Supplemental material
Table S.1 Descriptive statistics by immigrant background and refugee status (variables at student-level only)
	
	Refugee
	First-generation
	Second-generation
	Majority

	
	M/%
	SD
	M/%
	SD
	M/%
	SD
	M/%
	SD

	Academic achievement
	
	
	
	
	
	
	
	

	Mathematics achievement
	372.90
	104.49
	405.20
	111.52
	429.00
	109.48
	480.02
	102.89

	Reading comprehension
	371.83
	97.24
	396.91
	106.64
	435.38
	100.83
	493.10
	97.68

	Student and family characteristics
	
	
	
	
	

	Parental education
	10.66
	5.79
	12.51
	5.54
	12.85
	4.44
	14.99
	2.98

	Duration of kindergarten attendance 
	1.20
	1.47
	2.54
	1.76
	3.75
	1.36
	4.59
	1.21

	Learning environment at home
	3.64
	1.14
	4.00
	1.06
	4.16
	0.96
	4.40
	0.82

	Vocabulary in German
	9.08
	3.67
	10.00
	3.99
	11.79
	4.09
	14.68
	4.14

	Teaching-related characteristic
	
	
	
	
	
	

	Perceived individual student support (mathematics) 
	3.32
	0.59
	3.27
	0.59
	3.25
	0.58
	3.22
	0.59

	Perceived individual student support (German) 
	3.37
	0.52
	3.30
	0.56
	3.28
	0.55
	3.25
	0.55

	Control variables
	
	
	
	
	
	
	
	

	Age 
	10.94
	0.73
	10.74
	0.66
	10.44
	0.48
	10.44
	0.46

	Female 
	50.8
	
	49.5
	
	50.2
	
	50.1
	


Notes. All descriptive statistics were calculated prior to grand-mean centring and were based on the first imputed data set. Unweighted values. 
N by group and construct: academic achievement and perceived individual student support: Nrefugees = 826 (mathematics) and Nrefugees = 814 (German), Nfirst-generation = 1 251 (mathematics) and Nfirst-generation = 1 244 (German), Nsecond-generation = 2 575 (mathematics) and Nsecond-generation = 2 532 (German); Nmajority = 14 663 (mathematics) and Nmajority = 14 736 (German); student and family characteristics and controls (mathematics and German samples were combined due to negligible differences in descriptive statistics.): Nrefugees = 905, Nfirst-generation = 1 363, Nsecond-generation = 2 795; Nmajority = 15 786.
Source. IQB Trends in Student Achievement 2021 (primary education).


Table S.2 Correlations of study variables (variables measured at student level only)
	
	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	1 
	Mathematics achievement 
	-
	
	
	
	
	
	
	
	
	

	2
	Reading comprehension
	.65*
	-
	
	
	
	
	
	
	
	

	3
	Immigrant background and refugee statusa
	.28*
	.34*
	-
	
	
	
	
	
	
	

	4
	Parental educationb
	.37*
	.38*
	.31*
	-
	
	
	
	
	
	

	5
	Vocabulary in Germanc
	.57*
	.61*
	.38*
	.33*
	-
	
	
	
	
	

	6
	Duration of Kindergarten attendanced
	.25*
	.25*
	.55*
	.25*
	.29*
	-
	
	
	
	

	7
	Learning environment at homee
	.23*
	.24*
	.21*
	.22*
	.21*
	.15*
	-
	
	
	

	8
	Perceived individual student support (mathematics)f
	−.05*
	.00
	−.05*
	−.02*
	−.04*
	−.04*
	.01*
	-
	
	

	9
	Perceived individual student support (German)f
	−.05*
	.01
	−.05*
	−.03*
	−.04*
	−.04*
	.01
	.83*
	-
	

	10
	Ageg
	−.23*
	−.24*
	−.22*
	−.23*
	−.20*
	−.14*
	−.15*
	−.00
	.00
	-

	11
	Femaleh
	−.11*
	.10*
	−.00
	.00
	.00
	.01
	.03*
	.09*
	.11*
	−.03*


Notes. * p < .05. Mathematics and German samples were combined: N = 20 849. Correlations based on the first imputed data set.
a1 = refugee, 2 = first-generation (non-refugee), 3 = second-generation, 4 = majority descent
bhighest number of parents’ years of schooling, based on information on the highest level of parental education
cScale consisting 25 items
dAssessed with a 7-point scale ranging from no kindergarten attendance (= 0), attendance for less than a year (= 1), to 5 years and longer (= 6).
eSum score including six items
fFor both mathematics and German lessons, mean score including seven items
gAge in months
h0 = male, 1 = female
Source. IQB Trends in Student Achievement 2021 (primary education).



Table S.3 Student academic achievement predicted by student and family conditions: stepwise models for constructs at student level
	
	Mathematics achievement
	Reading comprehension

	
	M1
	M2
	M3
	M4
	R1
	R2
	R3
	R4

	Level 1 (student)
	
	
	
	
	
	
	
	

	Immigrant background and refugee status (Ref.: majority)
	
	
	
	
	
	
	
	

	Refugee
	−64.52***
	−42.61***
	−39.23***
	−54.61***
	−83.36***
	−63.25***
	−64.59***
	−74.01***

	
	(3.71)
	(3.79)
	(4.24)
	(3.71)
	(4.05)
	(4.20)
	(4.60)
	(4.17)

	First-generation
	−40.46***
	−29.54***
	−25.84***
	−36.20***
	−64.47***
	−54.98***
	−53.56***
	−60.54***

	
	(3.52)
	(3.48)
	(3.69)
	(3.50)
	(3.14)
	(3.05)
	(3.35)
	(3.12)

	Second-generation
	−33.37***
	−22.23***
	−28.49***
	−30.85***
	−43.08***
	−33.40***
	−39.45***
	−40.71***

	
	(2.39)
	(2.32)
	(2.42)
	(2.41)
	(2.44)
	(2.28)
	(2.54)
	(2.44)

	Student and family characteristics
	
	
	
	
	
	
	
	

	Parental education
	
	7.04***
	
	
	
	6.43***
	
	

	
	
	(0.25)
	
	
	
	(0.23)
	
	

	Duration of kindergarten attendance
	
	
	8.07***
	
	
	
	5.98***
	

	
	
	
	(0.63)
	
	
	
	(0.63)
	

	Learning environment at home
	
	
	
	15.82***
	
	
	
	14.80***

	
	
	
	
	(0.90)
	
	
	
	(0.86)

	Control variables
	
	
	
	
	
	
	
	

	Age
	−38.84***
	−30.59***
	−38.05***
	−36.54***
	−34.27***
	−26.75***
	−33.69***
	−32.03***

	
	(1.53)
	(1.52)
	(1.51)
	(1.55)
	(1.44)
	(1.42)
	(1.43)
	(1.42)

	Female
	−27.09***
	−27.00***
	−27.46***
	−27.71***
	19.22***
	19.18***
	18.96***
	18.73***

	
	(1.43)
	(1.42)
	(1.44)
	(1.41)
	(1.33)
	(1.29)
	(1.33)
	(1.31)

	Level 2 (teacher)
	
	
	
	
	
	
	
	

	Control variable
	
	
	
	
	
	
	
	

	Amount of classroom teaching
	6.12***
	5.25***
	5.79***
	5.91***
	4.34***
	3.68***
	4.14***
	4.15***

	
	(1.02)
	(0.94)
	(1.01)
	(0.99)
	(0.98)
	(0.88)
	(0.97)
	(0.94)

	Intercept
	487.08***
	483.95***
	484.57***
	486.45***
	476.98***
	474.33***
	475.12***
	476.39***

	
	(1.73)
	(1.62)
	(1.74)
	(1.70)
	(1.67)
	(1.54)
	(1.69)
	(1.63)

	R-squared
	0.130
	0.201
	0.142
	0.155
	0.160
	0.227
	0.167
	0.184

	Nstudents
	19 315
	19 315
	19 315
	19 315
	19 326
	19 326
	19 326
	19 326

	Nteachers
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057


Notes. * p < .05, ** p < .01, *** p < .001. Regression coefficients with standard errors in parentheses. 
Source. IQB Trends in Student Achievement 2021 (primary education).
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	Mathematics achievement
	Reading comprehension

	
	M1
	M2
	M3
	M4
	M5
	R1
	R2
	R3
	R4
	R5

	Level 1 (student)
	

	Immigrant background and refugee status (Ref.: majority)
	
	
	
	
	
	
	
	
	
	

	Refugee
	−12.66**
	−18.06***
	−12.66**
	−12.80**
	−18.05***
	−38.04***
	−45.36***
	−38.04***
	−38.15***
	−45.35***

	
	(4.06)
	(4.23)
	(4.06)
	(4.06)
	(4.24)
	(4.50)
	(4.71)
	(4.51)
	(4.50)
	(4.71)

	First-generation
	−8.08*
	−16.16***
	−8.06*
	−8.25*
	−16.16***
	−35.27***
	−45.33***
	−35.28***
	−35.37***
	−45.32***

	
	(3.41)
	(3.64)
	(3.41)
	(3.42)
	(3.65)
	(3.02)
	(3.22)
	(3.02)
	(3.02)
	(3.23)

	Second-generation
	−9.52***
	−17.40***
	−9.50***
	−9.56***
	−17.41***
	−20.38***
	−29.76***
	−20.38***
	−20.41***
	−29.78***

	
	(2.19)
	(2.36)
	(2.19)
	(2.19)
	(2.36)
	(2.25)
	(2.39)
	(2.25)
	(2.24)
	(2.39)

	Student and family characteristics
	
	
	
	
	
	
	
	
	
	

	Parental education
	5.16***
	6.40***
	5.16***
	5.16***
	6.40***
	4.69***
	5.89***
	4.69***
	4.69***
	5.89***

	
	(0.24)
	(0.25)
	(0.24)
	(0.24)
	(0.25)
	(0.22)
	(0.23)
	(0.22)
	(0.22)
	(0.23)

	Duration of kindergarten attendance
	4.56***
	5.85***
	4.56***
	4.56***
	5.85***
	2.76***
	3.89***
	2.76***
	2.76***
	3.89***

	
	(0.58)
	(0.63)
	(0.58)
	(0.58)
	(0.63)
	(0.57)
	(0.60)
	(0.57)
	(0.58)
	(0.60)

	Learning environment at home
	9.93***
	12.03***
	9.92***
	9.93***
	12.03***
	9.46***
	11.41***
	9.47***
	9.46***
	11.41***

	
	(0.82)
	(0.88)
	(0.82)
	(0.82)
	(0.89)
	(0.86)
	(0.89)
	(0.86)
	(0.86)
	(0.89)

	Teaching-related characteristics
	
	
	
	
	
	
	
	
	
	

	Perceived individual student support
	−4.21**
	−5.37***
	−4.22**
	−4.24**
	−5.38***
	2.71
	2.61
	2.71
	2.68
	2.63

	
	(1.41)
	(1.57)
	(1.41)
	(1.40)
	(1.57)
	(1.40)
	(1.53)
	(1.40)
	(1.40)
	(1.54)

	Control variables
	
	
	
	
	
	
	
	
	
	

	Age
	−26.25***
	−28.95***
	−26.25***
	−26.27***
	−28.95***
	−23.00***
	−25.23***
	−22.99***
	−22.99***
	−25.24***

	
	(1.41)
	(1.52)
	(1.41)
	(1.41)
	(1.52)
	(1.30)
	(1.39)
	(1.30)
	(1.30)
	(1.39)

	Female
	−26.09***
	−27.28***
	−26.10***
	−26.07***
	−27.28***
	18.17***
	18.33***
	18.17***
	18.21***
	18.35***

	
	(1.35)
	(1.42)
	(1.36)
	(1.35)
	(1.42)
	(1.23)
	(1.27)
	(1.23)
	(1.22)
	(1.27)

	Level 2 (teacher)
	

	Teaching-related characteristics
	
	
	
	
	
	
	
	
	

	Average achievementa
	0.79***
	
	0.79***
	0.79***
	
	0.76***
	
	0.76***
	0.76***
	

	
	(0.01)
	
	(0.01)
	(0.01)
	
	(0.01)
	
	(0.01)
	(0.01)
	

	Achievement heterogeneityb (SD)
	
	−0.43***
	−0.02
	
	−0.43***
	
	−0.44***
	0.01
	
	−0.44***

	
	
	(0.07)
	(0.03)
	
	(0.07)
	
	(0.08)
	(0.04)
	
	(0.08)

	Cross-level interaction: perceived individual student support x average achievement
	
	
	
	−0.05*
	
	
	
	
	−0.04
	

	
	
	
	
	(0.02)
	
	
	
	
	(0.03)
	

	Cross-level interaction: perceived individual student support x achievement heterogeneity
	
	
	
	
	0.03
	
	
	
	
	0.07

	
	
	
	
	
	(0.09)
	
	
	
	
	(0.10)

	Control variable
	
	
	
	
	
	
	
	
	
	

	Amount of classroom teaching
	−0.06
	4.70***
	−0.06
	−0.05
	4.70***
	−0.03
	3.49***
	−0.03
	−0.03
	3.49***

	
	(0.45)
	(0.89)
	(0.45)
	(0.45)
	(0.89)
	(0.42)
	(0.85)
	(0.42)
	(0.42)
	(0.85)

	Intercept
	478.97***
	481.52***
	478.97***
	478.93***
	481.52***
	470.33***
	472.91***
	470.33***
	470.31***
	472.90***

	
	(1.08)
	(1.61)
	(1.08)
	(1.08)
	(1.61)
	(1.00)
	(1.55)
	(1.00)
	(1.00)
	(1.55)

	R-squared
	0.368
	0.248
	0.368
	0.368
	0.248
	0.351
	0.226
	0.351
	0.352
	0.226

	Nstudents
	19 315
	19 315
	19 315
	19 315
	19 315
	19 326
	19 326
	19 326
	19 326
	19 326

	Nteachers
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057


Notes. * p < .05, ** p < .01, *** p < .001. Regression coefficients with standard errors in parentheses. 
aThe average achievement (grand-mean centred at Level 2) was calculated based on mathematics achievement or reading comprehension.
bAchievement heterogeneity refers to the standard deviation in mathematics or reading comprehension, also at Level 2 and grand-mean centred.
Source. IQB Trends in Student Achievement 2021 (primary education).




Table S.5 Results for student achievement by considering heterogeneous effects of differentiated instruction: including achievement indicators at class level
	
	Mathematics achievement
	Reading comprehension

	
	M1
	M2
	M3
	M4
	M5
	R1
	R2
	R3
	R4
	R5

	Level 1 (student)
	

	Immigrant background and refugee status (Ref.: majority)
	
	
	
	
	
	
	
	
	
	

	Refugee
	−12.96**
	−18.37***
	−12.96**
	−12.92**
	−18.36***
	−37.79***
	−45.10***
	−37.79***
	−37.78***
	−45.10***

	
	(4.06)
	(4.25)
	(4.06)
	(4.07)
	(4.24)
	(4.50)
	(4.71)
	(4.50)
	(4.50)
	(4.70)

	First-generation
	−8.26*
	−16.35***
	−8.25*
	−8.35*
	−16.32***
	−35.19***
	−45.19***
	−35.19***
	−35.33***
	−45.19***

	
	(3.42)
	(3.66)
	(3.42)
	(3.42)
	(3.65)
	(3.02)
	(3.22)
	(3.02)
	(3.02)
	(3.22)

	Second-generation
	−9.57***
	−17.43***
	−9.55***
	−9.64***
	−17.40***
	−20.31***
	−29.70***
	−20.32***
	−20.43***
	−29.71***

	
	(2.19)
	(2.36)
	(2.19)
	(2.19)
	(2.36)
	(2.24)
	(2.39)
	(2.24)
	(2.24)
	(2.39)

	Student and family characteristics
	
	
	
	
	
	
	
	
	
	

	Parental education
	5.17***
	6.41***
	5.17***
	5.18***
	6.41***
	4.69***
	5.88***
	4.69***
	4.69***
	5.88***

	
	(0.24)
	(0.25)
	(0.24)
	(0.24)
	(0.25)
	(0.22)
	(0.23)
	(0.22)
	(0.22)
	(0.23)

	Duration of kindergarten attendance
	4.58***
	5.87***
	4.58***
	4.59***
	5.87***
	2.75***
	3.86***
	2.75***
	2.76***
	3.86***

	
	(0.58)
	(0.63)
	(0.58)
	(0.58)
	(0.63)
	(0.57)
	(0.60)
	(0.57)
	(0.57)
	(0.60)

	Learning environment at home
	9.86***
	11.94***
	9.86***
	9.88***
	11.94***
	9.51***
	11.43***
	9.52***
	9.53***
	11.43***

	
	(0.82)
	(0.89)
	(0.82)
	(0.82)
	(0.89)
	(0.86)
	(0.89)
	(0.86)
	(0.86)
	(0.89)

	Control variables
	
	
	
	
	
	
	
	
	
	

	Age
	−26.22***
	−28.91***
	−26.22***
	−26.28***
	−28.91***
	−23.03***
	−25.22***
	−23.03***
	−23.05***
	−25.23***

	
	(1.41)
	(1.51)
	(1.41)
	(1.41)
	(1.51)
	(1.31)
	(1.39)
	(1.31)
	(1.30)
	(1.39)

	Female
	−26.51***
	−27.79***
	−26.52***
	−26.55***
	−27.80***
	18.48***
	18.59***
	18.48***
	18.45***
	18.59***

	
	(1.35)
	(1.41)
	(1.35)
	(1.34)
	(1.41)
	(1.23)
	(1.27)
	(1.23)
	(1.23)
	(1.27)

	Level 2 (teacher)
	

	Teaching-related characteristics
	
	
	
	
	
	
	
	
	

	Differentiated instruction
	0.03
	−13.50***
	0.08
	0.09
	−13.72***
	2.27
	−8.14**
	2.26
	2.21
	−8.30**

	
	(1.59)
	(3.19)
	(1.59)
	(1.59)
	(3.19)
	(1.49)
	(3.03)
	(1.49)
	(1.49)
	(3.03)

	Average achievementa
	0.79***
	
	0.79***
	0.79***
	
	0.76***
	
	0.76***
	0.76***
	

	
	(0.01)
	
	(0.01)
	(0.01)
	
	(0.01)
	
	(0.01)
	(0.01)
	

	Achievement heterogeneityb (SD)
	
	−0.41***
	−0.02
	
	−0.41***
	
	−0.43***
	0.00
	
	−0.44***

	
	
	(0.07)
	(0.03)
	
	(0.07)
	
	(0.08)
	(0.04)
	
	(0.08)

	Interaction: differentiated instruction x average achievement
	
	
	
	−0.06*
	
	
	
	
	−0.05
	

	
	
	
	
	(0.03)
	
	
	
	
	(0.03)
	

	Interaction: differentiated instruction x achievement heterogeneity
	
	
	
	
	0.30
	
	
	
	
	0.12

	
	
	
	
	
	(0.16)
	
	
	
	
	(0.17)

	Control variable
	
	
	
	
	
	
	
	
	
	

	Amount of classroom teaching
	−0.04
	4.55***
	−0.03
	−0.03
	4.43***
	−0.01
	3.26***
	−0.01
	−0.02
	3.23***

	
	(0.45)
	(0.89)
	(0.45)
	(0.45)
	(0.89)
	(0.42)
	(0.86)
	(0.42)
	(0.42)
	(0.86)

	Intercept
	479.22***
	481.71***
	479.22***
	479.05***
	481.49***
	470.17***
	472.74***
	470.17***
	470.05***
	472.69***

	
	(1.07)
	(1.60)
	(1.07)
	(1.07)
	(1.60)
	(1.00)
	(1.54)
	(1.00)
	(1.00)
	(1.55)

	R-squared
	0.351
	0.227
	0.351
	0.351
	0.227
	0.368
	0.248
	0.368
	0.368
	0.248

	Nstudents
	19 315
	19 315
	19 315
	19 315
	19 315
	19 326
	19 326
	19 326
	19 326
	19 326

	Nteachers
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057
	1 057


Notes. * p < .05, ** p < .01, *** p < .001. Regression coefficients with standard errors in parentheses. 
aThe average achievement (grand-mean centred at Level 2) was calculated based on mathematics achievement or reading comprehension.
bAchievement heterogeneity refers to the standard deviation in mathematics or reading comprehension, also at Level 2 and grand-mean centred.
Source. IQB Trends in Student Achievement 2021 (primary education).

