	
	
	



S1: Overview of the six education systems
In Norway, Sweden and Finland, years 4 and 5 are generally taught by class teachers who deliver most subjects and stay with the same class for several years. The transition to subject-specific teaching occurs gradually, typically from grade 6 onward; for example, in Finland and Sweden, students transition to lower secondary school in 7th grade. Estonia uses a mixed model in which class teachers may continue until grade 6, while subject specialists may begin teaching individual subjects as early as grade 4. In Portugal and Serbia, the move to subject teaching occurs in year 5. Serbian students stay in the same school and class but begin learning from different subject teachers, whereas Portuguese students transfer to a new school, class, and encounter a whole new group of teachers. These organisational differences reflect varying national approaches to the transition between primary and lower secondary education.
Assessment and grading practices also differ. In Norway, Sweden, and Finland, the initial years of schooling emphasise descriptive or formative feedback, with numerical grading typically introduced later—around grade 7 in Norway and grade 6 in Sweden, and around grade 5 in Finland. In Finland, grading may start earlier in some schools, and formative and summative assessments can be combined. Estonia combines formative and summative assessment; grading may start in grade 1 on a five-point scale, but schools may opt for narrative assessments until Grade 6. In Portugal and Serbia, numerical grades are used, but start at different times. While assessment is used throughout both primary and lower secondary education in Serbia, it remains descriptive in grade 1. Summative assessment begins in grade 2, with numerical grading ranging from 1 to 5, where 5 is the highest mark. Portugal maintains a descriptive approach during the first four years and introduces summative assessment with the shift to subject-based teaching in grade 5. In all systems, assessment frameworks are set at a national level and linked to curriculum objectives and progression requirements.
Teacher education in these six countries is mainly university-based, although the specific structures differ. In Norway, various integrated programmes leading to a master's degree in primary and secondary education (years 1-7, 5-10, or 8-13) are offered. A one-year postgraduate programme is available for those with a relevant academic degree who wish to become subject teachers. In Sweden, the minimum length of teacher education is between 3,5 years for primary education (grades 1-6) and 4 years for lower secondary level (grades 7-9). In Finland, primary school teachers complete a five-year master’s programme that combines subject studies with pedagogy. They can also undertake subject studies (60 ECT) in a specific school subject, e.g., mathematics, and qualify as a subject teacher in lower secondary school. Subject teachers for lower and upper secondary school complete a five-year master’s programme, including one year (60 ECT) of pedagogical studies (in the fourth or fifth year of studies). In Estonia, primary school teachers complete an integrated five-year master’s programme that combines subject studies with pedagogy. Subject teachers follow the 3+2 model (3 years focus mostly on the subject and 2 years on teacher education). In Portugal and Serbia, obtaining teacher qualifications typically involves a three-year bachelor’s degree, subject-specific, followed by a professional master’s or postgraduate programme that includes pedagogical training. In Serbia, many mathematics subject teachers have been trained as mathematicians during a five-year programme. Pedagogical competence can be acquired later through continuing professional development. In Portugal, future class teachers complete a three-year bachelor’s degree in Basic Education, followed by a two-year master’s degree in teaching. In Serbia, class teachers undertake a five-year integrated master’s programme at faculties of education, which combines pedagogy, subject didactics, and school practice. All systems incorporate practical school-based training as part of the qualification process, and teacher education is governed by national standards and accreditation frameworks.



























Table S2. 
EVS dimension model fit across dimensions

	
	Wave 1
	Wave 2

	Dimension 
	RMSEA
	CFI
	TLI
	SRMR
	RMSEA
	CFI
	TLI
	SRMR

	Intrinsic value
	0.098
	0.995
	0.989
	0.014
	0.096
	0.993
	0.986
	.015

	Utility value
	0.066
	0.995
	0.989
	0.014
	0.096
	0.993
	0.986
	.015

	Attainment value
	0.086
	0.975
	0.949
	0.029
	0.094
	0.974
	0.948
	.030

	Cost
	0.099
	0.922
	0.921
	0.045
	0.099
	0.923
	0.919
	.053

	Perceived competence
	0.086
	0.977
	0.955
	0.028
	0.079
	0.988
	0.976
	.022


Note: We acknowledge that RMSEA is above the desired value for the intrinsic value and cost dimensions. However, since these are single-dimensional models, we did not allow for intercorrelations between the residuals like in the overall model (Brown, 2015).[footnoteRef:1] [1:  Brown, T. A. (2015). Confirmatory factor analysis for applied research. Guilford Publications.] 




Table S3.
Cross-country invariance of student constructs
	
	
	CFI
	RMSEA
	SRMR
	χ2
	df
	ΔCFI
	ΔRMSEA
	ΔSRMR

	EVS
	Configural
	0.926
	0.052
	0.053
	5794.355
	1560
	—
	—
	—

	
	Metric
	0.920
	0.052
	0.062
	6207.665
	1660
	−0.006
	0.000
	0.009

	
	Scalar
	0.890
	0.065
	0.075
	9184.329
	1760
	−0.030
	0.013
	0.013


Note. Following the invariance testing criteria by Rutkowski and Svetina (2014)[footnoteRef:2] [2:  Rutkowski, L.; Svetina, D. (2014). Assessing the Hypothesis of Measurement Invariance in the Context of Large-Scale International Surveys. Educ Psychol Meas, 74, 31–57, https://doi.org/ghrm76
] 






Table S4. 
Longitudinal invariance of student constructs
	
	 χ²/df
	RMSEA
	CFI
	TLI
	SRMR
	ΔRMSEA/ΔCFI/ΔTLI/ΔSRMR

	Intrinsic value
	
	
	
	
	
	

	(1) Configural
	445.546/29
	0.047
	0.987
	0.980
	0.019
	

	(2) Eq. factor load.
	481.757/33
	0.046
	0.986
	0.981
	0.023
	(1)-(2) 0.001/0.001/0.001/0.004

	(3) Eq. load./fact. var.
	274.785/34
	0.033
	0.985
	0.979
	0.028
	(2)-(3) 0.013/0.001/0.002/0.005

	(4) Eq. load./interc.
	11894.078/39
	0.216
	0.634
	0.578
	1.629
	(3)-(4)      n/a

	(5) Eq. factor mean
	481.757/33
	0.046
	0.986
	0.981
	0.023
	(4)-(5)      n/a

	(6) Eq. load/fact.var./res.var.
	667.129/39
	0.050
	0.981
	0.978
	0.078
	(3)-(6) 0.017/0.001/0.001/0.050

	(7) Eq. load/res.var.
	533.981/38
	0.045
	0.985
	0.982
	0.031
	(6)-(7) 0.005/0.004/0.004/0.047

	Utility value
	
	
	
	
	
	

	(1) Configural
	248.409/29
	0.034
	0.986
	0.978
	0.017
	

	(2) Eq. factor load.
	276.333/33
	0.034
	0.984
	0.979
	0.027
	(1)-(2) 0.000/0.002/0.001/0.010

	(3) Eq. load./fact. var.
	611.379/34
	0.051
	0.982
	0.976
	0.070
	(2)-(3) 0.017/0.002/0.003/0.043

	(4) Eq. load./interc.
	16541.001/39
	0.254
	0.000
	0.000
	 5.831
	(3)-(4)      n/a

	(5) Eq. factor mean
	276.333/33
	0.034
	0.984
	0.979
	0.027
	(4)-(5)      n/a

	(6) Eq. load/fact.var./res.var.
	276.398/39
	0.031
	0.985
	0.982
	0.034
	(3)-(6) 0.020/0.003/0.006/0.036

	(7) Eq. load/res.var.
	277.369/38
	0.031
	0.985
	0.982
	0.033
	(6)-(7) 0.000/0.000/0.000/0.001

	Attainment value
	
	
	
	
	
	

	(1) Configural
	704.955/29
	0.060
	0.959
	0.936
	0.028
	

	(2) Eq. factor load.
	712.407/33
	0.056
	0.959
	0.944
	0.031
	(1)-(2) 0.004/0.000/0.008/0.003

	(3) Eq. load./fact. var.
	724.182/34
	0.056
	0.958
	0.944
	0.041
	(2)-(3) 0.000/0.001/0.000/0.010

	(4) Eq. load./interc.
	14752.541/39
	0.240
	0.104
	0.000
	3.547
	(3)-(4)      n/a

	(5) Eq. factor mean
	712.407/33
	0.056
	0.959
	0.944
	0.031
	(4)-(5)      n/a

	(6) Eq. load/fact.var./res.var.
	730.797/39
	0.052
	0.958
	0.951
	0.050
	(3)-(6) 0.004/0.000/0.007/0.009

	(7) Eq. load/res.var.
	715.926/38
	0.052
	0.959
	0.951
	0.041
	(6)-(7) 0.000/0.001/0.000/0.009

	Cost
	
	
	
	
	
	

	(1) Configural
	1147.283/29
	0.077
	0.921
	0.917
	0.050
	

	(2) Eq. factor load.
	1178.008/33
	0.073
	0.920
	0.917
	0.051
	(1)-(2) 0.004/0.001/0.000/0.001

	(3) Eq. load./fact. var.
	1198.573/34
	0.072
	0.901
	0.899
	0.056
	(2)-(3) 0.001/0.011/0.016/0.005

	(4) Eq. load./interc.
	12904.923/39
	0.225
	0.000
	0.000
	1.275
	(3)-(4)      n/a

	(5) Eq. factor mean
	2101.609/33
	0.091
	0.899
	0.861
	0.062
	(4)-(5)      n/a

	(6) Eq. load/fact.var./res.var.
	1294.160/39
	0.070
	0.877
	0.858
	0.064
	(3)-(6) 0.002/0.024/0.041/0.008

	(7) Eq. load/res.var.
	1262.419/38
	0.070
	0.880
	0.858
	0.054
	(6)-(7) 0.000/0.003/0.000/0.010

	Perceived compet.
	
	
	
	
	
	

	(1) Configural
	568.728/29
	0.053
	0.972
	0.956
	0.027
	

	(2) Eq. factor load.
	580.278/33
	0.050
	0.971
	0.961
	0.027
	(1)-(2) 0.003/0.001/0.005/0.000

	(3) Eq. load./fact. var.
	663.668/34
	0.053
	0.967
	0.956
	0.062
	(2)-(3) 0.003/0.004/0.005/0.035

	(4) Eq. load./interc.
	14672.652/39
	0.240
	0.233
	0.115
	2.377
	(3)-(4)      n/a

	(5) Eq. factor mean
	580.278/33
	0.051
	0.971
	0.961
	0.027
	(4)-(5)      n/a

	(6) Eq. load/fact.var./res.var.
	686.074/39
	0.050
	0.966
	0.961
	0.070
	(3)-(6) 0.003/0.001/0.005/0.008

	(7) Eq. load/res.var.
	595.425/38
	0.047
	0.971
	0.965
	0.029
	(6)-(7) 0.003/0.005/0.004/0.041


Table S5. 
Teacher scales - approximate measurement invariance (noninvariance) for groups/countries based on alignment method
	
	Estonia
(233)
	Finland
(246)
	Norway
(578)
	Portugal
(620)
	Serbia
(688)
	Sweden
(752)

	Rules and Procedures (RULES)

	Intercepts/
Thresholds
	Rules 1
	233
	246
	578
	620
	688
	752

	
	Rules 2
	233
	246
	578
	620
	688
	752

	
	Rules 3
	233
	246
	578
	620
	688
	752

	
	Rules 4
	233
	246
	578
	620
	688
	752

	
	Rules 5
	233
	246
	578
	620
	688
	752

	
	Rules 6
	233
	246
	578
	620
	688
	(752)

	Loadings for RULES
	Rules 1
	233
	246
	578
	620
	688
	752

	
	Rules 2
	233
	246
	578
	620
	688
	752

	
	Rules 3
	233
	246
	578
	620
	688
	752

	
	Rules 4
	233
	246
	578
	620
	688
	752

	
	Rules 5
	233
	246
	578
	620
	688
	752

	
	Rules 6
	233
	246
	578
	620
	688
	752

	Process of inquiry (INQUIRY)

	Intercepts/
Thresholds
	Parcel_inq 1
	233
	246
	578
	620
	688
	752

	
	Parcel_inq 2
	233
	246
	578
	620
	688
	752

	
	Parcel_inq 3
	233
	246
	578
	620
	688
	752

	Loadings for INQUIRY 
	Parcel_inq 1
	233
	246
	578
	620
	688
	752

	
	Parcel_inq 2
	233
	246
	578
	620
	688
	752

	
	Parcel_inq 3
	233
	246
	578
	620
	688
	752

	Beliefs about mathematical achievement (FIXED) 

	Intercepts/
Thresholds
	fixed 1
	233
	246
	578
	(620)
	688
	752

	
	fixed 2
	233
	246
	578
	620
	688
	752

	
	fixed 3
	233
	246
	578
	620
	688
	752

	Loadings for AGENCY
	fixed 1
	233
	246
	578
	620
	688
	752

	
	fixed 2
	233
	246
	578
	620
	688
	752

	
	fixed 3
	233
	246
	578
	620
	688
	752

	General practice– Supporting students’ Agency (AGENCY)

	Intercepts/
Thresholds
	agency 1
	233
	246
	578
	620
	688
	752

	
	agency 2
	233
	246
	578
	620
	688
	752

	
	agency 3
	(233)
	246
	578
	620
	688
	752

	Loadings for AGENCY
	agency 1
	233
	246
	578
	620
	688
	752

	
	agency 2
	233
	246
	578
	620
	688
	752

	
	agency 3
	233
	246
	578
	620
	688
	752


Note: Example item is provided in the main text. Items not enclosed in brackets indicate invariance. 


Table S5. 
(Continued)

	
	Estonia
(233)
	Finland
(246)
	Norway
(578)
	Portugal
(620)
	Serbia
(688)
	Sweden
(752)

	Motivational practice – raising students’ interest (INTEREST)

	Intercepts/
Thresholds
	interest 1
	233
	246
	578
	620
	688
	752

	
	interest 2
	233
	246
	578
	620
	688
	752

	
	interest 3
	233
	246
	578
	620
	688
	752

	
	interest 4
	233
	246
	578
	620
	688
	(752)

	
	interest 5
	233
	246
	578
	620
	688
	752

	Loadings for INTEREST
	interest 1
	233
	246
	578
	620
	688
	752

	
	interest 2
	233
	246
	578
	620
	688
	752

	
	interest 3
	233
	246
	578
	620
	688
	752

	
	interest 4
	233
	246
	578
	620
	688
	752

	
	interest 5
	233
	246
	578
	620
	688
	752

	Motivational practice – students’ competence support (COMPETENCE)

	Intercepts/
Thresholds
	comp 1
	233
	246
	578
	620
	688
	752

	
	comp 2
	233
	246
	578
	(620)
	688
	752

	
	comp 3
	233
	246
	578
	620
	688
	752

	Loadings for COMPET. 
	comp 1
	233
	246
	578
	620
	688
	752

	
	comp 2
	233
	246
	578
	620
	688
	752

	
	comp 3
	233
	246
	578
	620
	688
	752

	Student teacher relationship (AFFECT)

	Intercepts/
Thresholds
	affect 1
	233
	246
	578
	620
	688
	752

	
	affect 2
	(233)
	246
	578
	620
	688
	752

	
	affect 3
	233
	246
	578
	620
	688
	752

	
	affect 4
	233
	246
	578
	620
	688
	752

	
	affect 5
	233
	246
	578
	620
	688
	752

	Loadings for AFFEXT
	affect 1
	233
	246
	578
	620
	688
	752

	
	affect 2
	233
	246
	578
	620
	688
	752

	
	affect 3
	233
	246
	578
	620
	688
	752

	
	affect 4
	233
	246
	578
	620
	688
	752

	
	affect 5
	233
	246
	578
	620
	688
	752


Note: Example item is provided in the main text. Items not enclosed in brackets indicate invariance. 









Table S6.
Pearson correlations for student- and teacher-level variables
	Student-level variables

	Variable
	(1)
	(2)
	(3)
	(4)
	(5)
	
	

	Intrinsic value (1)
	—
	0.667**
	0.724**
	−0.711**
	0.713**
	
	

	Utility value (2)
	
	—
	0.819**
	−0.514**
	0.393**
	
	

	Attainment value (3)
	
	
	—
	−0.531**
	0.372**
	
	

	Cost (4)
	
	
	
	—
	−0.679**
	
	

	Perceived 
competence (5)
	
	
	
	
	—
	
	

	Teacher-level variables

	Variable
	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)

	Rules (1)
	—
	0.187**
	0.164**
	−0.083
	−0.004
	0.044
	0.090

	Inquiry (2)
	
	—
	−.138*
	0.188**
	0.242**
	0.179**
	0.156**

	Fixed (3)
	
	
	—
	−0.029
	−0.040
	−0.060
	−0.105

	Agency (4)
	
	
	
	—
	0.501**
	0.421**
	0.254**

	Interest
	
	
	
	
	—
	0.566**
	0.389**

	Competence
	
	
	
	
	
	—
	0.271**

	Affect
	
	
	
	
	
	
	—


Note. *p < .05. **p < .01. The correlation pattern for the student constructs aligns with Peixoto et al. (2023).














Table S7.
Mean scores on motivational dimensions for wave 1 and wave 2
	
	Overview by country
	Overall sample

	
	Estonia
	Finland
	Norway
	Portugal
	Serbia
	Sweden
	

	Intrinsic value
	wave 1
	2.7648
	2.8775
	2.6804
	2.9919
	2.5874
	2.7193
	2.7761

	
	wave 2
	2.4616
	2.5734
	2.4745
	2.7231
	2.1214
	2.3968
	2.4673

	
	diff.
	−0.2928
	−0.2940
	−0.1957
	−0.2494
	−0.4945
	−0.3716
	

	Utility value
	wave 1
	3.4217
	3.3275
	3.3360
	3.6203
	3.4062
	3.2804
	3.4083

	
	wave 2
	3.1998
	3.2039
	3.2717
	3.4672
	2.9976
	3.0816
	3.2125

	
	diff.
	−0.2243
	−0.1355
	−0.0562
	−0.1480
	−0.4123
	−0.2029
	

	Attainment value
	wave 1
	3.2638
	3.1466
	3.0201
	3.5162
	3.2582
	3.0207
	3.2152

	
	wave 2
	3.1227
	2.9952
	2.9337
	3.3583
	2.9776
	2.9088
	3.0500

	
	diff.
	−0.1413
	−0.1660
	−0.0955
	−0.1499
	−0.3081
	−0.1433
	

	Cost
	wave 1
	2.2192
	2.1526
	2.3612
	2.2509
	2.2578
	2.3022
	2.2610

	
	wave 2
	2.3678
	2.2767
	2.3874
	2.3768
	2.5477
	2.4585
	2.3993

	
	diff.
	0.1422
	0.1200
	0.0158
	0.1093
	0.329
	0.1612
	

	Perceived competence
	wave 1
	2.8944
	3.1968
	2.8448
	2.7729
	2.9432
	2.9602
	2.9238

	
	wave 2
	2.8366
	3.0549
	2.7843
	2.7045
	2.6216
	2.8592
	2.8109

	
	diff.
	−0.0626
	0.1238
	−0.0542
	−0.0756
	−0.3197
	−0.1094
	


Note. Diff. denotes a plain difference between grade 5 and grade 4 on a scale of 1 to 4.











	
	
	



