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Abstract

Manifestations of internalizing problems, such as specific symptoms of anxiety and depression, 

can change across development, even if individuals show strong continuity in rank-order levels of 

internalizing problems. This illustrates the concept of heterotypic continuity, and raises the 

question of whether common measures might be construct-valid for one age but not another. This 

study examines mean-level changes in internalizing problems across a long span of development at 

the same time as accounting for heterotypic continuity by using age-appropriate, changing 

measures. Internalizing problems from age 14–24 were studied longitudinally in a community 

sample (N = 585), using Achenbach's Youth Self-Report (YSR) and Young Adult Self-Report 

(YASR). Heterotypic continuity was evaluated with an item response theory (IRT) approach to 

vertical scaling, linking different measures over time to be on the same scale, as well as with a 

Thurstone scaling approach. With vertical scaling, internalizing problems peaked in mid-to-late 

adolescence and showed a group-level decrease from adolescence to early adulthood, a change that 

would not have been seen with the approach of using only age-common items. Individuals' 

trajectories were sometimes different than would have been seen with the common-items 

approach. Findings support the importance of considering heterotypic continuity when examining 

development and vertical scaling to account for heterotypic continuity with changing measures.
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Internalizing problems, including depression and anxiety, are among the most common and 

burdensome problems that adolescents and adults experience. The broadband, dimensional 

concept of internalizing problems, which represents multiple, specific symptoms, was 

discovered through factor-analytic test development work (Achenbach & Edelbrock, 1978). 

Key findings with this concept include the following: (1) The internalizing problems 

dimension captures individuals' meaningful clinical and sub-clinical difficulties, including 

risk for anxiety or mood disorders, relationship conflicts, ineffective parenting, and poor 

health (e.g., Eaton et al., 2013). (2) Internalizing problems have well-established norms, and 

(3) they show both considerable stability in individual differences over time and some rank-

order change, along with (4) some normative (mean-level) fluctuations across development. 

These findings suggest further questions toward understanding how internalizing problems 

develop and toward charting both normative patterns and individual trajectories of 

internalizing problems.

According to considerable prior research, rates of depression and other internalizing 

problems have been shown to increase in adolescence, peak in mid-to-late adolescence, and 

decrease into adulthood (Adkins, Wang, Dupre, van den Oord, & Elder, 2009). As an 

example of robust sex differences in the development of internalizing problems, females 

show higher levels of depression than males, with sex differences emerging around the onset 

of puberty and the greatest sex differences appearing in mid-to-late adolescence (Hankin et 

al., 1998). The marked developmental changes and sex differences in depression during this 

developmental era make the transition from adolescence to adulthood particularly important 

to study.

Heterotypic Continuity

Among the many studies of internalizing problems, we have found none that examined 

trajectories of internalizing problems using measures adjusted to maintain construct validity 

and consider mean-level change over a lengthy developmental span. This is important 

because it appears that internalizing problems change in their manifestation over time 

(Avenevoli & Steinberg, 2002) and different measures may be needed at different ages to 

accurately understand how internalizing problems develop. Internalizing problems may 

manifest differently in adolescents compared to adults. It has been shown that somatic 

complaints (e.g., headaches, stomachaches, heart pounding) are more strongly associated 

with and more common in those with internalizing problems earlier than later in 

development (Achenbach, 1991, 1997; Ryan et al., 1987). This is an example of heterotypic 
continuity, which refers to persistence of an underlying construct or process with 

manifestations that change over the course of development (Petersen, Hoyniak, McQuillan, 

Bates, & Staples, 2016). Heterotypic continuity occurs when the same psychological reasons 

underlie different behaviors at different ages. Heterotypic continuity is analogous to the 

transformation of water to ice or steam, or of a caterpillar to a butterfly—the underlying core 

is preserved but the manifestation changes. Using measures that change with development to 

maintain construct validity of internalizing problems could be important for better 

understanding of (a) the normative trajectory of internalizing problems across ages, (b) 

individual differences in trajectories of internalizing problems, and (c) how risk and 

protective factors influence individuals' development of internalizing problems. This would 
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build construct validity and advance understanding of how internalizing problems develop. 

Developmental psychology seeks to understand processes of continuity and change across 

the lifespan and not just limited windows of time or stages of life. However, studying 

heterotypic continuity over long spans of development poses methodological and theoretical 

challenges and opportunities.

The Challenge of Heterotypic Continuity when Examining Development

Measuring the development of internalizing problems

Because of the heterotypic continuity of internalizing problems, measures have been 

designed to accommodate changes in the manifestation of internalizing problems. Most 

notably, the Internalizing scale of the Youth Self-Report (YSR; Achenbach, 1991) designed 

for 11- to 18-year-olds includes items reflecting anxiety, depression, and somatic 

complaints. The Internalizing scale on the Young Adult Self-Report (YASR; Achenbach, 

1997) designed for 18- to 30-year-olds includes items reflecting anxiety and depression but 

not somatic complaints. To chart internalizing problems from adolescence to adulthood 

using the YSR and YASR, then, it is a challenge to measure participants' actual change in 

internalizing problems, despite changing measures.

Heterotypic continuity as the focus of study

Heterotypic continuity is a developmental phenomenon examined by many researchers using 

structural equation modeling (SEM) or item response theory (IRT). Examining how strongly 

items relate to a latent trait (i.e., item factor loadings in SEM or item discrimination in IRT) 

can help determine which behaviors most strongly reflect a construct at a given point in 

development (i.e., continuity of the factor structure at the behavior/item level). Other 

researchers have examined the continuity of constructs at the latent/syndrome level (e.g., 

Snyder, Young, & Hankin, 2017). Given how much developmental research demonstrates 

how constructs change in their expression over time, surprisingly little research in 

developmental psychology has explored the best ways to account for heterotypic continuity, 

that is, how to examine individuals' developmental trajectories in constructs that change in 

their manifestation over time.

Accounting for the heterotypic continuity of internalizing problems

When examining continuity and change of individuals' trajectories on a construct, 

heterotypic continuity can be useful in advancing developmental theory and practice. It can 

also become a confound that needs to be accounted for, rather than the focus of study. When 

examining change, especially over a lengthy developmental span, it is important to consider 

and, if necessary, account for heterotypic continuity. If heterotypic continuity is not properly 

accounted for, the same measure may not reflect the same construct across time and, 

therefore, scores on the measure may not be comparable across time. To account for 

heterotypic continuity, changes in measurement should accommodate changes in the 

manifestation of the construct to retain construct validity invariance (Knight & Zerr, 2010). 

For example, for developmental reasons, the measurement of internalizing problems should 

assess somatic problems to a greater degree earlier in development. Thus, the consequence 

of heterotypic continuity is that different items over time may be necessary to assess the 
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same construct over time. There are three primary approaches to measuring a construct over 

time, each with its own advantages and limitations.

Approaches to Measuring a Construct over Time

The three approaches to measuring a construct over time include administering (1) all 

possible items across all ages, (2) only the common items across all ages, and (3) the 

construct-valid items at each age. Traditionally, developmental psychologists have used all 

possible items (approach 1) or only the common items (approach 2) across all ages when 

measuring a construct over time. Below, we discuss the approaches and the importance of 

using the construct-valid items at each age instead (approach 3), which is depicted in Figure 

1.

(1) All possible items across all ages

The first approach to measuring a construct over time uses all possible items across all ages. 

One advantage is that it is a comprehensive approach to assessment that allows examining 

change in each item across the developmental span. The approach has key disadvantages, 

however. First, it is inefficient. It requires extra time to assess all items across all ages. 

Second, it could assess items that are developmentally inappropriate at a given age (because 

of changes in item difficulty or severity, i.e., how infrequently an item is correct or 

endorsed). For example, in a test of math ability, it would be developmentally inappropriate 

to ask a 7-year-old an advanced calculus question. Third, the aggregation of scores on all 

possible items could result in a score that lacks construct validity invariance and therefore 

becomes incomparable over time if the construct changes in its manifestation (because of 

changes in item discrimination, i.e., how strongly the item relates to the trait). For example, 

a measure including somatic complaints to assess internalizing problems in adulthood may 

not reflect the same construct as assessed by the same measure of internalizing problems in 

adolescence. Thus, the same measure may not reflect the same construct at different ages. 

Thus, aggregating scores on all possible items across all ages could produce problems for 

interpretation when heterotypic continuity is likely.

(2) Only the common items across all ages

The second approach to measuring a construct over time is to use only the common items 

across all ages. Using only the common items across all ages has the advantage that it is 

efficient, but also has key disadvantages. First, using only the common items results in a loss 

of information because there are fewer items assessing the construct, which may make the 

measure less sensitive to developmental change. Excluding from all ages items that are 

developmentally inappropriate at some ages and developmentally appropriate at other ages 

could result in the systematic loss of information on the full scope of internalizing problems, 

which is crucial for assessing individual differences, especially at low and clinical levels of 

problems. For instance, in a hypothetical study of internalizing problems from 2 to 18 years 

of age, suicidality would not likely be used as a common item across all ages because it 

would be developmentally inappropriate to ask parents of a 2-year-old whether the child is 

suicidal. Omitting suicidality across all ages, however, would result in a loss of information 

regarding an important internalizing problem with high severity. Second, the measure may 
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lack content validity because it is not measuring the construct as a whole, in particular, the 

age-specific manifestations.

(3) Construct-valid items at each age

The third approach to measuring a construct over time is to use the construct-valid items at 

each age. In the context of heterotypic continuity, this would mean using different items 

across time—those items at a given age that are valid for the target construct. Using the 

construct-valid items at each age has several advantages. First, it retains content validity and 

construct validity invariance. Second, it is more efficient than using all possible items across 

all ages. And where there is heterotypic continuity, it is the best way to maintain construct 

validity invariance.

There are still important issues in using the construct-valid items at each age when the items 

differ across time. For one, there is the question of how to measure individuals' change in a 

construct when a different measure is used at each age. Different scores on the measures' 

different items over time could reflect either (a) a person's change in the trait, or (b) an 

artifactual change resulting from the different measures/items at each age having different 

meaning. Assuming the measures reflect the same construct over time (i.e., construct 

validity invariance), the next consideration for determining whether different scores for an 

individual over time reflect actual change is the issue of statistical equivalence. Are the 

measures' scores on the same metric or scale so they can be meaningfully compared? First, 

the measures should have the same range of possible scores. Second, in order to measure 

absolute change (rather than solely an individual's change relative to others), a score on the 

measure at T1 should reflect the same trait level on the construct as the same score on the 

measure at T2. There are several possible solutions to ensuring statistical equivalence of 

different measures over time, including: (a) age-norming, (b) average/percentage scores, and 

(c) vertical scaling.

Age-norming

Age-norming (e.g., standard scores and percentiles) is commonly used to compare scores on 

different measures because age-normed scores have a similar mathematical metric. Standard 

scores (e.g., t- or z-scores) have a fixed mean and standard deviation. Percentiles have a 

fixed range (0–100). Age-norming can be useful for examining individuals' relative change 

(i.e., change relative to other individuals in the sample or relative to a norm-referenced 

sample). However, because age-normed scores have a fixed scale, they cannot detect 

absolute change (i.e., change in an individual's trait level or the group mean or variability 

over time). Standardizing scores with a fixed range or mean and standard deviation does not 

ensure the scores are on the same metric, so age-norming is generally inadvisable when 

examining development (Moeller, 2015).

Average or percentage scores

Another approach to comparing scores across different measures is an average score or 

percentage score that accounts for the different number of items in each measure. A major 

assumption of average and percentage scores is that the items on the different measures do 

not differ in discrimination or severity (defined in the next paragraph). However, it is 
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unlikely that measures with different items will have the same severity, especially when the 

item content differs across the two measures. Thus, average or percentage scores are not 

advisable in most contexts dealing with different measures over time. To compare scores on 

different measures over time, researchers recommend vertical scaling (Kolen & Brennan, 

2014).

Vertical scaling

In vertical scaling, measures that assess a similar construct but differ in difficulty or severity 

are placed on the same scale. Vertical scaling is widely used in educational testing because 

the same test items tend to become easier relative to a given level of ability as children get 

older. Multiple approaches exist for vertical scaling. For the present study, we used the IRT 

approach to vertical scaling (Kolen & Brennan, 2014). We fit IRT models that estimate two 

properties of each item: (1) discrimination and (2) difficulty (severity). An item's 

discrimination parameter describes how well the item distinguishes between low and high 

levels of the trait. For example, an item asking how often a person feels depressed will have 

a higher discrimination for internalizing problems compared to an item asking how often the 

person reads. An item's difficulty parameter describes the trait level (level on the latent 

criterion) at which the probability of endorsing the item is 50%. In the context of 

psychopathology, a higher difficulty parameter reflects a higher, more severe level of 

internalizing problems, so henceforth we refer to the difficulty parameter as severity. For 

example, an item asking how often a person thinks about suicide will have a higher severity 

compared to an item asking how often the person feels sad. Based on the items' parameters 

and participants' responses on the items, IRT estimates each person's latent trait level of 

internalizing problems (i.e., ability score or theta).

When the different measures have common items over time, the IRT approach to vertical 

scaling uses common items administered across ages to link the measures on the same scale 

by finding scaling parameters that put the trait level scores on the same metric. The scaling 

parameters are determined as the linear transformation (i.e., the intercept and slope 

parameter) that, when applied to the second measure, minimizes the differences between the 

probability of an individual endorsing the common items across the two measures. 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.

A number of studies have used vertical scaling in the fields of education and cognitive 

testing to measure growth with changing measures over time. As one prime example, 

McArdle and colleagues (2009) examined the development of cognitive ability from 2 to 72 

years of age.

Limitations of Previous Research

Despite the numerous studies using vertical scaling in education and cognitive testing, to our 

knowledge, no studies have examined the development of psychopathology or social 

development more generally using vertical scaling. Moreover, despite researchers 

acknowledging the importance of examining the heterotypic continuity of internalizing 
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problems (Sterba, Prinstein, & Cox, 2007), to our knowledge, no studies have examined 

trajectories of internalizing problems with changing measures to account for heterotypic 

continuity, maintain construct validity, and examine mean-level change over a lengthy span 

of development.

To our knowledge, the only studies examining trajectories of broadband internalizing 

problems with changing measures come from the Australian Temperament Project, which 

examined trajectory classes from ages 3–15 (and anxiety and depression from ages 11–27; 

Betts et al., 2016; Letcher, Sanson, Smart, & Toumbourou, 2012; Letcher, Smart, Sanson, & 

Toumbourou, 2009; Toumbourou, Williams, Letcher, Sanson, & Smart, 2011). The studies 

did not link the different measures or account for changes in the measures' scales, however, 

so they did not allow interpretation of mean-level change across measurement changes.

The challenge of heterotypic continuity has led researchers to frequently grapple with the 

issue of developmental equivalence or to avoid examining the development of internalizing 

problems across lengthy spans. Many studies have used all possible items or only the 

common items to maintain the same measure over time. Regarding all possible items, we 

have seen many studies of internalizing problems that have used measures outside the ages 

they were originally designed to assess (Adkins et al., 2009; Broeren, Muris, 

Diamantopoulou, & Baker, 2013; Côté et al., 2009; Crocetti, Klimstra, Keijsers, Hale, & 

Meeus, 2009; Hale III, Raaijmakers, Muris, van Hoof, & Meeus, 2008; Leadbeater, 

Thompson, & Gruppuso, 2012; Mathiesen, Sanson, Stoolmiller, & Karevold, 2009; 

Meadows, Brown, & Elder, 2006; Miers, Blöte, de Rooij, Bokhorst, & Westenberg, 2013; 

Morin et al., 2011). We have also seen studies of internalizing problems that used only 

common items over time (Fanti & Henrich, 2010; Gilliom & Shaw, 2004; Sterba et al., 

2007).

Thus, studies frequently deal with the issue of developmental equivalence and, in many 

cases, resort to using a measure at an age outside the age range of validation or to discarding 

relevant items. An important advance for the field is learning how to handle changes in 

measurement, because ignoring the heterotypic continuity of internalizing problems over 

lengthy spans of development likely results in measures that violate construct validity (if 

summing all possible items) or content validity (if using only common items). Moreover, it 

also allows measuring internalizing problems in age-appropriate ways, for the sake of 

understanding development across important developmental transitions.

To ignore heterotypic continuity by using only common items and discarding items 

reflecting the age-specific manifestations of internalizing problems (e.g., somatic 

complaints) results in a measure that captures the development of specific problems (i.e., the 

common items) without capturing the development of the construct of internalizing, and can 

result in inaccurate trajectories. Chen and Jaffee (2015) found that the common items failed 

to detect the adolescent-onset of externalizing problems observed in a subgroup when using 

age-relevant items. The challenge of heterotypic continuity may account for why we have 

not seen studies examining trajectories of broadband internalizing problems across the 

transition from adolescence into adulthood. We approached this problem by comparing 

different approaches to vertical scaling. Vertical scaling approaches are widely used in other 
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fields to examine change with different measures over time (Kolen & Brennan, 2014), so it 

seemed plausible that vertical scaling would be a useful approach to account for heterotypic 

continuity in developmental psychology.

The Present Study

We examined the development of internalizing problems over a decade of life, and used 

vertical scaling with different measures over time because internalizing problems 

demonstrate heterotypic continuity. After re-scaling the different measures of internalizing 

problems to be on the same scale to account for heterotypic continuity, we examined growth 

curves of internalizing problems and whether the trajectories differed by sex or ethnicity.

Method

Participants

Children (N = 585) were recruited for the Child Development Project (Dodge, Bates, & 

Pettit, 1990) from two cohorts in 1987 and 1988 from schools at three sites: Nashville, TN; 

Knoxville, TN; and Bloomington, IN. The schools and the sample represented families with 

a broad range of socioeconomic status (SES), representative of the populations at the 

respective sites. The Hollingshead index of SES (M = 39.53, SD = 14.01, range: 8 to 66, 

stratum 1: 17% of the sample, 2: 33%, 3: 25%, 4: 16%, 5: 9%) reflected a broad range for 

the original sample, which was 52% male, 81% European American, 17% African 

American, and 2% of “other” ethnicity. Over the course of the project, the Child 

Development Project protocols have been approved by Institutional Review Boards (IRBs) 

at Indiana University, Vanderbilt University, the University of Tennessee, Auburn University, 

and Duke University. The current protocol, “How Chronic Conduct Problems Develop” 

(protocol number 40) is approved by the Duke University IRB.

Children were followed annually with parents', teachers', peers', and/or self-report ratings of 

the children's internalizing problems. The present study focuses on self-report ratings of 

adolescents' and young adults' internalizing problems from 14 to 24 years of age. We 

focused on self-reports because of the accuracy of adolescents' reports of their own 

internalizing problems—adolescents are in a unique position to report on their subjective 

experiences of internalizing problems (De Los Reyes & Kazdin, 2005).

Measures

Internalizing problems—Adolescents rated their level of internalizing problems annually 

on the Internalizing Scale of the YSR (Achenbach, 1991) from ages 14 to 19 (except age 

18). From ages 20 to 24, they rated their internalizing problems annually on the Internalizing 

Scale of the YASR (Achenbach, 1997). Adolescents rated internalizing problems on the 

YSR and YASR as “not true,” “somewhat or sometimes true,” or “very true or often true,” 

scored 0, 1, and 2, respectively (although vertical scaling does not require scores on the 

same response scale). Scores on the Internalizing scale were summed across items. Internal 

consistency of items ranged from α = .89 to .91, depending on the year. The Achenbach 

scales have strong validity, including content, construct, and criterion-related validity 

(Sattler & Hoge, 2006).
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Items on the Internalizing scale differed somewhat between the YSR (31 items) and YASR 

(23 items) in ways that reflected the heterotypic continuity of internalizing problems. For 

instance, somatic complaints were included in the measure of adolescents' internalizing 

problems on the YSR, but they were not included in the measure of young adults' 

internalizing problems on the YASR. The YSR Internalizing scale included Withdrawn, 

Somatic Complaints, and Anxious/Depressed subscales, whereas the YASR Internalizing 

scale included Withdrawn and Anxious/Depressed subscales. The Internalizing scale on the 

YSR and YASR shared 17 common items, while 14 of the items on the Internalizing scale 

were unique to the YSR and 6 were unique to the YASR.1 Descriptive statistics and a 

Pearson correlation matrix of the raw Internalizing sum scores at each age are in Table 1. 

Possible scores ranged from 0–62 on the YSR, 0–46 on the YASR, and 0–34 on the 17 

common items of the YASR and YSR, with higher scores reflecting higher levels of 

internalizing problems.

We also examined the association of scores on the Internalizing scale with scores on the 

Internalizing and Externalizing scales one year later. Internalizing problems showed strong 

convergent and discriminant validity. The average correlation of internalizing problems with 

later internalizing problems was r = .72 (95% CI: .67–.76). The average correlation of 

internalizing problems with later externalizing problems was r = .41 (95% CI: .33–.49).

Statistical Analysis

In the present study, we used the IRT approach to vertical scaling (as described in Kolen & 

Brennan, 2014) to transform scores on the YASR to the scale of the YSR. In the context of 

vertical scaling, IRT estimates people's latent trait scores of internalizing problems over time 

(i.e., a latent variable or “true score” approach to vertical scaling). As further validation of 

the findings from the IRT approach to vertical scaling, we also conducted an alternative 

approach to vertical scaling, known as Thurstone scaling (as described in Kolen & Brennan, 

2014). Unlike IRT, the Thurstone scaling approach to vertical scaling retains the raw metric 

(i.e., an observed score or “raw score” approach to vertical scaling). Our findings from the 

Thurstone scaling approach are available in Supplementary Appendix S3.

IRT models—Internalizing problems were analyzed with graded response models in IRT 

using the mirt package (Chalmers, 2012) in R. The mirt package uses an expectation-

maximization algorithm known as marginal maximum likelihood, which uses all available 

data and provides valid inferences when data are missing at random or completely at 

random. Graded response models allow polytomous variables with more than two response 

categories (e.g., 0–2 Likert scale in the present study). The models estimated three 

parameters for each item: (1) discrimination (a), (2) severity for the threshold from 0–1 (b1), 

and severity for the threshold from 1–2 (b2). We examined model fit with RMSEA and CFI. 

We fit a separate IRT model at each age for the purposes of linking the measures across 

time, rather than fitting all items in the same model (i.e., concurrent calibration). Although 

concurrent calibration procedures tend to have greater precision of item parameter estimates, 

1The YASR item reflecting whether the adult was concerned about his or her looks was not administered at each age the YASR was 
administered, so it was not included in our calculations of the Internalizing scale.
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separate estimation is considered safer over lengthy developmental spans because the uni-

dimensionality assumption of IRT is more likely to be violated in concurrent calibration 

(Kolen & Brennan, 2014).

Vertical scaling—Vertical scaling involves placing two measures that assess a similar 

construct but differ in difficulty/severity on the same scale. Ideally, 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 IRT approach to vertical scaling to 

transform scores on the YASR to the scale of the YSR. The YSR and YASR have different 

but overlapping item content, so we needed to put them on the same scale. We applied 

vertical scaling that scales the scores across the different measures using the items that are in 

common across both measures (i.e., a common-item non-equivalent group or anchor 

instrument design, see Figure 1). We applied the following steps for vertical 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). Participants' mean scores 

on the common items are in Table 2 and are depicted in Panel A of Figure 2.

2. As described earlier, we fit separate IRT models at each age.

3. We used vertical scaling procedures to calculate scaling parameters that linked 

the IRT factor scores (trait level scores or theta) from the YSR and YASR at 

different ages on the same scale. Vertical scaling uses common items 

administered across ages to link the measures on the same scale by finding 

scaling parameters that put the trait level scores on the same metric. We used the 

plink package (Weeks, 2010) in R to calculate Stocking-Lord scaling parameters. 

To link the measures, scaling parameters were calculated using an iterative 

algorithm that minimizes the sum of squared differences between the expected 

aggregate scores for the common items for each measure. Thus, the scaling 

parameters minimize the differences between the probability of an individual 

endorsing the common items across the two measures (or ages).

To calculate scaling parameters, we first set the target scale to be the YSR at age 14, and 

calculated scaling parameters at age 15 to link the YSR scores at age 15 to be on the same 

scale as the YSR at age 14. We then applied a process of linking and chaining (Kolen & 

Brennan, 2014) to calculate scaling parameters to link the remaining scores to the YSR 

metric at age 14. To do so, we repeated steps 1–3 by (a) linking the scores at age 16 to the 

newly scaled scores at age 15, (b) linking scores at age 17 to the newly scaled scores at age 

16, and (c) etc., until scores at all ages, including the YASR scores, had been linked to the 

target YSR scale at age 14. The scaling parameters include an intercept parameter, B, and a 

slope parameter, A, that link the trait level scores at one age to the trait level scores at the 

prior age, by linking the discrimination and severity parameters at the two ages using the 

following formulas (Kolen & Brennan, 2014):
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(1)

(2)

where a(agei) and a(agej) represent the discrimination parameter for the common items at 

age i and age j, respectively; b(agei) and b(agej) represent the severity parameter for the 

common items at age i and age j, respectively; A represents the slope scaling parameter, and 

B represents the intercept scaling parameter.

1. We then used the scaling parameters to calculate the trait level scores at each age 

on the same scale. We used expected a posteriori (EAP) factor scores as 

individuals' trait level scores of internalizing problems. The A and B 

transformation constants rescale the standard deviation and mean, respectively, 

of the trait level scores to put the measures on a comparable scale, while still 

retaining changes in means and variances over time (based on the changes in 

means and variances of the common items). The vertically scaled scores were 

calculated by the following formula (Kolen & Brennan, 2014):

(3)

where θ(age14) represents the vector of trait level scores (i.e., factor scores) on the metric of 

the YSR at age 14, and θ(agej) represents the vector of trait level scores on the YSR or 

YASR at the remaining ages. When linking and chaining were completed, all scores were 

placed on the YSR age 14 metric.

Growth curve model—After vertically scaling the scores of internalizing problems to be 

on the same scale, we then examined individuals' trajectories of internalizing problems. To 

examine individuals' growth curves of vertically scaled internalizing problems, we used the 

lme function of the nlme package (Pinheiro, Bates, DebRoy, & Sarkar, 2009) in R for 

hierarchical linear modeling (HLM).2 HLM can handle missingness and unbalanced data 

(Singer & Willett, 2003). We compared linear and curvilinear (polynomial) forms of growth 

using nested model comparisons with likelihood ratio tests. After settling on a form of 

growth, we examined sex and ethnicity as predictors of individuals' trajectories of 

internalizing problems.

2Although we considered multiple imputation approaches to handle missingness, to fairly compare the approach of using the common 
items to using the rescaled scores, we used only the observed data.
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Results

IRT Models

After determining that we approximately met IRT assumptions (Appendix S1) and observed 

only modest differential item functioning (DIF; Appendix S2), we fit a separate IRT graded 

response model at each age using the self-reported questionnaire items of internalizing 

problems. RMSEA estimates ranged from .058 to .072, depending on the year. CFI estimates 

ranged from .92 to .97, depending on the year. Thus, our model fit was adequate to good.

Linking the YASR (and YSR) Scores to the Scale of the YSR at Age 14

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 scores at all ages 

to the scale of the YSR at age 14 (see steps 1–4 from the Vertical Scaling section of the 

Statistical Analysis section of the Method section). First, we examined scores on the 17 

common items (i.e., the items that were common to both the YSR and YASR), see Table 2 

and Panel A of Figure 2. Second, we fit separate IRT models at each age (see previous 

section).

Third, we used vertical scaling to put the IRT scores on the same scale. We calculated linear 

scaling parameters (slope: A; intercept: B) that linked the IRT scores at each age to the 

scores at the preceding age. The linear scaling parameters are in Table 2.3

Fourth, we used the scaling parameters to calculate individuals' internalizing problem scores 

on the same scale as the YSR at age 14. Age 15 scores were rescaled to the target scale of 

the age 14 scores by multiplying the age 15 scores by 1.091 and adding 0.017. We then 

applied linking and chaining to link the remaining scores to the YSR metric at age 14. To do 

so, we repeated steps 1-4 by linking the scores at age 16 to the newly scaled scores at age 

15, linking scores at age 17 to the newly scaled scores at age 16, etc. For instance, age 16 

scores were rescaled to the target scale at age 14 by the scaling parameters at age 16 (to 

transfer the scores to the age 15 metric) and then by the scaling parameters at age 15 (to 

transfer the scores to the age 14 metric). We applied this process of linking and chaining 

until all scores, including YASR scores, had been rescaled to the metric of the YSR at age 

14.4

The mean and standard deviation of the vertically scaled scores are in Table 2. Participants' 

mean internalizing problem scores, after rescaling the YASR scores to be on the same metric 

as the YSR, are depicted in Panel B of Figure 2. Notably, the scores retained a highly similar 

pattern of mean scores by age when examining the re-scaled total scores compared to when 

examining just the common items (see Panel A of Figure 2). Thus, the IRT approach to 

vertical scaling successfully retained mean-level change when re-scaling the YASR scores to 

3Scaling parameters where A equals 1 and B equals 0 would represent no adjustment, so greater deviations from those values reflect 
greater adjustment to put the scores on the same scale. Notably, all of the scaling parameters for scores at adjacent ages were relatively 
close to these values (A ≈ 1 and B ≈ 0), indicating that only small adjustments were necessary to link the scores at adjacent ages.
4IRT factor scores have a mean of 0 and a standard deviation of 1, so the IRT-based internalizing problem scores at age 14 have a 
relatively normal distribution with a mean of 0 and standard deviation of 1. Scores at subsequent ages were linked to the target scale at 
age 14, so deviations from a mean of 0 and a standard deviation of 1 reflect changes in means and variances over time. For an example 
calculation of linking and chaining, see the note of Table 2.
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be on the same metric as the YSR while still using a more comparable scale. Moreover, 

vertically scaled scores from IRT were highly correlated with vertically scaled scores from 

Thurstone scaling (r = .95−.97, depending on the year).

Growth Curve Model

To examine growth curves, we first compared a linear growth curve model to polynomial 

forms of change in HLM to identify the best-fitting form of change for the rescaled 

internalizing problem scores. A model with random linear slopes fit better than a model with 

a linear slope component that was fixed across individuals (i.e., fixed linear slopes; χ2[2] = 

486.49, p < .001). A model with a random linear slope component and a fixed quadratic 

component fit better than a model with only random linear slopes (χ2[1] = 24.25, p < .001). 

A model with a random linear slope component and a random quadratic component fit better 

than a model with a random linear slope component and a fixed quadratic component (χ2[3] 

= 64.37, p < .001), and was the best fitting model (model fit did not significantly improve 

when adding a fixed cubic component: χ2[1] = 2.25, p = .133). Thus, a quadratic form of 

change was the best-fitting form of change for the rescaled internalizing problem scores. 

Individuals' quadratic trajectories, and the average quadratic trajectory for males and females 

are depicted in Figure 3. The average quadratic trajectory showed slight decreases over time, 

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 a 

significant negative mean of the slopes (B = -0.01, β = -0.04, t[3980] = -2.21, p = .027). In a 

similar growth curve model examining the trajectories of scores on the common items, 

however, the mean of the slopes was not significant (B = -0.03, β = -0.02, t[3980] = -1.08, p 
= .282).

We conducted sensitivity analyses to determine the sensitivity of our findings to other 

vertical scaling approaches. The factor scores from a partially constrained multiple group 

(concurrent calibration) IRT model (within-item parameter constraints across time for non-

DIF parameters) showed similar evidence of a negative mean of the slopes (B = -0.009, β = 

-0.03, t[3980] = -2.00, p = .045). There was also a negative mean of the slopes using factor 

scores from a comparable IRT model that excluded the items showing DIF (B = -0.01, β = 

-0.04, t[3980] = -2.16, p = .031). The Thurstone approach to vertical scaling also showed 
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evidence of a negative mean of the slopes (B = -0.08, β = -0.03, t[3980] = -1.94, p = .053), 

at a trend-level.

In addition to differences in the form of change for the age-relevant items versus common 

items at the group-level, there were also 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 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 = 3.36) than participants who did not (M = 

1.81; t[29.07] = -3.69, p < .001). 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 = 

0.66) than participants who did not (M = 1.95; t[31.93] = 6.11, p < .001).

We then examined sex and ethnicity as predictors of the intercepts and linear slopes of the 

rescaled internalizing problem scores (see Table 3). The mean of the linear slopes was not 

significant when controlling for the other model predictors. Females showed higher 

intercepts than males, and showed a trend toward greater decreases over time compared to 

males. Although African Americans showed a trend toward lower intercepts, African 

Americans and those of “other” ethnicity did not significantly differ from European 

Americans in their intercepts or linear slopes.

Discussion

Heterotypic continuity, the change in the manifestation of a construct or process over time, 

presents challenges to studying individuals over lengthy spans of development, and may 

necessitate using different measures over time. We examined self-reports of internalizing 

problems on the YSR from ages 14 to 19 and on the YASR from ages 20 to 24. The YSR 

Internalizing scale includes items reflecting anxiety, depression, and somatic complaints, 

whereas its YASR counterpart includes items reflecting anxiety and depression but not 

somatic complaints. The challenge is measuring actual change rather than change in the 

meaning of the measures. We applied a vertical scaling technique to account for the 

heterotypic continuity of internalizing problems and the change in measurement.

Applying vertical scaling with age-relevant items to account for the heterotypic continuity of 

internalizing problems, we observed a pattern of means by age at the group-level that was 

similar to what we would have observed had we used the common items (see Figure 2), but 
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with important differences. The age-relevant items showed a group-level pattern of means by 

age similar to the results with the common items, but the age-relevant items resulted in more 

construct-valid scores of internalizing problems at the individual-level. The age trends of the 

mean values of the observed scores differed from the means of individuals' slopes based on 

model-fitted values in growth curve models, which fit lines through all available time points, 

and essentially interpolate missing values based on the individual's other time points and the 

other individuals' trajectories (i.e., shrinkage). We found that vertical scaling made small 

adjustments to the scores (see Table 2), but these subtle adjustments resulted in potentially 

meaningful differences in the individuals' and group trajectories. Because the common items 

ignored the age-specific manifestations of internalizing problems, e.g., somatic complaints, 

some participants showed decreases in internalizing problems when we used their ratings on 

the age-relevant items but increases when we used only the common items, and other 

participants showed the opposite pattern. The differences in individuals' trajectories using 

the age-relevant items versus the common items could explain differences we observed in 

the group-level trajectories using the age-relevant items versus the common items. Although 

prior research is mixed, some studies have shown decreases in the prevalence of 

internalizing disorders from adolescence to adulthood (Costello, Copeland, & Angold, 

2011). We observed group-level decreases in internalizing problems from adolescence to 

early adulthood using the construct-valid items. Using only the common items, however, we 

observed no significant change in internalizing problems over time. Discarding items (e.g., 

somatic complaints) that were relevant to internalizing problems during some developmental 

periods but not other developmental periods (i.e., using only the common items) resulted in a 

loss of information that may have made the measure less sensitive to developmental change. 

Thus, accounting for heterotypic continuity could have theoretical and practical advantages 

over ignoring heterotypic continuity by using only the common items across time. Future 

research should further examine the potential reasons why the approaches may differ in their 

developmental inferences.

Accounting for heterotypic continuity allowed us to examine predictors of individuals' 

trajectories over a lengthy developmental span. We observed that females showed higher 

levels of internalizing problems than males at age 14, and there was a trend toward females 

showing greater decreases over time compared to males. As shown in Figure 2, we found the 

greatest difference between females' and males' levels of internalizing problems around ages 

15–18, which is consistent with Hankin et al. (1998), and the greatest level of internalizing 

problems around age 15, consistent with Adkins et al. (2009). We also found a trend toward 

lower levels of internalizing problems among African Americans compared to European 

Americans.

Despite evidence of several items showing modest DIF over time, the overall theoretical and 

empirical evidence suggests we measured the same construct in an equivalent way across 

time. Although longitudinal measurement invariance should be tested, establishing strict 

longitudinal measurement invariance is unnecessary in the case of heterotypic continuity 

because the meaning of the measures is expected to change with changes in the 

manifestation of the construct (Petersen et al., 2016). Research has demonstrated that models 

with failed longitudinal measurement invariance can yield valid inferences in the context of 

heterotypic continuity (Edwards & Wirth, 2012). Removing items/measures that show DIF 

Petersen et al. Page 15

Dev Psychol. Author manuscript; available in PMC 2019 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



or failed measurement invariance over time is not necessarily recommended in the case of 

heterotypic continuity (Knight & Zerr, 2010). Removing items or measures can result in a 

less representative sample of the content of the construct (i.e., lower content validity), and 

some items might be expected to change in their discrimination or severity over time given 

heterotypic continuity, and yet remain construct-valid. Discarding them would be removing 

important and meaningful developmental information about the construct. Discarding 

construct-valid items showing DIF or failed measurement invariance would be akin to using 

only the common items, which we argue is highly problematic (and violates content 

validity). Nevertheless, we observed similar results when we excluded DIF items, suggesting 

that DIF did not compromise the findings.

In addition to empirical considerations, there are important theoretical considerations 

regarding whether one is measuring the same construct across time in an equivalent way 

(construct validity invariance). First, the Achenbach scales are widely used measures of 

internalizing problems; they were derived empirically, and have strong validity, including 

content validity, construct validity, and criterion-related validity (Sattler & Hoge, 2006). 

Second, the items were selected based on theory and on the known heterotypic continuity of 

internalizing problems—we used the age-relevant items instead of discarding construct-

relevant items that were not present in both forms of the measure. Third, we observed strong 

internal consistency of the items at each age, and the items showed strong cross-time 

continuity (see Table 1). Fourth, the items showed convergent and discriminant validity with 

respect to externalizing problems. Fifth, the trajectories showed construct validity: their 

pattern was similar with prior findings. Finally, we observed similar trajectories with 

multiple approaches to vertical scaling, including separate IRT estimation with linking, 

concurrent calibration in IRT, and Thurstone scaling. Thus, we feel there is strong theoretical 

and empirical evidence for using the Internalizing scales of the YSR/YASR as they are 

constructed for measuring the same construct of internalizing problems in an equivalent way 

over time in the present study.

Alternative Approaches to Vertical Scaling

We applied the widely used IRT approach to vertical scaling, which uses a latent variable 

approach. There are alternative approaches to vertical scaling. Thurstone scaling, an 

observed score approach, may be more practical than IRT in some situations for vertical 

scaling. First, IRT requires large sample sizes for accurate estimation. Second, IRT generally 

requires dichotomous, polytomous, or categorical items instead of continuous measures 

(unless moving to a SEM framework). Third, except for advanced and cutting-edge multi-

dimensional IRT techniques, most IRT applications require items that are uni-dimensional. 

These requirements pose challenges for psychological constructs, which are often multi-

faceted and measured using various metrics. Nevertheless, (uni-dimensional) IRT is often 

employed for vertical scaling, and the findings are often consistent with Thurstone Scaling 

(Becker & Forsyth, 1992), as they were in the present study.

Implications for Developmental Psychology

We are unaware of other studies that have examined individuals' trajectories of broadband 

internalizing problems from adolescence to adulthood. The present results show how 
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internalizing problems developed across an important developmental transition. Broadband 

internalizing problems peaked in mid-to-late adolescence and decreased into adulthood, 

similar to patterns shown for depression (Adkins et al., 2009). Further, the decreases in 

internalizing problems were detected after we accounted for their heterotypic continuity 

using vertical scaling. The findings of the present study are novel, but the statistical 

approach is not. Previous research has (a) used vertical scaling to link different measures on 

the same comparable scale (Kolen & Brennan, 2014), (b) measured change with different 

measures (McArdle et al., 2009), and (c) used changing items to account for the heterotypic 

continuity of psychopathology based on theory (Petersen, Bates, Dodge, Lansford, & Pettit, 

2015). What is especially novel in the present study is the assembling of these techniques to 

demonstrate how to use vertical scaling and changing measures to account for heterotypic 

continuity and measure individuals' change in constructs showing heterotypic continuity. We 

feel this is a crucial theoretical and empirical advance, especially for developmental theory. 

The vast majority of research in developmental psychology has examined trajectories using 

the same measures over time, which is a common practice with some advantages for model 

building, but which, as we argue next is often highly problematic for developmental theory.

When developmental psychologists have examined individuals' change in a construct using 

the same measures over time, in the traditional way, using either all available items or only 

age-common items, this creates a theoretical and empirical problem when the construct 

shows heterotypic continuity, i.e., change in its manifestation over time. Using all available 

items over time violates construct validity because, to one degree or another, the same items 

do not consistently reflect the same construct over time. Using only age-common items 

violates content validity because the measure is not assessing the construct as a whole, 

including its age-specific manifestations. Moreover, not only are there theoretical reasons to 

use different measures over time in the context of heterotypic continuity, there are likely 

empirical advantages of using different measures over time, as well. We showed that using 

different measures (i.e., all construct-valid items) over time may be more sensitive to 

developmental change than using only age-common items.

Strengths and Limitations

The present study had key strengths. First, it examined the development of broadband 

internalizing problems over a lengthy span of development across the important 

developmental transition from adolescence to adulthood. Second, it accounted for the 

heterotypic continuity of internalizing problems when examining individuals' trajectories, 

and compared the approach to traditional approaches that ignore heterotypic continuity. 

Third, it examined the form of change of internalizing problems and sex and ethnicity as 

predictors of the trajectories. Fourth, it considered multiple approaches to vertical scaling, 

each with different assumptions, and found substantially similar results with each method, 

providing greater confidence in the findings.

The study also had limitations. We did not examine trajectories of individual items or sub-

dimensions of internalizing problems (e.g., anxiety or depression). One can always reduce to 

a lower level subunit, however. Internalizing problems have an empirically-derived factor 

structure, so we believe there is theoretical reason for this level of analysis. In addition, the 
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sub-dimensions of anxiety and depression, themselves, like most behavior trait measures, are 

heterogeneous and involve behaviors whose meaning would depend on age, so they would 

likely demonstrate heterotypic continuity, as well.

Conclusion

The present study applied vertical scaling to account for the heterotypic continuity of 

internalizing problems from adolescence to adulthood. Vertical scaling allowed us to place 

scores from two measures on the same scale. Accounting for heterotypic continuity by using 

all developmentally relevant items may have been more sensitive to developmental change in 

internalizing problems than was ignoring heterotypic continuity by using the same items 

across major stages of development. Using vertical scaling, internalizing problems peaked in 

mid-to-late adolescence and decreased into adulthood. Vertical scaling may be a useful 

approach to measuring individuals' developmental trajectories in constructs that change in 

their manifestation over time.
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Figure 1. 
Depiction of using construct-valid items at each age with a common-item design. Item set A 

corresponds to items that are construct-valid at only T1. Item set B corresponds to items that 

are construct-valid at both T1 and T2. Item set C corresponds to items that are construct-

valid at only T2. The “common items” (item set B) are highlighted in gray. The present 

study used the construct-valid items at each age (approach 3: i.e., item sets A and B at T1 

and item sets B and C at T2), by using the common items to link the different item sets. 

Although there were more than two time points (10) in the present study, we used only two 

different measures (hence we depict the common item-design with T1 and T2 for 

simplicity).
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Figure 2. 
Panel A depicts participants' mean raw 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 (and YSR) scores to the 

metric of the YSR (based on the IRT metric of the YSR at age 14). 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 3. 
Individuals' fitted quadratic trajectories of internalizing problems in black (on IRT metric of 

YSR at age 14). Average quadratic trajectory for females in white. Average quadratic 

trajectory for males in gray.
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Table 1

Pearson correlation matrix (two-tailed) of raw internalizing problem scores and descriptive statistics.

Note: all correlations are significant at p < .001 level. Dashed lines separate the scores from the Youth Self-Report (YSR; ages 14–19) from the 
Young Adult Self-Report (YASR; ages 20–24). Note that the mean scores on the YSR versus YASR are not directly comparable on the same metric 
because they had different numbers (and types) of items in the calculation of the Internalizing scale (YSR: 31 items, YASR: 23 items).

Dev Psychol. Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Petersen et al. Page 26

Ta
b

le
 2

D
es

cr
ip

tiv
e 

st
at

is
tic

s 
an

d 
sc

al
in

g 
pa

ra
m

et
er

s 
of

 th
e 

ve
rt

ic
al

ly
 s

ca
le

d 
sc

or
es

, a
lo

ng
 w

ith
 d

es
cr

ip
tiv

e 
st

at
is

tic
s 

of
 th

e 
co

m
m

on
 it

em
s.

A
ge

C
om

m
on

 I
te

m
s

V
er

ti
ca

lly
 S

ca
le

d 
Sc

or
es

Sc
al

in
g 

P
ar

am
et

er
s

M
SD

M
SD

A
B

14
6.

39
8

4.
89

7
0.

00
0

1.
00

0
–

–

15
6.

88
5

5.
43

7
0.

03
2

1.
06

6
1.

09
1

0.
01

7

16
6.

67
3

5.
20

9
0.

01
4

1.
01

2
0.

92
5

-0
.0

03

17
6.

32
6

5.
28

4
-0

.0
79

1.
04

6
1.

06
4

-0
.1

13

19
6.

12
3

4.
95

4
-0

.1
33

1.
00

4
0.

95
0

-0
.0

43

20
6.

11
9

5.
16

4
-0

.1
34

1.
03

5
1.

04
8

-0
.0

12

21
6.

18
1

5.
24

3
-0

.1
15

1.
04

5
1.

00
1

0.
02

1

22
6.

38
4

5.
25

2
-0

.0
52

1.
01

9
0.

96
0

0.
07

0

23
6.

34
4

5.
31

3
-0

.0
77

1.
06

4
1.

06
8

-0
.0

39

24
6.

77
2

5.
60

6
-0

.0
25

1.
11

5
1.

05
7

0.
04

1

N
ot

e:
 T

he
 v

er
tic

al
ly

 s
ca

le
d 

sc
or

es
 a

re
 r

es
ca

le
d 

to
 b

e 
on

 th
e 

re
fe

re
nc

e 
sc

al
e 

of
 th

e 
Y

SR
 a

t a
ge

 1
4.

 T
he

 s
ca

lin
g 

pa
ra

m
et

er
s 

ar
e 

ca
lc

ul
at

ed
 in

 r
ef

er
en

ce
 to

 th
e 

pr
ev

io
us

 y
ea

r. 
Fo

r 
ex

am
pl

e,
 th

e 
ag

e 
16

 s
ca

lin
g 

pa
ra

m
et

er
s 

re
fl

ec
t t

he
 s

ca
lin

g 
pa

ra
m

et
er

s 
to

 li
nk

 a
ge

 1
6 

to
 a

ge
 1

5.
 T

o 
lin

k 
ag

e 
16

 to
 th

e 
re

fe
re

nc
e 

sc
al

e 
at

 a
ge

 1
4,

 h
ow

ev
er

, a
 p

ro
ce

ss
 o

f 
lin

ki
ng

 a
nd

 c
ha

in
in

g 
is

 n
ec

es
sa

ry
 (

lin
ki

ng
 a

ge
 1

6 
to

 a
ge

 1
5 

us
in

g 
th

e 
ag

e 
16

 s
ca

lin
g 

pa
ra

m
et

er
s,

 a
nd

 th
en

 c
ha

in
in

g 
th

em
 to

 a
ge

 1
4 

by
 li

nk
in

g 
ag

e 
15

 to
 a

ge
 1

4 
us

in
g 

th
e 

ag
e 

15
 s

ca
lin

g 
pa

ra
m

et
er

s)
. F

or
 in

st
an

ce
, t

ra
it 

le
ve

l s
co

re
s 

at
 a

ge
 1

5 
w

er
e 

re
sc

al
ed

 to
 th

e 
sc

al
e 

at
 a

ge
 1

4 
by

 
m

ul
tip

ly
in

g 
th

e 
ag

e 
15

 tr
ai

t l
ev

el
 s

co
re

s 
by

 1
.0

91
 a

nd
 a

dd
in

g 
0.

01
7.

 T
ra

it 
le

ve
l s

co
re

s 
at

 a
ge

 1
6 

w
er

e 
re

sc
al

ed
 to

 th
e 

sc
al

e 
at

 a
ge

 1
4 

by
 f

ir
st

 m
ul

tip
ly

in
g 

th
e 

ag
e 

16
 tr

ai
t l

ev
el

 s
co

re
s 

by
 0

.9
25

 a
nd

 s
ub

tr
ac

tin
g 

0.
00

3 
to

 p
ut

 th
em

 o
n 

th
e 

ag
e 

15
 s

ca
le

, a
nd

 th
en

 m
ul

tip
ly

in
g 

th
e 

ne
w

 s
co

re
s 

by
 1

.0
91

 a
nd

 a
dd

in
g 

0.
01

7 
to

 p
ut

 th
em

 o
n 

th
e 

ag
e 

14
 s

ca
le

.

Dev Psychol. Author manuscript; available in PMC 2019 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Petersen et al. Page 27

Ta
b

le
 3

L
in

ea
r 

gr
ow

th
 c

ur
ve

 m
od

el
 o

f 
in

te
rn

al
iz

in
g 

pr
ob

le
m

s.

V
ar

ia
bl

e
B

β
SE

D
F

p

in
te

rc
ep

t
-0

.1
97

0.
01

3
0.

06
0

39
77

.0
01

tim
e

0.
00

0
-0

.0
36

0.
00

8
39

77
.9

63

Pr
ed

ic
to

rs
 o

f 
th

e 
in

te
rc

ep
ts

fe
m

al
e

0.
47

7
0.

18
3

0.
08

1
53

9
<

 .0
01

A
fr

ic
an

 A
m

er
ic

an
-0

.1
89

-0
.0

89
0.

11
2

53
9

.0
91

O
th

er
 E

th
ni

ci
ty

-0
.3

29
-0

.0
24

0.
34

3
53

9
.3

37

Pr
ed

ic
to

rs
 o

f 
th

e 
sl

op
es

fe
m

al
e

-0
.0

18
-0

.0
29

0.
01

0
39

77
.0

78

A
fr

ic
an

 A
m

er
ic

an
-0

.0
14

-0
.0

16
0.

01
5

39
77

.3
29

O
th

er
 E

th
ni

ci
ty

0.
02

2
0.

00
9

0.
04

3
39

77
.6

01

V
ar

ia
nc

e 
co

m
po

ne
nt

s
SD

in
te

rc
ep

t
0.

83

tim
e

0.
10

re
si

du
al

0.
58

C
or

re
la

tio
n 

be
tw

ee
n 

in
te

rc
ep

t a
nd

 s
lo

pe
r =

 -
.4

1

M
od

el
 P

se
ud

o-
R

2
.7

53

N
ot

e:
 T

he
 m

od
el

's
 p

se
ud

o 
R

2  
w

as
 c

al
cu

la
te

d 
as

 th
e 

sq
ua

re
d 

co
rr

el
at

io
n 

be
tw

ee
n 

th
e 

m
od

el
's

 f
itt

ed
 a

nd
 o

bs
er

ve
d 

va
lu

es
 (

Si
ng

er
 &

 W
ill

et
t, 

20
03

).

Dev Psychol. Author manuscript; available in PMC 2019 March 01.


	Abstract
	Heterotypic Continuity
	The Challenge of Heterotypic Continuity when Examining Development
	Measuring the development of internalizing problems
	Heterotypic continuity as the focus of study
	Accounting for the heterotypic continuity of internalizing problems

	Approaches to Measuring a Construct over Time
	(1) All possible items across all ages
	(2) Only the common items across all ages
	(3) Construct-valid items at each age
	Age-norming
	Average or percentage scores
	Vertical scaling

	Limitations of Previous Research
	The Present Study
	Method
	Participants
	Measures
	Internalizing problems

	Statistical Analysis
	IRT models
	Vertical scaling
	Growth curve model


	Results
	IRT Models
	Linking the YASR (and YSR) Scores to the Scale of the YSR at Age 14
	Growth Curve Model

	Discussion
	Alternative Approaches to Vertical Scaling
	Implications for Developmental Psychology
	Strengths and Limitations
	Conclusion

	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

