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ABSTRACT 
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This dissertation examined developmental trajectories of physical aggression in low-income 

African American and Hispanic preschoolers as they transitioned to primary school.  Three 

developmental trajectories were expected to be identified in the data: a low physical aggression 

group, a group that begins higher in physical aggression that the low group but declines to near 

zero levels by Wave 4, and a group high in physical aggression across all four time points.  More 

boys and African American children were expected to be classified into the high physical  

aggression group whereas children with higher inhibitory control competency were expected to 

be classified into the low physical aggression group.  Additionally, cumulative risk was 

measured at all four time points and more cumulative risk was expected to be characteristic of 

the high physical aggression group.  Data from the Dallas Preschool Readiness Project (DPReP), 

a longitudinal study of 407 low-income African American and Hispanic children and families, 

were used to estimate developmental trajectories across four waves beginning when the children 

were 2½ years of age.  Additional waves were included when children were 3½, in kindergarten, 
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and in first grade.  Using group-based trajectory modeling, a model consisting of four trajectories 

of physical aggression was selected.  The model identified a no physical aggression group (18%), 

a low declining group (41%), a high declining group (32%), and a high chronic group (9%).  The 

groups did not differ by child gender but more Hispanic children were classified into the no 

physical aggression and low declining groups while more African American children were 

classified into high declining and high chronic groups.  To gain a better understanding of the 

trajectories, cumulative risk and inhibitory control were modeled as predictors of physical 

aggression group membership but in different ways.  Cumulative risk was modeled as a time-

varying covariate of physical aggression and showed to distinguish the low declining and no 

physical aggression groups from high chronic and high declining physical aggression groups.  

Higher levels of cumulative risk characterized the high chronic physical aggression group and 

lower cumulative risk characterized the no and low declining physical aggression groups.  

Inhibitory control at Wave 2 when children were 3½ distinguished the no physical aggression 

from the low declining and high chronic groups.  No differences related to cumulative risk or 

inhibitory control were found between the high chronic and high declining groups.  This study 

extends extant research on the developmental course of physical aggression at these early ages 

by examining individual differences related to variations in risk and inhibitory control within a 

high-risk sample of ethnic minority children.  Most of the prior research investigating physical 

aggression in young children has included predominantly middle-income, Caucasian samples.  

The current study addressed the unanswered question of whether the developmental course of 

physical aggression in very young, low-income, African American and Hispanic children is 

similar to that found in Caucasian-majority samples in prior studies.  The findings reported here 
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show substantial within-group variability in physical aggression in low-income African 

American and Hispanic children.  The current study findings appear to indicate consistency with 

prior research.  That is, distinct high chronic, high declining, low declining and no physical 

aggression groups were identified from the analysis, with significant between group differences 

between the extreme groups.  Inconsistencies with past research are discussed at length. 
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CHAPTER 1 

INTRODUCTION 

 

 

Physical aggression in early childhood is common, but most children will desist from 

using aggression by the time they transition to school (Tremblay, 2000).  By the time they start 

kindergarten they will have learned not to physically aggress using alternative strategies to 

manage conflict and frustration, to get what they want, and to alert caregivers that they are 

unhappy.  There are broad individual differences associated with the development of physical 

aggression over time.  Past research has shown a link between physical aggression and lower 

inhibitory control, such that children with low inhibitory control are more likely to use physical 

aggression than those high in inhibitory control (Raaijmakers et al., 2008).  On average, boys are 

more likely to physically aggress than girls (Card, Stucky, Sawalani, & Little, 2008).  

Additionally, children of a minority race or ethnicity are more likely to be physically aggressive 

than White, non-Hispanic children (Nagin & Tremblay, 2001b).  Children who grow up in a 

household with multiple environmental risk factors are more likely to exhibit physical aggression 

toward caregivers, peers, animals, and things than those who grow up with fewer risks (National 

Institute of Child Health and Development (NICHD) Early Child Care Research Network 

(ECCRN), 2004).  The current study examined individual differences in physical aggression in a 

sample of low-income African-American and Hispanic children, populations that have been 

historically under-represented and understudied in the developmental literature (Li-Grining, 

2007). 

Highly physically aggressive children are at risk for any of a number of problems later in 

life including delinquency in adolescence and antisocial behavior and violence in adulthood 
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(Farrington, 1994; Moffitt, 1993; Raine, 2013; Roth & Reiss Jr, 1993).  Individuals who 

perpetrate violence in adulthood oftentimes began by enacting analogous behaviors early in the 

life course which is an axiom commonly summarized as persistence forecasting, prior behavior 

being the best predictor of future behavior (Coie & Dodge, 1998; Farrington, 1994; Tremblay, 

2004). Early in the life course, children use aggression as an instrumental means to try to achieve 

goals such as alerting caregivers that they may be angry or as a strategy for managing conflict or 

frustration; however, as they grow older, most children will develop and deploy different 

strategies to get what they want (Côté, Tremblay, Nagin, Zoccolillo, & Vitaro, 2002).  Yet, a 

minority of children will find it challenging to avoid physical aggression as an instrumental 

means of managing emotions and conflict.  It is these children who may be at greatest risk for 

enacting violence in adulthood (Piquero, Farrington, Nagin, & Moffitt, 2010).   

 The etiology of aggression in youth has been linked to genetics (Provençal, Booij, & 

Tremblay, 2015).  Experiences of childhood, however, will likely have an impact on individuals’ 

physical aggression trajectories. Children raised in contexts exposing them to multiple risks to 

healthy development are more likely to develop high and chronic physical aggression (Nagin & 

Tremblay, 2001a; Tremblay et al., 2004).  Ethnic minority children are also more likely to be 

more physically aggressive than their White, non-Hispanic counterparts (Ehrenreich, Beron, 

Brinkley, & Underwood, 2014).   However, children living in poverty are disproportionately of a 

minority race or ethnicity.  Therefore, the greater prevalence of physically aggressive behaviors 

in ethnic minority children is likely a function of living with many poverty related risks (i.e., 

absence of a father figure, maternal depression), effectively confounding the effects of such risks 

and race/ethnicity (Qi & Kaiser, 2003).  This study will address individual differences in 



 

3 

developmental pathways of physical aggression, including relations to cumulative risk and 

inhibitory control, gender and ethnicity across the period of early childhood through the 

transition to school.  In her seminal work, Moffitt (1993, p. 696) offers a bold challenge to 

“begin … studies [of persistent antisocial behavior] during infancy, or even prenatally, and 

follow the same individuals to adulthood.”  The current study is a first step, focusing on low-

income, minority populations. 
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CHAPTER 2 

LITERATURE REVIEW 

During the preschool years through the transition to elementary school, most children 

develop numerous regulatory skills (Berger, 2011).  However, some children experience 

difficulties managing their behavior.  Many children develop skills in effortful control between 

the ages of two and five years.  Effortful control has been defined as the ability to suppress a 

dominant response in deference to a subdominant behavior (Kochanska, Murray, & Harlan, 

2000).  For example, a child demonstrates effortful control by expressing appreciation for a gift 

even though the gift is unfavorable such as a rough piece of wood or a single sock (Kieras, 

Tobin, Graziano, & Rothbart, 2005).  Children who demonstrate competency in effortful control 

tend to not have the behavioral problems found among children with poor effortful control 

(Olson, Sameroff, Kerr, Lopez, & Wellman, 2005). These problems are referred to as 

externalizing problems, which have been defined as antisocial behavioral features marked by 

noncompliance with caregiver directions, often expressed with negativity (i.e., defiance), 

impulsivity, disruptiveness, hostility, and aggression (Campbell, 2006; McMahon, 1994).  

Physical aggression is a specific category of antisocial, externalizing behavior characterized by 

direct physical action or reaction against another individual, property, and/or animals (Gullone, 

2012; Krahé, 2013; Liu, 2004). It can include attacking, hitting, tripping, kicking, biting, 

fighting, breaking and destroying one’s own or another’s things, and being cruel to animals 

(Broidy et al., 2003; Card et al., 2008; Eisner & Malti, 2015; Gullone, 2014; NICHD ECCRN, 

2004). 
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Physical aggression has been shown to manifest in children as early as 8 months after 

birth (Côté, 2007; Nærde, Ogden, Janson, & Zachrisson, 2014; Tremblay et al., 2004), and 

certain markers of physical aggression can be identified even as early as six months (Hay et al., 

2014).  Interestingly, by the time children reach their second birthday, most of them will 

physically aggress on at least some occasions against caregivers and other children.  This 

universal developmental phenomenon is considered normative, peaking between two and four 

years of age, and declining as children reach elementary school age (Nærde et al., 2014; 

Tremblay, 2000).  It is not coincidental that self-regulatory processes, such as inhibitory control, 

the ability to suppress a dominant response in favor of a subdominant response, develop rapidly 

during the same timeframe (Calkins & Howse, 2004; Campbell, 2006).  As children improve at 

regulating their emotions and behavior, their apparent need to aggress decreases because they are 

also better at expressing themselves, articulating what they want, letting caregivers know when 

something is wrong, and managing conflict and frustration in general. 

Although physical aggression in typically developing, young children is considered 

normative, the average trend is that most children will desist from using aggression as an 

instrumental means for getting what they want by the time they are attending the first year of 

elementary school (Tremblay, 2002).  Executive functions such as inhibitory control are thought 

to play a role in children’s physical aggression trajectories and appear to have an inverse 

relationship.  Children whose inhibitory skills develop normatively will tend to exercise 

alternative strategies for getting what they want, managing conflict, and conveying frustration. 

When inhibitory skills are delayed or deficient, children may not have the behavioral 

competency to desist from using aggression (Blair, 2003). Children who do not desist from the 
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use of aggression are at greater risk of maladaptive outcomes (Dodge, Coie, & Lynam, 2006; 

Eisner & Malti, 2015).  

Inhibitory control and physical aggression appear to have an inverse relationship such 

that as children develop greater competency in inhibitory control, their use of physical 

aggression decreases (Hughes, Dunn, & White, 1998; Raaijmakers et al., 2008; Suurland et al., 

2016; Utendale & Hastings, 2011, but see Brocki, Nyberg, Thorell, & Bohlin, 2007 and 

Rhoades, Greenberg, & Domitrovich, 2009).  The relationship between inhibitory control and 

physical aggression was tested with data from the aggressive behavior subscale of the Child 

Behavior Checklist  (CBCL; Achenbach & Rescorla, 2001b) collected on 82 Dutch preschoolers 

(Raaijmakers et al., 2008). The selection criteria for the preschoolers were that they had to score 

at the 80th percentile or greater on the subscale.  The children averaged 51 months in age and 

were matched to 99 low and non-aggressive children who scored below the 50th percentile of the 

Aggressive Behavior subscale.  The groups were matched on their scores on the Wechsler 

Preschool and Primary Scale of Intelligence – Revised (Wechsler, 1997; Dutch version).  The 

parents of the aggressive and control children did not differ in education level.  A battery of six 

neuropsychological assessments was used to assess executive function domains that included set 

shifting, working memory, verbal fluency, and inhibitory control.  Relations between children’s 

scores on a general inhibition factor, based on a composite formed through factor analysis of data 

from these measures, and physical aggression scores were examined.  Findings indicated that 

when compared to matched controls, aggressive preschoolers showed poorer behavioral 

inhibition. Extrapolating from these cross-sectional findings, it could be argued that in order for 
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physical aggression to decline in the normative fashion typically observed across these ages, 

inhibitory faculties are required. Longitudinal data are needed to test this hypothesis. 

Development of Physical Aggression in Minority Children 

Most of the prior studies examining physical aggression in youth reported results based 

on samples that were predominantly Caucasian/European American.  However, being of a 

minority race/ethnicity has been associated with higher levels of physical aggression than being 

Caucasian (Nagin & Tremblay, 2001a). Levels of physical aggression have been shown to be 

higher and more persistent among ethnic minority children compared to their White, non-

Hispanic peers.  For example, a longitudinal analysis of 188 boys (90 African American, 27 

Hispanic, and 71 White non-Hispanic) demonstrated that African American school-aged males 

scored higher on measures of physical aggression compared to the Hispanic and White non-

Hispanic males (Xie, Dawes, Wurster, & Shi, 2013).  Moreover, even as these children were 

entering middle school, these differences persisted.  In addition, the study found that African 

American males had more favorable perceptions of physically aggressive behavior when 

compared to Hispanic and White non-Hispanic males.  Similarly, using a slightly older sample of 

youth, and a group-based modeling analysis approach, Ehrenreich et al. (2014) examined 

physical aggression in an ethnically diverse sample of 298 children between the ages of 9 and 18 

years.  The sample was 21% African American, 21% Hispanic, 52% White non-Hispanic, and 

6% Asian and other.  The authors identified three physical aggression trajectory groups: high-

desisting, stably medium, and stably low and compared the stably medium and high-desisting 

groups with the stably-low group.  They found that males and non-White, low-income children 
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were more likely to be classified in a persistent (i.e., high frequency, high chronicity) physical 

aggression group compared to females, and to White, more economically advantaged male peers.  

Other studies indicate that Hispanic children are more at risk than their White non-

Hispanic peers for chronically high levels of physical aggression.  For example, in a study of 731 

urban Hispanic youth aged 12 to 18 years, a greater percentage of the sample (16.5%) exhibited 

more persistent and higher level physical aggression than levels typically found in samples of 

predominantly Caucasian youth (Maldonado-Molina, Reingle, Tobler, Jennings, & Komro, 

2010).  In their predominantly low-income sample, Maldonado-Molina et al. also reported that 

boys were more likely to be classified into an escalating physical aggression group than a no-

aggression group.  Typical prevalence rates for high frequency/high chronicity physical 

aggression that have been estimated in studies of developmental trajectories range from 4-11% 

(Broidy et al., 2003).  Based on these studies, it can be concluded that children of minority 

race/ethnicity are at greater risk for high frequency/high chronicity physical aggression when 

compared to their White/non-Hispanic, and typically more advantaged peers. 

Many of these studies accounted for economic status which is important because of the 

well documented confound between poverty and minority race/ethnicity (Duncan, Brooks-Gunn, 

& Klebanov, 1994; Gross, Sambrook, & Fogg, 1999; Huston, McLoyd, & Coll, 1994; 

Leadbeater & Bishop, 1994; Qi & Kaiser, 2003).  Poverty has been shown to be related to 

maladaptive behaviors such as increased externalizing behavior and lower executive function as 

well as physical aggression (Kochanska & Knaack, 2003; Li-Grining, 2007; Raver, 2004; 

Tremblay et al., 2004).  Because poverty also tends to co-occur with other risk factors such as 

maternal depression and single parent status, it follows that such risk factors are working against 
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the development of optimal outcomes including desistence in physical aggression, but it can also 

be difficult to isolate the effect of any one risk factor alone (Doan, Fuller-Rowell, & Evans, 

2012; Sameroff, 2000).  Such evidence suggests that children of a minority race and ethnicity 

may be at greater risk of higher and more persistent physical aggression when compared to their 

White, non-Hispanic peers because their socialization experiences may be influenced by higher 

levels of household risk.  

The Role of [Multiple] Risks in the Development of Physical Aggression 

Risk factors such as living in poverty have been shown to work against optimal 

developmental outcomes in children (Doan et al., 2012; Rutter, 1979).  And such contextual 

factors play a role in children’s physical aggression (Palamar et al., 2015).  Contextual factors 

refer to characteristics of a child’s environment or ecology and include the mental health status 

of caregivers, the household where the child is being raised, the neighborhood within which the 

household is located, and the preschool or elementary school s/he attends.  They also include the 

makeup of the household and neighborhood.  For example, growing up in poverty and having a 

depressed primary caregiver are factors that have shown to be related to high physical aggression 

(Shaw, Gilliom, Ingoldsby, & Nagin, 2003; Tremblay et al., 2004).  In addition to the greater 

prevalence of poverty among African American and Hispanic children (Jiang, Ekono, & Skinner, 

2016; U.S. Bureau of the Census 2010), minority households are disproportionately concentrated 

in areas (i.e., neighborhoods and communities) of economic disadvantage (Ulmer, Harris, & 

Steffensmeier, 2012).  The confound between poverty and minority status makes it difficult to 

isolate effects of poverty from race/ethnicity (Qi & Kaiser, 2003).  In a meta-analysis of 43 

studies investigating the relations between neighborhood disadvantage and physical aggression, 
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Chang, Wang, and Tsai (2016) found a positive and significant relation between neighborhood 

disadvantage and physical aggression especially in studies of younger children. A concordant 

finding was reported by Palamar et al. (2015) in a multi-level, longitudinal analysis of 298 urban, 

Black children.  Teacher reports of children’s conduct problems were examined three times from 

preschool to first grade.  Children who lived in areas where a large proportion of residents were 

in poverty were more likely to develop conduct problems even after controlling for race/ethnicity 

(Palamar et al., 2015). 

Although there is some debate about the process that facilitates a greater prevalence of 

physical aggression in children of color, it appears that a common link may be poverty related 

(see Eisner & Malti, 2015).  Common poverty related risks for very young children include 

living in a single-parent household, having a caregiver with depressive symptoms, and having a 

high ratio of children to caregivers (Lengua, Bush, Long, Kovacs, & Trancik, 2008).  Children 

who experience risks such as these are more likely to have inadequate monitoring and may feel 

the need to demand attention from caregivers.  This may take the form of aggressive outbursts 

targeting caregivers, siblings, and even pets (Gullone, 2012; Lengua et al., 2008; Lengua, 

Honorado, & Bush, 2007).  Because African American and Hispanic children are more likely to 

live in poverty when compared to Caucasian children, they are also more likely to experience 

more poverty-related risk and, therefore, more likely to exhibit behavioral problems such as 

frequent and chronic physical aggression. 

Children growing up in poor neighborhoods are not only more likely to be living in 

poverty themselves, but they are disproportionately more likely to be of a minority race or 

ethnicity (Bureau of Justice Statistics, 2015; Conley, 2009).  One of the findings reported in 
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Palamar et al. (2015) of particular relevance to the current study was that the association between 

neighborhood disadvantage and physical aggression was stronger in studies of younger children 

than those of older children.  Inasmuch as minority children are more likely than their non-

minority peers to come from disadvantaged contexts, live in areas of concentrated disadvantage, 

and are exposed to more poverty-related risks, such circumstances put them at considerable risk 

for increased levels and persistent physical aggression (Coie & Dodge, 1998; Eisner & Malti, 

2015).  What is less clear, and of specific interest to the current study, is the within-group 

variation of physical aggression over time in a sample of low-income ethnic minority children, 

and how these variations relate to antecedent influences of household risk and children’s 

inhibitory control. Moreover, minority status does not imply group homogeneity.  African 

American and Hispanic children are likely to be differentially exposed to various risk factors that 

may be associated with physical aggression.  For example, in a sample of 407 African American 

and Hispanic preschool-aged children, more African American children lived in households 

below 50% of the Federal Poverty Level (FPL) compared to Hispanic children but more 

Hispanic caregivers had less than a high school education when compared to African American 

caregivers (Caughy, Mills, Owen, & Hurst, 2013).  In contrast, a different study with older 

African American and Hispanic children had a greater percentage of Hispanic children receiving 

free or reduced price lunch in school compared to African American children (Reingle, 

Maldonado-Molina, Jennings, & Komro, 2012).  Such evidence underscores the importance of 

examining the between-group variation of physical aggression in low-income, all ethnic minority 

samples. 
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Physical Aggression and Growing Up with Multiple Risks 

Children who grow up in adverse contexts are at greater risk for developing chronic 

physical aggression that can be deleterious to later outcomes, both social and cognitive 

(Campbell, Shaw, & Gilliom, 2000).  Adverse contexts have been typically defined as any 

characteristic or condition that can increase the likelihood of poorer outcomes (Garmezy & 

Rutter, 1983; Werner, 1995).  Commonly referred to as risks, adverse contexts for children’s 

development typically include parental and family characteristics such as being a single parent, 

one or both parents having a low level of education, maternal depression, and low family income 

(Campbell, Spieker, Vandergrift, Belsky, & Burchinal, 2010; Huijbregts, Séguin, Zoccolillo, 

Boivin, & Tremblay, 2008; Tremblay et al., 2004).  When there are more than one of these risks 

present while a child is growing up, then the negative effects of risk on the child’s development 

multiplies (Doan et al., 2012; NICHD ECCRN, 2004; Rutter, 1979; Sameroff, 2000).  It thus 

becomes important to consider the effect of multiple or cumulative risk.   

The term cumulative risk refers to the compounded effect of multiple risks.  Cumulative 

risk is a better predictor of child outcomes than the presence of any one risk factor alone 

(Appleyard, Egeland, van Dulmen, & Sroufe, 2005; Atzaba-Poria, Pike, & Deater‐Deckard, 

2004; Doan et al., 2012; Rutter, 1979; Sameroff, Seifer, Barocas, Zax, & Greenspan, 1987).  For 

example, Bendersky, Bennett, and Lewis (2006) examined 206 five-year-old, predominantly 

(87%) African American children who had a high incidence of pre-natal cocaine exposure.  

Using a summated scale of cumulative risk that included maternal race, being a single parent, 

using public assistance, having multiple caregivers, living with environmental instability, and 

irregularity of the child’s daily schedule, they found that their cumulative risk measure was 
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consistently related to heightened aggression at five years.  Although the study was cross-

sectional, it could be argued that even though the measures were collected concomitantly, the 

risk predictors represented cumulative experience of the children prior to as well as concurrent 

with the aggression outcomes.   

Similarly, using a four-item index of cumulative risk that included maternal education, 

income-to-needs, ethnic minority status, and the mother’s partnership status, Campbell et al. 

(2010) showed that for both boys and girls, higher risk scores were related to membership in 

groups displaying more frequent and chronic physical aggression from first to sixth grade. 

Although risk indices are typically examined in terms of a summated scale with each item 

dichotomized and each risk taking on a value of 1 (Doan et al., 2012), Campbell et al. factor 

analyzed  four risk indicators (minority status, income-to-needs ratio, maternal education, and 

maternal marital status) and found that the individual items tapped into a single latent risk factor. 

Higher factor scores were indicative of a greater amount of risk and a greater likelihood of being 

classified into a higher aggression group trajectory relative to a low-or-no incidence physical 

aggression trajectory group.   

Physical aggression and cumulative risk can covary over time such that as children grow, 

their exposure to cumulative risk can change within the same developmental period as physical 

aggression develops.  This can be seen in a 2004 monograph investigating trajectories of 

physical aggression in a sample of young children.  Using data from the large-scale longitudinal 

NICHD Study of Early Child Care and Youth Development, trajectories of physical aggression 

were examined spanning from 24 months of age through age 8 (third grade, NICHD ECCRN, 

2004).  The study included 24% children of a minority race or ethnicity.  Group-based trajectory 
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modeling yielded a small group of children exhibiting stable physical aggression of high 

frequency and chronicity.  More racial/ethnic minority children were classified into the high 

frequency and chronicity physical aggression group while a larger proportion of White (referred 

to as majority in the study) were classified into the two low physical aggression groups.  The 

high chronic physical aggression group had children with the greatest number of risks when 

compared to other identified physical aggression groups with lower frequency and chronicity 

physical aggression (NICHD ECCRN, 2004).  The risk index that was derived for the study 

included nine different items: 1) poverty; 2) maternal education; 3) minority ethnicity; 4) single 

parent status; 5) high household density; 6) maternal depressive symptomology; 7) authoritarian 

child-rearing attitudes; 8) unresponsive maternal interaction style; and 9) household low-levels 

of stimulation and responsiveness. Each item was dichotomized according to a defined risk and 

summated across all items yielding an overall index of risk at each of the five waves in the 

analysis.  At each age of measurement of physical aggression, children classified into the high 

chronicity and frequency physical aggression group had the greatest number of risks.  The 

pattern of results between the cumulative risk measure and group membership was congruent for 

all groups: the group with the lowest levels of physical aggression also had the fewest risk 

factors, and moderate level physical aggression groups had mid-range risks. 

Ethnic minority children tend to be disproportionally exposed to more poverty-related 

risks which can exert a negative influence on their physical aggression trajectory (Watson, 

Fischer, Andreas, & Smith, 2004).  For example, African American children are more likely to 

come from a single-parent household (i.e., not having a father-figure) than White, non-Hispanic 

children (Murry et al., 2002) and Hispanic children tend to have mothers with lower education 
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levels (National Task Force on Early Childhood Education for Hispanics, 2007).  Mothers who 

live in disadvantaged households are also more likely to have depressive symptomology 

(Cicchetti, Rogosch, Toth, & Spagnola, 1997; Elgar, McGrath, Waschbusch, Stewart, & Curtis, 

2004; Petterson & Friel, 2001).  The cumulative effect of being of an ethnic minority, coming 

from a low-income household, living with a single parent, and having a mother with low 

education and depressive symptomology can have a synergistic, negative effect on later 

outcomes, commonly mediated (i.e., having an indirect effect) by stress that results from 

experiencing multiple risks (Brown & Moran, 1997; Malik et al., 2007; Parker, Greer, & 

Zuckerman, 1988). 

Malik et al. (2007) examined physical aggression in a high-risk sample of very young 

children aged 12 to 43 months.  The sample (N = 270) were enrolled in Early Head Start in 

several locations in the United States, was predominantly minority (> 70% African American or 

Hispanic), and more than 30% of mothers had not completed high school.  Using structural 

equation modeling, Malik et al. were able to demonstrate that maternal depression directly 

predicted child aggression after accounting for socioeconomic status (SES), stress, and negative 

family interactions.  What this means in terms of risk is that a substantial amount of the variance 

in childhood aggression (36.4% of the variance in child aggression in Malik et al.) can be 

attributed to the contexts within which the children live.  The current study will extend the 

literature on physical aggression and ecological risk by examining variation in risk in a high-risk 

sample as it relates to the developmental progression of physical aggression from preschool to 

the transition to elementary school. 
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Stability and Individual Differences in Physical Aggression 

A cogent evaluation of the stability of physical aggression requires some understanding 

of theories of continuity and change in development. Stability can refer to two concepts: (1) 

rank-order stability (i.e., relative stability) and (2) mean-level stability (i.e., absolute stability).  

Rank-order stability refers to a participant’s relative position on some measure (i.e., physical 

aggression or narcissism) taken over time within a sample (Lynam & Gudonis, 2005; Roberts, 

Caspi, & Moffitt, 2001).  In other words, over time, the participant’s relative position on the 

measure does not change.  This is contrasted with mean-level stability, which refers to continuity 

and change of the average value on a certain measure of a sample (Roberts et al., 2001).  For 

example, on average, mean levels of physical aggression tend to decline to near zero levels by 

the time children transition to school (Tremblay, 2000).  In terms of relative stability, and not 

unlike features of personality and temperament, physical aggression is remarkably stable over 

time (Coie & Dodge, 1998; Olweus, 1979; but see Piquero, Carriaga, Diamond, Kazemian, & 

Farrington, 2012). In most longitudinal variable-centered analyses, correlation coefficients for 

physical aggression between measurement intervals are moderately high. And, although the 

strength of the relation between measures of physical aggression across time depends on the time 

interval between measurement, it averages r = .50 (Cairns, 1994; Moskowitz, Schwartzman, & 

Ledingham, 1985; Olweus, 1981; Pitkanen-Pulkkinen, 1981). For example, over an interval of 

10 years, Olweus (1979) reported an average correlation of  r = .60 for physical aggression 

which declined to r = .40 over a 20-year time span. For very young children (i.e., prior to starting 

school), stability coefficients of parent-reported aggressive behavior have been higher but 

reported at yearly (i.e., shorter) intervals (Alink et al., 2006).  Because some stability findings for 
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aggressive behavior have been robust, some have argued that physical aggression appears to be a 

characteristic as established within an individual as intelligence (Olweus, 1979).  However, 

although correlation coefficients computed across time on a given variable (i.e., physical 

aggression) have been commonly used as an index of stability, they may not be ideal indicators 

of what is meant by stability (Barnes et al., 2016; Loeber & Stouthamer-Loeber, 1998).  What 

these findings may ultimately suggest is the uncertainty of the kind of feature that physical 

aggression is (Tremblay & Nagin, 2005). 

There are remarkable individual differences in physical aggression as children develop: 

not all children will persist with physical aggression and not all children will come to desist from 

physical aggression (Tremblay, 2000).  This inter-individual variability is a core element 

prevalent in the research on aggression.  For example, although most typically developing 

children will be physically aggressive at least some of the time early in life, most will desist from 

physical aggression by the time they begin attending elementary school.  Children who do not 

desist from using physical aggression, but continue to exhibit manifest physical aggression with 

the most frequency and chronicity are at the greatest risk for continued behavioral problems into 

adolescence and adulthood (Broidy et al., 2003; Dodge et al., 2006; Roth & Reiss Jr, 1993).  

Children who demonstrate continuously high physical aggression will also be at risk for poor 

academic outcomes (Loveland, Lounsbury, Welsh, & Buboltz, 2007), problems with peers (Coie 

& Koeppl, 1990), substance abuse (Harachi et al., 2006), employment problems (Piquero et al., 

2010), delinquency (Broidy et al., 2003), and other problems (Foster & Jones, 2005; Moffitt et 

al., 2011).   
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The issue of the developmental stability of aggression is important for at least two 

reasons.  The first concerns the characteristics that may relate to high frequency and high 

chronicity physical aggression.  For example, the sample included in present study was 

comprised entirely of African American and Hispanic very young children.  Whether being a  

particular race and/or ethnicity and having a variety of household risk factors increased the 

probability of being classified into a high-stable physical aggression group relative to being 

classified into a lower, age-normative frequency/chronicity group can have implications for the 

way interventions are developed.   

A second reason for understanding the developmental stability of physical aggression, 

especially in very young ethnic minority children, concerns the causes of stability and change of 

physically aggressive behavior.  For example, research has indicated that the development of 

physical aggression follows an age-dependent arc such that most children desist from using 

physical aggression in late childhood (Brame, Nagin, & Tremblay, 2001).  However, the greatest 

risk of maladaptive sequelae seems to attach to children who do not desist or have delayed 

desistence, specifically, the small proportion of children classified in the high frequency and 

chronicity aggression group (Frick & White, 2008).  Some executive functions have been 

implicated as a possible cause for desistence of physically aggressive behavior in childhood (e.g., 

Raaijmakers et al., 2008) but children who live in adverse contexts (i.e., high cumulative risk) 

have been found to have self-regulatory deficiencies (Pacheco, Owen, & Caughy, 2016, Under 

Review).  A better understanding is needed for why most children discontinue their use of 

physically aggressive behavior but some children do not, as well as the catalyst that facilitates 
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desistence, especially in low-income, African American and Hispanic children living in contexts 

with numerous risk factors. 

Examining Physical Aggression Using Group-Based Trajectory Modeling 

One approach to examining developmental profiles of physical aggression in children 

that has been shown to distinguish different groups based on their levels of physical aggression 

across time is group-based trajectory modeling (GBTM, Nagin, 1999, 2005; Nagin & Land, 

1993; Nagin & Odgers, 2010).  GBTM is a data-driven, person-centered, semi-parametric 

application from the family of longitudinal modeling techniques referred to as finite mixture 

models (FMM, McLachlan & Peel, 2004; Nagin & Odgers, 2012).  GBTM is referred to as 

person-centered because the individual is the focus of the analysis, which uses traits and 

characteristics to define subsets of individuals that are fundamentally homogeneous.  GBTM 

assumes the population is comprised of a finite number of groups and that each group is 

homogenous to the extent that it follows a similar course or trajectory on some longitudinally 

measured construct (e.g., physical aggression).  GBTM is well suited for longitudinal data 

especially when taxonomic theory serves to inform predictions of individual differences in 

phenomena that have a time dimension such as development (Nagin & Land, 1993).  Empirical 

investigations of childhood physical aggression have commonly used GBTM as a principal 

analytic technique because measures of physical aggression across time tend to be non-normally 

distributed.  GBTM accounts for non-normally distributed variables in that normality is not 

assumed a priori (Nagin & Odgers, 2012). 

Developmental profiles of the early manifestation of physical aggression have been 

estimated in samples that begin as young as two years.  For example, in a very young and large 
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sample of mostly White/non-Hispanic Canadian children spanning from age 2 to age 11 (n = 10, 

658) (Côté, Vaillancourt, LeBlanc, Nagin, & Tremblay, 2006), three distinct profiles of physical 

aggression emerged: a large group (52.2%) with moderate levels of physical aggression who 

desisted with time; a smaller group (31.1%) with low levels of physical aggression who desisted 

to zero or near-zero levels by age 11; and a small group (16.6%) who started with high levels of 

physical aggression and maintained these levels across time.  Children in the high-stable physical 

aggression group were more likely to be boys, and more likely to come from a low-income 

family with a mother without a high school education, who used substandard parenting 

strategies.  

Similar results were reported in the analysis of physical aggression data from the NICHD 

Study of Early Child Care and Youth Development described above.  Five trajectory groups 

emerged: a large group (45%) with very low levels of physical aggression across all six waves of 

data; a smaller group (25%) with only marginally higher physical aggression scores than the 

large group; a small group (12%) with moderate levels of physical aggression that desisted to 

zero levels by the third grade; another small group (15%) with moderate levels of physical 

aggression but following a slightly desisting path; and a very small group (3%) that started high 

in physical aggression and remained high across all six waves (NICHD ECCRN, 2004).  Non-

majority (i.e., racial/ethnic minority) children were more likely to be classified into the high 

frequency, chronic group.  Findings from the few longitudinal studies of physical aggression in 

children such as these suggest broad individual differences of the course of physical aggression 

over time.  That is, not all children show the same levels of physical aggression at onset and 

many will follow distinct trajectories over time. 



 

 21 

One of the benefits of using group-based modeling in the study of physical aggression is 

that it can identify those children with persistently high levels of physical aggression and allows 

for the investigation of factors that increase the likelihood of being in this chronically high 

physical aggression group.  High levels of physical aggression across time have been associated 

with a variety of factors.  Longitudinal studies of physical aggression in children that have used 

group-based modeling have shown that children classified in the high physical aggression 

group(s) are more likely to be boys and a minority ethnicity and/or race (Ehrenreich et al., 2014); 

tend to be from low-income households (Nantel-Vivier, Pihl, Côté, & Tremblay, 2014); and have 

greater likelihood of having mothers suffering from depression (Maldonado-Molina et al., 2010) 

and who have low education (Harachi et al., 2006).  In a sample of Hispanic children, ages 12-18 

years, older than those followed in the present study, a five-group solution linked indirect 

exposure to alcohol, and children’s sadness and depression to the high physical aggression 

group, and speaking Spanish in the household, perhaps indicative of more recent immigration to 

the United States, was a shown to be a protective factor as it was associated with low chronicity 

physical aggression across time (Maldonado-Molina et al., 2010).  The current study used 

GBTM to identify developmental trajectories of physical aggression and examined cumulative 

risk and inhibitory control as predictors of trajectory group membership to answer the question 

of whether high and chronic physical aggression is associated with child and family risk factors 

(see Nantel-Vivier et al., 2014). 

 The Current Research 

Although research has indicated that children who persist in aggressive behavior 

represent a very small proportion of the population (e.g., Nagin & Tremblay, 2001b), they tend 
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to be the children who are at greater risk for a number of adjustment problems including 

delinquency, dropping out of school, substance use, having mental health problems, and 

unemployment (Fergusson, Lynskey, & Horwood, 1996; Loeber, Farrington, Stouthamer-

Loeber, & Moffitt, 1998; Moffitt, Caspi, Dickson, Silva, & Stanton, 1996; Piquero et al., 2010). 

Identifying such children at early ages and identifying other characteristics and features that 

distinguish them from more typical early trajectories of physical aggression can inform the way 

early childhood interventions are developed and managed. 

Objective and hypotheses.  The current research had three objectives:  1) to estimate 

distinct developmental profiles of physical aggression in low-income African American and 

Hispanic children from toddlerhood (30 months) through the transition to school (first grade); 2) 

to examine differences between the groups that emerge in terms of child characteristics of gender 

and race/ethnicity, inhibitory control in early childhood, and cumulative risk between 2 ½ and 7 

years; and 3) ascertain whether the groups provide a meaningful index of individual differences 

using child and contextual characteristics. That is, does the probability of being classified into a 

group depend on characteristics such as gender, race/ethnicity, amount of cumulative risk, and 

inhibitory control competence?  

In regard to the first objective, it was hypothesized that at least three developmental 

trajectories of physical aggression would emerge through the GBTM analytic approach: a low-

to-no physical aggression group; a declining group that would be higher in physical aggression 

than the low-to-no group at Wave 1 but exhibiting a decline in physical aggression through 

Wave 4; and a high physical aggression group that would exhibit higher levels of physical 

aggression compared to the two other groups across all four time periods. Based on prior 
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research, it was further hypothesized that the high physical aggression group would be the 

smallest group and the declining group would be the largest group (e.g., NICHD ECCRN, 2004; 

Tremblay et al., 2004).   

In regard to objective 2, it was hypothesized that boys would be overrepresented in the 

high physical aggression group (Card et al., 2008); that more African American children would 

be classified into the high physical aggression group (Reingle et al., 2012); and that inhibitory 

control would be inversely related to physical aggression group membership such that children 

higher in inhibitory control at Wave 2 would be classified into a low-to-no physical aggression 

group (Kozey, 2014; Raaijmakers et al., 2008).  Past research has shown a link between physical 

aggression and lower inhibitory control (Raaijmakers et al., 2008).  In the DPReP study, 

inhibitory control was assessed at ages 2½, 3½, and when children were in kindergarten.  This 

age range is coincidentally the same developmental timeframe when physical aggression peaks 

and subsequently declines in typically developing children (Broidy et al., 2003). 

Cumulative risk is expected to be related to physical aggression group membership such 

that more cumulative risk would be associated with being classified into the high physical 

aggression group.  The current study derived a cumulative risk scale using the following 

indicators: (1) household income of less than 100% of the Federal Poverty Level (FPL) for the 

household size; (2) maternal education less than high school or equivalent; (3) no father-figure 

present in the household; and (4) elevated maternal depressive symptoms.  In addition, trajectory 

group membership is expected to be associated with child gender, ethnicity, and inhibitory 

control, such that groups with more reported physical aggression over time are expected to have 
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an over-representation of males and African American children, have more cumulative risk, and 

less inhibitory control than the low-to-no physical aggression group. 

The current study seeks to extend what is known about the development of physical 

aggression in very young children.  Specifically, this study examined physical aggression in 

young children, variations in risk factors, and inhibitory control in a high-risk sample of low-

income African American and Hispanic children over four time periods beginning when they 

were 2 ½ years old, a much younger developmental timeframe for the specific sample 

demographic than is found in the literature.  It is within this developmental timeframe when 

physical aggression escalates, peaks, and declines in most typically developing children (Nærde 

et al., 2014; Tremblay, 2000).  Whether the same pattern emerges in low-income African 

American and Hispanic children from high risk contexts is one of the fundamental questions 

addressed by this study. 
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CHAPTER 3 

METHOD 

Participants 

The participants in this study came from the Dallas Preschool Readiness Project 

(DPReP).  The Dallas Preschool Readiness Project is a longitudinal study of 407 low-income, 

African American, and Hispanic children who reside predominantly within the greater Dallas, 

Texas metropolitan area.  A major objective of the DPReP study is to investigate the within 

ethnic- and economic status- group variability of self-regulation development and school 

readiness, demographics largely missing from the greater literature.  The eligibility criteria for 

inclusion in the study were: (1) the target child was between 29 and 31 months of age by 

December 31, 2010; (2) the child had one or both parents who identified themselves as either 

African American or Hispanic; (3) the child could not be in foster care; (4) reported family 

household income was below 200% of the federal poverty level (FPL) for the household size; (5) 

the target child could not have been hospitalized for more than one week following birth; and (6) 

the family caring for the target child planned to remain in the Dallas/Ft. Worth area for at least 

one year following their entry into the study.  

Four waves of data have been collected.  The first wave was collected when the children 

were approximately 2 ½ years of age (Mage = 30.23 months, SD = 0.51); the second wave was 

collected approximately one year later (Mage = 41.58 months, SD = 1.33); the third wave was 

collected when the children were in kindergarten (Mage = 75.55 months, SD = 3.95); and the 

fourth wave was collected when the children were in the first grade (Mage = 87.27 months, SD = 

3.93). There was a small number of cases (13% of participant children) who were in the first 
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grade at Wave 3 and in second grade at Wave 4. Follow-up retention was relatively high across 

all four waves of data collection with 371 (92%) of the recruited sample completing Wave 2 

assessments, 330 (82%) completing Wave 3 assessments, and 296 (74%) completing Wave 4 

child assessments and parent interviews.  Retention differed by ethnicity with more Hispanic 

families completing three or four waves of data collection (n = 201, 90%) compared with African 

American families (n = 132, 72%), 2(1) = 20.97, p < .001. 

 Descriptive demographics of the sample are shown in Table 1 separately by child 

race/ethnicity.  Child gender did not differ by child ethnicity.  Economic status was measured 

using an income-to-needs ratio in which reported household income was divided by the federal 

poverty threshold for the family’s household size (reported by the target child’s primary 

caregiver at each wave of data collection). The entire sample average income-to-needs ratio for 

Wave 1 was 0.78 (SD = 0.60, n = 367).  African American households were at greater economic 

disadvantage (M = 0.58, sd = 0.63) when compared to Hispanic households (M = 0.92, sd = 

0.53), t(367) = 5.54, p < .000. As shown in Table 1, almost 30% of study participants came from 

households that were at or less than 50% of the federal poverty level (FPL) with more African 

American than Hispanic households reporting household incomes meeting this criterion for 

“extreme poverty.” In contrast, 60 African American families (19%) and 97 Hispanic families 

(37%) reported being at more than 100% of the FPL. 
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Table 1. Descriptive Demographic Characteristics of the Study Sample  

  

Child Ethnicity 

  

  

African-American Hispanic 

  

  

(n = 183) 

 

(n = 224) 

  

    N (%)   N (%)   2

Child Gender 

     
  Male 

 

101 (55.2) 

 

118 (52.7) 

  
  Female 

 

82 (44.8) 

 

106 (47.3) 

 

0.26 

Income-to-Needs 

     
  ≤ 50% FPL 97 (53.0) 

 

40 (17.9) 

  
  51 – 100% FPL 26 (14.2) 

 

87 (38.8) 

  
  > 100% FPL 60 (32.8) 

 

97 (43.3) 

 

61.86** 

Caregiver Educ. 

     
  < High school 26 (14.2) 

 

96 (42.9) 

  
  ≥ High school 156 (85.3) 

 

128 (57.1) 

 

38.997** 

Caregiver Language 

     
  English-dominant 

  

15 (7.1) 

  
  Spanish-dominant 

  

129 (61.4) 

  
  Bilingual 

  

66 (31.4)     

* p < .05, ** p < .01 
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Procedure 

African American and Hispanic families were recruited for study participation through a 

number of different venues (e.g., Texas Department of Human Services) and activities (e.g., 

recruitment events).  Participants were also recruited from oral communication with other 

enrolled participants (i.e., word-of-mouth recruiting).  Home visits were conducted with families 

who agreed to participate in order to obtain data by: 1) direct assessment of the target child, and 

2) a structured interview with the child’s primary caregiver meaning that the overall data 

collection enterprise took place within the household where the target child resided.  A majority 

of Hispanic caregivers (60%) indicated they were predominantly monolingual Spanish-speaking.  

Additionally, 79% of Hispanic children in the sample were reported to speak primarily Spanish 

at the time of the initial home visit (when the children were approximately 30 months old). For 

those households/families, fully bilingual research assistants conducted the structured interview 

with the primary caregiver and the child assessments.   

Measures 

Physical aggression. Two versions of the Child Behavior Checklist (CBCL, Achenbach 

& Rescorla, 2001a) were administered to the target child’s primary caregiver (usually the child’s 

mother) across the four waves of data collection.  The preschool version was administered at 

Waves 1 and 2 when the target children were approximately 30 and 42 months of age, 

respectively; and the school-aged version at Waves 3 and 4 when the target children were in 

kindergarten and first grade.  Six similar items from the two versions of the CBCL were selected 

to construct summated scales representing physical aggression across all four waves.  Each item 

has a response value of 0 = not at all true; 1 = sometimes true; and 2 = often times true.  The six 
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items to be used are: to what extent does the child 1) destroy his/her things; 2) destroys others’ 

things; 3) gets into many fights; 4) hits others, or is cruel, bullies, or is mean to others; 5) attacks 

people; and 6) is cruel to animals.  Identical and similar items have been used in prior research 

on childhood physical aggression (Broidy et al., 2003; NICHD ECCRN, 2004). The frequencies 

for each item across the four waves are shown in Table 2. Internal consistency coefficients across 

the six items using Cronbach’s alpha were 0.73 at Wave 1, 0.74 at Wave 2, 0.78 at Wave 3, and 

0.77 at Wave 4. 

Although the first five items in the physical aggression scale are typical of the kinds of 

behaviors that indicate physical aggression, inclusion of the cruelty to animals item requires 

some explanation.  The constellation of these behavior items that may be indicative of physical 

aggression tend to co-occur, and this is true of animal cruelty (Gullone, 2012).  Such indicators 

are referred to as pathognomonic and cruelty to animals has been particularly and specifically 

linked to physical aggression (Petersen & Farrington, 2009).  Interestingly, many of the risk 

factors associated with physical aggression are also related to animal cruelty (see Gullone, 2014 

for a review).  Although showing a very low prevalence in the current sample (see Table 2), the 

rate is not zero, and for these reasons it was considered a relevant indicator of physical 

aggression and included in the current study’s physical aggression scale (see NICHD ECCRN, 

2004). 
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Table 2. Caregiver Endorsement on each CBCL Item used to Assess Physical Aggression 

  Destroys Own 

Things 

Destroys Others’ 

Things 

Gets in Many 

Fights 

Hits Others/Cruel, 

Bullies, Mean to 

Others Attacks People Cruel to Animals 

Rating n (%) n (%) n (%) n (%) n (%) n (%) 

Wave 1 (Mage=30m)           

Not True 248 (61%) 268 (66%) 318 (79%) 181 (45%) 353 (87%) 376 (93%) 

Sometimes 120 (30%) 110 (27%) 71 (18%) 192 (47%) 43 (11%) 21 (5%) 

Often 37 (9%) 27 (7%) 16 (4%) 33 (8%) 9 (2%) 6 (1%) 

Wave 2 (Mage=42m)      

Not True 236 (64%) 255 (70%) 307 (84%) 209 (57%) 334 (92%) 346 (95%) 

Sometimes 101 (28%) 90 (25%) 53 (14%) 138 (38%) 28 (8%) 18 (5%) 

Often 29 (85) 21 (6%) 2 (.55%) 19 (5%) 3 (.82%) 2 (.55%) 

Wave 3 (Mage=76m)      

Not True 249 (78%) 255 (80%) 303 (94%) 290 (91%) 305 (95%) 304 (96%) 

Sometimes 55 (17%) 57 (18%) 18 (6%) 28 (9%) 15 (5%) 13 (4%) 

Often 16 (5%) 8 (3%) 0 (0%) 2 (.63%) 0 (0%) 1 (.31%) 

Wave 4 (Mage=87m)      

Not True 241 (77%) 253 (81%) 288 (93%) 273 (88%) 294 (95%) 304 (98%) 

Sometimes 51 (16%) 51 (16%) 19 (6%) 33 (11%) 15 (5%) 5 (2%) 

Often 19 (6%) 7 (2%) 4 (1%) 4 (1%) 2 (.64%) 1 (.32%) 
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Inhibitory control. Inhibitory control as measured at Wave 1 was a composite measure 

using a snack delay task (Kochanska et al., 2000); wrapped gift/wait for bow (Kochanska et al., 

2000); and forbidden toy tasks (Lewis, Stanger, & Sullivan, 1989).  At Wave 2, inhibitory 

control was a composite measure consisting of the snack delay and wrapped gift/wait for bow 

tasks.  Inhibitory control has been measured in children in this way extensively (Bassett, 

Denham, Wyatt, & Warren-Khot, 2012; Denham, Warren-Khot, Bassett, Wyatt, & Perna, 2012; 

Hongwanishkul, Happaney, Lee, & Zelazo, 2005).   

The snack delay task requires the child to refrain from eating a chocolate candy until the 

examiner rings a bell.  The task consists of four trials of four waiting times of different duration: 

10s, 20s, 30s, and 15s, in that interval order.  Each trial was assessed based on the child’s latency 

to touch the candy. The inter-rater reliability for the coding of the snack delay task as measured 

by Intraclass Correlation Coefficient (ICC) was 0.99 using 15% of cases.  The wrapped gift/wait 

for bow task consisted of two phases. The first phase required the child to wait for 60s while the 

examiner wrapped a gift out of view of the child. The child was told not to peek while the gift 

was being wrapped. Scoring for this phase of the task was based on the child’s latency to peek.  

For the second phase of the wrapped gift task, the child was instructed to not touch the gift and 

then left alone with the gift for a period of 90s while the examiner retrieved a bow for the gift.  

The child was scored on their latency to touch, lift, and open the gift.  The inter-rater reliability 

for the wrapped gift/wait for bow task as measured by the ICC ranged from 0.90 to 0.99 based on 

21% of cases.   

The forbidden toy task used an attractive and fun toy car that wiggled and rolled after 

being shaken.  After the examiner and child played with the car for 60s, the child was told the 
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examiner would be leaving for a short time and instructed to not touch or play with the toy until 

the examiner returned (150s).  The child was scored on latency to touch the toy car.  The inter-

rater reliability for the forbidden toy task was .95 based on 16% of cases.  

All of these tasks required that the child wait for a period of time after being instructed to 

not do something that the child desired to do. In general, the children either waited the entire 

time or failed to wait resulting in a bimodal distribution.  In order to preserve the intent of 

measuring the trial-level variables, values for the three tasks were dichotomized, then summated, 

resulting in a single index measure of inhibitory control (see Caughy et al., 2013).  For Wave 1 

inhibitory control, the range of values was 0 to 8 (M = 2.11, SD = 2.03).  For Wave 2 inhibitory 

control, the range of values was 0 to 8 (M = 5.20, SD = 2.26).  On average, children’s 

performance on the inhibitory control tasked improved from Wave 1 to Wave 2, t(348) = 22.35, 

p < .001. Both Hispanic children, t(198) = 17.16, p < .001, and African American children, 

t(149) = 14.31, p < .001, had higher inhibitory control scores at Wave 2 than at Wave 1.  

Hispanic and African American children performed equally on inhibitory control tasks at Wave 

1, t(395) = 1.06, p = .29, but Hispanic children had higher inhibitory control scores than African 

American children at Wave 2, t(352) = 2.04, p = .04. 

Household risk.  In order to estimate the effect of cumulative risk on group membership, 

a measure of household risk was created at each wave. Four different items were dichotomized 

where a value of 1 indicated the presence of risk.  The four items used were: 1) income-to-needs 

ratio (1 = 100% or less of the Federal Poverty Level, FPL); 2) elevated caregiver depressive 

symptoms as measured by the Center for Epidemiologic Studies Depression Scale – Revised 

(CESD-R, 1 = CESD-R score of 16 or higher, which is the standard clinical threshold indicating 
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depressive symptomology) (Eaton, Smith, Ybarra, Muntaner, & Tien, 2004), 3) the absence of a 

father-figure in the child’s home (1 = no father-figure is present); and 4) low maternal education 

(1 = less than a high school education).  The range of the risk variable was 0 to 4 in each of the 

four waves and averaged 1.25 (SD = 0.92), 1.25 (SD = 0.90), 1.35 (SD = 0.96), and 1.41 (SD = 

0.98) for Waves 1, 2, and 3, respectively.  African American households had more cumulative 

risk at Wave 1, t(363) = 2.54, p = .01.  However, cumulative risk did not vary by ethnicity at 

Wave 2, t(352) = 1.01, p = .31; Wave 3, t(282) = 1.98, p = .05; or Wave 4, t(292) = 2.22, p = .03. 

The significance level was corrected for multiple dependent comparisons using p = .05/4 where 

the denominator represents the number of comparisons. 

Age.  Prior work has shown that physical aggression covaries with age such that 

aggression increases within the first two years of life and begins to decrease with the transition to 

school (Nærde et al., 2014; Tremblay, 2000).  Because of this, the growth parameter used in this 

study is the child’s age.  The chronological age of the child was computed by subtracting his/her 

date of birth from the date of assessment, dividing by the constant 365.25, and multiplying by 12, 

yielding an age variable measured in months.  

Waves 1 and 2 of data collection were linked to the chronological age of the target child 

specifically focusing on recruiting families with a child 30 months of age and a one-year follow- 

up.  At Waves 3 and 4, data collection was linked to the same child’s social age (i.e., 

kindergarten, first grade).  The average chronological participant age at Wave 1 was 30.23 

months (SD = 0.51); 41.58 months (SD = 1.33) at Wave 2; 75.55 months (SD = 3.95) at Wave 3, 

and 87.27 months (SD = 3.93) at Wave 4.  Chronological age varied more in Waves 3 and 4.  
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In a second step, the age variable was modified to capture the deviation in age from the 

average age for each respondent across all four waves of data.  This strategy effectively extracts 

the wave-specific variation that might be attributed to age.  Chronological age of the target child 

at the time of assessment varied more at waves three and four compared to the earlier waves. 

Thus, age was included in the base trajectory model determining group membership in order to 

account for confounding due to chronological age and the developmental progression of physical 

aggression. The modified age variable represented the deviation in age in months from 

participants’ average age for each time point.  The average deviation was 0.00 for each wave and 

the standard deviations were SD = 0.51 for Wave 1; SD = 1.33 for Wave 2; SD = 3.95 for Wave 

3; and SD = 3.93 for Wave 4. 

Analysis Plan 

The analysis proceeded in three stages and all were conducted using Stata statistical 

software, version 14.2 (StataCorp., 2015).  The first stage of the analysis required groups to be 

estimated using the traj routine in Stata and the procedure explicated by Nagin (2005; see also 

Jones & Nagin, 2012).  Trajectory group estimation is an iterative procedure that necessarily 

begins with a simple one-group, intercept only model and successively becomes more complex.  

First, by estimating more than one group, then including polynomial variants of the base model.  

The procedure is summarized in Table 3.  Each estimation variant yields fit statistics that include 

the Bayesian Information Criterion (BIC, as suggested by Nagin, 2005), Akaike Information 

Criterion (AIC), Log-Likelihood; and posterior probabilities.  The objective is to estimate and 

select a model with a BIC closest to zero.  In the current case of comparing models, the model 
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with a BIC approaching and closest to zero is regarded as the model that optimally fits the data 

unless other pieces of domain knowledge suggest a different solution (Nagin, 2005). 

A similar approach is taken for determining the optimal polynomial variant for each 

group. However, the shape of the trajectory group should also be informed by prior work and 

theory.  For example, a group exhibiting no physical aggression across all four waves can be 

specified as an intercept only group because there would be no hypothesis supporting a higher 

order polynomial (e.g., linear, quadratic, etc.).  

The second stage of the analysis examined group differences by child and family 

characteristics using trajectory group membership as the grouping variable.  Household or 

cumulative risk was measured longitudinally with values for every wave. Because cumulative 

risk is predicted to covary with group membership, a separate trajectory model was estimated in 

order to evaluate the effect of cumulative risk on trajectory group membership.  Cumulative risk 

was constructed on an interval scale with larger values representing greater risk.  This strategy 

provided an initial evaluation of the group estimation in terms of household risk.  In general, 

children classified into a high frequency and high chronicity physical aggression trajectory group 

were expected to have higher levels of cumulative risk over time when compared to other groups 

(NICHD ECCRN, 2004). 

The third stage of the analysis addressed whether the groups estimated with the latent 

trajectory model provide a meaningful index of population heterogeneity.  This was carried out 

using ordinary least squares (OLS) regression analysis with the posterior probability of group 

membership serving as the outcome variable.  Nagin’s (2005) group-based modeling approach 

yields posterior probabilities of group membership for each respondent.  In other words, the 
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trajectory model computed the probability that respondent i was in group j. The probability can 

be represented as a conditional value: P(j | yi1, yi2, yi3, yi4), where j represents the focal group and 

the yi’s capture the respondent’s observed scores on the physical aggression scales at each of the 

four time periods t.  

The posterior probability is referenced and used to assign individuals to specific groups 

based on a maximum-probability assignment rule (Nagin, 2005, p. 80).  The assignment strategy 

is such that the individual is assigned to the group for which s/he has the highest posterior 

probability.  For example, imagine the trajectory analysis converges on a three-group solution 

and a respondent is randomly sampled.  Her probabilities might look like this: P(group 1) = .01, 

P(group 2) = .04, P(group3) = .95.  In this case, the respondent would have been assigned to 

group 3.  Posterior probabilities are calculated for each individual i but they can also be 

represented as a group-level value such that the mean posterior probability for each group can be 

assessed when considering model fit. 

Using these probabilities as the criterion accounts for the uncertainty of being 

suboptimally classified into one group over another group.  Using group membership 

probabilities in a seemingly uncorrelated regression (SUR) model (Zellner, 1962, 1963) with 

household risk, inhibitory control, ethnicity, and gender provided the estimated influence of 

these variables on the group classification and revealed individual differences in early childhood 

physical aggression in a high-risk sample of children.  The procedure is similar to path analysis 

in that all predictor variables were accounted for (including prior period inhibitory control and 

cumulative risk).  Outcome variables were allowed to correlate and like standard regression, the 

effect of anyone variable represents the predictive influence of that variable while accounting for 
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other predictors in the model.  Because the maximum probability assignment rule classified 

respondents based on the largest group posterior probability, predictor path coefficients represent 

the influence a variable has on the probability of being classified into a specific group.    
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CHAPTER 4 

RESULTS 

 

Missing Data 

Attrition has been shown to be problematic in longitudinal studies, especially among 

respondents of minority and low-income backgrounds (Green, Navratil, Loeber, & Lahey, 1994). 

Differences between missing and non-missing values were examined for the four waves of 

physical aggression variables and gender and ethnicity.  In order to test for differences, Pearson’s 

𝜒2 statistic was used, applying a correction for multiple tests by dividing the standard probability 

of .05 by the number of comparisons (four in this case).  The correction is necessary because the 

independence assumption is violated by virtue of the longitudinal nature of the data.  There was 

no difference related to gender and ethnicity for missing data in the Wave 1 measure of physical 

aggression,  𝜒2(1) = 0.25, p < .618 and 𝜒2(1) = 1.314, p < .252, respectively. There was also no 

difference related to gender in missing data for the Wave 2 measure of physical aggression, 

𝜒2(1) = 2.26, p < .133; however, at Wave 2, more African American than Hispanic participants 

were missing physical aggression data, 𝜒2(1) = 7.07, p < .008.  At Wave 3, more African 

American participants, and more female children did not have physical aggression data, 𝜒2(1) = 

12.15, p < .001 and 𝜒2(1) = 7.48, p < .006 respectively.  The same pattern emerged for Wave 4 

physical aggression for both African American, 𝜒2(1) = 11.32, p < .001, and female children  

𝜒2(1) = 4.60, p = .032. 
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Group-Based Trajectory Modeling of Physical Aggression 

The first objective of this study was to estimate a group-based trajectory model of 

physical aggression.  Several trajectory models were estimated varying the number of groups for 

each model.  The process began with a simple one group model and the most basic functional 

form (i.e., intercept only) and successively increased the complexity of the model by first 

increasing the number of groups to be estimated and second by changing the functional forms of 

those groups (see Table 3).  The BIC and AIC were compared across models in this iterative 

process.  Recall that the model with a BIC closest to zero is deemed the model with a satisfactory 

fit of the data relative to other models (Nagin, 2005; Singer & Willett, 2003).   

Using this procedure, the four-group model was identified as the best fitting model to the 

data.  The AIC was used to confirm the selection of the four-group model (see Brame, Nagin, & 

Wasserman, 2006 for a review).  Five-group models were estimated but the BIC values began 

increasing (becoming more negative) indicating that model fit deteriorated after the four-group 

model.  It is also worth noting that a six-group model was also attempted but failed to converge 

(Nagin, 2005, but see also Barnes et al., 2016). 
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Table 3. Group-Based Trajectory Model (GBTM) Parameter Estimates and Fit Statistics (ZIP)        

Parameters and One group model  Two group model  Three group model  Four group model   

fit statistics Group 1   Group 1 Group 2   Group 1 Group 2 Group 3   Group 1 Group 2 Group 3 Group 4 

Intercept only              

Intercept 0.30***  − 0.86*** 1.01***  − 1.27*** 0.53*** 1.38***  − 1.39*** 0.44** 0.77*** 1.32*** 

Age − 0.03***  − 0.04 0.01  − 0.04 − 0.01 − 0.01  − 0.06*** − 0.06* 0.57*** − 0.02 

ln(likelihood) − 2624.62  − 2190.59   − 2147.85    − 2120.36    

BIC − 2630.62  − 2205.58   − 2171.84    − 2153.36    

AIC − 2626.62  − 2195.59   − 2155.85    − 2131.36    

Group proportions 1.00  0.59 0.41  0.47 0.38 0.16  0.43 0.28 0.12 0.17 

Linear fit              

Intercept 1.25***  1.51*** 1.71***  1.36*** 2.14*** 1.47***  1.33** 1.97*** 2.17*** 0.97*** 

Linear − 0.02  − 0.05 − 0.01  − 0.06*** − 0.03*** 0.00  − 0.06*** − 0.03*** − 0.02* 0.01 

Age − 0.04  − 0.04 − 0.00  − 0.02 − 0.06** − 0.03  0.01 − 0.08** − 0.01 − 0.05* 

ln(likelihood) − 2470.95  − 2002.05   − 1934.94    − 1923.32    

BIC − 2479.94  − 2023.04   − 1987.93    − 1968.31    

AIC − 2473.95  − 2009.05   − 1945.94    − 1938.32    

Group proportions 1.00  0.62 0.38  0.49 0.35 0.16  0.43 0.33 0.15 0.09 

Quadratic fit              

Intercept 1.61***  0.60 1.96***  − 0.03 2.15*** 1.44**  0.83 − 0.44 2.79*** 0.52 

Linear − 0.03  − 0.01 − 0.02  0.01 − 0.03 0.00  − 0.04 0.10 − 0.07*** 0.05 

Quadratic 0.00  − 0.00 0.00  0.00 0.00 0.00  − 0.00 − 0.00* 0.00** − 0.00 

Age − 0.04  − 0.03 − 0.05  0.05 − 0.05** 0.13  − 0.01 − 0.20** 0.01 − 0.02 

ln(likelihood) − 2469.87  − 2000.75   − 1933.98    − 1910.80    

BIC − 2481.87  − 2027.75   − 1975.98    − 1967.79    

AIC − 2473.87  − 2009.75   − 1947.98    − 1929.80    

Group proportions 1.00   0.62 0.38   0.49 0.35 0.16   0.49 0.18 0.27 0.06 

Note. * p < .05, ** p < .01, *** p < .001            
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Once the four-group model was selected, the next step in the process was to vary the 

functional form of the quadratic slope across the groups.  The purpose behind this step is to 

identify a model that best represents the dynamics in the data while being cognizant of findings 

in prior studies on physical aggression in children (i.e., domain knowledge).  For example, a 

group that emerges with very low-to-no physical aggression across all four waves of data does 

not have a hypothesis regarding a quadratic growth parameter. However, some groups may have 

a different dynamic supporting a relevant hypothesis about their growth.  As seen in Table 4, 

several polynomial variants were used to estimate additional trajectory models.  For example, the 

model estimation shown in the second column of the table (under the heading (0, 0, 2, 2) is a 

model fit with intercept-only functional forms for the first (represented as the first 0) and second 

groups (represented as the second 0) and quadratic forms for the third and fourth groups 

(represented by the two 2s).  Comparing this model to the model in the fourth column (under the 

heading (0, 2, 2, 0), representing an intercept-only functional form for the first and fourth groups 

and quadratic forms for the second and third groups) using the BIC indicates that the variant in 

the fourth column fits the data better.  

Table 4. Comparing BIC for the 4-group Solutions by Varying the Polynomial 

     

  Polynomial Variant  

 (0, 2, 2, 2) (0, 0, 2, 2) (0, 2, 0, 2) (0, 2, 2, 0) 

BIC (N=403) − 1975.31 − 1990.18 − 1969.53 − 1969.53 

BIC (N=1373) − 1985.73 − 1999.37 − 1978.72 − 1978.72 

     

Group Proportions and Posterior Probabilities  

1 0.19  0.73 0.24 0.88 0.20 0.74 0.20 0.74 

2 0.37  0.81 0.18 0.82 0.37 0.81 0.37 0.81 

3 0.32  0.84 0.48 0.83 0.11 0.85 0.32 0.85 

4 0.12  0.86 0.10 0.78 0.32 0.85 0.11 0.85 
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One additional strategy that was used in the model selection stage of the analysis was to 

specify a four-group model and force all abstainers (i.e., those children with no maternal reported 

physical aggression across all four waves) into a single trajectory group.  From a methodological 

standpoint, because there is no hypothesis for a “no physical aggression” group, the suppression 

procedure “saves” the estimation of a parameter in the process.  This can be thought of as 

“helping” the estimation routine by including prior information the researcher already has.  From 

a pragmatic and substantive standpoint, identifying a “no physical aggression” group in the 

group estimation allowed for any resulting groups to be compared to the abstainer (i.e., no 

caregiver reported physical aggression) group.  

The model identified as optimally fitting the data was the four-group model with 

quadratic functional forms for the second and third group and intercept-only for the fourth group 

(Figure 1).  The first group (n = 73, 18%) was identified as the no physical aggression group 

(i.e., no maternal reported physical aggression across all four waves).  The second group (n = 

166, 41%) referred to as the low-declining group, is characterized by moderate levels of physical 

aggression at Wave 1 declining to no physical aggression by Wave 4. The third group (n = 130, 

32%), referred to as the high-declining group, is characterized by higher levels of physical 

aggression at Wave 1 than the low-declining group and a sharp decline by Wave 4.  The fourth 

group (n = 38, 9%), referred as the high chronic group, is characterized by consistently high 

levels of physical aggression across all four waves.  This four-group solution had mean posterior 

probabilities of .69 for the no physical aggression group (group 1), .85 for the low-declining 

group (group 2); .82 for the high-declining group (group 3), and .87 for the high chronic group 

(group 4).   
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Figure 1. Trajectories of Caregiver Reported Physical Aggression 

 

The next step to the analyses involved the examination of the physical aggression 

measures between the four groups identified above.  Specifically, between group differences 

were examined for each time period, applying the Scheffe post hoc criterion for multiple 

comparisons.  Overall, Wave 1 physical aggression differed by group, F(3, 395) = 121.86, p < 

.001.  Based on the Scheffe post hoc criterion, the no physical aggression group statistically 

differed from the three other groups (no physical aggression, M = 0).  The low declining group 

(M = 1.19, SD = 1.01) was lower in Wave 1 physical aggression than the high declining group 

(M = 3.65, SD = 2.10), p < .001, and the low declining group was lower in Wave 1 physical 



 

 44 

aggression than the high chronic group, (M = 3.70, SD = 2.37), p < .001.  The high declining and 

high chronic trajectories did not differ in Wave 1 physical aggression.  Overall, Wave 2 physical 

aggression differed by group, F(3, 361) = 111.37, p < .001. The no physical aggression group 

differed from the three other groups and the low declining group was lower in Wave 2 physical 

aggression (M = 0.83, SD = 0.96) than the high declining group (M = 2.64, SD = 1.77), p < .001, 

and high chronic group (M = 4.50, SD = 2.76), p < .001. The high declining group was also 

lower in Wave 2 physical aggression than the high chronic group, p < .001.  Overall, Wave 3 

physical aggression differed by group, F(3, 311) = 151.51, p < .001. Based on the Scheffe post 

hoc criterion, the low declining group was lower in Wave 3 physical aggression (M = 0.04, SD = 

0.23) than the high declining group (M = 0.97, SD = 1.13), p < .001, and high chronic group (M 

= 3.74, SD = 2.11), p < .001.  The low declining group was lower in Wave 3 physical aggression 

than the high declining group, p < .001, and high chronic group, p < .001. The high declining 

group was also lower in Wave 3 physical aggression than the high chronic group, p < .001.  

Overall, Wave 4 physical aggression differed by group, F(3, 306) = 193.26, p < .001.  Based on 

the Scheffe post hoc criterion for Wave 4, the low declining group was lower in physical 

aggression (M = 0.08, SD = 0.49) than the high declining group (M = 0.95, SD = 0.99), p < .001, 

and the high declining group was lower in Wave 4 physical aggression than the high chronic 

group (M = 4.23, SD = 2.06), p < .001. There was no difference in Wave 4 physical aggression 

between the no physical aggression and low declining group. These results are congruent with 

what is seen in Figure 1.  

Trajectory Group Membership, Child and Family Characteristics 

The second objective of this study was to test for between group differences using child 

and family characteristics.  A number of different measures and demographic characteristics 
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were collected at the initial home visit that were also considered predictors of trajectory group 

membership.   Child and family characteristics that were examined for their relations to 

trajectory group membership are summarized in Table 5, showing means and standard deviations 

or percentages for the characteristics by trajectory group.  Family income-to-needs, maternal 

education, and maternal depressive symptomology are from Wave 1. Cumulative household risk 

is shown for each wave by trajectory group.  The physical aggression groups did not differ by 

gender, χ2 (3) = 4.67, p = .20, but did differ by ethnicity, χ2 (3) = 22.08, p > .001.  More Hispanic 

children were classified into the no physical aggression group and more African American 

children were classified into the high declining group, χ2 (1) = 10.15, p = .001.  Additionally, 

more African American children were classified into the high chronic group versus the no 

physical aggression group, χ2 (1) = 10.98, p = .001 and more Hispanic children were classified 

into the low declining compared to the high declining group than African American children, χ2 

(1) = 11.08, p = .001.  The high declining and high chronic groups did not differ by child 

ethnicity, χ2 (1) = 1.12, p = .29. 

The groups also differed by income-to-needs at Wave 1, F(3, 363) = 5.02, p = .002. 

Using the Scheffe post hoc criterion for significance indicated that the no physical aggression 

group had higher Wave 1 income-to-needs (M = 0.96, SD = 0.55), than the high declining group 

(M = 0.70, SD = 0.51), p = .04 and high chronic group (M = 0.53, SD = 0.47), p = .008.  There 

were no other group-pair differences in Wave 1 income-to-needs.
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Table 5. Means and Standard Deviations (SD) for Wave 1 Predictors of Trajectory Group Membership 
  Physical Aggression Trajectory   

  No PA Low- Declining High- Declining High-Chronic   

N  73 166 130 38   

  Mean SD Mean SD Mean SD Mean SD 𝜒2/F p 

Sociodemographics           

Income-to-Needs 0.96 0.55 0.81 0.67 0.70 0.51 0.53 0.47 5.02 .002 

Maternal Education (≤ high school) 69% 71% 71% 66% 0.50 .92 

Father in household  79% 84% 70% 61% 25.85 <.001 

Maternal depressive symptoms 3.55 6.80 5.07 6.33 8.15 10.64 11.48 15.56 8.78 .03 

Child characteristics           

Gender (Male) 48% 50% 60% 61% 4.67 .20 

Ethnicity (Hispanic) 67% 63% 44% 34% 22.08 <.001 

Inhibitory control, W1 2.61 2.04 2.12 2.10 1.94 2.00 1.74 1.69 2.14 .09 

Inhibitory control, W2 6.01 1.79 5.26 2.19 4.86 2.48 4.40 2.21 5.60 <.001 

Risk index           

Cumulative risk W1 1.06 0.87 1.18 0.85 1.48 0.95 1.71 0.91 6.41 <.001 

Cumulative risk W2 1.14 0.85 1.18 0.87 1.36 0.84 1.71 1.05 4.35 .005 

Cumulative risk W3 1.06 0.89 1.30 0.91 1.52 0.98 2.03 0.95 7.99 <.001 

Cumulative risk W4 1.09 0.85 1.29 0.97 1.63 0.98 2.03 0.95 8.80 <.001 
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Trajectory groups and cumulative household risk.  Cumulative household risk was 

measured as a time-varying variable across all four waves of data collection.  First, risk was 

examined as a time-varying covariate of physical aggression by including the cumulative risk 

variables in the group estimation. Examining cumulative risk as a time varying covariate of 

physical aggression provides a temporal perspective for the way risk varies with the development 

of physical aggression over time and allowing for the group-based estimation procedure to 

indicate whether cumulative risk contributed to the variance in group membership.  This strategy 

was used in prior work examining the same phenomena (NICHD ECCRN, 2004). Second, 

bivariate relations between each cumulative risk variable at each time point were examined.   

Examining cumulative risk at each time point provides an estimation of group differences in 

relation to cumulative risk.   

As seen in Figure 2, cumulative risk varied by trajectory group.  The no physical 

aggression group (i.e., No PA) had the least cumulative risk across all waves and the high-

chronic group had the most.  Results when entering cumulative risk into the base four-group 

trajectory model indicated that relative to the no physical aggression group, cumulative risk 

increased the probability of being classified into the high-declining group, t = 4.00, p < .001 and 

high-chronic group, t = 4.53, p > .001.  However, relative to the no physical aggression group, 

cumulative risk did not increase the likelihood of being classified into the low-declining group, t 

= 1.46, p = .14.  The equality of the cumulative risk coefficients was tested between the high 

chronic and high declining groups but no difference was found, 𝜒2(1) = 0.95, p = .33. 

Overall group differences were found for Wave 1 cumulative risk, F(3, 361) = 6.41, p < .001. 

Applying the Scheffe post hoc criterion for significance indicated less cumulative risk in the no 
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physical aggression group (M = 1.05, SD = 0.87) compared to the high declining group (M = 

1.48, SD = 0.95), p = .03, and high chronic group (M = 1.71, SD = 0.91), p = .008.  The high  

 

 

Figure 2. Average Number of Risk Factors and Physical Aggression Trajectories 

 

chronic group and high declining group did not differ in Wave 1 cumulative risk, p = .633. 

Overall group differences were also found for Wave 2 cumulative risk F(3, 350) = 4.35, p = 

.005.  Applying the Scheffe post hoc criterion for significance indicated lower Wave 2 

cumulative risk in the no physical aggression group (M = 1.14, SD = 0.85), than in the high 

chronic group (M = 1.71, SD = 1.05), p = .02.  Wave 2 cumulative risk was also lower in the low 

declining group (M = 1.18, SD = 0.87) compared to the high chronic group, p = .017.  The high 

chronic group and high declining group did not differ in Wave 2 cumulative risk, p = .226. 

Overall group differences were found for Wave 3 cumulative risk, F(3, 280) = 7.99, p < .001. 
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Using the Scheffe post hoc criterion for significance indicated higher Wave 3 cumulative risk in 

the high chronic group (M = 2.03, SD = 0.95) than in the no physical aggression group (M = 

1.06, SD = 0.89), p < .001. The low declining group was also lower in Wave 3 cumulative risk 

(M = 1.28, SD = 0.91) than the high chronic group, p = .002.  The high chronic group and high 

declining group did not differ in Wave 3 cumulative risk, p = .074.  For Wave 4 cumulative risk, 

there was an overall difference between groups F(3, 390) = 8.80, p < .001. Post hoc analysis 

using the Scheffe criterion for multiple comparisons indicated lower Wave 4 cumulative risk in 

the no physical aggression group (M = 1.09, SD = 0.85) relative to the high declining group (M = 

1.63, SD = 0.98), p = .009, and the high chronic group (M = 2.03, SD = 0.95), p < .001. The low 

declining group was also lower in Wave 4 cumulative risk (M = 1.29, SD = 0.97) relative to the 

high chronic group, p = .003.  The high chronic group and high declining group did not differ in 

Wave 4 cumulative risk, p = .238. 

Effect sizes for relations of cumulative risk to group membership were computed (see 

Table 6).  The 95% confidence intervals are reported in brackets for each estimate. The estimates 

are reported as negative values because each comparison was made in relation to the lower 

physical aggression trajectory group in the pair comparison. In all cases, the higher physical 

aggression groups have larger cumulative risk means which resulted in a negative value when 

subtracted from the lower group’s mean. The largest effect sizes were between the no physical 

aggression and high chronic groups between Waves 3 and 4, both with values exceeding − 1.0.  

Relatively large effects of cumulative risk were also found between the low declining and high 

chronic groups.   
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Levels of cumulative risk were examined longitudinally across the four waves of data, by 

trajectory group membership, as shown in Figure 2.  Average cumulative risk appears to increase 

between Waves 3 and 4.  In particular, for the low declining group, cumulative risk was greater 

at Wave 4 than at Wave 2, t(96) = − 4.43, p < .001, but cumulative risk was not greater at Wave 4 

than Wave 3, t(87) = − 1.31, p = .19. Cumulative risk increased despite the high declining group 

showing a sharp decline in physical aggression between the same timeframe (see Figure 2).  

These relations will be addressed further in the next chapter. 

Physical aggression trajectory groups and inhibitory control.  Measures of inhibitory 

control were available for Waves 1 and 2.  Overall, the trajectory groups did not differ in 

inhibitory control at Wave 1, F(3, 393) = 2.14, p = .09.  The groups did differ in Wave 2 

inhibitory control, F(3, 350) = 5.60, p < .001.  Based on the Scheffe post hoc criterion, the no 

physical aggression had higher inhibitory control than the high declining, p = .01, and high 

chronic, p = .01 groups.  No differences were detected between the low declining, high declining, 

and high chronic groups. 

Trajectory Groups and Individual Differences 

The objective of this analysis was to determine whether the trajectory groups provide a 

meaningful index of population heterogeneity (i.e., individual differences).  In other words, this 

analysis addressed whether child and household contextual characteristics effectively predict 

group membership, accounting for the uncertainty of being misclassified.  For example, every 

observation used in the trajectory group estimation procedure has a certain probability of being 

in any one group.  Group assignment is based on the “maximum-probability assignment rule” 

which follows the hierarchical standard of distributing each respondent into the group for which  
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Table 6. Between Group Effect Size Estimates for Cumulative Risk 
    Group Comparisons     

 1, 2  1, 3  1, 4  2, 3  2, 4  3, 4  

Cum Risk 

Wave 

Effect 

Size 95% CI 

Effect 

Size 95% CI 

Effect 

Size 95% CI 

Effect 

Size 95% CI 

Effect 

Size 95% CI 

Effect 

Size 95% CI 

1 − 0.14 [− 0.431 0.146] − 0.45 [− 0.759 − 0.129] − 0.73 [− 1.157 − 0.307] − 0.33 [− 0.577 − 0.087] − 0.61 [− 0.989 − 0.233] − 0.24 [− 0.625 0.142] 

2 − 0.04 [− 0.332 − 0.244] − 0.26 [− 0.556 − 0.039] − 0.62 [− 1.036 − 0.209] − 0.21 [− 0.460 0.041] − 0.59 [− 0.963 − 0.209] − 0.40 [− 0.778 − 0.015] 

3 − 0.24 [− 0.580 0.099] − 0.48 [− 0.835 − 0.130] − 1.07 [− 1.544 − 0.581] − 0.26 [− 0.533 0.019] − 0.82 [− 1.231 − 0.412] − 0.53 [− 0.935 − 0.113] 

4 − 0.22 [− 0.543 0.099] − 0.58 [− 0.911 − 0.244] − 1.07 [− 1.529 − 0.598] − 0.34 [− 0.620 -0.068] − 0.77 [− 1.176 − 0.358] − 0.41 [− 0.821 − 0.006] 

Note. Group 1 = No physical aggression; Group 2 = Low declining; 3 = High Declining; 4 = High chronic.  Effect sizes are Cohen’s d.  
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they have the highest posterior probability in the estimation (Nagin, 2005, p. 80). In the current 

analysis, these probabilities were then used as the criterion for each group in a multivariate 

regression model (i.e., seemingly unrelated regression, SUR) within a structural equation 

modeling framework (SEM) with the key variables as predictors, accounting for the uncertainty 

of being placed in one group over the other groups (Zellner, 1962, 1963).  The key variables used 

were the child’s gender, the child’s ethnicity, cumulative risk measured at all four waves, and 

inhibitory control at Waves 1 and 2. 

Estimating a SUR model in a SEM framework is similar to path analysis in that all of the 

variables are treated as observed variables.  It also allows for correlating the errors for the groups 

(the criterion variables in this case) and allows for estimating the effect of cumulative risk at 

Wave 4, controlling for cumulative risk at the prior time periods, and for estimating the effect of 

inhibitory control at Wave 2, controlling for inhibitory control at Wave 1.  All of this is 

demonstrated in Figure 3.  The causal paths are indicated only as a reference for the way the 

model was estimated.  This approach could yield results indicating which characteristics 

discriminated trajectory group membership.   
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Figure 3. Seemingly Unrelated Regression (SUR) Model Predicting Trajectory Group 

Membership 

 

 After estimating the model, all non-significant paths were dropped for ease of reading 

(Figure 4).  Referring to Figure 4, note that the variables inhibitory control and cumulative risk 

are indicated as single, manifest variables.  However, in both cases, prior period measures of the 

same variables are controlled, yielding the effect of the latest period variable (i.e., W2 inhibitory 

control and W4 cumulative risk) controlling for the prior period(s).  All [causal] paths shown in 

Figure 4 are statistically significant at the .05 level, including the correlated errors between the 

no physical aggression and low declining groups, and between the high declining and high 

chronic groups.   
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Figure 4. SUR Results Predicting Trajectory Group Membership 

Note: Path results are standardized coefficients; Estimator = Maximum Likelihood 

  

Cumulative risk was a stable predictor of group membership for all trajectory groups and, 

as seen in Figure 4, in the expected direction.  An increase in cumulative risk was inversely 

associated with being classified into the no physical aggression and low declining groups.  An 

increase in cumulative risk was positively associated with a greater likelihood of being classified 

into the high declining and high chronic groups.  Race/ethnicity also played a role in trajectory 

group membership.  Recall that race/ethnicity was a dichotomous variable where 1 = Hispanic 

and 0 = African American.   Hispanic children were more likely to be classified into the low 

declining group compared to African Americans, and African American children were more 

likely to be classified into the high declining and high chronic groups. Gender (i.e., male = 1) 

and inhibitory control did not discriminate trajectory group membership. 

There was some difficulty in getting the SUR model to converge.  Correlating the error 

terms between the no physical aggression and the high declining and high chronic groups; and 

between the low declining and two higher groups did not yield a converging model. Additional 
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analyses estimating separate regression models for each trajectory group were carried out to 

compare the results with those provided in the SUR.  Although there were some minor 

differences in the values of the standard errors, the substantive results remained the same: 

cumulative risk and race/ethnicity were the predictors significantly related to trajectory group 

membership (see appendix C, Table C1).
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CHAPTER 5 

DISCUSSION 

 

Individual Differences in Trajectories of Physical Aggression in the Transition to School 

The purpose for this study was to examine the longitudinal development of physical 

aggression in very young, low-income African American and Hispanic children.  A group-based 

trajectory modeling was estimated to model the development of physical aggression across four 

time points when the children were 2½ years, 3½ years, in kindergarten (approximately age 6), 

and in first grade (approximately age 7).  Gender, race/ethnicity, inhibitory control, and 

cumulative risk were used as predictors of group membership.  Hypotheses regarding group 

membership and race/ethnicity, and cumulative risk were supported and the hypothesis regarding 

inhibitory control was partially supported.  A thorough review of all hypotheses is provided 

below. 

As hypothesized for this sample of low-income African American and Hispanic children 

using group-based trajectory modeling, four developmental profiles of physical aggression best 

fit the data.  The first group, referred to as the “no aggression” group, had no maternal reported 

physical aggression across all four waves of data, and comprised 18% of the sample.  The second 

group, referred to as the “low-declining” group and comprised 41% of the sample, had higher 

levels of physical aggression at the first wave when children were 2 ½ years than those in the no 

physical aggression group but declined to zero levels of physical aggression by the fourth wave 

when the children were in the first grade. The third group, referred to as the “high-declining” 

group comprised 32% of the sample, had higher levels of physical aggression in the first wave 

than the no physical aggression and low-declining groups.  The shape of the high-declining 
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group had a steep decline in maternal reported physical aggression by first grade but not to zero 

levels. The fourth group, labeled the “high chronic” group, was 9% of the sample and had the 

highest levels of caregiver-reported physical aggression across all four time periods.  This group 

did not decline in their reported physical aggression at any time point. 

 These groups are referred to as “latent trajectories” because they are not observed ex 

ante, and nor are the number of groups (Nagin, 1999).  Prior studies using the group based 

approach and domain knowledge about the development of physical aggression for the current 

research would be required to make predictions about the number of groups and their 

characteristics.  For example, a five-group model of physical aggression trajectories was 

estimated in a study of similar-aged children (NICHD ECCRN, 2004) where some of the 

characteristics of the trajectories were similar to characteristics of the trajectories identified in 

the current study: namely, the largest proportion of children were grouped in low physical 

aggression groups and the smallest proportion had trajectories placing them in a high-chronic 

group (3% for the NICHD sample and 9% for the current sample, in a high-chronic group). 

In a different longitudinal study of 504 Canadian children studied at younger ages, three 

groups of physical aggression emerged with data examined from ages 17, 30, and 42 months 

(Tremblay et al., 2004).  In their study, the low physical aggression group comprised 28% of the 

sample, the middle group, 58% of the sample, and the high group comprised 14% of the sample.  

And in an older sample of primarily low-income African American and Hispanic youth followed 

from the sixth to the eighth grade, group based modeling yielded four trajectory groups for each 

race/ethnicity (Reingle et al., 2012).  In that study, low (17.1% Hispanic and 7.9% African 

American) and high (43.3% Hispanic and 64% African American) physical aggression groups 
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emerged for each racial/ethnic subsample.  However, the middle groups between the African 

American and Hispanic subsamples were different in terms of their developmental profiles.  In 

the African American subsample, moderate (8%) and escalator (19.5%) groups made up the 

middle groups, and in the Hispanic subsample, desistors (18.1%) and escalators (21.6%) made 

up the middle groups.  Such findings are a departure in that the largest groups are those with the 

most aggression between the sixth and eighth grades.  A six-site, cross-national study stratified 

the six samples by gender and estimated separate group-based model for each subsample (Broidy 

et al., 2003).  They found two, three, or four groups, depending on the subsample and gender, 

and 4 to 11% of each subsample falling into the chronic group.  

Except for the results of Reingle et al. (2012) with older at-risk youth, the pattern of 

results across studies is consistent, finding a relatively small chronically physically aggressive 

group of children and larger normatively desisting groups and low-to-no physical aggression 

groups.  These findings, in part, reflect that group-based trajectory modeling is a data driven 

approach: the data have been used to define the groups.  Taken together, these findings seem to 

suggest that chronic physical aggression is rare and that the developmental pattern of physical 

aggression is generally stable.  Notably, as children are transitioning to elementary school, a 

period when it becomes important to regulate their behavior, a large majority of children studied 

are declining in their behavior characterized as physically aggressive. 

 At 9% of the current sample, the high chronic physical aggression group appears large 

when compared to the smaller size of a similarly characterized high chronic group, at 3% from 

data collected in the NICHD Study of Early Child Care and Youth Development (NICHD 

ECCRN, 2004).  The NICHD sample was comprised of children who ranged in age from 24 
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months to third grade which is somewhat comparable to the age range of the children in the 

current study.  However, one of the stark differences between the samples is the greater 

prevalence of high-risk characteristics for the children who comprised the current study sample.   

The larger proportion of children who were classified in the high chronic group for the current 

sample may be a reflection of the difference in cumulative risk between the samples. Moreover, 

almost 60% of the current sample and approximately 70% of the NICHD sample were in the low 

to no aggression groups. 

In contrast, the study by Tremblay et al. (2004) reported 14% of the sample in the high 

physical aggression group. Their sample was comprised of children of younger ages at the first 

two time points, 5 and 17 months, but had the same ages at their last two time points as the 

children at the first two time points in the current study.  The higher proportion of the sample 

being classified into the high chronic group may mean that many of the children had not yet 

begun formal schooling and thus, not as many had begun to desist from being physically 

aggressive.  Had the children been followed through to their transition to school, they may have 

been grouped differently because more would have desisted from being physically aggressive.  

Similar to the NICHD study, most children in the current study were in either the no 

physical aggression or low declining groups (59%; 70% in the NICHD study).  When most 

children are reported have some physical aggression, especially between the ages of 2 and 3, 

they are also declining one to two years later (NICHD ECCRN, 2004).  A similar pattern is also 

apparent with the high declining group (32% of the sample).  This group begins higher in 

physical aggression than the low declining group but the decline from age 3½ to the first grade is 

steeper and does not fall to zero levels.  The NICHD study had two groups (27% combined) that 
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began with moderate caregiver-reported physical aggression at age 2 with declines starting at age 

4.  One group with a steep decline to zero levels (12% of the sample), and another with a gradual 

decline, but not to zero levels by age 9 (15%).   

In the kindergarten and first grade years, some children are showing some caregiver-

reported physically aggressive behavior but not at the levels reported by caregivers at age 2 and 

2½.  The model trend appears to be declines in these behaviors between the ages of 3 and 6.  

This behavioral change coincides with a remarkable increase in inhibitory control as well as 

entry to formal schooling when comportment and peer-to-peer cooperation is increasingly 

important.  It is during this major life event that it appears children are using alternative 

strategies for managing conflict and attaining goals (Alink et al., 2006; Granic & Patterson, 

2006; Tremblay, 2000).  Taken together, findings from the current study, and those from 

Tremblay (2004) and NICHD ECCRN (2004) appear to indicate some consistency in the 

development of physical aggression across different samples of children, especially during the 

developmental timeframe when there is substantial variability in physical aggression.  Although 

most children seem to show some physical aggression early in the life course, the developmental 

pattern of the current study in comparison with past work shows that most of them will also 

begin declining in physically aggressive behavior as they get better at conveying frustration and 

alerting caregivers as to their wants and needs.   

Physical Aggression and Child Gender 

 No support was found for the hypothesis that more boys than girls would be classified 

into the high chronic physical aggression group.  The lack of child gender differences in group 

classification was somewhat surprising given that a meta-analytic review of 148 studies of direct 
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and indirect aggression indicated that, compared to girls, boys engage in more direct aggression 

(Card et al., 2008).  One of the most robust findings in the prior research on physical aggression 

is that boys tend to be more physically aggressive than girls (Eisner & Malti, 2015).  Also, in 

prior studies using group-based trajectory modeling, boys were overrepresented in the high 

physical aggression groups (NICHD ECCRN, 2004; Tremblay et al., 2004).  However, some 

research has indicated that ethnic minority girls are more physically aggressive than Caucasian 

girls (Österman et al., 1994).  Moreover, earlier research findings of  gender differences in 

physical aggression among very young children have been regarded as inconclusive (see Loeber 

& Hay, 1997 for a review).  Although prior research, as a whole, overwhelmingly finds boys to 

be more physically aggressive than girls, the lack of gender differences in the current research 

may be a product of the ethnic and racial composition of the sample and the young ages studied.  

Other research suggesting that gender differences in physical aggression emerge later in 

childhood is consistent with this conclusion (Keenan & Shaw, 1994).  Further research 

examining gender differences in physical aggression in very young racial and ethnic minority 

children is needed. 

Physical Aggression and Child Race/Ethnicity 

 The hypothesis that more African American children would be classified into the high 

physical aggression group was supported.  Results of bivariate analyses of relations between the 

four physical aggression groups indicated that the groups differed by child race/ethnicity. 

African American children were disproportionately more likely than Hispanic children to be 

classified into the high chronic group; and Hispanic children were more likely than African 

American children to be classified into the no physical aggression and low-declining groups. A 
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study of older African American and Hispanic children using group-based trajectory analysis 

found a much larger percentage of the African American subsample were classified into the high 

chronic physical aggression group compared to the Hispanic subsample (Reingle et al., 2012). 

 African American and Hispanic children could be experiencing different culturally-based 

expectations and controls from their parents during the social development process.  For 

example, Hispanic foreign-born parents, who comprised a majority of the Hispanic subsample in 

the present study, may experience assimilation pressures and sense a need to be acquiescent to 

the majority culture.  In the regression models, Hispanic race/ethnicity was associated with 

greater classification in the low declining group, and African American race/ethnicity increased 

the likelihood of classification in the high chronic group.  These findings related to race/ethnicity 

are consistent with some prior studies comparing physical aggression among older African 

American with Hispanic youth.  For example, in a study of 418 sixth and seventh graders, with 

an average age of approximately 12 years, and attending an ethnically diverse school, African 

American students were perceived by their classmates as being more physically aggressive than 

their Hispanic peers (Graham & Juvonen, 2002).   

In another study, African American youth from a large urban area in the United States 

self-reported more bullying behaviors than the Hispanic youth (Peskin, Tortolero, & Markham, 

2006).  Some researchers have proposed a stress model as an explanation for some of the 

between-group ethnic differences found between African American and Hispanic youth 

(Barbarin, 2010; McLoyd, 1998; Xie et al., 2013).  Because African American youth are exposed 

to greater and different stressors than either Caucasian or Hispanic youth, they have relatively 

more adjustment difficulties, especially in the school-peer context.  For example, African 
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American children are more likely to be living in extreme poverty and their actions and 

behaviors interpreted as hostile (Barbarin, 2010).  However, the youth in the studies contributing 

to the stress model were older than the children in the current study sample by several years.  

They had transitioned into formal schooling while the children from the current study had only 

just begun the first year of formal schooling meaning that the nature of and influence of stressors 

was probably quite different for the older youth (i.e., managing issues of racism and peer 

relations) than the current study’s younger sample.  More research is needed in the domain of 

ethnic influences on physical aggression trajectories. 

 The finding of ethnic differences in children’s early physical aggression trajectories in 

this sample is an important contribution given the paucity of research specifically examining 

within group variations in physical aggression and risk in low-income minority populations 

especially at these young ages.  Much of the prior work on physical aggression has relied on 

older samples of predominantly non-Hispanic White, middle-income participants. In much of 

that work, all minority participants are commonly studied as one group and comprised of all who 

were not identified as non-Hispanic White (i.e., Caucasian or European-American) with an 

underlying assumption of within-group homogeneity and often designated as a risk factor in the 

child outcome studied (Loukas, Prelow, Suizzo, & Allua, 2008; McCord, Widom, & Cromwell, 

2001).  Consequently, only differences between minority and non-minority participants are 

described, and within-group (i.e., within-minority) is not studied. The current study was designed 

to examine within-group ethnic differences, and meaningful differences were found between 

African American and Hispanic participants. What this suggests is that the common practice of 
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relegating race/ethnicity to the status of a dichotomous control variable will likely obscure 

meaningful variation in need of careful study (Garcia-Coll et al., 1996).  

Physical Aggression and Cumulative Risk 

 Results supported the hypothesis that cumulative risk would be positively related to 

physical aggression group membership such that more cumulative risk related to being classified 

into the high physical aggression group, with minor caveats.  The pattern of results relating to 

time-varying cumulative risk and physical aggression trajectory group membership were 

somewhat mixed.  Overall, more cumulative risk increased the probability of being classified 

into the high chronic or high declining physical aggression groups. More specifically, children in 

the high declining and high chronic groups were more likely to experience more cumulative risk 

at Wave 1 relative to the no physical aggression and low declining groups.  This pattern held for 

Waves 2, 3, and 4 where children in the high chronic group were more likely to experience more 

cumulative risk than the no physical aggression and low declining groups.  However, cumulative 

risk did not differentiate the high chronic and high declining physical aggression groups.  

Cumulative risk had an influence on children’s physical aggression trajectories, even in this 

high-risk sample of children which fits with prior work using cumulative risk scales and problem 

behavior generally and physical aggression specifically (e.g., NICHD ECCRN, 2004; 

Trentacosta et al., 2008).   

Longitudinal cumulative risk was a good predictor of physical aggression trajectory 

group membership especially between the no and low declining and the high chronic and high 

declining groups.  More risks in early childhood increases the likelihood of embarking on a 

course of chronic physical aggression that can last well past the transition to elementary school 
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(Tremblay, 2013).   Moreover, as seen in Figure 2, cumulative risk had a stable pattern with 

group differences holding across all four waves.  The high chronic group consistently had the 

highest cumulative risk relative to the no physical aggression and low declining groups and 

differences in risk are distinguishing group membership between these groups. The no physical 

aggression and low declining groups, and high chronic and high declining groups appeared 

similar in terms of cumulative risk. 

It should be noted that the children of the present sample were all considered at risk for 

developmental difficulties by virtue of their eligibility for inclusion in the study (a low-income 

household and a minority race/ethnicity of either Hispanic or African American).  In addition, 

although a reported income for household size of less than twice the FPL qualified them for 

inclusion in the longitudinal study, a large proportion reported incomes below the FPL and, 

particularly among African American children, a sizeable percentage reported income of less 

than half the FPL.  From a young age, many of these children may have had to develop strategies 

to manage the stress and difficulties that arise from living in high-risk contexts. Masten (2001) 

refers to the strategic negotiation of adversity as resilience and considers it a normative 

adaptation among typically developing children.  Given the general baseline of risk in the 

households of the children in this sample, the impact of additional enumerated risks may not 

result in an incremental increase in behavioral problems. Variations in positive resources (i.e., 

promotive factors) such as taking advantage of good parenting found in this sample (Dyer, 

Owen, & Caughy, 2014) or developing a positive self-concept, not presently studied, might also 

attenuate the effect of increasing risk in an already high-risk context (Masten, 2001).  At Wave 4, 

there were no differences in cumulative risk between the high declining and high chronic groups, 
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or between the low declining and high declining groups.  Exposure to cumulative risks might 

perform well as a predictor of aggression when the sampled children are drawn from the full 

spectrum of risk (i.e., ranging from positive environments to more high-risk contexts).  But when 

the sample is exclusively drawn from the upper-end of the risk spectrum, it may be the case that 

relative risk exposure loses predictive power. 

The results reported in this study with regard to cumulative risk should be also viewed 

from perspectives regarding the group-based modeling procedure itself.  Nagin (2005) warns 

about the reification of groups.  Instead, he insists that group-based trajectory modeling (Nagin, 

2005), like traditional growth-curve modeling (Bryk & Raudenbush, 1987; Muthén, 1989; 

Willett & Sayer, 1994) should be considered a data reduction technique that provides a 

“statistical approximation to a more complex underlying reality” (Nagin, 2005, p. 5). In the 

current analysis, the best fitting model was the one with four groups, based on the Bayesian 

Information Criterion.  However, evidence from an evaluation of the group-based modeling 

approach suggests that the model may be overfit which can lead to quantitative, but not 

qualitative, differences between groups (Barnes et al., 2016).  Further to this point, there are clear 

differences in cumulative risk between the extreme groups, i.e., those with the highest and those 

with the lowest reported physical aggression, but distinctions become less clear with the middle 

groups.  What this suggests is that even though identifiable groups emerged from the estimation 

procedure (because that is what the technique is designed to do), the groups that emerged may 

not be so qualitatively distinct that any covarying characteristic will distinguish between the 

groups (see Skardhamar, 2010 for a critique of the GBTM approach).  This is all to say that some 

(i.e., the no physical aggression and low declining groups, and high chronic and high declining 
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groups) identified based on their trajectory of physical aggression may be more similar than 

different as reported in the between group, wave-by-wave comparison of physical aggression in 

Chapter 4. 

Cumulative risk did, however, play a role in the trajectory analysis especially at Wave 1 

and Wave 4. The finding that groups differed to some degree by cumulative risk, and that 

differences were in the expected direction (that is, more risk found to be associated with the high 

chronic group) indicates that children with the greatest number of risks, above those that 

qualified them for study participation, were more likely to be classified into the high chronic 

physical aggression group.  Future research should examine individual risks and risk scales both 

broadly and deeply (see Watson et al., 2004).  Although cumulative risk has shown to be a better 

predictor of child outcomes than any one risk factor alone, individual risks may have varying 

influence on different populations.  A refined measure of contextual risk, especially for use in 

high risk samples, would be a welcomed tool that would provide more nuanced results and 

conclusions for the way such risk might be affecting optimal development. 

Physical Aggression and Inhibitory Control 

 The results provided only limited support for the hypothesis that inhibitory control would 

be inversely related to trajectory group membership such that children with higher inhibitory 

control would be more likely to be classified in a low physical aggression group and children 

with low inhibitory control would be classified into the high chronic physical aggression group. 

In the current study, greater inhibitory control when children were 3½ years of age, was 

characteristic of the no physical aggression group, distinguishing that group from both the high 

declining and high chronic groups. However, inhibitory control did not distinguish between any 
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other groups. Based on this one finding, the hypothesis was partially supported and partially 

unsupported. Inhibitory control was not related to physical aggression group membership at W1 

and was not predictive of group membership in the SUR model.  

 Prior work that has examined relations between physical aggression using variable-

centered approaches in young children typically find that lower inhibitory control relates to high 

physical aggression (Hughes, White, Sharpen, & Dunn, 2000; Kozey, 2014; Raaijmakers et al., 

2008; Suurland et al., 2016; Utendale, Hubert, Saint‐Pierre, & Hastings, 2011).  However, some 

studies that examined aggressive behavior and inhibitory control in preschool children did not 

replicate those results (Brocki et al., 2007; Campbell et al., 2010).  In a longitudinal study by 

Utendale and Hastings (2011), young children between the ages of approximately three and six 

years were assessed for both aggression and inhibitory control at a 12 month interval.  The race 

and ethnicity of the children were not reported although the researchers controlled for 

socioeconomic status.  One of their findings was that inhibitory control was not related to 

aggression at age three; however, a negative relation began to emerge at 3 ½, and the relation 

became stronger in older children.  The authors suggested that inhibitory control may not 

sufficiently regulate aggressive behavior in early toddlerhood but becomes more important, 

especially for goal-directed behavior later in childhood with the transition to school (Utendale & 

Hastings, 2011, p. 189).   

In the current study, average levels of inhibitory control when the children were 2 ½ were 

low compared to their inhibitory control levels one year later. What this suggests is that there 

was a substantial increase in inhibitory control over the period of one year.  Moreover, like the 

findings in Utendale and Hastings (2011), the current research had a similar pattern with 
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negative relations between inhibitory control and physical aggression in that they became 

detectable when children were 3 ½ years of age.  Children at that age have neither many  

opportunities or the acumen to exercise their inhibitory competence but it appears that they begin 

to exercise those developing abilities shortly after their third birthday.  For example, preschool 

children tend to begin cultivating sibling and peer relationships differently because of the 

development of their ability to regulate their behavior.  They regulate their behavior by  

deploying more, relatively mature, prosocial strategies to manage conflict and achieve goals 

(Brownell & Hazen, 1999).  It may be that as children transition to school, those who have not 

developed sufficient inhibitory competency are the ones who will engage in aggressive behaviors 

while most children within this developmental period will use their inhibitory abilities to refrain 

from aggressive behavior.   

Important Considerations in Group-Based Trajectory Modeling 

  The classification of individual children (i.e., in the current study) into trajectory groups 

is based on their observed physical aggression scores and the maximum probability assignment 

rule. Group membership is not absolute, meaning there will always be [some] classification error 

where a relatively low-risk respondent is mistaken for a medium risk.  This type of classification 

error will likely stratify by groups, where the highest-risk groups will likely involve the highest 

levels of classification error.  This logic is based on Robins’ (1978) paradox, which says that it is 

far more difficult to prospectively project, for example, physical aggression, than it is to 

retrospectively explain it (see also Sampson & Laub, 2005). In other words, predictions about the 

future will always be more error-prone than will our explanations of the past.  

The figure below graphically depicts the problem of the prediction process. 
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Figure 5. Hypothetical Representation of Prediction Error 

  

The idea that Figure 5 conveys is that to prospectively predict who will be in a certain 

group (e.g., the group of greatest interest may be the high physical aggression group) involves a 

high degree of uncertainty. This is depicted by the broken arrow in the middle of the graphic.  

The broken arrow represents the uncertainty of the classification process.  The solid arrow is a 

comparison using retrospective prediction.  In this case, based on the measurements that are used 

to identify the group of interest, the individual’s classification is known a posteriori. This gives 

an indication of the kinds of characteristics that will be most likely be associated with group 

membership.   

The underlying logic of Robins’ paradox is that it only works if there is over-prediction 

into the high-risk group prospectively.  Over-predicting higher-risk groups makes it much easier 

to look back and have some certainty about the characteristics that influenced group 

membership.  Knowing what to look for retrospectively means that there is very little error (if 

any).  What is interesting is that over time, not all children who get classified into the high 
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chronic group will continue in that group; however, most school aged children who are classified 

into a high chronic group will come from the early childhood high chronic group.  

Couple the logic of Robins’ paradox with the fact that the measurement of physical 

aggression (or any other characteristic) that defines a developmental trajectory is prone to 

measurement error and the situation arises where one expects a relatively high level of false-

positive classification errors (i.e., those children classified into the high chronic group).  In the 

current context, this might translate into the model over-predicting or being over confident in its 

ability to identify the high-aggression children. The group-based trajectory procedure yielded a 

four-group model that was principally based on model fit statistics that included the BIC, AIC, 

and average group posterior probabilities.  This four-group model included a group that started 

low and declined to zero levels by the fourth time-point (the low-declining group).  Measures of 

cumulative risk and inhibitory control did not discriminate between the no physical aggression 

and low declining groups suggesting that these two groups may be more similar than different.  

This suggests that the “true” model may have been a three-group model: a low-to-no physical 

aggression group, a moderate-declining physical aggression group, and a high chronic physical 

aggression group. 

 Because individual differences are an important element to taxonomic research, 

especially when certain behaviors are examined longitudinally, it is also important to model 

congruently the relevant phenomena. If a taxonomic approach using prior research and domain 

knowledge is to be used to inform predictions regarding, for example, the course of physical 

aggression over time, then it is important to use a methodological approach that will account for 

the developmental course of the trait or characteristic under consideration (Nagin, 2005).  In 
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theory, the groups that comprise such a taxonomy are homogenous in terms of the characteristics 

that define the groups (i.e., physical aggression).  However, in nature such groups rarely 

represent absolute, qualitatively distinct differences and a certain amount of overlap can be 

observed (see Appel, 1987).  GBTM is an analytic approach that is specifically designed to 

identify groups making it a data reduction strategy that effectively models a complex reality from 

observed longitudinal outcomes (Nagin, 2005).   

Strengths of the Current Study 

 The current study adds to the previous evidence in several ways.  First, this study 

examined individual differences in physical aggression and variations in risk in a high-risk 

sample of low-income, African American and Hispanic preschool-aged children.  Studies with a 

focus on low-income African American and Hispanic preschool-aged children seem to be 

missing from the literature on the development of physical aggression.  The developmental 

timeframe for children studied here is consequential given what is known about the development 

of physical aggression between the ages of two and six years.  Second, and of particular interest 

is the longitudinal nature of the data.  To date, four waves of data have been collected with a 

high probability of future waves being collected.  Studying the development of physical 

aggression and various self regulation skills within context (i.e., household risk) has extended 

what is known about these characteristics to very young low-income African American and 

Hispanic populations.  The fact that evidence of ethnic group differences was found in this study 

is a testament to the importance of studying within ethnic and racial group variation in the 

context of development.  Third, this may be the only sample comprised of low-income African 

American and Hispanic preschool-aged children in existence with a broad base of behavioral 
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measures such as inhibitory control, and characteristics such as the maternal depressive 

symptoms and income-to-needs ratio.  What these data have allowed in this study is demonstrate 

the within-group variation that exists within a non-Caucasian sample and not resorting to a 

within sample-deficit model of behavioral outcomes typical of developmental research 

comparing Caucasian and non-Caucasian subsamples of children.     

Limitations 

 There were some limitations in the current study.  For example, some past research has 

indicated the development of inhibitory control seems to correspond directly with the 

progression of physical aggression over time (Raaijmakers et al., 2008; Utendale & Hastings, 

2011).  It is not a coincidence that at the developmental period when inhibitory control is 

peaking that physical aggression is declining.  Although the hypothesis was tested that deficits in 

inhibitory control are associated with increased physical aggression, a more vigorous test would 

have been to include inhibitory control in the group-based estimation model as a time-varying 

covariate, or to estimate a dual trajectory model (Nagin, 2005).  Some children may be slow to 

catch up to their peers in terms of inhibitory control, but the fact they do eventually catch up and 

are able to use their inhibitory abilities may be key.  In the present study, congruent measures of 

inhibitory control were not collected across all four time-periods, consequently, the influence of 

time-varying inhibitory control on physical aggression group membership could not be 

estimated.  However, the measures that were used, a Wave 1 composite, Wave 2 composite, and 

an overall composite (Appendix B), provided an indication for the importance of including 

inhibitory control in models examining the developmental course of physical aggression in very 

young children (Utendale & Hastings, 2011).  Prior research has indicated that inhibitory control 
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appears to be a very relevant skill that seems to developmentally contemporaneous with physical 

aggression. 

Future Directions 

 Chronic and frequent physical aggression has shown to be related to a number of factors.  

In the current study, the high chronic physical aggression group was distinguished from the two 

low  groups on a cumulative risk measure that represented maternal depression, paternal absence, 

extreme poverty, and maternal education.  Other studies have found that risk factors such as low 

IQ, the presence of young siblings, or a teenage mother also predict high, chronic physical 

aggression in young children (Nagin & Tremblay, 2001b; Tremblay et al., 2004).  Also, in a 

study of 572 families that followed children from five months to 42 months of age and used 

group-based trajectory modeling, maternal prenatal smoking and maternal coercive parenting 

were predictive of membership in the high chronic physical aggression group (Tremblay et al., 

2004).  Future research should examine other possible predictors of physical aggression such as 

child difficult temperament, harsh parenting, and poor emotion regulation within a relatively 

high-risk sample, such as the one examined in the current study (Watson et al., 2004).   

 Additionally, there have also been various sequelae associated with high, chronic 

physical aggression such as delinquency, unemployment, problem alcohol use, and dropping out 

of school (Broidy et al., 2003; Kokko & Pulkkinen, 2000; Roth & Reiss Jr, 1993).  Internalizing 

symptomologies such as depression and anxiety, usually in older children, have also been found 

to be associated with high, chronic physical aggression (Coie, Terry, Lenox, Lochman, & 

Hyman, 1995).  Further study of the trajectory groups identified across the young ages studied 
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here should include child outcomes such as academic achievement, peer 

relationships/friendships, and risk-taking. 

Conclusion   

 No previous study has examined physical aggression in both Hispanic and African 

American children from low-income families across the young ages examined in the present 

study.  This was the first to do so and much was learned. 

 First, there was substantial within-group variability in these African American and 

Hispanic children (see Loukas et al., 2008; McCord et al., 2001).  Because of this, distinct 

trajectories of physical aggression could be estimated and examined with cumulative risk as a 

time varying covariate, and inhibitory control as a predictor.  Even in a high-risk sample, 

variations in risk discriminated group membership assignment between the extreme groups: the 

no physical aggression and high chronic groups, and between the low declining and high chronic 

groups. Second, although most relations between physical aggression and gender, age, risk, and 

inhibitory control seem to hold, African American children were disproportionately more likely 

to be classified in a high physical aggression group.  These findings provide a strong basis for 

why future research should explore the etiology and development of physical aggression in 

young African American children.  Finally, although this study was not about resilience, there 

was evidence of resilience among these young, low-income ethnic-minority children.  For 

example, over half of the sample had achieved inhibitory control abilities by Wave 2.  

Additionally, despite an increase in cumulative risk between Wave 2 and Wave 4, the high 

declining physical aggression group was showing similarities in the normative arc of the 

development of physical aggression (Tremblay, 2000). 
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APPENDIX A 

CORRELATION MATRIX FOR ALL KEY STUDY VARIABLES 

 

Table A1. Correlations Between all Key Study Measures 

  1 2 3 4 5 6 7 8 9 10 

1 Physical Aggression, W1 1.00          

2 Physical Aggression, W2 .49* 1.00         

3 Physical Aggression, W3 .33* .54* 1.00        

4 Physical Aggression, W4 .30* .44* .66* 1.00       

5 Cumulative Risk, W1 .21* .20* .20* .21* 1.00      

6 Cumulative Risk, W2 .11* .22* .24* .20* .67* 1.00     

7 Cumulative Risk, W3 .18* .24* .30* .19* .66* .62* 1.00    

8 Cumulative Risk, W4 .21* .23* .26* .23* .69* .79* .71* 1.00   

9 Inhibitory Control, W1 − .10 − .12* − .04 − .06 − .09 − .05 − .10 − .08 1.00  

10 Inhibitory Control, W2 − .15* − .19* − .07 − .10 − .19* − .12* − .12* − .15* .30* 1.00 

11 Inhibitory Control, Comp. − .15* − .16* − .07 − .11 − .09 − .01 − .11 − .10 .63* .62* 

Note. * p < .05.
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APPENDIX B 

SUPPLEMENTAL ANALYSIS: EXAMINING AN INHIBITORY CONTROL 

COMPOSITE WITH PHYSICAL AGGRESSION TRAJECTORY GROUPS 

 

Inhibitory Control at Wave 3 

At Wave 3, the children in the sample were transitioning into elementary school with 

most of them enrolled in kindergarten.  At this juncture in developmental time, most typically 

developing children will have attained a near maximum level of inhibitory control competency in 

tasks such as those in the present study at younger, preschool ages (Carlson, 2011).  Wave 3 

measures of inhibitory control were adjusted upward in difficulty to account for the assumed 

self-regulatory competency they should have achieved (Carlson, 2005).  In other words, the tasks 

that tap into executive function in childhood may appear very similar, but a response determined 

to be self-controlled requires more effort from the child than the tasks required at the earlier 

ages.  For example, the snack delay task at Wave 3 required the child to wait for a seven-minute 

period of time to get a large pile (versus a small pile) of M&M’s (or Teddy Graham) snacks 

(Mischel, 1974; Mischel et al., 2011; Mischel, Shoda, & Rodriguez, 1989). Children who wait 

the full seven minutes (coded as “1”) are expected to be different in regard to a number of 

characteristics including externalizing behavior when compared to children who do not wait the 

full time (coded as “0”). Boys and girls performed similarly in regard to this task, 2(1) = 2.84, p 

= .09, as did Hispanic and African American children, 2(1) = 1.40, p = .24. 

Similarly, at Wave 3, children’s inhibitory control was also measured using an adaptation 

of a disappointing gift paradigm, adding the inhibitory control requirement to wait while the gift 
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was wrapped behind the child’s back (Saarni, 1984).  In the DPReP adaptation, the child was 

told s/he is being rewarded for his/her participation in the study (e.g., “I really appreciate that 

you played with me today and because you did so great, I have a gift for you.”).  However, the 

child was told that to get the gift and because the examiner did not have sufficient time to wrap 

the gift prior to the time of assessment, the child must wait while the examiner to wrapped the 

gift first (behind and out of sight of the child, but within a few feet of the child).  The examiner 

proceeds to noisily wrap the gift while the child waits for a period of one minute, initially and 

ideally with his or her back to the examiner.  The child’s behavior was video recorded and 

subsequently rated for “peeking” while the examiner is wrapping the gift. Children who peeked 

during the session are coded as “0” and those who did not peek are coded as “1.” Boys and girls 

did not differ in the percentage who peeked, 2(1) = 0.99, p = .32, as did Hispanic and African 

American children, 2(1) = 1.82, p = .18.  The child’s response to the disappointing gift itself (an 

unattractive block of wood) was scored separately to measure other characteristics of the child’s 

response in this task. 

It should be noted that a more typical inhibitory control measure used with the snack 

delay, wrapped gift, and disappointing gift tasks is a latency measure that is inherent in the task 

(because children are required to wait).  Latency is the amount of lapsed time in seconds from 

the time the task begins (as determined by the examiner) until the point when the child peeks in 

the case of the disappointing gift task, or when the child rings the bell or eats any of the treats in 

the case of the snack delay task.  The maximum “score” for the snack delay task is 420s (7 

minutes) and 60s for the disappointing gift task (1 minute).  In this sample, for both of these 

tasks, the pattern was that children either waited the entire time or failed to wait (see Figure B1).  
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That is, for those children who did not wait, they either peeked in the case of the disappointing 

gift task, or they ate a treat or rang the bell in the case of the delay of gratification task.  In order 

to account for the extreme skew in the distribution, the variables were dichotomized such that a 

value of 1 represented the maximum score for the task and a value of 0 represented less than the 

maximum score.  In other words, the variables represent children who either achieved or failed to 

achieve inhibitory control in a go/no-go manner. 

 

Figure B1. Histograms of Wait Times in the Delay of Gratification and Disappointing Gift Tasks 

 

Inhibitory control composite.  Because children were older at Wave 3, inhibitory 

control was necessarily measured differently.  As noted above, three different tasks were the 

basis for the composite measure of inhibitory control at Wave 1 whereas 2 different tasks were 
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used at Wave 2. At Wave 3, the two measures described above were used.  However, it should be 

noted that generating an overall inhibitory control composite was approached in a different way 

than traditionally found in the published literature.  The main purpose in the present study was to 

generate a measure that would capture whether and when children had or had not achieved 

inhibitory control at any time between the first and third wave of data collection and it was 

determined that this was an appropriate approach, given the extreme skew in children’s latency 

scores in these tasks (see Figure B1).   

The first step in the process of deriving the inhibitory control composite measure to be 

used in the present study was to refer to prior work using the same sample of children (Pacheco 

et al., 2016, under review).  In this study, group-based modeling was used to identify group 

profiles of change in inhibitory control.  Three groups of children emerged from the analysis: a 

relatively large group (n = 168, 48%) that demonstrated low inhibitory control at Wave 1 (W1) 

and improved considerably by W2; a somewhat smaller group (n = 140, 40%) that had lower 

inhibitory control scores than the first group at W1 and didn’t improve as much as the first group 

by W2, and a small third group (n = 41, 12%) that demonstrated high inhibitory control at both 

time points.  

The second step was to use the group membership assignments from Pacheco et al. 

(2016) to create a new nominal-level inhibitory control variable based on when and whether 

inhibitory was demonstrated or not.  Children in the high-performing group were assigned a 

value of 3 indicating they demonstrated high inhibitory control at Wave 1. Children in the large 

group that had shown substantial improvement in inhibitory control by Wave 2 were assigned a 

value of 2.  Children in the low-performing group who also did not peek during the disappointing 
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gift task and waited the full seven minutes during the snack delay task at Wave 3 were assigned a 

value of 1.  Children in the low-performing group who peeked during the disappointing gift task 

and failed to wait for the full seven minutes during the snack delay task at Wave 3 were assigned 

a value of 0.  The logic of what this variable was meant to capture was to classify children 

according to the earliest age in which they demonstrated high inhibitory control.  Children 

assigned a value of zero (n = 28, 10%) did not demonstrate inhibitory control at any time-period; 

children assigned a value of 1 (n = 37, 14%) did not demonstrate inhibitory control until Wave 3; 

children assigned a value of 2 (n = 168, 61%) demonstrated high inhibitory control at Wave 2; 

and children assigned a value of 3 (n = 41, 15%) demonstrated high inhibitory control in early 

childhood, at Wave 1.  The inhibitory control composite did not differ by gender 2(3) = 6.12, p 

= .11, or race/ethnicity, 2(3) = 1.53, p = .68. 

The inhibitory control composite is a 4-level nominal variable that is meant to classify 

children based on when they acquired inhibitory control.  Overall, the trajectory groups differed 

by the inhibitory control composite, χ2 (9) = 17.86, p = .04.  Between group differences were 

tested by using a correction for multiple comparisons.  The method used was to divide the p-

value by the number of comparisons so that the observed p-value is tested against the adjusted 

critical probability.  In this case it was .05/6 making the adjusted probability .0083.  Using this 

approach, one comparison emerged as statistically significant: more children who had achieved 

the ability to inhibit early were classified into the no physical aggression group, χ2 (3) = 13.96, p 

= .003. 
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APPENDIX C 

SUPPLEMENTAL ANALYSIS: OLS REGRESSION RESULTS FOR KEY 

PREDICTORS AND PHYSICAL AGGRESSION TRAJECTORY GROUPS 

 

In the first model, having more risk factors at Wave 1 inversely predicted membership in 

the no physical aggression group.  In the second model, membership in the low declining group 

was predicted by Hispanic ethnicity and having fewer risk factors.  In the third model, 

membership in the high declining group was predicted by having more cumulative risk.  In the 

fourth model, membership in the high chronic group was predicted by African American 

ethnicity and having greater cumulative risk.  Inhibitory control was not predictive of trajectory 

group membership. 

The regression models demonstrate good consistency.  For example, Hispanic children 

were more likely to be classified into the low declining group but less likely to be classified into 

the high chronic group.  Cumulative risk was consistently predictive of group membership in all 

four models: having more cumulative risk decreased the likelihood of being classified into the no 

physical aggression and low declining groups but was related to an increased likelihood of being 

classified into either of the two higher physical aggression groups. 
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Table C1. Trajectory Group Membership and Child Characteristics. 

     Trajectory Group     

 No PA Low Declining High Declining High Chronic 

Variable b se t b se t b se t b se t 

Child Gender (Male) − 0.06 0.04 − 1.61 0.02 0.05 0.38 0.01 0.05 0.20 0.03 0.03 0.94 

Child Ethnicity (Hispanic) 0.03 0.04 0.73 0.14** 0.05 2.68 − 0.07 0.05 − 1.45 − 0.09** 0.03 − 2.79 

Cumulative Risk (W1) − 0.05** 0.02 − 2.64 − 0.07* 0.03 − 2.39 0.07* 0.03 2.41 0.05** 0.02 3.02 

Inhibitory Control 0.04 0.02 1.92 0.03 0.03 1.00 − 0.05 0.03 − 1.66 − 0.02 0.05 − 1.17 

R2 .07   .07   .05   .09   

NOTE: PA = Physical Aggression; W1 = Wave 1; * p < .05, ** p < .01, *** p < .001. 
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