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ABSTRACT

From a variable-centered perspective, early childhood represents a developmental period where
temperament is moderately stable. There is evidence, however, of change among individual
traits, drawing attention to emerging gaps in our understanding of how temperamental stability
translates to the person-level. Additionally, how and when children transition between profiles
across early childhood, and how those transitions relate to socioemotional development, is still
unclear, as these remain novel research questions within the temperament literature. Therefore,
my dissertation project aimed to address the following goals: identify best-fitting structures of
early childhood (3-years, 4-years, 6-years) temperament using Latent Profile Analysis; assess
structural stability of and latent transitions between enumerated profiles using tests of
measurement invariance in a latent transition framework; and investigate differences in middle
childhood externalizing behaviors based on transition probabilities across early childhood. Four
qualitatively similar temperament profiles were identified at all three ages, Negative/Average,
Reserved, Approachable, and Surgent, but an unconditional transition model fit data best
between 3-year and 4-years, and 4-years and 6-years, suggesting poor structural stability.
Transition analyses using the unconditional models suggested fewer transitions between 3-years
and 4-years compared to 4-years to 6-years. The Approachable profile displayed fewest
transition patterns during younger ages, followed by the Surgent profile during older ages.
Differential relations between 6-year profiles and 9-year externalizing behaviors are also
reported. Together, observations elucidate how temperamental stability manifests from a person-
centered perspective and raises the question of how important temperamental transitions may be

for socioemotional development, above and beyond predictive power of distinct latent profiles.
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GENERAL AUDIENCE ABSTRACT

A person-centered approach to assessing children's temperament — or their natural ways of
responding to novel scenarios and people — involves grouping children with similar patterns of
temperament into different profiles based on a series of traits. In early childhood, individual
temperament traits tend to show some consistency; they are also, however, susceptible to change
based on maturation and experience. In turn, little is known about the consistency of
temperament profiles in early childhood, when these traits are grouped together based on
patterns. Further, how children transition (i.e., move) into different temperament profiles across
early childhood, and how these shifts in profiles may influence later social and emotional
development, is not well understood. My dissertation, therefore, aimed to explore the consistency
of children’s temperament profiles between ages 3, 4, and 6, how children’s temperament
profiles change between ages 3, 4, and 6, and whether those changes relate to behavior problems
in middle childhood. Using a statistical method that groups children with similar temperament
traits, I identified four types of temperament profiles at each age: Negative/Average, Reserved,
Approachable, and Surgent. While these same four types appeared at each age based on
qualitative assessments, the profile structures were not consistent such that children were not, on
average, displaying similar levels of each trait over time within each profile. Additionally,
children often changed profiles as they got older—especially between 4-years and 6-years. I also
found that the temperament profile a child belonged to at 6-years was related to how many
behavior problems they displayed by 9-years. Overall, these findings show that changes within
and across temperament profiles in early childhood may play an important role in later social and

emotional development.
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Introduction

Conceptualizations of temperament vary across theoretical approaches, but researchers
largely agree that temperament is constitutional, or biologically based differences in how
individuals react and adapt to their environment (Fu & Pérez-Edgar, 2015; Goldsmith et al.,
1987; Zentner & Bates, 2008). Despite this agreement, there is ongoing debate as to how best to
characterize temperament, with perspectives ranging from person-centered typological groups
(e.g., easy, difficult, slow to warm up; Thomas & Chess, 1977; behavioral inhibition; Kagan et
al., 1994) to dimensional and individual fine-grained traits that operate on a continuum (e.g.,
reactivity and regulation; Rothbart & Bates, 2006). Although temperament has historically been
categorized by the former, a vast majority of contemporary literature examines temperament
dimensionally through a variable-centered approach by aggregating responses into a single
variable (Gartstein et al., 2017). While there is utility in this approach, such as increased
parsimony in analysis (Howard & Hoffman, 2018) and handling of sample size concerns
(Gartstein et al., 2017), an alternative person-centered approach allows researchers to consider
sub-populations of temperament that may be overlooked when individual scores are aggregated
into cumulative variables. By doing so, researchers can uncover intraindividual patterns of
temperament traits that define a population, rather than treat traits as independent dimensions
that can then be combined into higher order factors or used as individual predictors (Hawes et al.,
2022).

Modernized person-centered approaches are regaining traction in temperament literature,
specifically latent profile analysis (LPA). With renewed interest in applying LPA to describe
temperament, researchers have additionally begun to extend profile literature by examining

profile stability and connections with socioemotional progress. Although temperament factors
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used in variable-centered analyses are largely conserved over time (Bornstein et al., 2015) and
are moderately rank-ordered stable (Dyson et al., 2015), fine-grained traits are expected to
change developmentally (Gartstein & Hancock, 2019; Rothbart & Bates, 2006; Putnam et al.,
2008). Consequently, previous person-centered literature has observed developmental differences
(Beekman et al., 2015) and transitions between profiles across time (Hawes et al., 2022), raising
questions about continuity of temperament from a person-perspective, and how these changes
influence resulting behavioral and emotional development. Thus, the goal of my dissertation is to
elucidate developmental stability of latent profiles of temperament across early childhood and
evaluate how potential transitions between profiles relates to socioemotional outcomes in middle
childhood.
Person-centered approaches to examining temperament

Though most modern-day social science research pursues variable-centered approaches
(Howard & Hoffman, 2018), conceptualizing temperament through typologies can be traced to
antiquity and the 20" century experienced notably vast strides in typological advances. For
example, in their landmark work, Thomas and Chess (1977) identified unique groups of children
based on nine dimensional traits, resulting in the widely acknowledged easy, slow-to-warm-up,
and difficult temperament types; the behavioral inhibition model (Kagan et al., 1994) categorizes
children into qualitatively different inhibited or uninhibited; Caspi and Silva (1995) identified
five types of children with unique combinations of traits: under controlled, inhibited, confident,
reserved, and well-adjusted. Such typologies result from identifying varying configurations of
each trait within the individual (i.e., person-centered), rather than aggregating responses from a
group to represent a single variable (Bauer & Curran, 2004). Although pitfalls of the variable

approach, such as inabilities to capture within-person processes, have been identified and
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acknowledged (Hamaker, 2012), it is the methodological and theoretical advances of this
technique that paved the way for progression of a more fine-grained person-centered analysis of
temperament.

In Rothbart’s psychobiological model (Rothbart & Derryberry, 1981; Rothbart & Bates,
20006), temperament is described as a developmentally changing structure of reactivity and
regulation over time using a comprehensive set of corresponding traits. Using these fine-grained
traits in a person-centered framework allows for greater specificity in combinations of traits, in
line with the typological nature of temperament theory (Lanza & Cooper, 2016). A variety of
person-centered techniques are currently being utilized in developmental literature, ranging from
person-centered (e.g., latent profile analysis, latent transition analysis) to person-specific (e.g.,
state-space grids, dynamic factor analysis). Specifically, latent profile and class analysis follow a
model-based approach, meaning these analyses identify, through fit statistics, similar groups of
individuals based on probability of these individuals belonging to meaningful latent groups
(Ferguson et al., 2020).

Increased use of LPA in temperament literature, among other person-centered techniques,
has uncovered common themes of temperamental constellations across developmental periods
(Gartstein et al., 2017). Generally, most LPA literature identifies highly reactive profiles defined
by combinations of positively versus negatively valanced traits (Beekman et al., 2015; Brown et
al., 2022; Lin et al., 2021; Murillo et al., 2024), profiles defined by level of regulatory capacity
(Laible et al., 2014; Mun & Lee, 2024), and profiles characterized by average (Ato et al., 2020;
Augustine et al., 2022; Dollar et al., 2017; Gartstein et al., 2017; Lipsanen et al., 2020; Prokasky
et al., 2017) or typical (Hawes et al., 2022; Planalp & Goldsmith, 2020; van den Akker et al.,

2010) scores across most traits. Further, incorporation of a fine-grained approach affords the
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ability to identify distinguishing characteristics during these periods, as individual behaviors
influence how traits will hang together. For example, most studies observe a profile characterized
by positively valanced qualities, lightly parallelling Rothbart’s surgency factor (e.g., positive
reactive, high positive, exuberant). These profiles can be distinguished from other observed
positive profiles by levels of approach, paired with regulation, and sociability. Ato and
colleagues (2020) illustrates this as such: both the outgoing/average regulation and sociable/high
regulation profile include children with high activation control, but the former profile is
differentiated from the latter by greater high intensity pleasure and impulsivity, compared to
below average high intensity pleasure and impulsivity characteristics of the latter profile.
Augustine et al. (2022)’s exuberant profile is different from the well-regulated profile through
reported low inhibitory control and, in turn, greater reported frustration in the exuberant children,
whereas the well-regulated children possess greater soothability skills, resulting in higher
sociability and lower frustration.

Conversely, negative and inhibited profiles, behaviors that are sometimes conflated in the
literature, can be differentiated based on levels of approach, sadness, anger, and fear. Extending
Kagan’s behavioral inhibition type, profiles that differentiate children who are inhibited
compared to negative are more often defined by level of approach behaviors, whereas negative
subtypes specifically encompass negative emotions. For instance, Ato et al. (2020) also observed
an emotionally negative subtype defined by high fear but paired with other negative emotions
like anger/frustration and an inability to soothe. This subtype is qualitatively different than the
observed inhibited subtype, also defined by high fear, but in tandem with high attentional
focusing. In sum, fine-grained temperament traits can create differentiated typologies, and in

consequence, result in developmental differences.
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Person-centered temperamental stability

Although LPA using fine-grained traits allows for more precise delineation of an
individual’s temperament constellation, increased use has also drawn attention to gaps in our
understanding of the stability of temperament at the person level, as rigorous empirical tests of
age-related differences and stability of profiles are scant. Dimensionally, although bivariate
cross-time correlations and structural equation modeling has identified moderate stability of
temperament between infancy and early childhood (Behrendt et al., 2020; Komsi et al., 2006;
Putnam et al., 2008), there is also a degree of temperamental instability. Built into Rothbart’s
theory of temperament is this idea of lawful change, operationalized through changing factor
structures across developmental periods to account for natural maturation of traits (Rothbart &
Bates, 2006).

Several factors influence our understanding of temperamental stability, including type of
stability (e.g., rank, structural, ipsative, hetero/homotypic) and developmental window, making it
challenging to pin down the precise stability patterns of fine-grained traits (Bornstein et al.,
2017). Patterns of both homotypic and heterotypic continuity are also to be expected through
early childhood as neurodevelopmental changes stemming from maturation of the prefrontal
cortex alters relations between reactive and regulatory traits (Dyson et al., 2015; Posner &
Rothbart, 2007). Consequently, only modest to moderate stabilities are identified for
temperament traits (Roberts & DelVecchio, 2000) and latent factors (Carranza et al., 2013)
between early and middle childhood specifically. These cumulative patterns of instability and
discontinuity identified at the variable-level should translate, in theory, to the person-level, but
only a handful of studies have empirically tested the stability of temperament profiles between

infancy and childhood.
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When considering stability in a latent framework, it is helpful to clarify differences in
what is meant by stability, which can vary across the literature: stability in characterization and
structure of qualitatively similar profiles over time (i.e., structural stability), compared to
stability of the individual profile membership over time (i.e., ipsative stability). Structural and
ipsative stability is of particular importance to clinicians, as identifying more accurate typologies
of temperament that maintain their structure across developmental periods yields distinct
information about both the persistence of specific configurations as well as the type of children
who maintain or do not maintain their membership within such configurations. For instance,
although Kagan’s (1994) inhibited class demonstrates moderate stability across development, at
the individual level, it is children who are consistently assigned to the extreme behavioral
inhibition class, compared to less extreme behavioral inhibition, that report higher rates of
anxiety disorders (Chronis-Tuscano et al., 2009), illustrating important differences between
children who do or do not maintain stable membership.

Despite the scant amount of literature, some initial evidence of profile stability can be
drawn from person-centered studies conducted in both infancy and childhood. First, as
mentioned, similar themes of temperament profiles are typically found at different
developmental periods (Gartstein et al., 2017), as well as number of profiles, suggesting some
stability in profile structure. Additionally, highly reactive profiles tend to be more stable,
meaning these profiles can be consistently identified over time. Again, Kagan et al.’s (1994)
inhibited subtypes have demonstrated consistency between toddlerhood and middle childhood,
perhaps because fearfully inhibited children may regress from experiences that aid in maturation
of other traits, continuing to result in fearful inhibition (van den Akker et al., 2010). Planalp and

Goldsmith (2020) identified qualitatively similar withdrawn/inhibited profiles at both 6 and 12
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months, observing moderate stability between these time points. Similarly, between 9 months
and 18 months, Beekman and colleagues (2015) observe the greatest stability in both positive
and negative reactive profiles, and Murillo et al. (2024) report consistently high stability of a
negative dysregulated profile between early to late childhood, and between late childhood and
early adolescence. The problem with this conceptualization of stability, however, is that it only
tells us about qualitative similarities, whereas no temperament studies statistically test for the
true structural stability based on profile means.

Although these studies identify emerging evidence of stability in the identification of
similar profiles over time, what is not well-defined is stability of within-person transitions over
time, particularly in the early childhood period. For instance, Janson and Mathiesen (2008) report
only 46% of children remained in the same profile between 3 years and 5 years, and even less
between 4 years and 9 years. More recently, although Hawes et al. (2022) observed consistency
in identification of a sluggish subtype between 3 years and 6 years, the authors also report that
only 53% of children who were classified to the s/uggish group at age 3 were classified into the
same group at age 6, and only 40% of the surgent children were classified into the age 6
counterpart. Authors of these studies operationalize results as stability over time in both structure
and membership; however, results also imply that there is a moderately significant proportion of
children who do not remain in the same profile, suggesting that children who do not retain their
profile membership may transition to a different profile later in development.

Applying a latent transition framework to assessment of temperamental stability

A latent transition analysis (LTA) is a mixture modeling technique that tracks movement

of individuals between profiles and classes (Nylund-Gibson et al., 2023). LTA is a powerful

standardized statistical tool that is particularly useful because of its nesting within a general
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structural equation modeling framework (GSEM), which allows researchers to flexibly estimate
mixture models (e.g., LPA) to test for similarities across groups and over time using more than
one latent variable (Morin & Litalien, 2019). Furthermore, LTA allows for analysis of within-
sample stability (i.e., tests of profile similarity through measurement invariance; Kam et al.,
2016) as well as within-person stability (i.e., profile stability related to consistency of individual
membership to a profile across time). Finally, the LTA framework allows for analysis of
transitions between profiles in one of two ways: first, latent profiles at time ¢ + 1 can be
regressed onto latent profiles at time ¢, analogous to a multinomial regression; second,
identification of those who transition and those who do not can be captured via a higher-order
variable. Thus, LTA is a useful developmental tool, as it can be applied to directly test gaps in the
literature regarding temperamental continuity and provides more statistically rigorous parameters
than transition techniques applied in previous work (e.g., solely cross-tabulations, percentages).
The LTA framework follows a similar procedural design as traditional SEM frameworks
in that a series of measurement models are first fit (i.e., fit a series of latent profile models at
each time point to find the best fitting solution). After this, there are several variations in the
stepwise LTA procedure described in the literature that constitute a structural model. Generally,
nested tests of measurement invariance (similarity) are conducted next, which affords several
interpretive advantages regarding assessment of different forms of stability (Nylund-Gibson et
al., 2023). As outlined by Morin et al. (2016), the first two typically conducted tests pertain to
assessing the nature of profiles themselves. Specifically, configural invariance statistically tests
solutions found in a measurement model, where a series of latent profile solutions are fit across
each time point using the same set of indicators; invariance is established when the optimal

solution for each set of profiles includes the same number of profiles. Differences in configural



STABILITY OF TEMPERAMENT PROFILES 9

stability simply suggest the profile structure defining each age is distinctive rather than alike.
Within these profiles, structural invariance tests for similarity in the mean levels of profile
indicators across time. Variance in the configural and structural tests may suggest naturally
occurring developmental differences in the characterization of the profiles. The following two
tests reflect details related to variability and size of profiles over time. Dispersion invariance
tests for similarity in the within-profile variability, where variation in this test suggests internal
inconsistency. Finally, distributional invariance assesses relative sizes of the profiles and
demonstrates whether some profiles are more or less prevalent in one age over the other.

LTA procedures are not often applied to temperament research, despite being used in
other domains of psychology (i.e., social support, Ciarrochi et al., 2017; cognition, Zammit et al.,
2020). I am aware of only two studies that apply a latent transition approach to temperament, and
they are conflicting in their observations. In their study of temperamental transitions from
infancy through adolescence, Murillo and colleagues (2024) observed high probabilities of
remaining in the same profile within each developmental period, results consistent with
literature, and report highest continuity in the negative dysregulated profile between toddlerhood
and early childhood timepoints (2 years to 5 years). Authors note, however, that results should be
interpreted cautiously, as direct comparisons across ages could not be done due to changing
measures, resulting in fewer traits being included in analyses. Conversely, although Mun and Lee
(2024) also observed high probabilities of belonging to the same type between 12 months and 3
years, they report the most stable temperament profile between 2-years and 3-years to be the easy
profile, consisting of average scores across most temperament traits. Specifically, probability of
maintaining membership in the easy profile was highest between ages, opposite of results

reported by Murillo et al. (2024) and what is typically reported in temperament literature, where
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reactive profiles tend to be most stable in classification. It is possible that this study did not
capture high enough levels of reactivity to observe the same effect, or the measure they used was
not able to capture enough fine-grained information on the children’s temperament. Regardless,
both studies report patterns of stability and change in temperament profiles, and replication using
fine-grained traits is warranted.
Relations of latent transitions to child outcomes

Literature regarding person-centered analyses of temperament has advanced in a
hierarchical fashion over the past few decades, starting with increased use of such techniques to
identify developmental similarities and differences in structures of temperament groups, to
delineating how markers of socioemotional development function differently across identified
groups, and most recently, using descriptive tools to identify emerging developmental transitions
in profiles over time. Thus, use of LTA to more rigorously examine transitions in temperament
profiles, and how those transitions influence child outcomes, is a natural extension of current
literature. Additionally, although there is a growing consensus that aspects of socioemotional
development vary across temperament groups (Brooker et al., 2014; Lin et al., 2021; Moreira et
al., 2021; Rettew et al., 2008), no studies have used LTA to assess how transitions between
temperament groups influence childhood outcomes. Transitions in temperament are especially
critical in early childhood, as children’s resulting socioemotional skills are heavily challenged in
the schooling context (Sealy et al., 2021). Evidence of longitudinal person-centered change in
temperament in relation to childhood outcomes is rare, but inferences can be gleaned from
studies analyzing infant growth trajectories. For instance, in infancy, Giesbrecht et al. (2022)
identified differences in developmental patterns of temperament as they relate to toddler

psychopathology. Unsurprisingly, the authors differentially linked trajectories of temperament
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factors to internalizing and externalizing behaviors, where low and decreasing negative
affectivity groups tended to have less psychopathology. The authors also report, however, no
elevations or reductions in behavior problems for any of the positive affect/surgency trajectories
and suggested that more fine-grained patterns of positive affect/surgency in an older age group
may result in different relations.

Taken together, researchers can benefit from applying a latent transition framework
because of its ability to incorporate distal outcomes to assess consequences of transitions. Distal
outcomes can be added to a transition framework by regressing a continuous variable onto the
final timepoint or the distal outcome can be related to a newly created high-order transition
variable (Collins & Lanza, 2010). When considering cumulative evidence of discontinuity and
change in temperament traits, in tandem with differential relations between cross-sectional
profiles, latent trajectories, and child behavioral outcomes, it is plausible that longitudinal
transitions between profiles in early childhood may influence middle childhood outcomes. Thus,
more research is needed to help clarify when during early childhood might profiles begin to
stabilize, which profiles those are, and how transitions influence development.

Current Study

To reiterate, several gaps in the literature exist regarding characteristics of latent
temperament profiles in early childhood, including stability of latent profiles across early
childhood using standardized statistical procedures, transitions between profiles across time, and
consequences of transitions on socioemotional outcomes in late childhood, specifically,
externalizing behaviors. Therefore, my dissertation research addresses the following aims:

Aim 1: The first aim of my dissertation project is to establish a foundation of best fitting

profile solutions during early childhood (3, 4, and 6 years). Strong hypotheses regarding
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number of profiles have not been established in the literature due to a range of objective

and subjective factors that are related to the nature of latent profile analyses. Based on

existing literature, however, I am hypothesizing the following:

H1) Profile structure will remain stable at 4-profile solution across all three ages.

Aim 2 and Aim 3 are exploratory in nature (Morin & Litalien, 2019); as such, my
hypotheses for Aim 2 and Aim 3 are also exploratory.

Aim 2: The second aim of my dissertation is to assess stability of latent profiles across

ages 3, 4, and 6 through invariance testing. My hypotheses are:

H2a) Configural invariance will be detected across all three ages, such that a four-profile

solution will be best fitting solution at 3 years, 4 years, and 6 years.

H2b) Structural invariance will be detected at ages 3 and 4, but partial structural

invariance of some indicators will be observed by age 6, such that means of indicators

will shift towards inequality from the previous timepoints.

H2c) Dispersion invariance will be detected at all three ages such that constraining

indicator variances across time provides a better fitting model than if they were allowed

to vary, suggesting within-group homogeneity in traits over time.

H2d) Distributional tests will be partially invariant such that profiles may not maintain

consistent sizing over time.

It is important to note that this aim is both independent of the third aim, as well as
iterative in that tests of invariance will be conducted in a nested stepwise manner, providing
information about multiple aspects of stability independent of latent transitions, but iterative in

that, to some extent, a level of invariance is ideal to employ LTA, described in the following aim.
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Aim 3: The third aim of my dissertation is to systematically analyze potential latent
transitions between profiles between ages 3, 4, and 6. I am hypothesizing the following:
H3a) Overall, probability of remaining in the same profile over time will be higher than
the probability of transitioning between profiles.

H3b) Regarding age-related transitions, the probability of transitioning to a different
profile will be highest between 4 and 6, considering the larger distance between ages.
H3c) Regarding transition types, transitions from moderately reactive to more regulated
profiles being most likely, and probability of remaining in negatively reactive profiles
being higher than those in positively reactive profiles.

Aim 4: The fourth aim of my dissertation will incorporate a developmentally appropriate
distal outcome to assess consequences of latent transitions: 9-year externalizing
behaviors. As there are documented differences in socioemotional outcomes based on
profile membership, I am hypothesizing the following:

H4) Transitions may result in more externalizing behaviors, depending on what profiles
children are transitioning to and from. Those who transition from reactive profiles to
more regulated profiles are more likely to report fewer externalizing, whereas those who

remain stable in reactive profiles will report more externalizing behaviors.

Method
Participants

Participants are drawn from a multi-wave longitudinal study that investigated the
integration of cognition and emotion across early development. A total of 410 infants (209 girls;
50.9%) were originally recruited from two demographically diverse sites (Virginia Tech,
Blacksburg VA, and University of North Carolina Greensboro, NC) between 2002 and 2007

using mailing lists, media advertisements, and flyers. Infants and mothers were recruited as part



STABILITY OF TEMPERAMENT PROFILES 14

of three different cohorts; cohort 1 totaled 106 participants, cohort 2 totaled 105 participants, and
cohort 3 totaled 199 participants. Infants and their mothers were brought into the respective lab
spaces at eight different time points between 5-months of age and adolescence, resulting in a
span of active data collection between 2003 and 2021. The current study utilizes questionnaire
data from the 3-year, 4-year, 6-year, and 9-year timepoints. Racial (77.6% White; 13.7%
Black/African American; 8.3% Multi-Racial/Other; 0.5% Asian) and ethnic identity (93.4% non-
Hispanic; 6.6% Hispanic) of the children as endorsed by the parent are representative of the
geographic region they were recruited from.

Of the original 410 children recruited in infancy, 320 returned to the lab for the 3-year
visit, and 312 offered questionnaire data (Mage = 3.01 years). No demographic differences were
detected between children who did or did not return to lab with respect for child sex, child race,
or maternal education (all ps > .05). At the 4-year visit, 302 children returned to lab, and 291
offered questionnaire data (Mage = 4.09 years). No race/ethnic or maternal education differences
were detected between children who did or did not return to lab, but significant sex differences
emerged (p = .04) such that a greater number of female participants were less likely to return to
lab compared to males. At 6-years, the first cohort was not invited to participate in a lab visit due
to the funding schedule, resulting in 232 children who returned for an age 6 visit from cohort 2
and cohort 3. Of these 232 children, 230 offered questionnaire data (Mage = 6.58 years). No sex
or race/ethnic differences were detected between children who did or did not return to lab, but
significant differences emerged with respect to maternal education (p < .001), such that mothers
who were high school graduates were less likely to return to lab compared to mothers who
completed higher education degrees. All three cohorts were recruited for an age 9 visit, resulting

in 274 children who returned to the lab, of which 273 offered questionnaire data (Mage = 9.56).
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No sex differences were detected between children who did or did not return to lab, but
significant differences emerged with respect to maternal education (p <.001) and ethnicity (p =
.04). Again, mothers who were high school graduates were less likely to return to lab at 9-years
compared to mothers who completed higher education degrees, and a greater number of Hispanic
families returned to lab compared to non-Hispanic families who returned to lab. In sum, my final
sample size for primary latent profile analyses are 312 participants at 3-years, 291 participants at
4-years, and 230 at 6-years.
Relevant Procedures

Prior to each lab visit, parents were mailed a series of questionnaires to be completed
prior to their lab visit, which included a demographics questionnaire (in infancy), and a
temperament questionnaire. Once in the lab, families were greeted by a research assistant who
described the lab protocol and collected informed consent. Mothers and children then completed
a series of cognitive and behavioral tasks not utilized in the current study but are described
elsewhere (e.g., Bruce et al., 2022). Mothers were compensated $50 for participation in a lab
visit at the 3-year, 4-year, and 6-year visit, and $75 at the 9-year visit. Children received a small
gift at the 3-year and 4-year visit, and a gift-card at the 6-year and 9-year visit. Study procedures
were approved by the Institutional Review Boards at Virginia Tech and UNC Greensboro.
Measures
Childhood Temperament (3, 4, 6 years)

Mothers report on their children’s temperament using the Childhood Behavior
Questionnaire, Short Form (CBQ-SF; Putnam & Rothbart, 2006), which is designed for
assessments of temperamental regulation and reactivity between 3-years and 8-years. Mothers

were asked to report on their children’s most likely reaction during a scenario during the last 6
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months using a 7-point Likert scale. The 94 items (compared to 194 items on the standard
questionnaire) represent 15 temperament dimensions, which can be further formed into 3 over-
arching factors of Surgency, Negative Emotionality, and Effortful Control. Scales representative
of their higher order factor were utilized in analyses: activity level (al), high-intensity pleasure
(hip), low intensity pleasure (lip), approach (app), impulsivity (imp), falling reactivity (fre), fear
(f), anger/frustration (ang), sadness (sad), discomfort (dis), attention focusing (af), inhibitory
control (ic), perceptual sensitivity (ps), shyness (shy), and smiling/laughter (smi). Reliability
coefficients are reported in Table 1.

Middle Childhood Externalizing Behavior (9-years)

Reports of externalizing behaviors were derived from the Child Behavior Checklist 6-18
(CBCL; Achenbach & Rescorla, 2001), which is a parent-report questionnaire commonly used to
examine emotional and behavioral problems in children. Mothers reported on their children’s
behaviors using a 3-point Likert scale ranging from 0 = not true to 2 = very/often true.
Externalizing behaviors are drawn from the Externalizing scale, which is comprised of
aggressive and rule-breaking behaviors (a = .89). Raw scores were used in this study and are
preferable to account for a full range of variation (Achenbach & Rescorla, 2001).

Analytic Plan
Preliminary Analyses

Descriptive statistics of indicator variables and reduced sample correlations were
generated in IBM SPSS software (Version 28) and are presented in Table 1 and Table 2. Prior to
running formal analyses, data were examined for any evidence of non-normality (i.e., skewness
<3 and kurtosis < 10; Kline, 2011) and outliers. Values that are £ 3SD of the mean are

considered an outlier, and would be addressed via Winsorization, meaning these values will be
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replaced by the next closest score (Salkind, 2010). No outliers were detected for scale scores in
the current sample.

Formal power analysis procedures for latent profile analyses are an evolving area of
research (Brancart et al., 2024) and are often not explicitly reported in existing literature (Nylund
et al., 2007). Due to the exploratory nature of latent profile analyses, literature often cites “rule of
thumb” for assessing power that has been gleaned from Monte Carlo simulations (Ferguson et
al., 2020; Tein et al., 2013; Woo et al., 2018). Despite these simulations suggesting a minimum
number of participants should range from 300 to 500 (Ferguson et al., 2020), published literature
on temperament profiles have conducted latent profile analyses using 10-18 indicators on sample
sizes as small as 148 participants (e.g., Augustine et al., 2022; Brown et al., 2020). Further, some
studies argue that metrics such as greater number and quality of indicators can increase power as
robustly as sample size can (Tein et al., 2013). Despite this, although my samples at each age
should be sufficient to detect underlying latent distributions, there was a risk of not having
sufficient power to assess accurate latent transitions, as the number of parameters resulting from
15 indicators across profiles at each age were very large.

Aim Specific Analytic Plan

Main analyses were conducted in Mplus (Muthén & Muthén, 1998-2017), which is the
most widely used software for modeling profiles and transitions (Nylund-Gibson et al., 2023).
Additionally, as multiple imputation is currently not easily applicable for mixture modeling
(Waldman, 2019), Mplus is a powerful tool to handle missing data for transition analyses using
Full Information Maximum Likelihood (FML) and robust maximum likelihood. Aims were
conducted within the longitudinal LTA framework, as described by Nylund-Gibson et al. (2023)

and Johnson (2021), and LPA frameworks as described by Ferguson et al. (2020), where the steps



STABILITY OF TEMPERAMENT PROFILES 18

are similar to that of structural equation modeling: estimating a measurement model (cross-
sectional latent profile analyses), followed by a structural model (regression of profiles onto each
other in a transition analysis), and finally inclusion of distal outcomes. More specific analytic
details for each aim are described below.

Aim 1: Latent profiles at 3-years, 4-years, and 6-years. To assess the latent structure
of early childhood temperament, a measurement model was fit through a series of LPAs
conducted at 3-years, 4-years, and 6-years using 15 indicators each, testing two to six profiles at
each age. To avoid local maxima, 2,000 random starts and 200 final stage optimizations were
used and estimated with robust maximum likelihood.

As there is no widely accepted measure of absolute fit for mixture models (Johnson,
2021), commonly used relative fit indices were used to identify the best fitting latent profiles:
loglikelihood values assess amount of misfit between fitted model and the data provided,
Bayesian Information Criteria (BIC; Schwarz, 1978) and sample size adjusted BIC (saBIC;
Sclove, 1987) decrease with better fitting models, and likelihood ratio tests compare £ — 1
models to test for best fit. As standard chi-square tests cannot be used to compare mixture
models, the Lo-Mendell-Rubin Likelihood Ratio Test (LMR; Lo, Mendell, & Rubin, 2001) and
the Bootstrapped Likelihood Ratio test (BLRT; McLachlan & Peel, 2000) were used to compare
fit between models via p-value rather than the test statistic as done using loglikelihood values.
Bar charts were additionally used to visually determine the appropriate number of profiles at
each age. The Akaike’s Information Criteria (AIC; Akaike, 1987) is not recommended for
mixture models (Masyn, 2013). Finally, size of resulting profiles was considered carefully. For
small profiles, a “rule of thumb” was followed such that smallest profiles should be at least 1%

of the sample size for that profile model or less than 25 cases (Lubke & Neale, 2006). Patterns of
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latent profiles were examined via plots to visually assess each profile for labeling purposes, and
start values were extracted to minimize label switching based on the arbitrary ordering of profiles
in Mplus output.

Aim 2: Stability of longitudinal latent profiles through invariance tests. To assess
stability of enumerated temperament profiles, tests of measurement invariance were conducted
on emergent profiles within the LTA framework using start values produced in Aim 1. The
proposed analytic plan was to test a configural model (i.e., whether the same number of profiles
can be identified at each time point using the same indicators) and a structural model (i.e.,
whether profiles are characterized by similar levels on the indicators at each time point). If
structural tests deemed profiles variant, continued tests of partial invariance were going to be
conducted on structurally invariant components. Dispersion and distributional invariance tests
were to be conducted last. However, these tests were originally proposed using the multi-group
LPA framework proposed by Morin et al. (2016), which is inappropriate for research questions
geared towards understanding longitudinal stability of repeated measures.

Longitudinal measurement invariance was instead assessed in the LTA context where,
after profile enumeration was conducted at each age, equivalence of item means was tested (i.e.,
structural invariance), but class sizes and transition probabilities are left unconstrained (Nylund-
Gibson et al., 2023). Invariance is tested through constraining means in a nested fashion, where a
fully unconditional model is tested first, followed by constraining means of indicators within
profiles. These separate partially constrained LTA models were then compared against each other
using a loglikelihood difference test adjusted for the Maximum Likelihood with robust standard
errors (MLR) scaling factor. Johnson (2021) suggests linking time points in transition analyses

first with two timepoints and then adding more. For this study, a series of nested LTA models
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were analyzed between 3-years and 4-years, and then between 4-years and 6-years. Since [ had
already compared patterns of profiles in the previous aim, I now had a set of qualitatively similar
profiles to test for equality. Rather than constraining all profile means at once, because I included
many indicators, Johnson (2021) suggests first identifying indicators whose means are similar in
corresponding profiles at additional ages to have a starting point of where to begin. In an Excel
file, I pasted mean scores of each profile at each age (e.g., means of all indicators in the
Approachable profile at 3-years, 4-years, and 6-years were pasted next to each other). From here,
I calculated mean differences in each indicator between 3-years and 4-years, and again between
4-years and 6-years. Indicators whose means were less than 1-point different were used first as
constraints in resulting LTA models.

Aim 3: Latent transition analysis. After identifying the most invariant transition model,
transition probabilities were assessed. Depending on aims of the transition analysis, the level of
invariance required may differ, and invariance does not need to be “all or nothing” (Morin et al.,
2016). When considering temperament theory from a developmental perspective, given the
theoretical rationale for non-invariance, LTA without full measurement invariance is possible
(Morin et al., 2016; Nylund-Gibson et al., 2023) and often assumed, despite not being best
practice. Thus, I conducted LTA even if structural invariance was not achieved.

Aim 4: 9-year externalizing behavior as distal outcome. When applied to LTA models,
distal outcomes reflect the consequences of transitions on a specific behavior. Using a mover-
stayer model (Nylund, 2007), a higher-order variable was created that denotes “movers” (i.e.,
those who transition) and “stayers” (i.e., those who remain in the same profile) based off their

transition probabilities. This variable was built into the most invariant LTA model, and
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parameters describing relations between each distal outcome and the transition variable were
examined.
Results

Aim 1: Latent profiles at 3-years, 4-years, and 6-years

A series of parsimonious latent profile models with equal variances and within-class
covariances set to zero were built to conduct latent profile analyses separately across the three
ages. Profiles ranging between two and six were analyzed and model fit indices, entropy, and
smallest class percentage are presented in Table 3. All models converged without estimation
problems and best loglikelihood values were replicated. Given that fit indices may never reach a
minimum value and the BLRT may never reach significance (Masyn, 2013), making it difficult
to identify the best fitting model, BIC and saBIC values were plotted for interpretability purposes
(Figure 1), plots of the final models at each age are displayed in Figures 2 — 4, respectively, and
comparisons of final profile indicator means compared to sample means are displayed in Figures
5 — 17, respectively.
3-year latent profiles

As anticipated, loglikelihood values continued to decrease as the number of profiles
increased, and the BLRT remained significant. Examination of BIC and saBIC values and bar
plots demonstrates stabilization in values beginning after 4 profiles. Although the saBIC begins
to increase in the 6-profile model, the 4-profile model was chosen because of the significant
LMR test, in tandem with the entropy value (.81). Table 4 presents profile means and class sizes
of the 4-profile model and Figure 2 displays a plot of the 4-profile model. The largest profile (n =
100) emerging from the 3-year model was characterized by higher-than-average anger, in tandem

with high activity level and approach behaviors. Due to the higher level of impulsivity and high-
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intensity pleasure paired with mean-level regulation (i.e., attention focusing and inhibitory
control), this profile was labeled Surgent. The Approachable profile (n = 42) differs from the
Surgent profile such that a sharp dip in anger was identified, paired with low shyness and fear,
but average approach and activity level. The Reserved profile (n = 89) differs from the
Negative/Average profile (n = 81) in lower than average activity level, anger, impulsivity, and
high intensity pleasure, whereas children in the Negative/Average profile were generally
unremarkable; they scored low on falling reactivity and regulatory behaviors, compared to
average regulation in Reserved, slightly higher in anger and shyness and hovered around the
mean for other behaviors.

4-year latent profiles

Like the 3-year model, all fit statistic values in the 4-year model continued to decrease as
profiles were added, and BLRT remained continuously significant. Additionally, LMR tests
never reached significance. Accordingly, differences between loglikelihood and BIC values were
assessed, and bar plots were again analyzed. Differences between loglikelihood values continued
to grow smaller as profiles were added, but differences in BIC values between 5 and 6 profiles
was negligible, suggesting again that profiles begin to stabilize after 4-profiles. Considering this,
a 4-profile model was also chosen at 4-years. Table 5 presents profile means and class sizes of
the 4-profile model and Figure 3 displays a plot of the 4-profile model.

After comparing line plots and means of profiles between ages 3 and 4, similar
qualitative patterns of characteristics were generally observed, thus allowing me to label the
profiles the same. The largest profile (n = 93) was characterized similarly to the 3-year
Negative/Average profile in that children in this profile displayed similar scores close to the

mean. Specifically, children continued to score low, though not as low, on regulatory behaviors,
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but maintained average levels of pleasure, impulsivity, and approach. Notably, there were upticks
in children’s negative affective states, including anger, sadness, fear, and discomfort, and minor
improvements in inhibitory control. The second largest profile (n = 86) was the Approachable
counterpart, characterized by similar sharp dips in anger, discomfort, and fear, and a spike in
falling reactivity. Children maintained low levels of sadness and shyness, and improvements in
inhibitory control. The third largest profile, Reserved (n = 76), continued to group children who
scored low in activity level, anger, and approach, were shy and not impulsive and had average
levels of regulation. Finally, the Surgent profile counterpart (n = 36) describes children who
possess high levels of anger, activity level, and approach, paired with high impulsivity and very
low shyness.
6-year latent profiles

In a similar fashion to 3-year and 4-year fit statistics, loglikelihood values and differences
between loglikelihood values continued to shrink as profiles were added. Although the LMR test
trended towards significance in the 6-profile model, the size of the smallest profile shrunk
considerably. Considering the rule-of-thumb, the 5-profile model (smallest class = 15 cases) and
the 6-profile model (smallest class = 12 cases) were rejected. Additionally, differences in BIC
values between 5 and 6 profiles was negligible, suggesting again that profiles begin to stabilize
after four profiles. Thus, a 4-profile model was also chosen at 6-years. Table 6 presents profile
means and class sizes of the 4-profile model and Figure 4 displays a plot of the 4-profile model.

Similar procedures for comparisons of profile patterns were employed between 4-years
and 6-years, and qualitatively analogous patterns of profiles were observed. The largest profile (n
= 66) was the Negative/Average profile, characterized by generally lower means than the 4-year

counterpart. In addition to average scores, children in this profile continued to exhibit some
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negative emotionality paired with lower scores on regulatory components, slightly less
impulsivity and anger than at 4-years, and maintained average activity level and approach.
Children in the second largest profile (n = 63), Reserved, exhibited notable changes in anger,
attention focusing, falling reactivity, shyness and inhibitory control, suggesting these children are
highly regulated, not very shy or fearful, but possess low gross motor movements and approach
tendencies. The third largest profile, Approachable (n = 54), remained closely consistent with the
4-year counterpart. Children in this profile are characterized by low anger, discomfort, and fear,
and high falling reactivity. Children increased in regulation, maintaining a welcoming
temperament, but also increased in impulsivity and pleasure. The smallest profile was the
Surgent profile (n = 46). As in previous years, Surgent children continued to exhibit high activity
level, anger, and approach behaviors, in tandem with low regulation, discomfort, and falling
reactivity.

Aim 2: Stability of longitudinal latent profiles using invariance tests

Structural invariance: Fully unconstrained model (3-years to 4-years):

An unconditional transition model was estimated where profile means were freely
estimated in each profile at 3-years and 4-years. It was evident at this stage that the number of
parameters being estimated in the analysis (255), compared to sample size, was going to be an
issue for estimation accuracy. Indeed, Mplus output signaled errors with model identification,
potentially because of the large number of indicators and associated parameters compared to
available sample size. I noted the fit (LL =-11028.41; BIC =23536.36) and proceeded with

constraining means.
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Structural invariance: Partially constrained models (3-years to 4-years):

Mean differences (i.e., less than 1) suggested only three indicator means could reasonably
be individually constrained in the Reserved profile, one mean in the Negative/Average profile,
two means in the Approachable profile, and no means in the Surgent profile. Already, this was
indicative of poor structural stability, indicating that means may not be similar enough to
constrain. Following the unconditional model, a series of partially constrained models were
estimated. Constraints were released after each test if the model did not fit better than the
unconditional model.

First, activity level mean from the Reserved profile was constrained (LL =-11042.12;
BIC =23557.97), resulting in a negative Chi-square difference test when compared to the fully
unconstrained model. Although negative Chi-square difference tests are uninterpretable and may
suggest errors in model identification (Satorra & Bentler, 2010), I proceeded with constraints for
the sake of my dissertation project. The anger mean from the Reserved profile was constrained
next (LL =-11059.41; BIC = 23592.55), followed by smiling mean from the Reserved profile
(LL=-11043.41; BIC = 23559.89). In the Negative/Average profile, anger was constrained (LL
=--11043.41; BIC = 23560.55), followed by approach and smiling jointly from the
Approachable profile (LL = -11043.51; BIC = 23554.96). Negative Chi-square difference tests
resulted from all nested comparisons to the unconditional model. Regardless of this, comparisons
of BIC values between nested models all produced a value that was higher than the fully
unconstrained model, suggesting worsened model fit still. Considering these analyses, a fully

unconditional transition model was chosen as the final model.
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Structural invariance: Fully unconstrained model (4-years to 6-years):

A fully unconstrained transition model was then estimated between 4-years and 6-years.
The same errors prompted between 3-years and 4-years were reported by Mplus, but model fit
was noted (LL =-9462.63; BIC =20396.18), and I proceeded onto the partially constrained
models.

Structural invariance: Partially constrained models (4-years to 6-years):

Small mean indicator differences (i.e., less than 1) between 4-years and 6-years were
observed for two indicators in the Reserved profile, three in the Average profile, six in the
Approachable profile, and two in the Surgent profile. Therefore, given the large amount of
potentially constrainable indicators in the Approachable profile, I first constrained all means in
that profile (LL =-9505.54; BIC =20396.10). Although slight differences in the BIC were
observed, the Chi-square difference test was no longer negative (Ay* =104.03, Adf = 15, teic = 25)
but indicated significant differences in fit between the unconstrained and partially constrained
model, suggesting the profile constraints are not reasonable to make. I then took a more
conservative approach and constrained the indicators in Approachable with the smallest
differences in means, starting with fear and high intensity pleasure (LL =-9491.01; BIC =
20441.41). Chi-square difference test (Ay* = 20.66, Adf = 2, teit = 5.99) indicated significant
differences in fit between the unconstrained and partially constrained model. These constraints
were released, and Anger and Discomfort were constrained next (LL =-9491.46; BIC =
20442.30). Again, Chi-square difference test (Ay =10.93, Adf =2, teie = 5.99) indicated
significant differences in fit between the unconstrained and partially constrained model. From the
Reserved profile, impulsivity and sadness were constrained next (LL =-9490.38; BIC =

20440.12) and a negative Chi-square difference test was observed but increases in BIC values



STABILITY OF TEMPERAMENT PROFILES 27

between fully unconditional and partially unconditional models continue to suggest differences
in fit. From the Negative/Average profile, sadness was constrained first (LL = -9490.90; BIC =
2046.95), followed by discomfort and fear (LL = -9490.34; BIC = 20440.06). Both Chi-square
difference tests were negative, but again, BIC values were larger than the fully unconditional
model. Finally, anger and perceptual sensitivity were constrained from the Surgent profile (LL =
-9521.71; BIC =20502.81), and similar negative Chi-square difference test and increased BIC
value resulted. Considering these analyses, a fully unconditional transition model was chosen as
the final model.
Aim 3: Latent transition analyses
3-years to 4-years

A fully unconditional latent transition model with 4-profiles at each age was estimated
and the resulting transition matrix is reported in Table 7. Although the best loglikelihood value
was replicated and model estimation terminated normally, potential model nonidentification
errors continued to be reported by Mplus. Stability probabilities (i.e., probability that children are
maintaining their profile membership between 3-years and 4-years) were high, ranging from .72
(Surgent) to 1.00 (Approachable). Most children in the Negative/Average profile maintained their
membership over time (94%), and of the 6% who transitioned out of this profile at 4-years, all
transitioned to Reserved. Within the Reserved profile at 3-years, 82% of children maintained
their membership at 4-years, or transitioned to Negative/Average (6%), Approachable (3%) or
Surgent (9%) profiles. All children assigned to Approachable at 3-years continued to be
classified as Approachable at 4-years. Finally, 72% of children classified as Surgent at 3-years

were classified as Surgent at 4-years. Of those who transitioned out of the profile at 3-years, a
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majority transitioned to Reserved (13%), followed by Approachable (10%), and finally
Negative/Average (5%) at 4-years.
4-years to 6-years

A fully unconditional latent transition model with four profiles at each age was estimated
and the resulting transition matrix is reported in Table 7. Potential model nonidentification errors
continued to be reported by Mplus, but model estimation terminated normally and best
loglikelihood values were replicated. Stability probabilities were much lower, ranging from .41
(Negative/Average) to .63 (Surgent). The most stable profile between 4-years and 6-years was the
Surgent profile, with 63% maintaining their membership over time, and 32% transitioning to
Approachable and 5% transitioning to Negative/Average. Only 45% of children in the Reserved
profile maintained their profile membership at 6-years, with 53% transitioning to
Negative/Average and 2% transitioning to Approachable. Similarly, 41% of children remained in
the Negative/Average profile between 4-years and 6-years, but 45% of children who were
classified as Negative/Average at 4-years were classified as Surgent at 6-years. In the
Approachable profile, 52% of children maintained their membership, while 44% transitioned to
Reserved, 3% transitioned to Negative/Average, and 2% transitioned to Surgent. Finally, the
Surgent profile was most stable between 4-years and 6-years with 63% of children maintaining
their membership, 32% transitioning to Approachable, and 5% transitioning to
Negative/Average.
Aim 4: 9-year externalizing behavior as distal outcome

For purposes of estimating the influence of transitions on children’s externalizing
behaviors, a single mover-stayer latent transition model was estimated using the unconditional

transition models from both 3-years to 4-years and 4-years to 6-years. The model terminated



STABILITY OF TEMPERAMENT PROFILES 29

normally, but produced 604 parameters, almost twice the maximum available sample size (n =
312). Therefore, a series of estimation warnings produced by Mplus resulted in an output that
was not interpretable. As an alternative, the BCH method (Bakk & Vermunt, 2014) was applied
to assess the influence of 6-year profiles on 9-year externalizing behaviors. The BCH method
evaluates means across profiles for a continuous auxiliary variable using weights (i.e.,
accounting for classification probability). Equality tests and means are presented in Table 8.
Overall Chi-square tests from the BCH procedure suggest mean differences in 9-year
externalizing behaviors based on 6-year profile membership (x> = 40.34, p <.00), with Surgent
presenting with the most externalizing behaviors, and Reserved presenting with the least. More
specifically, significant mean differences in externalizing behaviors were evident between
Negative/Average compared to Approachable (x*=7.92, p = .01) and Reserved (x>=17.62, p <
.00), between Approachable compared to Surgent (x> = 15.60, p < .00), and Reserved compared
to Surgent (x*=26.77, p < .00). No differences in mean externalizing behaviors were evident
between Reserved compared to Approachable and Negative/Average compared to Surgent.
Discussion

Person centered approaches to assessing temperament have revealed common subgroups
that can be qualitatively identified over time (Beekman et al., 2015; Murillo et al., 2024; Planalp
& Goldsmith, 2020). A small subset of this literature has begun to explore stability of
characterization and membership, as well as transitions between these subgroups across different
developmental periods. Among these studies, however, gaps have begun to emerge in what is
known about stability of temperament from the person-centered perspective. Though moderate
stability in temperament factors has been established in the variable-centered literature through

correlational work (Dyson et al., 2015), no studies, to my knowledge, have statistically tested for
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structural stability of latent profiles through invariance procedures from the person-centered
perspective. Thus, the goal of my dissertation was to assess how latent profiles of temperament
emerged at 3-years, 4-years, and 6-years, how structurally stable these profiles were, what
transition patterns appeared, and how these transitions longitudinally related to externalizing
behaviors at 9-years. Discussion of hypotheses from each aim are addressed below.

Aim 1: Latent profiles at 3-years, 4-years, and 6-years

The first hypothesis was that the latent profile structure of temperament would remain
stable at 4-profile solution across all three ages, which was fully supported as a 4-profile solution
was identified as the best-fitting solution at 3-years, 4-years, and 6-years. There is a growing
consensus regarding common subtypes of temperament profiles that typically emerge, in addition
to number, and my observations correspond with this research in identifying similar profiles
across early childhood.

In early childhood temperament subtype literature, “typical” or “unremarkable” profiles
are often characterized by generally average scores on most indicators (Scott et al., 2016; Janson
& Mathiesen, 2008). In my study, I observed a similar profile, Negative/Average, where most
indicators hovered close to the sample mean, a pattern that was more pronounced in the 4-year
and 6-year profiles, but also slightly lower scores on regulation and slightly higher in anger and
sadness. Similar profiles found in the literature also vary in terms of what additional traits
characterize their “typical” or “unremarkable” profiles, in tandem with average scores across
most indicators. For instance, Van den Akker et al. (2010) observed a typical profile that is
strictly average scores on three indicators, whereas Scott et al. (2016) observed a typical type
characterized by mostly average reactive scores with higher scores on regulatory traits, and

Prokasky and colleagues (2017) identified an average profile characterized by average scores on
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most indicators but approach and shyness. The Negative/Average profile in my dissertation was
hard to describe because although the general patten of characteristics were similar over time,
slight developmental shifts made it difficult to identify a label that could be used at all three time
points, which was ideal for sake of interpretation in this study.

I also identified two positively valanced profiles, Approachable and Surgent, like other
positive/reactive profiles found in early childhood literature (e.g., bold (Prokasky et al., 2017);
confident (Caspi & Silva, 1995); surgent (Hawes et al., 2022)). How patterns of regulation and
approach influence negative emotions (e.g., anger, discomfort) begin to differentiate these
profiles as children age into childhood (Scott et al., 2016), and these interactions are evident in
the profiles identified in this study. For instance, in the Approachable profile, inhibitory control
continued to increase across all three years, and in turn, mean levels of fear and discomfort
continued to decrease. In the Surgent profile, however, inhibitory control decreased slightly
between 3-years and 4-years, allowing for an increase between 4-years and 6-years in
impulsivity, in tandem with already steadily high levels of activity level, anger, and approach.

Finally, like most subtype literature spanning infancy and childhood, I also identified a
Reserved subtype (e.g., Reserved Well-Regulated (Murillo et al., 2024); Reserved (Caspi & Silva,
1995); Reserved (Hirvonen et al., 2018)). These profiles deviate from more reactive Inhibited
profiles, which are typically characterized by greater emotional distress, compared to Reserved
profiles that are not as emotionally distressing, as they are moderately regulated, slightly shy, and
not as active or impulsive. In fact, no profile emerged whose hallmark characteristic is
dominated by fear (e.g., Beekman et al., 2015; Sanson et al., 2009), which is more reminiscent of
a reactive Inhibited profile compared to a Reserved profile. Further, no profile emerged that

exhibited exceptionally strong regulatory skills. It is possible that the inclusion of multiple fine-
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grained traits, though fruitful for a well-rounded profile, prevents no one specific trait from
dominating the profile. For example, in studies that use fewer traits to define their profiles or
clusters, it is easier to distinguish profiles from each other based on specific traits. Van den Akker
and colleagues (2010) identified a strong fearful profile but only utilized three indicators.
Similarly, Sanson et al. (2009) observed a high and low attention regulation cluster but included
broad but focused dimensions related to reactivity and attention specifically.

Within the profiles across ages, there were some observed developmental patterns in the
characterization of the profiles over time. In the Reserved profile, falling reactivity and inhibitory
control increased from the sample mean in larger intervals at 6-years than at 3-years and 4-years,
thus resulting in the drop in anger reactivity and shyness that define the profile. In
Negative/Average, more consistent patterns emerged between 4-years and 6-years when children
hovered closer to the sample mean, like the consistency of the Typical profile pattern observed
by Hawes and colleagues (2022) at 3-years and 6-years. Though children slightly improved in
their regulatory skills, anger continued to score slightly above the mean and between 4-years and
6-years, and there was an uptick in discomfort, reiterating the need for a distinct profile of
children who are relatively inconspicuous (hence, “typical”), but still struggle to regulate
negative emotions. Patterns of the Approachable profile were most consistent across all three
ages, with the most evident changes being decreases in discomfort and fear between 3-years and
4-years, which remained consistent between 4-years and 6-years, perhaps because of steadily
increasing regulatory skills. Children in the Surgent profile maintained high levels of activity
level, anger, and approach behaviors, in tandem with high impulsivity and high intensity
pleasure. Notably, regulatory behaviors in this profile continued to decrease between 3-years and

6-years, again reiterating the need for distinct profiles of behaviors rather than collapsing into an
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aggregated variable. Taken together, qualitatively similar profiles can be observed across early
childhood, with slight developmental changes occurring between 3-years and 6-years. This raises
the question of whether these developmental changes influence the structural stability within
profiles across early childhood.
Aim 2: Stability of longitudinal latent profiles through invariance test

Considering the above observations, profiles could be considered stable in the sense that
qualitatively similar profiles could be identified over time. In other words, temperament traits
cluster together in a similar manner, similarly to how traits load consistently on to a broader
factor in factor analysis (i.e., structural continuity (Caspi, 1998)). From a statistical standpoint,
however, invariance tests deemed the same latent profile structurally unstable, thus not
supporting Hypothesis 2b. Specifically, I had hypothesized that invariance would be detected at
3-years and 4-years, but partial structural invariance would be detected at 6-years. An
unconditional transition model was instead the best fitting model between 3-years to 4-years, and
4-years to 6-years. In other words, the structure of the profiles over time was not similar enough
to be constrained. These observations were surprising, particularly because of the multiple
indicators across profiles whose mean differences were less than 1.0, especially between 4-years
and 6-years. Situating these results in the developmental literature is difficult because no studies,
to my knowledge, formally test for invariance in temperament profiles; however, conclusions
regarding lack of structural stability can be drawn from several methodological and theoretical
explanations. Firstly, invariance may not have been achieved due to the process of constraining
means in a nested fashion, which was made complicated by the large number of indicators I had.
Other studies constrain means in an omnibus manner, all at once (e.g., Moore et al., 2025;

Nylund-Gibson et al., 2023; Johnson, 2021), whereas the number of indicators included in my
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analyses meant it was not immediately obvious if all could be constrained at once. For profiles
which had multiple mean differences less than 1.0, it made the most sense to try to constrain
these profile means simultaneously, which I did for Approachable in the 4-year to 6-year model.
Issues with nested testing were amplified by negative Chi-squared difference tests, which raises
the question again of whether the latent profile model I chose was mis-specified.

From a theoretical standpoint, although existing literature posits that similar profiles can
be identified over time and individual traits show moderate correlational stability between
toddlerhood and childhood (Kopala-Sibley et al., 2018; Schmidt et al., 2024), it is plausible that
temperament profiles would not be structurally similar, despite similar characterizations.
Temperament theoretically develops alongside environmental (Rothbart & Bates, 2006) and
cultural input (Putnam et al., 2024), suggesting that although rank-order stability may not be as
heavily influenced by external factors and developmental changes, structural stability may tell a
different story. This could explain why variable-centered stability studies report moderate to high
correlations between traits and factors (Carranza et al., 2013; Dyson et al., 2015; Putnam et al.,
2008). Naturally, then, invariance as assessed through mean-level constraints would display little
stability in structure, as development and environmental influences across early childhood still
heavily influence temperament development. This said, questions remain. For instance, there
were several small mean-level differences observed in this study, particularly between 4-years
and 6-years, originally thought to reflect structural stability. After invariance tests failed, the
theoretical question of whether this type of stability matters from a practical perspective. In other
words, if latent profiles are qualitatively similar across time, do they need to be structurally

similar? Observations made in this study also highlight potential differences in how “stability”
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translates from variable-centered data to person-centered data. It is important to remember, also,
the methodological issues presented above.

As discussed previously in the document, Hypotheses 2a, 2c, and 2d hypothesized other
forms of invariance and were not explicitly tested for in official analyses, but unofticial
observations can be drawn regarding hypotheses 2a and 2d. Though it is not typical to test for
longitudinal invariance in latent profiles using the same process that you would for longitudinal
CFA, for example, configural invariance could be supported, as the optimal number of profile
solutions (i.e., 4) were the same across time (H2a). Distributional invariance (H2d), though
untested, prompted interesting observations of shifts in profile size over time. The largest profiles
at each age were not the same, potentially indicative of how developmental changes
differentially influence traits, captured by shifts in profile membership. For instance, Surgent was
the largest profile at 3-years, as children grapple with development of self-regulation, but the
smallest at 4-years and 6-years, whereas Negative/Average was smallest profile at 3-years and
remained the largest group between 4-years and 6-years.

Aim 3: Latent transition analyses

There was evidence for both within-person stability and change between profiles across
3-years, 4-years, and 6-years, both of which should be considered carefully in light of estimation
errors and loglikelihood values that failed to replicate despite increased start values. There was
partial support for Hypothesis 3a, which posited that the probability of remaining in the same
profile over time will be higher than the probability of transitioning between profiles. This
hypothesis was confirmed between 3-years and 4-years, where all stability probabilities were
high, most prominently in the Approachable profile. The high transition probability between

Approachable profiles is similar to those reported by Murillo and colleagues (2024), where
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transitions between Reserved well-regulated to Positive well-regulated profiles were highest
between 30-months and 5-years. Notably, the Surgent profile displayed the least within-person
stability, where 28% of these children transitioned to different profiles by 4-years, contrasting
existing literature that describes reactive profiles as most stable (Beekman et al., 2015; van den
Akker et al., 2010).

Hypothesis 3a was only partially supported between 4-years and 6-years. Stability
estimates were much lower in general during this 2-year period compared to 3-years to 4-years,
where the larger gap in time may have contributed to the increase in transitions. This said,
Hypothesis 3b (the probability of transitioning to a different profile will be highest between 4
and 6) was also only partially supported for two profiles, where the probability of remaining in
the same profile was higher for the Approachable and Surgent profiles. Children in the Reserved
profile, however, had a higher probability of transitioning to Negative/Average compared to
remaining in Reserved, but children in the Negative/Average profile had a higher probability of
transitioning to the Surgent profile compared to remaining in the Negative/Average profile. It is
intriguing that the two profiles with higher stability estimates were those characterized by more
positive emotional qualities, whereas those with lower stability estimates were those
characterized by more negative emotional qualities, despite modest to moderate degrees of
stability in negative emotionality traits as children aged through early childhood (Dyson et al.,
2015; Schmidt et al., 2024). It is also notable that the Surgent profile had the highest stability
estimate between 4-years to 6-years, compared to the lowest between 3-years to 4-years, when
the Surgent profile was largest. Between 4-years and 6-years, children in this profile may have
crystalized a more stable pattern of characteristics that differentiate them from the Approachable

profile, which may reflect differences in socialization patterns in the schooling context.
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Specifically, children are moving from kindergarten to elementary school, a time frame defined
by shifts in socialization compared to between 3-years and 4-years. In turn, several socialization
mechanisms outside the family environment are likely to influence children’s temperament
patterns, and vice versa. For instance, teacher-child relationship quality, now in addition to
parent-child quality, is heavily influenced by children’s temperament (Susa-Erdogan et al.,
2022); conversely, aspects of children’s temperament, particularly how temperamental
characteristics influence social interaction compared to social observation, are predicted by
teacher and peer emotion socialization practices (Li et al., 2022). Thus, higher transition
probabilities during this time frame would align with such socialization processes.

Finally, Hypothesis 3c (transitions from moderately reactive to more regulated profiles
being most likely, and probability of remaining in negatively reactive profiles being higher than
those in positively reactive profiles) was more difficult to assess, as I did not identify a truly
negatively reactive profile like most existing literature does (e.g., 6-year Negative Affect, Hawes
et al., 2022; 3-year high inhibited, Dollar et al., 2017; 7-year dysregulated, Scott et al., 2016).
That said, based on the profiles I did identify, little support could be found for this hypothesis.
Even if you considered Negative/Average a moderately reactive profile based on slightly elevated
anger and shyness, and Approachable more regulated, transitions between these profiles were
still low between 3-years and 4-years such that only 6% of children in the Negative/Average
profile at 3-years would transition, and rather than transitioning to Approachable, they
transitioned to Reserved. There is little support for this hypothesis between 4-years and 6-years
as well, as there are no transitions from Negative/Average to Reserved. Conversely, more than
half of the children classified as Reserved at 4-years transitioned to the Negative/Average profile

at 6-years, whereas 45% of children classified as Negative/Average at 4-years transitioned to
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Surgent by 6-years. These relatively high transition probabilities, particularly Surgent to
Approachable (32%), shed light on discrepant findings on relations between positively reactive
temperaments such as Surgency and socially adaptive (Degnan et al., 2011) and maladaptive
outcomes (Dollar & Stifter, 2012) in early childhood. In other words, longitudinal transitions
between distinct types illustrate how patterns of behavior can influence both outcomes but are
often overlooked when such behaviors are collapsed into a single variable at two different time
points.

Aim 4: 9-year externalizing behavior as distal outcome

Level of externalizing behaviors significantly differed across profiles, which is in line
with literature that describes differential influences of temperament profiles on socioemotional
outcomes across both typically developing and clinical samples (Dollar et al., 2017; Xie et al.,
2022). Unsurprisingly, 9-year externalizing behaviors were highest for Surgent children and
lowest for Reserved children.

Though Hypothesis 4 (those who transition from reactive profiles to more regulated
profiles are more likely to report fewer externalizing, whereas those who remain stable in
reactive profiles will report more externalizing behaviors) could not be formally tested due to
model estimation errors, conclusions can be drawn about longitudinal differences in pairwise
comparisons. For instance, Negative/Average children differ from all other profiles in level of
externalizing behavior aside from Surgent children. In other words, children belonging to each of
these two profiles at 6-years did not develop significant differences in externalizing behaviors at
9-years. This is surprising, considering children were more likely to transition to Surgent from

Negative/Average between 4-years and 6-years, and that Surgent children overall presented with
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the most externalizing behaviors. Conversely, externalizing differences were detected between
Reserved and Surgent despite having no transition pattern between 4-years and 6-years.

Observations such as these present an intriguing question related to the role of
temperamental transitions: do transitions play an important developmental role in influencing
behavioral outcomes above and beyond the role of cross-sectional differences in profile
characteristics? Based on emerging evidence from this study, it is possible that transitions
themselves may not play as big of a role as the distinct combination of traits that may protect
against or aid in development of externalizing behaviors. For instance, both Surgent and
Approachable children had higher levels of activity level, but the emotionality component, when
left unregulated, divides the two groups in their presentation of externalizing behaviors. Janson
& Mathieson (2008) observed similar results, where the profile characterized by high activity,
but low emotionality reported fewer behavior problems. Thus, Surgent children may present as
poorly adjusted in the classroom context, as poor regulation and anger reactivity impede quality
of peer (Rudasill et al., 2013) and teacher relationships (Rudasill et al., 2020).

Interestingly, the Reserved profile did not significantly differ in number of externalizing
behaviors compared to Approachable, where main differences in profiles were evident in level of
impulsivity. Although no differences in externalizing behaviors were reported, and despite
Approachable children tending to be more impulsive, these children may present as better
adjusted than those in the Reserved profile. Between 4-years and 6-years, Approachable children
presented with higher-than-average inhibitory control and attention focusing, paired with greater
activity level, less shyness, and less discomfort than those in the Reserved profile, making them
more apt to adjust to the classroom while simultaneously being able to engage with peers (Sealy

et al., 2021). Additionally, again, emotionality did not largely differ between the two profiles,
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resulting in no differences in externalizing behaviors despite being distinct profiles. Between
children in Negative/Average and Approachable and Reserved, however, anger was slightly
higher than average within Negative/Average profile, paired with slightly worse regulatory skills,
resulting in significant differences in reported externalizing behaviors between both
Approachable and Reserved, again highlighting the importance of the different combination of
traits.

Limitations and Future Directions

My dissertation study illustrates an approach to assessing the structural stability of
temperament profiles in early childhood. Findings of the study present a multitude of intriguing
future directions, which should be considered in light of important limitations of this study,
namely missteps in enumerating the latent measurement model and sample size concerns. First,
because variables in a latent profile can co-vary, some mixture modeling literature suggests
testing a series a variance-covariance matrices to see which specification is most appropriate for
the data, before beginning profile analyses (Hawes et al., 2022; Johnson, 2021). Though I opted
to continue with the default specification in Mplus (profile-invariant diagonal, which constrains
variances to be equal across profiles) because it is already the most parsimonious model, future
researchers should consider testing these solutions first, as it can aid in more accurate model
estimation.

Secondly, the number of indicators used in my study created a host of estimation
problems because of the contrast with the smaller sample size. In my preliminary exam, I argued
that utilizing a set of fine-grained traits to create more robust profiles is optimal to using a
smaller set of traits that may limit interpretability and generalizability. In theory, I still believe

this to be true, but in practice, incorporation of 15 indicators ultimately caused issues with model
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identification, potentially in tandem with the abovementioned lack of variance-covariance
specification. Despite this, though model estimation terminated normally in the latent profile
analysis, the number of parameters estimated from a large, and potentially misidentified, latent
transition model exceeded the available sample size. The indicator issue, in tandem with the
sample size concern, also prevented me from effectively assessing measurement invariance. In
the case of negative chi-square difference tests after accounting for the MLR scaling factor, a
potential alternative would have been to use the adjusted scaled Chi-square difference test,
developed by Satorra & Bentler (2010) to account for this issue. Thus, for small sample sizes,
future temperament transition analyses should only incorporate the most crucial indicators while
still maintaining a well-rounded set of temperament traits. In turn, future work can better
establish structural stability of latent profiles.
Conclusions

Temperament as assessed via person-centered techniques has raised important questions
regarding stability of temperament profiles across early childhood, despite evidence of moderate
stability at the variable-level. Though emerging evidence of within-person stability and stability
in characterization of latent profiles during this period has been reported, structural stability and
transitions between profiles remain largely empirically untested. Person-centered techniques
clarify within-person differences in temperament that differentially relate to socioemotional
development, making the questions of structural stability and latent transitions important aims of
developmental science. Therefore, my dissertation aimed to elucidate the structurally stability of
latent profiles of temperament, inform on temperamental transitions over time, and assess how 6-
year latent profiles relate to externalizing behaviors in middle childhood. The best fitting model

at 3-years, 4-years, and 6-years was a 4-profile model that was structurally unstable, but
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qualitatively similar across time. Further, evidence of continuity and change was observed
through transition analyses such that children were less likely to transition between profiles
between 3-years and 4-years, but more likely to transition between profiles 4-years and 6-years.
Differential relations between 6-year profiles and 9-year externalizing behaviors are also
examined. Together, observations underscore the importance of considering how temperamental
stability manifests from a person-centered perspective and raises questions regarding how
important temperamental transitions may be for socioemotional development, above and beyond

individual characteristics of latent profiles.
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Tables

Table 1.
Descriptive Statistics for Main Study Variables

Min Max M (SD) Skew Kurtosis
Age 3 CBQ Scales
Activity Level 1.86 7.00  5.20(.81) -32 40 .69
Anger 1.17 7.00 4.74 (1.06) -34 -.17 78
Approach 2.83 7.00  5.17(.83) -29 -29 .68
Attention Focus 1.67 6.50  4.61(.92) -20 -.20 71
Discomfort 1.00 6.83 4.11(1.19) -28 -46 78
Falling Reactivity 2.33 6.83  5.08(.84) -47 21 .70
Fear 1.00 6.67 3.64(1.27) .03 -.66 72
HI Pleasure 2.00 7.00  5.33(.87) -39 -.11 .58
Impulsivity 1.67 6.83  4.57(99) -12 -27 71
Inhibitory Control 1.50 6.40  4.45(.83) -31 32 59
LI Pleasure 4.25 7.00  6.03(.56) -54 24 .65
Perceptual 2.00 700  5.28(.99) _75 41 75
Sensitivity
Sadness 1.50 6.50  4.00(.89) -.09 .06 .56
Shyness 1.00 7.00 3.94(1.28) -.15 -42 .84
Smiling 3.33 7.00  5.82(.71) -70 34 .69
Age 4 CBQ Scales
Activity Level 1.86 7.00 5.1713 -27 21 71
Anger 1.50 6.83 4.4399 -25 -32 75
Approach 3.33 7.00 5.2054 -.09 -30 .65
Attention Focus 1.67 6.83 4.6943 -25 -.10 .69
Discomfort 1.17 6.83 4.2557 -29 -.21 .76
Falling Reactivity 2.17 7.00 5.0218 -.55 33 72
Fear 1.00 6.80 3.8552 -.05 -38 .66
HI Pleasure 1.33 7.00 5.2344 -.66 .92 71
Impulsivity 1.50 7.00 4.5655 -.19 .03 74
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Inhibitory Control 2.17 6.67 4.6297 -39 31 .60
LI Pleasure 3.88 7.00 5.9733 -43 23 .67
}S):;‘:Etv‘if; 2.33 7.00 5.5092 95 95 76
Sadness 1.14 6.86 4.1086 =37 .59 .64
Shyness 1.00 6.83 3.7542 .01 -.61 .86
Smiling 2.83 7.00 5.9275 -1.08 1.84 72
Age 6 CBQ Scales

Activity Level 2.14 7.00 4.9144 -.05 -.35 73
Anger 1.00 7.00 4.0782 -.16 -38 .84
Approach 3.00 6.83 5.2311 -.20 -.46 .62
Attention Focus 2.17 6.83 4.8397 -21 -35 .69
Discomfort 1.83 7.00 4.2333 A5 -.36 73
Falling Reactivity 1.17 7.00 4.7278 -.69 .86 .78
Fear 1.33 6.67 3.8964 -.05 -29 .68
HI Pleasure 2.50 7.00 4.8965 -.19 -41 .70
Impulsivity 1.33 6.83 4.3895 -25 -12 a7
Inhibitory Control 2.17 7.00 4.8763 -43 -32 .70
LI Pleasure 3.57 7.00 5.7601 -.46 .16 .70
g:;‘:gtv‘if; 2.00 7.00 5.5000 -.90 1.38 76
Sadness 1.14 6.43 4.2286 -.06 .04 .63
Shyness 1.00 7.00 3.6626 .07 -57 .86
Smiling 4.00 7.00 5.9671 =72 40 .66
Age 9 Outcomes

Externalizing .00 40.00 5.7143 1.97 5.61 .89

Note. Bolded numbers indicate scales with poor reliability.
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Table 3.
LPA model characteristics
Model (K- Adjusted Smallest
profile) npar Anpar LL BIC SABIC Entropy LMR BLRT Class %
3-Year
2-profile 46 - -6059.4540 12383.0850  12237.1890  0.7310 0.0200 0.00 48%
3-profile 62 16 -5956.9780 12270.0220  12073.3790  0.7900 0.0200 0.00 16%
4-profile 78 16 -5872.4030 12192.7590 11945.3700 0.8100 0.0200 0.00 14%
S-profile 94 16 -5809.8830 12159.6080 11861.4710 0.8100 0.2000 0.00 11%
6-profile 110 16 -5768.1040 12167.9390 11819.0560  0.8300 0.5700 0.00 3%
4-Year
2-profile 46 - -5573.9380 11408.8480 11262.9730  0.7420 0.2400 0.00 45%
3-profile 62 16 -5467.4170 11286.5800 11089.9650  0.7820 0.2220 0.00 27%
4-profile 78 16 -5392.0210 11226.5610 10979.2070  0.8210 0.3080 0.00 13%
S-profile 94 16 -5326.9700 11187.2330 10889.1400  0.8330 0.2540 0.00 14%
6-profile 110 16 -5279.3410 11182.7480 10833.9150  0.8400 0.6820 0.00 10%
6-Year
2-profile 46 - -4450.6810 9151.3140 9005.5230 0.7990 0.2400 0.00 39%
3-profile 62 16 -4352.371  9041.632 8845.132 0.815 0.14 0.00 25%
4-profile 78 16 -4287.0720 8997.9740 8750.7640 0.816 0.237 0.00 20%
S-profile 94 16 -4231.5340 8973.8370 8675.9170 0.840 0.684 0.00 7%
6-profile 110 16 -4187.3240 8972.3580 8623.7290 0.869 0.06 0.00 5%

Note. Npar = number of parameters; LL = loglikelihood; BIC = Bayesian information criteria; saBIC = Sample size
adjusted Bayesian information critera; LMR = Lo-Mendell-Rubin significance test; BLRT = bootstrapped likelihood ratio

test.
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Table 4.
3-year latent profile results

Reserved Negative/Average  Approachable Surgent

(n=289) (m=281) (n=42) (n=100)
Activity Level (AL) 4.455 5.199 5.111 5.199
Anger (ANG) 4.253 4.742 5.075 4.742
Approach (APP) 4.876 5.169 4.82 5.169
Attention Focus (AF) 5.137 4.606 4.101 4.606
Discomfort (DIS) 4.323 4.108 3.95 4.108
Falling Reactivity (FREAC) 541 5.081 4.495 5.081
Fear (F) 3.769 3.645 3.646 3.645
High Intensity Pleasure (HIP)  4.687 5.333 5.21 5.333
Impulsivity (IMP) 3.772 4.57 4.413 4.57
Inhibitory Control (IC) 4.987 4.452 3.904 4.452
Low Intensity Pleasure (LIP) 6.197 6.031 5.607 6.031
Perceptual Sensitivity (PS) 5.337 5.28 4.796 5.28
Sadness (SAD) 3.826 3.997 4.084 3.997
Shyness (SHY) 4.457 3.937 4.278 3.937
Smiling (SMI) 5.725 5.815 5.342 5.815
Table S.
4-year latent profile results

Reserved Negative/Average  Approachable Surgent

(n=76) n=93) (n=286) (n=136)
Activity Level (AL) 4.378 5.397 5.132 6.24
Anger (ANG) 4.265 5.157 3.528 5.021
Approach (APP) 4.695 5.322 5.178 5.966
Attention Focus (AF) 4.937 4.425 5.016 4.182
Discomfort (DIS) 4.461 4.702 3.787 3.796
Falling Reactivity (FREAC) 5.119 4.357 5.602 5.188
Fear (F) 3.937 4.244 3.377 3.794
High Intensity Pleasure (HIP)  4.378 5.429 5.373 6.11
Impulsivity (IMP) 3.466 4.629 4.804 6.012
Inhibitory Control (IC) 4.884 4.376 4.936 4.09
Low Intensity Pleasure (LIP) 5.783 5.844 6.209 6.143
Perceptual Sensitivity (PS) 5.17 5.473 5.88 5.443
Sadness (SAD) 4.071 4.456 3.665 4.301
Shyness (SHY) 4.638 4.021 3.133 2.752
Smiling (SMI) 5.661 5.725 6.168 6.408
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Table 6.
6-year latent profile results
Reserved Negative/Average  Approachable Surgent
(n=063) (n=66) (n=154) (n=46)
Activity Level (AL) 4.103 4.717 5.334 5.834
Anger (ANG) 3.162 4.674 3.583 5.083
Approach (APP) 4.972 5.007 5.364 5.758
Attention Focus (AF) 5.338 4.636 5.322 3.871
Discomfort (DIS) 4.289 4.659 3.721 4.148
Falling Reactivity (FREAC) 5.23 4.055 5.247 4.382
Fear (F) 3.75 4.332 3413 4.045
High Intensity Pleasure (HIP)  4.248 4.597 5.348 5.696
Impulsivity (IMP) 3.531 4.074 4.943 5.384
Inhibitory Control (IC) 5.56 4.514 5.344 3.894
Low Intensity Pleasure (LIP) 5.91 5.404 6.117 5.642
Perceptual Sensitivity (PS) 5.521 5.064 5.988 5.521
Sadness (SAD) 4.011 4.441 3.955 4.548
Shyness (SHY) 4.018 4.249 2.949 3.168
Smiling (SMI) 6.024 5.518 6.223 6.231
Table 7.
Latent transition probabilities
4-years 6-years
3-years Reserved Neg/Avg Approachable Surgent 4-years Reserved  Neg/Avg  Approachable Surgent
Reserved 82 .06 .03 .09 Reserved 45 .53 .02 .00
Neg/Avg .06 94 0.00 .00 Neg/Avg .00 41 14 45
Approachable .00 .00 1.00 .00 Approachable 44 .03 52 .02
Surgent 13 .05 10 T2 Surgent .00 .05 32 .63

Note. Bolded values are referred to as stability estimates
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Table 8.

BCH pairwise comparisons of 6-year profiles on externalizing behaviors

Chi-square p-value
Negative/Average vs. Approachable 7.92 .01
Negative/Average vs. Reserved 17.62 .00
Negative/Average vs. Surgent 2.64 10
Reserved vs. Approachable 1.26 26
Reserved vs. Surgent 26.77 00
Approachable vs. Surgent 15.60 .00

M SE
Reserved 3.33 0.46
Negative/Average 175 0.89
Approachable 4.38 0.76

Surgent 10.38 1.29
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Figure 1.

Figures

Bar graphs displaying BIC and saBIC differences between profiles
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Figure 2.
3-year latent profiles
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Figure 3.
4-year latent profiles
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Figure 4.
6-year latent profiles
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Figure 5.
3-year profile means compared to 3-year sample means
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Figure 6.
4-year profile means compared to 4-year sample means
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Figure 7.
6-year profile means compared to 6-year sample means
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Table 2.
Reduced correlation matrix displaying age 3 temperament and age 9 outcomes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1. AL -
2. ANG 27 -
3. APP A5%F O 27xE
4. AF =22%%  22%%  _ (] -
5.DIS -.05 25%% 20%% .06 -
6. FRE -.07 -39%% 01 Jd6%% - 18%% -
7.F -.06 26%% .09 -.08 32%% 11 -
8. HIP A7 6% 29%% - 10 =21%%  -.02 -16%*
9. IMP S9%F 18**  [39%F L 21%% - 04 -.03 -.07 A49%% -
10. IC -25%% - 19%* 08 46%* .09 36%% .040 -14%  -24%% -
11. LIP .01 .02 23%% 27 21%% 23%% (07 .10 .01 37
12. PS .07 .10 31%%  16%*%  15** 05 4% J2% .10 24%%  28%% -
13. SAD 5% 47%% 0 31%*% 0] 37 -26%% 28%F .04 .02 .00 J5%F 0 20%% -
14.SHY  -25%% 13** - 15%* -06 22%% -10 14* -15%% L 51%% -02 -02 -.04 08 -
15. SMI 29%%  -05 35%% 19%% .00 JA8%%  -.05 25%% 0 28%%  19**  3§**  23%* (08  -26%*
16. EXT A2 24%*  -.03 =21%% - 11 -33%%  -.03 11 11 =27%% - 13*  -.07 A1 .09 -20%*
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Note. Matrix generated prior to Winsorization. AL = activity level; ANG = anger/frustration; APP = approach; AF = attention focusing; DIS = discomfort; FRE =
falling reactivity; F = fear; HIP = high intensity pleasure; IMP = impulsivity; IC = inhibitory control; LIP = low intensity pleasure; PS = perceptual sensitivity; SAD
= sadness; SHY = shyness; SMI = smiling; EXT = externalizing.

*=p<.05,**=p<.01



