]; I_AP-S_AP;

C ON CG;

! Correlation among same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;

nor1 with eng1;
nor2 with eng2;
nor3 with eng3;
nor4 with eng4;
nor5 with eng5;

! Class specification 
! Constrain intercept and slope to be equal between 
! groups within each class

%CG#1.C#1%
[I_AP](i1); 
[S_AP](s1);

%CG#2.C#1%
[I_AP](i1); 
[S_AP](s1);

!Adding the same labels to I_AP (i.e., i1), 
!and and S_AP (i.e., s1) constrains them 
!to be equal across groups within the class

%CG#1.C#2%
[I_AP](i2);
[S_AP](s2);

%CG#2.C#2%
[I_AP](i2); 
[S_AP](s2);

%CG#1.C#3%
[I_AP](i3); 
[S_AP](s3);

%CG#2.C#3%
[I_AP](i3); 
[S_AP](s3);

OUTPUT: SAMPSTAT STANDARDIZED TECH4 TECH7;




	Figure S12
Mplus syntax for ESEM to ascertain factor structure of BIS and BAS. 

	TITLE: BIS BAS ESEM three factors;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;
!FS_BIS FS_DR and FS_RR are saved factor scores from factor
!analysis (ESEM) of BIS and BAS, and were added to dataset 
!after ESEM was conducted and used as predictors in final step of analysis

USEVAR = bis1 bis2 bis3 bis4 bis5 bis6 bis7
bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9;
Categorical = bis1 bis2 bis3 bis4 bis5 bis6 bis7
bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9;
MISSING = all (-999);
CLUSTER = schoolid;

ANALYSIS: TYPE=complex;

MODEL:
f1-f3 BY bis1 bis2 bis3 bis4 bis5 bis6 bis7
bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9 (*1);
! change to f1 BY…for one-factor solution
! change to f1-f2 BY… for two-factor solution

Output: sampstat stdyx;




	Figure S13
MPlus syntax for second order growth mixture model with class-invariant variances for three classes, and BIS, Drive, Reward responsiveness, and student sex as predictors.

	TITLE: Second order growth mixture model, 3 classes,
class invariant variances, nested within schools,
BIS, Drive, Reward responsiveness, and student sex are predictors, 
factor scores for BIS, Drive, and reward responsiveness used as predictors for BIS BAS;
DATA: File is SOGMM_noID.dat;
VARIABLE: names are
  group gend schoolid
  bis1 bis2 bis3 bis4 bis5 bis6 bis7
  bas1 bas2 bas3 bas4 bas5 bas6 bas7 bas8 bas9
  nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5 acad1-acad5
  FS_BIS FS_DR FS_RR;

USEVAR = nor1-nor5 mat1-mat5 eng1-eng5 sam1-sam5;
MISSING = all (-999);
CLUSTER = schoolid;

CLASSES = C (3); 	
AUXILIARY = (R3STEP) FS_BIS FS_DR FS_RR gend; 
!Auxiliary 3-step a approach allows for adding predictors 
!without changing class solution

ANALYSIS: TYPE=MIXTURE COMPLEX;
              STARTS=500 10;
              STITERATIONS=10;
              PROCESSOR=8;

MODEL: %OVERALL%
! Weak invariance (loading equality);
AP1 by nor1
                  mat1 eng1 sam1(1-3);
AP2 by nor2
                  mat2 eng2 sam2(1-3);
AP3 by nor3
                  mat3 eng3 sam3(1-3);
AP4 by nor4
                  mat4 eng4 sam4(1-3);
AP5 by nor5
                  mat5 eng5 sam5(1-3);

! Strong invariance (intercepts equality);
[nor1-nor5@0];
[mat1-mat5](4);
[eng1-eng5](5);
[sam1-sam5](6);

! Strict invariance (unique variance equality);
nor1-nor5(7);
mat1-mat5(8);
eng1-eng5(9);
sam1-sam5(10);

! Linear model
I_AP S_AP | AP1@0 AP2@1 AP3@2 AP4@3 AP5@4;
[I_AP S_AP]; I_AP-S_AP;

! Correlation among same indicators at different occasions 
nor1 WITH nor2 nor3 nor4 nor5;
nor2 WITH nor3 nor4 nor5;
nor3 WITH nor4 nor5;
nor4 WITH nor5;
mat1 WITH mat2 mat3 mat4 mat5;
mat2 WITH mat3 mat4 mat5;
mat3 WITH mat4 mat5;
mat4 WITH mat5;
eng1 WITH eng2 eng3 eng4 eng5;
eng2 WITH eng3 eng4 eng5;
eng3 WITH eng4 eng5;
eng4 WITH eng5;
sam1 WITH sam2 sam3 sam4 sam5;
sam2 WITH sam3 sam4 sam5;
sam3 WITH sam4 sam5;
sam4 WITH sam5;

nor1 with eng1;
nor2 with eng2;
nor3 with eng3;
nor4 with eng4;
nor5 with eng5;

! Class specification
%C#1%
 [I_AP S_AP];
%C#2%
[I_AP S_AP];
%C#3%
[I_AP S_AP];

OUTPUT: SAMPSTAT STANDARDIZED TECH4 TECH7;




	Figure S14
R syntax for missing data analyses.

	
# Purpose: This is analysis script for preliminary analyses for the manuscript "Individual Differences in Students' Reward-Avoidance Sensitivity as Predictors of Academic Progression During Elementary School".
# The script is divided into two parts: 1) examining potential multicollinearity in the predictors, and 2) missing data analyses as described in the article.
# The script is written in R version 4.3.2 and uses the following libraries: ggplot2, dplyr, foreign, lavaan, semTools and car.
# Programmer: A. R. Olseth
# Date: 2024-09-23


# SETUP
#Clear the workspace
rm(list = ls())
#Set path to the working directory
setwd("[INSERT PATH TO WORKING DIRECTORY]")

# Load necessary libraries
library(ggplot2)
library(dplyr)
library(foreign)
library(lavaan)
library(semTools)
library(car)


# 1. EXAMINING MULTICOLLINEARITY IN THE PREDICTORS
# This was done in response to the reviewers' suggestion that we should examine multicollinearity of the BIS and BAS scales.
# To assess this, we calculated the Variance Inflation Factors (VIF) for the predictors in the model. This was done in a linear regression model with C as the outcome (treated as continous) and FS_BIS, FS_RR and FS_DR as predictors.
# Second, we conducted correlation analyses between the BIS and BAS scales within each of the latent classes. Latent classes were treated as separate groups and correlation matrices were calculated for each class (correlations for the total sample is availiable in supplemental materials).


# Define the column widths
widths <- c(rep(10, 28), 3)

# Specify the column names
col_names <- c(
  "NOR1", "NOR2", "NOR3", "NOR4", "NOR5",
  "MAT1", "MAT2", "MAT3", "MAT4", "MAT5",
  "ENG1", "ENG2", "ENG3", "ENG4", "ENG5",
  "SAM1", "SAM2", "SAM3", "SAM4", "SAM5",
  "FS_BIS", "FS_DR", "FS_RR", "GEND",
  "CPROB1", "CPROB2", "CPROB3", "C", "SCHOOLID"
)

# Read the data
dat_cprob <- read.fwf(
  file = "3class_predictors_cprob.dat",
  widths = widths,
  col.names = col_names,
  na.strings = "*"
)

# Convert to numeric
dat_cprob <- as.data.frame(sapply(dat_cprob, as.numeric))

# Replace * with NA
dat_cprob[dat_cprob == "*"] <- NA

#Recode missing from -999 or * to NA
dat_cprob[dat_cprob == "*"] <- NA


# 1.1. VIF analyses

#Linear regression analysis with C as outcome and FS_BIS, FS_RR and FS_DR as predictors
model <- lm(C ~ FS_BIS + FS_RR + FS_DR, data = dat_cprob)

# Calculate Variance Inflation Factors (VIF)
vif <- car::vif(model)

# Print the regression results and VIF
summary(model)
print(vif)

# 1.2. Correlation analyses between the BIS and BAS scales within each of the latent classes

# Create separate correlation matrixes for the predictors for each of the classes (C = 1, C = 2 and C = 3)
correlation_matrix_C1 <- cor(dat_cprob[dat_cprob$C == 1, c("FS_BIS", "FS_RR", "FS_DR")], use = "pairwise.complete.obs")
correlation_matrix_C2 <- cor(dat_cprob[dat_cprob$C == 2, c("FS_BIS", "FS_RR", "FS_DR")], use = "pairwise.complete.obs")
correlation_matrix_C3 <- cor(dat_cprob[dat_cprob$C == 3, c("FS_BIS", "FS_RR", "FS_DR")], use = "pairwise.complete.obs")

# print the correlation matrixes
print(correlation_matrix_C1, digits = 2)
print(correlation_matrix_C2, digits = 2)
print(correlation_matrix_C3, digits = 2)


# 2. MISSSING DATA ANALYSES

# Examining missing data patterns and their relationship with the outcome variables in terms of effect size differences (Cohen's d)
# This script is adapted from code provided in Enders 2022 book "Applied Missing Data Analyse (Second edition)" 
# Originals can be found at https://www.appliedmissingdata.com/analyses

# Read in the data from the .csv file missing_groupY.csv created in the creating_missing_patterns.py script
missing_groupY <- read.csv2("missing_groupY.csv")

# Missing is blank, change to NA
missing_groupY[missing_groupY == ""] <- NA

# Convert variables to numeric
missing_groupY <- as.data.frame(apply(missing_groupY, 2, as.numeric))


# 2.1 Missing in the outcomes in the Growth mixture model

#recode the missing data indicators to 0 and 1
missing_groupY$missing_groupY <- ifelse(missing_groupY$missing_groupY == 2, 1, 0)
#See creation_missing_patterns.py for details on grouping of missing data patterns

# auxiliary variables regressed on missing data indicators
model.mismono <- '
     FS_BIS ~ missing_groupY
      FS_DR ~ missing_groupY
      FS_ESEM_RR ~ missing_groupY
      nor1 ~ missing_groupY
      mat1 ~ missing_groupY
      eng1 ~ missing_groupY
      sam1 ~ missing_groupY
'

# estimate model in lavaan with standardized auxiliary variables (outcomes)
fit.mismono <- sem(model.mismono, missing_groupY, fixed.x = T, missing = "fiml")
standardizedSolution(fit.mismono, type = "std.nox")

# Print the summary of the model
summary(fit.mismono)

# 2.2 Missing in predictors in the multinomial logistic regression model

#recode the missing data indicators to 0 and 1
missing_groupY$X_missing_pattern <- ifelse(missing_groupY$X_missing_pattern == 2, 1, 0)

model.misX <- '
      nor1 ~ X_missing_pattern
      mat1 ~ X_missing_pattern
      eng1 ~ X_missing_pattern
      sam1 ~ X_missing_pattern
      nor2 ~ X_missing_pattern
      mat2 ~ X_missing_pattern
      eng2 ~ X_missing_pattern
      sam2 ~ X_missing_pattern
      nor3 ~ X_missing_pattern
      mat3 ~ X_missing_pattern
      eng3 ~ X_missing_pattern
      sam3 ~ X_missing_pattern
      nor4 ~ X_missing_pattern
      mat4 ~ X_missing_pattern
      eng4 ~ X_missing_pattern
      sam4 ~ X_missing_pattern
      nor5 ~ X_missing_pattern
      mat5 ~ X_missing_pattern
      eng5 ~ X_missing_pattern
      sam5 ~ X_missing_pattern
      '
# estimate model in lavaan with standardized auxiliary variables (outcomes)
fit.misX <- sem(model.misX, missing_groupY, fixed.x = T, missing = "fiml")
cohensd_misX <- standardizedSolution(fit.misX, type = "std.nox")

#Save rows 1 to 20 to csv file
write.csv2(cohensd_misX[1:20,], "cohensd_misx.csv")



	Figure S15
Python script for analyzing and documenting missing data patterns. 

	"""
This script processes an SPSS dataset to analyze and document missing data patterns. This script can be used to reproduce the missing analyses in the manuscript "Individual Differences in Students' Reward-Avoidance Sensitivity as Predictors of Academic Progression During Elementary School"

It does the following:
1. Generates descriptive statistics for all variables and saves them to a CSV file (for checking correct import of data).
2. Calculates and documents the number and percentage of missing values for each variable.
3. Generates frequency tables for all missing patterns over times and their groups (monotone/non-monotone/ignorable).
4. Selects a subset of the data for further analysis in R (see separate script)


To reuse script:
1. Ensure all paths to files work with your directory structure. The script assumes the presence of an SPSS file named "SOGMM.sav" in the working directory.
2. Replaces any specific missing value indicators with pandas' NA.
3. The two elements of the missing pattern dictionary (pattern_to_group_missingY and pattern_to_group_missingX) should be updated to reflect the missing patterns in the dataset.
4. The script assumes that the missing patterns are already known and defined in the dictionary, and based on the current study. For reuse, the user should define the missing patterns and their respective groups based on both number of observations and patterns present in their data. 
5. Finally, the element categorization in "missing_groupY" is also dependent on the user's data and preferences and should be updated accordingly (there may be other comparisons that are relevant in for example larger larger datasets). 

Dependencies:
- pandas
- numpy
- pyreadstat
- os
- IPython.display

Programmer: A. R. Olseth
Date: 2024-09-23
"""
import numpy as np
import pyreadstat
import os
import pandas as pd
from IPython.display import display


# Read the SPSS file into a dataframe
df, meta = pyreadstat.read_sav("SOGMM.sav")

# Recode missing values
df = df.replace(-999, pd.NA)

# create table with descriptives for all variables
df.describe().to_csv("descriptives.csv", sep=";")

# Select subset of data
df = df[
    [
        "gend",
        "FS_BIS",
        "FS_DR",
        "FS_ESEM_RR",
        "nor1",
        "nor2",
        "nor3",
        "nor4",
        "nor5",
        "mat1",
        "mat2",
        "mat3",
        "mat4",
        "mat5",
        "eng1",
        "eng2",
        "eng3",
        "eng4",
        "eng5",
        "sam1",
        "sam2",
        "sam3",
        "sam4",
        "sam5",
    ]
]

# Describe missing values
missing_values = pd.DataFrame()
missing_values["n_missing"] = df.isnull().sum()
missing_values["percentage"] = df.isnull().sum() / len(df) * 100
missing_values.to_csv("missing_values.csv", sep=";")

# Removing gender from the missing pattern as no values are missing
df["missing_pattern_complete"] = (
    df[
        [
            "FS_BIS",
            "FS_DR",
            "FS_ESEM_RR",
            "nor1",
            "nor2",
            "nor3",
            "nor4",
            "nor5",
            "mat1",
            "mat2",
            "mat3",
            "mat4",
            "mat5",
            "eng1",
            "eng2",
            "eng3",
            "eng4",
            "eng5",
            "sam1",
            "sam2",
            "sam3",
            "sam4",
            "sam5",
        ]
    ]
    .isnull()
    .apply(lambda x: "".join(["0" if val else "1" for val in x]), axis=1)
)

# Gruping the missing patterns on the Y variable
pattern_to_group_missingY = {
    "11111111111111111111111": 1,
    "00011111111111111111111": 1,
    "11110111101111011110111": 2,
    "11111111111110111111111": 2,
    "11111111111111011111111": 2,
    "11111101111011110111101": 2,
    "11111011110111101111011": 2,
    "11101111011110111101111": 2,
    "11111111111110011111111": 2,
    "11111001110011100111001": 2,
    "11111111111111110111111": 2,
    "11101111011110011101111": 2,
    "11111111111111101111111": 2,
    "11111111111111111011111": 2,
    "11111111111111111111101": 2,
    "11111111111111111101111": 2,
    "11111111111111111111011": 2,
    "11111101111010110111101": 2,
    "11111111111111111111110": 2,
    "11110111101111011110101": 2,
    "11101101011010110101101": 2,
    "11110111101111011010111": 2,
    "11110011100111001110011": 2,
    "11111111111111011110111": 2,
    "11111111111110111110111": 2,
    "11101111011110111101011": 2,
    "11100000000000000000000": 2,
    "00001111011110111101111": 2,
    "00000111001110011100111": 2,
    "00010111101111011110111": 2,
    "00011001110011100111001": 2,
    "00001101011010110101101": 2,
    "00011111111110111111111": 2,
    "00011011110111101111011": 2,
    "00011101111011110111101": 2,
    "00011111111110011111111": 2,
    "00001111011110011101111": 2,
    "00011111111111011111111": 2,
    "00011111111111110111111": 2,
    "00010111101110011110111": 2,
    "00000011000110001100011": 2,
    "00001011010110101101011": 2,
    "00011111111111111110111": 2,
    "00011111111111101111111": 2,
    "11110000100001000010000": 3,
    "11110000100000000010000": 3,
    "00010000100001000010000": 3,
    "00010000100000000010000": 3,
    "00001000010000100001000": 4,
    "11111000110001100011000": 4,
    "11111000110000100011000": 4,
    "11101000010000100001000": 4,
    "11111000110001000011000": 4,
    "11111000110001100010000": 4,
    "00011000110001100011000": 4,
    "00001100011000110001100": 5,
    "11111100111001110011100": 5,
    "11111100111001010011100": 5,
    "11110100101001010010100": 5,
    "11101100011000110001100": 5,
    "11111100111000110011100": 5,
    "11111100111001100011100": 5,
    "00011100111001110011100": 5,
    "00010100101001010010100": 5,
    "00000100001000010000100": 5,
    "00011100111000110011100": 5,
    "11111110111101111011110": 6,
    "11111110111100111011110": 6,
    "11111110111101011011110": 6,
    "11111110111101111010110": 6,
    "11111010110101101011010": 6,
    "11111110111101110011110": 6,
    "11110110101101011010110": 6,
    "00011110111101111011110": 6,
    "00011010110101101011010": 6,
    "00000110001100011000110": 6,
}


# Gruping the missing patterns on the Y variable
pattern_to_group_missingX = {
    "11111111111111111111111": 1,
    "11110111101111011110111": 1,
    "11111111111110111111111": 1,
    "11111111111111011111111": 1,
    "11111101111011110111101": 1,
    "11111011110111101111011": 1,
    "11101111011110111101111": 1,
    "11111111111110011111111": 1,
    "11111001110011100111001": 1,
    "11111111111111110111111": 1,
    "11101111011110011101111": 1,
    "11111111111111101111111": 1,
    "11111111111111111011111": 1,
    "11111111111111111111101": 1,
    "11111111111111111101111": 1,
    "11111111111111111111011": 1,
    "11111101111010110111101": 1,
    "11111111111111111111110": 1,
    "11110111101111011110101": 1,
    "11101101011010110101101": 1,
    "11110111101111011010111": 1,
    "11110011100111001110011": 1,
    "11111111111111011110111": 1,
    "11111111111110111110111": 1,
    "11101111011110111101011": 1,
    "11100000000000000000000": 1,
    "11110000100001000010000": 1,
    "11110000100000000010000": 1,
    "11111000110001100011000": 1,
    "11111000110000100011000": 1,
    "11101000010000100001000": 1,
    "11111000110001000011000": 1,
    "11111000110001100010000": 1,
    "11111100111001110011100": 1,
    "11111100111001010011100": 1,
    "11110100101001010010100": 1,
    "11101100011000110001100": 1,
    "11111100111000110011100": 1,
    "11111100111001100011100": 1,
    "11111110111101111011110": 1,
    "11111110111100111011110": 1,
    "11111110111101011011110": 1,
    "11111110111101111010110": 1,
    "11111010110101101011010": 1,
    "11111110111101110011110": 1,
    "11110110101101011010110": 1,
    "00011111111111111111111": 2,
    "00001111011110111101111": 2,
    "00000111001110011100111": 2,
    "00010111101111011110111": 2,
    "00011001110011100111001": 2,
    "00001101011010110101101": 2,
    "00001000010000100001000": 2,
    "00011111111110111111111": 2,
    "00011011110111101111011": 2,
    "00011101111011110111101": 2,
    "00011111111110011111111": 2,
    "00001100011000110001100": 2,
    "00001111011110011101111": 2,
    "00011111111111011111111": 2,
    "00011111111111110111111": 2,
    "00010111101110011110111": 2,
    "00000011000110001100011": 2,
    "00001011010110101101011": 2,
    "00011111111111111110111": 2,
    "00011111111111101111111": 2,
    "00010000100001000010000": 2,
    "00010000100000000010000": 2,
    "00011000110001100011000": 2,
    "00011100111001110011100": 2,
    "00010100101001010010100": 2,
    "00000100001000010000100": 2,
    "00011100111000110011100": 2,
    "00011110111101111011110": 2,
    "00011010110101101011010": 2,
    "00000110001100011000110": 2,
}

# Create a new column in the DataFrame to store the group assignment
df["Y_missing_pattern"] = df["missing_pattern_complete"].map(pattern_to_group_missingY)
df["X_missing_pattern"] = df["missing_pattern_complete"].map(pattern_to_group_missingX)

# Create a table with the frequency of the missing patterns and the freque of the individual missing patterns in  missing_pattern_complete
missing_patterns_freq = pd.DataFrame()
missing_patterns_freq["missing_pattern_complete"] = df[
    "missing_pattern_complete"
].value_counts()
missing_patternsY = pd.DataFrame()
missing_patternsY["Y_missing_pattern"] = df["Y_missing_pattern"].value_counts()
missing_patternsX = pd.DataFrame()
missing_patternsX["X_missing_pattern"] = df["X_missing_pattern"].value_counts()


# Create a table with missing pattern, count, and percentage of total
missing_patterns_table = pd.DataFrame()
missing_patterns_table["missing_pattern"] = missing_patterns_freq.index
missing_patterns_table["count"] = missing_patterns_freq["missing_pattern_complete"]
missing_patterns_table["percentage"] = (
    missing_patterns_freq["missing_pattern_complete"] / len(df) * 100
)

# Create a dictionary to map the pattern numbers to pattern names for Y_missing_pattern
pattern_names_Y = {
    1: "Complete",
    2: "Ignorable",
    3: "Missing after T1",
    4: "Missing after T2",
    5: "Missing after T3",
    6: "Missing after T4",
}

# Create a new column in the DataFrame to store the pattern names for Y_missing_pattern
df["Y_missing_pattern_name"] = df["Y_missing_pattern"].map(pattern_names_Y)

# Create a table with the frequency of the pattern names for Y_missing_pattern
missing_patternsY_table = pd.DataFrame()
missing_patternsY_table["Pattern Name"] = (
    df["Y_missing_pattern_name"].value_counts().index
)
missing_patternsY_table["Count"] = df["Y_missing_pattern_name"].value_counts().values

# Save the table to a csv file
missing_patternsY_table.to_csv("missing_patternsY_table.csv", sep=";")

# Create a dictionary to map the pattern numbers to pattern names for X_missing_pattern
pattern_names_X = {
    1: "Complete",
    2: "Missing all X",
}

# Create a new column in the DataFrame to store the pattern names for X_missing_pattern
df["X_missing_pattern_name"] = df["X_missing_pattern"].map(pattern_names_X)

# Create a table with the frequency of the pattern names for X_missing_pattern
missing_patternsX_table = pd.DataFrame()
missing_patternsX_table["Pattern Name"] = (
    df["X_missing_pattern_name"].value_counts().index
)
missing_patternsX_table["Count"] = df["X_missing_pattern_name"].value_counts().values

# Save the table to a csv file
missing_patternsX_table.to_csv("missing_patternsX_table.csv", sep=";")

# I want to calculate cohens d for all variables comparing patterns 1 and 2 to the other patterns
# Combine missing groups 1 and 2, and 3 to 5
df["missing_groupY"] = df["Y_missing_pattern"].replace({1: 1, 2: 1, 3: 2, 4: 2, 5: 2})

# write out the data to a csv file for use in mplus
df.to_csv("missing_groupY.csv", sep=";")
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