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	Random effects
	
	
	
	
	

	
	Variance
	SD
	
	
	

	Participant Intercept
	5.44
	2.33
	
	
	

	Vocabulary Slope
	.05
	.22
	
	
	

	
	
	
	
	
	

	Fixed effects
	
	
	
	
	

	
	Estimate
	SE
	t
	CI
	Cohen’s d

	Intercept
	8.19
	.29
	28.08
	7.62, 8.77
	4.62

	Learning [Picture]
	−.52
	.18
	−2.85
	−.88, −.16
	.47

	Learning [No Enrichment]
	−1.71
	.18
	−9.35
	−2.07, −1.35
	1.54

	Grade
	.03
	.58
	.06
	−1.13, 1.19
	.01

	Word
	1.07
	.15
	7.04
	.77, 1.37
	1.16

	Time point [2 months]
	−.91
	.18
	−4.98
	−1.27, −.55
	.82

	Time point [6 months]
	−.26
	.18
	−1.44
	−.62, .10
	.24

	Learning [Picture] × Grade
	−.86
	.37
	−2.36
	−1.58, −.14
	.39

	Learning [No Enrichment] × Grade
	−.31
	.37
	−.86
	−1.03, .40
	.14

	Learning [Picture] × Word
	−.15
	.37
	−.42
	−.87, .56
	.07

	Learning [No Enrichment] × Word
	.23
	.37
	.64
	−.48, .95
	.11

	Grade × Word 
	2.88
	.30
	9.50
	2.29, 3.48
	1.56

	Learning [Picture] × Time [2 months]
	−.58
	.45
	−1.29
	−1.46, .30
	.21

	Learning [No Enrichment × Time [2 months]
	−.73
	.45
	−1.63
	−1.61, .15
	.27

	Learning [Picture] × Time [6 months]
	−.69
	.45
	−1.55
	−1.57, .18
	.25

	Learning [No Enrichment] × Time [6 months]
	−.59
	.45
	−1.32
	−1.47, .29
	.22

	Grade × Time [2 months]
	−.92
	.37
	−2.53
	−1.64, −.21
	.42

	Grade × Time [6 months]
	−1.29
	.37
	−3.52
	−2.01, −.57
	.58

	Word × Time [2 months]
	.26
	.37
	.70
	−.46, .97
	.12

	Word × Time [6 months]
	.21
	.37
	.57
	−.51, .93
	.09

	Learning [Picture] × Grade × Word
	−.39
	.73
	−.54
	−1.83, 1.56
	.09

	Learning [No Enrichment] × Grade × Word
	.12
	.73
	.17
	−1.31, 1.56
	.03

	Learning [Picture] × Grade × Time [2 months]
	.74
	.90
	.83
	−1.02, 2.50
	.14

	Learning [No Enrichment] × Grade × Time [2 months]
	.71
	.90
	.80
	−1.05, 2.47
	.13

	Learning [Picture] × Grade × Time [6 months]
	1.25
	.90
	1.39
	−.51, 3.01
	.23

	Learning [No Enrichment] × Grade × Time [6 months]
	.05
	.90
	.05
	−1.71, 1.81
	.01

	Learning [Picture] × Word × Time [2 months]
	.09
	.90
	.10
	−1.67, 1.85
	.02

	Learning [No Enrichment] × Word × Time [2 months]
	.08
	.90
	.09
	−1.68, 1.84
	.01

	Learning [Picture] × Word × Time [6 months]
	−1.11
	.90
	−1.24
	−2.87, .65
	.20

	Learning [No Enrichment] × Word × Time [6 months]
	.02
	.90
	.03
	−1.74, 1.78
	<.01

	Grade × Word × Time [2 months]
	.32
	.73
	.44
	−1.11, 1.76
	.07

	Grade × Word × Time [6 months]
	.03
	.73
	.04
	−1.41, 1.46
	.01

	Learning [Picture] × Grade × Word × Time [2 months]
	1.21
	.79
	.67
	−2.31, 4.73
	.11

	Learning [No Enrichment] × Grade × Word × Time [2 months]
	−.21
	.79
	−.12
	−3.73, 3.12
	.02

	Learning [Picture] × Grade × Word × Time [6 months]
	1.72
	.79
	.96
	−1.80, 5.24
	.16

	Learning [No Enrichment] × Grade × Word × Time [6 months]
	.46
	.79
	.25
	−3.07, 3.97
	.04



Table S1. Linear mixed effects regression coefficient estimates for fixed effects of learning condition, grade level, time point, and word type on twelve- and fourteen-year-olds’ composite vocabulary test scores. SD = standard deviation, SE = standard error, CI = 95% confidence interval.

Control analysis on influences of school and stimulus list
We addressed in a control analysis whether enrichment effects were influenced by the school attended and/or corresponding stimulus list by comparing test performance of the fourteen-year-olds enrolled at schools 2 and 3. We fitted a linear mixed effects model to the data from only the fourteen-year-olds. The mixed model included fixed effects of learning condition, time point, word type, and school. The random effects structure was identical to the model reported in the main manuscript: a random intercept by participant and a random slope by participant for the word type factor. A Type-II Wald χ2 test was used to summarize the model results and perform significance testing (Alday et al., 2017; Fox & Weisberg, 2011), 
The Wald χ2 test revealed no significant main effect of school and no interactions between the school factor and other factors, shown in Table S2. There was a main effect of learning condition χ2 (2, N = 36) = 53.06, p < .001, v = .59). The main effect was driven by the same differences seen for fourteen-year-olds (eighth graders) in the grade-level-based analysis reported in the main manuscript, namely significantly higher test scores for gesture-enriched words relative to non-enriched words (β = 1.71, t = 9.20, p < .001, d = 2.20), picture-enriched words relative to non-enriched words (β = 1.19, t = 6.37, p < .001, d = 1.52), and gesture-enriched words relative to picture-enriched words (β = .53, t = 2.83, p = .01, d = .68). Thus, children in the same age group at the two different schools showed the same enrichment effects despite differences in stimulus lists.

	
	χ2
	Df
	p
	Cramer’s v

	Learning
	53.06
	2
	<.001***
	.59

	Word
	129.14
	1
	<.001***
	1.31

	Time
	25.07
	2
	<.001***
	.58

	School
	.06
	1
	.80
	.02

	Learning × Word
	1.54
	2
	.46
	.10

	Learning × Time
	1.12
	4
	.89
	.09

	Word × Time
	.67
	2
	.72
	.09

	Learning × School
	4.94
	2
	.08
	.13

	Word × School
	1.88
	1
	.17
	.11

	Time × School
	1.51
	2
	.47
	.10

	Learning × Word × Time
	.91
	4
	.92
	.08

	Learning × Word × School
	1.26
	2
	.53
	.06

	Learning × Time × School
	4.14
	4
	.39
	.12

	Word × Time × School
	.04
	2
	.98
	.02

	Learning × Word × Time × School
	.40
	4
	.98
	.04


Table S2. Type-II Wald χ2 test of mixed effects model effects of learning condition, time point, word type, and school on fourteen-year-olds’ composite test scores. df = degrees of freedom. ***p < .001.   

Linear mixed effects modeling of individual test scores.
We performed follow-up analyses to test our main hypothesis, i.e., whether twelve-year-olds and fourteen-year-olds benefitted similarly or differently from gesture and picture enrichment, at the level of the individual tests (free recall, L1-L2 translation, and L2-L1 translation). Mixed effects models were separately fitted to data from the free recall, L1-L2 translation, and L2-L1 translation tests. All mixed effects models included fixed effects of learning condition (gesture, picture, none), grade level (6, 8), time point (3 days post-learning, 2 months post-learning, 6 months post-learning), and word type (concrete, abstract). The random effects structure for each model was identical to the model reported in the main manuscript: a random intercept by participant and a random slope by participant for the word type factor. Type-II Wald χ2 tests were used to summarize each model’s effects and perform significance testing. Mean test scores for each of the three test types are shown in Table S3. 

	
	Free recall
	
	L1-L2 translation
	
	L2-L1 translation

	
	Learning
condition
	Grade 6
	Grade 8
	
	Grade 6
	Grade 8
	
	Grade 6
	Grade 8

	
	
	M (SE)
	M (SE)
	
	M (SE)
	M (SE)
	
	M (SE)
	M (SE)

	Abstract words
	Picture
	2.84 (.26)
	2.47 (.23)
	
	2.88 (.20)
	2.37 (.24)
	
	3.12 (.33)
	2.27 (.28)

	
	Gesture
	2.71 (.20)
	2.64 (.23)
	
	2.83 (.20)
	2.19 (.18)
	
	3.41 (.27)
	3.06 (.30)

	
	None
	2.24 (.24)
	2.11 (.24)
	
	2.58 (.18)
	1.70 (.25)
	
	2.49 (.25)
	2.06 (.28)

	Concrete words
	Picture
	2.12 (.24)
	2.10 (.22)
	
	3.06 (.23)
	3.75 (.20)
	
	3.26 (.39)
	3.44 (.28)

	
	Gesture
	2.48 (.23)
	2.76 (.24)
	
	2.79 (.22)
	3.71 (.18)
	
	3.23 (.31)
	3.95 (.33)

	
	None
	2.05 (.24)
	2.35 (.22)
	
	2.73 (.24)
	3.55 (.20)
	
	2.25 (.30)
	2.79 (.30)



Table S3. Children’s scores on the free recall, L1-L2 translation, and L2-L1 translation tests. M = mean test score, SE = standard error. A maximum of 4 points could be achieved for each combination of the learning condition and word type factors.

Free recall test. We first addressed whether twelve-year-olds and fourteen-year-olds benefitted similarly or differently from gesture and picture enrichment on the free recall test. Mixed effects modeling of the free recall vocabulary test scores revealed a main effect of learning condition on free recall scores (χ2 (2, N = 75) = 37.47, p < .001, v = .80), shown in Table S4. Both gestures (β = .45, t = 6.09, p < .001, d = .34) and pictures (β = .19, t = 2.49, p = .01, d = .13) benefitted free recall performance relative to non-enriched learning. The interaction between grade level and learning condition factors was not significant (χ2 (2, N = 75) = 4.83, p = .09, v = .21). Thus, both groups of children’s free recall performance benefitted from both types of enrichment.

	
	χ2
	df
	p
	Cramer’s v

	Learning
	37.47
	2
	<.001***
	.80

	Grade
	.003
	1
	.96
	.17

	Word
	10.69
	1
	<.001***
	.52

	Time
	25.81
	2
	<.001***
	.38

	Learning × Grade
	4.83
	2
	.09
	.21

	Learning × Word
	18.08
	2
	<.001***
	.17

	Grade × Word
	9.26
	1
	.002**
	.67

	Learning × Time
	7.57
	4
	.11
	.11

	Grade × Time
	11.22
	2
	.004**
	.27

	Word × Time
	.12
	2
	.94
	.10

	Learning × Grade × Word
	.12
	2
	.94
	.02

	Learning × Grade × Time
	5.36
	4
	.25
	.09

	Learning × Word × Time
	.77
	4
	.94
	.18

	Grade × Word × Time
	.46
	2
	.77
	.03

	Learning × Grade × Word × Time
	.31
	4
	.99
	.03


Table S4. Type-II Wald χ2 test of mixed effects model effects of learning condition, time point, word type, and school on free recall test scores. df = degrees of freedom. **p < .01, ***p < .001.   
	
L1-L2 translation test. Mixed effects modeling of scores on the L1-L2 translation test revealed a main effect of learning condition (χ2 (2, N = 75) = 38.47, p < .001, v = .51), shown in Table S5. Both gestures (β = .24, t = 3.92, p < .001, d = .17) and pictures (β = .38, t = 6.17, p < .001, d = .26) benefitted free recall performance relative to non-enriched learning. The interaction between grade level and learning condition factors was not significant (χ2 (2, N = 75) = 2.05, p = .36, v = .12). Thus, both groups of children’s free recall performance benefitted from both types of enrichment.

	
	χ2
	df
	p
	Cramer’s v

	Learning
	38.47
	2
	<.001***
	.51

	Grade
	.06
	1
	.81
	.03

	Word
	109.53
	1
	<.001***
	1.21

	Time
	31.80
	2
	<.001***
	.46

	Learning × Grade
	2.05
	2
	.36
	.12

	Learning × Word
	4.75
	2
	.09
	.18

	Grade × Word
	92.68
	1
	<.001***
	1.11

	Learning × Time
	1.51
	4
	.82
	.07

	Grade × Time
	3.53
	2
	.17
	.15

	Word × Time
	9.42
	2
	<.009**
	.25

	Learning × Grade × Word
	4.49
	2
	.11
	.17

	Learning × Grade × Time
	2.10
	4
	.72
	.08

	Learning × Word × Time
	3.51
	4
	.48
	.11

	Grade × Word × Time
	1.90
	2
	.39
	.11

	Learning × Grade × Word × Time
	5.24
	4
	.26
	.13



Table S5. Type-II Wald χ2 test of mixed effects model effects of learning condition, time point, word type, and school on L1-L2 translation test scores. df = degrees of freedom. **p < .01, ***p < .001.   

L2-L1 translation test. Mixed effects modeling of children’s L2-L1 translation test scores revealed both a main effect of learning condition (χ2 (2, N = 75) = 95.75, p < .001, v = .82) and an interaction between the children’s grade level and the learning condition (χ2 (2, N = 75) = 6.70, p = .04, v = .22), shown in Table S6. Tukey’s HSD post-hoc tests revealed that children in grade 8 benefitted from both gesture and picture enrichment relative to non-enriched learning (gesture: β = 1.09, t = 7.07, p < .001, d = .58; picture: β = .44, t = 2.83, p < .05, d = .25). This was also the case for children enrolled in grade 6 (gesture: β = .95, t = 6.45, p < .001, d = .54; picture: β = .82, t = 5.58, p < .001, d = .41). Gesture enrichment enhanced learning outcomes even more than picture enrichment for the eighth graders (β = .65, t = 4.25, p < .001, d = .35), which was not the case for the sixth graders (β = .13, t = .87, p = .95, d = .06). In sum, both groups of children’s L2-L1 translation benefitted from both types of enrichment, and gesture enrichment was even more beneficial than picture enrichment for the older children.

	
	χ2
	df
	p
	Cramer’s v

	Learning
	95.75
	2
	<.001***
	.82

	Grade
	2.22
	1
	.14
	.20

	Word
	20.41
	1
	<.001***
	.49

	Time
	21.78
	2
	<.001***
	.40

	Learning × Grade
	6.70
	2
	.04*
	.22

	Learning × Word
	4.17
	2
	.12
	.19

	Grade × Word
	33.33
	1
	<.001***
	.69

	Learning × Time
	3.93
	4
	.42
	.12

	Grade × Time
	10.88
	2
	.004**
	.26

	Word × Time
	1.42
	2
	.49
	.08

	Learning × Grade × Word
	.05
	2
	.97
	.01

	Learning × Grade × Time
	2.55
	4
	.64
	.10

	Learning × Word × Time
	9.65
	4
	.05
	.15

	Grade × Word × Time
	.11
	2
	.95
	.03

	Learning × Grade × Word × Time
	.30
	4
	.99
	.04


Table S6. Type-II Wald χ2 test of mixed effects model effects of learning condition, time point, word type, and school on L2-L1 translation test scores. df = degrees of freedom. *p < .05, **p < .01, ***p < .001.   

