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Measured Items and Reliabilities
	Variable
	Items
	Reliabilities
	% of explained variance by the first factora

	
	
	α
	ICC
	

	Self-control
	1. I finish studying even if it is boring and tedious.
2. I concentrate on studying until I finish it.
3. I complete what I have planned, even if studying is boring.
4. I find it difficult to start studying because I cannot stop hanging out (R).
5. When I study, I cannot concentrate because of irrelevant thoughts (R).
	αT5 = .761
αT6 = .776
αT7 = .767
	.727
	T5: 34.428
T6: 36.228
T7: 36.423

	Attainment value
	1. Schoolwork means a lot to me.
2. What I learn at school is important.
3. School life will play an important role in my growth.
4. School life will play a significant role in my future.
5. Schoolwork will play a critical role when I choose my future career.
6. What I learn at school will be useful in my life.
7. School life will help me to socialize in the future.
	αT5 = .890
αT6 = .896
αT7 = .896
	.685
	T5: 23.098
T6: 24.259
T7: 25.522

	Mastery-approach goal
	1. I like classwork that I will learn from, even if I make mistakes.
2. I like classwork that I will learn from, even if it takes a lot of work.
	αT5 = .698
αT6 = .713
αT7 = .723
	.636
	T5: 53.881
T6: 55.980
T7: 57.902


Note. α = Cronbach’s alpha coefficient; ICC = intraclass correlation coefficient for the test-retest reliability using the first two time point data (i.e., T5 and T6); (R) = reverse coded item. 
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a = EFA with Promax rotation was conducted to get % of explained variance by the first factor. 
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Longitudinal Measurement Invariance (MI) Tests of Self-Control, Attainment Value, and Mastery-Approach Goal
	Model
	Self-Control
	
	Attainment Value
	
	Mastery-Approach Goala

	
	χ2 (df)
	CFI
	RMSEA
[90% CI]
	∆ CFI
	
	χ2 (df)
	CFI
	RMSEA
[90% CI]
	∆ CFI
	
	χ2 (df)
	CFI
	RMSEA
[90% CI]
	∆ CFI

	Step 1: MI across time within gender and cohort
	
	
	
	
	
	
	
	
	
	
	

	 EARLY Boys
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Configural
	208.644(69)***
	.967
	.043 [.036 .049]
	
	
	515.064(165)***
	.957
	.044 [.039 .048]
	
	
	29.633(6)***
	.981
	.060 [.039 .082]
	

	Metric
	256.854(79)***
	.958
	.045 [.039 .051]
	.009
	
	537.200(179)***
	.956
	.042 [.038 .047]
	.001
	
	34.768(10)***
	.980
	.047 [.031 .065]
	.001

	Scalar
	350.936(89)***
	.938
	.051 [.046 .057]
	.020
	
	619.887(193)***
	.948
	.045 [.041 .049]
	.008
	
	47.141(14)***
	.974
	.046 [.032 .061]
	.006

	 EARLY Girls
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Configural
	227.679(69)***
	.961
	.048 [.041 .054]
	
	
	483.848(165)***
	.961
	.043 [.039 .048]
	
	
	43.711(6)***
	.970
	.078 [.057 .010]
	

	Metric
	242.452(79)***
	.960
	.045 [.038 .051]
	.002
	
	511.350(179)***
	.959
	.042 [.038 .047]
	.002
	
	54.593(10)***
	.965
	.065 [.049 .083]
	.002

	Scalar
	359.844(89)***
	.933
	.054 [.048 .060]
	.027
	
	631.358(193)***
	.946
	.047 [.043 .051]
	.013
	
	111.808(14)***
	.922
	.082 [.068 .096]
	.043

	 MIDDLE Boys
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Configural
	247.619(69)***
	.962
	.048 [.041 .054]
	
	
	587.490(165)***
	.951
	.047 [.043 .052]
	
	
	29.074(6)***
	.983
	.058 [.038 .080]
	

	Metric
	264.650(79)***
	.960
	.045 [.039 .048]
	.002
	
	621.158(179)***
	.948
	.047 [.043 .051]
	.003
	
	39.600(10)***
	.978
	.051 [.035 .068]
	.005

	Scalar
	283.256(89)***
	.959
	.046 [.044 .048]
	.001
	
	674.136(193)***
	.944
	.047 [.043 .051]
	.004
	
	44.897(14)***
	.977
	.044 [.030 .059]
	.001

	 MIDDLE Girls
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Configural
	192.597(69)***
	.972
	.042 [.035 .049]
	
	
	598.981(165)***
	.941
	.051 [.046 .055]
	
	
	42.214(6)***
	.972
	.077 [.056 .099]
	

	Metric
	202.671(79)***
	.972
	.039 [.033 .046]
	.000
	
	619.134(179)***
	.940
	.049 [.045 .053]
	.001
	
	51.199(10)***
	.968
	.063 [.047 .081]
	.004

	Scalar
	225.969(89)***
	.969
	.039 [.033 .045]
	.003
	
	653.259(193)***
	.937
	.048 [.044 .052]
	.003
	
	56.678(14)***
	.967
	.055 [.040 .070]
	.001

	Step 2: MI across time and gender within cohort
	
	
	
	
	
	
	
	
	
	
	

	 EARLY
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Configural
	436.499(138)***
	.964
	.045 [.040 .050]
	
	
	999.583(330)***
	.959
	.043 [.040 .047]
	
	
	73.209(12)***
	.976
	.069 [.054 .084]
	

	Metric
	516.107(163)***
	.958
	.045 [.041 .049]
	.006
	
	1059.207(365)***
	.957
	.042 [.039 .045]
	.002
	
	91.175(22)***
	.973
	.054 [.043 .066]
	.002

	Scalar
	780.670(188)***
	.929
	.054 [.050 .058]
	.029
	
	1271.256(400)***
	.947
	.045 [.042 .048]
	.010
	
	208.330(32)***
	.930
	.072 [.062 .081]
	.043

	 MIDDLE 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Configural
	440.799(138)***
	.967
	.045 [.040 .050]
	
	
	1811.721(330)***
	.946
	.049 [.046 .052]
	
	
	70.631(12)***
	.978
	.067 [.053 .083]
	

	Metric
	479.420(163)***
	.965
	.042 [.038 .047]
	.002
	
	1245.894(365)***
	.944
	.045 [.044 .047]
	.002
	
	88.391(22)***
	.975
	.053 [.042 .065]
	.003

	Scalar
	559.964(188)***
	.959
	.043 [.039 .047]
	.006
	
	1361.455(400)***
	.939
	.047 [.044 .050]
	.005
	
	178.075(32)***
	.945
	.065 [.056 .074]
	.030

	Step 3: MI across time, gender, and cohort
	
	
	
	
	
	
	
	
	
	
	

	Configural
	702548(138)***
	.967
	.044 [.040 .047]
	
	
	1811.620(330)***
	.953
	.046 [.044 .048]
	
	
	127.282(12)***
	.978
	.068 [.057 .077]
	

	Metric
	786.343(163)***
	.964
	.042 [.039 .045]
	.003
	
	1931.018(365)***
	.951
	.045 [.043 .047]
	.002
	
	147.742(22)***
	.976
	.051 [.044 .059]
	.002

	Scalar
	1393.042(188)***
	.930
	.055 [.052 .057]
	.034
	
	32135.561(400)***
	.928
	.052 [.050 .053]
	.023
	
	359.430(32)***
	.938
	.069 [.063 .075]
	.039


Note. CFI = comparative fit index; RMSEA = root mean square error of approximation; CI = confidence interval; EARLY = early adolescents; MIDDLE = middle adolescents. 
a = Residual correlations between measurement variables were constrained to zero for model identification. 
SELF-CONTROL AND ACHIEVEMENT MOTIVATION                                                                                                             51
***p < .001.
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Goodness-of-Fit Indices of the RI-CLPMs Including Either Attainment Value or Mastery-Approach Goal as Achievement Motivation
	Model No.
	Summary
	Attainment Value
	
	Mastery-Approach Goal

	
	
	χ2 (df)
	CFI
	RMSEA
[90% CI]
	SRMR
	
	χ2 (df)
	CFI
	RMSEA
[90% CI]
	SRMR

	1
	RI-CLPM; all paths freely estimated across time
	.371(1)*
	1.000
	.000 [.000 .034]
	.002
	
	1.630(1)
	1.000
	.012 [.000 .044]
	.003

	2
	RI-CLPM; freely estimated cross-lagged paths and invariance of autoregressive paths across time
	3.754(3)*
	1.000
	.008 [.000 .028]
	.009
	
	3.181(3)
	1.000
	.004 [.000 .026]
	.004

	3
	RI-CLPM; freely estimated autoregressive paths and invariance of cross-lagged paths across time
	10.223(3)*
	.999
	.024 [.009 .040]
	.010
	
	5.670(3)
	1.000
	.014 [.000 .032]
	.005

	4
	RI-CLPM; invariance of all paths across time
	23.596(5) 
	.997
	.029 [.018 .042]
	.037
	
	17.787(5)*
	.998
	.024 [.013 .037]
	.025

	5
	RI-CLPM; invariance of all paths and correlations between constructs across time
	24.913(7)*
	.997
	.024 [.014 .035]
	.042
	
	17.798(7)*
	.999
	.019 [.008 .030]
	.022

	6
	RI-CLPM with gender; all paths freely estimated across time
	4.753(5)*
	1.000
	.000 [.000 .021]
	.005
	
	11.388(5)*
	.999
	.017 [.003 .031]
	.008

	7
	RI-CLPM with gender; freely estimated cross-lagged paths and invariance of autoregressive paths across time
	8.494(7)*
	1.000
	.007 [.000 .021]
	.009
	
	12.797(7)*
	.999
	.014 [.000 .026]
	.009

	8
	RI-CLPM with gender; freely estimated autoregressive paths and invariance of cross-lagged paths across time
	14.558(7)*
	.999
	.016 [.003 .027]
	.010
	
	15.345(7)*
	.999
	.017 [.005 .028]
	.009

	9
	RI-CLPM with gender; invariance of all paths across time
	29.879(9)*
	.997
	.023 [.014 .033]
	.033
	
	28.653(9)*
	.997
	.022 [.014 .032]
	.023

	10
	RI-CLPM with gender; invariance of all paths and correlations between constructs across time
	31.158(11)*
	.997
	.021 [.012 .029]
	.039
	
	28.697(11)*
	.998
	.019 [.011 .028]
	.021

	11
	Multi-group RI-CLPM with gender; all paths freely estimated across time
	15.663(10)*
	.999
	.016 [.000 .031]
	.009
	
	17.091(10)*
	.999
	.018 [.000 .032]
	.010

	12
	Multi-group RI-CLPM with gender; freely estimated cross-lagged paths and invariance of autoregressive paths across time
	17.618(14)*
	.999
	.011 [.000 .025]
	.011
	
	19.407(14)*
	.999
	.013 [.000 .026]
	.010

	13
	Multi-group RI-CLPM with gender; freely estimated autoregressive paths and invariance of cross-lagged paths across time
	17.091(14)*
	1.000
	.010 [.000 .024]
	.010
	
	20.821(14)*
	.999
	.015 [.000 .028]
	.011

	14
	Multi-group RI-CLPM with gender; invariance of all paths across time
	23.078(18)*
	.999
	.011 [.000 .024]
	.021
	
	28.099(18)*
	.999
	.016 [.000 .028]
	.019

	15
	Multi-group RI-CLPM with gender; invariance of all paths and correlations between constructs across time
	26.865(22)*
	.999
	.010 [.000 .022]
	.020
	
	30.810(22)*
	.999
	.014 [.000 .024]
	.017


Note. CFI = comparative fit index; RMSEA = root mean square error of approximation; CI = confidence interval; SRMR = standardized root mean squared residual. 
* p < .05.
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Methods
To investigate the between-person longitudinal relationship between self-control and achievement motivation without controlling for individual differences in these constructs, we developed additional cross-lagged panel models (CLPMs). We modified the final random intercept cross-lagged panel model (RI-CLPM) (i.e., Model 15, which is the multi-group RI-CLPM assuming longitudinal equilibrium with gender as the covariate) into a multi-group CLPM with gender. First, the higher-order autoregressive effects (i.e., lag2 stability paths from T5 to T7) were incorporated into the model to consider the longitudinal nature of the data and complex relationship between constructs over time, instead of removing random intercepts. The covariate (i.e., gender) regressed on the T5 variable of each construct. Additionally, the invariant constrain on all paths across time was not applied to achieve an acceptable model fit. Accordingly, there were six autoregressive effects, four cross-lagged effects, three correlations, and two gender effects in the CLPM. The CLPMs were analyzed using Mplus Version 8. 

Results
Self-Control and Attainment Value Model
The multi-group CLPM between self-control and attainment value demonstrated an acceptable fit (CFI = .998, RMSEA = .023 [90% CI: .011, .035], SRMR = .012). As presented below, the autoregressive effects in self-control were statistically significant and positive for both the EARLY and MIDDLE cohorts (see Table S4-1). The first-order effects (i.e., T5 to T6 and T6 to T7) were stronger than the second-order effect (i.e., T5 to T7) in both constructs. The standardized coefficients of the first-order effect ranged from .348 to .719 in the EARLY cohort and .336 to .732 in the MIDDLE cohort. The coefficients of the second-order effect were .144 and .173 in the EARLY cohort, and .274 and .330 in the MIDDLE cohort. The positive cross-lagged effects from T5 self-control to T6 attainment value were significant in both cohorts. None of the cross-lagged effects from attainment value to self-control were significant in both cohorts. Correlations between self-control and attainment value at each time point were positively significant in both cohorts. The negative prediction of gender on self-control was significant only in the MIDDLE cohort. 

Table S4-1
Multigroup CLPM of Self-Control (SC) and Attainment Value (AV) With Gender as a Covariate
	Parameter
	
	EARLY
	
	MIDDLE
	
	Group Difference

	
	
	b
	SE
	β
	
	b
	SE
	β
	
	Diff.
	SE

	Autoregressive effect
	
	
	
	
	
	
	
	
	
	
	

	SCT5 → SCT6
	
	.752***
	.047
	.719
	
	.746***
	.038
	.732
	
	.006
	.060

	SCT6 → SCT7
	
	.561***
	.051
	.574
	
	.464***
	.062
	.452
	
	.097
	.081

	SCT5 → SCT7
	
	.177**
	.043
	.173
	
	.345***
	.057
	.330
	
	-.168*
	.071

	AVT5 → AVT6
	
	.480***
	.039
	.473
	
	.550***
	.034
	.516
	
	-.070
	.052

	AVT6 → AVT7
	
	.378***
	.040
	.348
	
	.341***
	.038
	.336
	
	.037
	.055

	AVT5 → AVT7
	
	.159***
	.031
	.144
	
	.296***
	.035
	.274
	
	-.137***
	.047

	Cross-lagged effect
	
	
	
	
	
	
	
	
	
	
	

	SCT5 → AVT6
	
	 .084*
	.038
	.084
	
	.134***
	.036
	.117
	
	-.050
	.052

	SCT6 → AVT7
	
	 .071
	.037
	.068
	
	.044
	.035
	.038
	
	 .027
	.051

	  AVT5 → SCT6
	
	-.064
	.044
	-.060
	
	  .055
	.032
	.059
	
	-.119*
	.054

	  AVT6 → SCT7
	
	-.060
	.036
	-.059
	
	-.007
	.029
	-.008
	
	-.053
	.046

	Correlation
	
	
	
	
	
	
	
	
	
	
	

	  SCT5 ↔ AVT5
	
	.141***
	.006
	.673
	
	 .118***
	.007
	.530
	
	.023*
	.010

	  SCT6 ↔ AVT6
	
	.082***
	.006
	.597
	
	 .061***
	.006
	.476
	
	 .022**
	.008

	  SCT7 ↔ AVT7
	
	.087***
	.006
	.564
	
	 .062***
	.006
	.431
	
	 .025**
	.008

	Covariate effect
	
	
	
	
	
	
	
	
	
	
	

	  Gender → SCT5
	
	-.024
	.023
	-.026
	
	-.106***
	.022
	-.116
	
	.082*
	.032

	  Gender → AVT5
	
	 .010
	.021
	.011
	
	-.034
	.023
	-.034
	
	.044
	.031


Note. b = unstandardized parameter estimates; SE = standard error; β = standardized parameter; EARLY = early adolescents; MIDDLE = middle adolescents; Diff. = EARLY – MIDDLE. Gender is coded as 1 = boys and 2 = girls. *p < .05. **p < .01. ***p < .001.


Self-Control and Mastery-Approach Goal Model
The multi-group CLPM between self-control and mastery-approach goal also demonstrated an acceptable fit (CFI = .996, RMSEA = .044 [90% CI: .021, .044], SRMR = .017). Similar to the results of the self-control and attainment value model, all autoregressive effects were positively significant in both constructs and cohorts (see Table S4-2). The standardized coefficients of these effects ranged from .185 to .689 in the EARLY cohort and from .333 to .840 in the MIDDLE cohort. The strength of the second-order autoregressive effects was weaker than that of the first-order effects. None of the cross-lagged effects were significant except for the negative effect of T6 self-control on T7 mastery-approach goal pursuit in the MIDDLE cohort. Correlations between self-control and mastery-approach goal at each time point were positively significant in both cohorts. The negative prediction of gender on self-control was significant in the MIDDLE cohort, while the negative prediction of gender on mastery-approach goal was significant in both cohorts.

Table S4-2
Multigroup CLPM of Self-Control (SC) and Mastery-Approach Goal (MG) With Gender as a Covariate
	Parameter
	
	EARLY
	
	MIDDLE
	
	Group Difference

	
	
	b
	SE
	β
	
	b
	SE
	β
	
	Diff.
	SE

	Autoregressive effect
	
	
	
	
	
	
	
	
	
	
	

	SCT5 → SCT6
	
	.721***
	.063
	.689
	
	.857***
	.064
	.840
	
	-.136
	.090

	SCT6 → SCT7
	
	.543***
	.066
	.554
	
	.486***
	.067
	.475
	
	.057
	.095

	SCT5 → SCT7
	
	.229***
	.043
	.224
	
	.333***
	.054
	.319
	
	-.104
	.069

	MGT5 → MGT6
	
	.574***
	.064
	.575
	
	.720***
	.074
	.680
	
	-.146
	.098

	MGT6 → MGT7
	
	.480***
	.077
	.449
	
	.497***
	.064
	.511
	
	-.016
	.100

	MGT5 → MGT7
	
	.197**
	.044
	.185
	
	.340***
	.052
	.330
	
	-.143*
	.068

	Cross-lagged effect
	
	
	
	
	
	
	
	
	
	
	

	SCT5 → MGT6
	
	.081
	.073
	.070
	
	.015
	.080
	.012
	
	 .067
	.108

	SCT6 → MGT7
	
	.043
	.075
	.036
	
	-.138*
	.057
	-.119
	
	.180
	.094

	  MGT5 → SCT6
	
	-.017
	.055
	-.019
	
	-.093
	.055
	-.105
	
	.076
	.078

	  MGT6 → SCT7
	
	-.068
	.051
	-.077
	
	-.021
	.040
	-.025
	
	-.047
	.065

	Correlation
	
	
	
	
	
	
	
	
	
	
	

	  SCT5 ↔ MGT5
	
	.188***
	.008
	.760
	
	.178***
	.009
	.759
	
	.010
	.012

	  SCT6 ↔ MGT6
	
	.119***
	.008
	.804
	
	.094***
	.008
	.778
	
	.025*
	.011

	  SCT7 ↔ MGT7
	
	.124***
	.008
	.774
	
	.099***
	.007
	.778
	
	.025*
	.010

	Covariate effect
	
	
	
	
	
	
	
	
	
	
	

	  Gender → SCT5
	
	-.020
	.023
	-.022
	
	-.103***
	.022
	-.112
	
	.118**
	.038

	  Gender → MGT5
	
	-.082**
	.027
	-.076
	
	-.200***
	.026
	-.190
	
	.083**
	.032


Note. b = unstandardized parameter estimates; SE = standard error; β = standardized parameter; EARLY = early adolescents; MIDDLE = middle adolescents; Diff. = EARLY – MIDDLE. Gender is coded as 1 = boys and 2 = girls. *p < .05. **p < .01. ***p < .001.


SELF


-


CONTROL AND ACHIEVEMENT MOTIVATION


                                                           


 


 


 


Longitudinal Relationships 


B


etween


 


Academic


 


Self


-


Control and Achievement Motivation 


During Different Adolescence Stages


 


 


Online Supplemental Mat


er


ials


 


Online Supplemental Material 1


.


 


Measured Items and Reliabilities


 


(p.


 


1)


 


Online Supplemental Material 2


.


 


Longitudinal Measurement Invariance (MI) Tests of Self


-


Control, Attainment Value, and Mastery


-


Approach Goal


 


(p. 2)


 


Online Supplemental Material 3


. 


Goodness


-


of


-


Fit Indices of the RI


-


CLPMs Including Either 


Attainment Value or Mastery


-


Approach Goal as Achievement Motivation


 


(p. 3)


 


Online Supplemental Material 4


. Method


 


and Results 


from 


Supplementary 


Multi


-


Group 


CLPMs 


(p


p. 4


-


5)


 


 


 




SELF - CONTROL AND ACHIEVEMENT MOTIVATION                                                                   Longitudinal Relationships  B etween   Academic   Self - Control and Achievement Motivation  During Different Adolescence Stages     Online Supplemental Mat er ials   Online Supplemental Material 1 .   Measured Items and Reliabilities   (p.   1)   Online Supplemental Material 2 .   Longitudinal Measurement Invariance (MI) Tests of Self - Control, Attainment Value, and Mastery - Approach Goal   (p. 2)   Online Supplemental Material 3 .  Goodness - of - Fit Indices of the RI - CLPMs Including Either  Attainment Value or Mastery - Approach Goal as Achievement Motivation   (p. 3)   Online Supplemental Material 4 . Method   and Results  from  Supplementary  Multi - Group  CLPMs  (p p. 4 - 5)      

