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Abstract 
 
 

Self-regulation (SR) has been suggested to be a key developmental precursor to a 

host of developmental outcomes (e.g., externalizing and internalizing behaviors, 

academic achievement, task completion, etc.; Baumeister, Leith, Maraven, & 

Bratslavsky, 1998; Eisenberg et al., 2004; Silk et al., 2006). Steinberg (2004) suggests 

that during adolescence, there are substantial changes in SR capacity, as older teens make 

better choices by engaging in risk perception and risk appraisal and handle risky 

situations more appropriately than younger teens. This provides indirect evidence of 

developmental changes in SR during adolescence, and yet, no studies have directly tested 

whether this is empirically substantiated. 

Dahl (2004) questioned, whether underlying neural systems can explain whether 

there is an analogous natural window of plasticity for learning SR in adolescence. The 

continued development of the adolescent brain might account for variability in SR; 

coupled with positive socialization experiences (e.g., high quality parent-adolescent 

relationships). Thus, the current proposed study sought to connect maturation and 

parenting and examined developmental changes in SR during adolescence. 

Secondary data analyses were conducted on the NICHD Study of Early Child 

Care and Youth Development (SECCYD) study which is a longitudinal study using four 

phases of data; two of which were used in the current study(Phase III=2000-2004, 

through 6th grade, n = 1,061, and Phase IV=2005-2007, through 9th grade, n = 1,009).  
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Survey methods were utilized with multiple informants (i.e., mother, father/partner/other 

adult).   

Conditional and Parallel Process Latent Growth Models were employed to assess 

whether SR continues to develop in adolescence, pubertal development is associated with 

SR development, and that parenting processes are associated with SR development. 

Findings indicated that, largely, SR does not continue to develop during adolescence 

(9.5-15.5 years) and that development of SR is not influence by parenting processes. 

There were some interesting findings regarding pubertal development in males where 

changes in puberty were significantly associated with changes in SR. By examining both 

biological markers of maturation (puberty) as well as parenting processes, the current 

study will advance scientific knowledge in a comprehensive and rigorous way, and will 

extend SR work from childhood into the adolescent period. 
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Introduction 

The Conceptualization and Developmental Nature of Self-Regulation 

Self-regulation (SR) is a complex construct that has been conceptualized and 

interpreted in different ways (e.g., Brody & Ge, 2001; Dishion & Stormshak, 2007; 

Eisenberg, Smith, Sadovsky, & Spinrad, 2004; Kopp, 1982; Moilanen, 2007; Purdie, 

Carroll, & Roche, 2004; Silk, Shaw, Forbes, Lane, & Kovacs, 2006; Silk, Shaw, Skuban, 

Oland, & Kovacs, 2006), even using different labels (e.g., effortful control – Eisenberg et 

al., 2004; Rothbart, 1989; emotion regulation – Silk et al., 2006; Silk et al., 2006; self-

regulation - Brody & Ge, 2001; Colman, Hardy, Albert, Raffaelli, & Crockett, 2006; 

Dishion & Stormshak, 2007; Kopp, 1982; Moilanen, 2007; Purdie, Carroll, & Roche, 

2004; and self-control – Finkenauer, Engles, & Baumeister, 2005; Jones, Cauffman, & 

Piquero, 2007; Vazsonyi & Huang, 2010). There exists consensus that SR is a construct 

that consists of multiple, inter-related elements, namely cognitive, emotional, and 

behavioral ones. There is also consensus that SR is a key developmental antecedent to a 

host of child and adolescent skills and/or outcomes (e.g., externalizing and internalizing 

behaviors, academic achievement, task completion, and goal setting and achieving 

Baumeister, Leith, Maraven, & Bratslavsky, 1998; Eisenberg et al., 2003; Eisenberg et 

al., 2004; Silk et al., 2006). Though scholarship has closely examined the development of 

SR during infancy (e.g., Calkins & Hill, 2007; Velling, Blandon, & Kolak, 2006), early 

childhood (e.g., Feldman, Masalha, & Alony, 2006; Karreman, van Tuijl, van Aken, & 

Dekovic, 2006) and childhood (e.g., Colman et al., 2006; Martel et al., 2007) over the 

course of the past two decades, it has not adequately considered potential developmental 

changes during adolescence. This is so salient because adolescents clearly change in their 
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ability to modulate cognition, emotions, and behaviors (e.g., Dishion & Stormshak, 2007; 

Moilanen, 2007; Moilanen, Rasmussen, & Padilla-Walker, 2014). One of the earliest 

useful developmental treatments of SR by Kopp (1982) captures the essence of “multi-

dimensional” SR, namely the “ability to comply with a request, to initiate and cease 

activities according to situational demands, to modulate the intensity, frequency, and 

duration of verbal and motor acts in social and educational settings, to postpone acting 

upon a desired object or goal, and to generate socially approved behavior in the absence 

of external monitors” (p. 199). Extensions into adolescence by Moilanen (2007) have 

further refined it, again highlighting the interrelated nature of multiple SR elements: “the 

ability to flexibly activate, monitor, inhibit, persevere and/or adapt one’s behavior, 

attention, emotions and cognitive strategies in response to direction from internal cues, 

environmental stimuli and feedback from others, in an attempt to attain personally-

relevant goals” (p. 835). In fact, Moilanen argues that cognitive, emotional, and 

behavioral SR are interrelated and that these elements in effect “cooperate” when youth 

work to obtain desired goals; she also finds empirical support for this conceptualization 

based on cross-sectional data from youth. Other researchers have provided similar 

definitions for SR or social competence (Vaughn et al., 2009) young children. However, 

Moilanen’s definition expands the definition into adolescence.  

Dishion and Stormshak (2007) make the same point and suggest that self-

regulation consists of multiple salient and overlapping dimensions, namely cognitive (e.g. 

attention control, goal-setting, self-monitoring), emotional (e.g., anger, desire, anxiety, 

and depression), and behavioral (e.g., inhibition and activation) factors. They also suggest 

that these in effect “work together” rather than independently to produce SR. A poignant 
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example by Moilanen (2007)  shows adolescents that are faced with a situation in which 

friends are going out, but they have homework left to do, as emphasized by parents. The 

teen must then simultaneously regulate cognition, emotions, and behaviors to achieve 

their goal, namely to complete their homework, in order to be able to go out with friends. 

Thus, consistent with some of the most recent thinking and scholarship about SR, the 

current study on the potentially continued developmental changes of SR during the 

adolescent period both conceptualizes and measures SR as a “singular” construct, one 

that simultaneously considers cognitive, emotional, and behavioral elements. It is 

important to note that while the use of SR is used here, the literature reviewed will 

include other construct names such as self-control, effortful control, and emotion 

regulation to assure a more complete examination of the literature. Additionally, 

development or developmental changes refer to maturation or changes over time in the 

current study.  Furthermore, the current study examines the development of SR using a 

social neuroscience perspective, one based on neuroscientific evidence (e.g., Ellis, 

Rothbart, & Posner, 2004; Masten, 2004; and Steinberg, 2004) where research considers 

the potential interplay between both “simple” pubertal/maturational processes in 

adolescence, manifested in brain development, as well as continued socialization 

pressures by parents on their adolescent children in the development of SR during the 

second decade of life.  

Theoretical Considerations 

In her seminal paper, Kopp (1982) proposed that SR is a construct that goes 

through distinct developmental changes from birth through early childhood, starting with 

neurophysiological modulation (birth to 2-3 months), which progresses to sensorimotor 
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modulation (3 to 9-12 months), to control (9-12 to 18+ months), to self-control (24+ 

months), and then self-regulation (24+ months). Kopp identifies caregiver’s 

responsiveness as key during infancy to help the child master basic physical, emotional, 

and cognitive tasks. She also describes how as the infant matures, there is a shift from 

primarily external to internal sources of regulation. During this transition, the caregiver’s 

role becomes more supportive rather than controlling. Thus, she highlights the key 

facilitating role by caregivers, as a process of interaction and exchange, during this period 

in the development of SR. In addition, Kopp suggests that social learning processes 

continue to affect the development of SR during early childhood, where parents and 

caregivers are models for the continued growth of SR. Kopp suggests that self-control 

emerges in the preschool years and self-regulation becomes refined later as children are 

better able to comply with other’s requests and experience representational thought. 

However, Kopp suggests that self-regulation is slef-control, in kind rather than degree, as 

it involves a wider range of control mechanisms (Bronson, 2000). Though Kopp’s 

discussion of SR development focused on infants and children, she highlighted the need 

for continued parental investment to facilitate SR development during adolescence. This 

idea has recently been reaffirmed by Eisenberg, Valiente, Morris, Fabes, Cumberland, 

Reiser, Gershoff, Shepard, and Losoya (2003) who argue that although individual 

differences, such as temperament (e.g., Rothbart & Sheese, 2007; Rothbart, Posner, & 

Kieras, 2006), exist early in life in SR, continued experiences from the social milieu 

contribute to the ongoing development and differences of SR. They suggest that a child’s 

regulatory abilities are embedded in the social context of relationships and that their SR 

can be learned from caregivers or parents. Eisenberg (2012) explains that individual 
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differences in SR are also influenced by heredity, the prenatal environment, and 

environmental influences in childhood. Thus, in addition to considering whether and how 

pubertal milestones and associated maturational processes play into the development of 

SR during adolescence, the current study seeks to test to what extent continued 

socialization pressures by parents account for variability in SR development during the 

second decade of life.  

Why Study Self-Regulation during Adolescence? 

SR appears to be a key mechanism that enables individuals to succeed in life (e.g. 

Baumeister et al., 1998). SR capacity has been linked to controlling one’s moods, 

improved concentration and task persistence, lower risk for alcohol and drug use, 

improved goal setting and follow-through as well as social competence. Conversely, low 

self-regulatory capacity has been linked to self-defeating behaviors, addiction, violence, 

low academic and social competence, anxiety, and depression (Baumeister et al., 1998; 

Eisenberg et al., 2003; Eisenberg et al., 2004; Martel et al., 2007; Silk et al., 2006). 

However, most scholarship to date on the development of SR has been carried out on 

children, though it is clear that SR is associated with a number of positive measures of 

adjustment during adolescence and adulthood (Martel et al., 2007; Silk et al., 2006; 

Sooyen, Brody, & Murry, 2003), what remains unknown is to what extent SR continues 

to develop during adolescence.  

Steinberg (2004) suggests that over the course of adolescence there are substantial 

changes, and what appear to be improvements, in SR capacity as older teens make 

markedly better choices by engaging in risk perception and risk appraisal and handle 

risky situations more appropriately than younger teens. Steinberg identifies one candidate 
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source for these apparent changes in SR, namely maturational changes (e.g., brain 

development, puberty). Recent insights from neurosciences provide evidence that the 

brain, and specific brain structures in the frontal lobe area known to be key for SR, 

continues to develop during the teenage years, once thought to be completed in 

childhood. In fact, based on brain imaging and electroencephalography studies (e.g., 

Giedd, 2004; Giedd, 2008; Giedd et al., 1999; Lenroot & Giedd, 2006; Luna & Sweeney, 

2004; Sowell, Thompson, Homs, Jernigan, & Toga, 1999; Spessot et al., 2004; Whitford 

et al., 2007) which provide the evidence of profound structural, and thus, by implication, 

functional changes during adolescence, a number of scholars have identified maturation 

and associated brain development as a potential contributor to SR developmental changes 

during this period (e.g., Ellis et al., 2004; Masten, 2004; Steinberg, 2004).  

Additionally, Steinberg (2008) recently suggested gonadal hormones (e.g., 

estrogen and testosterone) are directly linked to the changes in the brain (i.e., brain 

maturation) that occur at the onset of puberty. These changes are suggested (Steinberg, 

2008) to influence behavioral manifestations that are linked conceptually to the structural 

and functional changes in the brain over the course of adolescence. Bridging the two 

fields of behavioral science and neuroscience to study adolescent behavior has led to a 

new perspective, labeled a social neuroscience perspective (Steinberg, 2008). This 

perspective guides the current study which is interested in examining whether brain 

maturation and parenting influence the continued development of self-regulation during 

adolescence. Brain maturation was studied by using a proxy, namely puberty, as it has 

been conceptually linked to the structural and functional changes in the brain during the 

adolescent period. While the recent trend of bridging neuroscience and behavioral science 
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has provided indirect evidence of profound developmental changes in SR during 

adolescence, no to few studies to date have directly tested whether this is empirically 

substantiated. Therefore, the current study’s aim is to examine whether developmental 

changes in SR occur during adolescence, and whether these changes are influenced by 

parental socialization and/or by maturational changes related to the onset of puberty.  

More specifically, the study examines whether parenting (e.g., support and monitoring) 

and maturation (e.g., pubertal development) contribute uniquely or additively to the 

continued developmental changes in SR during adolescence.  

 

Literature Review 

Eisenberg and colleagues (2004) noted that “regulated individuals should be able 

to respond in a spontaneous manner in contexts in which such reactions are acceptable 

and also able to rein in their approach or avoidant tendencies, when appropriate” (p. 261). 

For example, when a person experiences negative emotion they must regulate themselves 

so that they may respond in appropriate ways. There are many ways that one achieves 

this. Often, individuals distract themselves and shift their attention to something else, 

cutoff the input from the stimulus, mask the expression of the emotion, or inhibit 

impulses of aggression (Eisenberg et al., 2004). Eisenberg et al. (2004) explain that 

regulation is present early in life through infants’ responses to stimuli and orientation 

responses which develop in the anterior portion of the brain. Furthermore, the authors 

suggest that regulation is stable over time. In other words, levels of regulation at age 2 

will be correlated with levels of regulation at 22. However, this chapter notes that there 

are marked increases of regulation in preschool years and may continue to develop even 
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into adulthood. While Eisenberg and colleagues suggest that regulation is a stable trait, 

they do discuss the importance of socialization in regulation. For instance, the quality of 

parenting may contribute to the development of regulation where supportive behaviors 

(e.g., parent support and warmth) and supervision behaviors (e.g., helping child in social 

situations and positive discipline) are related to higher levels of regulation.  

While SR is a relatively stable construct, there are variations between people 

regarding their levels of SR. Some individuals are simply better at regulating themselves 

than others. These variations in regulation are seen as early as preschool, something 

substantiated in a longitudinal study by Shoda, Mischel, and Peake (1990). In this study, 

the authors were interested in the relationship of delayed gratification in the preschool 

years (4-5 years) and later self-regulatory competencies in adolescence. Specifically, the 

authors conducted a series of experiments where the preschooler chose a preferable item 

over a nonpreferable item (e.g., marshmallow-two versus one, pretzels-two versus one). 

The experimenter then placed the nonpreferable item in front of the child with a bell and 

told them that they had to leave the room. The experimenter told the child that he/she 

could have the preferable item if they waited for the experimenter to return or they could 

ring the bell and have the non-preferable item. The authors found that over a decade later, 

when the children were an average age of 15, children with the best capacity for self-

regulation during the experiment which occurred in preschool (or best at self-imposed 

delay of gratification) were the most successful young adults in terms of school 

performance, college readiness, social competence, and coping with stress (range of 

effect sizes -.30 - .58). 
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While childhood is a key developmental period in the understanding of self-

regulation, new research in brain development among adolescents suggests that the brain 

continues to develop during the second decade of life. Dahl (2004) posed the question, 

regarding puberty and adolescence, whether underlying neural systems can explain 

whether there is an analogous natural window of plasticity for learning SR in 

adolescence. More recently, Dahl and Hariri (2005) suggest that the idea of hormones 

(e.g., “raging” hormones during adolescence due to puberty) affecting emotion and 

behavior are important during adolescence, but more current investigations need to 

examine how these pubertal hormones influence continued brain development and how 

these increases influence self-regulatory capacities relevant for adolescent development. 

Luna and Sweeney (2004) also point out that much work on environmental or contextual 

determinants of adolescent social behavior has been completed; however, little work 

exists on biological influences on cognition that are known to affect social behaviors 

during this developmental period. The continued development of the adolescent brain 

might account for variability in SR; coupled with positive socialization experiences (e.g., 

high quality parent-adolescent relationships) which might achieve better SR during the 

adolescent period (Dahl, 2004). Steinberg (2008) recently called for researchers that are 

interested in the physical and psychological wellbeing of adolescents to examine how 

contextual factors (e.g., parenting behaviors) and neural underpinnings of these processes 

influence the development of SR in adolescence (see Figure 1). Of course, socialization 

effects on SR by parents or caregivers have been well established, particularly among 

children, but not among adolescents. Thus, the current proposed study seeks to connect 
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maturation and parenting and to examine developmental changes in SR during 

adolescence, providing a novel approach in studying these key constructs.  

Figure 1: Conceptual Model of Study Variables of Interest 

 

 

 

 

 

Maturation and Self-Regulation  

 Although past research has suggested that brain development occurs during early 

childhood (e.g., Thompson, 2001), recent advances in brain research has shown 

continued brain development in the frontal lobe (i.e., the anterior portion of the brain and 

is known as the emotion control center and provides motor function, problem solving, 

spontaneity, memory, language, initiation, judgment, impulse control, and social and 

sexual behavior) during adolescence and possibly into early adulthood (e.g., Giedd, 2004; 

Giedd, 2008; Giedd et al., 1999; Lenroot & Giedd, 2006; Luna & Sweeney, 2004; 

Sowell, Thompson, Homs, Jernigan, & Toga, 1999; Spessot et al., 2004; Whitford et al., 

2007). Specifically, using magnetic resonance imaging (MRI), Whitford et al. (2007) 

found that gray matter (neural tissue in the brain that contains the nerve cell body and the 
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nerve fibers) in the adolescent brain decreases, while white matter (neural tissue in the 

brain that contains myelinated nerve fibers and underlies gray matter) in the frontal lobe 

increases in a sample of 138 healthy participants, ages 10-30 years (70 = females, 68 = 

males). Each participant had an MRI scan of their brain, and each scan was transformed 

into a standardized version where brain matter was compared. Changes in the relative 

amount of white matter were associated with improvement in language and memory 

skills (Whitford et al., 2007). Additionally, Giedd (2008) has studied maturational 

changes in the brain from childhood into adolescence using MRI scans as an ongoing, 

longitudinal project at the National Institute of Mental Health (NIMH Child Psychiatry 

Branch Longitudinal Brain Imaging Project). This project was started in 1989 and 

continues to follow participants. Giedd and colleagues (1999) examined MRI scans of N 

= 145 (89 males and 56 females) healthy children and youth, part of a larger project, that 

ranged in age from 4.2–21.6 years. This study compared the maturation of the brain, 

specifically how gray and white matter changed, during this developmental period; they 

found that white matter followed a linear growth pattern, while gray matter followed an 

inverted U shaped pattern (or nonlinear pattern). There was a net increase in white matter 

of 12.4% which did not differ significantly different by lobe. The gray matter, however, 

was regionally specific showing an increase in frontal lobe growth during 

preadolescence, with maximum size occurring at an average of 12.1 years for males and 

11.0 years for females. Later, a decline in gray matter was observed in the post-

adolescent developmental period. Interestingly, the article suggested that this 

developmental period and the changes in the brain could be important as they may 

suggest synapse eliminations, and thus, important synaptic pruning. Furthermore, it was 
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noted that early frontal peaks in brain development for females (one year earlier for 

females) may be related to pubertal onset as females typically enter puberty a year or 

more earlier than males. In turn, this suggests that brain development during adolescence 

might be “sparked” by gonadal hormones. More recently, the project completed over 

5,000 brain scans based on over 2,000 participants (as of September, 2007; Giedd, 2008). 

At each assessment point, which is once every two years, participants undergo a 

structural MRI scan and answer questions related to behavior and mental health. Giedd 

(2008) found that by the time a child reaches age 6, their total cerebral volume reaches 

95% of its peak size. However, during the adolescent period, synaptic pruning 

(neurological process where weak neurons are reduced to increase the efficiency of other 

synaptic configurations) and continued fine tuning of myelination (the wrapping of 

oligodencrocytes around axons which acts as an insulator and increases the efficiency of 

neuron signal transmission) occur in the frontal lobe which is the probable cause for 

continued brain development in the frontal lobe region. Kelley, Schochet, and Landry 

(2004) also suggest that the prefrontal cortex is last to undergo “fine tuning” of 

myelination and synaptic pruning and thus may be a cause for the fact that adolescents 

engage in risky behaviors during this time. Their brains have not matured in this area 

which is responsible for controlling executive functioning, impulse control, and decision-

making. Consistent with this idea, Sowell et al. (1999) found that decreases in gray 

matter in the frontal lobe during adolescence were related to synaptic pruning occurring 

at this developmental period. Their sample consisted of normal young adults ages 23-30 

years of age (n = 10, 5 male) and normal adolescents ages 12-16 years of age (n = 10, 5 

male) that had undergone MRI scans of the brain to assess brain growth (both spatially 
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and temporally) during this period. They suggest that these findings, that the brain is 

continuing to develop during adolescence, are associated with known increases in 

cognitive development (e.g., emotion regulation) during adolescence.  

 To clarify, Luna and Sweeney (2004) have recently suggested that during 

adolescence, the process of synaptic pruning is associated with improved efficiency of 

local computations, and thus enhances the ability of specific brain regions to support 

high-level cognitive control of behavior. Additionally, they suggest that increased 

myelination speeds the neuronal transmission that in turn supports the collaboration of 

circuitry; the end result is that different regions of the brain are more effectively 

integrated and thus also support cognitive control of behavior as well. Based on 

neuroscientific evidence, Luna and Sweeney identify adolescence as a “critical period” 

where marked changes in brain performance are likely to be associated with qualitatively 

different abilities that manifest themselves in improved behavioral control (and thus, 

cognitive, emotional, and behavioral SR). Furthermore, Kelley et al. (2004) have noted 

that prefrontal cortex (PFC) functions interact with a number of other areas in the brain 

that are known contributors to attention, decision making, inhibition, and SR. The 

importance of this is that the prefrontal cortex in effect matures and improves capacity 

and functions as a potential coordinator and relay station of multiple brain systems that 

manifest themselves in improved SR over time, particularly during the adolescent 

developmental period.  

 In an attempt to understand the relationships between these variables Carlos, 

Crockett, Wolff, and Beal (2012) examined the effects of emotional reactivity, self-

regulation, and puberty on prosocial behaviors concurrently and longitudinally. They 
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explained that adolescents who were low on emotional reactivity and high on self-

regulation should have higher ratings of prosocial behaviors. Using hierarchical 

regression analyses they tested these variables independently and by using the interaction 

of the variables on prosocial behaviors. Results indicated there were significant effects of 

emotional reactivity and self-regulation on prosocial behaviors. Interestingly, they found 

that early maturers displayed higher levels of prosocial behaviors at home. The authors 

suggested that this result is due to puberty facilitating higher levels of prosocial behaviors 

by adolescents’ emotional.. While this explanation is a plausible one, perhaps in light of 

recent brain development studies the hormones that are involved in the pubertal process 

are also increasing brain maturation in the frontal lobe which, in turn, increases the levels  

of self-regulation in adolescents. Those adolescents who are more regulated possibly 

rated higher on the prosocial behavior measure.  

 Recently Steinberg and colleagues (Albert, Chein, & Steinberg, 2013; Shulman, 

Harden, Chein, & Steinberg, 2014; & Steinberg, 2014) have presented a dual systems 

model for understanding self-regulation in adolescents in regards to risky behaviors. His 

recent research shows that pubertal hormones (i.e., testosterone and estrogen) trigger 

reward seeking/sensation seeking behaviors through the ventral striatum and orbitofrontal 

cortex. In some adolescents, this process of reward seeking behaviors manifests itself by 

engaging in risky behaviors which often occurs in the peer context. The peer social 

environment often rewards this sensation seeking behavior that is heightened during this 

time. However, self-regulation, the second component of the dual system, continues to 

mature during adolescence as a function of brain maturational changes, creating 

developmental period where we find a large gap between what amounts to a sensation 
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seeking drive and the tension with self regulatory skills . This period marks the time 

according to Steinberg and colleagues which places youth at heightened risk for making 

bad choices and for engaging in risky behaviors. Therefore, it is an important next step to 

develop our understanding of the continued development of self-regulation in 

adolescence as it changes as a function of brain maturation, measured for instance by 

puberty as a proxy.  

Puberty as a Proxy for Brain Maturation 

 These brain developmental changes have been associated with increases in 

reproductive hormones (e.g., estrogen, progesterone, and testosterone) that are generally 

associated with and mark puberty (Cameron, 2004a; Cameron, 2004b). For example, 

Giedd et al. (2006) have found that in clinical populations (as part of the sample in the 

NIMH Child Psychiatry Branch Longitudinal Brain Imaging Project) where participants 

have hormone abnormalities, the normal maturational processes of the brain are altered. 

Additionally, Peper and Dahl (2013) explain that sex hormone surges during puberty 

actually create two effects in adolescent brain development. Specifically, organizational 

and activational effects. Organizational effects cause permanent change in the brain 

structure while activational effects create temporary changes in the neural systems that 

strengthen mating behaviors. Steinberg (2008) suggests that gonadal hormones (e.g., 

estrogen and testosterone) have a direct link to the changes in synaptic organization that 

occurs at the onset of puberty via oxytocin, one of the key neurotransmitters in the brain. 

Furthermore, he suggests that behavioral manifestations stemming from pubertal onset 

are logically linked to structural and functional changes in the brain. While puberty is not 

responsible for all maturational processes of the brain, there are some changes linked to 
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pubertal timing that lead to changes in brain maturation (Dahl, 2004; Dahl & Hariri, 

2005, Peper & Dahl, 2013). More specifically, there are maturational brain changes that 

occur simply from the cascade of hormones that begin in the brain as this is where 

puberty first begins. Additionally, there are maturational changes in the brain that occur 

as a consequence of puberty (downstream changes). This occurs as pubertal hormones 

move through the blood-brain barrier, which bind to receptors in specific locations of the 

brain and stimulate changes (Dahl, 2004; Dahl & Hariri, 2005). Dahl and Hariri (2005) 

caution researchers that simply measuring the levels of a particular hormone via blood or 

saliva is insufficient as these levels only tap into one component of these maturational 

changes. Rather, it is the process of the hormone secretions along with their sequence and 

timing that are important in brain development during adolescence (see Figure 2).  

Figure 2: Conceptual Model of Puberty as a Proxy for Brain Maturation 
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consequences in brain development; specifically, altered brain development trajectories 

are connected to negative consequences in adult behavior of the animals. Therefore, it 

seems that there is a possible sensitive period during which brain growth, during 

adolescence, and puberty need to co-occur (and in a normal, healthy samples they seem 

to do so). Peper and Dahl (2013) suggest that future researchers on brain development 

foucs on puberty-specific effects in the adolescent developmental process. They note that 

in order to accomplish this task researchers must examine puberty longitudinally and 

using appropriate pubertal measures. Based on this interaction between the growth of the 

brain and pubertal onset, puberty is used as a proxy of brain development in the current 

study. 

Sex Differences in Brain Maturation 

Related to puberty, sex differences have been found in brain maturation during 

the adolescent period (e.g., Giedd, 2004; Giedd et al., 1999; Silveri et al., 2006), where 

frontal gray matter peaks a year earlier in females than in males. However, findings have 

also shown that the total brain volume is higher in males than females. Additionally, in a 

sample of 21 healthy adolescents (12 females and 9 males), Silveri et al. (2006) found in 

white matter microstructure using MRI scans of gray and white matter, where adolescent 

males had higher fractional anisotropy (FA) values (a measure of white matter coherence) 

in the white matter regions relative to females. These findings during the adolescent 

period may underlie some of the sex differences commonly found in research on 

emotional and cognitive changes. As mentioned previously (Sisk & Foster, 2004), these 

sex differences in brain development may be directly linked with sex differences in 

pubertal onset. Recently, Shulman, Harden, Chein, and Steinberg (2014) found that self-
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regulatory or impulse control continues to increase in both male and female participants 

into their 20s with modest sex differences in the growth of impulse control and the rate in 

which this occurs in male and female youth. Specifically, females had higher levels of 

impulse control and significantly more rapid rates of growth than males. Based on these 

findings, it was necessary to examine whether any sex differences exist in the 

developmental changes examined in the current study.  

 Although neuroscience, puberty, and associated brain development changes in SR 

development are connected conceptually, to date no social scientific studies have 

effectively linked these areas. Cameron (2004) suggests that changes in hormones during 

puberty potentially modulate structure and function of neurons in the brain that are 

involved in regulation. She suggests that integrating these findings to study the effects of 

brain development, caused by pubertal hormones during adolescence, is an area that is 

ripe for investigation. Therefore, in an effort to approach this connection, Steinberg 

(2004) has suggested that numerous self-regulatory capacities (impulse control, planning, 

and foresight) continue to mature during early adolescence, and possibly even early 

adulthood. Steinberg has hypothesized that because of continued brain development, 

adolescents engage in fewer risky or problem behaviors over time as they traverse the 

second decade of life, largely because they are able to recognize the consequences to 

“negative” behaviors as they mature (Steinberg, 2004; Steinberg, 2008). Cameron (2004) 

has also pointed out that while research exists on how hormones affect the brain in adults 

(namely profound influences in regard to learning, memory, and regulation of emotion 

and behavior), there have been virtually none before or immediately after puberty during 

the adolescent developmental period. Dahl (2004) has also recently called for scientists to 
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build stronger bridges across disciplines to increase the knowledge base regarding the 

changes during adolescence. He also suggests that knowledge from such studies has a 

very high likelihood of informing numerous problems that affect youth. Thus, the current 

study examined these very changes in self-regulation as a function of adolescent 

maturation (e.g., pubertal markers) and of socialization efforts by parents and caregivers 

(e.g., parenting processes).  

Parenting and Self-Regulation 

 Beyond maturation and individual differences (temperament), quality or parenting 

processes have been identified as important predictors in the development of SR. To date, 

most of this work has been completed on young children (e.g., Eisenberg et al., 2003; 

Grolnick & Farkas, 2002; Raikes, Robinson, Bradley, Raikes, & Ayoub, 2007; Silverman 

& Ragisa, 1992). Studies that have examined the link between parenting and SR suggests 

that supportive/nurturing parenting that includes an appropriate level of control 

(monitoring or behavioral control rather than psychological control) serves as a model to 

children on how to respond appropriately to people and situations. This modeling and 

learning by youth promotes and instills SR capacity (e.g., Brody & Ge, 2001; Gray & 

Steinberg, 1999; Moilanen, Rasmussen, & Padilla-Walker, 2014; Morris, Silk, Steinberg, 

Myers, & Robinson, 2007; Steinberg, 2004; Steinberg, 2008).  Morris et al. (2007) 

recently suggested that developmental sciences have established how parenting strategies 

influence SR; however, there are few studies that actually examine this relationship in 

adolescent samples and fewer that test this relationship longitudinally to ascertain 

whether there exist developmental changes in SR over time during the adolescent period. 

Steinberg (2008) suggests that youth from homes where parents are authoritative (warm 
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but firm) display higher levels of SR and engage in fewer risky behaviors. However, he 

goes further to explain that it is not clear whether these SR capacities are higher because 

of supportive parenting, which would provide modeling of appropriate responses to 

stimuli, or because of consistent discipline or parental monitoring, a more external 

constraint that provides appropriate limits on behaviors. More recently, Moilanen, 

Rasmussen, and Padilla-Walker (2014) studied bidirectional relationships between 

adolescents and their parents on measures of parenting (e.g., authoritative, authoritarian, 

and permissive) and adolescents’ SR longitudinally. They found that there were no rank 

order changes in authoritative and permissive parenting on SR over time, meaning that 

the relative position of individuals on perceived parenting and SR continua do not appear 

to change during the developmental stage that was studied. They found that authoritarian 

parenting was negatively associated with SR over time. Specifically, authoritarian 

parenting was related to decreases in SR over time. While the authors did not find any 

associations between authoritative or permissive parenting on SR changes, longitudinally,  

they call for additional longitudinal research that examines specific dimensions of 

parenting (i.e., parental warmth and monitoring) as these parenting dimensions have been 

found to predict adolescent self-regulation. They suggest that new research use data with 

three or more time points to show if any developmental patterns exist. Therefore, the 

current study examines both the affective quality of the parent-adolescent relationship, 

namely supportive parenting, as well as the amount of discipline parents use, namely 

parental monitoring and their importance in the development of SR during adolescence in 

three waves of data.  
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Currently, few studies have examined whether parenting processes continue to be 

associated with and account for variability in the developmental course of SR during 

adolescence. Although most scholarship on the parenting-SR link is based on young 

children, these do provide important insights into how specific parenting processes may 

be related to the development of SR during adolescence. Thus, an important question is 

whether key parenting efforts during adolescence continue to affect the development of 

SR at a time when teens are striving for and are able to achieve greater independence 

from parents. Do ongoing parenting efforts during the teenage years uniquely foretell the 

ongoing changes and development of SR? In the following section, some key scholarship 

is reviewed, largely based on samples of children, on how parenting efforts account for 

variability in SR or for developmental changes in SR.  

Parenting and Self-Regulation in Samples of Children 

Parenting processes have consistently been found to be associated with higher 

levels of SR based on samples of children (e.g., Colman, Hardy, Albert, Raffaelli, & 

Crockett, 2006; Dennis, 2006; Eisenberg et al, 2003; Karreman, van Tuijl, van Aken, & 

Dekovic, 2006; Keller et al., 2004; Kopp, 1982). Though Posner and Rothbart (2000) 

argue that individual, temperamental differences exist early in life, and thus place 

children on different developmental SR trajectories; further differentiation among 

children emerges as a function of experiences, of how socialization pressures from 

parents or caregivers in effect further “constrain” behaviors over time. In a study by 

Eisenberg and colleagues (2003) they investigated the effects of maternal positive 

expressivity (as measured by combining overall positive affect and support/warmth) in a 

sample of 214 children from a longitudinal study that first obtained measures of parenting 
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and socioemotional development at an average age of 73 months (96 girls, 118 boys) and 

two years later in a follow-up study (n = 177 children; 80 girls, 97 boys). They found that 

maternal emotional expressivity was positively associated with children’s adjustment 

(internalizing and externalizing behaviors) and social competence over a two year period, 

as mediated through SR. Specifically, using Structural Equation Modeling (SEM) they 

found that the path from maternal expressivity to regulation had a positive association 

while the path from regulation to externalizing and internalizing behaviors was negative. 

The path from regulation to social competence had a positive association. Furthermore, 

regulation significantly mediated the relationships between maternal positive expressivity 

and externalizing behaviors and social competence, while only marginally significant 

between maternal positive expressivity and internalizing behaviors.  

Similarly, based on a sub-sample of 549 children from the National Longitudinal 

Study of Youth 1979 original sample, Colman et al. (2006) found that high levels of 

maternal warmth at Time 1 (ages 4-5) were associated with a higher SR capacity 4 years 

later at Time 2 (ages 8-9), even after controlling for initial levels of SR. Furthermore, 

based on a sample of 2,441 low-income toddlers (14-36 months) and their mothers that 

were part of an evaluation of Early Head Start, Raikes et al. (2007) found that high 

quality mother-child interactions (e.g., positive affective states), at 14 and 24 months, 

were associated with positive developmental changes or growth in SR by 36 months 

using growth modeling procedures. They also found that, over time, children’s SR states 

changed over time and at final status. This variation in SR statuses was explained by the 

possible environmental effects of the mother-child interactions. They also found some 
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interesting gender differences in these changes, where girls had more modest increases 

than boys. 

In an effort to examine for potential cultural differences in the parenting-SR link, Keller 

et al. (2004) found that toddlers from Cameroon (assessed at 3 months and then at 18-20 

months), where more proximal parenting (warm, supportive interactions that fosters 

dependence) was found, developed SR earlier than children from Greece or Costa Rica, 

contexts characterized by more distal parenting (face to face interactions and object play 

that fosters independence). The total sample consisted of 116 families at first assessment 

(children were 3 months) and 90 families at the second one (at 18-20 months).  

Thus, these two studies provide some preliminary evidence for potential gender 

differences (see also Kochanska, Murray, & Harlan, 2000 who found girls had greater SR 

capacity than boys) as well as contextual or cultural differences in the development of SR 

based on young children.  

Finally, in an effort to provide some common language as well as consensus 

related to the developmental salience of parenting efforts for SR development, Karreman 

and colleagues (2006) completed a meta-analysis of 41 studies (3799 families average 

age of child = 38.35 months), largely based on preschool samples. They found that 

parental positive control was a significant predictor of SR across studies (effect size of 

weighted means are .08). Positive control was described as teaching, encouraging, and 

guiding children’s behavior (e.g., support and monitoring). Based on the literature 

reviewed on children’s SR capacities, it is evident that positive parenting contributes to 

SR development. Specifically, supportive parenting that is coupled with monitoring 
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strategies by parents predicts higher SR capacities and in one study (Raikes et al., 2007) 

showed linear growth in SR capacities over time.  

More recently, Vazsonyi and Li (2010) examined whether parenting at 4.5 years 

predicted developmental changes over a 6 year timeframe using time points from 4.5, 8.5, 

and 10.5 years. The model they tested showed that self-control increased over time at a 

rate of .05 per year. Furthermore, parenting was statistically significant in predicting the 

intercept but not the slope of self-control. While this literature is on children rather than 

adolescents, it provides a useful model on how parenting may contribute to SR during 

adolescence.  

Parenting and Self-Regulation in Samples of Adolescents 

In examining the parenting-SR link in literature based on adolescents, a number 

of investigations have tested SR as a potential mediator between parenting processes and 

adjustment measures (e.g., externalizing or internalizing behaviors, academic 

achievement; Brody & Ge, 2001; Purdie et al., 2004; Sooyeon & Brody, 2005). These 

studies that take a variable centered approach, have not examined how and whether key 

parenting processes are important in the developmental changes of SR during 

adolescence. Furthermore, no previous work has explicitly tested how and whether brain 

development and the development of SR, or at least, whether biological markers for brain 

changes, such as pubertal changes, together with parenting processes explain SR 

development. Despite this dearth of scholarship in this area, a number of scholars have 

started to write about these links (Dahl, 2004; Luna & Sweeney, 2004; Steinberg, 2004; 

Steinberg, 2008). However, a number of studies appear to have provided successively 

more relevant information that can inform a study of these proposed links. For example, 
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Purdie and colleagues (2004) examined the relationship between authoritative parenting 

and academic and non-academic self-regulation in a sample of 14 to 16 year old youth (N 

= 214 families, 60% males, average age = 14.8) using mother, father, and youth 

responses to surveys. Results provided evidence of a strong link (path coefficient of .70) 

between high parental involvement (e.g., described as loving, accepting, and responsive; 

all indicative of parental support) and the development of academic (e..g, SR capacity 

related to academic pursuits) as well as non-academic (e.g., SR capacity to other pursuits 

not academic) self-regulation. Parental involvement, however, was only assessed as a 

mediator between parental self-efficacy and academic and non-academic SR. Similarly, 

Brody and Ge (2001) investigated the relationships between nurturant-responsive 

parenting behaviors (e.g., support, positive discipline, and monitoring) and SR over a two 

year period (Wave 1 at 12 years of age, Wave 2 occurred one year later) and how SR was 

associated with subsequent psychological adjustment (depressive symptoms, hostility, 

self-esteem) and alcohol (conducted at Wave 3/year 3). The sample consisted of 120 

families (mother, father, and child; males = 62, females = 58) from the Southeast United 

States. Based, again, on a variable centered strategy using SEM, they found that SR was 

positively influenced by high levels of nurturant-responsive parenting (Wave 1, r=.54; 

Wave 2, r=.36) over a 2 year period between Wave 1 and Wave 2. This study found 

evidence that both mother’s and father’s parenting as well as the child’s SR were stable 

over time, that SR was associated with mother and father nurturant-responsive parenting 

at Wave 2 which was associated with the child’s SR at Wave 2, and that the child’s SR 

was associated with later (Wave 3) adolescent adjustment. While this is article is 

informative of the relationships between parenting and self-regulation it is limited to two 
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timepoints. Based on a cross-sectional investigation of 1,359 of Dutch youth (males = 

709, females = 650) between the ages of 10 and 14 years (average age = 12.3 years), 

Finkenauer, Engels, and Baumeister (2005) found that self-control, defined as regulating 

ones behaviors, thoughts, and emotions, was positively associated (Beta = .12) with 

parental acceptance (or support). Self-control partially mediated the effects by parenting 

on adolescents’ externalizing and internalizing behaviors. Therefore, the authors suggest 

that there is a positive association between parenting and self-control and that self-control 

partially mediates the effects of parenting on adolescent’s externalizing and internalizing 

behaviors.  Furthermore, Kim and Brody (2005) studied the effects of family risk and 

maternal psychological functioning on parenting and externalizing/ internalizing 

behaviors as mediated by SR in African American early adolescents using a 5-wave 

longitudinal SEM model. The adolescents were 11 at the time of recruitment and were 

followed for four years. The authors found that the latent construct of parenting (e.g., 

competence promoting which included 3 manifest variables which were parental support, 

monitoring, and ineffective arguing) was associated with self-regulation, one year later (r 

= .27). This finding guides the assumption that parenting is related to increases in SR 

over time, although it was not tested in a growth modeling approach. In fact, Kim and 

Brody (2005) state that “involved and supportive parenting would be linked with rural 

African American youth’s development of greater self-regulation” (p. 307). While this 

study only focused on African American youth, it guides research on the potential for 

supportive parenting to predict increases in the development of SR over time among 

youth. Finally, Buckner, Mezzacappa, and Beardslee (2003) studied characteristics of 

resilient youth and the role of SR processes in a sample of 155 low-income youth (45 
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were classified as resilient and 70 were classified as nonresilient). The sample included 

children ages 8-17 years of age and their mothers that were part of a larger longitudinal 

study. The authors were interested in identifying constructs that were predictive of 

resiliency and therefore used parental monitoring as one predictor. While not a focus of 

their study, they did find that parental monitoring was significantly and positively 

associated with SR (r = .32). While there is very little work on the effects of parental 

monitoring on the development of SR during adolescence and much more work on the 

effects of parental support (e.g., increases in support are associated with increases in SR), 

it is hypothesized that supportive parenting increases SR capacity and that controlling 

parenting decreases it during adolescence. 

The common theme that emerges in studies about SR is that positive parenting 

predicts higher self-regulation, and appears to remain salient in later years. Parental 

support and monitoring appear to have emerged as some of the key parenting constructs 

in the development of SR, and thus the current study also examined those effects in the 

development of SR during early and middle adolescence. Though the reviewed studies 

are informative for the current project, it remains unknown to what extent specific 

parenting processes account for variability in the development of SR during adolescence. 

Past research also identifies parental support as a key contributor to the development of 

SR. Dahl (2004) has recently argued that support by parents appears to be a prerequisite 

for the development of adolescent self-regulation skills. Additionally, he suggests that 

there is a need for a supportive social context with an appropriate amount of monitoring 

and support from parents so these youth can develop self-regulation skills in a supportive 

and protective context. He describes the adolescent as one that is developing emerging 
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skills and knowledge for adult roles and, yet, has an immature neurobehavioral system to 

deal with the ebbs and flows in emotions caused by hormones during this time. In 

addition, Masten (2004) noted that when monitoring is prematurely withdrawn from 

adolescents this leaves the adolescent to navigate situations alone or with peers at an 

early age as they have not yet achieved cognitive and emotional maturity. Finally, it is 

important to assess paternal parenting processes on the development of SR. Current 

studies on SR primarily focus on maternal contributions and leave the question of 

whether and how fathers affect the development of SR in children and adolescents. 

Recently, Meuwissen and Carlson (2015) test the effects of fathers’ parenting on 

preschool children’s effortful control. They suggest the importance of including fathers in 

studies that focus on regulation due to cultural shifts in parenting where fathers are more 

active in daily parenting tasks and spend more time with their children. Additionally, it is 

important to assess the relationship of fathers’ parenting processes on SR as they may 

have differential contributions to the development of SR than mothers (Moilanen, 

Rasmussen, & Padilla-Walker, 2014). Thus, it appears that now is the time for 

scholarship to move forward by integrating insights from developmental and socialization 

research about parenting effects (i.e., maternal and paternal) and to combine these with 

recent advances from neuroscience about how maturation changes brain structure, and 

thus functioning, to develop a greater understanding of whether and how SR develops 

during the second decade of life. Thus, the current study aims to contribute to the 

scholarship on SR by assessing the unique and/or additive effects by maturation (e.g., 

puberty) and parenting (e.g., support and monitoring) in the development of SR during 

adolescence. Previous research has identified certain variables (e.g., race/ethnicity, 



DEVELOPMENT OF SELF REGUALTION 

 29  
 

SES/income, family structure, marital status, and immigration status) as covariates of 

parenting processes and SR, and thus, as potential confounds (e.g., Bornstein, 2003; 

Coleman et al., 2006; French & Pitchall-French, 1998; Maton et al., 1996; Murry & 

Brody, 1999; Taylor, Casten, Flickinger, 1993; Pinderhughes, Dodge, Bates, Pettit, & 

Zelli, 2000; Shaw, Winslow, & Flanagan, 1999). For instance, SES or income level, is 

widely known to be associated with parenting and, therefore, must be controlled when 

examining the relationships between other predictors on parenting to remove the shared 

variance from SES/income level. Additionally, the influence of adolescents’ Body Mass 

Index (BMI) must be controlled for when examining puberty and BMI as it has been 

identified as a confound and influences the timing of pubertal indicators (e.g., Schubert, 

Chumlea, Kulin, Lee, Himes, & Sun, 2005). By examining both biological markers of 

maturation (puberty) as well as specific parenting processes, the current study advances 

scientific knowledge in a comprehensive manner, and extends developmental work on SR 

from childhood into the adolescent period.  
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Research Questions and Hypotheses 

1. Does SR continue to develop in the adolescent developmental period?  

Hypothesis 1:  It was expected that positive linear growth in SR would be found 

over the 6 year period. 

2. Do pubertal developmental changes influence possible SR changes during  

adolescence?   

Hypothesis 2:  It was hypothesized that pubertal developmental changes (slope) 

would predict developmental changes in SR.   

3. Does parental support (maternal and paternal) influence possible changes in SR during 

adolescence?  

Hypothesis 3:  It was expected that there would be positive growth in parental 

support over time and that this change would be predictive of developmental 

changes in SR over time.   

4. Does parental monitoring (maternal and paternal) influence possible changes in SR 

during adolescence?  

Hypothesis 4: The current question is exploratory in nature due to inconsistencies 

in the literature whether parental monitoring increases or decreases over time 

during adolescence.  

5. Do parenting and pubertal development contribute to changes in SR during  

adolescence independently (uniquely) or simultaneously (additive); if additively 

which of the two influences changes in SR to a greater extent?  
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Hypothesis 5: It was expected that there would be independent and thus additive 

effects by developmental changes in parenting (support and monitoring) and by 

pubertal development on SR development. 
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Method 

Participants 

 The current study utilized the Eunice Kennedy Shriver National Institute of Child 

Health and Human Development’s (NICHD) Study of Early Child Care and Youth 

Development (SECCYD) which is a longitudinal, long-term study that follows children 

and their development ranging from infancy in 1991 (one month of age) to adolescence 

(15 years of age) across four phases of data collection (The NICHD obtained data from 

10 data collection sites in the United States (i.e., Arkansas, California, Kansas, 

Massachusetts, Pittsburgh, PA, Philadelphia, PA, Virginia, Washington, North Carolina, 

and Wisconsin) by screening 8,986 families in 24 hospitals (5,416 families were eligible). 

Phase I (1991-1994; ages one month-36 months) had 1,364 participants, Phase II (1995-

1999; ages 54 months-7 years) had 1,226 participants, Phase III (2000-2004; ages 8-12 

years) had 1,061 participants, and Phase IV (2005-2007; ages 14-15 years) had 1,009 

participants. While this a normative, longitudinal sample it is not nationally 

representative. There was an exclusion criterion for the study that included questions 

such as maternal age, multiple births, and whether the family was presently in a study. 

Family demographics at one month of age were: average maternal education = 14.4 

years; mothers reported being single = 14%; mothers did not complete high school = 

10%, average family income = 3.6 times the poverty threshold (24% between 0-1); 

families are racial/ethnic minorities = 24%. The current study included children and 

adolescents from Phase III-Phase IV (ages 9.5-15.5 years).   

The rationale for targeting this age band is that (1) neuroscience evidence of brain 

changes and (2) known indirect evidence about changes in SR during early and middle 
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adolescence through decreasing rates of problem behaviors; and (3) most profound 

maturational changes, including markers such as menarche for girls, occur between the 

ages of 10 and 16 (mean age: 12 years; NIH, 2007). Thus, by targeting these age groups, 

it is maximizing the opportunity to study youth when they are undergoing the most 

profound maturational changes, particularly related to brain development (e.g., Steinberg, 

2004). Furthermore, longitudinal studies are most “ideal for tracking changes in complex 

behaviors that occur over adolescence and identifying which of these changes are 

specifically associated with pubertal development” (Cameron, 2004, p. 120). However, 

Cameron notes that these studies are extremely rare. Additionally, she suggests that using 

several markers of pubertal development will provide a more accurate picture of pubertal 

stage and provide insight on the pubertal development for youth when assessed 

longitudinally.  

Procedures 

The primary objective of the NICHD SECCYD is to investigate the relationships 

between differing child care arrangements and measures of children’s health, behavior, 

school performance and development in young children through adolescence. The factors 

that the NICHD SECCYD collect information on include the child care and family 

context while also assessing children’s development (e.g., social, emotional, cognitive, 

and language), adjustment, and physical health using multiple methods (i.e., observation, 

interviews, questionnaires, and testing) and using multiple informants (i.e., mother, 

child/adolescent, teacher, and clinicians).  
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Measures 

Demographic variables. When children were one month of age mothers reported 

the child’s race/ethnicity. Family structure was rated as having two parents, two-parent 

extended or extended and augmented family, two-parent augmented, step-father family, 

single parent nuclear family, single parent extended or extended and augmented family, 

single parent augmented family, nontraditional nuclear family, nontraditional step-father 

family, nontraditional extended or extended and augmented family, nontraditional 

augmented family, nontraditional augmented family, two-parent alternate caregiver 

family, and single-parent alternate caregiver family. Sex of the child was reported as 

being male or female. SES was was measured by using mother reports of whether the 

family received food stamps from the government (Vazsonyi & Li, 2010).  

 Parenting.  Parental support/warmth (see Appendix 1, Table 1) was assessed 

using the Parent-Child Relationship Scale (Pianta, 1994). For Phase III and IV a 

shortened form Parent-Child Relationship Scale (Pianta, 1994) was used that included 15 

of 30 items. The scale used in the current study was positive parenting; items were rated 

by both mothers and fathers on a 5-point Likert scale ranging from 1= definitely does not 

apply to 5 = definitely applies (e.g., “children spontaneously shares personal information 

with me”) at child ages 9.5, 10.5, 11.5 and 15.5. The reliability estimates (see Table 1) 

for positive parenting (e.g., parental support) ranged from α = .82 to α =.85 for mother 

ratings and α = .84 to α =.87 for father ratings.  

 Parental monitoring (see Appendix 1, Table 1) was assessed using the “Keeping 

Tabs” form from Phase III and IV of the study. The questionnaire included 11-items 

regarding parental supervision and monitoring of the child’s activities as based on work 
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by Statin and Kerr (2000). Fathers only rated monitoring while there child was 9.5, 

therefore, mother ratings were used. The measure includes items such as “If your child 

didn’t come home by a set time, would you know” and “Who your child spends time 

with?” Responses were rated on a 4-point Likert scale which include 1 = doesn’t know at 

all, 2 = knows a little bit, 3 = knows a lot, 4 = knows everything. Reliability estimates 

(see Table 1) ranged from α = .67 to α = .76 for ages 10.5, 11.5, and 15.5. Monitoring at 

9.5 years was dropped due to low reliability (α = .47). 

Table 1 

Demographics for Parental Support variables (Maternal and Paternal) 

Variable No. of Items N M SD α 

Maternal Support      

 
9.5 yrs 

9 1022 4.20 .51 .82 

 10.5 yrs 9 984 4.15 .52 .83 
11.5 yrs 9 981 4.09 .56 .85 
15.5 yrs 9 936 3.88 .61 .85 

Paternal Support      

 
9.5 yrs 

9 698 4.10 .55 .84 

 10.5 yrs 9 620 4.02 .54 .84 
11.5 yrs 9 592 4.01 .58 .87 
15.5 yrs 9 674 3.79 .62 .87 

Maternal Monitoring      

 10.5 yrs 10 972 3.65 .19 .67 
11.5 yrs 10 980 3.69 .28 .75 
15.5 yrs 10 672 3.56 .31 .76 

 

 

Puberty. Puberty (see Appendix 1, Table 2) was measured by a questionnaire 

developed by Peterson and colleagues (1988) to provide an assessment that did not 
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contain pictures of pubertal stages and, therefore, permitted for use in schools. It was 

developed as a self-assessment but has been used many times by parents. The measure 

contains questions about physical development that are rated by the degree of a particular 

physical change (e.g., breast development, facial hair, genital development). There are 

separate questionnaires for males and females.   

Table 2 

Demographics of Pubertal Development Scale (Males and Females)  

Variable No.of Items N M SD α 

Pubertal Development, M       

 
9.5 yrs 

5 505 2.40 .31 .44 

 10.5 yrs 5 456 2.48 .37 .56 

11.5 yrs 5 455 2.62 .43 .56 

12.5 yrs 5 462 2.89 .57 .73 

 
13.5 yrs 

5 438 3.19 .61 .72 

 14.5 yrs 5 380 3.49 .51 .72 

15.5 yrs 5 264 3.60 .43 .63 
Pubertal Development, F      

 
9.5 yrs 

5 493 2.66 .48 .65 

 10.5 yrs 5 447 2.94 .57 .72 

11.5 yrs 5 462 3.24 .59 .77 

12.5 yrs 5 445 3.45 .53 .73 

 
13.5 yrs 

5 399 3.60 .44 .57 

 14.5 yrs 5 324 3.72 .43 .56 

15.5 yrs 5 228 3.79 .46 .60 
 

 Body Mass Index. To obtain each adolescent’s Body Mass Index or BMI, height 

and weight were used, where weight was divided by height, based on the method 
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suggested by the Centers for Disease Control (CDC). Therefore, height was measured by 

a nurse practitioner or pediatric endocrinologist as his/her height in inches or in 

centimeters. Weight was assessed by his/her weight in kilograms or in pounds. Scores 

were categorized in the following according to the CDC Method: (1) 3rd percentile, (2) 5th 

percentile, (3) 10th percentile, (4) 25th percentile, (5) 50th percentile, (6) 75th percentile, 

(7) 85th percentile, (8) 90th percentile, (9) 95th percentile, (10) 97th percentile, (11) Below 

the 3rd percentile. BMI is used as a control for pubertal development in the current study 

as it has been shown to effect puberty in males and females, such as, obesity being related 

to earlier onset of puberty in males and females (DeLeonibus et al., 2014).  

 Self-Regulation. The use of the term self-regulation (SR) was used for the current 

main study construct, and this term was used through the current study; however, the 

survey items are in fact a measurement of self-control. This measure has been used 

recently by Vazsonyi and Li (2010) to assess developmental changes in SR in children. 

Therefore, self-control, which was measured by the Social Skills Rating System (SSRS, 

Gresham & Elliott, 1990; see Appendix 1). Mothers and fathers completed the 

assessment related to their child’s SR (see Table 3). The correlations between maternal 

and paternal SR ratings of their adolescent ranged from r = .39 to r = .56. The SSRS-

Parent Form consists of three parts, namely social skills, problem behaviors, and 

academic competence scales. The social skill component includes three subscales, 

namely cooperation, assertion and self-control. The current study only focused on the 

self-control subscale. It included 10 items on a 3-point Likert-type scale (0 = never, 1 = 

sometimes, 2 = very often; e.g., “controls temper when arguing with other child”). The 
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alpha ranged from α = .82 to α = .87 for mother reports and α = .83 to α = .86 for father 

reports.  

 

 

 

Table 3 

Demographics for Self-Regulation (SR) Variables (Maternal and Paternal Rated) 

Variable # of Items N M SD α 

SR (Maternal)      

Grade 4 (9.5 yrs) 10 1022 1.39 .35 .83 

Grade 5 (10.5 yrs) 10 985 1.39 .33 .81 

Grade 6 (11.5 yrs) 10 980 1.39 .34 .83 

15.5 yrs 10 935 1.40 .35 .82 
SR (Paternal)      

Grade 4 (9.5 yrs) 10 698 1.39 .35 .84 

Grade 5 (10.5 yrs) 10 619 1.39 .34 .83 

Grade 6 (11.5 yrs) 10 592 1.40 .36 .85 

15.5 yrs 10 674 1.42 .36 .84 
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Plan of Analyses 
 

The current study intended to examine the developmental changes (growth trajectories) 

of adolescent self-regulation between the ages of 9.5 and 15.5 years and to examine to 

what extent pubertal development and/or parenting processes account for these changes 

over a 6 year period. Initial analyses (see Tables 4-6) included descriptive statistics and 

frequencies for each study scale or construct to examine variable distributions (including 

skew) as well as reliabilities prior to model building. Skewness of the main study 

variables ranged from -.11 to 1.33, resulting in an almost normal distribution of scores. 

Therefore, all original variable distributions were used in subsequent analyses. Secondly, 

variance from demographic variables (e.g., race, SES, family structure, and BMI for 

pubertal development) was removed from each of the main study variables (e.g., pubertal 

development, parenting measures, and SR) by residualizing scores through regression 

analyses. When sex was used as a covariate or models were tested by sex, sex was not 

included in computing the residualized variables. The advantages of residualizing study 

variables include conceptual considerations, namely that adding them to the model would 

be largely exploratory and thus not consistent with study hypotheses, but also analytic 

considerations, where more statistical power is retained for focal hypothesis testing. In a 

third step, Latent Growth Models (LGM) using conditional LGM and Parallel Process 

LGM were employed (see Tables 7 and 8) to test a series of hypotheses, along with some 

exploratory follow-up questions related to sex differences and non-linear changes over 

time. LGM is a Structural Equation Modeling (SEM) analytic strategy that permits tests 

of both inter- and intra-individual changes in the main study constructs – puberty, 

parenting processes, and adolescent SR. Furthermore, LGM allows the assessment of 



DEVELOPMENT OF SELF REGUALTION 

 40  
 

initial status (mean) of the study parameters and of the slope (change or growth) over 

time (Tisak & Meredith, 1990). Next, the study hypotheses along with analytic strategies 

will be discussed.  
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Hypothesis 1: It was expected that positive linear growth in SR would be found over 

the 6 year period. 

 A conditional LGM, where sex was used as a covariate in the model, was 

specified and tested in AMOS 22 (Arbuckle, 2005) to examine developmental changes in 

SR over the 6 year period (see Figure 3).  The model hypothesized linear growth over 

time in SR, specified by 0, 1, 2, and 6 for slope parameter estimates to correspond with 

the ages 9.5, 10.5, 11.5, and 15.5 of the adolescents. The intercept parameter estimates 

were set to 1 and the intercept and slope factors were predicted by sex to test for sex 

differences. Mean differences at the intercept were expected to be associated with rates of 

change over time, where higher initial status is positively correlated with linear rates of 

change (slope). The positive growth in SR is expected largely due to recent 

neuroscientific evidence which suggests that in early adolescence, the brain is still 

developing which is related to the SR capacity. Therefore, as the adolescent gets older, 

their SR capacity should also improve (Luna & Sweeny, 2004; Steinberg, 2004; 

Steinberg, 2008). There also exists indirect evidence to support this as the likelihood of 

engaging in “risky” behaviors declines over time, presumably due to improved SR 

capacity (Steinberg, 2004, Steinberg, 2008). Factor loadings and standard fit indices (χ2, 

χ2 /df, CFI, RMSEA, and the associated p value) were used to evaluate model fit. Models 

also tested a quadratic growth function and declining growth to evaluate whether non-

linear developmental changes exist in SR. Therefore, the paths for the quadratic term 

where identified with the following values: 0, 1, 4, and 36 and the paths for declining 

growth where set to 0, -1, -2, and -6. Although some evidence for sex differences in 

developmental changes in SR has been found in children (Kochanska, Murray, & Harlan, 
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2000), little empirical evidence based on adolescent samples exists; thus, it is unknown 

how and whether sex moderates developmental changes in SR (Brody & Ge, 2001; 

Buckner, Mezzacappa, & Beardslee, 2003; Purdie et al., 2004). Nevertheless, each model 

tested potential moderation effects by sex, where sex was first entered as a manifest 

variable predicting the intercept and the slope factors. Previous research has established 

important level differences in SR for male and female youth (e.g., based on children, 

Kochanska et al., 2000). However, in the focus was on whether sex moderated rates of 

change (e.g., slope) in SR during adolescence.
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Hypothesis 2: It was hypothesized that pubertal developmental changes (slope) 

would predict developmental changes in SR. 

A Parallel Process LGM was tested (see Figure 4) which modeled changes in 

pubertal development and how these affect developmental changes in SR over the 6 year 

period. The pubertal development indicators for each sex were combined to form a 

composite, consistent with previous work by Dick et al. (2001) and Wichstrom (2001). It 

was also expected that a positive linear relationship exists between the pubertal 

development intercept and the SR intercept as research has provided evidence that 

variability in pubertal development at age 11 is positively associated with variability in 

SR. Thus, higher levels of pubertal development were expected to predict higher initial 

status in SR (e.g., Steinberg, 2004). It was also expected that initial status of pubertal 

development would be positively associated with the developmental changes in SR over 

time, as high initial status also likely predicts greater subsequent changes in SR. Finally, 

the slope of pubertal development was expected to positively predict the SR slope (linear 

factor). Neuroscientific research has postulated that changes in pubertal development 

should impact the rate of change in SR over time (e.g., Cameron, 2004). Standard fit 

indices (χ2, χ2 /df, CFI, RMSEA, p value) were consulted to evaluate model fit; in 

addition, the three structural paths of interest were examined to see whether the 

predictions were supported. Based on previous empirical evidence (e.g., Cameron, 2004; 

Kelley et al., 2004; Luna & Sweeney, 2004; Steinberg, 2004; Whitford et al., 2007), it 

was expected that there would be positive growth in indicators of pubertal development 

over time and that these changes would predict developmental changes in SR over time 
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(positive, linear slope). As mentioned under hypothesis 1, posthoc analyses were 

conducted to test for potential sex differences as well as for non-linear growth. 

 

Hypothesis 3:  It was expected that there would be positive growth in parental 

support over time and that this change would be predictive of developmental 

changes in SR over time.   

Identical procedures were to be employed as in the previous set of analyses. 

However, due to complexities non-convergence issues of the model that included parental 

support in a Parallel Process LGM, a parental support variable was computed using the 

mean of both maternal support and paternal support, separately, from each time point.  

Therefore, maternal and paternal support were set as predictors of the intercept and the 
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slope of SR.  It was expected that parental support would have a positive association with 

changes in SR as youth require more emotional support by parents as they attempt to 

develop adult roles (Barnes, Alan, & Farrell; 2000; Eisenberg et al., 2003; Grolnick & 

Farkas, 2002; Raikes et al., 2007; Silverman & Ragisa, 1992). Thus, higher levels of 

parental support would predict higher initial levels of SR as well as with developmental 

changes in SR over time. Factor loadings and standard fit indices (χ2, χ2 /df, CFI, 

RMSEA, p value) were consulted to evaluate model fit and the relationships of the paths. 

Consistent with previous model tests, sex and non-linear growth terms were also tested.  
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Table 7 

Latent Growth Model Statistics for Maternal Models 

Note. Model was run separately for males and females. Male statistics are on the left/Female on the right. * 
= trend, ** = p <.05, *** = p = <.001, no * = non-significant. 

 

 

 

 

Model X2 df p CMIN CFI RMSEA Unstandardized 
(b) 

Variance 
(D) 

Intercepts Int to 
Slope 

Correlation 
Maternal SR  9.19 6 .16 1.53 1.00 .020 Sex-SRi = 

.14** 
Sex-SRs = -.02 

Di = 
.88*** 
Ds = 
.11*** 

SRi = -
.23 ** 
SRs = .02 
 

-.39*** 

PubertyàMaternal 
SR, M 

269.58 54 0 4.99 .91 .075 Pubi->SRi = -
.01 
Pubs->SRs = 
.17** 
Pubi->SRs = 
.02* 
 

Pub Di 
= .74*** 
Pub Ds 
= .14*** 
SR Di = 
.89*** 
SR Ds = 
.14*** 

Pubi = -
.04 
Pubs = 
.02** 
SRi = -
.09** 
SRs = .01 

SR = 
.42*** 
Pub = -
.40*** 

PubertyàMaternal 
SR, F 
 

178.37 54 0 3.30 .95 .06 Pubi->SRi = -
.08 
Pubs->SRs = -
.13 
Pubi->SRs = -
.01 
 

Pub Di 
= .74*** 
Pub Ds 
= .14*** 
SR Di = 
.89*** 
SR Ds = 
.12*** 

Pubi = 
.00 
Pubs = 
.02** 
SRi = .06 
SRs = -
.01 

SR = 
.38*** 
Pub = 
.41*** 

Maternal 
Supportà 
SR, M 

5.12 7 .65 .73 1.00 0 MSup-SRi = 
.59*** 
MSup-SRs = -
.01* 

Di = 
.64*** 
Ds = 
.09** 

SRi = -
.08** 
SRs = .01 

SR = -
.47*** 

Maternal 
Supportà 
SR, F 

10.60 6 .10 1.77 1.00 .03 Msup-SRi = 
.62*** 
MSup-SRs = -
.00 

Di = 
.64*** 
Ds = 
.12*** 

SRi = 
.06* 
SRs = -
.01 
 

SR = -
.51*** 

Maternal 
Monitorà 
SR, M 

7.09 6 .31 1.18 1.00 .02 MMon-SRi = 
.29*** 
MMon-SRs = -
.01** 

Di = 
.82*** 
Ds =  
.09** 

SRi = -
.08** 
SRs = .01 
 

SR = -
.41*** 

Maternal 
Monitorà 
SR, F 

14.03 6 .03 2.34 .99 .05 MMon-SRi = 
.23*** 
MMon-SRs = 
.00 

Di = 
.87*** 
Ds = 
.12*** 

SRi = .06 
SRs = -
.01 

SR = -
.39*** 
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Table 8 

Latent Growth Model Statistics for Paternal Models 

 

Note. Model was run separately for males and females. Male statistics are on the left/Female on the right. * 
= trend, ** = p <.05, *** = p = <.001, no * = non-significant. 

 

Model X2 df p CMIN CFI RMSEA Unstandardized 
(b) 

Variance 
(D) 

Intercepts Int to Slope 
Correlation 

Paternal SR 12.00 6 .06 2.0 1.0 .03 Sex-SRi = .17** 
Sex-SRs = -.02* 

Di = 
.87*** 
Ds = 
.08** 

SRi = -
.32** 
SRs =.03* 
 

.39*** 

Pubertyà 
Paternal SR, 
M  

213.83 54 0 3.96 .91 .07 Pubi->SRi = .00 
Pubs->SRs = 
.21** 
Pubi->SRs = 
.03** 
 

Pub Di = 
.77*** 
Pub Ds = 
.16*** 
SR Di = 
.91*** 
SR Ds = 
.16*** 

Pubi = -
.04 
Pubs = 
.02** 
SRi = -
.15** 
SRs = .01 

SR = .42*** 
Pub = -
.47*** 

Pubertyà 
Paternal SR, 
F 

179.63 53 0 3.39 .94 .06 Pubi->SRi = -
.11 
Pubs->SRs = 
.03 
Pubi->SRs = -
.00 
 

Pub Di = 
.86*** 
Pub Ds = 
.13*** 
SR Di = 
.86*** 
SR Ds = 
.13*** 
 

Pubi = 
.00 
Pubs = 
.02** 
SRi = .02 
SRs = -
.02 

SR = -.36*** 
Pub = -
.43*** 

Paternal 
Supportà 
SR, M 

5.56 6 .47 .93 1.00 0 PSup-SRi = 
.71*** 
PSup-SRs = -
.02** 

Di = 
.60*** 
Ds = .07 

SRi = -
.14*** 
SRs = 
.02* 

SR = -.49*** 

Paternal 
Supportà 
SR, F 

17.79 6 .007 2.965 .986 .055 PSup-SRi = 
.697*** 
PSup-SRs = -
.155 

Di = 
.62*** 
Ds = 
.09** 

SRi = -
.026 
SRs = -
.006 

SR = -
.526*** 

Paternal 
Monitorà 
SR, M 

1.95 6 .92 .33 1.00 0 MMon-SRi = 
.22*** 
MMon-SRs = -
.00 

Di = 
.86*** 
Ds = 
.08** 

SRi = -
.14** 
SRs = 
.01 

SR = -.48*** 

Paternal 
Monitorà 
SR, F 

16.97 6 .01 2.83 .98 .05 MMon-SRi = 
.17** 
MMon-SRs = -
.02** 

Di = 
.84*** 
Ds = 
.09** 

SRi = .02 
SRs = -
.01 

SR = -.32** 
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Hypothesis 4: Does parental monitoring influence possible changes in SR during 

adolescence? The current question was exploratory in nature due to inconsistencies 

in the literature whether parental monitoring increases or decreases over time 

during adolescence.  

As with hypothesis 3, a mean monitoring score was developed across time points 

due to model complexity and non-convergence; this terms was added into the model as a 

predictor of SR intercept and slope. Scholarship that includes longitudinal measures of 

monitoring are few in social sciences, leaving open the question of whether monitoring 

increases or decreases over time. Some research has provided evidence that monitoring 

increases over early adolescence into middle adolescence as this is a period of increased 

adolescent misbehaviors (Finkenauer et al., 2003; Kerr & Stattin, 2000), because 

adolescents spend more time with their peers than their parents. More recently, Pettit, 

Keiley, Laird, Bates, and Dodge (2007) found that maternal reported monitoring 

decreased over time when employing growth modeling procedures in a longitudinal 

sample of adolescents in grades 5, 6, 8, and 11. Thus, it was expected that youth who had 

higher monitoring would experience increased rates of developmental changes in SR. 

Factor loadings and standard fit indices (χ2, χ2 /df, CFI, RMSEA, p value) were consulted 

to evaluate the relationships between monitoring and the intercept and slope of SR as 

well as model fit. Once again, sex moderation effects as well as potential non-linear 

changes were also tested.  Some research has shown sex differences in monitoring, where 

female adolescents experience greater monitoring by parents in more concerted effort to 

“control” their behaviors than male youth (e.g., Finkenauer et al., 2005; Smetana & 

Daddis, 2002).  
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Hypothesis #5. It was expected that there would be independent and thus additive 

effects by parenting (support and monitoring) and by pubertal development on SR 

development.  

All main predictors (e.g., pubertal development, parental support, and parental 

monitoring) of SR were combined into a single model to test whether each maintained 

significant effects on the development of SR, and thus are additive, or whether they are 

non-additive. Identical procedures were employed as previously described. It was 

expected that significant associations between the slope of pubertal development and the 

slope of SR (a positive association) would be found; in addition, it was expected that 

parental support (positive association) and parental monitoring (positive association) 

would maintain a positive effect on the slope of SR. It is possible, however, that the 

effects would not be fully additive, but rather non-additive, or perhaps partially additive. 

For a non-additive model, there would only be one remaining significant effect from 

either pubertal development or parental support or parental monitoring. For partially 

additive effects, there might be at least two significant predictors of SR development. 

This might include any combination of the three constructs, such as pubertal development 

and parental support, or pubertal development and parental monitoring, or parental 

support and parental monitoring. In addition, if the quadratic exploratory analyses from 

hypotheses 2-3 are supported, then parallel models would be tested in the same manner, 

with the same expectation of additive effects. Finally, the above models and permutations 

would need to be repeated to examine for potential similarities or differences across 

models with different raters of parenting behaviors. Standard fit indices (χ2, χ2 /df, CFI, 

RMSEA, p value) were employed to evaluate model fit (e.g., Bentler, 1990; Bentler & 
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Bonnet, 1980); in addition, individual structural paths of interest were examined to 

determine whether predictions were supported. Again, sex as well as non-linear factors 

were tested as an exploratory analysis. 
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Results 
Hypothesis 1 

 To test hypothesis 1 (see Figure 1) a conditional latent growth model (LGM) was 

specified that included sex as a covariate predicting the intercept and the slope for both 

maternal and paternal rated adolescent self-regulation (SR). The parameter estimates 

from the intercept to the latent variables (which included maternal and paternal ratings, 

separately, rated adolescent SR at ages 9.5, 10.5, 11.5 and 15.5) were fixed to a 1, while 

the parameter estimates from the slope to the latent variables were fixed to 0, 1, 2, and 6 

in order to test for linear growth over the 6 year period, based on four assessment points. 

In order to stabilize betas in error terms, a correlation was specified between error terms 1 

and 4.  

Maternal-rated SR. For maternal rated adolescent SR, model fit was excellent 

(χ² = 9.19, df = 6, p = .16, χ²/df = 1.53, CFI =.99, RMSEA = .02). The variance of the 

intercept was significant (Di = .88, p = <.001) indicating significant differences in SR for 

individual adolescents at initial status (age 9.5). Additionally, the variance in the slope 

was also significant (Ds = .11, p = <.001), suggesting there were differences in the rates 

of change in adolescents during the 6 year period. The mean of the SR intercept was 

statistically significant (µi = -.23, p = < .05); however, the mean of the slope was not 

significant (µs = .02, p = .11), suggesting no linear growth in maternal rated SR over the 6 

year period. The correlation between the intercept and slope was significant at r = 

 -.39 (p = <.001) indicating that higher maternal ratings of SR at initial status were 

associated with lower rates of change in SR over time. Sex was significantly related to 

the intercept (b = .14, p = <.05), but was only a statistical trend related to the slope (b = -
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.02, p = .08), suggesting possible sex differences in the development of SR in 

adolescence. This was further investigated in other hypotheses. Finally, no evidence was 

found of significant growth declining or non-linear changes in SR over the 6 year period. 

Therefore, the fundamental hypothesis was not supported with these data.  

Paternal-rated SR. For paternal rated adolescent SR model fit was excellent (χ² 

= 12.00, df = 6, p = .06, χ²/df= 2.00, CFI =.99, RMSEA = .027). The variance of the 

intercept was significant (Di = .87, p = <.001) as was the variance in the slope (Ds = .08, p 

= <.05). This indicated individual differences in responses at initial assessment and 

differences in rates of adolescent SR development. This model produced a significant 

mean for the SR intercept (µi = -.32, p = <.05) but only a statistical trend effect in the 

mean of the SR slope (µs = .03, p = .09). This result suggested some modest evidence of 

potential linear growth in adolescent SR when rated by fathers. The correlation between 

the intercept and slope was significant at r = -.39 (p = <.001) indicating that individuals 

with higher paternal ratings of SR at initial status tended to experience lower slope scores 

or less growth in SR over time. Sex was significantly associated with SR intercept (b = 

.17, p = <.05); only a statistical trend for SR slope was found (b = -.02, p = .06). Due to 

some modest evidence of changes in the SR slope over time, a decision was made to 

continue testing the additional study hypotheses which examined how and whether 

measures of pubertal development and of parenting processes accounted for variability in 

the developmental changes of SR. As with maternal rated SR, declining as well as 

quadratic parameter estimates were specified and tested in follow-up analyses. However, 

no changes in model fit or in the slope term were found. Based on these results, neither 

maternal nor paternal rated SR latent growth models indicated growth or development in 
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SR over the 6 year period. Nevertheless, based on finding a trend in the paternal rated SR 

slope, the remaining hypotheses were tested. 

Hypothesis 2 

To test hypothesis 2, a parallel process latent growth model was specified, where 

the LGM of pubertal development predicted the LGM of SR. This approach permits 

testing the main paths of interest, namely the paths from the pubertal development 

intercept to the SR intercept, the path from the pubertal development slope to the SR 

slope, and the path from the pubertal development intercept to the SR slope. This model 

was tested separately for male and female youth. For the SR LGM, all parameter 

estimates from the intercept to the latent variables were fixed to a 1, while the parameter 

estimates from the slope to the latent variables were fixed to 0, 1, 2 and 6in order to test 

for linear growth over the 6 year period. For the pubertal development LGM, all 

parameter estimates from the intercept to the latent variables were fixed to 1 while the 

parameter estimates from the slope to the latent variables were fixed to 0, 1, 2, 3, 4, 5, 6, 

and 7. The LGM for puberty had sex-specific latent variables. Therefore, four total 

models were tested for this hypothesis, specifically, maternal-male, maternal-female, 

paternal-male, and paternal-females.  

Maternal-rated model (males). For males (see Table 3), model fit was 

acceptable (χ² = 268.32, df = 54, p = 0, χ²/df = 4.97, CFI =.91, RMSEA = .08) when 

assessing maternal rated adolescent SR among male youth. There was a significant 

variance in both the intercept and the slope of pubertal development (Di = .74, p = <.001; 

Ds = .14, p = <.001) indicating differences in scores of adolescents at initial assessment 

and over time. Additionally, significant variance was found in the intercept and slope of 
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SR (Di = .89, p = <.001; Ds = .14, p = <.001) indicating a significant difference among 

adolescents SR at initial assessment and in the developmental growth of SR over the 6 

year period. While there was no significance in the mean of the pubertal intercept for 

males (µi = -.04, p = .38), the mean of the pubertal slope was significant (µs = .02, p = 

<.05) suggesting linear changes in pubertal development over the 6 year period. The 

mean of the intercept for maternal rated SR in males was significant (µi = -.09, p = <.05), 

while the mean of the slope was not (µs = .01, p = .54) indicating no growth in SR over 

the 6 year period for males when mothers rated their SR. The covariance between the 

intercept and slope of pubertal development was significant at r = -.40, p = <.001. This 

suggests that males with higher pubertal scores at initial assessment tended to have 

slower rates of change in puberty over time. The covariance between the intercept and 

slope of SR was also significant (SR, r = .42, p = <.001) indicating that higher maternal 

rated SR scores at initial status were related to more rapid changes in SR over time.    

When examining the main paths of interest, namely the paths between the 

intercept and slope of the two latent growth models, no significant effect was found 

between the intercept of pubertal development and the intercept of maternal rated SR in 

males (b = -.01, p = .85). Additionally, no effect was found between pubertal 

development at initial status (i.e., intercept) and changes in maternal rated adolescent SR 

(slope) over time (b = .02, p =.11). This suggests that initial status of pubertal 

development is not associated to developmental changes in SR over time for males when 

mothers rate their SR. Additionally, a significant effect was found between the pubertal 

development slope and maternal rated adolescent SR slope over the 6 year period (b = 

.17, p = <.05). This indicated that changes in pubertal development were positively 
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associated with developmental changes in over the 6 year period as hypothesized. 

Specifically, there was a positive association suggesting that as adolescents matured 

(pubertal developmental changes), this was associated with positive developmental 

changes in mother-reported SR over the six year period among males.  

Maternal-rated model (females). For this model (see Table 3), model fit was 

acceptable (χ² = 173.73, df = 53, p = 0, χ²/df = 3.28, CFI =.95, RMSEA = .06). The 

variance for pubertal development at intercept was significant as well as the variance of 

the slope (Di = .85, p = <.001; Ds = .123, p = <.001). Additionally, the variance of 

maternal rated SR at initial status was also significant (Di = .89, p = <.001; Ds = .12, p = 

<.001) as well as the variance of the slope. This suggests a great amount of variance in 

individual scores for both pubertal development and maternal rated SR at initial status as 

well as variances in the scores over time for individuals. The mean of pubertal 

development intercept was not significant (µi = .00, p = .97) but the mean of the slope for 

pubertal development was significant (µs = .02, p = <.05). This suggests there was growth 

over time in pubertal development between the ages of 9.5 and 15.5. For SR, both the 

mean of the intercept and slope were non-significant (µi = .06, p = .20; µs = -.01, p = .29). 

Therefore, there was no evidence of growth or development in maternal rated SR in 

females over the 6 year period. The correlation between pubertal development intercept 

and slope was significant (r = .41, p = <.001) indicating that individual with higher scores 

in puberty at initial assessment tended to have higher slope scores in puberty over time. 

For SR, the correlation between the intercept and slope was significant (r = .38, p = 

<.001) suggesting that higher scores in SR at initial status tended to have higher scores in 

the slope over time. There were no statistical significant findings in the paths of interest 
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for female pubertal development LGM and maternal rated SR LGM. Based on these 

findings, hypothesis 2 for the maternal-female model is rejected as there are no 

significant effects of female pubertal developmental on maternal rated adolescent SR. 

Paternal-rated model (males). For males (see Table 3), model fit was acceptable 

(χ² = 213.83, df = 54, p = 0, χ²/df = 3.96, CFI =.91, RMSEA = .07) when assessing 

paternal rated adolescent SR. There was significant variance in both the intercept and the 

slope of pubertal development (Di = .77, p = <.001; Ds = .16, p = <.001) indicating 

differences in scores of adolescents at initial assessment and over time. Additionally, 

significant variance was found in the intercept and slope of SR (Di = .91, p = <.001; Ds = 

.16, p = <.001) indicating a significant difference among adolescents SR at initial 

assessment and in the developmental growth of SR over the 6 year period among 

adolescents. While there was no significance in the mean of the pubertal intercept for 

males (µi = -.04, p = .39), the mean of the pubertal slope was significant (µs = .02, p = 

<.05) suggesting slight linear changes in pubertal development over the 6 year period for 

males. The mean of the intercept for paternal rated SR in males was significant (µi = -.15, 

p = <.05) while the mean of the slope was not (µs = .01, p = .49). This indicates no 

growth in SR over the 6 year period for males when fathers rated their SR. The 

covariance between the intercept and slope of pubertal development was significant at r = 

-.47, p = <.001. This suggests that males with higher pubertal scores at initial assessment 

tended to have lower slope scores on puberty or less growth in puberty over time. The 

covariance between the intercept and slope of SR was also significant (SR, r = .42, p = 

<.001) indicating that higher paternal rated SR scores at initial status were related to 

higher scores or more positive growth over time for males.    
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When examining the paths of interest, namely the paths between the intercept and 

slope of the two latent growth models, there was no significance between the intercept of 

pubertal development and the intercept of paternal rated SR for males (b = .00, p = .99). 

However, there was a significant association between male pubertal development at 

initial status (i.e., intercept) and changes in paternal rated adolescent SR (slope) over time 

(b = .03, p = <.05). This suggests that pubertal development when first assessed is 

related, while minimally, to the development of paternal rated SR over time for males. 

Additionally, a significant effect did exist between male pubertal development slope and 

paternal rated adolescent SR slope over the 6 year period (b = .21, p = <.05) for males. 

This indicates that changes in male pubertal development have a positive association on 

the development of SR over the 6 year period. This supports hypothesis 2 namely that 

positive changes in puberty is associated with positive changes in SR. Based on this 

result, it appears that maturational changes (puberty) in adolescence is associated with 

positive growth/development in father-rated SR during adolescence among males.  

Paternal-rated model (females). Model fit was acceptable (χ² = 179.63, df = 53, 

p = 0, χ²/df = 3.39, CFI =.94, RMSEA = .06) for this model (see Table 3). The variance 

for female pubertal development at intercept was significant as well as the variance of the 

slope (Di = .86, p = <.001; Ds = .13, p = <.001). Additionally, the variance of paternal 

rated SR at initial status was also significant (Di = .86, p = <.001; Ds = .13, p = <.001) as 

well as the variance of the slope. This suggests a great amount of variance in individual 

scores for both pubertal development and paternal rated SR at initial status as well as 

variances in the scores over time for individuals. The mean of pubertal development 

intercept was not significant (µi = .00, p = .95) but the mean of the slope for pubertal 
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development was significant (µs = .02, p = <.05). This suggests there was growth over 

time in pubertal development for females. For SR, both the mean of the intercept and 

slope were non-significant (µi = .02, p = .67; µs = -.02, p = .11). Therefore, there was no 

evidence of growth or development in paternal rated SR in females over the 6 year 

period. The correlation between pubertal development intercept and slope was significant 

(r = .43, p = <.001) indicating that individual with higher scores in puberty at initial 

assessment tended to have higher slope scores in puberty over time. For paternal rated 

SR, the correlation between the intercept and slope was significant (r = -.36, p = <.001) 

suggesting that higher scores in SR at initial status tended to have lower scores in the 

slope over time for females. There were no statistical significant findings in the paths of 

interest for female pubertal development LGM and maternal rated SR LGM. However, 

there was a statistical trend between pubertal development at intercept and SR at intercept 

(-.11, p = .08). Based on these findings, hypothesis 2 for the paternal-female model is 

rejected as there are no significant effects of female pubertal development on paternal 

rated adolescent SR. 

Hypothesis 3 

To test hypothesis 3 a conditional latent growth model was created where a mean 

score for parental support was computed from assessment points in which the child was 

9.5, 10.5, 11.5, and 15.5 and drawn as a predictor of the intercept and slope of SR. This 

model was tested by sex by selecting males and then females from the data file in which 

to run the model. Therefore, there were four models that were tested; namely, maternal-

male, maternal-female, paternal-male, and paternal-female. All parameter estimates from 

the intercept to the latent variables were fixed to a 1 while the parameter estimates from 
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the slope to the latent variables were fixed to 0, 1, 2 and 6 in order to test for linear 

growth in SR over the 6 year period.  

Maternal-rated model (males). Model fit was acceptable at χ² = 5.12, df = 7, p = 

.65, χ²/df = .73, CFI = 1.00, RMSEA = 0 for the current model. The variances of the 

intercept and slope were both significant (Di = .64, p = <.001; Ds  = .09, p = <.001) 

indicating a large amount of variance among adolescent SR at initial status but only a 

slight, albeit, a significant one among adolescent SR over time. Only the mean of the 

intercept for maternal rated SR for males was significant (µi = -.08, p = <.05; µs = .01, p 

= .28) suggesting there is a very slight significant mean in the intercept of maternal rated 

SR for males in the current model. There was a significant and negative correlation 

between the intercept and the slope of maternal rated SR for males in this model (r = -.47, 

p = <.001) suggesting that higher levels of SR for males at initial assessment tended to 

have lower slope levels or less positive growth over time. Maternal support had a 

significant effect on the intercept of maternal rated SR in males (b = .59, p = <.001), 

however, it only produced a statistically significant trend effect on the slope of SR (b = -

.01, p = .06).  Based on the results, maternal support did not affect the development of 

maternal rated SR over the 6 year period for males.  

Maternal-rated model (females). Model fit was acceptable at χ² = 10.60, df = 6, 

p = .10, χ²/df = 1.77, CFI = .99, RMSEA = .03 for the current model. The variances of the 

intercept and slope were both significant (Di = .64, p = <.001; Ds =.12, p = <.001) 

indicating a large amount of variance among maternal rated adolescent SR for females at 

initial status and a modest variance among maternal rated adolescent SR for females over 

time. The mean of the intercept for maternal rated SR for females was significant trend 
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(µi = .06, p = .08) while the mean of the slope for maternal rated SR for females was non-

significant (µs = -.01, p = .13) suggesting there is a very slight significant mean of 

maternal rated SR at initial status for females in the current model. There was a 

significant and negative correlation between the intercept and the slope of maternal rated 

SR for females in this model (r = -.51, p = < .001) suggesting that higher scores of SR for 

females at initial assessment tended to have lower slope levels or less positive growth in 

maternal rated SR over the 6 year period. Maternal support had a large significant effect 

on the intercept of maternal rated SR in females (b = .62, p = < .001), however, it was not 

significantly related to the slope of maternal rated SR in females (b = -.00, p = .78).  

Based on the results, maternal support did not affect developmental changes in maternal 

rated SR over the 6 year period among females. 

Paternal-rated model (males). Model fit was acceptable at χ² = 5.56, df = 6, p = 

.47, χ²/df = .93, CFI = 1.00, RMSEA = 0 for the current model. The variances of the 

intercept and slope were both significant (Di = .60, p = <.001; Ds = .07, p = <.05) 

indicating a large amount of variance among adolescent SR at initial status but only a 

slight, albeit, a significant one among paternal rated adolescent SR over time for males. 

Only the mean of the intercept for paternal rated SR for males was significant while the 

mean of the slope produced a statistical trend (µi = -.14, p = <.001; µs = .02, p = .08). 

This suggests there is a very slight significant mean in the intercept of maternal rated SR 

for males in the current model. There was a significant and negative correlation between 

the intercept and the slope of maternal rated SR for males in this model (r = -.49, p = 

<.05) suggesting that higher levels of paternal rated SR for males at initial assessment 

tended to have lower slope levels or less positive growth over time. Paternal support had 
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a large and significant effect on the intercept of paternal rated SR in males (b = .71, p = 

<.001). There was a slight significant effect of paternal support on the slope of paternal 

rated SR in males (b = -.02, p = <.05). This suggests that paternal support is associated 

with paternal rated SR in male adolescents at initial assessment and in the development of 

SR over the 6 year period. Based on the results and opposite to my hypotheses, paternal 

support was negatively associated with developmental changes in paternal rated SR over 

time for males.  

Paternal-rated model (females). Model fit was good at χ² = 17.79, df = 6, p = 

.01, χ²/df = 2.97, CFI = .99, RMSEA = .06 for the current model. The variances of the 

intercept and slope were both significant (Di = .62, p = <.001; Ds = .09, p = <.001) 

indicating a large amount of variance among paternal rated adolescent SR for females at 

initial status and a modest variance among paternal rated adolescent SR for females. 

Neither the mean of the intercept nor the slope for paternal rated SR for females were 

significant. There was, however, a significant and negative correlation between the 

intercept and the slope of paternal rated SR for females (r = -.42, p = <.001), suggesting 

that higher scores of SR at initial assessment were associated with lower slope levels, 

changes or less positive changes/growth in father- rated SR over the 6 year period. 

Paternal support had a large significant effect on the intercept of paternal rated SR in 

females (b = .62, p = <.001); however, it was not significantly related to the slope of 

paternal rated SR in females (b = -.00, p = .48). Based on the results, paternal support did 

not appear to affect developmental changes in maternal rated SR over the 6 year period 

among females. 
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Hypothesis 4 

To test hypothesis 4 a conditional latent growth model was hypothesized where a 

mean score for maternal ratings of parental monitoring (there was no measure for 

paternal monitoring during these assessment points) was computed from the following 

assessments: Age 9.5, 10.5, 11.5, and 15.5 years. Maternal monitoring was then specified 

as a predictor of the intercept and slope of adolescent SR. This model was then tested by 

sex. 

 Maternal-rated model (males). Model fit was good (χ² = 7.09, df = 6, p = .31, 

χ²/df = 1.18, CFI =.99, RMSEA = .02) for the current model. The variances of the 

intercept and slope were both significant (Di = .81, p = <.001; Ds  = .09, p = <.001), 

indicating a large amount of variance in adolescent SR at initial status and the SR slope. 

Only the mean of the intercept for maternal rated SR for males was significant (µi = -.08, 

p = <.05; µs = .01, p = .29). There was a significant and negative correlation between the 

intercept and the slope of maternal rated SR for males in this model (r = -.41, p = <.001), 

suggesting that higher levels of SR at initial assessment were associated with lower rates 

of change over time. Maternal monitoring had a significant effect on the intercept of 

maternal rated SR in males (b = .29, p = <.001) and on the slope (b = -.01, p = <.05). This 

suggest that higher levels of maternal monitoring were associated with higher levels of 

maternal rated SR in adolescent males at initial status and that higher levels of maternal 

monitoring were associated with lower rates of change in SR or less positive growth. 

Thus, maternal monitoring had a small effect on developmental changes of SR over time 

for males and was opposite to the hypothesized effect.  
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 Maternal-rated model (females). Model fit was excellent (χ² = 14.03, df = 6, p = 

.03, χ²/df = 2.34, CFI = .99, RMSEA = .05 for the current model. The variances of the 

intercept and slope were both significant (Di = .87, p = <.001; Ds = .12, p = <.001), 

indicating a large amount of variance among maternal rated adolescent SR for females at 

initial status and a modest amount of variance in the maternal rated slope of SR. Neither 

the mean of the intercept nor the one of the slope for maternal rated SR for females were 

significant. However, a significant and negative correlation between the intercept and the 

slope of maternal rated SR for females was found (r = -.39, p = <.001) suggesting that 

higher scores of SR for females at initial status was associated with a smaller rate of 

change or less positive growth in maternal rated SR over the 6 year period. Maternal 

monitoring had a significant effect on the intercept of maternal rated SR in females (b = 

.29, p = <.001) and on the slope of maternal rated SR in females (b = -.01, p = <.05). This 

suggests that maternal monitoring had a small, negative effect on the development 

changes of maternal rated SR for females which is opposite to the hypothesis. Thus, like 

for male youth, maternal monitoring also had a small negativeeffect on developmental 

changes of maternal rated SR over the 6 year period for females. 

Paternal-rated model (males). As mentioned previously, maternal monitoring 

had to be used in the paternal rated SR models focused on testing monitoring as there 

were no paternal monitoring questions available. Model fit was acceptable at χ² = 1.95, df 

= 6, p = .92, χ²/df = .33, CFI = 1.00, RMSEA = 0 for the current model. The variances of 

the intercept and slope were both significant (Di = .86, p = <.001; Ds = .08, p = <.001), 

indicating substantial variance in the intercept term and modest variance in the slope 

terms of the model. Additionally, the mean intercept term for paternal rated SR among 
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males was significant (µi = -.14, p = <.001; µs = .01, p = .22), however, the mean of the 

slope was not.  

There was a significant and negative correlation between the intercept and the 

slope of paternal rated SR for males in this model (r = -.48, p = <.05) suggesting that 

higher levels of paternal rated SR for males at initial assessment tended to be associated 

with lower rates of change or positive growth over time. In terms of predictive effects, 

maternal monitoring had a significant effect on the intercept of paternal rated SR in males 

(b = .22, p = <.001). There was no meaningful effect of maternal monitoring on the slope 

of paternal rated SR in males, even though it reach statistical significance (b = -.00, p = 

<.05). This suggests that maternal monitoring was associated with paternal rated SR in 

male adolescents at initial status but not with developmental changes of SR over the 6 

year period. Based on the results, maternal monitoring does not have an effect on the 

development of paternal rated SR over time among males.  

Paternal-rated model (females). Model fit was good at χ² = 16.97, df = 6, p = 

.01, χ²/df = 2.83, CFI = .98, RMSEA = .05 for the current model. The variances of the 

intercept and slope were both significant (Di = .84, p = <.001; Ds = .09, p = <.001). 

Neither the mean of the intercept nor the slope term reached significance. There was, 

however, a significant and negative correlation between the intercept and the slope of 

paternal rated SR for females (r = -.32, p = <.001), suggesting that higher scores of SR 

for females at initial assessment were associated with smaller slopes or less positive 

changes over time in paternal rated SR over the 6 year period. Maternal monitoring had a 

significant effect on the intercept of paternal rated SR in females (b = .17, p = <.05) and 

on the slope of paternal rated SR in females (b = -.02, p = <.05). This indicates that 
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higher scores of maternal monitoring are associated with higher scores of paternal rated 

SR in females at initial status and a negative association with developmental changes in 

SR for females which is opposite to the hypothesis. Based on the results, maternal 

monitoring did have a slight negative effect on the development of paternal rated SR over 

the 6 year period for females, where it predicted less positive changes. 

Hypothesis 5  

Finally, hypothesis 5 (see Figures 5 and 6) specified a conditional parallel process 

latent growth model, where all main study variables (whether latent variables or growth 

variables) were modeled together to assess whether or socialization processes vis-à-vis 

measures of maturation (puberty) provided unique and/or additive effects on 

developmental changes in SR during adolescence. As with hypotheses 3 and 4, a mean 

score for parental support (maternal and paternal) and monitoring (maternal) were 

computed from assessment points in which the child was 9.5, 10.5, 11.5, and 15.5 years 

old. These variables were then used as predictors of the intercept and slope terms of the 

intercept and slope term of adolescent SR. The model was tested separately by sex. 

Therefore, there were four models that were tested under hypothesis 5, namely, maternal 

rated SR focused on male youth, maternal rated SR focused on female youth, paternal 

rated SR focused on male youth, and paternal rated SR focused on female youth. Due to 

the complexity of the models, only significant findings will be highlighted here.  

Maternal-rated model (males). Model fit was adequate in this additive model (χ² 

= 291.42, df = 72, p = 0, χ²/df = 4.05, CFI = .92, RMSEA = .07). Significant intercept and 

slope variances were found for both pubertal development and maternal rated SR among 

males. Specifically, the variance of the intercept for pubertal development was large and 
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significant (Di = .74, p = <.001), while the variance of the slope was also significant (Ds = 

.14, p = <.001). Additionally, the variance of the intercept for maternal rated SR was also 

significant (Di = .65, p = <.001) as was the slope (Ds = .14, p = <.001). These results 

suggest a large amount of variance in individual scores of puberty and maternal rated SR 

at initial status and in scores among adolescents in puberty and maternal SR over time. 

The mean of the intercept of pubertal development was not significant but the slope was 

significant (µs = .02, p = <.05). The intercept of maternal rated SR was also significant 

for males in this model (µi = -.07, p = <.05). These findings indicate that there was slight 

positive growth in pubertal development over time for males but there was no growth in 

maternal rated SR for males. The correlations between the intercept and slope for puberty 

and SR were significant (r = -.40 and r = -.44, p = <.001; respectively). These correlations 

indicate that higher levels of puberty and maternal rated SR at initial status were 

associated with lower slope scores or less change over the 6 year period.  

For the paths of interest between the two LGMs, all remained significant when 

maternal support and monitoring were added to the model, as previously found in 

Hypothesis 2, with some slight decreases in the magnitude of the relationships. 

Specifically, the pubertal development slope had a significant effect on the slope of 

maternal rated SR for males (b = .15, p = <.05). This finding indicated that even when the 

effects for support and monitoring are included in the model, changes in pubertal 

development over the 6 year period were associated with developmental changes in SR 

among males as rated by mothers. Maternal support maintained an effect on the SR 

intercept (b = .551, p = <.001), but not the slope. Additionally maternal monitoring 

continued to have an effect of the intercept and the slope of maternal rated SR (b = .13, p 



DEVELOPMENT OF SELF REGUALTION 

 68  
 

= <.001 and b = -.02, p = <.05; respectively). Therefore, the current model was partially 

additive. Due to the fact that there were two parenting variables in the model, they were 

allowed to covary, by specifying an error term. The correlation between maternal support 

and maternal monitoring was significant (r = .32, p = <.001). As expected, this suggested 

that higher scores of maternal support are associated with higher scores of maternal 

monitoring. 
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Maternal-rated model (females). Model fit was acceptable in this additive 

model (χ² = 203.14, df = 72, p = 0, χ²/df = 2.82, CFI = .95, RMSEA = .05). There were 

significant findings in the intercept and slope variances of both pubertal development and 

maternal rated SR for females. Specifically, the variance of the intercept for pubertal 

development was large and significant (Di = .85, p = <.001), while the variance of the 

slope was also significant (Ds = .12, p = <.001). Additionally, the variance of the intercept 

for maternal rated SR was also significant (Di = .65, p = <.001) as was the slope (Ds = 

.12, p = <.001). These results suggest a large amount of variance in individual scores for 

females in pubertal development and maternal rated SR both at initial status and in rates 

of change over time. The mean of the intercept of pubertal development was not 

significant but the slope was significant (µs = .02, p = <.05). A statistical trend was found 

for the intercept of maternal rated SR (µi = .06, p = .10), but the slope was not significant. 

These findings indicate that there was slight positive growth in pubertal development 

over time for females but no growth in maternal rated SR for females. The correlations 

between the intercept and slope for puberty and SR were significant (r = -.50 and r = -.41, 

p = <.001; respectively). These correlations indicated that higher levels of female puberty 

and maternal rated SR at initial status were associated with lower rates of change over the 

6 year period. As with Hypothesis 2, none of the paths of interest between the two LGMs 

were significant in model which tested maternal ratings of SR among female youth. The 

relationship between maternal support and maternal rated SR at the intercept remained 

significant (b = .62, p = <.001), although the strength of the association weakened 

slightly once all constructs were included in this final model. However, the previous 

significant relationship between maternal monitoring and maternal rated SR intercept 
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became non-significant once all variables were added to the model. Again, the two 

parenting variables in the model were specified to covary (r = .33, p = <.001).  

Paternal-rated model (males). Model fit was acceptable in the paternal-male 

final model (χ² = 235.29, df = 72, p = 0, χ²/df = 3.27, CFI = .92, RMSEA = .06). There 

were significant findings in the intercept and slope variances of both pubertal 

development and paternal rated SR for males. Specifically, the variance of the intercept 

for male pubertal development was large and significant (Di = .77, p = <.001), while the 

variance of the slope was also significant (Ds = .16, p = <.001). Additionally, the variance 

of the intercept for paternal rated SR was also significant (Di = .63, p = <.001) as was the 

slope (Ds =.16, p = <.001). These results suggest a large amount of variance in individual 

scores of puberty among adolescent males and paternal rated SR at initial status and in 

scores among adolescents in puberty and paternal SR over time.  

The mean of the intercept for male pubertal development was not significant but 

the slope was (µs = .02, p = <.05). The intercept of paternal rated SR was also significant 

for males in this model (µi = -.13, p = <.001). These findings indicate that there was 

slight positive growth in pubertal development over time for males but there was no 

growth in paternal rated SR for males. The correlations between the intercept and slope 

for puberty and SR were significant (r = -.46 and r = .49, p = <.001; respectively). These 

correlations indicate that higher levels of puberty were associated with lower slope scores 

or less growth over time and that for paternal rated SR higher scores of initial status were 

associated with higher slope scores or more positive growth over the 6 year period.  

For the paths of interest between the two LGMs, all paths remained significant 

when paternal support and maternal monitoring were included that had been previously 
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found in Hypothesis 2, with some slight decreases in the strength of the relationships. 

Specifically, the male pubertal development slope had a significant effect on the slope of 

paternal rated SR for males (b = .23, p = <.001). This finding indicates that even when 

the effects for support and monitoring are included in the model, the changes in male 

pubertal development over the 6 year period were associated with developmental changes 

in father-rated SR among males. The intercept of male pubertal development was 

significantly associated with the slope of paternal rated SR (b = .03, p = <.05), indicating 

that scores from the initial assessment of puberty were modestly associated with 

developmental changes in SR over the 6 year period. Paternal support maintained a large 

and significant effect on the SR intercept (b = .69, p = <.001); however, the significant 

effect on the slope term was no longer significant, but only a trend (b = -.02, p = .06). 

Additionally, maternal monitoring continued to have an effect on the paternal rated SR 

intercept (b = .10, p = <.05), but was also slightly smaller than found in the model tested 

part of Hypothesis 4. No significant effect was found between maternal monitoring and 

the slope of paternal rated SR. The correlation between paternal support and maternal 

monitoring was significant (r = .21, p = <.001). This suggested that higher scores of 

paternal support were associated with higher scores of maternal monitoring. The current 

model was non-additive as pubertal development, only, remained to have a significant 

effect on the slope of SR. 
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Paternal-rated model (females). Model fit was acceptable in the paternal-female 

final model (χ² = 198.61, df = 72, p = 0, χ²/df = 2.76, CFI = .94, RMSEA = .05). There 

were significant intercept and slope variances in both pubertal development and paternal 

rated SR for females. Specifically, the variance of the intercept for pubertal development 

was large and significant (Di = .86, p = <.001), while the variance of the slope was also 

significant (Ds = .13, p = <.001). Additionally, the variance of the intercept for paternal 

rated SR was also significant (Di = .63, p = <.001) as was the slope (Ds = .13, p = <.001). 

These results suggest a large amount of variance in individual scores for females in 

Figure 6 

Hypothesis 5, Conditional Parallel Process Latent Growth Model for Additive Model for 
Paternal Ratings 
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pubertal development and paternal rated SR at initial status and in scores among female 

adolescents in puberty and paternal SR over time.  

The mean of the intercept of pubertal development was not significant but the 

slope was (µs = .02, p = <.05). Neither the intercept of paternal rated SR nor the slope had 

was significant in the current model. These findings indicate that there was slight positive 

growth in female pubertal development over time, but there was no growth in paternal 

rated SR for females. The correlations between the intercept and slope for female puberty 

and paternal rated SR were significant (r = -.43 and r = -.44, p = <.001; respectively). 

These correlations indicated that higher scores at initial status in female puberty and 

paternal rated SR were associated with lower slope scores over the 6 year period. In 

comparison with findings from model tests as part of Hypothesis 2, the paths between 

puberty at initial status and the path from paternal rated SR at initial status has gone from 

a statistical trend to non-significant once all variables were entered into the model. Thus, 

none of the paths of interest between the two LGMs were significant in the model based 

on paternal ratings of female youth. The relationship between paternal support and 

paternal rated SR at the intercept remained significant (b = .61, p = <.001). This indicated 

that higher scores of paternal support were significantly associated with initial 

assessments of SR when rated by fathers. However, the previous significant relationship 

between maternal monitoring and paternal rated SR intercept became a statistical trend 

rather than significant (b = .07, p = .08) once all variables were added to the model. The 

relationship between maternal monitoring and paternal rated SR at the slope remained 

significant (b = -.02, p = <.05), suggesting there was a slight negative effect (less growth 

or change) on maternal monitoring and female adolescent development of SR when rated 
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by fathers. Therefore, this is a non-additive model. The correlation between paternal 

support and maternal monitoring for females was significant (r = .16, p = <.05), 

indicating that higher scores of paternal support were associated with higher reports of 

maternal monitoring.  
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Discussion 
 

Neuroscience-SR connection 
 

The integration of neurosciences and developmental psychology, and in particular 

related to adolescent development, has great potential for advances in understanding 

teens and their behaviors. This has already contributed, significantly, to the study of 

adolescent brain maturation (Giedd, 2004; Giedd, 2008; Giedd, 2015; Giedd et al., 1999; 

Lenroot & Giedd, 2006; Luna & Sweeney, 2004; Sowell, Thompson, Homs, Jernigan, & 

Toga, 1999; Spessot et al., 2004; Whitford et al., 2007). One of the most pivotal findings 

includes that adolescents’ brains continue to mature and develop, particularly in the 

frontal lobe area where SR is housed, until the early to mid-twenties. In turn, this has 

provided unique research opportunities on how adolescents think, react, and make 

decisions. As such, research focusing on adolescent deviance and risk taking behaviors 

links developmental and criminological theories and explanatory frameworks to 

neurosciences, which provides a better understanding of why teens make certain choices 

and how they ascertain their rewards in doing so. In a recent article, Giedd (2015) 

suggested that  

Understanding that the adolescent brain is unique and rapidly changing can help 
parents, society and teens themselves to better manage the risks and grasp the 
opportunities of the teenage years. Knowing that prefrontal executive functions 
are still under construction, for example, may help parents to not overreact when 
their daughter suddenly dyes her hair orange and instead take solace in the notion 
that there is hope for better judgment in the future. Plasticity also suggests that 
constructive dialogue between parents and teens about issues such as freedoms 
and responsibilities can influence development. (p. 39) 

 
Steinberg (2014) has further added to our understanding of how SR in 

adolescence is linked to the maturation of the brain during the teenage years in a pursuit 

to establish whether or not and when teens are able to fully rationalize serious situations 
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and consequences in order to inform policies that affect teens. Specifically, Steinberg 

(2014) provides cases of incarcerated men in their 30’s and 40’s that were found guilty of 

crimes committed in their teens. He proposes that life sentences for juveniles may not be 

appropriate as the teen brain is not fully mature and, thus, less able to utilize self-control 

during the events that led to the crimes. Additionally, he suggests that adolescence is a 

developmental period that has become increasingly longer due to earlier pubertal 

development and the later attainment of careers, marriage, and children. Therefore, he 

suggests that society needs to support teens by promoting the development of better SR; 

he suggests that SR is malleable, largely due to the plasticity of the brain regions that 

house SR. In turn, this would not only increase the well-being of the adolescent but 

society at large. 

Is SR a stable trait or malleable?  

Steinberg proposed that SR is changeable or modifiable during adolescence; thus, 

it is important to contextualize how SR is defined and to weigh whether it is a stable trait 

or a malleable construct. Researchers have had a long history of grappling with whether 

SR is a trait that we are born with and is, therefore, a stable construct (e.g., one child 

seems to be able to regulate him/herself better than another child from an early age), 

whether SR is a behavioral construct that is fostered and nurtured over time by parents 

and caregivers and can change over time, or both. If one takes the position that SR is a 

trait (like personality, for example), then we would expect few developmental changes 

(or growth) in SR over time, whether during childhood or adolescence. On the other 

hand, if SR is considered a malleable behavioral construct (like cooperation with others, 

for example), then changes in SR over time (childhood and possibly adolescence) would 
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be found, as a result of socialization processes and pressures. Interestingly, Eisenberg et 

al. (2004) explain that while SR/effortful control is seen as a temperamental construct, 

(e.g., trait) they do find that, it is influenced by parenting and socialization experiences, 

which contribute to increased growth, or development in SR during childhood as it 

becomes nurtured by parents. \In fact, based on dozens of studies over the course of two 

decades, Eisenberg and Sulik (2012) prose that there exist developmental changes in SR 

during childhood and adolescence, with small amounts of growth in effortful control 

occurring during adulthood. They identify SR is an important construct in understanding 

and predicting social competence and poor adjustment.  

In addition to understanding whether SR is a trait or malleable construct, it is 

important to consider the definition of SR used in the current study. They further explain 

that it is necessary to understand and research the processes in normative development of 

SR as well as individual differences.   

The current study utilized Moilanen’s definition of SR in adolescence, namely 

“the ability to flexibly activate, monitor, inhibit, persevere and/or adapt one’s behavior, 

attention, emotions and cognitive strategies in response to direction from internal cues, 

environmental stimuli and feedback from others, in an attempt to attain personally-

relevant goals” was used in the current study (Moilanen, 2007, p. 835) and is, therefore, 

assessing SR from a behavioral standpoint, one that predicted changes or growth.  

While very few studies have examined whether changes do occur in SR over the 

adolescent developmental period, numerous studies, mostly focused on children or early 

adolescents (e.g., Eisenberg et al., 2004; Meldrum, Young, & Weerman, 2012; Moilanen, 

Rasmussen, & Padilla-Walker, 2014; Raffaelli, Crockett, and Shen, 2005) provide 
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empirical evidence to support the idea that SR changes over time. Importantly, Piquero, 

Jennings, and Farrington (2009) conducted a meta-analysis of 34 studies which examined 

whether programmatic interventions focused on changing self-control in children and 

adolescents were successful. The studies included in the meta-analysis included parent 

ratings, teacher ratings, direct observation, and self-reports of self-control. In fact, as in 

the current study, some of this work assessed self-control with the SSRS self-control 

subscale. Findings provided strong evidence that self-control was malleable and that it 

could be improved during childhood and adolescence. Further still, the increases in self-

control in the studies were associated with decreases in delinquency. Therefore, the 

authors recommend that intervention programs focused on children and adolescent well-

being include self-control components as self-control/SR is able to increase, or develop, 

over time for children and adolescents.  

Similarly, Moffitt et al.  (2011, 2013) have suggested that SR is malleable as they 

explain that understanding the development of self-control and providing interventions to 

aid and increase the development of it would greatly benefit society. Specifically, Moffitt 

and colleagues have followed 1,000 participants over 40 years on various health and 

psychological factors as part of The Dunedin Multidisciplinary Heath and Development 

Study (Moffitt et al., 2011; 2013). They have found that self-control strongly predicted 

adult health, wealth, and happiness regardless of SES, race, and intelligence. They call 

for programs and interventions that focus on increasing self-control in all populations as a 

way to reduce costs to society (e.g., crime, healthcare, job loss) and to increase the health, 

wealth, and happiness of people in society. Based on their analysis of their data, they 

conclude that changes in self-control through intervention and prevention programs 
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aimed at improving it, would be most effective and beneficial during early childhood and 

childhood rather than adolescence. However, importantly, they maintain the importance 

of also intervening during adolescence to improve levels of self-control which in turn 

would support better decision making. They also note that the development of self-

control appears to be related to both biology/genes and environmental effects.  

While acknowledging the importance of both biological and environmental 

influences on SR, Vazsonyi, Roberts, and Huang (2015) discuss research on the 

development of self-control by presenting studies from seemingly opposite views on 

nature versus nurture and how these influence SR. While providing evidence for both 

socialization and biological influences, and suggesting that SR is clearly influenced by 

both, they advocate focusing on socialization or malleable influences in the development 

of SR as biological substrates cannot be readily changed. Related to this, Bridgett, Burt, 

Edwards, and Deater-Deckard (2015) recently provided a review of the intergenerational 

transmission of SR through various predictors important in the development of SR in 

children and adolescents, namely the environmental context, neurophysiology, parenting 

behaviors, or parents’ SR levels, and so forth. They note  

Indeed, given evidence for key developmental periods for SR in early childhood 
as well as in adolescence, taking the long view and employing wide-spread 
prevention and early intervention efforts early and consistently may yield the best 
outcomes within and across generations. This approach is the most likely to 
produce improvements in health, academic, and social well being, and contribute 
to reductions in the significant costs to society that stem from poor SR. (p. 628) 
 
The current study specifically tested the assertion that brain maturation 

(operationalized by puberty as a proxy) predicted changes in, or the development of, SR 

during adolescence. By utilizing LGM techniques, it was possible to assess whether there 

was any growth in SR between the ages of 9.5 and 15.5, whether changes in pubertal 
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development (tested separately for males and females) predicted developmental changes 

in SR during adolescence, and whether parenting processes predicted these changes over 

the 6-year period. Based on the findings from numerous studies, as mentioned above, SR 

was viewed a behavioral and emotional construct that is malleable and, therefore, has the 

potential to develop or increase over time for adolescents, as guided by research.  

Hypothesis 1 

 It was expected that growth in SR over the 6-year period would be found and that 

this growth would be predicted by pubertal development, a proxy for maturation and 

associated developmental changes in the prefrontal cortex; however, findings did not 

support this expectation. Rather, findings indicated (Hypothesis 1) that there were no 

developmental changes in SR as rated by mothers or fathers, and as separately tested 

among male or female youth between the ages of 9.5 and 15.5 years. This result was 

unexpected based on neuroscience research showing frontal lobe maturation in 

adolescence, Steinberg’s conceptual work, and previous empirical work on increases in 

SR during childhood or early adolescence.  

Specifically, adolescence is the developmental period that continued growth and 

maturation of the frontal lobe takes place which houses impulse control, decision-

making, and SR. Based on this knowledge, Steinberg and others have suggested that SR 

should or does increase during the adolescent developmental period. However, 

conversely to the idea that SR should increase do to these maturational changes in the 

brain, the current study provides support that SR is stable during adolescence, with few 

changes, as most changes might have taken place earlier during the first decade of life, 

during childhood. While this finding stands in opposition to the current study’s 
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conceptual framework, findings are, in fact, consistent with theoretical predictions made 

by self-control theory (Gottfredson & Hirschi, 1990). The theory predicts that self-control 

develops during childhood through socialization (e.g., parenting) processes and 

experiences, and that it fairly stable by the time a child reaches 10 years in age. The 

current study’s findings seem more consistent with this theory’s idea of SR being a stable 

construct, set by 10 as the current study’s initial assessment age was 9.5, rather than 

developmental due to continued brain maturation in adolescence.   

Hypothesis 2  

Despite the fact that findings did not support that SR develops during 

adolescence, a number of interesting findings emerged. First, as part of Hypothesis 2, 

which examined the effects of puberty on SR development among males, the slope term 

of puberty was associated with the slope term of SR, both when rated by mothers and by 

fathers. This finding indicated that higher rates of change in pubertal development were 

associated with greater rates of change in SR over time. However, because the SR slope 

was not significant, it is difficult to interpret what this association reflects. Perhaps, a 

different measure of SR, specifically one that uses observational methods or adolescent 

self-reports rather than parental reports, would provide further insights.  

 Hypotheses 3 and 4  

Additionally, the current study tested whether positive parenting processes 

(maternal and paternal support as in Hypothesis 3 and maternal monitoring as in 

Hypothesis 4) had a significant influence on developmental changes in SR during the 

adolescent years. Eisenberg (2012) suggests that while SR is, in part, temperamental it 

does continue to develop and is associated with positive parenting processes. Such 
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processes, as she explains, may be a contributor to individual differences in SR. 

Specifically, children that are raised with supportive/warm parents develop higher levels 

of SR than those that who are not. For example, research on development of SR in 

childhood has provided strong evidence on the link between positive parenting strategies 

and SR. For example, Vazsonyi and Li (2010) found that when entering parenting as a 

predictor into their LGM on SR from 4.5 years to 10.5 years there was an approximate 

10% reduction in the unexplained variance of SR at initial status (4.5 years), however, 

parenting was not a significant predictor of the slope. This suggests that positive 

parenting is an important variable in explaining SR before the age 4.5 years. While the 

current study did find strong and significant associations between maternal/paternal 

support and maternal/paternal rated SR for both males and females on the initial status 

(9.5 years) of SR, only one significant association was found with the SR slope, namely 

between paternal support and the SR slope among male youth. However, the size of this 

significant association was very small (b = -.02, p = <.05) and is negative which suggests 

higher levels of paternal support were related to lower rates of growth in SR for 

adolescent males. Similarly, there was a significant association between maternal 

monitoring scores and initial status of maternal/paternal rated SR for both males and 

females, but only very small associations and non-significant associations on SR slope. It 

is important to note the large magnitude of the effects of parenting on SR at initial status 

(significant maternal parenting ratings brange = .23 to .62; significant paternal parenting 

ratings brange = .17 to .71). By finding such large effects, it reminds researchers of the 

importance of positive parenting processes during childhood that appear to be a key 

factor in childhood SR as proposed by Gottfredson and Hirschi (1990) and empirically 
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substantiated since then (e.g., Colman et al., 2006; Eisenberg et al., 2003; Karreman et 

al., 2006; Keller et al., 2004; Raikes et al., 2007; and Vazsonyi & Huang, 2010).  

Although strong and significant effects of parental support and monitoring were 

found on the initial status of SR, which suggests that more positive parenting processes 

were associated with higher initial levels of SR at age 9.5, this effect is not maintained 

developmentally over time. This finding is, in fact, consistent with recent work by 

Moilanen, Rasmussen, and Padilla-Walker (2014) who found authoritative parenting 

assessed at wave 3 (when teens were 11-16 years of age) did not predict SR a year later. 

The authors suggest that perhaps children that are reared by authoritative parents have 

become successful at regulating themselves, and thus need less parental support during 

their teenage years. Another possible explanation for this finding could be that during the 

adolescent developmental period teens are becoming more independent and more 

engaged with peers, at the expense of parent-adolescent relationships (Farley & Kim-

Spoon, 2014; Giedd, 2015). If so, the impact of parenting on the development of SR 

might be greater during early and middle childhood rather than during adolescence when 

teens spend less time with parents, when teens make more decisions on their own, and 

when teens spend most of their time with same-age peers (e.g., Meldrum & Hay, 2012).  

Furthermore, Crosswhite and Kerpelman (2012) found that communication and 

autonomy support from parents was predictive of SR in children before the age of 10 and 

that overall effective parenting was significant before and after age 10 in a longitudinal 

examination of parenting and self-control in children ages 8-9 years and 12-13 years. 

However, there were no individual parenting characteristics that were found to 

significantly predict SR after age 10. The authors suggest that parents have a significant 
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impact on the development of their children’s self-control by providing a positive 

parenting environment where the child will develop higher levels of self-control. These 

studies, as well as the findings from the current study that parenting has a significant 

association with SR intercept, provide evidence that parenting processes are important 

predictors or significantly associated with levels of SR, or changes in SR, during 

childhood. However, it seems that the effect of this association is absent when 

investigating whether parenting processes affect changes in SR during adolescence.  

Hypothesis 5 

By utilizing a conditional parallel process LGM, it was possible to attempt to 

assess whether the predictor variables (i.e., puberty and parenting) contributed uniquely 

or additively to developmental changes in SR during adolescence. Findings from the 

current study show that there was no growth or development in SR between ages 9.5 and 

15.5 years, and that pubertal status did not predict the slope of SR during this time; this 

supports theoretical predictions by Goffredson and Hirschi’s (1990) as noted, but also 

contradicts some recent research which attempts to connect prefrontal cortex maturation 

to SR during adolescence. However, it is important to note that significant associations 

between slope to slope paths between pubertal development and SR for males was 

maintained. This finding does provide evidence that there is some covariation between 

changes in pubertal development and changes in SR even when parenting is added to the 

model, despite a non-significant SR slope during adolescence. Furthermore, pubertal 

development covaried with the slope of SR to a greater extent than parenting, providing 

evidence that puberty appears to be more important for SR during adolescence than 

parenting. In addition to the study’s findings of puberty on SR, results indicated that 
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parenting (i.e., support and monitoring) had minimal influences on the development of 

SR during adolescence; this was found for both male and female youth, but also as rated 

by either mothers or fathers.  

Study Limitations 

A number of study limitations require some mention, which contexualize current 

findings or a lack thereof. These include a non-generalizable sample and measurement 

and methodology limitations. First, the current study used data from a rather homogenous 

sample (a mostly European American, middle class) that is not nationally representative. 

Therefore, future research should assess whether SR changes during adolescence in other 

income and ethnic/racial groups compare the findings to the current ones. Second, the 

current study relied on parent-rated survey data for the main study variables. Surveys are 

extremely useful in such a large data collection process and when accessing information 

on adolescence; however, future research should include alternative methods (e.g., 

observational) to capture SR in process. Furthermore, the use of parent ratings was a 

limitation of the study. While using parent ratings for adolescent behaviors has been 

utilized in past research, it is an important limitation to mention. When parents rate their 

adolescent’s behaviors, they in fact rate their perceptions of their teen’s behaviors. 

Additionally, parents’ perceptions are also influenced by the quality of the dyadic 

relationship. For instance, if the adolescent is displaying negative behaviors towards their 

parent, the parent may rate their child lower on SR. his might also contribute to the 

current findings of the current study. Perhaps one reason for this is that once children 

transition into adolescence, parents are not physically present as much anymore. 

Therefore, they may not observe their teen trying to self-regulate, independently, unlike 
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when their child was younger and required more support from them, including to regulate 

themselves. Future research should include a multi-method and multi-rater approach to 

provide a more thorough examination of the development of SR in adolescence and 

whether puberty and parenting are associated with the development.  

Third, missing assessments between the ages of 12.5 to 14.5 years for parenting 

and SR constructs limited the analyses where more variation may have been found in 

these constructs over time. Specifically, SR only included assessments at 9.5, 10.5, 11.5 

and 15.5. To fully test whether SR changes during the time when adolescents are going 

through the pubertal process, it would be important to have data at least annually or more 

frequently between the ages of 12.5 to 14.5. Parental support was also missing at ages 

12.5, 13.5, and 14.5 years, both for maternal and paternal rated measures. Furthermore, 

paternal monitoring was not used at all and maternal monitoring was missing at ages 9.5, 

12.5, 13.5, and 14.5 years of age. While slope parameters were specified in a manner that 

that manage this gap (0, 1, 2, and 6), the inclusion of more data points would have 

increased the possibility of finding significant developmental changes in SR over time as 

well as significant associations between parenting and SR development.  

Fourth, SR was measured using the SSRS self-control subscale (Grisham & 

Elliot, 1990). The SSRS self-control subscale measures behavioral and emotional 

regulation and has been used to test the role of SR and the development of SR in children 

(e.g., Birmingham, 2013; Drake, Belsky, & Fearon, 2014; Vazsonyi & Li, 2010). 

Furthermore, it provided good reliabilities (α = .81-.83 for maternal ratings, α = .83-.85 

for paternal ratings) in the current study. However, one notable limitation is that the 

response scale does not provide much variation as it utilizes a 3-point Likert type scale. If 
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the measure included 2-4 additional response categories, more variation in responses 

might have been found. In turn, this may have increased the ability to detect differences 

in SR over time. Raffaelli, Crockett, and Shen (2005) measured SR by using a 3-point 

response scale and found that SR changed/increased between 4/5 years of age and 8/9 

years of age in a sample from the National Longitudinal Survey of Youth (NLSY); 

however, much like in the current work, SR did not change or increase at age 12/13 

years. Again, this means that developmental changes over time in SR can be found, but 

were not found during the adolescent developmental period. Other assessments that 

measure similar or related SR constructs were available in the data set, but either did not 

measure SR as conceptualized in the current study (emotional/behavioral) or were not 

available at the assessment periods needed to conduct developmental tests (e.g., Tower of 

London-measures planning/executive functioning, only available in 9th grade; Tower of 

Hanoi-measures planning/executive functioning, only available in early school years; 

Emotion Regulation form-measures emotion regulation, only available at 4th, 5th, and 6th 

grades; Children’s Behavior Questionnaire-measures temperament, only available once in 

childhood; Self-control Ratings-measures self-control-only available one time during 

childhood; and Delay of Gratification-measures self-regulation, only available once in 

childhood).  

In addition to these measurement limitations, the current study was limited by in 

the sense that it used puberty as a proxy for brain maturation rather than having included 

functional MRI scans of the brain and use of hormonal levels during the pubertal process. 

On the other hand, with brain scans, it is unlikely that we could have studied this question 

in such a large and sample from across the United States due to the costs and issues of 
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attrition associated with such a study. Of course MRI scans combined with hormone level 

samples, SR tasks, observations, and surveys to simultaneously track increases in brain 

development with increases (or lack thereof) of SR during adolescence would be highly 

valuable research the could further provide insights into understanding these possible 

connections. According to Giedd (2015)  

The infrastructure for adolescent research is not well developed, funding for this 
work is meager and few neuroscientists specialize in this age group. The good 
news is that as researchers clarify the mechanisms and influences of adolescent 
brain developments, more resources and scientists are being drawn into the field, 
eager to minimize risks for teenagers and harness the incredible plasticity of the 
teen brain. (p. 39) 
 

Finally, an important point to mention regarding the methods of the current study is that a 

broader sample of adolescents followed through late adolescence (e.g., 16-19) would 

have been beneficial for testing the main research questions in this study. Recent research 

(Giedd, 2015) has provided evidence that the prefrontal cortex continues to develop well 

into the 20’s, but puberty occurs at a much earlier age. While the current sample included 

children from pre-adolescence and early adolescence (i.e., 9.5-12.5 years of age), it did 

not include middle to late adolescents, to support more thoroughly testing the influence of 

maturational changes on potential developmental changes in SR into the early 20s. 

Conclusion 

In conclusion, the current study hypothesized developmental changes in SR 

between the ages of 9.5 and 15.5 years; it also tested how and whether biological 

maturation as well as socialization effects contributed to such developmental changes in 

SR. Findings based on LGMs indicate that SR does not change much during early and 

middle adolescence, and thus, seems to be largely stable between 9.5 and 15.5 years. This 

was true for both male and female youth, and as rated both by mothers and by fathers on 
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measures of SR. In addition, although parenting (i.e., support and monitoring) appears 

highly salient for the developmental period preceding 9.5 years in age, it seems less 

important for developmental changes in SR over time subsequently. Some evidence was 

found which suggests that changes related to male pubertal development covary with 

changes in SR; however, it remains unclear the extent to which this relationship exists in 

light of mostly non-significant SR slopes during the age period tested.  

The current study is important in the debate of whether SR is still developing in 

adolescence when many brain developments are occurring (Steinberg, 2008; Steinberg, 

2014) or whether it is stable during as suggested by Gottfredson and Hirschi (1990). 

Implications of such studies as these may influence intervention programs and policies on 

teens. It is important to note that simply because the current findings did not support 

changes in SR during adolescence, this does not mean that intervention strategies in 

adolescence, aimed at increasing SR capacity, may not be useful. In fact, specific skills 

that are found in teens with higher levels of SR (e.g., thinking before reacting, goal 

setting, etc.) should be taught and encouraged in adolescents with lower levels of SR. As 

previously mentioned, Piquero, Jennings, and Farrington (2009) found that levels of SR 

in adolescents did change through programmatic interventions aimed at increasing self-

control to deter teens from deviant behaviors. Subsequently, these SR increases were 

associated with decreased levels of deviance. Therefore, intervention strategies aimed at 

increasing SR during adolescence may be an important approach at reducing risk-taking 

behaviors, health compromising behaviors, and delinquency in teens.  
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Appendix 1: Measures 

CHILD-PARENT RELATIONSHIP SCALE 

Robert C. Pianta 

 
Child:____________________________________    Age:__________        

Parent:_____________________________________ 

 

Please reflect on the degree to which each of the following statements currently applies to 
your relationship with your child.  Using the scale below, circle the appropriate number 
for each item. 

Definitely does 
not apply 

1 

Not 
really 

2 

Neutral, 
not sure 

3 

Applies 
somewhat 

4 

Definitely 
applies 

5 
    

 
©1992 Pianta, University of Virginia. 
 

Tanner  
 
 

1. I share an affectionate, warm relationship with my child. 1 2 3 4 5 
2. My child and I always seem to be struggling with each other. 1 2 3 4 5 
3. If upset, my child will seek comfort from me. 1 2 3 4 5 
4. My child is uncomfortable with physical affection or touch from me. 1 2 3 4 5 
5. My child values his/her relationship with me. 1 2 3 4 5 
6. When I praise my child, he/she beams with pride. 1 2 3 4 5 
7. My child spontaneously shares information about himself/herself. 1 2 3 4 5 
8. My child easily becomes angry at me. 1 2 3 4 5 
9. It is easy to be in tune with what my child is feeling. 1 2 3 4 5 

10. My child remains angry or is resistant after being disciplined. 1 2 3 4 5 
11. Dealing with my child drains my energy. 1 2 3 4 5 
12. When my child is in a bad mood, I know we're in for a long and difficult day. 1 2 3 4 5 
13. My child's feelings toward me can be unpredictable or can change suddenly. 1 2 3 4 5 
14. My child is sneaky or manipulative with me. 1 2 3 4 5 
15. My child openly shares his/her feelings and experiences with me. 1 2 3 4 5 
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Pubertal Development Scale 
 
1. Would you say that your growth in height has not yet begun to spurt, has barely 
started, is definitely underway, or does growth seem completed? (if asked, spurt = more 
growth than usual) 
1234 NO Yes (Barely) Yes (Definintely) Development Completed 
 
2. And how about the growth of body hair? Would you say that your body hair has not 
yet started growing, has barely started growing, or does growth seem completed? (if 
asked, body hair = underarm or pubic hair) 
NO Yes (Barely) Yes (Definitely) Development Completed 
 
3. Have you noticed any skin changes, especially pimples? 
No Yes (Barely) Yes (Definitely) 
 
4. Have you noticed a deepening of your voice? Boys only. 
No Yes (Barely) Yes (Definitely) Development Completed 
 
5. Have you begun to grow hair on your face? Boys only. 
No Yes (Barely)  Yes (Definitely) Development Completed 
 
6. Have your breasts begun to grow? Girls only. 
No Yes (Barely)  Yes (Definitely) Development Completed 
 
7. Have you begun to menstruate (get your period)? Girls only. 
No Yes (Barely) Yes (Definitely)  
 
8. What was the date of your first period:  Month______ Year______ 
 
If you don’t know the date, how old were you? 
Age_______ 
 
9. How tall are you? 
Feet______ inches______ 
 
10. How much do you weigh? Pounds______ 
 
11. Do you think your development is earlier or later than most other boys/girls your age? 
1. much earlier  2.somewhat earlier  3. about the same   4.somewhat later  
5. much later 
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Social Skills Rating System (SSRS) (P) 
  

0 1 2 
Never Sometimes Very Often 

  
1.     Uses free time at home in an acceptable way. 
2.     Keeps room clean and neat without being reminded. 
3.     Speaks in an appropriate tone of voice at home. 
4.     Joins group activities without being told to. 
5.     Introduces herself or himself to new people without being told. 
6.     Responds appropriately when hit or pushed by other children. 
7.     Asks sales clerks for information or assistance. 
8.     Attends to speakers at meetings such as in church or youth group. 
9.     Politely refuses unreasonable request from others. 
10.   Invites others to your home. 
11.   Congratulates family members on accomplishments. 
12.   Make friends easily. 
13.   Shows interest in a variety of things. 
14.   Avoids situations that are likely to result in trouble. 
15.   Puts away toys or other household property. 
16.   Volunteers to help family members with tasks. 
17.   Receives criticism well. 
18.   Answers the phone appropriately. 
19.   Helps you with household tasks without being asked. 
20.   Appropriately questions household rules that may be unfair. 
21.   Attempts household tasks before asking for your help. 
22.   Controls temper when arguing with other children. 
23.   Is liked by others. 
24.   Starts conversations rather than waiting for others to talk first. 
25.   Ends disagreements with you calmly. 
26.   Controls temper in conflict situations with you. 
27.   Give compliments to friends or other children in the family. 
28.   Completes household tasks within a reasonable time. 
29.   Asks permission before using another family member’s property. 
30.   Is self-confident in social situations such as parties or group outings. 
31.   Avoids situations that are likely to result in trouble. 
32.   Responds appropriately to teasing from friends or relatives of his or her own age. 
33.   Uses time appropriately while waiting for your help with homework or some 
other task. 
34.   Accepts friends’ ideas for playing. 
35.   Easily changes from one activity to another. 
36.   Cooperates with family members without being asked to do so. 
37.   Acknowledges compliments or praise from friends. 
38.   Reports accidents to appropriate persons. 
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Grasham, F. M., & Elliott, S. N. (1990). The social skill rating system. Circle pines, MN: 
American Guidance Service. 
 

Keeping Tabs 
KEEPING TABS           
  
The next questions are about how much you know about what your child does.  
How much do you know about…  
   
1 = Don’t know at all      2 = Know a little bit    3 = Know a lot     4 = Know everything 
 
1. Who your child spends time with?  
1 2 3 4  
2. How your child spends his/her free time?  
1 2 3 4  
3. How your child spends his/her money?  
1 2 3 4  
4. Where your child goes right after school?  
1 2 3 4  
5. Where your child goes throughout the day on the weekend?  
1 2 3 4  
6. Problems your child is having at school?  
1 2 3 4      
  
1 = Never  2 = Sometimes  3 = Often  4 = Always  
 
7. Do you tell your child what time he/she has to be home on school nights? 1 2 3 4  
8. Do you tell your child what time he/she has to be home on weekend nights? 1 2 3 4 
9. If your child didn’t come home by the set time, would you know? 1 2 3 4  
10. If you aren’t home and your child leaves the house, does your child leave a note or 
call to say where he/she is going? 1 2 3 4  
11. When you aren’t at home, does your child know how to get in touch with you? 1 2 3 4 
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