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Appendix S1
Item Response Theory (IRT) assumptions

Method

We evaluated three IRT assumptions: (1) uni-dimensionality—the items have one
predominant dimension reflecting the underlying (latent) trait (i.e., internalizing problems); (2)
local independence—the items are uncorrelated when controlling for the latent dimension; and
(3) monotonicity—the probability of endorsing a higher level on an item increases as the
person’s trait level of internalizing problems increases. Our criterion for uni-dimensionality was
a ratio of first to second eigenvalues of > 3.0 for an unrotated factor solution (Morizot,
Ainsworth, & Reise, 2007). We evaluated the local independence of items by examining the X?
local dependence (LD) statistic between each pair of items after controlling for the latent
dimension (Chen & Thissen, 1997). We compared the LD statistics against a chi-square
distribution using the mirt package (Chalmers, 2012) in R 3.3.2 to determine the proportion of
pairwise items that showed greater dependency than would be expected by chance. We
evaluated monotonicity by fitting non-parametric IRT models using Mokken scale analysis in the
mokken package (van der Ark, 2007) in R. We examined the number of violations of
monotonicity (i.e., decreases in the item step response function by rest score group) whose size
was significantly greater than zero.
Results

In terms of dimensionality, the ratios of the first to second eigenvalues from unrotated
factor solutions ranged from 3.22 to 3.90 across ages 14-24, suggesting that the data were “uni-
dimensional enough” for IRT. In terms of local dependency, with an alpha level of .05 that was

not corrected for multiple testing (4,650 pairwise associations), we observed that 4.7-8.8% of



pairwise associations had statistically significant dependency, depending on the year. Thus, after
accounting for the expected Type | error rate of 5%, there were between 0-3.8% of associations
showing greater linear dependency than would be expected by chance, depending on the year.
Thus, there was modest evidence of some local dependency at some ages. Nevertheless, IRT is
robust to low and moderate violations of the local independence assumption (Fennessy, 1995).
In terms of monotonicity, no items showed statistically significant non-monotonicity at any ages.
Discussion

Given evidence supporting that we approximately met the assumptions of IRT, we

proceeded with the IRT approach to vertical scaling.



Appendix S2
Differential Item Functioning (DIF)

Method

After fitting IRT models, we examined whether there was differential item functioning
(DIF) across age (comparable to tests of longitudinal measurement/factorial invariance). DIF
examines whether the likelihood of endorsing a particular item differs between groups (in this
case, between ages) for people with the same trait levels. DIF was explored using a multiple
group framework in IRT in which item parameters were estimated simultaneously in the same
model (i.e., concurrent calibration). In this framework, the baseline model was one in which
item parameter estimates were allowed to vary across items, but item parameter estimates were
constrained to be equal within item across time (allowing discrimination to differ from severity).
To explore DIF, item parameters were iteratively allowed to vary across time. For example, the
discrimination parameters were iteratively allowed to vary item by item to see if estimation of
unique discrimination parameters at each age resulted in better model fit (based on nested model
comparisons using chi-square difference tests). When exploring DIF for the discrimination
parameters, a chi-square statistic with nine degrees of freedom was used to identify items with
DIF. A similar procedure was used for the two severity terms, which resulted in a chi-square
statistic with 18 degrees of freedom. To limit the impact of multiple testing (37 items x 2
parameters = 74 tests), we set an alpha level of .01 for identifying DIF, resulting in cutoffs of
chi-square statistics greater than 21.66 and 34.80 for discrimination and severity, respectively.
We also examined DIF by sex.

We then examined the effect size of DIF. Using a framework first defined by Raju

(1990) and discussed by Meade (2010), the signed and unsigned differences between expected



scores across ages were used to quantify magnitude of DIF. Both signed and unsigned
differences were used to help explore whether DIF was non-uniform. With non-uniform DIF,
the expected score curves across ages may cross and may cause the signed differences between
expected scores to be zero, whereas the unsigned differences sum the absolute value of
differences to approximate absolute expected score differences. Expected scores were estimated
using a range of internalizing problem scores from eight standard deviations below the mean to
eight standard deviations above the mean, and the average signed and unsigned difference were
calculated for items showing DIF. Age 14 was used as the reference age for all calculations.
The metric of these measures is in the raw score metric; for example, an effect size of 0.1 would
indicate that scores at the focal age are 0.1 points larger compared to scores at age 14 (Meade,
2010).

Upon identifying an item as having parameters that differed across time, two additional
IRT models were explored to assess the impact of DIF on the resulting internalizing problem
scores. First, a partially constrained model was used that (a) constrained parameter estimates to
equality within item across time for items showing no evidence of DIF and (b) freely estimated
DIF parameters across time for items with evidence of DIF by age. Second, a model was
explored that freely estimated all item parameters across ages. Both models were estimated
using multiple group (concurrent calibration) IRT models with the mirt package in R. Model fit
indices were used to identify which model was best fitting. Factor scores were generated to
compare to the factor scores from IRT models fit separately by age, and were transformed to be
on a common age 14 metric using vertical scaling (using calculations described in the Method
section of the manuscript). Comparisons of model fit and factor scores were conducted as a

sensitivity analysis to determine the sensitivity of the model (separate linking versus multiple



group; impact of DIF) on the internalizing problems factor scores.
Results

We examined DIF by sex and by age. We are hesitant to interpret findings of DIF by sex
because we had relatively small subgroups for fitting multiple group models by sex, which may
have resulted in unreliable parameter estimates. We observed some instances of DIF by sex at
some ages. Consistent with the interpretation that multiple group models by sex may have
yielded unreliable parameter estimates, however, the items showing DIF were not consistent
across ages, suggesting that items mostly did not reliably differ between males and females.

Initial exploration of DIF by age revealed that, out of 37 items, four items showed
evidence of DIF in terms of discrimination and nine items showed evidence of DIF in terms of
severity (all of which were common items). Three of these items showed evidence of DIF with
respect to both discrimination and severity. No consistent trend was found with respect to the
directionality of DIF. Some items showed increases in severity or discrimination with age,
whereas other items showed decreases.

We examined the effect size of DIF. On average, DIF across time tended to have a small
effect size, ranging from 0-0.16 raw score points. The signed and unsigned metrics were similar
within an item across age, suggesting uniform DIF (i.e. the expected score curves did not cross),
which is unsurprising because there was less evidence of DIF with respect to discrimination
compared to severity.

The two multiple group models, one that allowed item parameters with evidence of DIF
to be estimated freely across time and another that freely estimated all parameters, showed
similar model fit. When using the chi-square model fit statistic, the model with all parameters

freely estimated fit the data the best, which is unsurprising given the sample size and lengthy



developmental span. However, when accounting for model complexity with a statistic such as
the Akaike Information Criterion (AIC), the partially constrained model showed evidence of best
model fit. Thus, model fit was not considerably worse fitting (accounting for model complexity)
when constraining the non-DIF parameters across time to help anchor the latent variable to the
same scale, suggesting that we were measuring the same construct in an equivalent way over
time. At the same time, the model with all parameter estimates freely estimated was the best
overall fitting model, which supports our decision to use separate IRT estimation and linking in
the context of heterotypic continuity over a lengthy developmental span.
Discussion

We observed several items showing potential changes in discrimination or severity over
time. Changes in severity are expected across a lengthy developmental span and are less likely
than changes in discrimination to be serious threats to measuring the same construct. Compared
to changes in severity, changes in discrimination are potentially more serious because they may
reflect that an item does not tap the same construct at some ages. However, changes in
discrimination may instead reflect meaningful developmental shifts in the construct (heterotypic
continuity) when the items tap the theoretical content of the construct, as was likely the case in
the present study given the strong empirical basis and content validity of the measure we used.
Nevertheless, most of the items showing evidence of DIF showed changes in severity rather than
discrimination, and effect sizes of DIF were small. Moreover, even for those items that changed
in discrimination, they were still highly discriminating across time, further supporting that we
were measuring the same construct at all ages. Despite considerable research on DIF and
measurement invariance, there is not clear guidance in the literature on how to proceed in the

case of DIF (or failed measurement invariance) because there is no test to determine whether the



difference reflects a change in the manifestation of the construct (i.e., heterotypic continuity),
changes in the functioning of the measures, or some combination of the two (Knight & Zerr,
2010). Nevertheless, we examined the effect size of DIF. All instances of DIF had small effect
sizes. Our vertical scaling approach accounted for DIF by estimating a separate IRT model at
each age, thus allowing items’ parameters to change over time, and using scaling parameters to
link the scores across age and “smooth out” the DIF at the construct-level. In sum, there are
theoretical and empirical considerations when determining whether we measured the same
construct in an equivalent way over time, and the totality of the evidence suggests that we did.
Importantly, we found the same results with (a) a partially constrained model (within-item
parameter constraints across time for non-DIF parameters), (b) a model excluding the items
showing DIF, (c) separate IRT estimation and linking, and (d) Thurstone scaling, providing

further confidence in our findings.



Appendix S3
Thurstone Scaling

When the different measures have common items over time, the Thurstone scaling
approach to vertical scaling uses common items administered across ages to link the measures on
the same scale by aligning their percentile scores based on a range of z-scores on the common
items. This is based on the assumption that the two age groups to be linked have the same form
of distribution (i.e., are normally distributed on the underlying trait within group), and that the
groups’ scores on the measures might differ in their mean and standard deviation.

Method

Vertical scaling involves placing two measures that assess a similar construct but differ in
difficulty/severity on the same scale. ldeally, the two measures should have some items with the
same contents to ensure scores on the measures can be linked (i.e., made comparable). In the
present study, we used the Thurstone scaling approach to vertical scaling (as described in Kolen
& Brennan, 2014) to transform scores on the YASR to the scale of the YSR (in addition to the
IRT approach described in the manuscript). See Figure S1 for a depiction of the Thurstone
scaling approach to vertical scaling.

The YSR and YASR have different but overlapping item content, so we needed to put
them on the same scale. We applied Thurstone scaling that scales the scores across the different
measures using the items that are in common across both measures (i.e., a common-item design,
see Figure 1). Although the common items are used to determine the general form of change on
the same scale, all developmentally relevant, construct-valid items are used to estimate each
person’s trait level on this scale. To link two measures using Thurstone scaling in a common-

item design, z-scores are calculated from the percentile scores of the raw scores on the common
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items for each measure. A set of z-scores on the common items of each measure is selected for
linking the two measures (ideally 10-20 z-scores on the common items of each measure that are
not in the extremes of the distribution to prevent a distorted transformed scale). The same
number of z-scores are selected from the common items of each measure to generate z-score
pairs for linking the two measures (e.g., in the present study, we selected 17 z-scores from the
common items of each measure resulting in 17 z-score pairs). The first assumption of Thurstone
scaling in a common-item design is that the association between these z-score pairs (i.e., the
selected set of z-scores for the common items) of the two measures to be linked is linear (Kolen
& Brennan, 2014). The second assumption of Thurstone scaling is that the underlying trait is
normally distributed. After examining the assumptions of Thurstone scaling, we linked YASR
scores at age 20 to YSR scores at age 19 (i.e., the target scale that serves as the anchor). To do
this, we applied the following steps, separately for males and females?, of Thurstone scaling in a
common-item design (Kolen & Brennan, 2014) to link YASR scores with YSR scores:

(1) To ensure a meaningful mean-level of change of internalizing problem scores across
ages 14-24, we first examined scores on the 17 common items (i.e., the items that were common
to both the YSR and YASR). The raw frequency distribution of scores on the common items is
in Tables S1-S2). Participants’ mean scores on the common items are depicted in Panel A of
Figure S2. The percentile ranks of raw scores on the common items are in Tables S3-S4.

(2) For both ages, we calculated z-scores of raw scores on the common items within age

based on the percentile ranks from step 1, see Tables S5-S6.

! This was done because of the robust sex differences in levels of internalizing problems among
adolescents and young adults, with females having higher levels than males (Hankin et al.,
1998).
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(3) For both ages, we calculated the mean and standard deviation of the unique z-scores
(i.e., the z-score values in a given column of Tables S5-S6)2 based on those unique raw scores
whose associated z-scores were between -2 and +2 at the age of the target scale (i.e., age 19).
We selected z-scores between -2 and +2 as recommended by Kolen and Brennan (2014) and
because trimmed z-scores are more accurate in Thurstone scaling than using all z-scores. We
calculated the population standard deviation of the z-scores, consistent with Kolen and Brennan
(2014); all descriptive statistics of the sample used the sample standard deviation. The
calculated mean and standard deviation of the z-scores between -2 and +2 at the age of the target
scale are at the bottom of Tables S5-S6.

(4) The mean and standard deviation of the scaled scores were calculated by the

following formulas (adapted from Kolen & Brennan, 2014):

HOYASR) = o (YSR) [u(zvsn) — S5 p(zyasw) | + w(YSR) (s1)

o(zyasr)
o(YASR) = % o(YSR) (S2)
where YASR and YSR are vectors of raw scores on the YASR or YSR, respectively;
Zyasr and zygp are the unique z-scores based on those raw scores whose associated z-scores were
between -2 and +2 at age 19 (from step 3). The first component of Formula S1 scales the mean

of the z-scores of the common items at age 20 to be on a z-score metric relative to the z-score

metric of the common items at age 19 in order to retain changes in means and variances from age

19 to 20: [M(ZYSR) — Z(zyse) .u(ZYASR)]- The second component of Formula S1 then multiplies

o (zyasr)

the scaled z-score metric by the standard deviation of the target scale and adds the mean of the
target scale. This re-scales the age 20 z-score metric (on a scale that is relative to the age 19 z-

score metric) to the metric of the total raw score at age 19 in order to make the re-scaled scores at
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age 20 comparable to the raw scores at age 19. Thus, the YASR scores at age 20 are re-scaled to
be on the scale of the YSR at age 19, while still retaining changes in means and variances over
time (based on the changes in means and variances of the common items).

Consistent with recommendations (Kolen & Brennan, 2014), we then applied a process of
linking and chaining to link the remaining YASR scores to the YSR metric at age 19 based on
the raw frequency distribution (Tables S7-S8), percentile ranks (Tables S9-S10), and z-scores of
the total raw scores (Tables S11-S12). To do so, we repeated steps 1-4 by (a) linking the YASR
scores at age 21 to the newly scaled YASR scores at age 20, (b) linking scores at age 22 to the
newly scaled scores at age 21, (c) linking scores at age 23 to the newly scaled scores at age 22,
and (d) linking scores at age 24 to the newly scaled scores at age 23. Linking and chaining
allowed us to calculate a mean and standard deviation for the scaled YASR score at each age
from ages 20 to 24. Based on the mean and standard deviation of the scaled scores for each year,
we calculated a conversion table for converting YASR scores to YSR equivalents based on the
scale of the YSR scores at age 19. We calculated a conversion table by multiplying the z-scores
of the total raw scores (Tables S11-S12) by the standard deviation of the scaled score (from
Equation S2; bottom of Tables S5-S6) and added the mean of the scaled score (from Equation
S1; bottom of Tables S5-S6). The conversion table for converting YASR scores to YSR
equivalents is in Table S13.

Results

Assumptions of Thurstone Scaling. We examined the two assumptions of Thurstone
scaling in a common-item design: (1) the association between the selected z-score pairs from the
common items of the two measures to be linked is linear, and (2) the underlying trait is normally

distributed. Regarding assumption 1, we observed that the associations between the selected z-



13

score pairs from the common items of adjacent years were highly linear; no curvilinearity was
observed. Regarding assumption 2, we observed that the raw total Internalizing scores were
positively skewed (skew values ranged from 0.93 to 1.72 across years). Despite the skewed
scores, it is plausible that the underlying trait (i.e., the internalizing spectrum) is normally
distributed, especially given evidence that internalizing problems are dimensionally rather than
categorically distributed (Markon, Chmielewski, & Miller, 2011). That is, the latent trait of
internalizing is likely normally distributed even if the observed scores are not, which would be
consistent with the assumption of Thurstone scaling. Thus, given theoretical and empirical
evidence supporting that we approximately met these assumptions, we proceeded with vertical
scaling using Thurstone scaling.

Linking the YASR Scores to the Scale of the YSR at Age 19. Next, we linked the
YASR and YSR scores so that scores on the two measures were on the same scale and could be
compared. To link the two measures, we re-scaled the YASR scores at age 20 to the scale of the
YSR at age 19 (see steps 1-4 from the Statistical Analysis section of the Method section). The
Thurstone scaling approach to vertical scaling is depicted in Figure S1. First, we examined
scores at ages 19 and 20 on the 17 common items (i.e., the items that were common to both the
YSR and YASR), and calculated percentile ranks, see Tables S3-S4. Second, we calculated z-
scores of raw scores on the common items within age (Tables S5-S6) based on the percentile
ranks from step 1. Third, we calculated the mean and standard deviation of the unique z-scores
based on those raw scores (males: 0-15; females: 0-16) whose associated z-scores were between

-2 and +2 at the age of the target scale (i.e., age 19).2 The mean and standard deviation of these

2 That is, we used the unique z-scores, not the vector of all z-scores from the raw scores (multiple
participants may have the same raw score and therefore the same z-score).
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z-scores are at the bottom of Tables S5-S6. Fourth, we calculated the mean and standard
deviation of the scaled scores on the scale of the YSR at age 19 based on the mean and standard
deviation of the raw scores and selected z-scores at each age.

The mean of the scaled score at age 20 for females was calculated as (equation S1):

1(YASRy,) = 7.40 [0.24 - %0.26] +9.70 = 9.50.3 The standard deviation of the scaled
score at age 20 for females was calculated as (equation S2): (YASR,,) = % 7.40 = 7.63.4

We then applied linking and chaining to link the remaining YASR scores to the YSR metric at
age 19. To do so, we repeated steps 1-4 by linking the YASR scores at age 21 to the newly
scaled YASR scores at age 20, linking scores at age 22 to the newly scaled scores at age 21, etc.

Conversion Table for Converting YASR Scores to YSR Equivalents. Linking and
chaining allowed us to calculate a mean and standard deviation for the scaled YASR score at
each age from ages 20 to 24. Based on the mean and standard deviation of the scaled scores for
each year, we converted YASR scores to YSR equivalents based on the scale of the YSR scores
at age 19. To do this, we multiplied the z-scores of the total raw scores (Tables S11-S12) by the
standard deviation of the scaled score (from Equation S2; bottom of Table S13) and added the
mean of the scaled score (from Equation S1; bottom of Table S13).

The conversion table for converting YASR scores to YSR equivalents in our sample is in

Table S13. Visual examination of the conversion table shows that many of the scores were

3 These values came from the following sources: 7.40 (Table S7), 0.24 (Table S5), 0.96 (Table
S5), 0.93 (Table S5), 0.26 (Table S5), 9.70 (Table S7), 9.50 (Table 2). Note that the above
calculations are slightly different from the actual calculations due to rounding error.

4 These values came from the following sources: 0.96 (Table S5), 0.93 (Table S5), 7.40 (Table
S7), 7.63 (Table 2). Note that the above calculations are slightly different from the actual
calculations due to rounding error.
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highly similar before and after rescaling, while rescaling changed some of the scores by more
than 2 points (particularly for females). The mean and standard deviation of the scaled scores
are at the bottom of Table 13. Participants’ mean internalizing problem scores, after rescaling
the YASR scores to the metric of the YSR, are depicted in Panel B of Figure S2. Notably, the
scores retained a highly similar pattern of mean-level change when examining the re-scaled total
scores compared to when examining just the common items (see Panel A of Figure S2). Thus,
the Thurstone Scaling approach successfully retained mean-level change when re-scaling the
YASR scores to be on the same metric as the YSR while still using a more comparable scale.
Growth Curve Model. To examine growth curves, we first compared a linear growth
curve model to a quadratic growth curve model in HLM to identify the best-fitting form of
change for the rescaled internalizing problem scores. The model that allowed quadratic slopes to
vary across individuals (i.e., random quadratic slopes) was not positive definite (i.e., not all
variances in the variance-covariance matrix were non-zero and positive), likely because the
variance in the quadratic term was close to zero (t22 < .0001). The small variance in the
quadratic term suggested that individuals did not significantly differ in quadratic curvature. A
model with random linear slopes and a quadratic term that was fixed across individuals (i.e.,
fixed quadratic slopes) fit better than a model with only random linear slopes (x2[1] = 24.46, p <
.001). A model with fixed cubic slopes fit better than the model with random linear slopes and
fixed quadratic slopes (x*[1] = 5.63, p = .018). A model with fixed quartic slopes fit better than
the cubic model (x%[1] = 4.65, p = .031), and was the best-fitting model (a model with fixed
fifth-degree polynomial slopes did not significantly improve fit; x[1] = 3.07, p = .080).
Individuals’ quartic trajectories, and the average quartic trajectory for males and females are

depicted in Figure S3. The average quartic trajectory showed slight decreases over time,
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primarily for females.

Overall, the growth curves showed little curvature, which would be consistent with
evidence that likelihood ratio tests may be sensitive to small fit differences with larger sample
sizes (Tomarken & Waller, 2003). Thus, the polynomial growth terms may have over-fit the
data, especially given the lengthy developmental span. Moreover, there are difficulties in
interpreting and replicating findings from polynomial growth models, and mapping polynomial
growth terms onto developmental theory (Grimm, Ram, & Hamagami, 2011). For these reasons,
for comparing the common items to the rescaled scores and for examining the predictors of
change in internalizing problems, we examined the general form of change by examining the
linear model for ease of interpretation.

In the linear growth curve model with no predictors of the intercepts or slopes, intercepts
reflected an individual’s estimated initial level of internalizing problems at age 14. Slopes
reflected participants’ linear change in internalizing problems over time. There was evidence of
a negative slope (B =-0.08, t[3980] = -1.94, p =.053). In a similar growth curve model
examining the trajectories of scores on the common items, however, the slope was not significant
(B =-0.03, t[3980] = -1.08, p = .282).

Although the form of change for the age-relevant items versus common items was highly
similar at the group-level, there were differences at the individual-level. Some participants
showed decreases in internalizing problems over time when using the age-relevant items while
they showed increases in internalizing problems when using the common items (or vice versa).
The participants who showed decreases using the age-relevant items and increases using the
common items presumably had higher levels of internalizing problems on the non-common items

of the YSR (i.e., items that were on the Internalizing scale of the YSR but not the YASR) or
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lower levels on the non-common items of the YASR (compared to the other participants).
Because the Somatic Complaints subscale was included in the Internalizing Scale of the YSR but
not YASR, the majority (9 items, 60%) of the non-common Internalizing items of the YSR were
items assessing somatic complaints. Therefore, we examined participants’ levels of somatic
complaints on the YSR. Consistent with expectations, participants who showed decreases in
internalizing problems using the age-relevant items but increases using the common items
showed higher mean levels of somatic complaints from ages 14-19 (M = 3.22) than participants
who did not (M = 1.81; t[32.38] =-3.41, p =.002). The reverse was also true; participants who
showed increases in internalizing problems using the age-relevant items but decreases using the
common items, showed lower mean levels of somatic complaints from ages 14-19 (M = 0.93)
than participants who did not (M = 1.94; t[30.76] = 4.49, p < .001).

We then examined sex and ethnicity as predictors of the intercepts and linear slopes of
the rescaled internalizing problem scores (see Table S14). There were no significant linear
slopes when controlling for the other model predictors. Females showed higher intercepts than
males, but males and females did not significantly differ in their linear slopes. African
Americans and those of “other” ethnicity did not significantly differ from European Americans
in their intercepts or linear slopes. The model accounted for approximately three-fourths of the

variance in internalizing problems over time.
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Table S1. Raw score frequency distributions on common items for females.

Age (years)
score 14 15 16 17 19 20 21 22 23 24
0 6 10 8 5 12 17 14 15 20 21
1 12 8 8 18 13 18 25 13 23 18
2 19 19 21 18 30 27 20 17 12 18
3 20 18 23 23 20 21 15 19 19 19
4 18 17 15 16 20 20 23 21 17 14
5 13 12 23 14 12 14 15 15 22 21
6 18 14 15 20 11 19 27 25 15 19
7 16 15 16 17 28 18 12 17 20 7
8 13 12 11 8 10 18 11 15 12 13
9 11 14 10 10 15 14 18 18 18 19
10 11 9 10 6 20 9 14 9 14 20
11 9 13 15 7 6 10 10 8 9 6
12 11 4 7 10 5 7 6 9 8 6
13 6 6 9 11 1 5 8 7 5 11
14 7 9 5 5 6 4 2 2 10 12
15 7 2 7 6 3 6 5 6 5 5
16 5 6 2 2 1 2 2 2 6 3
17 3 7 4 7 4 3 3 5 3 2
18 5 2 5 2 5 2 1 4 2 2
19 1 5 4 2 1 4 3 3 4 5
20 1 1 2 1 4 3 1 2 1 1
21 0 2 1 2 1 0 1 0 0 2
22 0 4 0 2 1 0 2 2 0 1
23 0 0 3 1 1 0 2 1 1 1
24 0 1 1 1 0 1 0 0 3 1
25 0 1 0 0 0 2 0 0 0 2
26 0 0 0 0 0 0 1 0 0 0
27 0 0 0 0 0 0 1 1 0 0
28 1 0 1 0 0 0 0 0 0 0
29 0 0 0 0 0 0 0 0 0 0

<

7.42 805 780 742 6.77 664 679 716 706 7.34
SD 503 577 558 545 509 525 537 525 535 562

Note: mean and standard deviation reflect the mean and standard deviation of the participants’
scores on the common items (they do not reflect the mean and standard deviation of the values in
the above column).
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Table S2. Raw score frequency distributions on common items for males.

Age (years)

score 14 15 16 17 19 20 21 22 23 24
0 16 16 17 22 18 27 33 27 34 26
1 27 24 24 23 26 30 18 30 22 20
2 24 21 26 33 29 22 25 25 31 21
3 24 21 21 22 27 23 26 24 18 23
4 17 11 25 23 26 21 18 18 19 16
5 11 23 27 17 18 20 15 11 18 13
6 10 18 14 13 12 14 11 14 15 11
7 17 11 10 10 17 10 15 12 12 19
8 13 6 11 5 12 9 11 12 8 10
9 6 4 8 11 8 10 7 8 9 10
10 5 6 9 6 8 6 6 10 6 4
11 6 7 8 9 7 8 6 5 10 6
12 7 8 4 3 2 8 7 7 6 4
13 3 6 9 2 6 9 4 8 10 10
14 4 4 4 3 3 4 3 2 ) 3
15 5 4 1 1 5 2 1 6 2 1
16 1 0 1 1 1 4 4 1 1 3
17 0 1 0 2 2 2 6 3 1 3
18 1 1 3 1 3 3 3 1 5 3
19 0 1 2 5 1 1 4 4 3 2
20 0 1 1 0 2 0 0 1 1 2
21 0 0 0 1 0 0 0 0 0 2
22 1 1 0 1 0 0 0 0 0 1
23 1 1 1 1 0 0 0 0 0 1
24 0 0 0 0 0 0 0 0 0 0
25 0 0 0 0 0 1 0 0 0 0
26 0 0 0 0 0 1 0 0 0 1
27 0 0 0 0 0 0 0 0 0 0
28 0 0 0 0 1 0 0 0 0 0
29 0 0 0 0 0 0 0 1 1 0
M 531 563 554 524 549 558 552 559 559 6.11

SD 452 476 454 489 476 503 504 515 517 553

Note: mean and standard deviation reflect the mean and standard deviation of the participants’
scores on the common items (they do not reflect the mean and standard deviation of the values in
the above column).



Table S3. Percentile ranks (divided by 100) on common items for females.
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Age (years)

score 14 15 16 17 19 20 21 22 23 24
0 .01 .02 .02 .01 .03 .04 .03 .03 .04 .04
1 .06 .07 .05 .07 .08 11 11 .09 13 12
2 13 13 12 15 17 20 .20 .16 20 19
3 22 22 22 .25 .28 .30 .28 23 .26 27
4 31 30 30 .34 37 .38 .36 .32 33 33
5 .38 37 .38 41 44 45 43 .39 41 41
6 46 43 A7 49 49 52 .52 48 49 49
7 54 50 54 57 57 59 .60 57 .55 54
8 61 56 .60 .63 .66 .67 .65 .64 .62 .58
9 .66 63 .64 67 71 73 71 .70 .68 .64
10 71 .68 .69 71 .79 .78 77 .76 74 72
11 .76 73 A4 e .84 .82 .82 .80 .79 A7
12 81 77 79 .78 .87 .86 .86 .83 .82 .80
13 .85 .80 .83 .83 .88 .88 .88 .87 .85 .83
14 .88 .83 .86 .87 .90 90 .90 .89 .88 .88
15 91 .86 .88 .89 92 92 .92 .90 91 91
16 94 .88 90 91 93 93 .93 .92 93 93
17 .96 91 92 .93 93 .95 .95 .94 .95 94
18 .98 93 94 .95 .96 .95 .95 .95 .96 94
19 99 .95 .96 .96 97 97 .96 97 97 .96
20 99 .96 97 97 .98 .98 97 .98 .98 97
21 - 97 .98 .98 99 - .98 - - .98
22 - .98 - .99 .99 - .98 .99 - .98
23 - - 99 .99 1.00 - .99 .99 99 99
24 - 99 .99 1.00 - 99 - - 1.00 .99
25 - 1.00 - - - 1.00 - - - 1.00
26 - - - - - - .99 - - -
27 - - - - - - 1.00 100 - -
28 1.00 - 1.00 - - - - - - -

N
o
|



Table S4. Percentile ranks (divided by 100) on common items for males.
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Age (years)

score 14 15 16 17 19 20 21 22 23 24
0 .04 .04 .04 .05 .04 .06 .08 .06 .07 .06
1 15 14 13 .16 13 18 19 18 19 17
2 .28 26 24 29 25 29 29 .30 .30 27
3 40 37 .35 41 37 .39 40 41 41 37
4 .50 45 45 52 A48 48 .50 .50 49 46
5 o7 54 .56 .61 .58 57 57 57 .56 .53
6 .62 .64 .65 .68 .64 .64 .63 .62 .63 .58
7 .69 71 .70 73 71 .69 .69 67 .69 .65
8 A7 76 15 A7 .76 13 .75 73 13 12
9 81 .78 79 81 81 77 .79 77 77 .76
10 .84 81 .83 .85 .84 .80 .82 81 .80 .80
11 87 84 87 .88 .88 .83 .84 .84 .83 .82
12 .90 .88 .89 91 .89 .87 .87 .87 .86 .84
13 .93 91 .92 .92 91 91 .90 .90 90 .87
14 94 94 .95 .93 .93 93 91 .92 93 91
15 97 .96 .96 94 .95 94 .92 .94 .95 92
16 .98 — 97 .95 .96 .96 .93 .96 .95 93
17 - 97 - .95 97 97 .96 97 .96 94
18 99 .98 .98 .96 .98 .98 .98 97 97 .95
19 - .98 99 .98 .99 99 1.00 .98 99 .96
20 - 99 99 - .99 - - .99 99 97
21 - - - .99 - - - - - .98
22 .99 99 - 99 - - - - - 99
23 1.00 100 100 1.00 - - - - - 99
24 - —~ — - - — - - - -
25 - — - - - 99 - - - -
26 - — - - - 1.00 - - - 1.00
27 - —~ — - - — - - - -
28 - — - - 1.00 - - - - -
29 - - - - - - - 100 1.00 -
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Table S5. Z-scores of common items for females.

Age (years)

score 14 15 16 17 19 20 21 22 23 24

0 -1.47 -140 -140 -136 -133 -126 -127 -136 -132 -131
1 -1.28 -122 -122 -118 -113 ~-107 -1.08 -117 -113 -1.13
2 -1.08 -1.05 -104 -099 -094 -088 -089 -098 -095 -0.95
3 -088 -088 -086 -081 -0.74 -069 -0.71 -0.79 -0.76 -0.77
4 -068 -0.70 -068 -063 -054 -0.50 -0.52 -0.60 -0.57 -0.59
5 -048 -053 -050 -044 -035 -031 -033 -041 -039 -042
6 -028 -036 -032 -026 -0.15 -0.12 -0.15 -0.22 -0.20 -0.24
7 -0.08 -0.18 -0.14 -008 0.05 0.07 004 -0.03 -0.01 -0.06
8 0.12 -0.01 004 011 024 026 022 016 017 0.12
9 031 016 021 029 044 045 041 035 036 0.30
10 051 034 039 047 063 064 060 054 055 047
11 071 051 057 066 083 083 078 073 074 0.65
12 091 068 075 084 1.03 1.02 097 092 092 0.83
13 111 086 0.93 1.02 1.22 1.21 1.16 1.11 1.11 1.01
14 1.31 1.03 1.11 1.21 1.42 1.40 134 130 1.30 1.18
15 1.51 1.20 1.29 1.39 1.62 1.59 1.53 1.49 1.48 1.36
16 1.71 1.38 1.47 1.57 1.81 1.78 1.72 1.68 1.67 1.54
17 1.91 1.55 1.65 1.76  2.01 1.98 1.90 1.87 1.86 1.72
18 2.10 1.72 1.83 194 221 217 209 207 204 190
19 2.30 190 201 212 240 236 228 226 223 207
20 250 207 218 231 260 255 246 245 242 225
21 - 224 236 249 280 - 265 - - 2.43
22 - 242 - 267 299 - 283 283 - 2.61
23 — — 272 286 319 - 302 302 298 279
24 - 276 290 3.04 - 331 - - 316 296
25 — 294 - — — 350 - — — 3.14
26 — — — — — — 358 - — —

27 - - - - - - 3.77 378 - -

28 409 - 3.62 - — — — — — —

29 — — — — — — — — — —

M 0.12 -001 004 011 024 026 022 016 017 0.12

SD 097 08 088 09 09 093 091 093 092 087

Note: the dashed line reflects those raw scores at age 19 whose associated z-scores were between
-2 and +2 (i.e., raw scores of 0 to 16). Mean and standard deviation reflect the mean and
standard deviation of the z-scores whose associated raw scores ranged from 0 to 16 (i.e., the
mean and standard deviation of the values above the dashed line).
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Table S6. Z-scores of common items for males.

Age (years)

score 14 15 16 17 19 20 21 22 23 24

-1.18 -118 -122 -107 -115 -111 -110 -109 -1.08 -1.11

-0.95 -097 -100 -0.87 -094 -091 -090 -0.89 -0.89 -0.92

-0.73 -076 -0.78 -066 -0.73 -0.71 -0.70 -0.70 -0.69 -0.74

-051 -055 -056 -046 -052 -051 -050 -050 -050 -0.56
-031 -031 -030 -0.31 -031 -0.38
-0.07 -0.13 -0.12 -0.05 -0.10 -0.12 -0.10 -0.11 -0.11 -0.20
015 008 010 016 011 0.08 010 008 0.08 -0.02
038 029 032 036 032 028 029 027 027 016
060 050 054 057 053 048 049 047 047 034
082 071 076 077 074 068 069 066 0.66 052
095 088 089 08 08 0.70
116 108 109 105 105 0.88
137 128 129 125 124 106
1.58 1.47 1.49 1.44 1.43 1.25
1.79 167 168 163 163 143
200 187 183 183 182 161
230 220 221 207 208 202 201 179

241 242 227 228 222 221 197
263 247 248 241 240 215
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19 ~ 281 296 282 284 267 268 261 259 2.33
20 ~ 302 318 ~ 305 - ~ 280 279 251
21 - - ~ 3.3 - - - - ~ 269
22 370 344 ~ 343 - - - - ~ 287
23 392 365 3.84 3.64 - - - - ~ 305
24 - - - - - - - - - -
25 - - - - ~ 386 - - - -
26 - - - - — 406 - - ~ 360
27 - - - - - - - - - -
28 - - - — 472 - - - - -
29 - - - - - - ~ 455 453 -
M 049 039 043 046 042 038 039 037 037 025

SD 1.02 097 1.01 094 097 092 092 09 089 0.83

Note: the dashed line reflects those raw scores at age 19 whose associated z-scores were between
-2 and +2 (i.e., raw scores of 0 to 15). Mean and standard deviation reflect the mean and
standard deviation of the z-scores whose associated raw scores ranged from 0 to 15 (i.e., the
mean and standard deviation of the values above the dashed line).
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Table S7. Raw score frequency distributions on all items for females.

Age (years)
score 14 15 16 17 19 20 21 22 23 24
0 5 9 5 4 8 6 7 8 12 11
1 10 4 2 10 8 19 15 9 14 13
2 11 9 12 14 19 13 12 13 14 16
3 14 14 12 15 16 21 19 15 15 17
4 12 10 18 17 21 16 20 16 8 13
5 4 10 11 8 11 9 12 10 13 13
6 15 20 12 12 11 15 10 17 21 14
7 13 11 13 17 9 20 20 13 15 15
8 16 8 12 10 12 13 16 17 7 9
9 8 7 14 11 14 16 11 13 12 10
10 14 10 13 7 12 9 11 13 11 8
11 8 6 7 11 11 13 8 12 18 9
12 14 9 16 9 13 12 13 11 11 11
13 7 6 13 5 12 15 14 7 14 13
14 4 10 7 8 5 6 7 15 8 16
15 8 6 5 6 8 1 4 7 6 9
16 5 7 3 4 3 6 6 3 5 8
17 6 6 6 7 3 4 6 5 6 4
18 2 2 5 5 4 5 5 5 8 7
19 3 3 4 0 4 3 3 2 6 7
20 5 10 1 4 4 4 5 4 4 4
21 4 4 4 3 3 3 2 5 2 4
22 9 4 4 7 2 3 3 2 4 1
23 2 3 4 2 2 1 2 1 4 2
24 0 3 8 4 0 1 0 4 1 2
25 3 4 1 1 2 3 0 2 3 2
26 1 3 2 1 4 2 4 3 2 3
27 3 1 4 0 2 1 1 0 1 2
28 0 1 1 3 2 1 0 1 0 2
29 4 2 1 2 1 0 1 1 0 0
30 0 3 0 1 0 0 2 0 0 1
31 0 1 0 1 1 0 0 0 3 0
32 0 2 0 3 1 1 0 0 0 1
33 2 1 0 0 1 1 1 0 0 0
34 0 2 1 1 1 1 0 1 1 1
35 0 0 0 1 0 0 1 0 0 1
36 0 0 2 0 0 0 1 0 0 0
37 0 0 1 0 0 0 0 1 0 0
38 0 0 1 0 0 0 0 0 0 0
39 0 0 0 0 0 0 0 0 0 0
40 0 0 0 0 0 0 0 0 0 0
41 0 0 1 0 0 0 0 0 0 0
42 0 0 0 0 0 0 0 0 0 0
43 0 0 0 0 0 0 0 0 0 0
44 0 0 0 0 0 0 0 0 0 0
45 0 0 0 0 0 0 0 0 0 0
46 0 0 0 0 0 0 0 0 0 0
47 1 0 0 0 0 0 0 0 0 0
M 10.80 11.64 11.38 1055 970 9.07 942 977 984 10.07
SD 7.85 8.38 8.09 803 740 683 713 690 7.10 7.42

Note: mean and standard deviation reflect the mean and standard deviation of the participants’
scores on all items (they do not reflect the mean and standard deviation of the values in the above
column).
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Table S8. Raw score frequency distributions on all items for males.

Age (years)
score 14 15 16 17 19 20 21 22 23 24
0 9 11 13 17 13 13 14 9 15 15
1 14 16 18 18 17 16 18 18 24 10
2 20 18 15 24 18 24 20 29 17 17
3 21 14 19 19 26 28 20 20 14 18
4 15 14 19 19 18 8 16 16 29 16
5 5 21 16 15 19 14 14 16 14 19
6 12 11 16 10 16 24 14 11 10 12
7 17 9 13 14 13 14 15 9 14 11
8 9 11 16 11 15 7 9 13 9 10
9 12 6 8 7 11 13 11 14 12 14
10 9 9 7 6 10 10 8 6 11 7
11 11 8 10 5 4 6 8 11 6 11
12 6 7 9 7 7 5 6 5 5 3
13 7 3 9 4 11 5 9 5 6 3
14 4 6 4 3 5 5 4 5 7 7
15 4 3 3 7 4 5 4 6 6 3
16 2 3 5 1 1 7 6 5 4 3
17 2 5 4 4 4 10 3 2 6 4
18 4 4 7 6 2 3 1 6 8 5
19 0 2 2 3 1 3 1 10 4 6
20 3 2 4 1 5 2 5 1 2 3
21 3 1 0 0 2 2 1 5 1 0
22 1 3 1 2 3 1 4 0 2 2
23 4 1 1 2 2 2 4 0 2 4
24 0 1 1 2 3 2 3 2 1 1
25 0 2 1 1 0 2 2 2 5 1
26 0 1 2 1 1 1 2 1 0 2
27 0 0 0 1 0 1 0 0 0 2
28 2 1 1 3 0 0 1 2 2 1
29 0 0 0 0 1 0 0 0 0 2
30 2 1 1 1 1 0 0 0 0 1
31 0 1 0 0 0 0 0 0 0 0
32 0 0 0 0 0 0 0 0 0 0
33 0 0 0 0 0 0 0 0 0 0
34 1 1 1 0 0 0 0 0 0 1
35 0 0 0 0 1 1 0 0 0 0
36 0 0 0 0 0 0 0 0 0 0
37 0 0 0 1 0 1 0 0 0 1
38 0 0 0 0 0 0 0 0 1 0
39 0 0 0 0 0 0 0 0 0 0
40 0 0 0 0 0 0 0 1 0 0
M 7.98 8.02 7.89 7.52 7.65 7.94 7.95 8.10 8.04 8.74
SD 6.66 6.93 6.45 7.12 6.51 6.80 6.73 6.86 6.94 7.55

Note: mean and standard deviation reflect the mean and standard deviation of the participants’
scores on all items (they do not reflect the mean and standard deviation of the values in the above
column).



Table S9. Percentile ranks (divided by 100) on all items for females.
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Age (years)

score 14 15 16 17 19 20 21 22 23 24
0 .01 .02 .01 .01 .02 .01 .02 .02 .02 .02
1 .05 .05 .03 .04 .05 .07 .06 .06 .08 .07
2 .10 .09 .06 10 11 13 12 10 13 13
3 15 14 11 17 19 .20 18 .16 19 .20
4 22 19 18 24 27 27 .26 22 24 .26
5 .25 24 24 .30 34 .33 33 .28 .28 31
6 .30 31 .29 .35 .39 .38 37 34 .35 .36
7 37 .39 .35 42 43 45 43 40 42 42
8 43 43 40 48 A7 52 51 A7 A7 A7
9 49 A7 46 53 53 57 57 53 .50 51
10 .54 51 52 57 .59 .63 61 .58 .55 .54
11 .59 .55 57 61 .64 .67 .65 .64 .61 .58
12 .64 .58 .62 .66 .69 12 .69 .69 .67 .62
13 .69 .62 .68 .69 74 .78 75 72 71 .67
14 .72 .65 .73 72 .78 .82 .79 a7 .76 .72
15 75 .69 75 75 81 .84 81 .82 .79 .78
16 .78 .73 7 .78 .83 .85 .83 .84 81 81
17 .80 75 .79 .80 .85 .87 .86 .86 .83 .83
18 .82 77 81 .83 .86 .89 .88 .88 .86 .86
19 .84 .79 .83 - .88 91 .90 .89 .89 .88
20 .85 .82 .85 .85 .90 .92 .92 .90 91 .90
21 .87 .85 .85 .87 91 .93 93 .92 .92 .92
22 91 .87 .87 .89 .92 .95 94 94 .93 .93
23 .93 .89 .89 91 .93 .95 .95 94 .95 .94
24 - .90 .92 .93 - .96 - .95 .96 94
25 .94 91 94 94 94 97 - 97 97 .95
26 .95 .93 94 94 .95 .98 .96 .98 .98 .96
27 .96 94 .96 - 97 .98 .98 - .98 97
28 - .95 97 .95 97 .99 - 99 - .98
29 .98 .95 97 .96 .98 - .98 99 - -
30 - 97 - 97 - - .98 - - .99
31 - .98 - .98 99 - - - .99 -
32 - .98 - 99 99 .99 - - - .99
33 .99 .99 - - 99 .99 99 - - -
34 - 1.00 .98 99 1.00 1.00 - 99 1.00 .99
35 - — — 1.00 - - 99 - - 1.00
36 - — .98 - - - 1.00 - - -
37 - — .99 - - - - 1.00 - -
38 - — .99 - - - - - - -
39 - — - - - - - - - -
40 - - - - - - - - - -
41 - - 1.00 - - - - - - -
42 - - - - - - - - - -
43 - - - - - - - - - -
44 - - - - - - - - - -
45 - — - - - - - - - -
46 - — - - - - - - - -
47 1.00 — - - - - - - - -



Table S10. Percentile ranks (divided by 100) on all items for males.
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Age (years)

score 14 15 16 17 19 20 21 22 23 24
0 .03 .03 .03 .04 .03 .03 .03 .02 .03 .04
1 .08 10 10 12 .09 .09 10 .08 11 .09
2 17 18 17 22 17 17 19 18 20 16
3 27 27 25 .32 .26 29 .28 .29 27 24
4 .36 34 33 41 .35 .36 .36 37 .36 32
5 41 43 41 49 44 41 43 43 45 40
6 45 51 A48 54 51 49 49 .50 .50 A7
7 53 56 54 .60 57 57 .56 54 55 53
8 59 61 61 .66 .63 .62 61 .59 .60 57
9 .64 .65 .66 .70 .69 .66 .65 .64 .64 .63
10 .70 .69 .69 73 73 71 .70 .69 .69 .68
11 .75 73 13 .76 .76 74 73 73 13 12
12 .79 .78 77 .79 .79 77 .76 .76 .75 .75
13 .82 .80 81 81 .82 79 .80 .78 7 7
14 .85 .82 84 .83 .86 81 .83 .80 .80 79
15 .87 .85 .86 .85 .88 .83 .84 .83 .83 81
16 .88 .86 .88 .87 .89 .86 .87 .85 .85 .83
17 .89 .88 .89 .88 .90 .89 .89 .87 .87 .84
18 91 90 92 .90 91 92 .90 .88 90 .87
19 - .92 94 .93 .92 93 .90 .92 92 .89
20 93 93 .95 93 93 94 91 .94 94 91
21 94 94 - - .94 .95 .93 .96 .95 -
22 .95 .95 .96 94 .96 .96 .94 - .95 92
23 .96 .96 97 .95 97 .96 .96 - .96 93
24 - .96 97 .96 .98 97 97 97 97 .95
25 - 97 .98 97 - .98 .98 .98 .98 .95
26 - .98 .98 97 .99 99 .99 .99 - .96
27 - - - .98 - 99 - - - 97
28 .98 .98 99 .99 - - 1.00 .99 99 .98
29 - — - - .99 - - - - .98
30 99 99 99 99 99 - - - - 99
31 - 99 - - - - - - - -
32 - —~ — - - - - - - -
33 - — - - - - - - - -
34 1.00 100 1.00 - - - - - - 99
35 - — - - 1.00 99 - - - -
36 - — - - - - - - - -
37 - - - 100 - 1.00 - - - 1.00
38 - — - - - - - - 1.00 -
39 - — - - - - - - - -
40 - - - - - - - 1.00 - -



Table S11. Z-scores of all items for females.

Age (years)

28

score 14 15 16 17 19 20 21 22 23 24
0 -138 -139 -141 -131 -131 -133 -132 -141 -139 -1.36
1 -125 -127 -128 -119 -117 -118 -1.18 -127 -125 -1.22
2 -112 -115 -116 -1.07 -104 -104 -1.04 -112 -1.10 -1.09
3 099 -1.03 -1.03 -094 -090 -089 -090 -098 -096 -0.95
4 087 -091 -091 -08 -077 -074 -076 -084 -0.82 -0.82
5 -074 -079 -079 -069 -063 -060 -062 -0.69 -0.68 -0.68
6 -061 -067 -066 -057 -050 -045 -048 -055 -054 -0.55
7 -048 055 -054 -044 -036 -030 -0.34 -040 -040 -0.41
8 -036 -043 -042 -032 -023 -016 -020 -026 -026 -0.28
9 -023 -032 -029 -019 -009 -001 -006 -011 -012 -0.14

10 -010 -020 -017 -007 004 014 008 003 002 -001
11 003 -008 -005 006 018 028 022 018 016 0.3
12 015 004 008 018 031 043 036 032 030 0.26
13 028 016 020 031 045 058 050 047 045 0.0
14 041 028 032 043 058 072 064 061 059 053
15 054 040 045 055 072 087 078 076 073 066
16 066 052 057 068 08 101 092 090 087 080
17 079 064 069 080 099 116 106 105 101  0.93
18 092 076 082 093 112 131 120 119 115  1.07
19 105 088  0.94 ~ 126 145 134 134 129 120
20 117 100 107 118 139 160 148 148 143  1.34
21 130 112 119 130 153 175 162 163 157 147
22 143 124 131 143 166 189 176 177 171 161
23 156 135 144 155 180 204 190 192 18 174
24 ~ 147 156 168 ~ 219 ~ 206 200 188
25 181 159 168 180 207  2.33 ~ 221 214 201
26 194 171 181 192 220 248 232 235 228 215
27 207 183 193 ~ 234 263 247 ~ 242 228
28 ~ 195 205 217 247 277 ~ 264 — 242
29 232 207 218 230 261 ~ 275 279 - -
30 ~ 219 - 242 - ~ 289 - ~ 269
31 - 231 ~ 255 288 - - - 298 -
32 ~ 243 ~ 267 301 3.36 - - -~ 296
33 283 255 - -~ 315 351 331 - - -
34 ~ 267 280 292 328 365 ~ 351 341 3.23
35 - - ~ 305 - ~ 359 - ~ 336
36 - - 304 - - ~ 3.73 - - -
37 - - 317 - - - - 3.94 - -
38 - - 329 - - - - - -
39 - - - - - - - - -
40 - - - - - - - - -
41 - ~ 366 - - - - - -
42 - - - - - - - - -
43 - - - - - - - - -
44 - - - - - - - - - -
45 - - - - - - - - - -
46 - - - - - - - - - -
47 461 - - - - - - - - -



Table S12. Z-scores of all items for males.
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Age (years)

score 14 15 16 17 19 20 21 22 23 24
o -120 -116 -122 -106 -1.18 -117 -118 -1.18 -1.16 -1.16
1 -105 -101 -107 -092 -102 -1.02 -103 -103 -1.02 ~-1.02
2 -090 -087 -091 -078 -0.87 -087 -0.88 -0.89 -0.87 -0.89
3 -075 -072 -076 -064 -0.71 -073 -0.74 -0.74 -0.73 -0.76
4 -060 -058 -060 -049 -056 -058 -059 -060 -058 -0.63
5 -045 -044 -045 -035 -041 -043 -044 -045 -0.44 -0.50
6 -030 -029 -029 -021 -025 -029 -0.29 -0.31 -0.29 -0.36
7 -015 -015 -0.14 -007 -0.10 -0.214 -014 -0.16 -0.15 -0.23
8 000 000 002 007 005 001 001 -0.00 -001 -0.10
9 015 014 017 021 021 016 016 013 024 0.03
10 030 029 033 03 036 030 031 028 028 0.17
11 045 043 048 049 051 045 045 042 043 030
12 060 057 064 063 067 060 060 057 057 043
13 075 072 079 077 08 074 075 071 071 056
14 090 08 095 091 098 08 09 08 08 0.70
15 105 101 110 105 113 104 105 1.01 100 0.83
16 1.20 1.15 1.26 1.19 1.28 1.18 1.20 1.15 1.15 0.96
17 135 130 141 133 144 133 135 130 129 109
18 150 144 157 147 159 148 149 144 144 123
19 - 1.58 1.72 1.61 1.74 1.63 1.64 1.59 1.58 1.36
20 180 173 188 175 190 177 179 173 172 149
21 1.95 1.87 — - 2.05 1.92 1.94 1.88 1.87 -
22 210 202 219 203 220 207 209 - 201 176
23 226 216 234 217 236 221 224 - 216 189
24 - 230 250 232 251 236 239 232 230 202
25 - 245 265 246 - 251 254 246 244 215
26 - 259 281 260 282 266 268 261 - 229
27 - - - 274 - 280 - - - 242
28 301 2838 312 288 - - 298 290 288 255
29 - - - - 3.28 - - - - 2.68
30 331 317 342 316 343 - - - - 281
31 - 331 - - - - - - - -
32 - —~ — - - - - - - -
33 - — - - - - - - - -
34 391 375 404 - - - - - - 334
35 - — - - 420 398 - - - -
36 - — - - - - - - - -
37 - — — 4.14 - 4.27 - - - 3.74
38 - — - - - - - - 432 -
39 - — - - - - - - - -
40 - - - - - - - 465 - -



Table S13. Thurstone-scaled conversion table of YASR to YSR equivalents.

Males Females
Age (years) Age (years)

YASR score 20 21 22 23 24 20 21 22 23 24
0 -03 -04 -05 -04 -02 -06 -0.6 -0.5 -0.7 -0.6
1 08 06 05 06 08 0.5 0.5 0.6 0.4 0.5
2 18 16 15 16 138 1.6 1.6 1.7 15 1.6
3 28 26 26 26 28 2.7 2.7 2.8 2.6 2.7
4 38 36 36 37 38 3.8 3.8 3.9 3.7 3.8
5 48 47 46 47 48 4.9 4.9 5.0 4.8 4.9
6 58 57 56 57 538 6.1 6.0 6.1 5.9 6.0
7 68 67 67 67 638 7.2 7.1 7.2 7.0 7.1
8 78 77 17 17 138 8.3 8.2 8.3 8.1 8.2
9 88 88 87 88 88 9.4 9.3 9.4 9.2 9.3

10 99 98 97 98 938 105 104 10.5 10.3 105
11 109 108 10.8 10.8 1038 11.7 115 11.6 114 116
12 119 118 118 118 1138 128 126 12.7 125 127
13 129 129 128 128 1238 139 13.6 13.8 13.6 1338
14 139 139 138 139 1338 15.0 147 14.9 147 149
15 149 149 149 149 1438 16.1 15.8 16.0 158 16.0
16 159 159 159 159 1538 172 16.9 17.2 169 171
17 169 169 169 169 16.8 18.4 18.0 18.3 18.0 182
18 179 180 179 179 1738 195 191 19.4 19.1 193
19 190 19.0 19.0 189 1838 20.6  20.2 20.5 20.2 204
20 20.0 20.0 20.0 20.0 19.8 21.7 213 21.6 213 215
21 21.0 210 21.0 210 - 228 224 22.7 224 226
22 220 221 - 220 2138 240 235 23.8 235 237
23 23.0 231 - 23.0 2238 25.1 246 24.9 246 248
24 240 241 241 240 238 26.2 - 26.0 257 259
25 250 251 251 251 248 27.3 - 27.1 268 27.0
26 26.0 26.2 26.1 - 2538 284 279 28.2 279 281
27 27.0 - — - 268 295 29.0 - 29.0 292
28 — 282 282 281 278 30.7 - 30.4 - 303
29 — - — - 288 - 312 315 - -
30 — - — - 298 - 323 - - 325
31 — - — - — - - - 33.3 -
32 — - — - — 35.1 - - - 347
33 — - — - — 36.2 355 - - -
34 — - — - 338 37.4 - 37.1 36.6 36.9
35 351 - - - - - 377 - - 380
36 - - - - - - 388 - - -
37 372 - - - 36.8 - - 40.4 - -
38 — - - 383 - - - - — -
39 — - - - - - - - — -
40 — — 405 - — — — — — -
M 777 7.68 7.79 7.78 8.50 950 9.73 10.26 10.12 10.53
SD 6.88 6.88 7.03 7.07 755 7.63 7.80 7.64 779 817

Note: values reflect the YASR scores on the scale of the YSR at age 19. Mean and standard
deviation reflect the mean and standard deviation of the participants’ re-scaled YASR scores on
the YSR scale at age 19 (they do not reflect the mean and standard deviation of the values in the

above column).
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Table S14. Linear growth curve model of Thurstone-scaled internalizing problems.

Variable B B SE DF p
intercept 8.225 0.015 0.445 3977 <.001
time -0.024  -0.033 0.057 3977 674

Predictors of the intercepts

female 3.267 0.181 0.602 539 <.001
African American -1.331 -0.065 0.829 539 .109
Other Ethnicity -2.610 -0.028 2.540 539 .305

Predictors of the slopes

female -0.102 -0.022 0.077 3977 187
African American -0.011 -0.002 0.110 3977 .920
Other Ethnicity 0.162 0.009 0.322 3977 .614
Variance components SD

intercept 6.19

time 0.74

residual 4.26

Correlation between intercept and slope r=.47

Model Pseudo-R? 747



C1 32

Distribution of Z-Scores of
Common ltems from YSR

- _
N
A B Zmean = 0.24
Zg4=0.96 D
Distribution of Raw (Unscaled) Scores Distribution of Z-Scores of Common ltems Distribution of Rescaled Scores
2 0 2 4
Z-Score

Distribution of Z-Scores of
Common ltems from YASR

yrd

I \ 0 10 20 30 40
Zmean =0.26 Rescaled Score

2,4=0.93

0 10 20 30 40
Raw Score

"
1

-4 2 0 2 4
Z-Score

Figure S1. Depiction of steps in vertical scaling using Thurstone scaling with a common-item design. YSR = Youth Self-Report at
age 19 (target scale). YASR = Young Adult Self-Report at age 20. Panel A depicts the raw score distributions of the two measures

(distributions are depicted with kernel density estimation). Panel B depicts the distribution of z-scores of the items that are common to
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both measures (i.e., the common items). Panel C depicts the distribution of z-scores of the common items for each measure (Panel C1
= YSR, Panel C2 = YASR), along with the calculations of the mean and standard deviation of z-scores within the target range of -2 to
+2. Each histogram bar reflects the frequency of a given z-score (corresponding to a given raw score) on the measure. Gray
histogram bars reflect z-scores within the target range of -2 to +2 that were used for calculating the mean and standard deviation. Note
that the z-score for each unique raw score i.e., gray histogram bar, is used in the calculation (rather than all observed z-scores), so the
mean and standard deviation do not necessarily equal 0 and 1, respectively. The measures are rescaled to be on the same scale by
using the mean and the standard deviation of the z-scores of the common items to align their percentile scores. Panel D depicts the
rescaled scores (i.e., scores from the YASR on the scale of the YSR). The mean and standard deviation of the rescaled scores were
calculated using Equations S1 and S2, respectively. We calculated a conversion table by multiplying the z-scores of the total raw
scores by the standard deviation of the scaled score and added the mean of the scaled score (see Table 2). The figure shows that, in
comparison to the YSR, the unscaled YASR scores were over-represented at lower levels of the scale and under-represented at upper
levels of the scale (presumably because of fewer items in the YASR; see Panel A). Rescaling the scores made the scales more
comparable. Note that, by design, the distributions of rescaled scores for the two measures do not perfectly overlap. Vertical scaling
does not create the same distribution (mean and standard deviation) for each measure because it retains differences in means and
variances across the two measures (based on the means and variances of the common items). Nevertheless, the scores are on a more
comparable scale. Although the common items are used to determine the general form of change on the same scale, all

developmentally relevant, construct-valid items are used to estimate each person’s trait level on this scale.
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Figure S2. Panel A depicts participants’ mean scores on the common items (i.e., the items that
were common to the Internalizing scale of the Youth Self-Report, YSR, and Young Adult Self-
Report, YASR). Panel B depicts participants’ mean internalizing problem scores on all age-
relevant items of the Internalizing scale, after rescaling the YASR scores to the metric of the
YSR (based on the scale of the YSR at age 19) using Thurstone scaling. Internalizing problems
to the left of the dashed line (i.e., ages 14-19) were rated on the YSR. Internalizing problems to
the right of the dashed line (i.e., ages 20-24) were rated on the YASR. Internalizing problem

reports were not collected at age 18.
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Figure S3. Individuals’ fitted quartic trajectories of Thurstone-scaled internalizing problems in
black. Average quartic trajectory for females in white. Average quartic trajectory for males in

gray.
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