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	Table S1: Nonword Stimuli for Experiment 1

	Nonword
	Phonotactic

Probability
Quartile
	SegSum
	ZSegSum
	BiphSum
	ZBiphSum
	PhonProb Avg 
Z-Score
	Density
	Training Set

	geɪg
	Lowest
	0.07
	-1.19
	0.002
	-0.69
	-0.94
	10
	C

	huf
	Lowest
	0.08
	-1.00
	0.001
	-0.72
	-0.86
	10
	B

	tɔf
	Lowest
	0.08
	-1.01
	0.002
	-0.69
	-0.85
	9
	A

	haʊd
	Lowest
	0.09
	-0.86
	0.001
	-0.69
	-0.77
	12
	D

	bug
	Lowest
	0.09
	-0.76
	0.001
	-0.72
	-0.74
	10
	E

	hɔd
	Midlow
	0.09
	-0.69
	0.002
	-0.61
	-0.65
	10
	B

	gid
	Midlow
	0.10
	-0.65
	0.002
	-0.48
	-0.56
	13
	D

	baɪb
	Midlow
	0.11
	-0.27
	0.003
	-0.18
	-0.23
	9
	A

	doʊb
	Midlow
	0.13
	0.10
	0.003
	-0.37
	-0.13
	11
	C

	goʊm
	Midlow
	0.12
	0.05
	0.004
	-0.10
	-0.03
	11
	E

	tɑb
	Midhigh
	0.13
	0.20
	0.004
	0.00
	0.10
	13
	D

	fɛg
	Midhigh
	0.14
	0.35
	0.004
	0.06
	0.20
	11
	C

	peɪb
	Midhigh
	0.14
	0.40
	0.004
	0.06
	0.23
	10
	B

	poʊg
	Midhigh
	0.15
	0.69
	0.005
	0.35
	0.52
	9
	A

	moʊm
	Midhigh
	0.16
	0.79
	0.006
	0.62
	0.71
	14
	E

	bɪf
	Highest
	0.17
	1.06
	0.008
	0.94
	1.00
	11
	B

	pɑg
	Highest
	0.16
	0.96
	0.008
	1.18
	1.07
	10
	A


	poʊm
	Highest
	0.18
	1.45
	0.007
	0.78
	1.11
	13
	C

	mɛm
	Highest
	0.18
	1.36
	0.011
	1.74
	1.55
	12
	D

	dɪf
	Highest
	0.17
	1.08
	0.019
	3.91
	2.49
	11
	E


Table S1.Note 1: This table shows the item level data for each nonword in Experiment 1. From left to right, the table contains (1) IPA transcription of each nonword; (2) phonotactic probability quartile; (3) raw positional segment sum; (4) positional segment sum converted to z score; (5) raw biphone sum; (6) biphone sum converted to z score; (6) average of the segment sum and biphone sum z scores (used in all analyses); (7) raw neighborhood density; (8) assigned training set (e.g., set A trained on one day; set B on another; etc.).

	Table S2: Nonword Stimuli for Experiment 2

	Nonword
	Density Quartile
	SegSum
	BiphSum
	Density
	Training Set

	jɪb
	Lowest
	0.13
	0.003
	4
	B

	gɛp
	Lowest
	0.14
	0.003
	4
	E

	bɑf
	Lowest
	0.13
	0.004
	5
	A

	mɑf
	Lowest
	0.14
	0.007
	5
	C

	paɪb
	Lowest
	0.14
	0.003
	5
	D

	waʊn
	Midlow
	0.13
	0.004
	8
	D

	toʊb
	Midlow
	0.12
	0.004
	10
	A

	doʊb
	Midlow
	0.13
	0.003
	11
	B

	jun
	Midlow
	0.13
	0.006
	11
	C

	fɛg
	Midlow
	0.14
	0.004
	11
	E

	hɛg
	Midhigh
	0.13
	0.006
	13
	D

	maɪp
	Midhigh
	0.13
	0.004
	14
	E

	gut
	Midhigh
	0.11
	0.003
	15
	A

	daɪp
	Midhigh
	0.12
	0.005
	16
	C

	woʊt
	Midhigh
	0.14
	0.006
	17
	B

	mip
	Highest
	0.13
	0.004
	18
	D

	gaɪt
	Highest
	0.13
	0.004
	18
	E

	fʌm
	Highest
	0.14
	0.006
	19
	C

	tip
	Highest
	0.11
	0.003
	20
	A

	beɪm
	Highest
	0.13
	0.003
	24
	B


Table S2.Note 1: This table shows the item level data for each nonword in Experiment 2. From left to right, the table contains (1) IPA transcription of each nonword; (2) neighborhood density quartile; (3) raw positional segment sum; (4) raw biphone sum; (5) raw neighborhood density (used in all analyses); (6) assigned training set (e.g., set A trained on one day; set B on another; etc.).

Spline regression is a nonparametric approach used to approximate nonlinear response across a continuous predictor without parametric assumptions/artifacts, or costs incurred with categorization Marsh & Cormier, 2002()
.  With linear splines the effect of the explanatory variable is assumed to be piecewise linear on some number of segments demarcated by knots Gould, 1993(; Panis, 1994)
. Linear spline coefficients are straightforward to interpret. Coding can be for slope in each segment (i.e., absolute coding scheme in blue in Table S3), or change in slope from the previous segment (i.e., change coding scheme in green in Table S3). While the ability of linear spline models to provide a smooth continuous transition across knots is generally valued, it is also possible to explore discontinuities by additionally dummy coding for an intercept change at each successive knot/segment for an example of intercept dummy coding with linear splines, see UCLA Statistical Consulting Group()
. Dummy coding for change in level (as opposed to absolute level) in each segment is similar to ordinal dummy coding Lyons, 1971()
. Many alternate codings for level and slope are possible, and we have chosen to code for change in slope and change in level from prior segment because the associated coefficients provide a test for whether a change/discontinuity is present without post-hoc tests (i.e., change coding scheme in green in Table S3 and S4). The number of segments is also arbitrary, but we employ four segments to align with our stimulus generation based on quartiles. 
Table S3: Segment Coding for Experiment 1
	
	
	 
	Slope Coding
	Level Coding
	 

	Predictor
	 
	Absolute Segment Slope
	Segment Change in Slope
	Absolute Segment Level
	Segment Change in Level
	 

	PhonProb
	x10
	seg
	s1
	s2
	s3
	s4
	cs1
	cs2
	cs3
	cs4
	i1
	i2
	i3
	i4
	i1x
	i2x
	i3x
	i4x
	Freq

	-0.94
	-9.4
	1
	-9.4
	0
	0
	0
	-9.4
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	94

	-0.86
	-8.6
	1
	-8.6
	0
	0
	0
	-8.6
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	92

	-0.85
	-8.5
	1
	-8.5
	0
	0
	0
	-8.5
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	92

	-0.77
	-7.7
	1
	-7.7
	0
	0
	0
	-7.7
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	92

	-0.74
	-7.4
	1
	-7.4
	0
	0
	0
	-7.4
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	94

	-0.65
	-6.5
	2
	-6.5
	0
	0
	0
	-6.5
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	92

	-0.57
	-5.7
	2
	-6.5
	0.8
	0
	0
	-5.7
	0.8
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	92

	-0.23
	-2.3
	2
	-6.5
	4.2
	0
	0
	-2.3
	4.2
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	92

	-0.14
	-1.4
	2
	-6.5
	5.1
	0
	0
	-1.4
	5.1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	94

	-0.03
	-0.3
	2
	-6.5
	6.2
	0
	0
	-0.3
	6.2
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	94

	0.01
	1
	3
	-6.5
	7.5
	0
	0
	1
	7.5
	0
	0
	0
	0
	1
	0
	1
	1
	1
	0
	92

	0.21
	2.1
	3
	-6.5
	7.5
	1.1
	0
	2.1
	8.6
	1.1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	94

	0.23
	2.3
	3
	-6.5
	7.5
	1.3
	0
	2.3
	8.8
	1.3
	0
	0
	0
	1
	0
	1
	1
	1
	0
	92

	0.52
	5.2
	3
	-6.5
	7.5
	4.2
	0
	5.2
	11.7
	4.2
	0
	0
	0
	1
	0
	1
	1
	1
	0
	92

	0.71
	7.1
	3
	-6.5
	7.5
	6.1
	0
	7.1
	13.6
	6.1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	94

	1
	10
	4
	-6.5
	7.5
	9
	0
	10
	16.5
	9
	0
	0
	0
	0
	1
	1
	1
	1
	1
	92

	1.07
	10.7
	4
	-6.5
	7.5
	9
	0.7
	10.7
	17.2
	9.7
	0.7
	0
	0
	0
	1
	1
	1
	1
	1
	92

	1.12
	11.2
	4
	-6.5
	7.5
	9
	1.2
	11.2
	17.7
	10.2
	1.2
	0
	0
	0
	1
	1
	1
	1
	1
	94

	1.55
	15.5
	4
	-6.5
	7.5
	9
	5.5
	15.5
	22
	14.5
	5.5
	0
	0
	0
	1
	1
	1
	1
	1
	92

	2.5
	25
	4
	-6.5
	7.5
	9
	15
	25
	31.5
	24
	15
	0
	0
	0
	1
	1
	1
	1
	1
	93


Table S3.Note 1: The incremental coding scheme used in Experiment 1 is shown in light green. This codes for change in slope in segments 2-4, as well as change in level in segments 2-4. By contrast, an absolute coding scheme is shown with active elements in light blue. While all values in each column contribute to the estimation of coefficients, only the portions that are varying relative to the rest of the column are relevant for interpretation.
Table S3.Note 2: The sum of slope coding across the columns of the absolute scheme sums to the phonotactic probability value (highlighted in pink). Here is it seen that the total slope is decomposed into four distinct slopes, each active in successive segments. This decomposition is not present when coding for change in slope. In the change coding scheme, the 1st segment contains all levels of the predictor and denotes a line active across all levels. The non-zero codes in subsequent segments denote additional lines that deflect (i.e., change) from any prior lines.

Table S3.Note 3: To obtain a predictor range grater than 3.14, average of the two phonotactic probability z-scores used to index phonotactic probability in this experiment (see above section Non-Word Stimuli for Experiment 1) was multiplied by 10 (pink highlighted column) to obtain more stable estimation, and more interpretable odds ratios.

Table S3.Note 4: The Freq column shows that except for missing data, each of 20 levels of phonotactic probability is paired with only one nonword.  For 47 subjects observed under two conditions (immediate, delayed) there are 94 observations of each nonword.
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Table S4: Segment Coding for Experiment 2
	
	 
	Slope Coding
	Level Coding
	

	
	 
	Absolute Segment Slope
	Segment Change in Slope
	Absolute Segment Level
	Segment Change in Level
	

	LexDens
	Seg
	s1
	s2
	s3
	s4
	cs1
	cs2
	cs3
	cs4
	i1
	i2
	i3
	i4
	i1x
	i2x
	i3x
	i4x
	Freq

	4
	1
	4
	0
	0
	0
	4
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	276

	5
	1
	5
	0
	0
	0
	5
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0
	0
	414

	8
	2
	8
	0
	0
	0
	8
	0
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	138

	10
	2
	8
	2
	0
	0
	10
	2
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	138

	11
	2
	8
	3
	0
	0
	11
	3
	0
	0
	0
	1
	0
	0
	1
	1
	0
	0
	414

	13
	3
	8
	5
	0
	0
	13
	5
	0
	0
	0
	0
	1
	0
	1
	1
	1
	0
	138

	14
	3
	8
	5
	1
	0
	14
	6
	1
	0
	0
	0
	1
	0
	1
	1
	1
	0
	138

	15
	3
	8
	5
	2
	0
	15
	7
	2
	0
	0
	0
	1
	0
	1
	1
	1
	0
	138

	16
	3
	8
	5
	3
	0
	16
	8
	3
	0
	0
	0
	1
	0
	1
	1
	1
	0
	138

	17
	3
	8
	5
	4
	0
	17
	9
	4
	0
	0
	0
	1
	0
	1
	1
	1
	0
	138

	18
	4
	8
	5
	5
	0
	18
	10
	5
	0
	0
	0
	0
	1
	1
	1
	1
	1
	276

	19
	4
	8
	5
	5
	1
	19
	11
	6
	1
	0
	0
	0
	1
	1
	1
	1
	1
	138

	20
	4
	8
	5
	5
	2
	20
	12
	7
	2
	0
	0
	0
	1
	1
	1
	1
	1
	138

	24
	4
	8
	5
	5
	6
	24
	16
	11
	6
	0
	0
	0
	1
	1
	1
	1
	1
	138


Table S4.Note 1: The incremental coding scheme employed in Experiment 2 is shown in light green. By comparison, an absolute coding scheme is show in columns containing light blue.

Table S4.Note 2: Unlike Exp1, four levels of lexical density are paired with more than one nonword. For 69 subjects observed under two conditions (immediate, delayed) there are 138 observations of each nonword.  As indicated by the pink highlighting, there were two words with a density of 4, three with a density of 5, three with a density of 11, and two with a density of 18 (See also Table S2).

Figure S1. Nonlinearity in Response to Phonotactic Probability Level in Experiment 1. This figure presents the predicted probability of a correct response in the fully-segmented spline mode for Experiment 1 (phonotactic probability). Alternating blue and red markers distinguish each quartile of phonotactic probability. This is the fully segmented model permitting slope and intercept differences across segments. The dashed line is the linear fit line, which provides a visual comparison to the linear model. The visually apparent rise and fall (nonlinearity) of predicted probability of a correct response across low and mid-low phonotactic probability values is contrasted with the dashed line denoting a linear response. By comparison, the relative linearity across segments 3 and 4 is visually apparent. The vertical stratification of predicted values at each level of phonotactic probability denotes the fixed effect of age. The age gap between the 3 and 5 year old children is visually apparent, with better performance by the 5-year-old than 3-year-old children. Lastly, comparison of the top panel (i.e., immediate test) with the bottom panel (i.e., delayed test) shows the fixed effect of time, with better performance at the immediate than delayed test. 
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Figure S2. Individual Differences in Probability of Correct Response in Experiment 1. This plot corresponds to a more parsimonious (non-tabulated) phonotactic probability model that coded for significant slope change in the first 3 segments, but did not additionally code for a slope change in the 4th segment, nor any level changes. This is the typical continuous linear spline model. The red lines show the predicted probability of a correct response across fixed effects of phonotactic probability and age; stratification is due to age. The fixed effect for immediate/delayed testing is observed across panels. The blue lines show individual predictions of a correct response across the range of phonotactic probability. The stratification of the blue lines is due to both the fixed effect of the child’s age, as well as the random intercept for each child. The age gap between the 3 and 5 year old children is moderately obscured by individual differences of both younger and older subjects.
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Figure S2.Note 1: Visually the vertical stratification of the fixed effect of age (red) relative to the vertical stratification of the combined effect of age and individual differences (blue) provides further insight into the magnitude of individual differences. The fixed effect of age required a 1.032 increase in the odds of a correct response for each additional month of age. The effect (MOR=2.278) of individual differences (between-subject variance) is considerably larger, as is visually illustrated by the greater range of blue lines.

Figure S3. Individual Differences in Response to Phonotactic Probability Level. This plot contrasts aspects of the random coefficient continuous spline model in Figure S2 with a (non-tabulated) continuous spline model that introduced random coefficients for slopes in segments 1 and 2, thus relaxing the requirement of parallel slopes. Individual colored lines represent the predicted response (fixed + random effects) of an individual child. Same colored lines across panels denote the same child.
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Figure S3.Note 1: The estimated slope variance in segments 1 and 2 was very small with an almost perfect negative correlation, and a strong correlation with the random intercept. Decline corresponded only to prior gain. MOR effects were not computed because it was not clear how to incorporate the covariance of random coefficients into the MOR formula. The respective log likelihood values (RI: -482.4, RC:  -479.5) suggested minimal improvement gained by introducing 2 additional variance and 3 new covariance parameters. Fixed effects remained virtually unchanged.

Figure S3.Note 2: While relaxing the requirement of parallel slopes did permit higher (and lower) estimates for some children, relatively few lines cross, indicating individual differences are primarily in overall ability levels and not in segment slopes. For example, the three highest and lowest children can be seen to maintain their rank order. One exception is the orange line which rises to a predicted level of just over .2 in the 1st panel, but rises to about .45 in the 2nd panel. However the net effect of such exceptions was negligible on the coefficients for the model’s fixed effects of phonotactic probability and age.

Figure S4. Probability of Correct Response across Lexical Density in Experiment 2. Similar to Figure S1, the upper panel plots predicted probability of a correct response across levels of lexical density, with the dashed line denoting a linear response. This is the fully segmented model permitting slope and intercept differences across segments. Alternating blue and red markers distinguish each quartile of lexical density. The relative linearity across all 4 segments is visually apparent. The vertical stratification of predicted values at each level of lexical density denotes the fixed effect of age. The age gap between the 3 and 5 year old children is visually apparent, with better performance by the 5-year-old than 3-year-old children. Lastly, comparison of the top panel (i.e., immediate test) with the bottom panel (i.e., delayed test) shows the fixed effect of time, with better performance at the immediate than delayed test. [image: image4.emf]0
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The lower panel plots the predictions from the linear model which dropped the fixed slope and level effects for segments 2-4. As indicated by the likelihood ratio test statistic, the fully segmented model does not perform significantly better than the simpler linear model. Thus, the linear model may be preferred because it is more parsimonious. The fixed effect of age and test remain apparent in the figure for this model.

Figure S5. Individual Differences in Probability of Correct Response in Experiment 2. This plot corresponds to a more parsimonious (non-tabulated) linear lexical density model that used a random intercept for subjects, but dropped the random intercept for items to obtain a more visually approachable plot. This model is analogous to the model in Figure S2 (experiment 1) in that it retains only the fixed effects found to be significant in the fully segmented model. Unlike experiment 1 where several segments did have significant slope changes, in experiment 2 none of the fixed slope or intercept changes were significant. The red lines show the predicted probability of a correct response across fixed effects of neighborhood density and age; stratification is due to age. The fixed effect for immediate/delayed testing is observed across panels. The blue lines show individual predictions of a correct response across the range of neighborhood density. The stratification of the blue lines is due to both the fixed effect of the child’s age, as well as the random intercept for each child. The age gap between the 3 and 5 year old children is moderately obscured by individual differences of both younger and older subjects.
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Figure S5.Note 1: Visually the vertical stratification of the fixed effect of age (red) relative to the vertical stratification of the combined effect of age and individual differences (blue) provides further insight into the magnitude of individual differences. The fixed effect of age required a 1.023 increase in the odds of a correct response for each additional month of age. The effect (MOR=2.165) of individual differences (between-subject variance) is considerably larger, as is visually illustrated by the greater range of blue lines.

Figure S5.Note 2: Relaxing the assumption of parallel slopes (i.e., introducing a random coefficient for slope similar to the model in Figure S3) resulted in changes so small as to be visually uninteresting. Individual differences are primarily in level of ability, similar to Experiment 1.
