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ABSTRACT 

All countries distinguish between minors and adults for various legal purposes. Recent 

U.S. Supreme Court cases concerning the legal status of juveniles have consulted 

psychological science to decide where to draw these boundaries. However, little is known 

about the robustness of the relevant research, because it has been conducted largely in the 

U.S. and other Western countries. To the extent that lawmakers look to research to guide 

their decisions, it is important to know how generalizable the scientific conclusions are. 

This dissertation examines two psychological phenomena relevant to legal questions 

about adolescent maturity: cognitive capacity, which undergirds logical thinking, and 

self-regulatory capacity, which comprises individuals’ ability to restrain themselves in 

the face of emotional, exciting, or risky stimuli. Age patterns of these constructs were 

assessed in 5,227 individuals (50.7% female), ages 10-30 (M = 17.05, SD = 5.91) from 

eleven countries. There were three primary aims of this work. First was to replicate 

previous research on age patterns in cognitive capacity within the U.S.-only sample. 

Second was to replicate previous research on age patterns in self-regulatory capacity 

within the U.S.-only sample. Third was to extend analyses to include the other ten 

countries in the sample, and evaluate to what degree age patterns found in the U.S. 

generalize to other parts of the world. I explored age patterns in the U.S. using a variety 

of statistical approaches, including analysis of variance, regression, and piecewise 

regression to better understand how these analyses shape our conclusions regarding the 

age of maturity of cognitive capacity and self-regulatory capacity. Age patterns found in 

the U.S. were consistent with past research. Specifically, whereas cognitive capacity 

reached adult levels around age 16, self-regulatory capacity generally continued to 
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mature beyond age 18. When extending the analyses to the other ten countries, I found 

that generally cognitive capacity matured prior to self-regulatory capacity, but there were 

numerous deviations from this pattern. For instance, some countries evinced no 

discernible age pattern in one or both composites (e.g., Kenya or Jordan), while in others 

self-regulatory capacity reached adult levels earlier than or at the same age as cognitive 

capacity, inconsistent with hypotheses.  

In sum, juveniles may be capable of deliberative decision making by age 16, but even 

young adults may demonstrate “immature” decision making in arousing situations. It is 

therefore reasonable to have different age boundaries for different legal purposes, at least 

in the U.S.: one for matters in which cognitive capacity predominates, and a later one for 

matters in which self-regulatory capacity plays a substantial role. Whether and how these 

results ought to inform policy in other countries, however, is unclear. 
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CHAPTER 1  

INTRODUCTION 

More so than systematic empirical observation or study, intuitions about the 

nature of children, practical considerations, and trial-and-error have informed where legal 

borders between minor and adult have been drawn (Cauffman, Shulman, Bechtold, & 

Steinberg, 2015). As developmental science (especially neuroscience) has advanced in 

recent years, courts and policymakers have increasingly leaned on empirical studies to 

inform whether certain age boundaries ought to be shifted. Given that most age 

boundaries were not established with input from developmental scientists, an important 

question is whether age boundaries established by the law are appropriate given what 

developmental science knows about maturation. This dissertation examines whether age 

boundaries currently set by the law are appropriate based on this knowledge. 

Why do we have age boundaries?  

Not to put too fine a point on it, children and adults are different. Compared to 

adults, children have impaired decision-making capacities, immature judgment, are more 

susceptible to the influence of others (e.g., peers and authority figures), have less 

experience and knowledge about the world, and their character and identity are still 

unformed. These differences between adults and children also render children vulnerable 

and worthy of special legal protections. There are myriad other ways in which children 

differ from adults, but these characteristics are particularly relevant to legal issues such as 

criminal culpability, medical and legal decision-making competency, and minimum legal 

purchase ages for alcohol, tobacco, and firearms. 

Age-based laws apply to children in two ways. Some laws restrict their liberty 
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(e.g., prohibiting their dropping out of school without parental approval), while others 

have a more protective intent (e.g., keeping children from entering into contracts) 

(Cauffman et al., 2015; Cipriani, 2009). For example, the law attempts to prevent self-

harm by restricting minors’ ability to make autonomous medical decisions that might 

irreversibly damage their long-term health. Minimum legal purchase ages protect youth 

and society by diminishing both acute harm—like a drunken automobile accident or 

accidental firearm discharge—and chronic illness—such as addiction or disease. 

Children’s lack of worldly experience and susceptibility to the influence of others, 

including both peers and authority figures, make them easy targets of exploitation. The 

law, therefore, proscribes minors from signing contracts (a restriction known as the 

“infancy doctrine”) and engaging in child labor; both are situations in which “crafty 

adults” may take advantage of the minor. In summary, on one hand, without regulation 

children would make choices that could hurt themselves, others, or social welfare (Davis, 

Scott, Wadlington, & Whitebread, 2009). On the other hand, without regulation children 

would be vulnerable to manipulation and unfair treatment by adults.  

A fundamental question is why these protections and regulations ought to be 

legislated at all, given the presumed ability of parents to monitor their children’s welfare. 

Although parents are considered the “first best” authorities on what is in the interest of 

the child, court decisions increasingly challenge this assumption (Cauffman et al., 2015). 

That is, parents may not always act in the best interest of their offspring. Advocates for 

child labor laws emphasized this unfortunate reality by observing that some parents force 

their offspring to work, regardless of dangerous working conditions and detrimental 

effects on the child (Davis et al., 2009). In some cases, then, the state acts as parens 
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patriae to protect minors from parents who are abusive or neglectful (Davis et al., 2009). 

Although parents’ right to raise children as they see fit has been a strong argument 

against state regulation of minors, such laws have been justified because the state has a 

vested interest in children. They are, after all, future citizens of the state.  

Thus, the law protects and regulates children because they are incompetent and 

unable to act in their own best interests. Legal age boundaries attempt to distinguish those 

who are competent, able to exercise good judgment, and capable of making independent 

decisions in their own best interest (and not at the cost of the welfare of others) from 

those who fall short on these dimensions. An important question, then, is at what age do 

citizens become mature enough to be treated as adults? In many instances, the state 

designates a specific age as its best guess of where the transition from incompetent to 

competent occurs. However, this boundary does not necessarily reflect some objective 

truth about human development as evidenced by developmental science. 

Where are the age boundaries and why?  

There are two approaches to consider when evaluating whether an individual is 

mature enough for a given privilege, right, or responsibility. First, we might conduct 

individualized assessments. We do this for driver licenses and, in some states, when 

deciding whether to try a minor as an adult or determine whether she is competent to 

make her own medical decision (Larson & Grisso, 2011). Second, and more commonly, 

we use categorical age boundaries to differentiate between individuals who presumably 

are mature enough to handle a right or responsibility from those who are not. The voting 

age, and minimum legal purchase ages for tobacco, firearms, and alcohol, are examples 

of strictly categorical age boundaries. Rather than attempt to define, quantify, and 
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measure maturity and its facets for every individual (which would be excessively time- 

and labor-intensive and still not guarantee an accurate assessment), the law uses a single, 

easily measurable index as a proxy for maturity for most purposes: chronological age.  

The age of majority is ordinarily 18 around the world. For the most part, the law 

assumes minors under this age are incompetent to act in their own interests, and adults 

over this age are competent (Cauffman et al., 2015). However, in the U.S. (and other 

countries), there are numerous exceptions carved around this age. A driver license, for 

example, can be obtained as young as 14 years and 3 months (in South Dakota; the modal 

age is 16, however). Alcohol, on the other hand, cannot be purchased until age 21. 

Minors are regulated differently than adults in many other ways. Here, I will discuss a 

handful of the most relevant or illustrative legal boundaries. What we learn from this 

overview is that age boundaries are not immutable markers of maturity—even the age of 

majority in the U.S. has changed in the last half century. Instead, age boundaries largely 

serve practical, protective, or political purposes in which intuition, competing interests, 

and our changing conceptualization of childhood have played a substantial role (Bonnie 

& Scott, 2013; Cipriani, 2009). It is useful to consider these age boundaries, why they 

were created, and why they were changed to explore the relevant psychological factors 

for various legal issues, and whether the rationales behind age boundaries and the age 

boundaries themselves are empirically valid.  

How did age 18 become the age of majority?  

A logical place to start the discussion of age boundaries is the age of majority, 

which marks the acquisition of many legal rights and responsibilities of adulthood, as 

well as the termination of certain protections. Although the age of majority in the U.S. is 
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now 18, in the Constitution, the voting age, which is often yoked to the age of majority, 

was set at 21, a tradition imported from British common law (James, 1960; Stoebuck, 

1968).  

Interestingly, age 21 was not always the codified age of majority. During 

medieval times, adulthood was reached when an individual had the ability to engage 

meaningfully in his work (e.g., a farmer needed to know agricultural skills as well as 

commerce) (James, 1960). If he had sufficient intellectual faculties to do his work, even a 

15-year old would be considered an adult. Consequently, individuals would be viewed as 

competent at different ages depending on both their own speed of maturation as well as 

their occupation. Certain occupations had a substantial impact on the historical age of 

majority, however. Establishing the presumptive age of majority at 21 was rooted in the 

needs of the military, a theme that resurfaces in U.S. history. It is thought that the age of 

majority was raised to 21 in medieval times because technological advances in armor 

required soldiers to be able to carry more weight (James, 1960). Additionally, knights 

needed extended training to master the skills of mounted combat. To be proficient 

warriors, soldiers needed more time to grow physically and to hone their skills (James, 

1960). Eventually, this ostensible age of adulthood—age 21—was imported to the U.S. 

The age of majority was set at 21 in the U.S., and beginning in 1868, so, too, was 

the voting age. Even so, the needs of the military routinely compelled the government to 

lower the age of conscription during wartime. In World War II, the draft age temporarily 

dropped to 18 from 21; the Korean War prompted lowering the draft age from 19 to 18.5, 

and the age further dropped to 18 during the Vietnam War. The practical need for more 

armed forces was sufficient to proclaim 18-year-olds mature enough to go to battle, but 
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the voting age remained 21. Although youth rights groups had advocated for a lower 

voting age during the first half of the 20th century, it was not until the height of the 

Vietnam War that the government acquiesced to these demands. In response to social and 

political pressure, Congress passed the 26th amendment to lower the voting age from 21 

to 18 (Senate Committee on the Judiciary, 1971). It simply was not right, proponents of 

the amendment argued, that the government could send youth into battle, but 

simultaneously prohibit them from voting. Once Congress lowered the voting age, state 

and federal legislators subsequently lowered the age of majority as well (Davis et al., 

2009). 

Historically, even the most fundamental age boundary—the age of majority—has 

been inconsistent. There does not appear to be a satisfying reason that 18, rather than 17 

or 19, was deemed an appropriate age of majority or the youngest age at which youths 

could vote or be drafted, though the fact that most youth complete their high school 

education by this age may have made 18 a natural cut point. Regardless, intuition and 

observation, not empirical study, informed this decision. Of course, at the time, what 

research on developmental psychology there was largely revolved around infants and 

children, not adolescents or young adults, making it difficult to use developmental 

science as a guide.  

 Although 18 is the age at which individuals acquire most of the rights, privileges, 

and responsibilities of adulthood in the U.S., the state grants certain rights earlier and 

withhold others longer for practical reasons. The exceptions carved around the age of 

majority are interesting because they show both our evolving understanding of the 

capacities of youth and the somewhat arbitrary ways in which age boundaries are 
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decided. 

Liberties granted after age 18 

Although Congress lowered the voting age to 18 in 1971, not all states extended 

other privileges enjoyed by adults to 18-year-olds (or did so only temporarily). In 

response to the lower voting age, some states also lowered the drinking age to 18 or 19 

(Cook & Tauchen, 1984). Proponents for this lower drinking age relied on the same 

argument used to justify lowering the voting age: if you were old enough to go to war for 

your country, you were old enough to purchase alcohol. The result was a dangerous one. 

Because not all states lowered the drinking age, young people living in states with higher 

drinking ages would drive across state lines to purchase and consume alcoholic 

beverages—and then drive back home intoxicated. Thus, based on epidemiological data 

showing that the prevalence of drunken automobile accidents increased among youth 

under 21 following state-specific changes in the minimum purchase age, all states raised 

the minimum legal drinking age to 21 in 1984 (King & Dudar, 1987). 

Liberties and protections legislated prior to age 18 

The law grants youth certain privileges prior to the age of majority, but not 

without some, sometimes substantial, adult oversight. Two such privileges are obtaining a 

driver license and the right to make autonomous medical decisions. The minimum driver 

license age has its roots in practical concerns. When states first issued driver licenses, 

most set the minimum driving age at 18 (Mayhew, Fields, & Simpson, 2000). During the 

1920s and 1930s, many states lowered the minimum driving age to 16 to allow youth—

especially those in rural areas—to commute to school and work, and to operate farm 

equipment. Today, all new drivers, regardless of age, must complete both a road test and 
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knowledge test to demonstrate that they are competent to hold a license, but minors are 

subject to prerequisites that their adult counterparts are not. For example, youth under 18 

need parental permission to obtain a permit or license and must complete a minimum 

number of hours driving with a licensed adult. More recently, concerns about high rates 

of traffic accidents precipitated graduated driver license (GDL) laws, which restrict the 

privileges of new young drivers. Typically, these laws minimize high-risk driving 

situations by prohibiting new drivers from carrying other teenage passengers or driving at 

night (McCartt, Teoh, Fields, Braitman, & Hellinga, 2010).  

When it comes to driving, there is a clear tension between the need and benefit of 

youth transporting themselves and the fact that traffic fatalities are higher among teens 

than adults (even accounting for years of driving experience), according to 

epidemiological data (Miniño, 2010). Although lawmakers did not turn to developmental 

science to weigh in on whether 16- and 17-year-olds were mature enough to drive, states 

have implemented tests and prolonged “training” periods that new drivers must complete 

before obtaining their licenses. GDL laws changed the age at which teens may obtain full 

driving privileges to reduce accident rates. That is, legislators have employed legal 

restrictions to compensate for teens’ lack of experience, skills, and maturity to operate a 

car safely by forcing them to learn in a safe(r) context (e.g., one without a carload of 

peers). 

A second area in which we grant youth rights prior to age 18 is in medical 

contexts. The law generally considers minors incompetent to make decisions about their 

own medical treatment, but there are several exceptions to this practice. Minors are able 

to obtain mental health care, treatment for drug addiction, treatment for sexually 
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transmitted infections, and prescriptions for birth control without parental consent (Davis 

et al., 2009). Although medical decision-making autonomy can apply to a variety 

conditions and treatments, decisions about abortion have received considerable attention 

in the courts, making these cases particularly important to discuss. 

There are several reasons to grant minors decision-making autonomy in medical 

contexts, including decisions about abortion. First, this permission is necessary to 

preserve the health and well-being of youth. It is easy to imagine the trepidation an 

adolescent might feel if she needed to disclose to a parent that she wanted to have an 

abortion, or required treatment for a sexually transmitted infection or substance addiction. 

In seeking an abortion, for example, the potential embarrassment or retaliation from 

parents may be enough to dissuade the youth from consulting with her parents for help 

(see Hodgson v. Minnesota, 1990). Consequently, youth may not seek treatment at all if 

parental consent or notification is required (Cauffman et al., 2015; Davis et al., 2009). 

The law therefore relaxes age restrictions in these instances to ensure the well-being of 

children.  

Second, the law acknowledges that some minors have attained sufficient maturity 

to make an informed decision about abortion. The U.S. Supreme Court has ruled that 

minors must have the opportunity to bypass parental consent (and sometimes parental 

notification) to obtain an abortion (Bellotti v. Baird, 1979; Hodgson v. Minnesota, 1990). 

Minors—usually those who are at least 15 or 16 years of age—have two options to obtain 

control of their medical treatment: emancipation and the “mature minor” doctrine. The 

former involves a legal proceeding wherein the adolescent is legally declared an adult for 

all intents and purposes. The latter applies to autonomy granted for a specific medical 
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decision, but otherwise the adolescent is still a minor. Importantly, the main argument for 

allowing minors to consent to treatment does not hinge on the maturity of the adolescent 

(Davis et al., 2009). Though competency is a foundational consideration, the well-being 

of the adolescent propels the argument to grant decision-making autonomy to the minor. 

Nevertheless, in states that permit judges to give final approval to a minor’s plan 

to have an abortion, it is clear that intuitions about the maturity of minors play a 

substantial role in determinations about whether a minor is sufficiently mature to make a 

decision (Davis et al., 2009). For example, experience, judgment, and perspective are 

central for some judges (H.B. v. Wilkinson, 1986), but other judges have taken a different 

approach. The Ohio Supreme Court found a 17-year-old appellant—who, by all accounts, 

was a good student, responsible, and understood the risks of the abortion procedure—

lacking maturity partly because she still lived at home, was financially dependent on her 

parents, and was not regularly employed (In re Jane Doe, 1991). Although the law allows 

some minors autonomous decision making through judicial determination, judges base 

their case-by-case decisions on their own intuitions about maturity. Unfortunately, it is 

likely that individual assessments of maturity are based on judges’ personal opinions of 

abortions and teen pregnancy (Davis et al., 2009), rather than on the competency of the 

minor.  

A third reason to extend decision-making power to adolescents contemplating 

abortion is that doctors themselves require legal protection (Coleman & Rosoff, 2013). 

Doctors are obligated to provide care that is in the best interest of their patient, not their 

patient’s parents. In some cases, parents may refuse to consent, or consent may be 

impossible or dangerous to obtain. Thus, to care for minor patients, doctors themselves 
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need protection from parents who seek legal action against them for treating their child. 

Traditionally, the law provides more wiggle room to grant autonomy to minors 

when dealing with issues of health and well-being—as in medical contexts—than with 

issues of convenience—as with driving (Cauffman et al., 2015). We allow exceptions to 

age boundaries when and if there is a good reason to do so, but do not do so without also 

legislating some form of adult supervision, whether that be by doctors, lawyers, or 

parents. 

In addition to regulating minors’ autonomy, we also institute certain protections 

for youth. The existence of a separate juvenile justice system is the most prominent 

example of the institutionalization of protections extended to youth but not adults. The 

juvenile justice system, founded in the early 20th century, explicitly recognized the 

immaturities of youth. Given their immaturity of judgment, lack of experience, and 

unformed character, the system was founded on the premise that sanctions for minors 

(relative to adults) ought to be moderate and focus on rehabilitation, not merely 

punishment (Davis et al., 2009). That is, minors, by dint of their immaturity, are 

inherently less culpable than adults. To maintain proportionality of punishment, 

therefore, minors must be protected from sentences that we reserve only for the worst 

offenders (i.e., individuals who are fully responsible for their bad behavior). Further, their 

unformed character implies that they are more likely than their adult counterparts to 

reform (Scott & Steinberg, 2008).  

Although intuitions about maturity and indirect evidence about the maturity of 

youth (i.e., based on epidemiological data) played into permitting them to obtain a driver 

license or make a medical decision, developmental science itself has historically not 
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informed these age boundaries (though it has been used post-hoc to affirm or question 

them). 

Legal issues informed by developmental science 

Although many age boundaries have been drawn on the basis of intuition, 

practical considerations, political motives, and trial-and-error, lawmakers and courts have 

increasingly consulted developmental studies to inform policy and law. One of the most 

notable examples of this shift comes from a series of Supreme Court decisions on the use 

of extreme punishments for juvenile offenders. In Roper v. Simmons (2005), the 

landmark Supreme Court case abolishing the juvenile death penalty, developmental 

science featured prominently in the American Psychological Association’s (APA) amicus 

brief, and appeared briefly in the oral arguments (Steinberg, 2017). Crucially, in his 

opinion, Justice Kennedy refers to evidence from developmental science regarding 

behavioral and psychological differences between adults and adolescents, and thus 

concludes that the differential treatment of adolescents is warranted on two fronts (Roper 

v. Simmons, 2005). First, differences between adolescents and adults indicates that the 

culpability of minors is diminished “by reason of youth and immaturity” (Roper v 

Simmons, 2005, p. 17). Second, juveniles are less deserving of severe sanctions because 

“a great possibility exists that a minor’s character deficiencies will be reformed” (Roper v 

Simmons, 2005, p. 16).  

The opinions in Graham v. Florida (2010) and Miller v. Alabama (2012) echoed 

the Roper ruling, but also cited findings from developmental neuroscience. In Graham, 

the court ruled that sentencing juveniles to life without parole (LWOP) for non-homicide 

offenses violated the doctrine of penal proportionality. As part of its rationale, the court 
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noted a preponderance of evidence that adolescents are psychologically different from 

adults, and that brains of adolescents are less developed than adults’ in ways that affect 

behavioral control. Miller v. Alabama (2012) then extended this protection to prohibit 

mandatory LWOP sentences in homicide cases because a mandatory sentence precludes 

judges and juries from considering youthful immaturity as a mitigating factor. The court 

again cited developmental neuroscience—and to a greater extent than in preceding 

cases—to justify its decision.  

More recently, proponents of so-called “Tobacco 21” laws (which raise the 

minimum legal purchase age of tobacco products to 21) have invoked findings from 

developmental science to support their argument (e.g., see Tobacco21.org). First, 

proponents of Tobacco 21 laws cite evidence that autonomous decision making is 

compromised among youth, because they “demonstrate reduced impulse control, greater 

susceptibility to peer influence, and greater sensation- and reward-seeking behaviors” 

(Morain & Malek, 2017, p. 1403). Additionally, proponents note that the adolescent brain 

is highly sensitive to reward, especially from nicotine, which increases the risk of 

addiction (Meernik, Baker, Lee, & Goldstein, 2017). Accordingly, Tobacco 21 laws 

restrict the liberty to purchase tobacco for two empirical reasons: (1) the initial decision 

to smoke may not be an autonomous one and (2) subsequent decisions to smoke become 

increasingly less autonomous due to youths’ sensitivity to the rewards of nicotine, which 

facilitates addiction. Thus, informed by developmental science, Tobacco 21 laws restrict 

the liberty to purchase tobacco until adult-like autonomy of choice has developed and 

until the age of the highest risk of addiction has passed. 

The legal field is turning more toward developmental science to ask whether our 
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current laws and policies are appropriate. It is therefore important to explore the ways in 

which developmental science can inform decisions about age boundaries, as well as the 

limitations of this approach. In large part, it has yet to be established whether we have 

landed on the right age(s) for age boundaries from a developmental perspective—

particularly for boundaries drawn prior to the use of developmental science, but even in 

those instances in which developmental science played a role, the ultimate decisions are 

not without problems.  

Defining maturity for legal purposes: What maturity is and is not 

Maturity has many definitions and components, but not all are equally relevant to 

the law. One might say that someone has reached adulthood upon reaching certain 

milestones, like graduating from high school (or college), entering the workforce, 

becoming financially independent, getting married, or having a child. Although these 

achievements certainly correlate with maturity, as they do with age, they do not robustly 

reflect an individuals’ maturity. For example, prolonged postsecondary education or a 

difficult financial environment may postpone milestones like starting a family or being 

financially independent. Ironically, reaching some transitions early may be a marker of 

immaturity. Today, for example, becoming a teen parent in the U.S. is more likely due to 

myopia and sensitivity to immediate reward than to being mature. Other aspects of 

maturity, like self-awareness or being able to take care of oneself, are certainly important 

as well (Greenberger & Sorensen, 1974), but are generally too broad to be useful to the 

legal field (Steinberg & Cauffman, 1996).  

For the purposes of this paper—which is heavily steeped in legal and empirical 

considerations—I define maturity as having two parts: (1) it is the age at which youths’ 
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ability (on average) to exercise good judgment is no worse than adults’ ability (on 

average) to do so, and (2) it is the age at which youths’ likelihood (on average) to 

exercise good judgment is no worse than adults’ likelihood (on average) to do so. The 

importance of this first component is obvious: in order to exercise good judgment, one 

must have the basic psychological resources to do so—for example, one must be able to 

think abstractly to consider future consequences. The second component of this definition 

refers to the likelihood of an individual who has the necessary abilities to exercise good 

judgment to actually use those abilities. One way to conceptualize this difference is that 

“ability” refers to one’s raw psychological resources to do something under optimal 

conditions, whereas “likelihood” refers to the ability to use these resources consistently in 

suboptimal conditions (e.g., in affectively arousing situations). By implication, youth 

reach maturity when normative developmental factors no longer diminish the ability or 

likelihood of an individual to exercise good judgment and thus, these factors can no 

longer be used to excuse bad behavior—as in the juvenile justice system—nor to impede 

personal autonomy—as in medical decision making. 

As others have pointed out, maturity is a quality of an individual, not of his 

behavior (e.g., Taylor-Thompson, 2014). Children are quite capable of behaving 

maturely, like a 12-year-old looking after his younger sibling, but this “mature behavior” 

does not demonstrate that he is an adult. This is the case for two reasons. First, maturity 

concerns the decision-making process more than the decision-making outcome. Take, for 

example, In re Jane Doe (1991), where the Supreme Court of Ohio determined that a 17-

year-old was not mature enough to decide to have an abortion partly because she still 

lived at home, was not regularly employed, and was financially dependent on her parents. 
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Yet, the fact that she had chosen to live this way is just as likely to demonstrate her 

maturity as her immaturity; for a high school senior planning on going to college, it may 

be in her best interest to spend time studying, rather than working to pay her own rent. 

Furthermore, these markers may not demonstrate maturity at all, at least not in the way 

that is relevant to a decision about abortion. The vast majority of 17-year-olds in the U.S. 

still live with and depend on their parents, regardless of their ability to make good 

decisions about their future. 

In summary, there is a difference between doing a mature thing and being mature. 

Maturity cannot be reduced to “acting a certain way.” Developmental neuroscience 

makes this point all the more forceful. A corpus of neuroimaging studies document 

continued changes in the brain well into adulthood (Casey, 2015). Thus, even though a 

13-year-old may commit a seemingly “adult” crime (i.e., one that is particularly brutal or 

required some sophistication or even premeditation to execute), it is important to 

remember that the crime—or any behavior, for that matter—does not transform the brain 

of child into the brain of an adult—it is still that of a 13-year-old (Taylor-Thompson, 

2014).  

If we accept that maturity is reached when the ability and likelihood of youth to 

exercise good judgment is no worse than adults’, two questions follow. First, what 

psychological factors are necessary for good judgment, and what psychological factors 

detract from good judgment? Second, at what age do these factors reach adult levels?  

What aspects of psychological development are relevant to good judgment?  

The short answer is: it depends. Different legal matters require different kinds of 

capacities and thus different kinds of maturity (Cauffman et al., 2015; Steinberg et al., 
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2009). One way to organize the array of legal situations pertaining to age boundaries is to 

differentiate between “cold” and “hot” contexts. Cold legal contexts are those in which 

the individual is able or encouraged to deliberate and reflect on their choices, but in the 

absence of high emotional arousal. Typically, a knowledgeable professional (e.g., a 

lawyer or doctor) is also present in these situations. Examples of cold contexts include 

making a medical decision, voting, consenting to participate in a research study, and 

certain aspects of adjudicative proceedings (e.g., deciding whether to accept a plea 

bargain).  Hot contexts, in contrast, are emotionally-charged, and typically do not 

facilitate deliberation. Examples of hot contexts include when engaging criminal 

behavior, driving, and drinking, all of which are often done with peers and in the absence 

of adult supervision. 

As Steinberg and colleagues (2009) pointed out, different legal issues (i.e., those 

that are “cold” versus those that are “hot”) require different capacities to exercise good 

judgment. For instance, when deciding about what medical treatment to pursue (a 

relatively “cold” context), one needs to be able to understand the nature of the treatment, 

reason logically about potential options, weigh the costs and benefits, and so forth 

(American Academy of Pediatrics, 2016). In contrast, when deciding whether to join 

one’s friends in stealing a car (a relatively “hot” context), one must not only be able to 

reason about potential outcomes, but also exercise self-restraint in the face of this 

potentially thrilling behavior. Put differently, cold legal issues require competency to 

exercise good judgment, whereas hot legal issues require both competency and sufficient 

self-regulation to exercise good judgment. Importantly, the kind of maturity needed for 

good judgment and the age at which it reaches adult levels differs by context. 
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In the sections that follow, I will describe the specific psychological constructs 

that facilitate good judgment in cold legal contexts, followed by a description of their 

developmental trajectories. Subsequently, I will describe the psychological constructs 

that facilitate good judgment in hot legal contexts, followed by a description of their 

trajectories. 

Constructs relevant to “cold” legal issues 

Courts, policymakers, and researchers have identified myriad psychological 

factors relevant to making competent decisions in cold legal contexts. Here, I will 

identify and describe psychological factors that support good judgment in these 

situations, focusing primarily on cognitive processes supporting deliberation, analytical 

reasoning, and logic. Broadly, we may categorize the underlying psychological constructs 

supporting these abilities as “cognitive capacities”. 

Cognitive capacities include top-down processes, such as working memory and 

response inhibition, that are necessary for situations calling for deliberation and 

behavioral control in the absence of high levels of emotion or arousal (Salekin, 

MacDougall, & Harrison, 2016; Steinberg et al., 2009). These functions have also been 

called “cold cognition” in the literature (Figner, Mackinlay, Wilkening, & Weber, 2009). 

Cognitive capacities comprise concepts like executive functioning, intellectual capacities, 

and logical reasoning. Importantly, these basic cognitive abilities facilitate complex, 

goal-directed behaviors and higher-order logical reasoning (Diamond, 2013; Zelazo & 

Carlson, 2012), making them particularly relevant to issues like voting, medical decision 

making, consent to participate in research, and legal decision-making (e.g., competence 

to stand trial).  
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Numerous components fall under the umbrella of cognitive capacity. A wealth of 

literature has explicated “basic” cognitive processes—like executive functions that 

govern attention, effortful control of behavior, and mental computations—and more 

complex, higher-order processes—like planning, reasoning, perspective taking, and 

problem solving (Diamond, 2013). In the realm of basic cognitive functions, researchers 

commonly assess response inhibition, disinhibition, various kinds of working memory, 

and cognitive flexibility (also called set shifting). More complex cognitive processes 

typically include those placing high demands on cognitive load (e.g., by increasing task 

difficulty) or requiring an internal representation of some future problem or challenge. 

That is, the individual must be able to resolve a conflict that is not immediately cued 

(Nigg, 2017). For example, sequencing out a series of moves in a puzzle, as on the Tower 

of London task, or reasoning about some hypothetical situation, require an internal 

representation or simulation (Nigg, 2017; Shallice, 1982).  

 Decisions regarding research consent and medical decision making are examples 

of decisions that rely mainly on cognitive capacities. At its core, whether an individual is 

able to participate in research or make an autonomous medical decision centers around 

his or her ability to give informed consent (Hill, 2012). Informed consent requires two 

things: it must be given voluntarily, and it must be given by someone who is competent. 

To be competent, the individual must demonstrate adequate understanding of his or her 

situation (American Academy of Pediatrics, 2016; Appelbaum & Grisso, 1995). For 

example, does the individual understand the risks and benefits of a given procedure, the 

probability of success, and available alternatives? Further, the individual must be able to 

manipulate rationally information to arrive at his or her decision. What is important here 
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is how the individual uses information to arrive at a decision and whether he or she 

appreciates the situation to determine what is in his or her best interest (Appelbaum & 

Grisso, 1995). Therefore, competence cannot be determined based on the choice itself. 

The requirements of competency are rooted in the ability to deliberate and reason 

logically, which rely on both lower- and higher-order cognitive functions. For example, 

the ability to consider multiple potential treatment options and their respective 

consequences depends on both working memory and logical reasoning ability.  

Developmental trajectories of cognitive capacities 

A pervasive finding in developmental studies of cognitive capacities, especially 

executive functions, is that they increase dramatically from childhood to early- or mid-

adolescence and then plateau. For example, the largest gains in response inhibition on 

Stroop tasks typically occur during mid- to late childhood (Aïte, Cassotti, Linzarini, 

Osmont, Houdé, & Borst, 2016; Prencipe, Kesek, Cohen, Lamm, Lewis, & Zelazo, 

2011), but reach adult like levels in mid-adolescence (Andrews-Hanna et al., 2011). 

Using an antisaccade paradigm, Luna, Garver, Urban, Lazar, & Sweeney (2004) found 

that the ability to suppress the reflex to look at a suddenly-appearing visual stimulus 

matures by age 14, consistent with other measures of response inhibition, such as the 

stop-signal and flanker task (Huizinga, Dolan, & van der Molen, 2006). On measures of 

cognitive flexibility, youth tend to perform at adult levels by the time they are 15 (Crone, 

Ridderinkhof, Worm, Somsen, & van der Molen, 2004), but potentially as young as 10 

(e.g., Dick, 2014). Some studies of working memory have found it to mature as early as 

8-9 to 10-11 (Prencipe et al., 2011), though 14-15 is more common (Huizinga, et al., 

2006; Luna et al., 2004). 



 

 21 

Age patterns of higher-order cold cognitive abilities, including complex executive 

functions like perspective taking, planning, and logical reasoning, also tend to reach a 

plateau in mid-adolescence. Using the Tower of London task, Luciana et al. (2009) found 

that adolescents perform as well as adults starting around 15-17 years. Further, by this 

age, adolescents have the capacity to reason like adults about the costs and benefits of 

risky behaviors. Beyth-Marom, Austin, Fischoff, Palmgren, and Jacobs-Quadrel (1993) 

documented strong similarities between adolescents and adults in both the quality and 

quantity of the potential positive and negative consequences of engaging in a given risky 

behavior (e.g., riding in a car with a driver who has been drinking) that they identified. 

Relatedly, adolescents do not believe they are immune or invulnerable to the negative 

consequences of risky activities (Millstein & Halpern-Felsher, 2002; Reyna & Farley, 

2006), despite popular stereotypes otherwise. 

However, not all elements of executive functions mature by 15. Huizinga et al. 

(2006) report continued changes into young adulthood on a Stroop task in a sample of 7-

21-year-olds. For cognitive flexibility, some aspects may develop into adolescence and 

adulthood (see Anderson, 2002 and Cepeda, Kramer, & Gonzalez de Sather, 2001). 

Using a task that requires participants to look to the location of a previously presented 

stimulus, Luna et al., 2004 found that initial saccade accuracy (where participants first 

fixate) was mature by 14, but final saccade accuracy (where participants ultimately fixate 

after correcting themselves) matured by 19. De Luca et al., 2003 found that spatial 

working memory matures by 15-19. Albert & Steinberg (2011) found that performance 

on difficult problems on the Tower of London task continues to improve until young 

adulthood (22-25), but performance on easy problems typically reaches adult levels by 
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16-17. 

Reasons for variations among these tasks in the age at which youth perform at 

adult levels are numerous. Across studies, researchers may use different version of a 

single task (e.g., there are multiple versions of the Stroop task), operationalize constructs 

differently within a task (e.g., looking at easy vs. hard problems on the Tower of London 

task), use different tasks to measure the same phenomenon, or use different age groups in 

their sample (e.g., combining 15-year-olds with older teenagers). On the other hand, 

some specific aspects of cognitive functioning truly mature earlier than others do 

(Anderson, Anderson, Northam, Jacobs, & Catroppa, 2001). For instance, attention and 

information processing mature relatively early, but cognitive flexibility and goal setting 

tend to mature somewhat later (Anderson, 2002; Nigg, 2017). 

Studies of cognitive capacities as they apply to specific legal issues have found a 

strikingly similar age pattern to that seen in developmental studies of basic cognitive 

abilities. In a large sample of both detained and non-detained (i.e., community) 

participants, Grisso et al. (2003) found that 16-17-year-olds show comparable 

competency to stand trial as adults based on assessments of understanding (basic factual 

understanding of legal proceedings), reasoning (ability to process information and 

provide relevant information to counsel), and appreciation of the legal process and their 

rights (i.e. the ability to apply information rationally and logically to one’s own 

situation). (Competence to stand trial is the most widely studied aspect of what is referred 

to as “adjudicative competence,” the ability to make informed legal decisions.) Using the 

same assessment tool (i.e., the MacCAT-CA), Redlich & Shteynberg (2016) found that 

reasoning among 13-17-year-olds was no different from 18-24-year-olds. Although they 



 

 23 

also found that understanding was lower in juveniles, it is notable that Redlich & 

Shteynberg (2016) did not assess age patterns using narrower age bands (e.g., 13-14, 15-

16, etc.). Thus, in this study, the youngest adolescents (especially 13-14-year-olds) may 

be driving age differences between adolescents and adults on the measure of 

understanding.  

Competency to consent to participate in research or to medical treatment also 

emerges during adolescence, but possibly earlier than adjudicative competence. Although 

granting informed consent and adjudicative competence share qualities in that both 

require understanding, reasoning, and appreciation, Hein and colleagues (2015) assert 

that minors, by the time they are 11-12 years old, are likely capable of giving consent for 

research purposes. Others have found that adolescents around 14-15 perform like adults 

when it comes to medical decision making (Weithorn & Campbell, 1982; Ambuel & 

Rappaport, 1992). These findings do not imply that doctors or researchers need not obtain 

parental consent prior to treatment or research participation (because these are legal 

questions, not scientific ones). Rather, they indicate that early- and mid-adolescents are 

capable of giving informed consent, when in a supportive environment (Hein et al., 

2015). 

One additional aspect of competency explored in studies of legal decision making 

is the understanding of short- and long-term consequences of a decision. Typically, 

researchers assess this kind of understanding by having individuals generate or indicate 

the kinds of consequences that may follow a given legal decision, such as taking a plea 

deal. Grisso et al. (2003) found that in hypothetical vignettes concerning a police 

interrogation, a plea deal, or a meeting with an attorney, adolescents aged 14-15 
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identified as many long-term consequences of their decision as did young adults. 

However, younger adolescents (under age 14) produced significantly fewer long-term 

consequences (Grisso et al., 2003). Redlich & Shteynberg (2016) found that juveniles 

aged 13-17 were less likely than adults to consider long-term consequences when 

deciding whether to take a plea deal, though these researchers did not explore differences 

between younger adolescents and older adolescents. Lastly, Daftary-Kapur & Zottoli 

(2014) investigated detained adolescents (ages 13-18) charged as adults. Interestingly, 

when asked about the potential consequences of taking or rejecting a plea deal, 

adolescents provided numerous long-term consequences (e.g., diminished future job 

prospects), but when asked about their own plea decision, adolescents more often 

provided short-term consequences for their decision (e.g., to hasten the legal process). 

This divergence highlights an important distinction among the different contexts that 

make up the broader construct of adjudicative competence.  

In sum, research indicates that adolescents, by the time they are 15-16 years old, 

are capable of adult-like performance on cold cognitive tasks, including those measuring 

basic cognitive processes, as well as higher-order reasoning. This trajectory is mirrored in 

legal studies of adjudicative competence and medical decision making. Thus, voting 

(Steinberg, 2014), making decisions in medical contexts (Weithorn & Campbell, 1982), 

consenting to participate in research (Hein et al., 2015), and participating in legal 

proceedings (Grisso et al. 2003) constitute situations in which adolescents, at least by the 

time they are 16, may be just as competent as adults. However, making a medical 

decision or a decision during a legal proceeding are not devoid of emotion. These 

situations may be stressful, but knowledgeable adults typically surround adolescents in 
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these contexts. Ideally, decisions in these contexts are not made spontaneously, and are 

made with professional guidance. Adults, then, have many opportunities to facilitate 

deliberate reflection by the minor—for example, by not pressuring the juvenile to decide 

quickly (which tends to intensify affective arousal; Hein et al., 2015)—and discuss his or 

her options.  

Constructs relevant to “hot” legal issues 

When it comes to hot decisions, elements of self-restraint are essential for 

exercising good judgment. Self-regulation is a prominent theme in both the psychological 

and legal literatures, and underlies many of the psychological elements relevant to 

decision-making in emotionally arousing situations. Among other things, self-regulation 

comprises impulse control, prudence (i.e., the absence of sensation seeking), resistance to 

peer influence, and future orientation. This conceptualization of self-regulation is very 

similar to Steinberg and colleagues’ (2009) construct of psychosocial maturity and 

includes phenomena similar to some of the the autonomy and emotional skills 

components of Salekin’s conceptualization of maturity (2015). An underlying 

commonality to these psychological attributes is the ability to regulate behavior in the 

face of emotional arousal (e.g., potential reward) in order to maintain good judgment 

during decision making. 

Laws to which self-regulation is relevant include those pertaining to driving, 

purchasing alcohol or firearms, and certain criminal matters—all of which are likely to 

occur in the presence of peers but not adults (e.g., during the commission of a crime) 

and/or to be characterized by high levels of emotional arousal (e.g., being interrogated by 

a police officer). Inadequate self-restraint can diminish good judgment, especially so 
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among adolescents. Below, I provide brief descriptions of relevant psychological 

attributes followed by how they are relevant to legal matters. The most important of these 

are sensation-seeking, impulse control, future orientation, and resistance to peer pressure. 

Sensation seeking refers to one’s “propensity to seek varied, novel, complex, and 

intense sensations” (Zuckerman, 1994, p. 26). Researchers often assess sensation seeking 

using self-report measures, such as the Zuckerman Sensation Seeking Scale (SSS). 

However, a limited number of behavioral tasks also index sensation seeking and related 

behaviors. These tasks typically involve the opportunity to gain a reward (e.g., money), 

and often involve some component of risk (i.e., ambiguity of the outcome). Thus, these 

tasks tap reward sensitivity by assessing how rewards drive behavior, although they are 

not explicit measures of sensation seeking per se. Sensation seeking and reward 

sensitivity may affect judgment and decision making through two mechanisms. First, 

sensation seeking may motivate a youth to seek out potentially exciting or rewarding 

contexts. Second, it may bias the individual’s decision-making process in the moment. 

For example, sensation seeking may motivate a youth to hang out with her friends 

because of the potential of a social reward in this context, and it may increase the 

likelihood that she says ‘yes’ when her friend offers her a cigarette. When discussing this 

feature of development as an aspect of maturity (rather than a feature of immaturity), I 

use the term “prudence” to mean the antithesis of sensation seeking as it applies to both 

aspects of sensation seeking (i.e., avoiding exciting but potentially injurious situations 

and restraining oneself in the face of temptation).  

Impulsivity is the tendency to act without thinking or planning. Unlike response 

inhibition/disinhibition as it is conceptualized in the cognitive psychology literature 
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(which focuses on inhibition within a cold context), impulsivity here refers to behavioral 

control in contexts with some affective component. To this end, researchers study 

impulsivity in two ways: by adding an affective component to a cold cognitive task or by 

using self-report measures. For example, the classic Go/No-Go task has been adapted to 

use emotional faces so that participants must respond to some faces (e.g., calm faces), 

and inhibit responses to others (e.g., happy faces; Cohen et al., 2016). Self-report 

measures of impulsivity, such as the Barratt Impulsivity Scale (Patton, Stanford, & 

Barratt, 1995) or items on an impulsivity subscale of Zuckerman’s Sensation Seeking 

Scale (1994), assess general patterns of behaviors across contexts—implicitly including 

those that involve an affective component. Thus, self-report measures capture one’s 

success in regulating impulses in real-world situations across many domains. That is, they 

capture one’s “typical” behavior (Toplak, West, & Stanovich, 2013). I use the term 

“impulse control,” (i.e., the inverse of impulsivity), to describe this construct for purposes 

of assessing maturity. 

Future orientation refers to the extent to which an individual attends to the 

immediate rather than the future, including how one weighs the immediate versus long-

term consequences of a given decision. In this sense, future orientation shares qualities 

with aspects of cognitive capacities in cold contexts—namely, the ability to think 

abstractly about the future and long-term consequences. However, future orientation is 

not just the ability of the individual to imagine or project their future situation, but rather 

his or her evaluation of short-term and long-term outcomes and the ability to override the 

desire to choose an immediate option that conflicts with one’s long-term goals. One of 

the most common tasks pitting short-term against long-term outcomes is the delay 
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discounting task. In this task, participants must choose between a smaller reward 

available immediately and a larger reward available after a delay. The inclination to 

choose the immediate reward reflects a lack of future orientation because it demonstrates 

a bias or overweighting of the value of immediately available reward (Odum, 2011; 

Steinberg et al., 2009b). Researchers have also employed self-reported future orientation, 

which typically asks about the degree to which an individual considers future 

consequences and plans ahead (e.g., Steinberg et al., 2008). Although a lack of future 

orientation and impulsivity appear to be similar, they differ in an important respect. 

Specifically, whereas impulsivity refers to the absence of consideration before acting, a 

lack of future orientation refers to a bias toward immediate costs or benefits. Thus, one 

can be shortsighted without being impulsive (and vice versa) if one systematically 

considers the immediate consequences of an action but ignores or underweights the long-

run consequences. 

Resistance to peer influence is another psychological attribute relevant to hot 

legal contexts. Self-governance, especially in the face of external pressures, is critical to 

good judgment, given that the interests of others may conflict with the interests of the 

individual. In the adolescence literature, autonomy in the context of peers has received 

substantial attention. Some investigators have probed peer influence by asking 

individuals about the degree to which they “go along with the crowd” versus stick to their 

beliefs, even if they are unpopular (e.g., Steinberg & Monahan, 2007). In some 

behavioral studies, investigators quantify peer influence as the degree to which the 

individual changes her own behavior (e.g., her response to a hypothetical scenario) to 

more closely match her peers (Grisso et al., 2003; Prinstein, Brechwald, & Cohen, 2011). 
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Still other studies investigate more subtle kinds of peer influence. For example, 

researchers have explored differences on behavioral tasks when participants complete the 

task alone versus with an observer to determine if mere presence of a peer is sufficient to 

influence behavior (Chein, Albert, O’Brien, Uckert, & Steinberg, 2011; O’Brien, Albert, 

Chein, & Steinberg, 2011; Weigard, Chein, Albert, Smith, & Steinberg, 2014).  

 As noted earlier, typical hot legal situations involve drinking, driving, and 

criminal matters. These situations tend not to lend themselves to deliberation because 

they are more likely to be affectively arousing (e.g., when being interrogated by the 

police) and sudden (e.g., deciding whether to run a yellow traffic light). When it comes to 

decisions to drink, good judgment requires an understanding of short- and long-term 

consequences of intoxication, such as getting drunk and having a good time (short-term), 

having a hangover that keeps one in bed all day (medium-term), or developing a 

substance use disorder (long-term). If one is more sensitive to immediate reward, it is 

likely that the later consequences (having a hangover or developing an addiction) are 

underweighted in the decision-making process. Further, most decisions to drink are made 

with peers. Thus, an individual who has low decision-making autonomy may be more 

likely to go with the group, even if doing so conflicts with his own best interest. Parallel 

observations apply to driving behavior as well. To be a competent and safe driver, one 

must be able to regulate the urge to go 100 mph on an empty stretch of highway, or resist 

the encouragement of peers who want one to run a yellow light. Criminal behavior may 

be fueled by the potential for reward (e.g., material or social rewards) and peer influence; 

one of the most robust predictors of antisocial behavior is socializing with deviant peers 

(Warr, 1993; Weerman, Bernasco, Bruinsma, & Pauwels, 2015).  
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In summary, good judgments about drinking, driving, and conduct in 

criminogenic contexts require effective regulation of impulses, sensation-seeking 

tendencies, sensitivity to immediate reward in favor of considering long-term 

consequences, and autonomy of decision making. 

Developmental trajectories of factors relevant to “hot” legal issues 

Unlike the development of cognitive capacities, which mature during the teen 

years, aspects of psychological functioning relevant to hot legal matters undergo 

protracted development. Compared to adults, adolescents display higher levels of 

sensation seeking and impulsivity, and weaker future orientation and resistance to the 

influence of others.  

The adolescent peak in sensation seeking is apparent in self-report measures of 

the construct (Collado et al., 2014; Quinn & Harden, 2013; Romer & Hennessy, 2007; 

Shulman, Harden, Chein, & Steinberg, 2014). The specific age at which sensation 

seeking peaks varies study to study from early- to mid- adolescence (e.g., 12-15 years; 

Steinberg, Albert, Cauffman, Banich, Graham, & Woolard, 2008) to late 

adolescence/young adulthood (e.g., 19 years; Romer, Duckworth, Sznitman, & Park, 

2010; Shulman et al., 2014). However, a consistent finding is that sensation seeking 

declines well into adulthood. In a sample of 12- to 24-year-olds, Harden & Tucker-Drob 

(2011) documented a decline in sensation seeking through age 24, consistent with other 

studies (Shulman et al., 2014; Steinberg et al., 2008). Although it is difficult to assess 

“pure” sensation seeking in a behavioral task, studies of reward-related behaviors—

which are related to sensation seeking—also consistently find an adolescent peak.  
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Researchers also find that adolescents tend to be more responsive than adults to 

rewarding stimuli (both monetary and social; Shulman et al., 2016). For example, using 

the Iowa Gambling Task, researchers have found that adolescents learn to increase their 

plays from advantageous decks—those that will earn them more money over repeated 

plays—faster than their younger (Hooper, Luciana, Conklin, & Yarger, 2004; Prencipe et 

al., 2011; Smith, Xiao, & Bechara, 2011) or older counterparts (Cauffman et al., 2010; 

but see Christakou et al., 2013). Other paradigms assess the degree to which a monetary 

incentive improves performance on a task. On an antisaccade task, incentivizing good 

performance improves adolescents’ performance, but not adults’ (Geier, Terwilliger, 

Teslovich, Velanova, & Luna, 2010; Padmanabhan, Geier, Ordaz, Teslovich, & Luna, 

2011). Lastly, using a behavioral measure of sensation seeking, known as the Stoplight 

Game, researchers have shown that adolescents evince greater sensation-seeking behavior 

than children or adults (Steinberg et al., 2008).  

Impulse control—the propensity to think before acting—improves with age. 

When measured by self-report, impulse control continues to develop until the early to 

mid-20s (Harden & Tucker-Drob, 2011; Quinn & Harden, 2013; Steinberg et al., 2008). 

The protracted development of impulse control is seen when measured with behavioral 

tasks as well, especially those that are cognitively demanding and/or require processing 

emotional information (e.g., as in emotional Go/No-Go tasks; Cohen-Gilbert & Thomas, 

2013; Shulman et al., 2016). Both Cohen and colleagues (2016) and Somerville, Hare, 

and Casey (2011) demonstrated that adolescents perform worse than adults do (e.g., 

evincing more false alarms) using emotional variations of the go/no-go task. 
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Similar to the developmental trajectory of impulse control, future orientation—

one’s tendency to focus on or weigh the immediate versus long-term consequences of an 

action—improves with age, though changes may be relatively modest during the early 

adolescent years when assessed via self-report measures (Romer et al., 2010; Steinberg et 

al., 2009b). Studies employing delay discounting tasks also report increases in future 

orientation with age. In a sample of 10- to 30-year-olds, Steinberg and colleagues 

(2009b) found that age predicted an increase in future orientation, indexed by the 

tendency of an individual to choose a larger, but delayed reward, even as the delay period 

increases. This pattern has been replicated in separate samples of 14- to 19-year-olds 

(Banich et al., 2013), 14- to 22-year-olds (Romer et al., 2010) and 9- to 23-year-olds 

(Olson, Hooper, Collins, & Luciana, 2007).  

Adolescents, compared to adults, are also more sensitive to peer presence or 

influence. When measured by self-report, resistance to peer influence tends to increase 

with age during adolescence and into adulthood (Pfeifer et al., 2011; Steinberg & 

Monahan, 2007; Sumter, Bokhorst, Steinberg, & Westenberg, 2009), although some 

studies show the most pronounced gains during mid- to late adolescence (around 14-18), 

and only modest changes before and after this period (Steinberg & Monahan, 2007). 

Further, researchers find that adolescents (under age 18) who are observed by a peer take 

more risks on laboratory tasks (e.g., gambling tasks) than those who complete the tasks 

alone (Cascio et al., 2015; Kretsch & Harden, 2013; Smith, Chein, & Steinberg, 2014). 

These findings are also consistent with studies demonstrating a link between low levels 

of resistance to peer influence and higher levels of real-world risk behaviors (which often 

occur in the presence of peers), including substance use (Allen, Porter, & McFarland, 
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2006) and sexual promiscuity (Choukas-Bradley, Giletta, Widman, Cohen, & Prinstein, 

2014). Experimental studies of peer influence that include adolescents and adults are 

relatively rare; however Chein and colleagues (2011) found that adolescents (ages 14-18), 

but not adults (19-22 and 24-29), evince higher risk-taking behavior on a simulated 

driving task if observed by a peer, suggesting a parallel with the self-report data. 

This peer effect also extends to college-aged participants (between 18 and 22 

years old), who display greater preference for immediate reward (O’Brien et al., 2011; 

Weigard et al., 2014) and increased risk taking (MacLean, Geier, Henry, & Wilson, 2013; 

Reynolds, MacPherson, Schwartz, Fox, & Lejuez, 2014) when observed by a peer than 

when alone. The presence of a peer, whether passive or active, real or illusory, changes 

the way adolescents behave in the face of risk. This effect appears to extend into late 

adolescence or early adulthood when peer influence is relatively overt. 

The protracted development of self-regulatory capacities has important 

implications for where the law draws age boundaries. An abundance of evidence 

indicates that self-regulatory capacities continue to develop well past adolescence (and, 

importantly, past the age of majority). This age pattern is borne out when using self-

report measures, behavioral tasks, and neuroimaging techniques. Accordingly, 

adolescents are likely not equipped to exercise good judgment in hot contexts, such as 

when drinking, when getting behind the wheel of a car, or when they find themselves in 

criminogenic contexts—particularly when an adult is not present. 

How well does the law track with developmental science?  

Are the current age boundaries appropriate based on what we know about 

development? It depends. For some issues, the age boundary is in the right ballpark; for 
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others, the developmental science does not support the boundary; and for others still, the 

answer is equivocal.  

 Issues for which developmental science and the law generally agree include 

voting, the legal minimum purchase age for alcohol, and some aspects of adjudicative 

competence (in theory, at least). Voting is inherently a deliberative process, and thus the 

ability to exercise good judgment matures relatively early. Although the voting age is 18, 

the developmental research suggests that 16 would be consistent with the science. In 

contrast, consuming alcohol is typically a social event that likely includes excitement and 

elements of peer influence. Given that self-regulatory capacities continue to develop into 

adulthood, the minimum legal purchase age of 21 is consistent with developmental 

science. 

With regard to adjudicative competence, mid-adolescents are capable of making 

competent decisions about plea deals, especially given that a knowledgeable adult is 

present to assist in the decision-making process. However, there is some evidence that the 

environment in which some youth make decisions about plea deals inhibits competent 

decision making. First, youth may be given short timeframes during which they can 

choose to accept or reject a plea deal. This time pressure alone is a considerable stressor 

that will likely disrupt the decision-making process. Second—and most important—youth 

may face these situations without adequate guidance or information from an attorney. 

Zottoli et al. (2016) found that attorneys met with their juvenile clients less frequently 

than attorneys typically meet with their adult clients. Thus, although the developmental 

science suggests that juveniles, by the time they are 15 or 16, are competent to make legal 

decisions, not all youth may have sufficient information or guidance form their attorneys 
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to make a competent decision. 

 Issues for which developmental science and law do not agree include consenting 

to participate in research (for which the age boundary is likely too high, given research on 

cold cognitive abilities), as well as restrictions on firearm purchases and death penalty 

laws (for which the age boundaries are probably too low). Consenting to research 

involves the same principles as consenting to a medical procedure—understanding, 

reasoning, and appreciation—which are typically adult-like in mid-adolescence. 

However, in the U.S., adolescents under 18 cannot consent to participate in research 

without parental permission. Given that most research with minors is low-risk and 

involves substantial oversight by adults (including investigators as well as Internal 

Review Boards), this age boundary appears overly conservative. 

As mentioned above, some adjudicative contexts do not facilitate deliberation, 

and youth are likely not capable of exercising good judgment. Police interrogations are 

particularly problematic. Youth are subject to many of the same aggressive police tactics 

used with adults during interrogations (Malloy et al., 2014; Redlich, Silverman, Chen, & 

Steiner, 2004), and most youth face these situations alone (e.g., a minority of adolescents 

requests an attorney) or with inadequate support (e.g., from parents with little knowledge 

of the legal process). Self-regulatory capacities that would be necessary for good 

judgment in these situations are diminished among youth. Unfortunately, there are 

relatively few regulations protecting youth from aggressive police tactics (for example, 

by requiring the presence of an interested adult during questioning). 

The same qualities that render minors under 18 less culpable than adults do not 

magically disappear at age 18. According to the developmental research, deficits in self-
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regulation remain relevant for at least the first few years of legal adulthood. Thus, is 

likely that even young adults are not mature enough to warrant the most severe sanctions 

that we reserve for the worst offenders, including the death penalty, and potentially life 

without the possibility of parole. Indeed, a recent court opinion in Kentucky argued as 

much, and ruled that the death penalty is an inappropriate punishment for individuals 

under 21 (Kentucky v. Bredhold, 2017). More recently, a federal court in Connecticut 

ruled that mandatory life without the possibility of parole is unconstitutional for offenders 

who were 18-years-old at the time of the crime, effectively extending the Miller 

protections beyond age 17 (Cruz v. U.S., 2018). 

 Lastly, there are other legal matters where the appropriateness of age boundaries 

is equivocal, including medical decision making and driving. With support from 

knowledgeable adults, adolescents are competent to make decisions about their medical 

care by 15-16 years. Although full autonomy in medical decision making is not granted 

until 18, some exceptions are made for minors (e.g., treatment for STIs, mental illness, or 

substance abuse). For all other procedures, minors must petition for decision-making 

autonomy via the mature minor doctrine or emancipation. Given that most minors are 

competent to make informed decisions about their health, it may make sense to start with 

the assumption that most teens 15 and older are intellectually mature enough to consent 

to a given medical procedure. 

Graduated driver licensing programs are effective at diminishing the number 

automobile accidents of new, young drivers. For example, GDL programs effectively 

reduce crashes among young teens (McCartt et al., 2010). That said, based on the age 

patterns of self-regulatory capacities as well as epidemiological studies of automobile 
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fatalities, age 16 appears too low for licensing youth, even with existing GDL laws. At 

this age, deficits in self-regulation increase the likelihood of risky or dangerous driving. 

Unsurprisingly, according to the Centers for Disease Control and Prevention (2015), the 

leading cause of death among teens are accidents, and of those accidental causes, well 

over half are due to automobile crashes. Although GDL laws are helpful, it would be 

more consistent with the developmental science and epidemiological data to delay 

licensing individuals. 

Limitations of the Existing Literature 

A substantial limitation in the psychological and legal literatures is the relative 

dearth of studies exploring young adulthood as a period of development (Scott et al., 

2016b). Most studies do not distinguish between young adults (say, between 18 and 21 

years) and older adults (22 years and older). More often, adolescents are compared to a 

single adult group comprising adults 18 and older. In studies that do attempt to 

distinguish between young adults and somewhat older adults, many use wide age bands 

that conceal potentially meaningful developmental changes (i.e., by grouping 18-21 year-

olds together, one misses changes occurring within the age band). Further, it is likely that 

there are significant developmental changes across the young adult years. For example, 

self-regulation continues to develop beyond young adulthood (Steinberg et al., 2018) and 

neuroimaging studies document continued development in brain functioning and 

structure into the mid-twenties (Casey, 2015). Thus, it is critical to look at changes within 

these age bands for a more accurate assessment of when maturity is reached. 

Second, most of the relevant research has been conducted in the U.S. and other 

Western countries, so it is not known to what degree conclusions drawn from these 
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countries extend to non-Western societies. In addition, cross-cultural work typically 

involves only a handful of countries or cultural groups at a time, which makes it difficult 

to draw any general conclusions across studies. Few cross-cultural studies have explored 

the kinds of attributes relevant to hot legal contexts or cold legal contexts, and of these 

studies, most are limited in one way or another. Of the studies examining the 

development of legally-relevant phenomenon, for example, most typically use a narrow 

age range capturing only one developmental period (e.g., childhood but not adolescence; 

adolescence but not young adulthood), which impedes our understanding of development 

from one stage to the next.   

Despite the limitations of the published cross-cultural research, some studies have 

examined age patterns of legally relevant constructs. Of the studies conducted outside the 

U.S., findings are generally consistent with findings using North American samples: 

cognitive capacity improves with age across childhood and into adolescence in Kenya 

(Alcock, Holding, Mung’ala-Odera, & Newton, 2008), Japan (Imada, Carlson, & Itakura, 

2013), the UK (Heyes, Zokaei, & Husain, 2016), the Netherlands (Huizinga et al., 2006), 

and Hong Kong (Wang, Devine, Wong, & Hughes, 2016). At least one cross-cultural 

study of personality included subscales of sensation seeking and impulsivity (both 

relevant to decision making in hot contexts). For example, the Zuckerman-Kuhlman 

Personality Questionnaire (ZKPQ) contains a subscale for impulsive sensation seeking 

(which contains items related to both impulsivity and sensation seeking and correlates 

highly with the Zuckerman Sensation Seeking Scale; Zuckerman, Kuhlman, Joireman, 

Teta, & Kraft, 1993). In a study of young adults (mostly undergraduates) in China, 
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Germany, Italy, Spain, and Switzerland, sensation seeking decreased with age during 

adulthood (18-25), though impulsivity did not (Rossier et al., 2007).  

Although the limited research that does exist suggests similarities across cultures 

in age patterns of certain aspects of maturity, there are reasons to expect cultural 

variation, particularly in self-regulation. Cross-cultural studies of self-regulation focus on 

the socialization of appropriate behaviors (i.e., emotional displays), especially in social 

interactions. That is, to the extent that emotions motivate or precipitate behavior (e.g., 

feeling anger may lead to an act of aggression), emotion regulation is necessary to meet 

the behavioral norms of a culture (LeCuyer & Zhang, 2014; Matsumoto et al., 2008). In 

this view, parents and peers shape self-regulation by encouraging culturally appropriate 

behaviors and discouraging inappropriate behaviors (Chen & French, 2008). Cultures 

valuing individuality (typically Western cultures) encourage autonomy and self-assertion 

(Triandis, 1995) whereas more collectivistic cultures may encourage compliance with the 

group to promote group harmony (Chen & French, 2008). These cultural differences may 

lead to faster development of self-regulation in collectivistic societies compared to 

individualistic ones (Lamm et al., 2017). Interestingly, cultural variations in self-

regulation also extend to regulation of positive emotions. Due to cultural differences in 

beliefs about the utility of positive emotions, Americans may be less likely to dampen 

positive emotions compared to people from East Asian countries (Ma, Tamir, & 

Miyamoto, 2018; Miyamoto & Ma, 2011).  

The Current Study 

The purpose of this study is to explore the age patterns of two facets of 

development relevant to the treatment of young people under the law: psychological 



 

 40 

attributes relevant to good judgment in cold contexts—specifically cognitive capacities—

and psychological attributes relevant to good judgment in hot contexts—specifically self-

regulatory capacities. According to previous studies, mainly of U.S. populations, 

cognitive capacities, which undergird the ability to exercise good judgment in cold 

contexts, are mature by mid-adolescence, but self-regulation, which undergirds the ability 

to exercise good judgment in hot contexts, improves well into the adult years. In this 

dissertation, I replicate and expand on these findings in the U.S. and ten other countries 

using data from a large, cross-national study. 

Specifically, I explore the ages at which cognitive and self-regulatory capacities 

reach adult levels using a cross-national sample comprising over 5,200 individuals 

between ages 10 and 30 from eleven countries. The countries in this sample—China, 

Colombia, Cyprus, Jordan, Kenya, India, Italy, the Philippines, Sweden, Thailand, and 

the U.S.—are diverse geographically, economically, and culturally, including on 

dimensions of individualism/collectivism and indulgence/restraint (Hofstede, 2011). For 

example, Columbia and China rank as some of the world’s most collectivistic cultures, 

whereas Italy and the U.S. are some of the most individualistic. Likewise, China and 

India greatly value restraint, whereas Sweden and Columbia are highly indulgent. 

Participants in the current sample completed a large battery of computerized tasks 

and self-report questionnaires designed to measure various cognitive capacities and 

aspects of self-regulation. In the next chapter, I describe the measures in detail. Briefly, 

measures of cognitive capacity employed in the current study include the Digit Span, an 

item-recognition working memory task, and a verbal fluency task. Facets of self-

regulatory capacity assessed in the current study include prudence, future orientation, 



 

 41 

impulse control, cost avoidance, and resistance to peer influence. 

My conceptualization and measurement of cognitive capacity and self-regulatory 

capacity are very similar to Steinberg and colleagues’ (2009) operationalizations of 

cognitive capacity and psychosocial maturity, respectively. Indeed, my composite 

measure of cognitive capacity is essentially identical to theirs. In contrast, my version of 

self-regulatory capacity includes behavioral measures, whereas Steinberg et al. (2009) 

relied solely on self-reports. However, like Steinberg et al.’s (2009) measure of 

psychosocial maturity, the current self-regulation composite taps various manifestations 

of self-restraint.  

The current study has three principal aims:  

Aim 1. To replicate previous U.S. research on the age at which cognitive 

capacity reaches adult levels. Previous research indicates that elements of cognitive 

capacity typically mature by age 16. In the present study, I revisited the question of the 

age at which cognitive capacity matures by creating a composite variable comprising 

three tasks to measure multiple facets of working memory and cognitive flexibility and 

comparing the performance of U.S. individuals of different ages. 

Aim 2. To replicate previous U.S. research on the age at which self-

regulatory capacity reaches adult levels. Previous research indicates that elements of 

self-regulatory capacity generally continue to develop beyond age 18. I revisited the issue 

of the age at which self-regulatory capacity matures by creating a composite variable 

comprising four behavioral measures and one self-report measure of five different 

manifestations of self-regulatory capacity: prudence, future orientation, planning, cost 
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avoidance, and resistance to peer influence. I then compared the performance of U.S. 

individuals of different ages. 

Aim 3. To extend the analyses conducted in the U.S. to the other ten countries 

in the sample to determine the degree to which patterns observed in the U.S. may 

(or may not) be evinced in different cultural contexts. Following my analysis of data 

from the U.S. sample, I conducted similar analyses within each non-U.S. country 

separately. 
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CHAPTER 2 

METHODS 

Study Overview 

As discussed in the previous Chapter, the purpose of this study is to explore the 

age patterns of two facets of development relevant to the treatment of young people under 

the law: psychological attributes relevant to good judgment in cold contexts—specifically 

cognitive capacities—and psychological attributes relevant to good judgment in hot 

contexts—specifically self-regulatory capacities. According to previous studies, mainly 

of U.S. populations, cognitive capacities, which undergird the ability to exercise good 

judgment in cold contexts, are mature by mid-adolescence, but self-regulation, which 

undergirds the ability to exercise good judgment in hot contexts, improves well into the 

adult years. In this dissertation, I replicate and expand on these findings in the U.S. and 

ten other countries using data from a large, cross-national study. 

Participants 

The sample for the present study (N= 5,404) comprised between 407 and 570 

individuals between the ages of 10 and 30 years from each of eleven locales: Guang-

Zhou and Shanghai, China (N=493); Medellin, Colombia (N= 513); Nicosia, Cyprus (N= 

407); Delhi, India (N= 425); Naples and Rome, Italy (N= 561); Amman and Zarqa, 

Jordan (N= 506); Kisumu, Kenya (N= 488); Manila, the Philippines (N= 512); several 

cities in the west of Sweden (N= 425); Chang Mai, Thailand (N= 504); and Durham and 

Winston-Salem, the United States (N= 570). Most of the 10-11-year-olds were 

participants in an ongoing study of parenting across cultures (PAC) that is being 

conducted in all of these locales except Cyprus and India (Lansford & Bornstein, 2011). 
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Cyprus and India, which were not in the PAC study, were involved in the current one. 

The gender balance was nearly even within the whole sample (49.2% male, n = 2,658; 

50.8% female, n = 2,746), within each country (range: 48.9-53.8% female), and across 

age groups (range: 48.7-52.0% female). 

The PAC countries were originally selected because they differ markedly in how 

children are disciplined, a primary focus of that project (Lansford & Bornstein, 2011). 

This focus resulted in a sample of countries that is diverse along several socio-

demographic dimensions, including predominant race/ethnicity, predominant religion, 

various economic indicators, and indices of child well-being. For example, on the Human 

Development Index, a composite measure of a country’s status with respect to health, 

education, and income, participating countries ranged from a rank of 5 (United States) to 

147 (Kenya) out of 187 countries with available data (United Nations Development 

Programme, 2014). 

The participating countries varied widely not only on socio-demographic 

indicators, but also on psychological constructs such as individualism versus 

collectivism, which likely influences how adolescents and adults make day-to-day 

decisions. Ultimately, this diversity provided me with an opportunity to examine our 

research questions in a sample that is more generalizable to a wider range of the world’s 

populations than is typical in most research on adolescent development. Although there 

are ethnic minorities in each of the participating countries, participants did not identify 

themselves as being members of any ethnic minority groups except in the United States, 

where a mix of Black, Latino, and White participants were deliberately enrolled, and in 

Kenya, where participants were of the Luo ethnic group. 
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All participants were recruited from the same neighborhoods as the children in the 

PAC study; in Cyprus and India, which are not in the PAC study, participants were 

recruited from neighborhoods similar to those used in the PAC study. In each country, the 

sample was recruited to yield an age distribution designed to replicate the age distribution 

of an American sample who had been studied previously using a similar test battery (see 

Steinberg et al., 2008, for a description). Each study site attempted to recruit at least 30 

males and 30 females from each of seven age groups: 10-11 years, 12-13 years, 14-15 

years, 16-17 years, 18-21 years, 22-25 years, and 26-30 years. (Because the 10-11 year-

old group comprised PAC participants, within PAC countries, the number of participants 

in this group generally exceeded those in other age groups.) Across countries, participants 

came from households with comparable levels of parent education, which averaged some 

college. 

Procedure 

Participants were recruited via flyers posted in neighborhoods, schools, ads placed 

in newspapers, and word of mouth. Because of this recruitment method, I cannot 

determine whether those who responded to recruitment ads differed from those who did 

not. Informed consent was obtained for all participants 18 and older. Parent consent and 

adolescent assent were obtained for all youth under 18 except in Sweden, where parental 

consent is not required for youth 15 years and older.  

At each data collection site, research staff received identical training for 

administering the test battery. Measures were administered in the predominant language 

at each site, following forward- and back-translation and a process of cultural adaptation 

(Erkut, 2010). Translators were fluent in both English and the target language, and 
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identified any items that translated poorly, were culturally insensitive or inappropriate, or 

may have multiple meanings. Site coordinators and translators then modified items as 

appropriate. During data collection, investigators from each site attended an annual in-

person meeting to resolve any questions, concerns, or obstacles, and to review study 

procedures. In addition, ongoing questions or issues were resolved via frequent e-mail 

and Skype calls. Incoming data were received and checked weekly by a central 

coordinating center. 

Participants completed a session that lasted two hours, and were tested 

individually by a staff member in participants’ homes, schools, or other locations 

designated by the participants. Participants completed computerized versions of all 

measures including self-report measures, behavioral tasks, an intelligence assessment, 

and a demographic questionnaire. In order to maintain participants’ interest and 

motivation, they were told they would receive a base payment ($30 in the U.S.) for 

participating in the study, but that they could earn a bonus (equal to 50% of the base 

payment) based on their performance on the computer tasks. In actuality, all participants 

received this bonus. Participants were debriefed regarding this deception in countries 

where local Institutional Review Boards (IRBs) deemed such disclosure necessary. Base 

payments were set by local investigators so as not to be coercive. Local Institutional 

Review Boards approved all procedures. 

Measures 

Of primary interest in the present analyses are  a demographic questionnaire, a 

measure of intellectual ability, three measures of cognitive capacity, and five measures of 

self-regulatory capacity. 
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Demographics. Participants reported their age, sex, and the level of education of 

each of their parents, as a proxy for socioeconomic status. Owing to small but significant 

differences among age groups, average parental education was used as a covariate in all 

analyses. 

Intellectual ability. The Matrix Reasoning subtest of the Wechsler Abbreviated 

Scale of Intelligence (WASI) (Psychological Corporation, 1999), administered on a 

laptop, was used to estimate nonverbal intellectual ability. (Verbal subscales of the 

WASI were excluded due to the variability in language across sites in the sample.) The 

WASI has been normed for individuals between the ages of 6 and 89 years; an age-

normed score (t-score) was computed for each participant. Intellectual ability, which may 

influence task performance, was added as covariate in all analyses to control for small but 

significant age differences in intellectual functioning in some of the countries. 

Cognitive capacity. I created a composite measure of cognitive capacity that 

included Digit Span, working memory, and verbal fluency tasks. I used the backwards 

trials of the Digit Span task and an item-recognition task to assess different components 

of working memory. Further, I used a verbal fluency task to measure cognitive flexibility 

as well as other subcomponents of cognitive processes (as described above). Performance 

on these tasks was standardized within country and averaged to create the composite. 

Digit Span. Participants recalled strings of digits beginning with two digits and 

increasing to eight. The outcome of interest is the highest number of digits recalled in 

reverse order (Digit Span Backwards, or DSB). DSB taps working memory because it 

requires individuals to hold and manipulate information held in memory whereas the 

forward condition primarily taps short-term memory (Diamond, 2013). 
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Working memory. In this item-recognition working memory task, participants 

saw four probe letters on the screen, followed by a target letter (Thompson-Schill et al., 

2002). Participants indicated whether the target letter was among the four probes. In half 

of the trials, the target was among the probes (“positive trials”), whereas in the other half 

of the trials, the target was not among the probes (“negative trials”). On difficult trials, 

two of the four probes had appeared on the previous trial; on easy trials, none of the four 

probes had appeared in the two previous trials. Participants completed two blocks of 

thirty-two trials. The outcome of interest was average accuracy across all trials types.  

Verbal fluency. Participants generated as many words as possible in one minute 

for each of six trials. Three trials required participants to generate words starting with a 

certain letter (i.e., “F”, “A”, or “S”), and three required naming words belonging to a 

given category (i.e., fruits, vegetables, and animals). This task assesses cognitive 

flexibility—one’s ability to adjust behavior in response to a changing environment, 

typically new rules, demands, or priorities (Diamond, 2013). Cognitive flexibility is 

required both between sets (e.g., having to switch from categories to letters) and within a 

set (e.g., switching from naming farm animals to animals in the ocean) (Shao, Janse, 

Visser, & Meyer, 2014). Additionally, the verbal fluency task requires attention (to 

changing stimuli and task demands), inhibition (of previous responses that are now 

inappropriate), and working memory (finding a new strategy and tracking which words 

one has already said) (Shao et al., 2014).  

In the current sample, the relative availability of words beginning with specific 

letters varied as a function of language. Thus, performance on letter trials was excluded. 

The number of valid words (i.e., those that were not proper nouns, repeats, or different 
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forms of the same word) generated within each category (fruits, vegetables, and animals) 

were averaged to create an overall fluency score. Kenyan participants scored notably 

lower than any other country (e.g., 2/3 of the sample did not produce one example of a 

fruit). A discussion with the principal investigator in Kenya revealed that these low 

scores may be the result of low exposure to a variety of fruits, vegetables, and animals, or 

to performance-related anxiety. Further, Kenyans who have attended school are often 

multilingual, and a language mix-up could have contributed to poor performance. 

Accordingly, the cognitive capacity variable for Kenyan participants excluded verbal 

fluency. 

Self-regulatory capacity.  I created a measure of self-regulatory capacity by 

averaging within-country standardized scores from five measures: self-reported resistance 

to peer influence, the Stoplight task, delay discounting, the modified Iowa Gambling 

Task, and the Tower of London task. To assess prudence, I used the “Stoplight Task,” 

which is associated with self-reported sensation seeking (Steinberg et al., 2008). To 

assess future orientation, I used a delay discounting task, in which the degree to which 

one prefers to accept a smaller, but immediately available reward over a larger, delayed 

reward reflects one’s (lack of) future orientation. Performance on delay discounting is 

associated with self-reported future orientation (Steinberg et al., 2009b). To assess 

planning, I relied on the latency to first move on the Tower of London task, which 

reflects an individual’s ability to withhold responding until they have formed a plan 

(Albert & Steinberg, 2011). Additionally, I included a measure of cost avoidance, or 

one’s ability to learn from negative outcomes, using a modified version of the Iowa 

Gambling Task (IGT; Cauffman et al., 2010). Like its counterparts, this measure assesses 
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self-restraint in the face of potential reward. Specifically, the IGT requires that one learn 

to resist potential rewards that also carry high costs. Lastly, because a behavioral measure 

was unavailable, I used self-reported resistance to peer influence. In its opinion, the 

Supreme Court explicitly cited teens’ greater susceptibility to others as a mitigating factor 

for their bad behavior (Roper v. Simmons, 2005). Thus, given its important place in 

questions of maturity, self-reported resistance to peer influence was retained in the 

current study. 

Resistance to peer influence. Resistance to peer influence (RPI; Steinberg & 

Monahan, 2007) was assessed by a ten-item questionnaire that uses a two-stage response 

format (see Appendix A for the full scale). Participants first indicated which of two 

opposing statements best described them (e.g., “For some people, it’s pretty easy for their 

friends to get them to change their mind BUT for other people, it’s pretty hard for their 

friends to get them to change their mind”). Then, participants rated whether this 

statement is “really true” or “sort of true,” yielding a four-point scale. The outcome of 

interest is the average score on the measure. Because, in our sample, confirmatory factor 

analyses (CFAs) indicated poor model fit using the four-point scale in all countries, I 

used dichotomized responses (i.e., which of the two statements was selected)—which 

yielded better model fit indices—to compute scales scores. Further, psychometric 

properties of the RPI (based on fit indices from confirmatory factor analysis) were 

improved when using only seven of the original ten items. Thus, I used only 

dichotomized responses from these seven items. Details of this scale modification are 

described below. Internal consistencies ranged from α = .43 (Philippines) to .79 (India).  

The Stoplight task. To obtain a behavioral index of prudence, participants 
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completed a computerized driving task called the “Stoplight task” (Steinberg et al., 

2008). In this task, participants approached a series of twenty intersections at which they 

decided whether to run a stoplight as it turned yellow, or to stop safely. If the participant 

chose to stop, he or she must wait three seconds before restarting. If the participant ran 

the light, he or she either passed through successfully (resulting in no loss of time), or 

crashed into another car (resulting in a loss of six seconds). Performance on this task is 

associated with self-reported sensation seeking (Chein, Albert, O’Brien, Uckert, & 

Steinberg, 2011; Steinberg et al., 2008). Sensation seeking was defined as the proportion 

of lights run (regardless of whether the participant passed safely through the intersection). 

Z-scores for this measure were reversed so that higher values indicate greater prudence 

(i.e., less sensation seeking). 

Delay discounting. To assess individuals’ future orientation, participants 

completed a delay discounting task (see Steinberg et al., 2009b for details). In this task, 

participants made hypothetical decisions between an immediate but smaller reward and a 

delayed but larger reward. The value of the delayed reward was held constant at 1,000 

units of local currency. The starting value of the immediate reward was randomly 

determined for each participant to be 200, 500, or 800 units of currency. This version of 

the task uses six delay periods: 1 day, 1 week, 1 month, 3 months, 6 months, and 1 year 

(e.g., ‘‘Would you rather have 200 euros today or 1,000 euros in six months?’’). The size 

of the immediate reward was adjusted after each offer to converge at a value reflecting 

the subjective value of the delayed reward if it were offered immediately, referred to as 

the “indifference point” (Ohmura, Takahashi, Kitamura, & Wehr, 2006). Indifference 

points for the three longest delay intervals (3 months, 6 months, and 1 year) were 
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averaged and used as a measure of future orientation. As the delay period lengthens, one 

must have a stronger sense of future orientation to forgo the immediate reward. That is, 

when waiting only one day or one week to receive a reward, it is relatively easy to forgo 

the immediate option. Longer delays, then, may better inform our understanding of future 

orientation because they require projection into the extended future. A higher value 

indicates a stronger willingness to forgo an immediate smaller reward for a more valuable 

reward in the future (i.e., greater future orientation). 

Many researchers using delay discounting measures report a small number of 

participants who fail to vary their responses across delay periods (i.e., they always choose 

the immediate reward regardless of the delay, or they always choose the delayed reward 

regardless of the delay). Because these responses show an absence of discounting 

behavior (indicating that participants either do not take the task seriously, or do not 

understand the task), data for these participants are recoded as missing (n = 171). 

Modified Iowa Gambling Task. Cost avoidance was measured by a modified IGT 

(Cauffman et al., 2010). Participants played from four decks of cards to earn money. Two 

of the decks resulted in a monetary gain over repeated play (advantageous decks), 

whereas the other two resulted in a net loss over repeated play (disadvantageous decks). 

In this modified version of the IGT, one deck was highlighted with an arrow, and 

participants were given four seconds to decide to play or pass on that card (see Cauffman 

et al., 2010 for details). This “play or pass” modification allowed me to independently 

track avoidance of disadvantageous decks (Peters & Slovic, 2000). The task was 

administered in six blocks of twenty trials. A running total of each participant’s earnings 

remained on the screen throughout the task. Cost avoidance was operationalized as the 
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change in proportion of cards played on disadvantageous decks from the first block to the 

last (sixth) block. The more an individual resisted the disadvantageous decks over the 

course of the task, the better they were at learning to avoid harmful decks despite their 

potential for reward. So that higher values indicated greater cost avoidance and restraint, 

scores were z-scored and reversed. 

Tower of London task. Impulse control comprises related, but distinct constructs, 

including thinking before acting (or reacting) and one’s propensity to plan. Here, I 

focused on the latter using a computerized version of the Tower of London task (Albert 

& Steinberg, 2011; Shallice, 1982). Participants saw pictures of two sets of three colored 

balls distributed across three rods, one of which can hold three balls, one can hold two 

balls, and the last, only one ball. The first picture showed the starting position of the three 

balls and the second picture depicted the goal position. The purpose of the task is for 

participants to match the goal arrangement in as few moves as possible by moving the 

balls from peg to peg.  Participants saw twenty trials, beginning with trials that can be 

solved in three moves and progressing to those that require a minimum of seven moves. 

One capacity assessed by this task is whether one can inhibit acting before a plan is fully 

formed. This “planning” disposition was measured by the latency to the first move (in 

milliseconds) on difficult problems (those requiring six or seven moves to complete). To 

prevent extreme outliers from influencing the results, participants with latencies greater 

than sixty seconds were recoded as missing (n = 18). As is often the case with response 

time data, latencies were markedly skewed. A log transformation was applied to these 

data, which improved the distribution. 
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Preliminary Analyses 

Before describing the logic of my primary analyses, I outline below the 

preliminary steps I took to ensure that my proposed analyses were appropriate. 

Preliminary analyses included examination of missing data, tests of measurement 

invariance, modification to the resistance to peer influence scale, and confirmatory factor 

analysis of the composites’ components. 

Missing data. A relatively small number of participants (172; 3.18%) were 

excluded based on interviewer feedback (e.g., the participant did not appear to understand 

tasks or did not evince adequate effort during the assessment). Three participants who 

failed to report their age or exceeded the age range were dropped. Of the remaining 5,227 

participants, 78 (1.50%) did not provide information on parental education, 83 (1.59%) 

lacked Tower of London data, and 165 (3.16%) lacked data from the Stoplight task, and 

(mostly due to technical difficulties with the program). Forty-one participants were 

missing delay discounting, and an additional 171 failed to vary their responses (either 

always choosing the immediate option or always choosing the delay option) and were 

recoded as missing. In total, 212 (4.06%) of participants lacked delay discounting data 

after this process. Less than 1% of the sample were missing data on any other covariate 

or measure.  

Measurement invariance and scale modification. In cross-cultural research using 

self-report measures, a critical first step in data analysis is determining whether a scale 

measures the same underlying construct across the cultures of interest. To ensure that our 

measure of self-reported resistance to peer influence is suitable for use in this sample, I 

examined the psychometric properties of the scale using two analytic tools: confirmatory 
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factor analysis (CFA) and the alignment approach to measurement invariance. The goal 

of these analyses was to determine if the scale can be meaningfully compared across 

countries, and, if not, whether a modification to the scale may be appropriate. 

First, I fit CFAs for the scale within each country to test for unidimensionality, 

and to identify potentially problematic items (e.g., those that do not load strongly on the 

latent variable). To confirm whether the scale is unidimensional, I specified a model in 

which all ten scale items load onto a single latent factor. Based on model fit statistics, I 

determined whether a unidimensional model was appropriate for the scale. With regard to 

model fit indices, I define root mean square error of approximation (RMSEA) values .01-

.05 as close fit, .05-.08 as acceptable fit, and .08-.10 as mediocre fit, and > .10 as poor fit 

(a value of .00 indicates exact fit). For the comparative fit index and the Tucker Lewis 

index, values of .95-.99 indicate close fit, .90-.95 indicate acceptable fit, and .85-.90 

indicate mediocre fit, and < .85 as poor fit (a value of 1.00 indicates exact fit) (Little, 

2013). A model with acceptable fit indicates a unidimensional construct whereas a model 

with poor fit indicates that such a model does not adequately describe the data. 

To explore whether the scale shares meaning across cultures, I assessed 

measurement invariance (Muthén & Asparouhov, 2014). Traditional chi-square 

difference tests of measurement invariance are notoriously sensitive to even trivial 

departures from measurement invariance in large samples (Little, 2013). Therefore, even 

inconsequential deviations may result in the rejection of the null hypothesis that the 

parameters of a scale do not differ across groups, which limits the comparisons 

researchers can make across groups. However, researchers have developed alternative 

approaches to testing measurement invariance, particularly in large samples where 
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statistically significant, but minor, departures from measurement invariance are common. 

One such approach is known as “alignment”. The alignment approach is appropriate for 

the current sample because it handles small numbers of groups (i.e., fewer than 30), and 

is less conservative than traditional chi-square difference testing (Muthén & Asparouhov, 

2014). 

In the alignment approach, measurement invariance is minimized using a 

simplicity function in a way that parallels rotations in exploratory factor analysis (Muthén 

& Asparouhov, 2014). An iterative, ad-hoc procedure then determines the largest “set” of 

groups that contains no significant difference on a given parameter. First, pairwise tests 

establish the largest set of groups that do not differ significantly (using a more 

conservative p-threshold that is adjusted for multiple comparisons).  Any two groups that 

do not differ are “connected.” Second, the average value of the parameter from this 

invariant set of connected groups is statistically compared to the value of the parameter of 

each individual group, whether that group is part of the invariant set or not.  If that 

comparison indicates non-significant differences (i.e., p > .001), the group is added (or 

kept in) to the invariant set. If that comparison indicates significant differences (p < 

.001), the group is removed from (or kept out of) the invariant set.  This procedure is 

repeated for each parameter until no groups are added or removed. Groups that are 

excluded from the invariant set, therefore, differ from the average value of the invariant 

group for a given parameter, and are considered non-invariant (Muthén & Asparouhov, 

2014). 

In addition to providing information about measurement invariance generally, the 

alignment output also provides information about the non-invariance of each scale item in 



 

 57 

each country. This information can thus be used in conjunction with results from CFA to 

identify items that appear not to share meaning across cultures, and might be good 

candidates to remove from the scale.  

Using the model fit criteria described above, CFA demonstrated that the 10-item 

RPI scale evinced poor model fit in seven countries (see Appendix B for model fit 

details). Alignment and visual inspection of factor loadings were conducted to determine 

whether specific items were consistently contributing to model misfit across countries 

and therefore may have warranted removal from the scale. Results of alignment, detailed 

in Appendix C, indicated that two items—items 2 and 10—were responsible for the 

largest amount of measurement non-invariance as indexed by the fit function contribution 

values and the test of non-invariance (where four countries were non-invariant on each of 

these items). A third item (item 6), also contributed notably to the fit function 

contribution values, though to a lesser extent than items 2 and 10. 

There are two notable features of these items that may explain these findings. 

First, all three items are reverse-worded items (i.e., a higher score on these items 

indicated lower resistance, whereas a higher score on all other items indicated higher 

resistance). Previous studies have found that reverse-worded items may detrimentally 

impact tests of fit and measurement invariance due to culture-specific response biases 

(e.g., Wong, Rindfleisch, & Burroughs, 2003). Second, items 2 and 10 use wording that 

is inconsistent with the rest of the scale—specifically the use of the term “crowd” instead 

of “friends”. Model fit of a unidimensional construct is worsened if participants respond 

to reverse-worded items differently compared to direct-worded items and to items using 

“crowd” compared to items using “friends”. When these items were removed from the 
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scale, model fit and measurement invariance improved universally (see Appendix D and 

Appendix E for CFA and alignment results, respectively, of the abbreviated 7-item scale). 

Muthén and Asparouhov (2014) suggest that approximate measurement invariance is 

attained if less than 20-25% of parameters register as non-invariant. Test of measurement 

invariance indicated very few non-invariant items (less than 7%) for the RPI. 

Confirmatory factor analysis of components of cognitive capacity and self-

regulatory capacity. To determine whether it was appropriate to index cognitive capacity 

using the three behavioral tasks (Digit Span, verbal fluency, and working memory), and 

self-regulatory capacity using four behavior tasks (Stoplight, Tower of London, Iowa 

Gambling Task, and Delay Discounting) and one self-report measure (Resistance to Peer 

Influence), I fit a CFA in which I specified the three cognitive tasks to load on a common 

factor, and the other five self-regulatory tasks to load on another common factor. CFA 

demonstrated excellent model fit (see Table 1 below), which suggests it was appropriate 

to examine separately cognitive capacity and self-regulatory capacity.  

That said, there are two noteworthy findings from this analysis. Both the RPI and 

the Stoplight Game evince lower standardized factor loadings compared to other self-

regulatory components. It is not surprising that the RPI loads less strongly on the self-

regulation factor given that it is the only self-report measure. That the Stoplight Game 

loads poorly is unexpected, but may be a function of the task demands. However, given 

the importance of both peer influence and sensation seeking to discussions of age 

boundaries, I opted to retain both in the self-regulatory capacity and note the implications 

of this decision in the discussion. 
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Table 1 

Confirmatory Factor Analysis of Components of Cognitive Capacity and Self-Regulatory Capacity: Standardized Factor Loadings and Model Fit Indices 

 
 

Est. SE p-value R2 p-value c2 (DF) p-value RMSEA CFI TLI 

Self-Regulatory Capacity      5.78 (19) .99 .00 (.00-.00) 1.00 1.05 

 Tower of London .35 .05 <.001 .12 .001      

 Iowa Gambling Task .43 .05 <.001 .19 <.001      

 Delay Discounting .39 .05 <.001 .15 <.001      

 RPI .16 .05 .001 .03 .11      

 Stoplight .06 .05 .29 .003 .59      
Cognitive Capacity           

 Digit Span .69 .04 <.001 .48 <.001      

 Verbal Fluency .69 .04 <.001 .47 <.001      

 Working Memory .58 .04 <.001 .33 <.001      
Note. RPI = Resistance to Peer Influence.  
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Primary Analyses & Hypotheses 

Below I describe the primary analyses completed for this study and corresponding 

hypotheses, organized by aim. I explored and analyzed the data using both SPSS 

(Version 24) and Mplus (Version 7.31; Muthén & Muthén, 1998-2010) using full-

information maximum likelihood to handle missing data.  

Aim 1: In the U.S. sample, replicate previous research on the age at which 

cognitive capacity reaches adult levels using multiple analytical approaches. To 

replicate previous work, I first completed a series of confirmatory analyses that speak 

directly to past research. These analyses included an analysis of variance (ANOVA), 

polynomial regression, and a “confirmatory” piecewise regression.  

According to the design of the study, participants were recruited for seven age 

groups that were used for analysis: 10-11, 12-13, 14-15, 16-17, 18-21, 22-25, and 26-30. 

For the ANOVA, each composite was entered as the dependent variable, and age group 

as a fixed factor independent variable. Analyses controlled for parental education (a 

marker of SES) and WASI t-scores (an index of intelligence). If the ANOVA 

demonstrated a significant effect of age on levels of cognitive capacity, I completed post-

hoc comparisons with a Benjamini-Hochberg correction for multiple comparisons 

(Benjamini, & Hochberg, 1995). I chose this correction because it is less conservative 

than a Bonferroni correction. 

Using the current age bands, three groups meet the legal definition of adulthood: 

18-21, 22-25, and 26-30. However, because the literature suggests continued 

development of self-regulatory capacities beyond the age of majority (i.e., through ages 

18-21), I used the 26-30 age group as the benchmark for the adult comparison group. In 
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this approach, I assume that maturity is achieved when a younger age group (e.g., 16-17-

year-olds) no longer differs from the adult comparison group. 

To test for polynomial trends, I fit cubic, quadratic, and linear regression models 

(in that order). In the cubic model, age, age2, and age3 were entered as independent 

variables predicting each composite, controlling for parental education and intelligence. 

The quadratic model included age and age2, and the linear model included only age. 

These polynomial regressions provide information about the age pattern of cognitive 

capacity including, for example, whether it continues to develop across the full age range. 

However, on their own, these analyses may not reveal a specific age at which cognitive 

capacity reaches maturity. I have attempted to address this limitation by integrating two 

approaches. 

To pinpoint the age of maturity using polynomial regression, I examined the 

instantaneous rate of change (IROC) in models of a quadratic or cubic fit (see Steinberg 

et al., 2017). When a higher order term (i.e., age2 or age2 and age3) is entered into the 

regression (as it is in polynomial regression), the regression coefficient of the lowest 

order term (i.e., age) is equal to the instantaneous rate of change (a tangent line drawn at 

a given point on a slope) when age = 0. If this slope is not significantly different from 

zero for a given age (i.e., it is flat), one concludes that the psychological construct of 

interest has plateaued at that age. By iteratively re-estimating the model centered at each 

age (moving from younger to older), I obtained the slope of the tangent line and its 

significance at each age. When this slope was not significantly different from zero, I 

concluded that the age pattern has reached a plateau.  

The second approach to determining the age of maturity using regression is to rely 
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on piecewise regression. Piecewise regression analysis involves breaking the sample into 

two groups—a “younger” group and an “older” group—and estimating regression lines 

for each group (see Luna, Garver, Urban, Lazar, & Sweeney, 2004 for a similar 

approach). A strength of this approach is that it is more flexible than testing for 

polynomial trends because it allows for extreme or sudden changes in slope between the 

two age groups. Additionally, it provides information about the significance of the slope 

within a given age band. I used piecewise analysis in two ways. First, to directly replicate 

previous research, I conducted a confirmatory analysis to determine whether cognitive 

capacity increases significantly from 10-15, and plateaus from 16-30. As in the ANOVA 

and polynomial regression, analyses controlled for parental education and WASI t-score. 

Second, I conducted “exploratory” piecewise analyses to determine whether the age 

pattern of cognitive capacity was better described using an alternative age grouping. That 

is, I iteratively refit the piecewise model by adjusting the age at which the groups are split 

(e.g., model 1 includes 10-14-year-olds in the “younger” group, and 15-30-year-olds in 

the “older” group, model 2 includes 10-15-year-olds in the “younger” group, and 16-30-

year-olds in the “older” group, etc.).  

I estimated all piecewise models in Mplus using a multi-group analysis 

framework. In this approach I was able to compare the intercept of one group to the 

intercept of the other. Specifically, I centered age at the oldest value in the “younger” 

group and at the youngest value in the “older” group. In other words, I have centered at 

the knot. By allowing these intercepts to be free (i.e., unequal) and statistically comparing 

them using Mplus’ “Model Test” command, I gleaned information about whether levels 

of the outcome were different between these two consecutive ages. This information 



 

 63 

afforded me greater specificity in determining the age of maturity; if the intercepts were 

not statistically different, I concluded that the construct was mature at the end of the 

younger age range. However, if the intercept of the older group was significantly higher 

than that of the younger group, I concluded that the construct was mature at the beginning 

of the older age range. 

Model selection. The goal of the exploratory piecewise analyses was to find the 

age at which the slope of a regression line changes (e.g., when it changes from increasing 

to a plateau). To determine which combination of age groups best fit the data, I compared 

the proportion of variance explained in the outcome (i.e., the R2) across models. I relied 

on R2 to compare models because of difficulties using other model fit indices (i.e., 

RMSEA, CFI, TLI, χ2, AIC, and BIC). For example, because these models were just-

identified, RMSEA, CFI, TLI, and χ2 were uninformative. The AIC and BIC were also 

uninformative because the nature of my analyses, which used different groups from one 

model to the next. That is, even though each model contained all participants from the 

U.S., group membership (and therefore group size) shifted from model to model. This 

change in the sample prevented me from interpreting model fit based on the AIC or BIC. 

However, given that R2 indicates the proportion of variance explained relative to the total 

variance in the outcome, it can be compared from one model to the other. 

To determine the model of best fit, I computed the change in R2 from a baseline 

model (in which the only predictors were the covariates, SES and WASI t-scores) to a 

model that included age. Thus, I was able to determine how much variance in the 

outcome was predicted uniquely by age. In each model, an R2  value was generated for 

each age group separately. Accordingly, I defined the model of best as that which 
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demonstrated the largest overall change in R2 from the baseline model across groups. To 

reduce the number of models I ran, I visually inspected the age patterns to determine 

which age boundaries are reasonable to test (i.e., those near the bend in the regression 

line).  

By using multiple approaches of analysis, both confirmatory and exploratory, I 

am able to replicate the analytical approaches across different studies (e.g., those that use 

ANOVA and those that use regression), and I am able to evaluate how method of analysis 

impacts conclusions about the “age of maturity” of a given construct. In previous 

research, measures of cognitive capacity reach adult levels in mid-adolescence. I expect 

to replicate this age pattern in the current U.S. sample. 

Hypothesis 1.1:  Based on the results of the ANOVA, cognitive capacity 

reaches adult levels by 16-17. 

Hypothesis 1.2:  Based on the results of the polynomial regression, cognitive 

capacity increases steeply during the first segment of the age range (from 10 to 15 or 

so), and follows by a relatively flat trajectory thereafter. Although linear and 

quadratic models may also be significant, I anticipate a significant cubic effect of 

age on cognitive capacity to accommodate the relatively flat age trajectory into 

adulthood. 

Hypothesis 1.3: Based on the results of the confirmatory piecewise 

regression, cognitive capacity increases from 10 to 15, but does not show further 

change from 16 to 30. 
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  Aim 2: In the U.S., replicate previous research on the age at which self-

regulatory capacity reaches adult levels using multiple analytical approaches. I 

completed the same series of confirmatory analyses as described for Aim 1, including 

ANOVA, polynomial regression, and piecewise regression. With regard to the piecewise 

regression the younger group comprised 10-17-year-olds, and the older group comprised 

18-30-year-olds. As in Aim 1, I also conducted exploratory analyses, including 

examining the instantaneous rate of change and conducting exploratory piecewise 

regressions. Based on previous research showing that self-regulatory capacities generally 

continue to develop beyond age 18, I anticipated replicating this age pattern in the current 

sample. I did not make a specific hypothesis about the age at which these capacities reach 

adult levels, but I predicted that the age will be later than both that of cognitive capacity 

and later than the age of majority (age 18). 

Hypothesis 2.1: Based on the results of the ANOVA, self-regulatory capacity 

improves beyond age 18. That is, no age group younger than 18-21-year-olds will 

demonstrate adult levels of self-regulatory capacity. 

Hypothesis 2.2: Based on the results of the polynomial regression, self-

regulatory capacity will follow either a linear or quadratic age pattern, 

demonstrating continued development of self-regulatory capacity beyond age 18. 

Hypothesis 2.3 Based on the results of the confirmatory piecewise regression, 

self-regulatory capacity will increase among 18- to 30-year-olds. I do not have a 

specific hypothesis regarding age differences in self-regulatory capacity among 10- 

to 17-year-olds. 
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In addition to evaluating the age patterns of cognitive capacity and self-regulatory 

capacity, I also make a comparison of the age of maturity for each. 

Hypothesis 2.4: Cognitive capacity reaches adult levels at a younger age than 

self-regulatory capacity. 

 

Aim 3: Extend the analyses conducted in the U.S. to the other ten countries in 

the sample to determine the degree to which patterns observed in the U.S. replicate 

in different cultural contexts. As with the U.S. sample, I conducted both ANOVAs and 

regressions (testing for linear, quadratic, and cubic age patterns) within each country 

individually (controlling for parental education and WASI t-score). I conducted 

confirmatory analyses based on age patterns found in the U.S. to determine whether age 

patterns of cognitive capacity and self-regulatory capacity in the other ten countries of the 

sample are consistent with those found in the U.S. I also conducted confirmatory 

piecewise analyses in this manner. Following these confirmatory analyses, I conducted 

further exploratory analyses. Depending on which approach(es) appeared most feasible 

and true to the data according to analyses in the U.S., I determined the age of maturity in 

each country using the instantaneous rate of change and/or exploratory piecewise 

regressions. 

Hypothesis 3.1: Within each country, cognitive capacity matures earlier than 

self-regulatory capacity. 

Further, there is reason to expect that age patterns of one construct would be more 

consistent across countries than age patterns of the other. That is, elements of cognitive 

capacity are relatively straightforward to measure and are strongly tied to age, which 
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suggests they are more likely to develop along a similar trajectory regardless of culture. 

In contrast, the development of self-regulatory capacity is influenced by cultural context 

(Chen & French, 2008; Matsumoto et al., 2008), leaving more space for variation in the 

pace and shape of development. 

To test whether age patterns in cognitive capacity are more consistent across 

countries than age patterns in self-regulatory capacity, I used qualitative and quantitative 

methods. It is important to note here that my research question did not concern (and thus 

I did not test for) mean-level differences in the composite variables, nor differences of 

slopes per se (e.g., I did not test whether one linear slope is steeper than another). Rather, 

I was interested in the shape of the age pattern, and specifically when the composite of 

interest reached adult levels. Accordingly, traditional methods of testing differences 

between groups (like moderation analyses) were not appropriate. As one example, a test 

of moderation comparing whether the age2 term in country A differences from the age2 

term in country B may tell us that the curvature of the line differs between two countries, 

but does not tell us how or if the age of maturity differs. Further, although one linear age 

pattern may be significantly steeper than another linear age pattern, the difference in 

slopes does not change the fact that the shape of both trajectories is the same (i.e., 

increasing throughout the full age span). Put differently, I do not test whether two lines 

differ from each other; I test whether each line differs from zero, and do so in a similar 

way. 

To determine how consistent age patterns are across countries, I looked at the 

number of countries that followed a qualitatively similar age pattern for each composite. I 

anticipated that cognitive capacity will increase from childhood and reach its plateau 
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starting in mid-adolescence in most countries. It is probable that the exact age at which 

performance reaches adult levels varies from country to country, but I expected the 

overall pattern will be similar among them. On the other hand, from country to country, 

the age at which self-regulatory capacity matures, and thus the shape of age patterns, may 

vary. For example, some countries may evince a linear age pattern, indicating protracted 

development of self-regulatory capacity, but others may evince a quadratic pattern such 

that self-regulatory capacity increases into early adulthood and then plateaus. 

Hypothesis 3.2: Across countries, there is greater consistency in age patterns 

of cognitive capacity than for self-regulatory capacity evidenced by a narrower 

variety of age patterns for cognitive capacity relative to age patterns of self-

regulatory capacity. 
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CHAPTER 3 

RESULTS 

Below, I provide zero-order correlations among all variables and descriptive 

statistics for each measure by age group in Table 2 and Table 3, respectively. I then 

present all results for cognitive capacity in the U.S., followed by all results for self-

regulatory capacity in the U.S. Lastly, I describe the results for cognitive capacity across 

the other ten countries, followed by the results for self-regulatory capacity across the 

other ten countries. 
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Table 2 

Zero-Order Correlations Among Variables in the Full Sample 

 Par. Ed. WASI RPI Stoplight DD IGT ToL WM VF DSB 

Age -.07*** .15*** .15*** -.03* .06*** -.16*** .18*** .29*** .26*** .20*** 

Par. Ed. - .20*** .05** .004 .09*** -.08*** .04** .10*** -.03* .09*** 

WASI 
 - .10*** .06*** .13*** -.15*** .21*** .36*** .30*** .36*** 

RPI 
  - -.05*** .07*** -.07*** .06*** .15*** .04* .06*** 

Stoplight 
   - -.03 .04** .02 .09*** .09*** .07*** 

DD     - -.12*** .09*** -.01 .09*** .05** 

IGT      - -.14*** -.13*** -.10*** -.10*** 

ToL       - .16*** .08*** .23*** 

WM        - .26*** .37*** 

VF         - .27*** 
Note. Par. Ed. = Parental education; WASI = WASI t-score; RPI = Resistance to peer influence; Stoplight = higher value indicates greater proportion of lights 

run; DD = Delay discounting, average indifference point for longest delays; IGT = Iowa Gambling Task, corresponding to the proportion decrease in plays on 

disadvantageous decks; ToL = Tower of London, latency to first move; WM = Working memory; VF = Verbal fluency; DSB = Digit Span backward.*p < .05; 

**p < .01; ***p < .001. 
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Table 3 

Descriptive Statistics by Age Group: Mean (SD) in the Full Sample 

   10-11  12-13 14-15 16-17 18-21 22-25 26-30 

Par. Ed. 
11.83  
(3.00) 

12.07  
(2.91) 

12.12  
(2.78) 

11.86 
 (2.88) 

12.01 
 (2.79) 

11.78 
 (3.03) 

11.24 
 (3.24) 

WASI 
48.33  

(11.00) 
46.01  

(11.07) 
46.18  

(10.87) 
46.97 

 (10.54) 
49.81  

(10.41) 
51.36 

 (10.19) 
51.42 

 (11.62) 

RPI 
0.57  

(0.25) 
0.60  

(0.25) 
0.60 

 (0.25) 
0.62 

 (0.25) 
0.62 

 (0.24) 
0.67 

 (0.23) 
0.67 

 (0.25) 

Stoplight 
0.42  

(0.22) 
0.42  

(0.21) 
0.44  

(0.23) 
0.42 

 (0.21) 
0.43 

 (0.23) 
0.42  

(0.23) 
0.39 

 (0.23) 

DD 
400.85  

(301.17) 
375.29 

(303.76) 
384.49  

(269.58) 
400.23  

(295.09) 
415.20  

(291.62) 
443.08  

(303.11) 
437.20 

(311.98) 

IGT 
-0.02  

(0.24) 
-0.03  

(0.24) 
-0.06  

(0.25) 
-0.07 

 (0.27) 
-0.10 

 (0.28) 
-0.12  

(0.29) 
-0.13 

 (0.32) 

ToL 
4475.99 

(3382.75) 
4467.41 

(3661.45) 
5363.33 

(5660.86) 
5848.01 

(6092.83) 
6481.17 

(5978.23) 
6926.48 

(6618.99) 
7055.67 

(6932.37) 

WM 
6.11 

 (1.37) 
6.58  

(1.26) 
6.97  

(1.08) 
7.15  

(1.00) 
7.26  

(0.95) 
7.21 

 (1.08) 
7.17 

 (1.11) 

VF 
10.5  

(4.44) 
11.03  
(5.15) 

12.72  
(5.71) 

13.65 
 (6.52) 

13.94 
 (5.84) 

14.46 
 (6.49) 

14.90 
 (6.48) 

DSB 
4.02  

(1.19) 
4.26  

(1.20) 
4.52  

(1.47) 
4.61 

 (1.43) 
4.82 

 (1.49) 
4.81 

 (1.52) 
4.79 

 (1.39) 
Note. Par. Ed. = Parental education. WASI = WASI t-score. DD = Delay discounting, average indifference point for longest delays. RPI = Resistance to peer 

influence (on a 0-1 scale). Stoplight = proportion of lights run; IGT = Iowa Gambling Task, corresponding to the proportion decrease in plays on 

disadvantageous decks. ToL = Tower of London, latency to first move (in ms). WM = Working memory, average accuracy (out of 8). VF = Verbal fluency, 

number of words produced in one minute. DSB = Digit Span backward, longest string of digits correctly recalled in reverse order (with a maximum value of 8). 



 

 72 

Cognitive Capacity in the U.S. 

 Below, I report the results of ANOVA, regression, instantaneous rate of change, 

and piecewise regression analyses in the U.S. sample where cognitive capacity is the 

outcome of interest. Graphs corresponding to the ANOVA, regression, instantaneous rate 

of change, and piecewise regressions are included at the end of this section (see Figure 

1).  

I had hypothesized that cognitive capacity would reach adult levels by 16-17 

based on the results of an ANOVA, and that cognitive capacity would evince a 

significant cubic trend (increasing steeply from around 10 to 15, and then following a flat 

trajectory thereafter) based on the results of a polynomial regression. Lastly, I 

hypothesized that confirmatory piecewise regression would show that cognitive capacity 

would increase significantly from 10- to 15, but show no further change from 16 to 30. 

ANOVA. An analysis of variance indicated a significant difference in mean 

scores on the cognitive capacity composite across age groups, controlling for SES and 

intelligence, F (6, 528) = 55.47, p <.001. See Table 4 for estimated marginal means and 

Figure 1, Panel A for the corresponding graph. Post-hoc comparisons using a Benjamini-

Hochberg correction for multiple comparisons indicated that the youngest age group that 

did not differ significantly from adults (i.e., ages 18-21, 22-25, and 26-30) was the 14-15-

year-olds (see Table 5). In contrast, 10-11 and 12-13-year-olds demonstrated significantly 

lower cognitive capacity compared to all older age groups. Consistent with hypothesis 

1.1, cognitive capacity reached adults levels during adolescence, but did so at a younger 

age than expected: age 14 to 15. 
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Table 4 

Estimated Marginal Means of Cognitive Capacity in the U.S. 

Age Group Mean SE LB UB 
10-11 -54.77 4.24 -63.10 -46.44 
12-13 -39.59 6.93 -53.21 -25.97 
14-15 30.74 6.97 17.04 44.43 
16-17 35.00 7.09 21.07 48.92 
18-21 39.42 6.56 26.53 52.30 
22-25 36.36 6.89 22.82 49.90 
26-30 38.89 6.63 25.86 51.92 

Note. Reported means control for SES and WASI-t. 
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Table 5 

Post-Hoc Age Group Comparisons of Cognitive Capacity in the U.S. 

     
95% Confidence 

Interval  
Age 

Group 
Comparison 

Group Difference SE p-
value LB UB BH Sig. 

10-11 12-13 -1.55 9.43 .87 -20.06 16.96 No 

 14-15 -88.02 9.37 <.001 -106.42 -69.61 Yes 

 16-17 -85.70 9.66 <.001 -104.67 -66.73 Yes 

 18-21 -99.27 8.94 <.001 -116.82 -81.71 Yes 

 22-25 -101.99 9.37 <.001 -120.39 -83.58 Yes 

 26-30 -104.12 9.17 <.001 -122.13 -86.12 Yes 
12-13 14-15 -86.47 11.32 <.001 -108.70 -64.23 Yes 

 16-17 -84.15 11.56 <.001 -106.86 -61.45 Yes 

 18-21 -97.72 10.96 <.001 -119.25 -76.18 Yes 

 22-25 -100.44 11.32 <.001 -122.67 -78.20 Yes 

 26-30 -102.57 11.15 <.001 -124.48 -80.67 Yes 
14-15 16-17 2.31 11.51 .84 -20.30 24.93 No 

 18-21 -11.25 10.92 .30 -32.69 10.19 No 

 22-25 -13.97 11.27 .22 -36.12 8.17 No 

 26-30 -16.11 11.10 .15 -37.92 5.70 No 
16-17 18-21 -13.57 11.16 .23 -35.49 8.36 No 

 22-25 -16.29 11.51 .16 -38.90 6.33 No 

 26-30 -18.42 11.35 .11 -40.71 3.87 No 
18-21 22-25 -2.72 10.92 .80 -24.16 18.72 No 

 26-30 -4.86 10.74 .65 -25.95 16.24 No 
22-25 26-30 -2.14 11.10 .85 -23.95 19.68 No 

Note. BH Sig. indicates whether the group comparison is significant after Benjamini-Hochberg correction. 
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Polynomial Regression. Cognitive capacity followed a significant cubic age 

pattern in the U.S.(bage = 30.49, SE = 3.19, p <.001; bage2  = -2.43, SE = 0.42, p <.001; 

bage3 = 0.06, SE = 0.01, p <.001), consistent with hypothesis 1.2. See Table 6 for full 

regression results and Figure 2, Panel B for the corresponding graph. Extending this 

analysis, I estimated the instantaneous rate of change (IROC) to determine the age at 

which the slope of cognitive capacity is no longer different from zero, thus indicating the 

start of a plateau. According to these analyses, the first age at which the IROC is not 

significantly different from zero is 19 years (b = 1.33, p = .22). See Table 7 for all values.  

 

Table 6 

Polynomial Regression Results for Cognitive Capacity in the U.S. 

    95% Confidence Interval   

 Estimate SE p-value LB UB R2 p-value 
Intercept -77.37 5.35 <.001 -87.86 -66.88 .95 <.001 
Age 30.49 3.19 <.001 24.23 36.74   
Age2 -2.43 0.42 <.001 -3.26 -1.60   
Age3 0.06 0.01 <.001 0.03 0.09   
SES 4.42 1.07 <.001 2.33 6.52   
WASI 3.32 0.25 <.001 2.83 3.82   
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Table 7 

Results of Instantaneous Rate of Change Analyses for Cognitive Capacity in the U.S. 

Age b p-value 
14 13.93 <.001 
15 10.69 <.001 
16 7.82 <.001 
17 5.30 <.001 
18 3.14 .002 
19 1.33 .22 
20 -0.11 .92 
21 -1.19 .25 

Note. Bolded row indicates the first age at which the instantaneous rate of change is not significantly 

different from zero. 

 

Piecewise Regressions. I conducted a “confirmatory” piecewise analysis in which 

I fit one regression line for 10-15-year-olds, and a second line for 16-30-year-olds. 

Consistent with hypothesis 1.3, cognitive capacity increases steeply from age 10 to 15, b 

= 22.27, SE = 1.92, p < .001, but shows no change from 16 to 30, b = 0.22, SE = 0.83, p 

= .79. A test of the difference in intercepts revealed that the intercept at age 15, the oldest 

age of the younger group is not significantly different from the intercept at age 16, the 

youngest age of the older group (p = .48). 

Extending the confirmatory piecewise analysis, I iteratively re-estimated the 

model by systematically adjusting the pair of age groupings. I tested all pairs of adjacent 

age groups ranging from 10-13 as the younger group and 14-30 as the comparison older 

group to 10-19 as the younger group and 20-30 as the older group. Results indicate that 

the model that explained the most variance in the outcome, as indexed by R2, was one in 

which the younger group comprises 10-16-year-olds, and the older group comprises 17-
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30-year-olds (cumulative R2 = .30; see Table 8 for all piecewise regression results and 

Table 9 for R2 results). A test of the difference of intercepts indicated that the intercept at 

age 16, the oldest age of the younger group, was not significantly different form the 

intercept at age 17, the youngest age of the older group (p = .49). 

Taken together, the results provide support for the hypothesis that cognitive 

capacity does not continue to improve beyond 16. Although the results of the 

instantaneous rate of change analysis suggest that there is some improvement in cognitive 

capacity until age 18, all other analyses (ANOVA, confirmatory piecewise, and 

exploratory piecewise regression) indicate that the plateau in cognitive capacity begins at 

or prior to age 16.   
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Table 8 

Regression Results of Piecewise Multigroup Analyses for Cognitive Capacity in the U.S. 

Younger Group 
 

Older Group 
 

 Intercept 
bage 
(SE) 

p-
value R2 

p-
value 

  

Intercept 
bage 
(SE) 

p-
value R2 

p-
value 

Diff. in 
Intercept 

10-13 
n=227 -31.84 12.41 

(4.32) .004 .30 <.001 
 14-30 

n=329 37.26 0.45 
(0.67) .51 .29 <.001 p<.001  

10-14 
n=262 13.08 22.80 

(2.60) <.001 .40 <.001 
 15-30 

n=294 39.07 0.38 
(0.75) .61 .32 <.001 p=.005 

10-15 
n=291 34.28 22.27 

(1.92) <.001 .47 <.001 
 16-30 

n=265 40.63 0.22 
(0.83) .79 .32 <.001 p=.48 

10-16 
n=328 47.18 20.36 

(1.45) <.001 .51 <.001 
 17-30 

n=228 40.90 0.35 
(0.99) .73 .31 <.001 p=.49 

10-17 
n=349 53.13 17.77 

(1.26) <.001 .50 <.001 
 18-30 

n=207 46.81 -0.25 
(1.14) .83 .30 <.001 p=.51 

10-18 
n=374 61.84 16.20 

(1.11) <.001 .51 <.001 
 19-30 

n=182 46.10 -0.29 
(1.33) .83 .30 <.001 p=.12 

10-19 
n=391 64.44 14.37 

(1.00) <.001 .50 <.001 
 20-30 

n=165 53.25 -1.12 
(1.53) .46 .28 <.001 p=.29 

Note. “Diff. in Intercept” indicates whether the intercept of the younger group was significantly different from the intercept of the older group. In the younger 

group, the intercept corresponds to the oldest age. In the older group, the intercept corresponds to the youngest age. 
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Table 9 

R2 Change from Baseline Model within “Younger” and “Older” Groups for Cognitive Capacity in the U.S. 

Younger Group  Older Group 

 
R2 Baseline 

Model 
R2 with 

Age R2 D   R2 Baseline 
Model 

R2 with 
Age R2 D 

10-13 .278 .302 .024  14-30 .287 .289 .002 

10-14 .219 .398 .179  15-30 .317 .319 .002 

10-15 .221 .469 .248  16-30 .319 .319 .000 

10-16 .209 .508 .299   17-30 .314 .314 .000 

10-17 .211 .499 .288  18-30 .303 .303 .000 

10-18 .225 .514 .289  19-30 .300 .300 .000 

10-19 .222 .496 .274  20-30 .278 .280 .002 
Note. Baseline model includes only SES and WASI-t. Bolded row indicates age grouping yielding the highest value of R2.  
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Figure 1. Cognitive capacity in the U.S. across analysis type. Panel A depicts the estimated marginal means 

derived from ANOVA, controlling for SES and WASI-t. Error bars indicate 95% confidence intervals. 

Panel B depicts the estimated regression line derived from a polynomial model. The dashed line indicates 

the age at which the instantaneous rate of change was not significantly different from zero. Panel C depicts 

the confirmatory piecewise regression. The blue line is the estimated regression line among 10-15-year-

olds. The orange line is the estimated regression line among 16-30-year-olds. Panel D depicts the best-

fitting piecewise regression. The blue line is the estimated regression line among 10-16-year-olds. The 

orange line is the estimated regression line among 17-30-year-olds. 
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Self-Regulatory Capacity in the U.S. 

 Below, I report the results of ANOVA, regression, instantaneous rate of change, 

and piecewise regression analyses in the U.S. sample with self-regulatory capacity as the 

outcome of interest. Graphs corresponding to the ANOVA, regression, instantaneous rate 

of change, and piecewise regressions are included at the end of this section (see Figure 

2). 

I had hypothesized that self-regulatory capacity would not reach adult levels prior 

to age 18 based on the results of an ANOVA, and that self-regulatory capacity would 

evince a significant linear or quadratic trend (demonstrating continued development 

beyond age 18) based on the results of a polynomial regression. I also hypothesized that 

confirmatory piecewise regression would show that self-regulatory capacity increases 

significantly among 18- to 30-year-olds, though I did not make a specific hypothesis 

regarding age patterns among 10- to 17-year-olds. Lastly, I posited that cognitive 

capacity would reach adult levels at a younger age than self-regulatory capacity. 

ANOVA. An analysis of variance indicated a significant difference in mean 

scores on the self-regulation composite across age groups, controlling for SES and 

intelligence, F (6, 528) = 8.72, p <.001. See Table 10 for estimated marginal means and 

Figure 2, Panel A for the corresponding graph. Post-hoc comparisons using a Benjamini-

Hochberg correction for multiple comparisons indicated that the youngest age group that 

did not differ significantly from adults (i.e., ages 22-25, and 26-30) was 18-21-year-olds 

(see Table 11), consistent with hypothesis 2.1. That is, all age groups from 10-11 to 16-

17 evinced significantly lower levels of self-regulatory capacity compared to adults 18-
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30, although were no differences in self-regulatory capacity among the youngest age 

groups. 

 

Table 10 

Estimated Marginal Means of Self-Regulatory Capacity in the U.S. 

Age Group Mean SE LB UB 
10-11 -15.55 3.61 -22.65 -8.45 
12-13 -7.16 5.91 -18.77 4.44 
14-15 -5.03 5.94 -16.70 6.64 
16-17 -6.09 6.04 -17.95 5.77 
18-21 12.65 5.59 1.68 23.63 
22-25 24.02 5.87 12.48 35.55 
26-30 17.14 5.65 6.04 28.24 

Note. Reported means control for SES and WASI-t. 
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Table 11 

Post-Hoc Age Group Comparisons of Self-Regulatory Capacity in the U.S. 

     
95% Confidence 

Interval 
 

 
Age 

Group 
Comparison 

Group Difference SE p-value LB UB Corrected 
Sig. Level 

BH 
Sig. 

10-11 12-13 -1.13 7.32 .88 -15.50 13.24 .029 No 

 14-15 -12.49 7.32 .09 -26.87 1.88  No 

 16-17 -6.47 7.50 .39 -21.20 8.26  No 

 18-21 -31.31 6.94 <.001 -44.93 -17.68  Yes 

 22-25 -41.31 7.23 <.001 -55.52 -27.10  Yes 

 26-30 -37.48 7.12 <.001 -51.46 -23.50  Yes 
12-13 14-15 -11.36 8.82 .20 -28.69 5.97  No 

 16-17 -5.34 8.97 .55 -22.97 12.28  No 

 18-21 -30.18 8.51 <.001 -46.89 -13.46  Yes 

 22-25 -40.18 8.75 <.001 -57.37 -22.98  Yes 

 26-30 -36.35 8.66 <.001 -53.35 -19.34  Yes 
14-15 16-17 6.02 8.97 .50 -11.61 23.65  No 

 18-21 -18.81 8.51 .03 -35.53 -2.10  Yes 

 22-25 -28.81 8.75 .001 -46.01 -11.62  Yes 

 26-30 -24.99 8.66 .004 -41.99 -7.98  Yes 
16-17 18-21 -24.83 8.67 .004 -41.86 -7.81  Yes 

 22-25 -34.83 8.91 <.001 -52.33 -17.34  Yes 

 26-30 -31.01 8.81 <.001 -48.31 -13.70  Yes 
18-21 22-25 -10.00 8.44 .24 -26.58 6.58  No 

 26-30 -6.17 8.34 .46 -22.55 10.21  No 
22-25 26-30 3.83 8.59 .66 -13.04 20.69  No 

Note. BH Sig. indicates whether the group comparison is significant after Benjamini-Hochberg correction. 

  



 

 84 

Polynomial Regression. Self-regulatory capacity followed a significant linear 

age pattern in the U.S.(bage = 2.20, SE = 0.33, p<.001), but also followed a marginally 

significant quadratic age pattern (bage = 4.32, SE = 1.19, p<.001; bage2  = -0.12, SE = 0.07, 

p=.06), consistent with hypothesis 2.2. See Table 12 for full regression results and Figure 

2, Panel B for the corresponding graph. Although the quadratic trend was only marginally 

significant, I examined the instantaneous rate of change, and subsequently conducted 

piecewise analyses. Again, I estimated the instantaneous rate of change (IROC) to 

determine the age at which the slope of self-regulatory capacity is no longer different 

from zero, thus indicating the start of a plateau. According to these analyses, the first age 

at which the IROC is not significantly different from zero is 23 years (b = 1.17, p = .07). 

See Table 13 for all values. 

 

Table 12 

Polynomial Regression Results for Self-Regulatory Capacity in the U.S. 

    95% Confidence Interval   

 Estimate SE p-value LB UB R2 p-value 
Intercept -14.46 2.95 <.001 -20.04 -8.68 .20 <.001 
Age 2.20 0.33 <.001 1.55 2.85   
SES 1.93 0.90 .03 0.16 3.79   
WASI 1.72 0.21 <.001 1.30 2.14   
        
Intercept -18.84 3.78 <.001 -87.86 -66.88 .37 .001 
Age 4.32 1.19 <.001 1.98 6.66   
Age2 -0.12 0.07 .06 -0.25 0.007   
SES 1.62 0.92 .08 -0.18 3.41   
WASI 1.76 0.22 <.001 1.34 2.18   

Note. Values in the top half of the table correspond to a test of a linear age trend, whereas values in the 

bottom half of the table correspond to a test of a quadratic age trend. 
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Table 13 

Results of Instantaneous Rate of Change Analyses for Self-Regulatory Capacity in the U.S. 

Age b p-value 
22 1.41 .009 
23 1.17 .07 
24 0.93 .23 
25 0.68 .44 
26 0.44 .66 
27 0.20 .86 
28 -.044 .97 
29 -.287 .84 
30 -0.53 .73 

Note. Bolded row indicates the first age at which the instantaneous rate of change is not significantly 

different from zero. 

 

Piecewise Regressions. I conducted a “confirmatory” piecewise analysis in which 

I fit one regression line for 10-17-year-olds, and a second line for 18-30-year-olds. Using 

these age groups, the linear trend of age was unexpectedly non-significant for both the 

younger group (b = 1.69, SE = 1.11, p=.13) and the older group (b = 0.09, SE = .92, 

p=.92). However, a test of the difference in intercepts revealed that the intercept of the 

younger group—set at age 17—was significantly lower than the intercept of the older 

group—set at age 18 (p = .002)—which suggests important growth may occur between 

these ages. 

Extending the confirmatory piecewise analysis, I iteratively re-estimated the 

model by systematically adjusting the pairs of age groupings. I tested all pairs of adjacent 

age groups ranging from 10-16 as the younger group and 17-30 as the comparison older 

group to 10-25 as the younger group and 26-30 as the older group. Results indicate that 

the model that explains the most variance in the outcome, as indexed by R2, is one in 
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which the younger group comprises 10-24-year-olds, and the older group comprises 25-

30-year-olds (cumulative R2 = .07; see Table 14 for all piecewise regression results and 

Table 15 for R2 results). A test of the difference of intercepts indicates that the intercept 

at age 24, the oldest age of the younger group, iss not significantly different form the 

intercept at age 25, the youngest age of the older group (p = .34). 

Taken together, the results provide support for the proposition that self-regulation 

reaches adult levels of maturity beyond age 18, and therefore at a later age than does 

cognitive capacity, consistent with hypothesis 2.4. The different statistical approaches 

yield somewhat different estimates for the exact age at which self-regulation reaches 

adult levels, but it appears that this age is somewhere between 22 and 25. Table 16 

summarizes the age of maturity in the U.S. by analysis type. 
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Table 14 

Regression Results of Piecewise Multigroup Analyses for Self-Regulatory Capacity in the U.S. 

Younger Group  Older Group  

 Intercept 
bage 
(SE) 

p-
value R2 

p-
value 

  
Intercept 

bage 
(SE) 

p-
value R2 

p-
value 

Diff. in 
Intercept 

10-16 
n=328 

-3.38 
2.34 

(1.29) 
.07 .07 .008 

 17-30 
n=228 

11.77 
1.01 

(0.81) 
.21 .23 <.001 p=.05 

10-17 
n=349 

-4.67 1.69 
(1.11) 

.13 .08 .004 
 18-30 

n=207 
20.42 

0.09 
(0.92) 

.92 .21 <.001 p=.002 

10-18 
n=374 

2.60 2.53 
(2.53) 

.007 .11 .001 
 19-30 

n=182 
22.08 

-0.19 
(1.09) 

.87 .21 <.001 p=.022 

10-19 
n=391 

3.51 
2.34 

(0.85) 
.006 .10 .001 

 20-30 
n=165 

28.50 
-1.00 
(1.22) 

.41 .22 <.001 p=.004 

10-20 
n=414 12.77 

3.21 
(0.73) 

<.001 .13 <.001 
 21-30 

n=142 
23.76 

-0.17 
(1.51) 

.91 .23 <.001 p=.24 

10-21 
n=424 15.02 

3.08 
(0.68) 

<.001 .13 <.001 
 22-30 

n=132 
26.66 

-0.77 
(1.71) 

.65 .24 <.001 p=.21 

10-22 
n=441 20.41 

3.28 
(0.61) 

<.001 .16 <.001 
 23-30 

n=115 
24.38 

-0.84 
(2.12) 

.69 .22 .001 p=.69 

10-23 
n=455 22.83 

3.19 
(0.56) 

<.001 .17 <.001 
 24-30 

n=101 
24.56 

1.01 
(2.44) 

.69 .23 .002 p=.96 

10-24 
n=471 26.79 

3.26 
(0.52) 

<.001 .18 <.001 
 25-30 

n=85 
17.51 

1.19 
(2.91) 

.68 .25 .003 p=.34 

10-25 
n=488 25.85 

2.89 
(0.47) 

<.001 .18 <.001 
 26-30 

n=68 
20.42 

0.78 
(3.66) 

.83 .28 .003 p=.58 

Note. “Diff. in Intercept” indicates whether the intercept of the younger group was significantly different from the intercept of the older group. In the younger 

group, the intercept corresponds to the oldest age. In the older group, the intercept corresponds to the youngest age.  
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Table 15 

R2 Change from Baseline Model within “Younger” and “Older” Groups for Self-Regulatory Capacity in the U.S. 

Younger Group  Older Group 

 
R2 Baseline 

Model 
R2 with 

Age R2 D   R2 Baseline 
Model 

R2 with 
Age R2 D 

10-16 .065 .074 .009  17-30 .222 .228 .006 

10-17 .077 .083 .006  18-30 .205 .210 .001 

10-18 .087 .105 .018  19-30 .206 .206 .000 

10-19 .082 .100 .018  20-30 .216 .219 .003 

10-20 .088 .129 .041  21-30 .233 .233 .000 

10-21 .091 .134 .043  22-30 .235 .235 .000 

10-22 .108 .163 .055  23-30 .220 .220 .000 

10-23 .109 .169 .060  24-30 .232 .232 .000 

10-24 .113 .182 .069  25-30 .244 .245 .001 

10-25 .115 .178 .063  26-30 .276 .276 .000 

Note. Baseline model includes only SES and WASI-t.  



 

 89 

 

Figure 2. Self-regulatory capacity in the U.S. across analysis type. Panel A depicts the estimated marginal 

means derived from ANOVA, controlling for SES and WASI-t. Error bars indicate 95% confidence 

intervals. Panel B depicts the estimated regression line derived from a polynomial model. The vertical 

dashed line indicates the age at which the instantaneous rate of change was not significantly different from 

zero. The curved dashed lines indicates the estimated regression line from the marginally significant 

(p=.06) quadratic model. Panel C depicts the confirmatory piecewise regression. The blue line is the 

estimated regression line among 10-17-year-olds. The orange line is the estimated regression line among 

18-30-year-olds. Panel D depicts the best-fitting piecewise regression. The blue line is the estimated 

regression line among 10-24-year-olds. The orange line is the estimated regression line among 25-30-year-

olds.  
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Table 16 

Age of Maturity in the U.S. by Analysis Type 

 
Cognitive Capacity Self-Regulatory Capacity 

ANOVA 14-15 18-21 

Instantaneous rate of change 19 23 

Piecewise (exploratory) 16 24 

 

 

Cognitive Capacity and Self-Regulatory Capacity in Ten Non-U.S. Countries 

 Below, I report the results of the ANOVA, polynomial regression, and piecewise 

regression analyses of cognitive capacity and self-regulatory capacity in the ten non-U.S. 

countries in the current study. Graphs corresponding to these analyses are included at the 

end of this section. I had hypothesized that within each country, cognitive capacity would 

mature earlier than self-regulatory capacity, and that there would be greater consistency 

in age patterns of cognitive capacity than for self-regulatory capacity. Below I describe 

the results, organized by country. See Appendices F and G for estimated marginal means 

for cognitive capacity and self-regulatory capacity, respectively, in all countries. 

In two countries (the Philippines and Colombia), the oldest adult comparison 

group (i.e., 26- to 30-year-olds) evinced significantly lower levels of cognitive capacity 

or self-regulatory capacity compared to one or both younger adult comparison groups 

(i.e., 18- to 21-year-olds and 22- to 25-year-olds). Specifically, 26- to 30-year-olds in the 

Philippines demonstrated significantly lower levels of cognitive capacity compared to 

both their 18 to 21 year old and 22 to 25 year old counterparts (p = .02 and p = .04, 

respectively). In Colombia, 26- to 30-year-olds demonstrated lower self-regulatory 
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capacity compared to 22- to 25-year-olds (p = .01). These anomalous age patterns may 

reflect cohort effects, such as historical changes in access to formal education (wherein 

the oldest adults in these countries are less educated than the other age groups), and thus 

it may not be appropriate to retain these older adults in the current analyses because age 

may be confounded with years of schooling. For the Philippines and Colombia, all further 

analyses for both cognitive capacity and self-regulatory capacity were done without 

adults 26 to 30. Conclusions about the age of maturity for each composite are drawn from 

comparisons of the non-adult groups with the two remaining adult age groups (18 to 21 

and 22 to 25). 

China 

 ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group to perform at adult levels (i.e., when 

compared to 26- to 30-year-olds) of cognitive capacity is the 16- to 17-year-olds. In 

contrast, self-regulatory capacity increases across the full age range, with 26- to 30-year-

olds showing higher levels than all younger age groups. See Table 17 for ANOVA results 

for both composites, and Appendices H and I for post-hoc comparisons for cognitive 

capacity and self-regulatory capacity, respectively.  

 Polynomial regression. Cognitive capacity follows a significant cubic trend in 

China, increasing steeply from childhood to adolescence, and continuing to increase 

modestly thereafter. Self-regulatory capacity, however, follows a quadratic age pattern 

demonstrating relatively little growth among children and adolescents, and more 

pronounced growth during the adult years. See Tables 18 and 19 for polynomial 

regression results. 
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Piecewise regression. According to the confirmatory piecewise analysis, 

cognitive capacity increases significantly from age 10 to age 15, and, unexpectedly, from 

age 16 to age 30. Confirmatory analysis of self-regulatory capacity reveals no significant 

trend from age 10 to age 17, but a significant increase from age 18 onward. See Tables 20 

and 21 for all results of piecewise analyses. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity—indicating the best “break-point” in the age range—is 

one in which the younger group comprises 10- to 19-year-olds, and the older group 

comprises 20- to 30-year-olds. Interestingly, comparison of the difference of intercepts in 

China indicates that cognitive capacity is higher in the younger group (centered at age 

19) than the older group (centered at age 20). Visual inspection suggests that although the 

age trend is significant among 20- to 30-year-olds, the mean levels of cognitive capacity 

are similar to those of 16- to 19- year-olds. This finding suggests that the increase in 

cognitive capacity found among these older participants may be driven by unusually low 

performance among some of the relatively younger adult participants.  

Exploratory piecewise analyses of self-regulatory capacity indicate that the best 

fitting model was consistent with the confirmatory model in which the younger group 

includes 10- to 17-year-olds (for whom self-regulatory capacity does not increase), and 

an older group that includes those age 18 and older (for whom self-regulatory capacity 

increases significantly). 

Summary. In summary, cognitive capacity in the Chinese subsample increases 

during adolescence. Although piecewise analysis indicates growth in cognitive capacity 

among from age 20 to 30, this significant age trend may result from relatively low 
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performance by the younger adults in the sample. On the other hand, self-regulatory 

capacity increases across the full age range, and thus matures later than cognitive 

capacity. Results are summarized below in Table 22 and plotted in Figure 3 below. 
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Figure 3. Cognitive capacity and self-regulatory capacity in China. Age patterns of cognitive capacity (left 

side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial regression, or 

piecewise regression). All analyses control for SES and WASI-t.  
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Colombia 

ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group to demonstrate adult levels of cognitive 

capacity is the 14- to 15-year-olds, when compared to adults aged 22 to 25 (because of 

suspected cohort effects among 26- to 30-year-olds in Colombia, I do not interpret 

comparisons with that age group). In contrast, the youngest age group to demonstrate 

adult levels of self-regulatory capacity is 18- to 21-year-olds, when compared to adults 

aged 22 to 25. See Table 17 and Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant cubic trend in 

Colombia, increasing steeply from childhood to adolescence, and plateauing thereafter. 

Self-regulatory capacity, however, follows a linear age pattern demonstrating growth 

across the full age range. See Tables 18 and 19. 

Piecewise regression. According to confirmatory piecewise analysis, cognitive 

capacity increases significantly from age 10 to age 15 in the Colombia subsample, but 

shows no growth from age 16 onward. Confirmatory analysis of self-regulatory capacity 

was not completed given the non-significance of any higher-order terms in polynomial 

regression. See Tables 20 and 21. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity is one in which the younger group comprises 10- to 16-

year-olds, and the older group comprises 17- to 25-year-olds. Although cognitive 

capacity increases significantly within the younger group, no significant age trend is 

evident within the older group. Exploratory analyses of self-regulatory capacity were not 

completed give the non-significance of any higher-order terms in polynomial regression. 
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Summary. In summary, cognitive capacity matures earlier than self-regulatory 

capacity in the Colombia subsample. Whereas cognitive capacity matures by mid-

adolescence (somewhere around age 15), self-regulatory capacity continues to develop 

into adulthood (sometime beyond age 18, and perhaps not until the mid-20s). See Table 

22 for a summary of these results and Figure 4 below. 
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Figure 4. Cognitive capacity and self-regulatory capacity in Colombia. Age patterns of cognitive capacity 

(left side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial regression, or 

piecewise regression). All analyses control for SES and WASI-t.  
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Cyprus 

 ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group whose cognitive capacity does not 

differ significantly from that of adults (i.e., the 26- to 30-year-olds) is the 16- to 17-year-

olds. With regard to self-regulatory capacity, the youngest age group to evince adult 

levels of self-regulatory capacity, compared to 26- to 30-year-olds, is 18- to 21-year-olds. 

See Table 17 and Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant quadratic trend 

in Cyprus, increasing steeply from childhood to adolescence, and plateauing thereafter, 

with a slight down-turn near the end of age range. Self-regulatory capacity follows a 

linear age pattern demonstrating growth across the full age range. See Tables 18 and 19. 

Piecewise regression. According to confirmatory piecewise analysis, cognitive 

capacity increases significantly from age 10 to age 15, and, unexpectedly, also increases 

significantly from age 16 onward. Confirmatory analysis of self-regulatory capacity was 

not completed given the non-significance of any higher-order terms in polynomial 

regression. See Tables 20 and 21. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity in the Cyprus subsample is one in which the younger group 

comprises 10- to 24-year-olds, and the older group comprises 25- to 30-year-olds. 

Although cognitive capacity increases significantly within the younger group, no 

significant age trend is evident in the older group. Exploratory analyses of self-regulatory 

capacity were not completed give the non-significance of any higher-order terms in 

polynomial regression. 
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Summary. Cognitive capacity in the Cyprus subsample  matures earlier than self-

regulatory capacity per both ANOVA and piecewise regression. However, the age at 

which cognitive capacity reaches adult levels is not entirely clear. Although post-hoc 

comparisons indicate adult-levels of performance at age 16-17, piecewise analysis 

suggests continued growth into the 20s. One way to interpret these results is that while 

cognitive capacity continues to improve with age into the young adult years, it is 

comparable to adults by age 16 or 17. Self-regulatory capacity, regardless of analysis 

type, continues to develop into adulthood (sometime beyond age 18, and perhaps not 

until the mid-20s). Results are summarized in Table 22. 
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Figure 5. Cognitive capacity and self-regulatory capacity in Cyprus. Age patterns of cognitive capacity 

(left side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial regression, or 

piecewise regression). All analyses control for SES and WASI-t.  
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India 

ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group in the India subsample whose cognitive 

capacity does not differ significantly from that of adults (i.e., the 26- to 30-year-olds) is 

the 18- to 21-year-olds. In contrast, youngest group to reach adult levels of self-

regulatory capacity is 12- to 13-year-olds. However, visual inspection of mean levels of 

self-regulatory capacity suggest that the relatively high level of self-regulatory capacity 

among this age group may be anomalous. Indeed, post-hoc comparison indicates that 14- 

to 15-year-olds evince significantly lower levels of self-regulatory capacity compared to 

adults. The next youngest age group to demonstrate adult levels of self-regulatory 

capacity is 16- to 17-year-olds. See Table 17 and Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant cubic trend in 

India, increasing steeply from childhood to adolescence, and plateauing thereafter, with a 

slight up-turn near the end of age range. Self-regulatory capacity follows a linear age 

pattern demonstrating growth across the full age range. See Tables 18 and 19. 

Piecewise regression. According to confirmatory piecewise analysis, cognitive 

capacity in the India subsample increases significantly from age 10 to age 15, with no 

significant growth from age 16 onward. Confirmatory analysis of self-regulatory capacity 

was not completed give the non-significance of any higher-order terms in polynomial 

regression. See Tables 20 and 21. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity is one in which the younger group comprises 10- to 22-

year-olds, and the older group comprises 23- to 30-year-olds. Although cognitive 
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capacity increases significantly within the younger group, no significant age trend is 

evident in the older group. Exploratory analyses of self-regulatory capacity were not 

completed give the non-significance of any higher-order terms in polynomial regression. 

Summary. Contrary to expectations, an ANOVA indicates that cognitive capacity 

in the India subsample reaches adult levels later than self-regulatory capacity. And yet, 

the opposite is true according to piecewise regression analysis of cognitive capacity—

which shows no further growth in cognitive capacity from 22 onward—and a linear 

regression analysis of self-regulatory capacity—which shows growth across the full age 

range. When it comes to self-regulatory capacity, adult levels may be reached by age 16-

17, but with continued, if modest, growth thereafter. Thus, in India, self-regulatory 

capacity may mature earlier than cognitive capacity. See Table 22 for a summary of these 

results. 
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Figure 6. Cognitive capacity and self-regulatory capacity in India. Age patterns of cognitive capacity (left 

side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial regression, or 

piecewise regression). All analyses control for SES and WASI-t.  
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Italy 

 ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group whose cognitive capacity does not 

differ significantly from that of adults (i.e., the 26- to 30-year-olds) is the 16- to 17-year-

olds. With regard to self-regulatory capacity, the youngest age group to evince adult 

levels of self-regulatory capacity, compared to 26- to 30-year-olds, is 22- to 25-year-olds. 

See Table 17 and Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant cubic trend in 

Italy, increasing steeply from childhood to adolescence, and plateauing thereafter. Self-

regulatory capacity follows a linear age pattern demonstrating growth across the full age 

range. See Tables 18 and 19. 

Piecewise regression. According to confirmatory piecewise analysis, cognitive 

capacity in the Italy subsample increases significantly from age 10 to age 15, with no 

significant growth from age 16 onward. Confirmatory analysis of self-regulatory capacity 

was not completed give the non-significance of any higher-order terms in polynomial 

regression. See Tables 20 and 21. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity in the Italy subsample is one in which the younger group 

comprises 10- to 19-year-olds, and the older group comprises 20- to 30-year-olds. 

Although cognitive capacity increases significantly within the younger group, no 

significant age trend is evident in the older group. Exploratory analyses of self-regulatory 

capacity were not completed give the non-significance of any higher-order terms in 

polynomial regression. 
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Summary. Cognitive capacity matures earlier than self-regulatory capacity in the 

Italy subsample. Whereas cognitive capacity reaches adult levels in the teen years, self-

regulatory capacity continues to develop well into the 20s. See Table 22 for a summary of 

these results. 
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Figure 7. Cognitive capacity and self-regulatory capacity in Italy. Age patterns of cognitive capacity (left 

side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial regression, or 

piecewise regression). All analyses control for SES and WASI-t.  
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Jordan 

ANOVA. In Jordan, visual inspection of age differences of both cognitive 

capacity and self-regulatory capacity indicate a pattern inconsistent with developmental 

theory. Indeed, post-hoc comparisons indicate that that no age group differed 

significantly from any other on either outcome. Self-regulatory capacity similarly 

demonstrates no significant age group differences. See Table 17 and Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant cubic trend in 

Jordan, but in a manner that does not lend itself to easy interpretation, particularly in light 

of the non-significant age differences found in post-hoc comparisons. With regard to self-

regulatory capacity, age is not a significant predictor. See Tables 18 and 19. 

Piecewise regression. Given the lack of interpretable age patterns for both 

cognitive capacity and self-regulatory capacity, no further analyses were conducted 

(including both confirmatory and exploratory piecewise analyses). 

Summary. I am unable to draw any conclusions about the age at which either 

cognitive capacity or self-regulatory capacity reach adult levels in Jordan.  
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Figure 8. Cognitive capacity and self-regulatory capacity in Jordan. Age patterns of cognitive capacity (left 

side) and self-regulatory capacity (right side). All analyses control for SES and WASI-t. 

Kenya 

ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group whose cognitive capacity does not 

differ significantly from that of adults (i.e., the 26- to 30-year-olds) is the 14- to 15-year-

olds.  No age differences in self-regulatory capacity are evident in the Kenya subsample. 

See Table 17 and Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant cubic trend in 

Kenya, increasing steeply from childhood to adolescence, and plateauing thereafter, with 

a slight up-tick near the end of the age range. With regard to self-regulatory capacity, age 

is not a significant predictor. See Tables 18 and 19. 

Piecewise regression. According to confirmatory piecewise analysis, cognitive 

capacity increases significantly from age 10 to age 15, with no significant growth from 

age 16 onward. Confirmatory piecewise analysis of self-regulatory capacity was not 
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completed give the non-significance of any higher-order terms in polynomial regression. 

See Tables 20 and 21. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity in the Kenya subsample is one in which the younger group 

comprises 10- to 16-year-olds, and the older group comprises 17- to 30-year-olds. 

Although cognitive capacity increases significantly within the younger group, no 

significant age trend is evident within the older group. Exploratory analyses of self-

regulatory capacity were not completed give the non-significance of any higher-order 

terms in polynomial regression. 

Summary. Cognitive capacity reaches adult levels during mid-adolescence in 

Kenya, around age 15. However, I am unable to establish the age at which self-regulatory 

capacity matures in the absence of significant age patterns according to both an ANOVA 

and regression. Thus, I cannot draw conclusions about the relative development of these 

two composites. See Table 22 for a summary of these results. 
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Figure 9. Cognitive capacity and self-regulatory capacity in Kenya. Age patterns of cognitive capacity (left 

side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial regression, or 

piecewise regression). All analyses control for SES and WASI-t.  
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Philippines 

ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group to demonstrate adult levels of cognitive 

capacity in the Philippine subsample is the 18- to 21-year-olds, when compared to adults 

aged 22 to 25 (because of suspected cohort effects among 26- to 30-year-olds in the 

Philippines, I do not interpret comparisons with that age group). In contrast, the youngest 

age group to demonstrate adult levels of self-regulatory capacity is 16- to 17-year-olds, 

when compared to adults aged 22 to 25. See Table 17 and Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant cubic trend in 

the Philippines, increasing steeply from childhood to adolescence, and plateauing 

thereafter. Self-regulatory capacity increases linearly from age 10 to age 25. See Tables 

18 and 19. 

Piecewise regression. According to confirmatory piecewise analysis, cognitive 

capacity in the Philippines subsample increases significantly from age 10 to age 15, and, 

unexpectedly, also increases from age 16 onward. Confirmatory analysis of self-

regulatory capacity was not completed give the non-significance of any higher-order 

terms in polynomial regression. See Tables 20 and 21. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity in the Philippines subsample is one in which the younger 

group comprises 10- to 20-year-olds, and the older group comprises 21- to 25-year-olds. 

Although cognitive capacity increases significantly within the younger group, no 

significant age trend is evident within the older group. Exploratory analyses of self-
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regulatory capacity were not completed give the non-significance of any higher-order 

terms in polynomial regression. 

Summary. Contrary to expectations, an ANOVA indicates that cognitive capacity 

reaches adult levels later than self-regulatory capacity. And yet, the opposite is true 

according to piecewise regression analysis of cognitive capacity—which shows no 

further growth in cognitive capacity from age 20 onward—and a linear regression 

analysis of self-regulatory capacity—which shows growth across the full age range. 

Cognitive capacity appears to mature in early adulthood (sometime between age 18 and 

age 21), but when it comes to self-regulatory capacity, adult levels may be reached by 

age 16-17, but with continued, if modest, growth thereafter. Thus, in the Philippines, self-

regulatory capacity may mature earlier than cognitive capacity. See Table 22 for a 

summary of these results. 
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Figure 10. Cognitive capacity and self-regulatory capacity in the Philippines. Age patterns of cognitive 

capacity (left side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial 

regression, or piecewise regression). All analyses control for SES and WASI-t.  
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Sweden 

ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group to demonstrate adult levels of cognitive 

capacity is the 22- to 25-year-olds, when compared to adults aged 26 to 30. With regard 

to self-regulatory capacity, a similar pattern of results emerges; the youngest age group to 

perform no differently from 26- to 30-year-olds is 22- to 25- year-olds. See Table 17 and 

Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant quadratic trend 

in Sweden, increasing steeply from childhood to adolescence, and plateauing in the 20s. 

Self-regulatory capacity, however, increases linearly across the full age range. See Tables 

18 and 19. 

Piecewise regression. According to confirmatory piecewise analysis, cognitive 

capacity increases significantly from age 10 to age 15, and, unexpectedly, also increases 

significantly from age 16 onward. Confirmatory analysis of self-regulatory capacity was 

not completed give the non-significance of any higher-order terms in polynomial 

regression. See Tables 20 and 21. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity is one in which the younger group comprises 10- to 16-

year-olds, and the older group comprises 17- to 25-year-olds. Cognitive capacity 

increases significantly within both the younger group and the older group. Exploratory 

analyses of self-regulatory capacity were not completed give the non-significance of any 

higher-order terms in polynomial regression. 
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Summary. In summary, both cognitive capacity and self-regulatory capacity 

mature along similar timelines in Sweden. Although it is difficult to determine the exact 

age of maturity, both cognitive capacity and self-regulatory capacity continue to mature 

into the mid- to late 20s (sometime after age 22), and potentially to the end of the age 

range (age 30). See Table 22 for a summary of these results. 
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Figure 11. Cognitive capacity and self-regulatory capacity in Sweden. Age patterns of cognitive capacity 

(left side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial regression, or 

piecewise regression). All analyses control for SES and WASI-t.  
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Thailand 

ANOVA. Post-hoc comparisons with Benjamini-Hochberg correction for multiple 

comparisons indicate that the youngest age group to demonstrate adult levels of cognitive 

capacity is the 16- to 17-year-olds, when compared to adults aged 26 to 30. With regard 

to self-regulatory capacity, a similar pattern of results emerges; the youngest age group to 

perform no differently from 26- to 30-year-olds is 16- to 17- year-olds. However, it is 

noteworthy that 18- to 21-year-olds perform worse than 22- to 25-year-olds (without 

Benjamini-Hochberg correction). See Table 17 and Appendices H and I. 

Polynomial regression. Cognitive capacity follows a significant cubic trend in 

Thailand, increasing steeply from childhood to adolescence, and plateauing thereafter, 

with a slight up-tick near the end of the age range. Self-regulatory capacity, however, 

increases linearly across the full age range. See Tables 18 and 19. 

Piecewise regression. According to confirmatory piecewise analysis, cognitive 

capacity increases significantly from age 10 to age 15. The age trend among those 16 and 

older is marginally significant. Confirmatory analysis of self-regulatory capacity was not 

completed give the non-significance of any higher-order terms in polynomial regression. 

See Tables 20 and 21. 

According to exploratory piecewise analyses, the model that explains the most 

variance in cognitive capacity in the Thai subsample is one in which the younger group 

comprises 10- to 24-year-olds, and the older group comprises 25- to 30-year-olds. 

Cognitive capacity increases significantly within both the younger and older groups. 

Interestingly, a comparison of the difference of intercepts in Thailand indicates that 

cognitive capacity is significantly higher in the younger group (centered at age 24) than 
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the older group (centered at age 25). Visual inspection reveals that although the age trend 

is significant among 25- to 30-year-olds, the mean levels of cognitive capacity are no 

higher than those of 20- to 24- year-olds. This suggests that the increase in cognitive 

capacity found among these older participants may be driven by unusually low 

performance among some of the relatively younger adult participants. Exploratory 

analyses of self-regulatory capacity were not completed given the non-significance of any 

higher-order terms in polynomial regression. 

Summary. In summary, there is some ambiguity regarding the age at which 

cognitive capacity and self-regulatory capacity mature in Thailand. Cognitive capacity 

may mature as early as age 16-17 (according to ANOVA), but perhaps later, in the early 

20s, according to piecewise analysis. It may be the case that while 16- to 17-year-olds are 

no different from adults, there is ongoing development of cognitive capacity into 

adulthood. On the other hand, self-regulatory capacity may be mature as early as age 16-

17, or as late as 22-25 according to post-hoc comparisons. I cautiously conclude that 

cognitive capacity matures prior to self-regulatory capacity because although 16- to 17-

year-olds show adult levels of self-regulatory, 18- to 21-year-olds do not. With more 

confidence, I argue that self-regulatory capacity does not mature prior to cognitive 

capacity. 

 



 

 119 

 

Figure 12. Cognitive capacity and self-regulatory capacity in Thailand. Age patterns of cognitive capacity 

(left side) and self-regulatory capacity (right side) by analysis type (ANOVA, polynomial regression, or 

piecewise regression). All analyses control for SES and WASI-t.  
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Similarities and Differences Across Countries  

Contrary to hypothesis 3.2, it does not appear that age patterns of cognitive 

capacity are more consistent across countries than age patterns of self-regulatory 

capacity. ANOVAs indicated that in six of ten countries (i.e., China, Colombia, Cyprus, 

Italy, Kenya, and Thailand) cognitive capacity reached adult levels during adolescence. 

In five of ten countries (i.e., China, Colombia, Cyprus, Italy, and Sweden), self-

regulatory capacity continued to develop into adulthood, beyond age 18. Using the 

piecewise approach cognitive capacity appeared to mature during adolescence in two 

countries, Colombia and Kenya. In other countries, such as in Cyprus, India, Italy, the 

Philippines, and Sweden, cognitive capacity matured somewhat later, in early adulthood. 

However, in eight countries (all except Jordan and Kenya) self-regulatory capacity 

demonstrated prolonged development, into adulthood. Thus, it is difficult to argue that 

one capacity develops more similarly than the other given the variety of developmental 

patterns across countries and analytic approach. 
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Table 17 

ANOVA Results by Country for Cognitive Capacity and Self-Regulatory Capacity in Non-U.S. Countries 

 
Cognitive Capacity 

 
Self-Regulatory Capacity 

 
(DF) F-statistic p-value 

 
F-statistic p-value 

China F(6, 479) = 30.60 <.001 
 

F (6, 479) = 5.22 <.001 

Colombia F(6, 484) = 63.10 <.001 
 

F(6, 484) = 10.05 <.001 

Cyprus F(6, 294) = 10.28 <.001 
 

F(6, 294) = 2.79 .01 

India F(6, 405) = 13.60 <.001 
 

F(6, 405) = 3.23 .004 

Italy F(6, 535) = 51.66 <.001 
 

F(6, 535) = 11.11 <.001 

Jordan F(6, 419) = 2.33 .03 
 

F(6, 419) = 0.10 .45 

Kenya F(6, 469) = 13.16 <.001 
 

F(6, 469) = 0.45 .85 

Philippines F(6, 495) = 49.24 <.001 
 

F(6, 495) = 6.02 <.001 

Sweden F(6, 402) = 26.62 <.001 
 

F(6, 402) = 9.73 <.001 

Thailand F(6, 493) = 29.98 <.001 
 

F(6, 493) = 2.26 .04 

Note. All analyses control for SES and WASI-t.  
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Table 18 

Polynomial Regression Results for Cognitive Capacity in Non-U.S. Countries 

 
 

 95% Confidence 
Interval    

  b (SE) LB UB p-value R2 p-value 
China Age 22.02 (3.48) 15.20 28.84 <.001 .88 <.001 
n = 489 Age2 -1.70 (0.45) -2.59 -0.81 <.001   
 Age3 0.05 (0.02) 0.02 0.08 .003     
Colombia Age 40.78 (3.99) 32.96 48.59 <.001 .96 <.001 
n = 498 Age2  -4.41 (0.76) -5.91 -2.92 <.001   
(10-25) Age3 0.15 (0.04) 0.07 0.22 <.001     
Cyprus Age 15.17 (1.97) 11.31 19.04 <.001 .80 <.001 
n = 364 Age2  -0.56 (0.10) -0.76 -0.36 <.001   
 Age3 - -  -  -     
India Age 19.19 (4.18) 11.00 27.39 <.001 .86 <.001 
n = 417 Age2  -1.54 (0.52) -2.57 -0.53 .003   
 Age3 0.04 (0.02) 0.01 0.08 .02     
Italy Age 28.76 (3.08) 22.73 34.8 <.001 .95 <.001 
n = 547 Age2  -2.27 (0.42) -3.1 -1.44 <.001   
 Age3 0.06 (0.02) 0.03 0.09 <.001     
Jordan Age 15.28 (3.63) 8.15 22.40 <.001 .85 <.001 
n = 450 Age2  -1.87 (0.47) -2.79 -0.95 <.001   
 Age3 0.06 (0.02) 0.03 0.09 <.001     
Kenya Age 29.71 (4.15) 21.58 37.84 <.001 .93 <.001 
n = 483 Age2  -2.81 (0.53) -3.86 1.14 <.001   
 Age3 0.08 (0.02) 0.04 0.01 <.001     
Philippines Age 30.76 (3.99) 22.94 38.58 <.001 .95 <.001 
n = 505 Age2  -2.69 (0.71) -4.09 -1.30 <.001   
(10-25) Age3 0.08 (0.03) 0.01 0.14 .02     
Sweden Age 13.62 (1.72) 10.25 16.99 <.001 .75 <.001 
n = 416 Age2  -0.48 (0.09) -0.61 -0.25 <.001   
 Age3 - -  -  -     
Thailand Age 28.29 (3.72) 21.9 35.58 <.001 .93 <.001 
n = 502 Age2  -2.46 (0.51) -3.45 -1.47 <.001   
 Age3 0.07 (0.02) 0.03 0.11 <.001     

Note. In Colombia and the Philippines, regressions were run using only 10- to 25-year-olds in light of 

concerns regarding a cohort effect. 
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Table 19 

Polynomial Regression Results for Self-Regulatory Capacity in Non-U.S. Countries 

 
 

 95% Confidence 
Interval    

  b (SE) LB UB p-value R2 p-value 
China Age -0.31 (1.27) -2.79 2.17 .81 .10 .22 
n = 489 Age2 0.13 (0.07) 0.002 0.26 .046   
 Age3 - - - -     
Colombia Age 3.49 (0.42) 2.63 4.36 <.001 .19 <.001 
n = 498 Age2 - - - -   
(10-25) Age3 - - - -     
Cyprus Age 1.71 (0.46) 0.82 2.46 <.001 .13 <.001 
n = 364 Age2 -   -   
 Age3 -     -     
India Age 1.38 (0.42) 0.56 2.20 .001 .04 .04 
n = 417 Age2 - - - -   
 Age3 - - - -     
Italy Age 2.92 (0.36) 2.21 3.63 <.001 .15 <.001 
n = 547 Age2 - - - -   
 Age3 - - - -     
Jordan Age -0.04 (0.44) -0.11 0.10 0.92 .01 .22 
n = 450 Age2 - - - -   
 Age3 - - - -     
Kenya Age 0.26 (0.36) -0.45 0.96 0.48 .01 .26 
n = 483 Age2 - - - -   
 Age3 - - - -     
Philippines Age 2.44 (0.50) 1.47 3.42 <.001 .10 <.001 
n = 505 Age2 - - - -   
(10-25) Age3 - - - -     
Sweden Age 3.18 (0.41) 2.38 3.99 <.001 .23 <.001 
n = 416 Age2 - - - -   
 Age3 - - - -     
Thailand Age 0.93 (0.37) 0.21 1.66 0.01 .03 .05 
n = 502 Age2 - - - -   
 Age3 - - - -     

Note. In Colombia and the Philippines, regressions were run using only 10- to 25-year-olds in light of 

concerns regarding a cohort effect. 
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Table 20 

Confirmatory and Exploratory Piecewise Regressions for Cognitive Capacity in Non-U.S. Countries 
 

 Younger Group  Older Group   

 Age 
Range Intercept 

bage 
(SE) 

p-
value R2  

Age 
Range Intercept 

bage 
(SE) 

p-
value R2 

Diff. in 
Intercept R2 D 

China              

Con. 
10-15 
n=230 

11.98 
15.74 
(2.52) 

<.001 .34  
16-30 
n=259 

17.91 
2.32 

(0.81) 
.004 .10 p=.56 .26 

Exp. 
10-19 
n=329 50.43 

12.51 
(1.24) <.001 .36  

20-30 
n=160 12.18 

5.15 
(1.37) <.001 .18 p<.001 .37 

Colombia              

Con. 
10-15 
n=265 

48.05 
25.58 
(1.95) 

<.001 .47  
16-25 
n=175 

41.16 
-0.63 
(1.20) 

.60 .22 p=.46 .35 

Exp. 
10-16 
n=294 

58.70 
22.54 
(1.53) 

<.001 .49  
17-25 
n=146 

37.78 
0.16 

(1.44) 
.91 .29 p=.02 .37 

Cyprus              

Con. 
10-15 
n=149 

-2.35 
15.08 
(3.03) 

<.001 .25  
16-30 
n=215 

22.85 
0.89 

(1.01) 
.001 .15 p=.03 .13 

Exp. 
10-24 
n=294 

47.35 
7.14 

(0.90) 
<.001 .33  

25-30 
n=70 

59.02 
-8.51 
(4.10) 

.08 .13 p=.41 .20 

India              

Con. 
10-15 
n=175 

0.81 
9.89 

(2.84) 
.001 .13  

16-30 
n=242 

9.89 
1.29 

(0.88) 
.15 .22 p=.39 .07 

Exp. 
10-22 
n=319 

36.60 
6.71 

(0.94) 
<.001 .23  

23-30 
n=98 

16.88 
3.38 

(2.59) 
.19 .10 p=.12 .14 

Italy              
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Con. 
10-15 
n=308 

17.92 
17.10 
(1.92) 

<.001 .33  
16-30 
n=259 

51.85 
-0.65 
(0.80) 

.42 .002 p<.001 .18 

Exp. 
10-19 
n=399 

72.60 
15.00 
(1.00) 

<.001 .46  
20-30 
n=259 

43.39 
0.58 

(1.42) 
.69 .002 p=.005 .31 

Kenya              

Con. 
10-15 
n=240 

26.84 
18.74 
(2.74) 

<.001 .34  
10-16 
n=243 

30.72 
-1.22 
(0.90) 

.17 .16 p=72 .14 

Exp. 
10-16 
n=269 

34.75 
16.36 
(2.14) 

<.001 .34  
17-30 
n=214 

30.98 
-1.18 
(1.08) 

.27 .15 p=.74 .15 

Philippines             

Con. 
10-15 
n=240 

20.64 
21.18 
(2.08) 

<.001 .48  
16-25 
n=202 

30.90 
2.81 

(1.13) 
.01 .23 p=.26 .25 

Exp. 
10-20 
n=369 

69.98 
13.03 
(0.91) 

<.001 .53  
21-25 
n=82 

47.91 
2.31 

(3.60) 
.52 .17 p=.19 .27 

Sweden              

Con. 
10-15 
n=174 

5.60 
17.30 
(2.31) 

<.001 .40  
16-30 
n=242 

4.60 
4.01 

(0.90) 
<.001 .21 p=.92 .21 

Exp. 10-16 
n=193 

12.68 15.19 
(1.96) 

<.001 .40  17-30 
n=223 

10.94 3.84 
(0.98) 

<.001 .18 p=.86 .26 

Thailand              

Con. 
10-15 
n=274 

23.90 
17.56 
(2.43) 

<.001 .29  
16-30 
n=227 

24.52 
1.64 

(0.90) 
.07 .24 p=.95 .15 

Exp. 
10-24 
n=436 

67.34 8.00 <.001 .35  
25-30 
N=66 

19.502 
9.78 

(4.58) 
.03 .19 p<.001 .25 

Note. Con. = confirmatory analysis; Exp. = exploratory analysis. R2 D indicates the total amount of variance uniquely explained by age across age groups.  
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Table 21 

Confirmatory and Exploratory Piecewise Regressions for Self-Regulatory Capacity in Non-U.S. Countries 
 

 Younger Group  Older Group   

 Age 
Range Intercept 

bage 
(SE) 

p-
value R2  

Age 
Range Intercept 

bage 
(SE) 

p-
value R2 

Diff. in 
Intercept R2 D 

China              

Con. 
10-17 
n=290 

-2.16 
1.39 

(1.26) 
.27 .32  

18-30 
n=199 

-9.89 
4.04 

(0.90) 
<.001 .14 p=.35 .10 

Exp. 
10-17 
n=290 -2.16 

1.39 
(1.26) .27 .32  

18-30 
n=199 -9.89 

4.04 
(0.90) <.001 .14 p=.35 .10 

Note. Con. = confirmatory analysis; Exp. = exploratory analysis. R2 D indicates the total amount of variance uniquely explained by age across age groups.  
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Table 22 

 Age of Maturity for Cognitive Capacity and Self-Regulatory Capacity by Country and Analysis Type in 

Non-U.S. Countries 

  
Cognitive Capacity Self-Reg. Capacity 

China ANOVA 16-17a 26-30 

 Regression Ambiguous Prolonged 

Colombia ANOVA 14-15b 18-21b 

 Regression 16 Prolonged 

Cyprus ANOVA 16-17c 18-21 

 Regression 24 Prolonged 

India ANOVA 18-21 16-17d 

 Regression 22 Prolonged 

Italy ANOVA 16-17 22-25 

 Regression 19 Prolonged 

Jordan ANOVA - - 

 Regression - - 

Kenya ANOVA 14-15 - 

 Regression 16 - 

Philippines ANOVA 18-21b 16-17b 

 Regression 20 Prolonged 

Sweden ANOVA 22-25 22-25 

 Regression Prolonged Prolonged 

Thailand ANOVA 16-17 16-17 

 Regression Ambiguous Prolonged 

Note.  a In China, 16- to 17-year-olds did not differ from 22- to 30-year-olds, but 18- to 21-year-olds 

evinced lower levels of cognitive capacity than 26- to 30-year-olds. b In Colombia and the Philippines, the 

age of maturity was determined by comparing age groups to those 22- to 25-years old due to potential 

cohort effects impacting the performance of the 26- to 30-year-olds. c In Cyprus, 16- to 17-year-olds were 

no different from 26- to 30-year-olds, but evinced lower levels of cognitive capacity than 22- to 25-year-

olds. d In India, 12- to 13-year-olds also performed at adult levels. “Prolonged” indicates continued growth 

through the end of the age range. “Ambiguous” indicates that it was difficult to determine the age of 

maturity. 
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CHAPTER 4 

DISCUSSION 

The age of majority, when citizens become legal adults, is set at 18 in most 

countries, but this boundary is an imperfect divider separating mature from immature 

individuals. Rather, research suggests that some aspects of psychological development 

mature prior to 18, whereas others mature later. Findings from the U.S. sample in the 

present study are strikingly consistent with previous reports that cognitive capacity—the 

executive functions undergirding one’s ability to reason and consider alternative courses 

of action—matures during the mid-teen years, whereas other elements of maturity, 

specifically those indexing aspects of self-regulatory capacity, such as self-restraint, tend 

to continue maturing into adulthood.  

This is the first in-depth examination of the development of cognitive capacity 

and self-regulatory capacity in a diverse cross-national sample. Analyses of age patterns 

in ten non-U.S. countries (China, Colombia, Cyprus, India, Italy, Jordan, Kenya, 

Philippines, Sweden, and Thailand) indicate a striking resemblance to the U.S. in many 

countries, but a range of deviations in others. However, a few general themes emerge 

across nearly all countries. First, cognitive capacity increases steeply from childhood to 

adolescence in all of the non-U.S. countries studied except Jordan, where no age pattern 

is evident. In six of these countries (China, Colombia, Cyprus, Italy, Kenya, and 

Thailand), cognitive capacity reaches adult levels during mid-adolescence. This age 

pattern is consistent with that observed in the current U.S. sample and in previous studies, 

mostly in Western countries, of working memory, inhibition, and verbal fluency, where 
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adult-like performance is generally reached around age 15 or 16 (e.g., Linares, Bajo, & 

Pelegrina, 2016; Huizinga et al., 2006).  

Second, self-regulatory capacity does not mature until the adult years in six of the 

non-U.S. countries studied: China, Colombia, Cyprus, Italy, Sweden, and Thailand. This 

protracted development is consistent with findings of Steinberg et al. (2009), who 

reported that adults in their mid- and late 20s evince greater psychosocial maturity than 

young adults (ages 18-21). These results are also consistent with Rossier and colleagues 

(2007), who reported that sensation seeking (an aspect of immaturity) decreased between 

18 and 25 years in a sample drawn from China, Germany, Italy, Spain, Switzerland, and 

the U.S. The prolonged maturation of self-regulatory capacity found in the current study 

is also consistent with studies (largely conducted in Western countries) documenting 

improvements in self-regulatory domains during adulthood as reflected in declines in 

sensation seeking (Quinn & Harden, 2013), increases in impulse control (Shulman et al., 

2014), future orientation (Steinberg et al., 2009c), and increases in resistance to peer 

influence (Chein et al., 2011). It is notable that the pattern of age differences in self-

regulatory capacity seen in the present sample using primarily behavioral assessments 

replicates the age pattern reported by Steinberg and colleagues (2009) using self-report 

measures 

 Although many of the findings reported here are consistent with expectations—

specifically, that cognitive capacity would mature relatively early, and self-regulatory 

capacity relatively later—there were several unanticipated results. First, I did not find 

evidence that cognitive capacity matures prior to self-regulatory capacity in India, the 

Philippines, and Sweden. In India, cognitive capacity matured later than expected (around 
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age 18 to 21), and later than self-regulatory capacity. Self-regulatory capacity, in turn, 

matured earlier than expected (around age 16 to 17, although there was a significant 

linear age pattern across the full age range, indicating continued growth beyond 

adolescence). A similar pattern was found in the Philippines, where cognitive capacity 

matured later than expected (around age 18 to 21), and, as in India, later than self-

regulatory capacity. Self-regulatory capacity matured earlier than expected in the 

Philippines (around age 16 to 17, though again there was a significant linear age pattern 

across the full age range). Lastly, in Sweden, cognitive capacity matured much later than 

anticipated, around age 22 to 25, which was approximately the same age at which self-

regulatory capacity matured. Despite the later than expected maturation of cognitive 

capacity in India, the Philippines, and Sweden, even in these countries the majority of 

growth in executive function occurred prior to adulthood, consistent with past research 

(Linares et al., 2016; Huizinga et al., 2006), with only modest improvement thereafter. I 

am unable to reach a conclusion regarding the relative ages of cognitive and self-

regulatory maturation in Jordan or Kenya, where one or both maturity composites failed 

to evince a significant or interpretable age pattern.  

There is no obvious factor distinguishing countries that did and did not show the 

expected increase in self-regulatory capacity into adulthood or the expected maturation of 

cognitive capacity by the end of adolescence. The countries in which self-regulatory 

capacity continued to mature into adulthood are diverse (e.g., a mix of Western and 

Asian, and individualistic and collectivistic countries), as is the group in which this 

pattern was not seen. Thus, although cultural norms likely influence the development and 

expression of self-regulation (Chen & French, 2008; Matsumoto et al. 2008), in this 
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sample they did not do so in an easily interpretable way. Likewise, the countries in which 

cognitive capacity increased beyond adolescence are both culturally and economically 

diverse. It is important to note that, given the relative absence of prior studies using these 

measures of executive function in non-Western countries, we cannot know whether cross-

cultural differences in participants’ responses to elements of the test battery account for 

differences in their performance on various tasks, or whether the tasks employed in the 

present study have differential validity in different parts of the world. Further cross-

cultural research on age differences in both executive function and self-regulatory 

capacity would be useful in determining whether these patterns are robust or idiosyncratic 

to the present study. 

 Second, contrary to my hypothesis, I did not find more consistency across 

countries in age patterns of cognitive capacity than in self-regulatory capacity. With 

regard to cognitive capacity, seven countries showed an increase and then a plateau at 

some point in the age range studied. However, in some countries, this plateau emerges in 

adulthood, whereas in others it emerges during mid-adolescence. With regard to self-

regulatory capacity, seven countries evince a linear increase with age. And yet, even 

among those countries a comparison of estimated marginal means indicates variability in 

the pattern of growth. Thus, it does not appear that age patterns are more similar cross-

culturally in one domain than the other, at least with respect to the measures employed in 

this study. 

 Third, I found relatively less agreement and clarity across analytical approaches to 

determining the age of maturity than I anticipated. For example, in Thailand, post-hoc 

comparisons of age groups indicated that cognitive capacity reached adult levels by age 
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16 to 17, but the piecewise analysis shows linear growth from age 10 all the way to age 

24. As I mentioned briefly in Chapter 3, one way to reconcile these differences is that 

whereas cognitive capacity is comparable to adults by age 16 to 17 in many countries, it 

may continue to grow, albeit slightly, thereafter. If that explanation is acceptable, then 

these seemingly discrepant findings may actually be interpreted in concert. That is, they 

are not contradictory, but complementary. 

Limitations  

The current study has several limitations, some of which limit its utility as a guide 

for the law. I would be remiss not to acknowledge that the current findings are based on 

cross-sectional data, and therefore my conclusions about the likely course of 

developmental change are speculative. As noted earlier, one problem that arose from this 

study design is my inability to rule out cohort effects. In Colombia, for example, 26- to 

30-year-olds exhibited significantly lower self-regulatory capacity than 22-to 25-year-

olds, which is unexpected. One potential reason for this anomalous finding is that the 

older individuals would have grown up in Colombia during a time when normative child-

rearing practices may have been disrupted due to the upheaval precipitated by Pablo 

Escobar and the Medellín drug cartel. Longitudinal data would allow for more precise 

measurement of the age of maturity, including an estimate for the age at which specific 

individuals reach maturity. 

It is also important to note that the measures employed here do not assess real-

world behaviors or explicitly test decision-making capacities (e.g., by using decision-

making vignettes), and therefore do not assess actual decision-making competence. 

However, Steinberg and colleagues (2009) found that cognitive capacity (as assessed in 



 

 133 

the same was as in the present study) and performance on a standardized assessment of 

competence to stand trial develop nearly in lockstep. Thus, my assessment of cognitive 

capacity may speak to decision-making competency, albeit indirectly. It is unclear how 

closely the measures of self-regulatory capacity map on to real-world decision making. 

However, it is worth noting that the measures used in this study have been linked to real-

world decision making, and in particular, risk taking. For example, lack of future 

orientation on delay discounting tasks is associated with earlier sexual debut among 

adolescents (Khurana et al., 2012), and risky performance on the Stoplight task is 

associated with increased substance use (Kim-Spoon et al., 2015). These findings suggest 

that the measures of self-regulatory capacity in the current study are related to real-world 

decision making in emotionally-charged situations (e.g., when deciding whether to have 

sex, or drink alcohol). 

It is important to note what was not studied here. This is not a comprehensive 

study of all aspects of psychological functioning relevant to the maturation of cognitive 

capacity, self-regulatory capacity, or exercising good judgment across legal domains. For 

example, I did not include a measure of moral reasoning, which would likely influence 

decisions made across many legal domains (e.g., in decisions about abortion, or whether 

to steal from a store), nor did I include measures of complex executive functions. 

In the same vein, I did not examine age differences in knowledge or experience, 

both of which contribute to exercising good judgment. Knowledge—like knowing the 

risks involved in a medical procedure, or in drinking alcohol—is necessary for making an 

informed and competent decision. Of course, adolescents, compared to their adult 

counterparts, have had less time to accumulate knowledge, which puts them at a 
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disadvantage in certain legal situations (Steinberg & Cauffman, 1996). However, one 

reason knowledge was not a focus of the current study is that despite its correlation with 

age, it is not strictly a developmental phenomenon. In other words, assuming that the 

adolescent is capable of understanding and appreciating information (e.g., how facts 

apply to her case), a lack of knowledge is a disadvantage, but not a developmental 

shortcoming, because it can be rectified quickly through educational means (Maher, 

2005).  

Experience is also related to discussions of maturity and judgment. Indeed, many 

definitions of “maturity” often invoke adolescents’ lack of experience as a defining 

feature. That is, some definitions equate lacking experience with lacking maturity. The 

two are undoubtedly correlated—after all, experience and maturity increase with age, so 

one would also expect maturity to increase with experience. Second, some writers argue 

that experience leads to or fosters maturity. Put simply, “[b]eing mature takes practice” 

(Zimring, 2005, p. 17). This is an intuitive and appealing perspective. How can we expect 

youth to become mature if they do not have the opportunity to act or decide maturely? I 

cannot rule out the possibility that experience, not age, is responsible for improvements 

in both cognitive and self-regulatory domains. Ultimately, it is likely that both experience 

and age-related changes in psychological and neurobiological capacities contribute 

maturity. 

Despite the importance of knowledge and experience to good judgment, it is 

worth noting that neither guarantees mature decision making. That is, having knowledge 

about a potential outcome does not guarantee that it will be used to guide decision 

making. If knowledge about the pitfalls of drinking alcohol were sufficient to guide 
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decision making, programs like D.A.R.E. ought to decrease substance use. However, 

although such programs increase teens’ knowledge, they do not change their substance 

use behavior (Ennett, Tobler, Ringwalt, & Flewelling, 1994). Likewise, there is a 

disconnect between experience and behavior; imagine the number of college students (or, 

for that matter, graduate students) who, after a long night of drinking, swear off alcohol 

forever only to drink just as much the following weekend. Although both knowledge and 

experience can influence the mental calculus of decision making, whether and how they 

do so varies as a function of the decision-making process, which, as I have discussed, 

varies as a function of the decision-making context. Despite experiencing negative 

outcomes, we often repeat a behavior, and despite knowing that a behavior is potentially 

harmful, we may nevertheless engage in it if the circumstances encourage it. The design 

of the present study was intended to minimize contextual influences (i.e., through the use 

of standard laboratory tasks), and while this approach is informative, it does not permit 

the assessment of how the capacities assessed vary in their expression under different 

conditions. 

Another limitation of the current study is that I used participants from the 

community, which may limit the application of the findings to justice system-involved 

populations; it is well established that the IQ among justice-involved individuals is 

significantly lower than average (by around one standard deviation). Although I 

controlled for IQ in all analyses, I did not examine whether the age of maturity of 

cognitive capacity or self-regulatory capacity varied as a function of intelligence. Future 

research might test whether the developmental trajectory of cognitive or self-regulatory 

maturity among both justice-involved youth and community youth of below-average 
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intelligence diverge from the current findings. Furthermore, it is very possible that mean 

levels of cognitive capacity increase with age but remain relatively low among justice-

involved youth. Thus, although cognitive capacity matures in adolescence, and self-

regulatory capacity in adulthood (in the U.S. and over half of the non-U.S. countries 

studied here), I caution the reader from applying these findings directly to populations 

with below-average IQ. 

Another limitation of the current study concerns the use of the self-reported 

resistance to peer influence scale and the Stoplight game. The reliability of the RPI was 

low in some countries, despite scale modifications, and thus caution is needed when 

interpreting these analyses. In addition, confirmatory factor analysis indicated that the 

loadings of RPI and Stoplight on the self-regulation composite were low, especially 

relative to the other self-regulation composite’s components. As mentioned in Chapter 2, 

the low factor loading of RPI is likely a methodological effect, given that RPI is the only 

self-report measure included in the composite. It was surprising that the Stoplight task 

also evinced a weak loading on the self-regulation composite, but this may be attributable 

to the task’s specific demands. Unlike the other behavioral tasks, when playing Stoplight 

it is actually advantageous to be unrestrained. That is, an individual who runs every light 

will complete the task faster than an individual who stops safely (of course, the 

participants are not made aware of this fact). In contrast, “just going for it” on the other 

behavioral tasks confers no advantage to the participant. In creating the composite, I may 

be assuming too much unidimensionality, which may obfuscate nuances in the 

developmental pattern of self-regulatory capacity. Future work should employ more tasks 

to parse out the different facets of self-regulatory capacity, especially tasks in which 
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exercising regulation is advantageous (as in delay discounting or the Iowa Gambling 

Task) and those where it is disadvantageous (as in the Stoplight game). 

Although not a limitation of the present study per se, it is important to note that 

while the study provides insight into the age at which youth reach adult levels of 

cognitive capacity and self-regulatory capacity, these results have no bearing on 

determining the maturity of a specific individual. As with any psychological study of 

development, some individuals will outperform their age mates, and other will 

underperform. In other words, the results of the current study do not define an objective 

level of performance above which individuals may be considered mature, nor do they 

indicate whether they are competent (which is a legal designation, not a psychological 

one). Rather, it gives some guidance regarding how we might generally interact with 

youth, such as by assuming they are more likely than not to be capable of making an 

informed, competent decision (in the right circumstances). This knowledge can be 

informative in creating or amending legal age boundaries. Of course, my results do not 

mean that no one under 18 is mature enough to drink responsibly or premeditate a serious 

crime; nor is it to say that all adults are capable of mature self-restraint. It is to posit that 

on average, teens—and young adults—are relatively less likely to have the self-restraint 

necessary to deserve the privileges and penalties we reserve for people we judge to be 

fully responsible for their behavior. 

Implications 

 There are two areas for which my study has implications. First is the study of 

development broadly, and of maturity more specifically. I used multiple analytic 

approaches to clarify age patterns, but there was considerably less agreement across 
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approaches with respect to the actual findings than I anticipated. Although initially 

cumbersome to interpret, the results from different analytic tools demonstrate the 

strengths, limitations, and nuances of each. 

As an analytic tool, an ANOVA tells us whether the absolute level of some 

outcome in one age group is significantly different than the level in another group. The 

directness and clarity of this analysis is a strength, and it is well-suited to answer the 

question, “at what age are scores on a measure of X no longer different from those of 

adults?”. The primary limitation to this approach, however, is that it usually involves 

creating ordinal age groups from a continuous variable. Although age groups may be 

created for good theoretical reasons, they may also be created arbitrarily or just for 

convenience. Further, when using age groups, one cannot pinpoint the precise age at 

which a construct matures, and different age groupings may lead to different conclusions. 

This is a substantial limitation given the specificity needed for legal age boundaries.  

I do not escape the limitations of ANOVA in the current study. This dissertation 

is based on the secondary analysis of data collected within the context of a design in 

which predetermined age groups were used to recruit the sample; thus, when the original 

researchers decided to recruit samples of 15- to 16-year-olds, they did not specify exactly 

how many 15-year-olds and how many 16-year-olds would constitute each group (i.e., in 

some countries, the group contained more 15- than 16-year-olds, whereas in others the 

reverse is true. Because of the study design, I used seven age groups, some of which 

included participants across four to five discrete ages. Thus, in countries where a capacity 

appears to reach adult levels among the 18- to 21-year-olds, I cannot determine whether 

the age of maturity is closer to 18, or closer to 21. An interesting direction for future 



 

 139 

research would be to create age “groups” comprising individual discrete ages to more 

precisely measure maturity. Such an approach was not possible in the current study 

because some discrete ages in the sample had too few participants. 

I likewise encountered limitations using piecewise regressions. By splitting up the 

age range into two groups, I increased the standard error and increased the relative 

influence of outliers within each group. In essence, I created two groups with smaller 

sample sizes. Because fewer participants age 18 and older were recruited to participate in 

the study compared to those under 18, splitting up the age range within the sample of 

those 18 and over (e.g., to test a model in which the best cut-point is age 22) had a more 

profound impact among the “older” group, where there were relatively fewer participants 

to begin with. Thus, the kinds of issues that accompany having a smaller sample size (i.e., 

increased standard error and increased influence of outliers) were more likely among the 

“older” age group than the younger one. 

Accordingly, I cannot be as confident about the estimated slopes and intercepts 

among the older, smaller group. Indeed, outliers and sample variability may explain why 

in some countries (e.g., cognitive capacity in Thailand) the older group evinces lower 

levels of the outcome of interest than the younger group. 

Related to the matter of reduced sample size is an obstacle to choosing the best 

fitting model in interpreting the piecewise regressions. To choose among competing 

piecewise models, I relied on R2. However, there are some cases where the difference in 

R2 from one model to the next was very small. Although I chose the model with the best 

model fit, the difference between the fit of a model with an R2 of .40 and another with an 

R2 of .39 is meaningless. That competing models may be almost identical in terms of 
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variance explained highlights the potential impact of outliers, especially in groups with 

small sample sizes. Accordingly, it is important to examine the data for outliers, and to 

consider the results in the context of what other research shows so that theory, not just 

data, drives one’s conclusions. 

I have a few brief recommendations for determining the age of maturity based on 

my results of analyses of data from a large cross-sectional sample. First, using multiple 

analytic approaches, while time-consuming, affords the researcher a fuller picture 

regarding development. While an ANOVA provides information most central to the 

question of maturity (i.e., the age at which scores on outcome X are no different from 

those of older individuals), piecewise analyses may indicate for how long the outcome of 

interest continues to increase (i.e., the age at which X stops changing). Second, it is 

important to recruit people near to and older than the age at which the construct of 

interest is hypothesized to mature, and to recruit them in sufficiently large numbers to be 

able to specify the apparent age of maturity. The most limiting factor in my ANOVA and 

piecewise analyses was that participants from 18 to 30 were recruited in low numbers. 

Although there were ample participants to detect age patterns generally, there were not 

enough to precisely and confidently identify the age of maturity.  

The second area for which my study has implications is the legal field. In 2005, 

the APA submitted an amicus brief in Roper v. Simmons, the U.S. Supreme Court case 

that abolished the juvenile death penalty, in which it argued that people younger than 18 

should not be eligible for capital punishment because they lack the requisite 

psychological maturity to be held fully responsible for their criminal behavior (APA, 

2004). In his dissenting opinion, Justice Antonin Scalia admonished the APA, because in 



 

 141 

an earlier case (Hodgson v. Minnesota, 1990) its experts opined that teenagers should 

have the right to make decisions about abortion without involving their parents, on the 

grounds that their decision-making abilities were just as mature as adults’ (APA, 1989).  

In response to Scalia’s criticism, Steinberg, Cauffman, Woolard, Graham, & 

Banich (2009) argued that the ostensible contradiction in the APA’s positions was 

consistent with developmental science. In a sample of over 900 individuals from age 10 

to 30, Steinberg et al. (2009) demonstrated that different aspects of maturity developed 

along different timetables. Cognitive capacity—the basic cognitive processes supporting 

the ability to reason logically—matures by 16. In contrast, self-regulatory capacity—the 

ability to self-regulate, especially in emotionally-arousing contexts—does not fully 

mature until after adolescence. Accordingly, these findings led the authors to suggest that 

two age boundaries are appropriate: a lower boundary for cold legal matters that rely 

mainly on cognitive ability (like deciding whether to have an abortion), and a higher 

boundary for hot legal matters that rely on a combination of cognitive ability and 

psychosocial maturity (like when deciding to engage in criminal behavior) (Steinberg et 

al., 2009).  

In agreement with Steinberg and colleagues (2009), the answer to the question, 

“When do individuals become mature?”, based on the present study is that it depends on 

the component of maturity in question. My findings provide evidence that basic cognitive 

processes undergirding higher-order, goal-directed behavior mature relatively early—

around age 16. Voting (Steinberg, 2014), making decisions in medical contexts 

(Weithorn & Campbell, 1982), consenting to participate in research (Hein et al., 2015), 

and participating as a defendant in legal proceedings (Grisso et al. 2003) constitute 
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situations in which adolescents may be just as competent as adults. Adjudicative 

competence—which refers to whether minors who have committed a criminal offense are 

able to participate effectively in their own trials—and informed consent (required for 

both medical decision making and research participation) require many of the same 

capacities. Individuals must be able to understand the facts (e.g., of the costs and benefits 

of different courses of action), and to be able to reason in an undistorted way about those 

facts as they apply to their own situation (Grisso et al., 2003). 

To the extent that a situation lends itself to deliberation, 16 might be a reasonable 

age of majority, at least in the U.S. Although all 16-year-olds would not necessarily make 

“good” decisions in the voting booth or doctor’s office, their decisions in these contexts, 

on average, would be as logical as adults’ decisions. Decision making in these contexts is 

not purely cognitive, of course. Being a defendant in a legal proceeding or deciding 

whether to undergo a medical procedure may instill concern or fear. However, given that 

knowledgeable adults (e.g., doctors and lawyers) typically surround adolescents in these 

situations, there is opportunity to diminish the emotional intensity of the decision and to 

encourage more reflection. For example, pressure to decide quickly intensifies the 

affective arousal of a situation (Hein et al., 2015), so one easy point of intervention is to 

ask clinicians and legal professionals working with young people to mitigate arousal and 

facilitate reflection by giving their patients and clients time to consider their options (and 

be available to discuss them). 

That self-regulatory capacity continues to mature beyond age 18 (and to a striking 

degree in some countries) suggests that adolescents and young adults are still developing 

in ways that should influence their culpability in criminal proceedings and, perhaps, some 
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of the privileges we extend to them. Young adults—like adolescents—are more likely 

than somewhat older adults to be impulsive, sensation seeking, and sensitive to peer 

influence in ways that influence their criminal conduct (Scott et al., 2016). With regard to 

criminal matters, self-regulatory capacity is influential both during the commission of a 

crime and during police interrogation. Good judgment in these situations requires 

sufficient impulse control, prudence, resistance to influence of others, and future 

orientation. For example, during police interrogations, the individual must balance 

immediate versus long-term outcomes. If an individual is told that she can go home if she 

confesses to police (regardless of whether she is truly guilty), she must consider this 

short-term benefit (going home) with the long-term cost of going to detention (e.g., 

diminished employment opportunities) (Kassin et al., 2010). The current findings are 

consistent with legal studies indicating that adolescents have diminished autonomy of 

decision making compared to adults. For example, Malloy and colleagues (2014), in a 

study of juvenile confessions, reported that of the offenders who provided a false 

confession, half reportedly did so to protect someone else (e.g., a friend or an older 

sibling). Further, false confessions were substantially higher when police used aggressive 

tactics, like refusing to give a break or interrogating the suspect for several hours (Malloy 

et al., 2014). These results suggest that adolescents may be particularly susceptible to the 

influence external forces, like covering for a friend, and especially so when pressure 

comes from police officers who use aggressive tactics (including deception and threats).  

The most important policy implication of the present study concerns the 

protracted maturation of self-regulatory capacity beyond adolescence, which raises 

questions about how the law should treat young adults. The idea that young adults may be 
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worthy of special consideration under the law has circulated for years (e.g., Council of 

Europe, 2003; Woolard & Scott, 2009), but three recent examples of issues that might be 

informed by the present study come to mind. First, the Tobacco 21 movement hopes to 

increase the legal purchase age of tobacco products to 21. Second, legal experts have 

asked whether the leniency granted to juveniles ought to be extended to young adult 

offenders as well (Schiraldi, Western, & Bradner, 2015). In fact, a Kentucky court 

recently declared the death penalty unconstitutional for anyone who committed a crime 

while under the age of 21 (Commonwealth of Kentucky v. Bredhold, 2017). In its 

rationale, the court cited scientific research showing that “individuals under twenty-one 

are psychologically immature in the same way that individuals under the age of eighteen 

were deemed immature…in Roper v. Simmons” (Commonwealth of Kentucky v. 

Bredhold, 2017, p. 1). Third, in the wake of the Parkland, Florida shooting, gun-control 

advocates pushed for a higher purchase age for firearms. In March of 2018, the Florida 

legislature passed a law that increased the minimum purchase age of firearms to 21. The 

results of the current study indicate that increasing the age boundaries in these domains 

would be consistent with the science. 

Despite the legal implications of the current study, it is important to state that 

developmental science alone does not and should not dictate policy. Laws are based on 

cultural values about what kinds of behaviors are acceptable, but science itself is agnostic 

when it comes to what society ought to do. Rather, science is a tool to help us implement 

laws and policies that are consistent with our cultural perspectives on what is right and 

wrong, or good and bad. For example, we believe that one’s punishment should be 

commensurate with one’s crime. As society and its understanding of development 
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evolved, we recognized that youthful impetuosity is more than a stereotype; it is part of 

development that reduces adolescents’ culpability for their bad behavior. Thus, we 

adjusted our laws so that juveniles enjoy protections from the death penalty and life 

without the possibility of parole—punishments we reserve for the worst offenders who 

are fully responsible for their behavior. As Chief Justice Warren stated in the landmark 

Eighth Amendment case Trop v. Dulles (1958), the Eighth Amendment “must draw its 

meaning from the evolving standards of decency that mark the progress of a maturing 

society”. Scientific exploration contributes to these evolving standards. 

For the same reason, I do not make a recommendation as to legal age boundaries 

in the other ten countries in the present study. The paper that inspired the current study 

(Steinberg et al., 2009) was precipitated by U.S. Supreme Court decisions (and their 

accompanying opinions) that influenced age boundaries concerning the death penalty and 

decisions to obtain an abortion. Although other countries regulate their youth in these 

domains, the analyses of the both the 2009 paper and the current one concern specific 

psychological phenomena explicitly indicated by the U.S. Supreme Court as relevant 

factors in discussions of criminal responsibility. To the extent that other countries share 

our perspectives on juvenile justice and youth rights (e.g., our rationale for treating youth 

with leniency in the justice system), the present study may be a useful resource. 

However, these findings may not be as impactful in countries where age differences in 

cognitive capacity or self-regulatory capacity have not been important considerations in 

legal matters. In addition, the current study is the first of its kind in many of the non-U.S. 

countries. Accordingly, it would be inappropriate to make concrete legal and policy 

suggestions at this point. 
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The present study reaffirms the complexity of defining “maturity” or “adulthood” 

based on psychological grounds alone. Developmental science ought to inform, but not 

dictate, where the law sets age boundaries. Having different ages of majority, depending 

on the legal issue in question, is truer to the science than having a single age for all legal 

matters. Therefore, I concur with those who have argued that  two age boundaries are 

appropriate: one that applies to situations in which time pressure, emotional arousal, and 

coercive influence are not likely to inhibit decision-making capacities—which might be 

designated at age 16—and a second that applies to situations in which psychosocial 

immaturity may compromise judgment—which might be designated at 18 or older. As 

discussion of age boundaries continue, it is vital that developmental science be able to 

provide empirical research to guide lawmakers.  
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APPENDIX A 

FULL 10-ITEM RESISTANCE TO PEER INFLUENCE SCALE 

Note. Only items in bold were included in the scale. Un-bolded items were removed based on CFA and alignment results. 

Item 
   

Reverse 
Code 

1. Some people go along with their friends just to keep 
their friends happy BUT 

Other people refuse to go along with what their friends 
want to do, even though they know it will make their 
friends unhappy. 

 

2. Some people think it's more important to be an individual 
than to fit in with the crowd BUT Other people think it is more important to fit in with the crowd 

than to stand out as an individual. R 

3. For some people, it's pretty easy for their friends to 
get them to change their mind BUT For other people, it's pretty hard for their friends to get 

them to change their mind. 
 

4. Some people would do something that they knew was 
wrong just to stay on their friends' good side BUT Other people would not do something they knew was 

wrong just to stay on their friends' good side. 
 

5. 
Some people hide their true opinion from their friends 
if they think their friends will make fun of them 
because of it 

BUT 
Other people will say their true opinion in front of their 
friends, even if they know their friends will make fun of 
them because of it.. 

 

6. Some people will not break the law just because their 
friends say that they would BUT Other people would break the law if their friends said that they 

would break it. R 

7. 
Some people change the way they act so much when 
they are with their friends that they wonder who they 
"really are" 

BUT Other people act the same way when they are alone as they 
do when they are with their friends.  

8. Some people take more risks when they are with their 
friends than they do when they are alone BUT Other people act just as risky when they are alone as when 

they are with their friends.  

9. 
Some people say things they don't really believe 
because they think it will make their friends respect 
them more 

BUT Other people would not say things they didn't really 
believe just to get their friends to respect them more.  

10. Some people think it's better to be an individual even if 
people will be angry at you for going against the crowd BUT Other people think it's better to go along with the crowd than 

to make people angry at you R 
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APPENDIX B 

CONFIRMATORY FACTOR ANALYSIS FOR THE 10-ITEM RESISTANCE TO 

PEER INFLUENCE SCALE WITHIN COUNTRIES 

 
c2 (DF) RMSEA CFI TLI 

China 141.89 (35); p<.001 .079 (.066, .093) .68 .59 

Colombia 111.39 (35); p<.001 .066 (.053, .080) .80 .75 

Cyprus  114.76 (35); p<.001 .079 (.064, .096) .76 .69 

India 143.00 (35); p<.001 .086 (.072, .101) .94 .93 

Italy 97.73 (35); p<.001 .057 (.044, .071) .90 .87 

Jordan 195.58 (35); p<.001 .102 (.088, .116) .62 .51 

Kenya  108.22 (35); p<.001 .066 (.052, .080) .91 .88 

Philippines  97.74 (35); p<.001 .060 (.046, .074) .86 .82 

Sweden 128.862 (35); p<.001 .080 (.066, .096) .83 .78 

Thailand  68.41 (35); p=.001 .044 (.028, .059) .79 .74 

US  3.22 (35); p<.001 .055 (.042, .069) .90 .88 

Note. Values indicate fit for full, 10-item scale using dichotomized responses. Countries with poor model 

fit are show in bold. 
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APPENDIX C 

ALIGNMENT FIT STATISTICS FOR FULL 10-ITEM RESISTANCE TO PEER INFLUENCE SCALE 

  Thresholds   Loadings 

Item 
Fit Function 
Contribution 

R2 Variance  Fit Function 
Contribution 

R2 Variance 

(1) Go along -38.15 .20 .15  -30.77 .73 .03 

(2) Be individual (R) -40.43 .34 .23  -55.91 .08 .38 

(3) Change mind -34.30 .43 .09  -29.17 .76 .02 

(4) Do wrong/good side -32.83 .00 .23  -27.65 .75 .05 

(5) True opinion -29.31 .00 .13  -32.79 .00 .10 

(6) Break law (R) -44.85 .00 .14  -39.65 .37 .05 

(7) Really are -24.20 .77 .05  -31.38 .54 .07 

(8) More risks -38.34 .00 .07  -34.73 .02 .03 

(9) Respect -30.16 .52 .12  -34.12 .53 .12 

(10) Against crowd (R) -33.53 .46 .12  -54.91 .00 .49 

Note. Numbers closer to ‘0’ in the “Fit Function Contribution” column indicate greater invariance. R2 indicates the amount of variance for a given parameter that 

is explained by differences in factors means and variances. Values closer to ‘1’ indicate greater invariance because it denotes that a large amount of ostensible 

non-invariance is due only to differences in factor means and variances. 
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APPENDIX D 

CONFIRMATORY FACTOR ANALYSES FOR ABBREVIATED 7-ITEM 

RESISTANCE TO PEER INFLUENCE SCALE WITHIN COUNTRIES 

 
c2 (DF) RMSEA CFI TLI 

China 35.55 (14); p=.001 .056 (.033, .079) .91 0.87 

Colombia 13.53 (14); p=.49 .000 (.000, .042) 1.00 1.00 

Cyprus  21.679 (14); p=.09 .039 (.000, .069) .97 .95 

India 38.46 (14); p<.001 .065 (.041, .090) .98 .98 

Italy 12.045(14); p=.60 .000 (.000, .036) 1.00 1.00 

Jordan 24.65 (14); p=.04 .042 (.010, .068) .97 .95 

Kenya  18.06 (14); p=.20 .025 (.000, .053) .99 .99 

Philippines  23.87 (14); p=.05 .037 (.004, .062) .92 .88 

Sweden 16.46 (14); p=.29 .021 (.000, .054) .99 .99 

Thailand  34.43 (14); p=.002 .054 (.031, .077) .86 .79 

US  26.20 (14); p=.02 .040 (.014, .064) .96 .94 

Note. Values indicate fit for abbreviated, 7-item scale using dichotomized responses. Countries with poor 

model fit are show in bold. 
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APPENDIX E 

ALIGNMENT RESULTS AND FIT STATISTICS FOR ABBREVIATED 7-ITEM RESISTANCE TO PEER INFLUENCE 

SCALE 

Note. Bolded countries denote that measurement invariance is not established in that country for a given parameter, i.e., that they differ significantly (p < .001) 

from the average value of the set of invariant countries. Numbers closer to ‘0’ in the “Fit Function Contribution” column indicate greater invariance. R2 indicates 

the amount of variance for a given parameter that is explained by differences in factors means and variances. Values closer to ‘1’ indicate greater invariance 

because it denotes that a large amount of ostensible non-invariance is due only to differences in factor means and variances. 

Item Thresholds Item Loadings 
1 Ch   (It)   Ke   Ph   (Th)   Sw   US   Co   (Jo)   In   Cy 1 Ch   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 
3 (Ch)   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 3 Ch   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 
4 (Ch)   (It)   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 4 Ch   (It)   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 
5 Ch   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 5 Ch   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 
7 Ch   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 7 Ch   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 
8 Ch   It   Ke   Ph   (Th)   Sw   US   Co   Jo   In   Cy 8 Ch   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 
9 Ch   It   Ke   Ph   (Th)   Sw   US   Co   (Jo)   In   Cy 9 Ch   It   Ke   Ph   Th   Sw   US   Co   Jo   In   Cy 

Item Fit Function 
Contribution R2 Variance  Item Fit Function 

Contribution R2 Variance  

1 -38.64 .06 .14  1 -28.95 .75 .02  
3 -35.51 .42 .10  3 -27.83 .77 .01  
4 -29.34 .00 .16  4 -29.26 .71 .07  
5 -26.05 .00 .08  5 -30.88 .00 .07  
7 -26.07 .63 .08  7 -28.67 .04 .06  
8 -38.80 .00 .10  8 -28.99 .39 .01  
9 -27.57 .54 .08  9 -34.88 .45 .13  



 

 171 

APPENDIX F 

ESTIMATED MARGINAL MEANS OF COGNITIVE CAPACITY IN NON-U.S. 

COUNTRIES 

 Age Group Mean SE LB UB 
China 10-11 -60.30 6.09 -72.27 -48.32 

 12-13 -31.45 7.56 -46.31 -16.59 

 14-15 -1.34 7.58 -16.24 13.55 

 16-17 34.50 7.56 19.65 49.35 

 18-21 19.22 6.64 6.17 32.27 

 22-25 31.73 7.65 16.70 46.75 

 26-30 51.25 7.78 35.97 66.53 
Colombia 10-11 -69.32 4.50 -78.17 -60.47 

 12-13 -11.06 6.97 -24.75 2.63 

 14-15 34.88 6.83 21.46 48.30 

 16-17 36.05 6.91 22.47 49.63 

 18-21 36.47 7.07 22.58 50.36 

 22-25 28.69 6.99 14.96 42.42 

 26-30 45.50 7.11 31.53 59.47 
Cyprus 10-11 -48.36 10.51 -69.04 -27.68 

 12-13 -26.20 9.66 -45.20 -7.19 

 14-15 7.59 10.34 -12.76 27.94 

 16-17 17.59 9.22 -0.55 35.731 

 18-21 23.24 7.46 8.56 37.92 

 22-25 39.40 8.48 22.70 56.09 

 26-30 28.43 8.35 12.00 44.86 
India 10-11 -56.19 8.16 -72.23 -40.15 

 12-13 -7.42 7.78 -22.72 7.89 

 14-15 -12.90 7.63 -27.89 2.09 

 16-17 2.67 8.04 -13.14 18.48 

 18-21 26.83 7.76 11.58 42.09 

 22-25 18.64 7.651 3.60 33.68 

 26-30 26.11 7.76 10.86 41.36 
Italy 10-11 -53.01 4.06 -60.98 -45.03 

 12-13 -16.56 7.07 -30.45 -2.67 

 14-15 13.45 6.87 -0.05 26.94 

 16-17 49.49 7.19 35.38 63.61 

 18-21 41.80 7.10 27.87 55.74 
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Note. Reported means control for SES and WASI-t.  

 22-25 36.39 7.12 22.41 50.37 

 26-30 40.91 7.08 27.00 54.81 
Jordan 10-11 -12.91 6.13 -24.96 -0.86 

 12-13 -0.72 7.48 -15.43 13.98 

 14-15 14.92 7.50 0.18 29.66 

 16-17 13.97 7.56 -0.88 28.83 

 18-21 -3.88 7.61 -18.84 11.09 

 22-25 -11.01 7.30 -25.35 3.33 

 26-30 1.52 7.99 -14.18 17.23 
Kenya 10-11 -53.88 7.01 -67.66 -40.11 

 12-13 -1.77 7.59 -16.69 13.14 

 14-15 12.23 8.17 -3.82 28.28 

 16-17 25.38 8.80 8.08 42.68 

 18-21 19.11 8.71 1.98 36.23 

 22-25 9.40 8.56 -7.42 26.22 

 26-30 17.07 8.41 0.53 33.6 
Philippines 10-11 -69.04 5.11 -79.07 -59.00 

 12-13 -24.61 6.58 -37.54 -11.68 

 14-15 19.99 6.72 6.79 33.18 

 16-17 20.75 6.66 7.67 33.83 

 18-21 43.47 6.22 31.24 55.69 

 22-25 39.84 6.43 27.21 52.47 

 26-30 17.00 6.68 3.87 30.13 
Sweden 10-11 -69.93 7.90 -85.47 -54.40 

 12-13 -38.41 7.60 -53.36 -23.46 

 14-15 2.14 7.48 -12.56 16.84 

 16-17 7.25 7.45 -7.40 21.90 

 18-21 11.79 7.46 -2.88 26.46 

 22-25 40.58 7.50 25.84 55.33 

 26-30 38.80 7.61 23.85 53.75 
Thailand 10-11 -52.14 5.27 -62.48 -41.79 

 12-13 -19.57 6.58 -32.49 -6.64 

 14-15 11.67 7.73 -3.53 26.86 

 16-17 26.92 9.02 9.21 44.64 

 18-21 31.96 7.26 17.70 46.22 

 22-25 33.47 7.55 18.63 48.31 

 26-30 44.91 8.55 28.10 61.71 
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APPENDIX G 

ESTIMATED MARGINAL MEANS OF SELF-REGULATORY CAPACITY IN 

NON-U.S. COUNTRIES 

 Age Group Mean SE LB UB 
China 10-11 -8.22 4.93 -17.90 1.46 

 12-13 -7.30 6.11 -19.31 4.71 

 14-15 -12.52 6.13 -24.57 -0.48 

 16-17 1.31 6.11 -10.70 13.32 

 18-21 -3.11 5.37 -13.66 7.45 

 22-25 8.17 6.18 -3.97 20.32 

 26-30 29.80 6.29 17.44 42.16 
Colombia 10-11 -15.40 3.63 -22.53 -8.27 

 12-13 -14.95 5.61 -25.98 -3.92 

 14-15 -2.78 5.50 -13.59 8.03 

 16-17 1.08 5.57 -9.86 12.02 

 18-21 13.61 5.70 2.42 24.80 

 22-25 27.86 5.63 16.81 38.92 

 26-30 13.46 5.73 2.21 24.72 
Cyprus 10-11 -11.43 8.43 -28.01 5.16 

 12-13 -14.00 7.74 -29.24 1.23 

 14-15 0.70 8.29 -15.62 17.02 

 16-17 -10.09 7.39 -24.63 4.45 

 18-21 5.79 6.08 -6.18 17.75 

 22-25 11.15 6.80 -2.23 24.54 

 26-30 18.72 6.69 5.55 31.89 
India 10-11 -12.06 6.68 -25.20 1.07 

 12-13 5.50 6.38 -7.04 18.03 

 14-15 -20.08 6.25 -32.37 -7.80 

 16-17 -4.65 6.59 -17.60 8.30 

 18-21 4.27 6.36 -8.23 16.77 

 22-25 8.91 6.27 -3.42 21.23 

 26-30 9.49 6.35 -3.00 21.98 
Italy 10-11 -15.56 3.65 -22.74 -8.38 

 12-13 -16.18 6.36 -28.68 -3.68 

 14-15 -8.97 6.18 -21.11 3.18 

 16-17 8.32 6.47 -4.39 21.02 

 18-21 11.08 6.39 -1.46 23.63 
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 22-25 22.98 6.40 10.40 35.56 

 26-30 32.38 6.37 19.87 44.90 
Jordan 10-11 5.18 5.36 -5.35 15.71 

 12-13 -11.34 6.54 -24.19 1.51 

 14-15 1.06 6.55 -11.82 13.94 

 16-17 -5.60 6.60 -18.58 7.38 

 18-21 2.45 6.65 -10.63 15.52 

 22-25 5.63 6.37 -6.90 18.16 

 26-30 -2.78 6.98 -16.50 10.94 
Kenya 10-11 0.13 4.88 -9.46 9.73 

 12-13 -2.49 5.31 -12.93 7.95 

 14-15 -0.25 5.68 -11.40 10.91 

 16-17 4.90 6.16 -7.21 17.00 

 18-21 -5.25 6.10 -17.24 6.73 

 22-25 -2.53 5.99 -14.30 9.25 

 26-30 5.73 5.89 -5.84 17.30 
Philippines 10-11 -10.65 4.59 -19.66 -1.63 

 12-13 -17.29 5.91 -28.91 -5.67 

 14-15 -11.83 6.04 -23.69 0.03 

 16-17 1.97 5.98 -9.79 13.72 

 18-21 7.57 5.59 -3.42 18.55 

 22-25 14.89 5.78 3.55 26.24 

 26-30 21.14 6.01 9.34 32.94 
Sweden 10-11 -24.99 6.42 -37.61 -12.36 

 12-13 -15.43 6.18 -27.58 -3.28 

 14-15 -13.10 6.08 -25.05 -1.16 

 16-17 -2.85 6.06 -14.75 9.06 

 18-21 2.85 6.06 -9.07 14.78 

 22-25 24.03 6.10 12.05 36.02 

 26-30 26.88 6.18 14.73 39.03 
Thailand 10-11 -1.04 4.03 -8.95 6.87 

 12-13 -7.04 5.03 -16.92 2.84 

 14-15 -10.07 5.91 -21.69 1.54 

 16-17 4.04 6.89 -9.50 17.57 

 18-21 -4.79 5.55 -15.69 6.11 

 22-25 12.22 5.77 0.88 23.56 

 26-30 12.82 6.54 -0.02 25.66 
Note. Reported means control for SES and WASI-t.
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APPENDIX H 

POST-HOC COMPARISONS OF COGNITIVE CAPACITY IN NON-U.S. COUNTRIES 

      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

China 10-11 12-13 -8.19 9.95 .41 -27.75 11.36 .033 No 
  14-15 -40.07 10.01 <.001 -59.72 -20.41 .033 Yes 
  16-17 -81.29 10.01 <.001 -100.95 -61.63 .033 Yes 
  18-21 -62.18 9.20 <.001 -80.25 -44.11 .033 Yes 
  22-25 -77.52 10.01 <.001 -97.18 -57.86 .033 Yes 
  26-30 -99.27 10.01 <.001 -118.93 -79.61 .033 Yes 

 12-13 14-15 -31.87 11.32 .005 -54.11 -9.63 .033 Yes 
  16-17 -73.09 11.32 <.001 -95.33 -50.86 .033 Yes 
  18-21 -53.99 10.61 <.001 -74.83 -33.14 .033 Yes 
  22-25 -69.33 11.32 <.001 -91.56 -47.09 .033 Yes 
  26-30 -91.07 11.32 <.001 -113.31 -68.84 .033 Yes 

 14-15 16-17 -41.22 11.36 <.001 -63.55 -18.89 .033 Yes 
  18-21 -22.12 10.66 .04 -43.06 -1.17 .033 No 
  22-25 -37.46 11.36 .001 -59.78 -15.13 .033 Yes 
  26-30 -59.20 11.36 <.001 -81.53 -36.87 .033 Yes 

 16-17 18-21 19.11 10.66 .07 -1.84 40.05 .033 No 
  22-25 3.77 11.36 .74 -18.56 26.10 .033 No 
  26-30 -17.98 11.36 .11 -40.31 4.35 .033 No 

 18-21 22-25 -15.34 10.66 .15 -36.28 5.60 .033 No 
  26-30 -37.09 10.66 .001 -58.03 -16.14 .033 Yes 

 22-25 26-30 -21.75 11.36 .06 -44.07 0.58 .033 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Colombia 10-11 12-13 -59.21 9.06 <.001 -77.02 -41.40 .026 Yes 
  14-15 -105.11 8.96 <.001 -122.72 -87.50 .026 Yes 
  16-17 -108.93 9.12 <.001 -126.85 -91.02 .026 Yes 
  18-21 -115.52 9.23 <.001 -133.66 -97.39 .026 Yes 
  22-25 -113.31 9.12 <.001 -131.23 -95.39 .026 Yes 
  26-30 -119.09 9.17 <.001 -137.12 -101.07 .026 Yes 
 12-13 14-15 -45.90 10.67 <.001 -66.87 -24.94 .026 Yes 
  16-17 -49.73 10.81 <.001 -70.96 -28.50 .026 Yes 
  18-21 -56.32 10.90 <.001 -77.73 -34.90 .026 Yes 
  22-25 -54.10 10.81 <.001 -75.33 -32.87 .026 Yes 
  26-30 -59.89 10.85 <.001 -81.21 -38.56 .026 Yes 
 14-15 16-17 -3.82 10.72 .72 -24.88 17.24 .026 No 
  18-21 -10.41 10.81 .34 -31.66 10.84 .026 No 
  22-25 -8.20 10.72 .45 -29.26 12.86 .026 No 
  26-30 -13.98 10.77 .20 -35.13 7.17 .026 No 
 16-17 18-21 -6.59 10.95 .55 -28.10 14.91 .026 No 
  22-25 -4.38 10.85 .69 -25.70 16.94 .026 No 
  26-30 -10.16 10.90 .35 -31.57 11.25 .026 No 
 18-21 22-25 2.21 10.95 .84 -19.29 23.72 .026 No 
  26-30 -3.57 10.99 .75 -25.17 18.03 .026 No 
 22-25 26-30 -5.78 10.90 .60 -27.19 15.63 .026 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Cyprus 10-11 12-13 -40.33 12.98 .002 -65.86 -14.81 .036 Yes 

  14-15 -53.97 13.48 <.001 -80.47 -27.46 .036 Yes 

  16-17 -83.70 13.87 <.001 -110.99 -56.42 .036 Yes 

  18-21 -96.13 12.51 <.001 -120.73 -71.52 .036 Yes 

  22-25 -115.70 13.34 <.001 -141.94 -89.46 .036 Yes 

  26-30 -105.02 12.93 <.001 -130.44 -79.60 .036 Yes 

 12-13 14-15 -13.63 12.98 .29 -39.16 11.90 .036 No 

  16-17 -43.37 13.39 .001 -69.70 -17.04 .036 Yes 

  18-21 -55.79 11.97 <.001 -79.34 -32.25 .036 Yes 

  22-25 -75.36 12.84 <.001 -100.61 -50.12 .036 Yes 

  26-30 -64.68 12.40 <.001 -89.08 -40.29 .036 Yes 

 14-15 16-17 -29.74 13.87 .03 -57.03 -2.45 .036 Yes 

  18-21 -42.16 12.51 .001 -66.77 -17.56 .036 Yes 

  22-25 -61.73 13.34 <.001 -87.97 -35.50 .036 Yes 

  26-30 -51.05 12.93 <.001 -76.47 -25.63 .036 Yes 

 16-17 18-21 -12.42 12.94 .34 -37.87 13.02 .036 No 

  22-25 -31.99 13.74 .02 -59.02 -4.97 .036 Yes 

  26-30 -21.31 13.34 .11 -47.54 4.92 .036 No 

 18-21 22-25 -19.57 12.36 .11 -43.88 4.74 .036 No 

  26-30 -8.89 11.91 .46 -32.32 14.54 .036 No 

 22-25 26-30 10.68 12.78 .40 -14.46 35.82 .036 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

India 10-11 12-13 -38.33 11.93 .001 -61.77 -14.88 .036 Yes 

  14-15 -34.71 11.83 .004 -57.97 -11.45 .036 Yes 

  16-17 -35.48 11.93 .003 -58.92 -12.03 .036 Yes 

  18-21 -73.92 11.83 <.001 -97.18 -50.67 .036 Yes 

  22-25 -70.63 11.79 <.001 -93.80 -47.47 .036 Yes 

  26-30 -82.20 11.88 <.001 -105.55 -58.85 .036 Yes 

 12-13 14-15 3.62 11.62 .76 -19.22 26.46 .036 No 

  16-17 2.85 11.72 .81 -20.18 25.88 .036 No 

  18-21 -35.60 11.62 .002 -58.44 -12.76 .036 Yes 

  22-25 -32.31 11.57 .005 -55.06 -9.56 .036 Yes 

  26-30 -43.88 11.67 <.001 -66.81 -20.94 .036 Yes 

 14-15 16-17 -0.77 11.62 .95 -23.61 22.07 .036 No 

  18-21 -39.22 11.52 .001 -61.86 -16.57 .036 Yes 

  22-25 -35.93 11.48 .002 -58.48 -13.37 .036 Yes 

  26-30 -47.49 11.57 <.001 -70.24 -24.75 .036 Yes 

 16-17 18-21 -38.45 11.62 .001 -61.29 -15.61 .036 Yes 

  22-25 -35.16 11.57 .003 -57.91 -12.41 .036 Yes 

  26-30 -46.73 11.67 <.001 -69.66 -23.79 .036 Yes 

 18-21 22-25 3.29 11.48 .78 -19.27 25.85 .036 No 

  26-30 -8.28 11.57 .48 -31.02 14.46 .036 No 

 22-25 26-30 -11.57 11.52 .32 -34.22 11.08 .036 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Italy 10-11 12-13 -37.23 8.67 <.001 -54.26 -20.21 .036 Yes 

  14-15 -73.21 8.51 <.001 -89.92 -56.49 .036 Yes 

  16-17 -112.58 8.78 <.001 -129.82 -95.33 .036 Yes 

  18-21 -105.79 8.72 <.001 -122.92 -88.65 .036 Yes 

  22-25 -102.19 8.72 <.001 -119.33 -85.06 .036 Yes 

  26-30 -108.19 8.61 <.001 -125.11 -91.27 .036 Yes 

 12-13 14-15 -35.97 10.52 .001 -56.64 -15.30 .036 Yes 

  16-17 -75.34 10.74 <.001 -96.45 -54.24 .036 Yes 

  18-21 -68.55 10.70 <.001 -89.56 -47.54 .036 Yes 

  22-25 -64.96 10.70 <.001 -85.97 -43.95 .036 Yes 

  26-30 -70.96 10.61 <.001 -91.80 -50.12 .036 Yes 

 14-15 16-17 -39.37 10.62 <.001 -60.23 -18.52 .036 Yes 

  18-21 -32.58 10.57 .002 -53.34 -11.82 .036 Yes 

  22-25 -28.99 10.57 .006 -49.75 -8.22 .036 Yes 

  26-30 -34.99 10.48 .001 -55.57 -14.40 .036 Yes 

 16-17 18-21 6.79 10.79 .53 -14.40 27.98 .036 No 

  22-25 10.39 10.79 .34 -10.81 31.58 .036 No 

  26-30 4.39 10.70 .68 -16.63 25.40 .036 No 

 18-21 22-25 3.59 10.74 .74 -17.51 24.69 .036 No 

  26-30 -2.41 10.65 .82 -23.33 18.52 .036 No 

 22-25 26-30 -6.00 10.65 .57 -26.93 14.93 .036 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Jordan 10-11 12-13 -0.73 10.11 .94 -20.60 19.15 N/A  

  14-15 -12.78 10.11 .21 -32.66 7.10 N/A  

  16-17 -18.98 10.23 .06 -39.08 1.12 N/A  

  18-21 -9.55 10.17 .35 -29.54 10.43 N/A  

  22-25 -5.32 9.86 .59 -24.70 14.07 N/A  

  26-30 -14.53 10.29 .16 -34.75 5.68 N/A  

 12-13 14-15 -12.05 11.29 .29 -34.25 10.15 N/A  

  16-17 -18.26 11.39 .11 -40.65 4.14 N/A  

  18-21 -8.83 11.34 .44 -31.12 13.46 N/A  

  22-25 -4.59 11.07 .68 -26.34 17.16 N/A  

  26-30 -13.81 11.45 .23 -36.31 8.69 N/A  

 14-15 16-17 -6.20 11.39 .59 -28.60 16.19 N/A  

  18-21 3.22 11.34 .78 -19.07 25.52 N/A  

  22-25 7.46 11.07 .50 -14.29 29.21 N/A  

  26-30 -1.76 11.45 .88 -24.26 20.74 N/A  

 16-17 18-21 9.43 11.44 .41 -13.06 31.92 N/A  

  22-25 13.66 11.17 .22 -8.29 35.62 N/A  

  26-30 4.45 11.55 .70 -18.25 27.14 N/A  

 18-21 22-25 4.24 11.12 .70 -17.61 26.09 N/A  

  26-30 -4.98 11.50 .67 -27.57 17.61 N/A  

 22-25 26-30 -9.22 11.22 .41 -31.28 12.84 N/A  
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Kenya 10-11 12-13 -55.73 11.30 <.001 -77.93 -33.53 .017 Yes 

  14-15 -63.44 11.83 <.001 -86.68 -40.19 .017 Yes 

  16-17 -85.15 12.35 <.001 -109.42 -60.89 .017 Yes 

  18-21 -92.33 12.22 <.001 -116.34 -68.31 .017 Yes 

  22-25 -77.44 12.16 <.001 -101.33 -53.54 .017 Yes 

  26-30 -78.62 12.04 <.001 -102.29 -54.95 .017 Yes 

 12-13 14-15 -7.70 12.23 .53 -31.74 16.33 .017 No 

  16-17 -29.42 12.74 .02 -54.44 -4.39 .017 No 

  18-21 -36.59 12.61 .004 -61.38 -11.81 .017 Yes 

  22-25 -21.70 12.55 .08 -46.37 2.96 .017 No 

  26-30 -22.89 12.44 .07 -47.33 1.56 .017 No 

 14-15 16-17 -21.72 13.21 .10 -47.67 4.24 .017 No 

  18-21 -28.89 13.09 .03 -54.61 -3.17 .017 No 

  22-25 -14.00 13.03 .28 -39.61 11.61 .017 No 

  26-30 -15.18 12.93 .24 -40.58 10.22 .017 No 

 16-17 18-21 -7.17 13.56 .60 -33.82 19.48 .017 No 

  22-25 7.72 13.51 .57 -18.83 34.26 .017 No 

  26-30 6.53 13.40 .63 -19.80 32.87 .017 No 

 18-21 22-25 14.89 13.39 .27 -11.43 41.20 .017 No 

  26-30 13.71 13.29 .30 -12.40 39.81 .017 No 

 22-25 26-30 -1.18 13.23 .93 -27.18 24.82 .017 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Philippines 10-11 12-13 -61.34 9.14 <.001 -79.29 -43.38 .038 Yes 

  14-15 -98.17 9.23 <.001 -116.31 -80.03 .038 Yes 

  16-17 -101.86 9.23 <.001 -120.00 -83.72 .038 Yes 

  18-21 -139.60 8.81 <.001 -156.91 -122.30 .038 Yes 

  22-25 -136.38 8.96 <.001 -153.99 -118.77 .038 Yes 

  26-30 -115.52 9.18 <.001 -133.56 -97.48 .038 Yes 

 12-13 14-15 -36.83 10.42 <.001 -57.32 -16.35 .038 Yes 

  16-17 -40.52 10.42 <.001 -61.00 -20.04 .038 Yes 

  18-21 -78.27 10.05 <.001 -98.01 -58.52 .038 Yes 

  22-25 -75.04 10.19 <.001 -95.06 -55.02 .038 Yes 

  26-30 -54.18 10.38 <.001 -74.58 -33.78 .038 Yes 

 14-15 16-17 -3.69 10.51 .73 -24.33 16.95 .038 No 

  18-21 -41.43 10.14 <.001 -61.35 -21.52 .038 Yes 

  22-25 -38.21 10.27 <.001 -58.39 -18.02 .038 Yes 

  26-30 -17.35 10.47 .10 -37.91 3.21 .038 No 

 16-17 18-21 -37.74 10.14 <.001 -57.66 -17.83 .038 Yes 

  22-25 -34.52 10.27 .001 -54.70 -14.33 .038 Yes 

  26-30 -13.66 10.47 .19 -34.22 6.90 .038 No 

 18-21 22-25 3.23 9.89 .74 -16.21 22.66 .038 No 

  26-30 24.08 10.09 .02 4.26 43.91 .038 Yes 

 22-25 26-30 20.86 10.23 .04 0.76 40.96 .038 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Sweden 10-11 12-13 -24.85 11.85 .037 -48.14 -1.56 .04 Yes 

  14-15 -65.37 11.80 <.001 -88.57 -42.17 .04 Yes 

  16-17 -66.44 11.76 <.001 -89.55 -43.33 .04 Yes 

  18-21 -88.15 11.80 <.001 -111.35 -64.95 .04 Yes 

  22-25 -119.77 11.80 <.001 -142.97 -96.57 .04 Yes 

  26-30 -115.53 11.80 <.001 -138.73 -92.33 .04 Yes 

 12-13 14-15 -40.52 11.53 <.001 -63.20 -17.85 .04 Yes 

  16-17 -41.59 11.49 <.001 -64.18 -19.01 .04 Yes 

  18-21 -63.30 11.53 <.001 -85.98 -40.63 .04 Yes 

  22-25 -94.93 11.53 <.001 -117.60 -72.25 .04 Yes 

  26-30 -90.68 11.53 <.001 -113.36 -68.01 .04 Yes 

 14-15 16-17 -1.07 11.44 .93 -23.55 21.42 .04 No 

  18-21 -22.78 11.49 .05 -45.36 -0.20 .04 No 

  22-25 -54.40 11.49 <.001 -76.98 -31.82 .04 Yes 

  26-30 -50.16 11.49 <.001 -72.74 -27.58 .04 Yes 

 16-17 18-21 -21.71 11.44 .06 -44.20 0.78 .04 No 

  22-25 -53.33 11.44 <.001 -75.82 -30.85 .04 Yes 

  26-30 -49.09 11.44 <.001 -71.58 -26.60 .04 Yes 

 18-21 22-25 -31.62 11.49 .006 -54.20 -9.04 .04 Yes 

  26-30 -27.38 11.49 .02 -49.96 -4.80 .04 Yes 

 22-25 26-30 4.24 11.49 .71 -18.34 26.82 .04 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Thailand 10-11 12-13 -21.49 9.40 .02 -39.95 -3.03 .031 Yes 

  14-15 -51.64 10.48 <.001 -72.22 -31.05 .031 Yes 

  16-17 -67.92 11.71 <.001 -90.93 -44.91 .031 Yes 

  18-21 -73.24 10.05 <.001 -92.97 -53.50 .031 Yes 

  22-25 -84.73 10.25 <.001 -104.87 -64.59 .031 Yes 

  26-30 -92.78 11.09 <.001 -114.57 -70.98 .031 Yes 

 12-13 14-15 -30.14 11.36 .008 -52.47 -7.82 .031 Yes 

  16-17 -46.43 12.51 <.001 -71.01 -21.85 .031 Yes 

  18-21 -51.74 10.96 <.001 -73.29 -30.20 .031 Yes 

  22-25 -63.24 11.15 <.001 -85.15 -41.33 .031 Yes 

  26-30 -71.29 11.93 <.001 -94.73 -47.84 .031 Yes 

 14-15 16-17 -16.29 13.34 .22 -42.50 9.93 .031 No 

  18-21 -21.60 11.91 .07 -44.99 1.79 .031 No 

  22-25 -33.10 12.08 .006 -56.83 -9.37 .031 Yes 

  26-30 -41.14 12.80 .001 -66.29 -15.99 .031 Yes 

 16-17 18-21 -5.31 13.00 .68 -30.86 20.24 .031 No 

  22-25 -16.81 13.16 .20 -42.67 9.05 .031 No 

  26-30 -24.86 13.83 .07 -52.03 2.32 .031 No 

 18-21 22-25 -11.50 11.71 .33 -34.50 11.50 .031 No 

  26-30 -19.54 12.45 .12 -44.01 4.92 .031 No 

 22-25 26-30 -8.04 12.62 .52 -32.83 16.74 .031 No 
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APPENDIX I 

POST-HOC COMPARISONS OF SELF-REGULATORY CAPACITY IN NON-U.S. COUNTRIES 

      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

China 10-11 12-13 1.25 7.58 .87 -13.65 16.15 .017 No 
  14-15 5.72 7.62 .45 -9.25 20.70 .017 No 

  16-17 -10.52 7.62 .17 -25.49 4.46 .017 No 

  18-21 -5.70 7.01 .42 -19.46 8.07 .017 No 

  22-25 -17.13 7.62 .03 -32.11 -2.15 .017 No 

  26-30 -41.20 7.62 <.001 -56.18 -26.23 .017 Yes 
 12-13 14-15 4.47 8.62 .60 -12.47 21.41 .017 No 
  16-17 -11.77 8.62 .17 -28.70 5.17 .017 No 

  18-21 -6.95 8.08 .39 -22.83 8.93 .017 No 

  22-25 -18.38 8.62 .03 -35.32 -1.44 .017 No 

  26-30 -42.45 8.62 <.001 -59.39 -25.51 .017 Yes 

 14-15 16-17 -16.24 8.66 .06 -33.25 0.77 .017 No 

  18-21 -11.42 8.12 .16 -27.37 4.53 .017 No 

  22-25 -22.85 8.66 .009 -39.86 -5.84 .017 Yes 

  26-30 -46.92 8.66 <.001 -63.93 -29.91 .017 Yes 

 16-17 18-21 4.82 8.12 .55 -11.14 20.77 .017 No 

  22-25 -6.61 8.66 .45 -23.62 10.39 .017 No 

  26-30 -30.69 8.66 <.001 -47.69 -13.68 .017 Yes 

 18-21 22-25 -11.43 8.12 .16 -27.38 4.52 .017 No 

  26-30 -35.50 8.12 <.001 -51.46 -19.55 .017 Yes 
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 22-25 26-30 -24.07 8.66 .006 -41.08 -7.06 .017 Yes 

      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Colombia 10-11 12-13 -1.31 6.76 .85 -14.59 11.97 .026 No 

  14-15 -13.20 6.68 .05 -26.33 -0.08 .026 No 

  16-17 -18.01 6.80 .008 -31.37 -4.65 .026 Yes 

  18-21 -33.61 6.88 <.001 -47.13 -20.09 .026 Yes 

  22-25 -49.46 6.80 <.001 -62.82 -36.10 .026 Yes 

  26-30 -28.81 6.84 <.001 -42.25 -15.38 .026 Yes 

 12-13 14-15 -11.89 7.96 .14 -27.53 3.74 .026 No 

  16-17 -16.70 8.06 .04 -32.53 -0.87 .026 No 

  18-21 -32.30 8.13 <.001 -48.27 -16.34 .026 Yes 

  22-25 -48.15 8.06 <.001 -63.98 -32.32 .026 Yes 

  26-30 -27.51 8.09 .001 -43.40 -11.61 .026 Yes 

 14-15 16-17 -4.81 7.99 .55 -20.51 10.89 .026 No 

  18-21 -20.41 8.06 .01 -36.25 -4.57 .026 Yes 

  22-25 -36.26 7.99 <.001 -51.96 -20.55 .026 Yes 

  26-30 -15.61 8.03 .05 -31.38 0.16 .026 No 

 16-17 18-21 -15.60 8.16 .06 -31.63 0.43 .026 No 

  22-25 -31.45 8.09 <.001 -47.34 -15.55 .026 Yes 

  26-30 -10.80 8.12 .18 -26.77 5.16 .026 No 

 18-21 22-25 -15.85 8.16 .05 -31.88 0.19 .026 No 

  26-30 4.80 8.19 .56 -11.30 20.90 .026 No 

 22-25 26-30 20.64 8.12 .01 4.68 36.61 .026 Yes 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Cyprus 10-11 12-13 4.25 9.66 .66 -14.75 23.24 .017 No 

  14-15 -2.96 10.03 .77 -22.69 16.77 .017 No 

  16-17 4.31 10.32 .68 -15.99 24.62 .017 No 

  18-21 -15.53 9.37 .10 -33.96 2.91 .017 No 

  22-25 -24.16 9.93 .02 -43.68 -4.63 .017 Yes 

  26-30 -32.46 9.62 .001 -51.38 -13.54 .017 Yes 

 12-13 14-15 -7.21 9.66 .46 -26.20 11.79 .017 No 

  16-17 0.07 9.96 .99 -19.53 19.66 .017 No 

  18-21 -19.77 8.97 .03 -37.42 -2.12 .017 No 

  22-25 -28.40 9.55 .003 -47.19 -9.62 .017 Yes 

  26-30 -36.71 9.23 <.001 -54.86 -18.55 .017 Yes 

 14-15 16-17 7.27 10.32 .48 -13.03 27.58 .017 No 

  18-21 -12.57 9.37 .18 -31.00 5.87 .017 No 

  22-25 -21.20 9.93 .03 -40.72 -1.67 .017 No 

  26-30 -29.50 9.62 .002 -48.42 -10.58 .017 Yes 

 16-17 18-21 -19.84 9.69 .04 -38.89 -0.79 .017 No 

  22-25 -28.47 10.22 .006 -48.58 -8.36 .017 Yes 

  26-30 -36.77 9.93 <.001 -56.29 -17.25 .017 Yes 

 18-21 22-25 -8.63 9.26 .35 -26.85 9.58 .017 No 

  26-30 -16.93 8.93 .06 -34.50 0.63 .017 No 

 22-25 26-30 -8.30 9.51 .38 -27.01 10.41 .017 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

India 10-11 12-13 -21.02 9.18 .02 -39.06 -2.98 .014 No 

  14-15 5.58 9.10 .54 -12.32 23.47 .014 No 

  16-17 -12.48 9.18 .18 -30.52 5.56 .014 No 

  18-21 -20.85 9.10 .02 -38.74 -2.95 .014 No 

  22-25 -22.36 9.10 .014 -40.25 -4.47 .014 Yes 

  26-30 -22.68 9.14 .01 -40.64 -4.71 .014 Yes 

 12-13 14-15 26.60 8.94 .003 9.03 44.17 .014 Yes 

  16-17 8.54 9.01 .34 -9.18 26.26 .014 No 

  18-21 0.17 8.94 .99 -17.40 17.74 .014 No 

  22-25 -1.34 8.94 .88 -18.91 16.23 .014 No 

  26-30 -1.66 8.98 .85 -19.30 15.99 .014 No 

 14-15 16-17 -18.06 8.94 .04 -35.63 -0.48 .014 No 

  18-21 -26.42 8.86 .003 -43.85 -9.00 .014 Yes 

  22-25 -27.94 8.86 .002 -45.36 -10.51 .014 Yes 

  26-30 -28.25 8.90 .002 -45.75 -10.76 .014 Yes 

 16-17 18-21 -8.37 8.94 .35 -25.94 9.20 .014 No 

  22-25 -21.02 8.83 .31 -33.36 1.37 .014 No 

  26-30 -30.54 8.81 .32 -33.95 0.70 .014 No 

 18-21 22-25 -48.59 8.79 .32 -34.54 0.03 .014 No 

  26-30 -20.85 8.77 .33 -35.13 -0.64 .014 No 

 22-25 26-30 -22.36 8.75 .33 -35.72 -1.30 .014 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Italy 10-11 12-13 -0.15 7.32 .98 -14.52 14.22 .031 No 

  14-15 -9.17 7.18 .20 -23.28 4.95 .031 No 

  16-17 -27.56 7.41 <.001 -42.11 -13.00 .031 Yes 

  18-21 -30.19 7.36 <.001 -44.66 -15.73 .031 Yes 

  22-25 -42.62 7.36 <.001 -57.09 -28.16 .031 Yes 

  26-30 -52.22 7.27 <.001 -66.50 -37.93 .031 Yes 

 12-13 14-15 -9.02 8.88 .31 -26.47 8.43 .031 No 

  16-17 -27.41 9.07 .003 -45.22 -9.59 .031 Yes 

  18-21 -30.05 9.03 .001 -47.78 -12.31 .031 Yes 

  22-25 -42.47 9.03 <.001 -60.21 -24.74 .031 Yes 

  26-30 -52.07 8.95 <.001 -69.66 -34.48 .031 Yes 

 14-15 16-17 -18.39 8.96 .04 -35.99 -0.78 .031 No 

  18-21 -21.03 8.92 .02 -38.55 -3.50 .031 Yes 

  22-25 -33.46 8.92 <.001 -50.98 -15.93 .031 Yes 

  26-30 -43.05 8.85 <.001 -60.43 -25.67 .031 Yes 

 16-17 18-21 -2.64 9.11 .77 -20.53 15.25 .031 No 

  22-25 -15.07 9.11 .10 -32.96 2.82 .031 No 

  26-30 -24.66 9.03 .007 -42.41 -6.92 .031 Yes 

 18-21 22-25 -12.43 9.07 .17 -30.24 5.38 .031 No 

  26-30 -22.02 8.99 .02 -39.69 -4.36 .031 Yes 

 22-25 26-30 -9.59 8.99 .29 -27.26 8.07 .031 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Philippines 10-11 12-13 -0.22 7.43 .98 -14.82 14.38 .026 No 

  14-15 -3.10 7.51 .68 -17.85 11.65 .026 No 

  16-17 -17.49 7.51 .02 -32.24 -2.74 .026 Yes 

  18-21 -27.35 7.16 <.001 -41.43 -13.28 .026 Yes 

  22-25 -34.30 7.29 <.001 -48.62 -19.97 .026 Yes 

  26-30 -41.39 7.47 <.001 -56.07 -26.72 .026 Yes 

 12-13 14-15 -2.88 8.48 .73 -19.54 13.78 .026 No 

  16-17 -17.27 8.48 .04 -33.93 -0.61 .026 No 

  18-21 -27.13 8.17 .001 -43.19 -11.07 .026 Yes 

  22-25 -34.07 8.29 <.001 -50.35 -17.79 .026 Yes 

  26-30 -41.17 8.44 <.001 -57.76 -24.58 .026 Yes 

 14-15 16-17 -14.39 8.55 .09 -31.18 2.40 .026 No 

  18-21 -24.25 8.24 .003 -40.45 -8.06 .026 Yes 

  22-25 -31.19 8.35 <.001 -47.61 -14.78 .026 Yes 

  26-30 -38.29 8.51 <.001 -55.01 -21.57 .026 Yes 

 16-17 18-21 -9.86 8.24 .23 -26.06 6.34 .026 No 

  22-25 -16.80 8.35 .05 -33.22 -0.39 .026 No 

  26-30 -23.90 8.51 .005 -40.62 -7.18 .026 Yes 

 18-21 22-25 -6.94 8.05 .39 -22.75 8.87 .026 No 

  26-30 -14.04 8.21 .09 -30.17 2.09 .026 No 

 22-25 26-30 6.94 8.05 .39 -8.87 22.75 .026 No 



 

 191 

          

          

      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Sweden 10-11 12-13 -6.41 9.13 .48 -24.35 11.54 .031 No 

  14-15 -8.27 9.09 .36 -26.15 9.61 .031 No 

  16-17 -16.93 9.06 .06 -34.74 0.87 .031 No 

  18-21 -31.22 9.09 .001 -49.10 -13.35 .031 Yes 

  22-25 -54.28 9.09 <.001 -72.15 -36.40 .031 Yes 

  26-30 -57.07 9.09 <.001 -74.94 -39.19 .031 Yes 

 12-13 14-15 -1.86 8.89 .83 -19.34 15.61 .031 No 

  16-17 -10.53 8.85 .24 -27.93 6.88 .031 No 

  18-21 -24.81 8.89 .005 -42.29 -7.34 .031 Yes 

  22-25 -47.87 8.89 <.001 -65.34 -30.40 .031 Yes 

  26-30 -50.66 8.89 <.001 -68.13 -33.19 .031 Yes 

 14-15 16-17 -8.66 8.81 .33 -25.99 8.66 .031 No 

  18-21 -22.95 8.85 .01 -40.35 -5.55 .031 Yes 

  22-25 -46.01 8.85 <.001 -63.41 -28.61 .031 Yes 

  26-30 -48.80 8.85 <.001 -66.19 -31.40 .031 Yes 

 16-17 18-21 -14.29 8.81 .11 -31.62 3.04 .031 No 

  22-25 -37.35 8.81 <.001 -54.67 -20.02 .031 Yes 

  26-30 -40.13 8.81 <.002 -57.46 -22.81 .031 Yes 

 18-21 22-25 -23.06 8.85 .01 -40.46 -5.66 .031 Yes 

  26-30 -25.84 8.85 .004 -43.24 -8.45 .031 Yes 

 22-25 26-30 -2.79 8.85 .75 -20.19 14.61 .031 No 
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      95% Confidence Interval   

 
Age 

Group 
Comparison 

Group 
Difference SE p-value LB UB 

Corrected 
Sig. Level 

Sig. 

Thailand 10-11 12-13 7.39 6.39 0.248 -5.16 19.94 .0095 No 

  14-15 10.16 7.12 0.155 -3.84 24.15 .0095 No 

  16-17 -4.58 7.96 0.566 -20.22 11.07 .0095 No 

  18-21 4.69 6.83 0.493 -8.73 18.11 .0095 No 

  22-25 -14.44 6.97 0.039 -28.13 -0.74 .0095 No 

  26-30 -15.29 7.54 0.043 -30.11 -0.47 .0095 No 

 12-13 14-15 2.77 7.72 0.72 -12.41 17.95 .0095 No 

  16-17 -11.97 8.50 0.16 -28.68 4.74 .0095 No 

  18-21 -2.70 7.46 0.718 -17.35 11.95 .0095 No 

  22-25 -21.83 7.58 0.004 -36.72 -6.93 .0095 Yes 

  26-30 -22.68 8.11 0.005 -38.62 -6.74 .0095 Yes 

 14-15 16-17 -14.73 9.07 0.105 -32.56 3.09 .0095 No 

  18-21 -5.47 8.09 0.5 -21.37 10.44 .0095 No 

  22-25 -24.59 8.21 0.003 -40.73 -8.46 .0095 Yes 

  26-30 -25.45 8.70 0.004 -42.55 -8.35 .0095 Yes 

 16-17 18-21 9.27 8.84 0.295 -8.10 26.64 .0095 No 

  22-25 -9.86 8.95 0.271 -27.44 7.73 .0095 No 

  26-30 -10.72 9.40 0.255 -29.19 7.76 .0095 No 

 18-21 22-25 -19.13 7.96 0.017 -34.77 -3.49 .0095 No 

  26-30 -19.98 8.47 0.019 -36.62 -3.35 .0095 No 

 22-25 26-30 -0.86 8.58 0.92 -17.71 16.00 .0095 No 

 


