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Abstract
The Marshmallow Test, a self-imposed delay of gratification task

pioneered by Walter Mischel in the 1960’s, showed that young children vary in
their ability to inhibit impulses and regulate their attention and emotion in order
to wait and obtain a desired reward (Mischel & Mischel, 1983). The
Marshmallow Test offers an opportunity to observe and measure children’s
decision-making and self-regulation in an emotionally charged context of often
conflicting motivations. Additionally, this task provides a context to investigate
how compliance with rules and self-regulation may depend on or compete with
each other.
In this dissertation, I examine the marshmallow test by comparing
different criteria of ‘success’ in this task with the two ways in which children can
‘fail’ to delay, either by voluntarily terminating the task, or by breaking one of
the rules. Though distinctly observable behaviors, these have traditionally been
considered equivalent in indicating the end of the delay period. In two studies, I
examine the cognitive, behavioral, and demographic measures that characterize
these behavioral choices. First, I conducted a cross-sectional behavioral study of
children ages 3-7. My findings in the first study suggest that models predicting
delay of gratification performance for compliant children do not apply to
noncompliant children. Secondly, I carried out a secondary analysis of
longitudinal data in which the children participated in the marshmallow task at
age 4.5, followed by subsequent assessments in elementary and high school
(NICHD Early Child Care Research Network, 1998). In this analysis, I found that
there were no substantial differences in behavioral or cognitive longitudinal
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outcomes between the two modes of termination of the task, with the exception
of certain academic outcomes in mathematics.

vi!

!

1!
Discipline must come through liberty... If discipline is founded
upon liberty, the discipline itself must necessarily be active. We do not
consider an individual disciplined only when he has been rendered as
artificially silent as a mute and as immovable as a paralytic. He is an
individual annihilated, not disciplined.
We call an individual disciplined when he is master of himself, and
can, therefore, regulate his own conduct when it shall be necessary to
follow some rule of life. Such a concept of active discipline is not easy
either to comprehend or to apply. But certainly it contains a great
educational principle, very different from the old-time absolute and
undiscussed coercion to immobility.
- Maria Montessori (The Montessori Method, 1912, p. 86)
In the early 20th Century when Maria Montessori wrote of her

conceptualization of discipline and self-regulation in early childhood education, the
common school methods at the time consisted of children sitting in straight lines
of desks to learn their lessons, largely silent and immobile receptacles for
knowledge. While much has changed in the common educational practices for
young children, discipline and the teaching and learning of self-regulation is still
at the forefront of early childhood educational concern.
There is a tension in early schooling between wanting children to simply
and consistently do as they are told, and needing to give them time, space, and
opportunity to develop autonomy and self-discipline, to learn how to
independently regulate their own behavior. In this thesis, I will use a wellknown measure of self-regulation in early childhood, the Marshmallow Test, to
examine how self-control and compliance both contribute to self-regulation in
cognitive assessments, as well as in life.
The Marshmallow Test of self-imposed delay of gratification taps into an
aspect of self-regulation that is both advantageous in school and life, and
relatively stable across the lifespan (Mischel et al., 2011). Self-regulation can be
defined as “processes by which an individual, in the absence of external
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instruction or surveillance, actively maintains a course of action for the purposes
of achieving a goal” (Shaffer, 1994, p.227). As with other complex human
behavior, the Marshmallow task involves many mental processes working
simultaneously, among them motivation, attention, and self-control. Both
‘success’ and ‘failure’ at this task can be qualified in a variety of ways, yet
analysis of this task has traditionally divided all children’s behavior into only
two categories, those who delay, and those who do not. But there exists an
interesting and unexamined gray area in between, as some children break the
rules, they touch the treats or stand up from their seat, yet continue to wait. By
the rules of the task, these children are categorized as officially not delaying,
from the time that they broke a rule, what I will call “classic” delay. But from the
child’s own subjective experience, as long as they are waiting without eating the
treat, they are delaying, what I will call “absolute” delay.
The Marshmallow Test
In the 1960s at Stanford, Walter Mischel designed a paradigm assessing
children’s self-imposed delay of gratification, which came to be known
colloquially as “The Marshmallow Test”, and has become the gold standard for
assessing delay of gratification. At once simple to administer in one brief
session, and rich in both qualitative and quantitative data collected, the
Marshmallow Test provides children with temptation and an arena in which to
exercise choice and wrestle with self-restraint. Therefore it is a good
representative task of self-regulation for the preschool age range.
In the Marshmallow Test scenario, a child indicates a favorite among
tempting treats, establishes preference for a larger rather than smaller quantity of
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the treat, then is offered a choice: remain in the room on the chair without
touching or eating the treat until the experimenter returns to receive the larger
pile, or ring a bell at any time and receive the smaller pile upon the
experimenter’s immediate return. The experimenter emphasizes that the choice
is up to the child, and that they can change their mind at any point in time and
end the task, recalling the experimenter with the ring of a bell.
Successful delay in the Marshmallow Test is gauged by how long a child
remains on the chair in the room alone, before ringing the bell or eating the treat.
There are two ways to cease or fail to delay, the first by voluntarily terminating
the wait by ringing the bell to summon the experimenter, signaling a desire to no
longer wait, but instead to settle for the smaller treat. This is the contingency
that all children agree to before the task begins. The other way to fail to delay is
by breaking a rule or becoming distressed, beyond mere predictable frustration,
at which point the experimenter compassionately intercedes and returns
promptly to the room. Delay latency is calculated from the time the
experimenter leaves until one or the other of these two failure criteria is met. If
neither occurs, the experimenter returns at a predetermined time, unbeknownst
to the child. In prior analyses (e.g., Rodriguez, Mischel, & Shoda, 1989;
Duckworth, Tsukayama & Kirby, 2013) these two failure conditions and the
delay latency calculated to this criteria have been conflated.
Situational and Strategic Factors
The ability to delay in a self-imposed delay condition has been proven
malleable by changing various conditions of this standard paradigm. Providing
distraction such as a toy to play with or suggesting cognitive coping strategies
such as thinking of something fun helps children delay longer (Mischel et al,
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1972). Mentally transforming the tempting treat into something less appetizing,
such as thinking of it as “a puffy cloud” (Mischel & Mischel, 1983) has also
proven a helpful strategy in prolonging delay time. Along with mentally
transforming the temptation, children can also cognitively transform themselves,
by pretending to be Superman, the superhero that they’re told “has lots of
patience and knows how to wait really well”(Karniol et al., 2011, p.214).
Pretending to be this very patient superhero led to greater delay time.
Delay times can likewise be systematically shortened in other conditions. If
the environment in which the experiment is performed is demonstrated to be
unreliable, children are less likely to delay as long. Kidd and colleagues (2013)
found considerably shorter delay times in a condition which was preceded by
proof of the unreliability of the environment; in a fun coloring project before the
marshmallow task, children were offered more desirable craft supplies if they
waited, but then upon waiting they were told that those promised items were not
available after all. This unreliability effect has also been demonstrated in
cultures with a history of general mistrust of unreliable authority figures
(Mischel, 1961), and by adults in a hypothetical scenario with untrustworthy
adults (Michaelson, de la Vega, Chatham, & Munakata, 2013).
Longitudinal findings
Over 500 children participated in the original Marshmallow Test studies
that Mischel and colleagues conducted at Stanford’s Bing Nursery School in the
1960’s and early 1970’s, and a third of these participated in follow-up studies
starting ten years later, and at ten-year intervals thereafter (Mischel et al., 2011).
Parents whose children delayed longest in preschool rated their children, then in
high school, as better able to delay gratification and to manage stress and
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frustration, and also as more intelligent, attentive, competent, and planful
(Mischel, Shoda, & Rodriguez, 1989). In a small sample (n=35) of children who
participated in the exposed treats paradigm and for whom Scholastic Aptitude
Test (SAT) scores were available, seconds of delay was correlated with verbal
and quantitative SAT performance (rs = .57 and .42) (Shoda, Mischel, & Peake,
1990). These associations were replicated in a longitudinal analysis of the
National Institute of Child Health and Development’s Study of Early Childcare
and Youth Development (NICHD SECCYD), with delay time in minutes
associated with higher ninth grade GPA and standardized test scores
(Duckworth, Tsukayama, & Kirby, 2013).
In Mischel’s longitudinal marshmallow studies following up when the
children were in high school, delay time was correlated with subsequent SAT
scores and parental ratings of ability to handle frustration and stress, only for
conditions in which children were not given transformational strategies, and
with the temptations visible in front of them (Shoda, Mischel, & Peake, 1990).
Through this body of literature on contributing factors and longitudinal
predictions, we can infer two things about delay of gratification skills. First, we
can infer that abilities to delay are malleable, and can be influenced consciously,
in the case of transformation strategies of either the treat or the child’s persona,
and subconsciously, in the case of implicit untrustworthiness of the environment.
Secondly, we infer that a child’s ability to spontaneously employ his or her selfregulatory skills in the face of temptation and frustration is predictive of a stable
personality characteristic associated with both “intelligence” assessed by the
SAT, as well as self-regulation in the face of stressful or emotional experiences.
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Related findings on delay of gratification and self-control
Self-regulation, broadly, can be said to encapsulate all necessary
contributing capacities that enable an individual to modulate and direct
thoughts, emotions, and actions in service of the driving goals of his or her life.
Certain discrete skills referred to as executive functions are recruited for selfregulation. Included under the heading of executive functions are the ability to
attend to stimuli, to inhibit actions or impulses, to hold information in mind and
operate on it (namely working memory), the ability to switch tasks (namely
cognitive flexibility, and planning (Hongwanishkul, Happaney, Lee, & Zelazo,
2005). These capacities begin to develop early in life, and continue maturing
into adulthood. Early childhood is a period of particular growth, as children
learn these self-regulatory skills from different social contexts.
Compared with sensory systems such as vision and hearing, or other
cognitive systems such as language, self-regulation follows a long developmental
course, beginning early in childhood and not reaching full maturity until early
adulthood (Best & Miller, 2010). Such a protracted development makes it keenly
sensitive to environmental input and experience (Barkley, 2001). Although
development of self-regulation is a long process, relative strength or deficits in
self-regulation in childhood have been associated with “health, wealth, and
public safety” in one longitudinal study (Moffitt et al, 2011). In the Dunedin
Multidisciplinary Health and Development Study of a birth cohort followed for
32 years at last reporting, Moffitt and colleagues found that childhood selfcontrol was associated with subsequent physical health, income, financial habits,
and likelihood of being charged with criminal convictions, even after controlling
for childhood social class origins and IQ. This implies that the positive effects of
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strong self-regulation could have a cumulative impact on many aspects of life
throughout the lifespan, and that early changes could prove beneficial to longterm outcomes.
Differentiating delay outcomes
Children are traditionally divided into those who delay, and those who do
not delay in the delay of gratification task (Mischel, Shoda, & Rodriguez, 1989).
There are two primary ways to end the task and therefore not considered as
successful delay of gratification: either by breaking a rule such as leaving the
chair or touching the treat, or by ringing the bell for the experimenter to return.
For purpose of analysis, these are typically treated equally as failing to delay
gratification, though these are distinct behaviors, with potentially different
motivations. To be rated as having delayed gratification, a child must both wait
the allotted time for the larger treat, and remember and follow the rules to not
touch the treats or rise from the chair. Failure to do either of those things
excludes the child from the successful delay category. However, it remains
unclear how each behavior may be related to cognitive or emotional faculties, or
whether one or the other of these abilities, to decide to wait and carry through on
waiting, and to remember and play by the rules in the meantime, may be more or
less predictive of the academic and social life outcomes we are interested in.
Compliance
In the study of psychology and education, compliance is defined as acting
as directed and obeying rules and instructions. In developmental theory,
compliance is seen as an immature early stage in the development of selfregulation, as a first step towards inhibitory control, and eventual self-regulation
(Kopp, 1982). Further distinctions have been made among motivational states of
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compliance, which Kochanska (2002) calls committed and situational compliance.
Committed compliance describes wholehearted and willing self-initiated
compliance in which the child is not merely going along with the adult’s agenda,
but has embraced the goals as her own. Situational compliance describes
cooperative obedience that is contingent upon the mother or authority figure’s
sustained control. Importantly, Konchaska found that unlike committed
compliance, situational compliance did not lead to internalization of goals or
norms, but rather was unrelated or negatively related to internalization. This has
potential implications for both parenting and schooling, as strict situational
compliance is enforced through controlling disciplinary codes, which may have
the opposite effect than that intended, less internalization of the desired goals
and norms, and ultimately less developed self-regulation.
Childhood compliance is associated with desirable developmental
outcomes, such as social development and conscience (Kochanska, Murray, &
Coy, 1997). However, noncompliance is also associated with appropriate and
expected development (Crockenberg & Litman, 1990; Dix et al., 2007).
Noncompliance is a complex phenomenon and can be differentiated as being
active noncompliance, passive noncompliance, or defiance. Noncompliance may
vary in observable behavior, such as passively doing nothing or ignoring
requests, or actively, whether verbally or physically refusing to comply. It can
also vary in function. Children may be noncompliant in order to avoid an
unpleasant task, out of confusion or being unable to perform the demand, or to
seek attention from an adult or peers (Cipani, 1998).
Noncompliance, encompassing both defiance and self-assertion, can also
be considered in relation to the development of autonomy. Self-assertion is a
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more mature and productive form of noncompliance than defiance, as it is the act
of exercising independence rather than a direct reaction to the control of
authority (Crockenberg & Litman, 1990). Maternal sensitivity in interactions
with their child during the toddler years has been found to be correlated with
higher levels of compliant behavior, but also correlated with more active
noncompliance and defiance among the same children (Dix et al., 2007), implying
that children with a secure and sensitive base may be supported in developing
autonomy by challenging parental authority.
As one component of compliant behavior, rule compliance differs from
compliance with directives or instructions in its temporal dimension. For
directives, the act of compliance or noncompliance takes place directly after the
directive is given. Rules, however, once stated, require compliance over the long
term. Young children are given rules to follow in different formats, both simple
imperatives, and conditionals, and demonstrate an ability to understand rules
equally well when the rationale is precautionary or arbitrary, that is, with a
condition not inherently relevant to the desired outcome (Harris & Núñez, 1996).
Children are able to distinguish between moral and social-conventional rules as
early as four years old (Lagattuta, 2005), and generally judge the violation of
moral rules to be more deserving of punishment than social-conventional rules
(Smetana, 1981). This distinction may be relevant in the Marshmallow Test, as
the rules to stay in the chair and not touch the treats are not moral rules, and
being unobserved, children may interpret the violation of social-conventional
rules along the lines of “what they don’t know can’t hurt them”.
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As a child enters the preschool years, according to Kopp’s developmental

scale, they have moved beyond compliance to a growing ability to self-regulate:
Self-initiated inhibition is a more complex and interesting form of control
than compliance. First, by definition it means that children take an active
role in guiding their own behavior. Second, it involves an approach to a
desired object, recognition that the object was previously associated with a
prohibition and, finally, inhibition of the prohibited act. Thus, this ability
requires that the child sequentially organize an input code, a memory
match, and then provide self-instruction. (Kopp, 1982, p.205)
As a precursor to independent self-regulation, compliance therefore combines
with executive functions such as working memory, attentional control, and
inhibitory control to work towards a goal independently in the absence of direct
external regulation. This is demonstrated in the marshmallow test scenario,
wherein a child puts burgeoning self-regulation to the test alone in a room with
motivating temptation.
Research Questions
In this dissertation, I examine whether there is something to be learned by
differentiating the ways children can ‘fail’ at this task, and if so, how might this
be related to subsequent academic, behavioral, and socio-emotional outcomes. I
will also look at compliance as a precursor to self-regulatory skills. I will
investigate these questions in two studies. The first is a behavioral study of
ninety children ages three through seven that I conducted as part of a larger
study on executive function in young children at the Massachusetts Institute of
Technology. In this study I ask how compliance and delay interact in the
Marshmallow Test, compare compliant and non-compliant, delaying and nondelaying children to look for group differences, and examine whether the factors
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which predict the length of delay are consistent across subsets of the sample
based on rule compliance.
The second study is a secondary analysis of the National Institute of Child
Health and Development’s Study of Early Childcare and Youth Development
(NICHD SECCYD), a nationally representative sample with longitudinal data
regarding education outcomes following the preschool delay of gratification task
as well as its antecedents. Both proximal and distal cognitive and academic
outcomes from first through ninth grade are included in the analysis. In this
study I will investigate whether there are any significant group differences
between the two non-delay groups. My second research question for this study
is whether the two different non-delay groups are associated with differences in
cognitive or behavior measures in elementary and high school. Finally, I will
look at the contribution of compliance and parenting practices in the infant and
toddler years to predicting delay of gratification outcomes on the Marshmallow
Task at the age of four and a half.
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Study 1: The Marshmallow Test in the context of a cross-sectional study of
children ages 3-7 at MIT
Executive functions, self-regulation, non-cognitive capacities, socialemotional skills, no matter what term we use to try to capture these disparate yet
loosely related and integral skills, educators increasingly agree that they are vital
for successful schooling (Blair & Raver, 2015). These so-called “soft skills”
(Heckman & Kautz, 2012) are largely defined by what they are not: academic
skills such as literacy and numeracy, or intelligence. Given the underspecified
and varied range of skills and aptitudes represented by this term, it’s not
surprising that these capacities can be hard to measure consistently within
individuals and across studies.
This study examines self-regulation, defined as a mature and self-aware
form of self-control which allows for flexible adaptation to context (Kopp, 1982).
Self-regulation depends on ‘executive functions’, a term used to encapsulate a set
of discrete but related cognitive abilities, including focusing attention, inhibitory
control, working memory, cognitive flexibility, shifting, and planning (Best &
Miller, 2010). Self-regulation is the ability to independently and flexibly employ
all of these components in real world situations (Shaffer, 1994).
There are both short-term and long-term goals in developing these skills.
In the immediate short-term, the goal in developing children’s self-regulation is
often to address behavior issues in classrooms that presumably interfere with
learning or impede the smooth functioning of classrooms. In the long-term, the
goal of improving self-regulation is to develop lifelong skills and habits which
ensure academic success and promote self-direction and motivation towards
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valued goals. As these abilities are receiving more emphasis in education,
curricula and interventions are implemented and undertaken to foster
development of self-regulatory skills (Diamond, Barnett, & Munro, 2007;
Tominey & McClelland, 2011; Moreno et al, 2011).
Examining and comparing the effects of such interventions is complicated
by the diversity of cognitive and behavioral assessments used across different
studies. In a meta-analysis of six preschool curricular interventions targeting
self-regulation, effects varied by how they were conceptualized and measured
(Saxler, in review). Both discrete cognitive measures and observed behavioral
measures showed overall positive effects, but in cases which included both types
of assessment, the observed behavioral gains were greater (Saxler, in review).
Tradeoffs are inherent in comparing and considering these broad types of
assessment methods. A primary benefit of observed behavioral measures is their
potential to represent patterns of behavior over time, while benefits of discrete
cognitive measures include greater objectivity in interpretation as well as more
precisely focused constructs. These strengths of using direct and discrete
cognitive assessments rely on the dual assumptions that the task effectively
captures variability in the intended construct, and that the child is engaged with
and completes the task as intended.
In both cognitive behavioral assessments as well as in educational
environments, self-regulation and compliance both contribute to behavior. In the
context of cognitive assessments, child compliance can be defined as the child
following the rules and instructions put forth by the experimenter during the
course of the assessments themselves. Understanding and following the rules is
necessary but not sufficient for successful measurement of the child’s skill or
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capacity in that which is being measured, be it language or spatial reasoning,
working memory, inhibitory control, or delay of gratification. Understanding
the rule of the task at hand, can be held constant in the administration of each
task, by repeating the instructions until the child understands the rules and
instructions. If the child does not understand how to proceed, the task is not
administered.
It can be difficult, however, to assess whether a child is complying with
the rules and instructions, and if not, what the reason might be. If a child
complies with all rules and instructions, the results of the assessment are
interpreted as measuring the child’s skill or capacity on that metric. If a child
does not follow the rules, or inconsistently complies, the results are not
interpretable in the same way. Assuming comprehension of the rules and
instructions, there remain multiple reasons a child may be noncompliant. He
may forget the rules, decide not to follow the rules, or may be unable to selfregulate in order to follow the rules, having insufficient inhibitory control or
attention regulation. Some of these sources of non-compliance are related to
executive functions, some to cognitive capacities, and still others to emotional or
behavioral reasons not explained by either cognitive or executive function
aptitudes.
Given the multiple potential sources of non-compliant behavior, is it valid
to compare the self-regulation assessments of compliant children with those of
noncompliant children? In this study, I investigate this question through a
classic behavioral assessment of self-regulation: self-imposed delay of
gratification, also known as the marshmallow test. Are compliance and selfcontrol independent characteristics? Can we equally predict performance on the
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delay of gratification task for both rule-compliant and noncompliant
participants?
Background
Self-Regulation
Self-regulation underlies all facets of one’s life: mental, physical, and
emotional. One aspect is regulating attention – the ability to intentionally direct
and maintain focus. Another is regulation of motor activity, including conscious
regulation of automatic or prepotent physical responses. Emotional regulation
relates to the conscious consideration and control exercised over the valence and
scale of one’s emotional responses (Cole, Martin, & Dennis, 2004; Eisenberg &
Spinrad, 2004). These are used in conjunction for goal-oriented acts, such as
delay of gratification, which requires prioritizing long-term desires over
immediate temptations (Kopp, 1982; Metcalfe & Mischel, 1999).
Nested within these various types of self-regulation are the components of
executive function working in tangent. Inhibition is the ability to override
dominant response patterns. Working memory is the ability to hold information
in mind and operate on it, for example remembering the goal or rules of a game
while playing, or remembering a string of numbers to add together and the
process used in doing so. Cognitive flexibility is the ability to move back and
forth between different sets of rules and goals (Carlson, 2005).
While vital for all aspects of life, for the purposes of this study we
consider self-regulation’s importance in education: learning and schooling
(Provenzo, 2002; Asadullah & Chaudhury, 2015). Self-regulation is involved in
learning, the cognitive acquisition and consolidation of new skills and
knowledge. Self-regulation is also important in schooling, that is, the successful
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participation in the social, physical, and inter-personal context that education
takes place, namely, in schools.
Self-regulation performance in early childhood is correlated with short
and long-term academic outcomes. Strong self-regulation demonstrated in early
childhood, for example, inhibitory control (Espy et al., 2004) and working
memory (Bull & Scerif, 2001) have been found to correlate with stronger math
skills, and inhibitory control measures with reading (Blair & Razza, 2007) in early
elementary school. Later in development, delay of gratification measured in preschool has predicted SAT scores (Mischel, Shoda, & Rodriguez, 1989) and
academic performance in high school (Duckworth & Seligman, 2006).
Children enter Kindergarten with vastly varying degrees of selfregulation, abilities that constitute part of ‘school readiness’ criteria and
complement content skills such as phonological awareness and number sense
(Blair & Diamond, 2008). Self-regulation has long been a focus in early
childhood education, with 60% of Kindergarten teachers in a 1992 survey rating
the ability to follow directions and not be disruptive “very important to
essential”, and 42% emphasizing the ability to sit still and pay attention,
compared with only 10% rating knowledge of the alphabet similarly essential
(Heaviside & Farris, 1993). Difficulties in self-regulation may manifest as
‘behavior problems’ in school, the inability to follow rules or remember
directions, or to inhibit impulses and regulate emotions. Almost half of surveyed
Kindergarten teachers nationwide reported that problems following directions
were the single greatest challenge to transitioning from preschool to their
Kindergarten classrooms, even more likely to negatively impact classroom
success than low academic skills (Rimm-Kauffman, Pianta & Cox, 2000).
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This problem begins as early as preschool, with preschool expulsion rates

among state-funded pre-kindergarten programs found to be 3.2 times higher
than those for K-12 schools (Gilliam, 2005). Furthermore, boys and minorities
disproportionately experience exclusionary discipline measures. In 2011-2012,
the U.S. Department of Education Office for Civil Rights first collected data on
preschool discipline practices in all school districts in the country. They found
that, in the 2011-2012 school year, black children made up 18% of public
preschool enrollment, yet 48% of those receiving more than one out-of-school
suspensions, and boys, making up 54% of students enrolled, were 79% of those
suspended once, and 82% of those suspended multiple times (Civil Rights Data
Collection, 2014). This is particularly concerning at such a young age because
suspension in upper grades and lower school completion rates are correlated
with a history of suspension in early grades, indicating that exclusionary
discipline strategies may not change the underlying behavior problems that they
are targeting (Mendez & Knoff, 2003).
Compliance
Complying with rules and following directions is considered an important
part of socializing behavior, necessary for social development in childhood (Abe
& Izard, 1999). In their factor structure of self-regulation in childhood, Denham
and colleagues define compliance as behavioral self-regulation in cooperation
with the rules or desires of others, predominantly authority figures (Denham et
al., 2012).
As a precursor to independent self-regulation, compliance first emerges
late in the first year of life (Kopp, 1982) as responsivity to caregiver directives in
an immediate context, such as when a mother tells a baby ‘stop!’ before he puts a
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dangerous object in his mouth or toddles into traffic. The child has not yet
reached the point of controlling his own impulses, but in this early precursor to
self-regulation, the mother is serving in the regulatory capacity, telling him when
and what action to inhibit. Over time and with repetition of this and similar
scenarios with a trusted caregiver, compliance with common rules and cultural
norms generally becomes internalized, no longer necessarily requiring an adult’s
immediate presence or prompting. As a child’s self-control develops and she has
increased opportunities for independent action, occasions arise in which no adult
is immediately present, the child must rely on her abilities to direct her own
attention and actions, to remember rules of what is acceptable or expected, and
act accordingly. In a complex scenario such as the Marshmallow Test,
compliance therefore combines with executive functions such as working
memory, attentional control, and inhibitory control to work towards a goal
independently in the absence of direct external regulation, as a child puts
burgeoning self-regulation to the test alone in a room with motivating
temptation.
Ostensibly we value autonomy and self-direction in education,
particularly in later grades, but there is also importance placed on compliance
throughout schooling. In a survey of one state’s early childhood teachers and
administrators, the most common “challenging behaviors” reported reflect issues
with both self-regulation as well as compliance. Pre-school teachers rated
“defiant behaviors” in interactions with adults as the most common problem,
reported by 65% of surveyed teachers, and in relations with peers, after physical
altercations of pushing, hitting, and kicking (44-71%), report “explosive
behaviors” as a problem in 43% of classrooms (Kalinowski & Kalinowski, 2011).
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Self-regulation and compliance therefore interact in the classroom environment,
with compliance with rules appearing equally valued as self-control. Tension
between the two and their relationship to academic achievement and socialemotional competence is worth exploring.
In early childhood, children develop an understanding of rules and their
causes as well as emotional consequences. Children are able to differentiate, as
early as age 4 between issues that are under individual discretion, issues that are
moral, and issues that are social-conventional in nature” (Lagattuta, 2005 p.72930). It would be understandable if children therefore consider these different
categories of rules more or less imperative to comply with, as noncompliance in
the moral domain might be bad or wrong, while noncompliance in socialconventional sphere is merely undesirable or naughty. Over the childhood
years, children also begin to associate positive emotions with exercising
willpower, not only with getting what you want. The ability to hold and even
acknowledge dual emotions develops at this time as well. A four-year-old child
who breaks a rule to get what she wants might feel good because she got her
desire. However, a child of seven might obey the rules and feel somewhat sad
for not getting what she wants, but also feel good for having done the tough
thing and followed the rules (Lagattuta, 2005).
Delay of Gratification
The ability to delay gratification has clear connections to skills and
behaviors necessary to achieve and thrive in school. Prioritizing later gains over
immediate pleasure requires not only recognizing the value in, for example, a
thorough and polished science fair project over a quick and sloppy one, but also
follow-through in recognizing what steps need to be taken along the way, and
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maintaining attention and focus on both requirements and goal. Therefore,
success requires not only relevant academic skills and the desire to achieve a
chosen goal, but also having the skills to regulate emotion and maintain focused
attention in service of that goal. The ability to delay gratification can be assessed
in either an externally or self-imposed delay scenario.
Externally imposed delay is obligatory waiting for a preferred reward
(Miller & Karniol, 1976). Several different scenarios are used to test this capacity
to endure delay, sometimes referred to as resistance to temptation tasks (Floyd &
Kirby, 2001). The “Tongue” task asks a child to hold a candy such as an M&M on
their tongue without eating it until cued by the experimenter, trials range in
increasing duration from 10 to 30 seconds (e.g. Kochanska et al, 1996; Murray &
Kochanska, 2002). A similar task without the physical appetite cue is the Snack
Delay task, during which a child watches a treat being put underneath a cup, and
is told not to retrieve it until they hear the bell ring (e.g. Kochanska et al, 1996;
Floyd & Kirby, 2001; Kim et al, 2013). While food is particularly rewarding and
tempting for children, so too are novelty and toys, used in other tasks, Gift Delay
(e.g. Funder, Block, & Block, 1983) and Gift Wrap (Kochanska et al, 1996) tasks
require children to sit without peeking at their gift, the latter includes waiting
while enduring the enticing sounds of the present being wrapped.
Marshmallow Test. Mischel’s “Marshmallow Test” differs from other
delay measures by being what he titled a ‘self-imposed’ delay of gratification
paradigm (Mischel, Ebbesen, & Zeiss, 1972). By leaving the option to delay or no
longer delay in the control of the child while emphasizing that either option is
acceptable, we assess not only the child’s ability to delay, but also to continually
decide to delay.
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The marshmallow test paradigm is unique among laboratory-based

assessments of compliance and self-regulation, in that the child is alone in the
room, and from the child’s perspective, unobserved. Self-control and compliance
are both supported and enforced by adults throughout childhood, and without
an adult’s presence to remind of rules and goals or provide even subtle
encouragement or strategy suggestions, the child’s self-regulation and choice to
comply with the stated rules are engaged in a substantial way. With both
options of treats in front of them and no witness to intervene, a considerable
force of willpower and social consciousness are employed when a child complies
with the rules to stay on their chair in an empty room not eating their desired
treat, and this is what makes the Marshmallow Test such a rich and fascinating
experiment to investigate these burgeoning skills.
Analysis of the Marshmallow Test has traditionally included both rule
violations and voluntary termination by way of ringing the bell as marking the
end of the delay time (e.g. Mischel et al., 1989, Duckworth et al., 2013). However,
these are dissimilar behaviors, one an act of noncompliance with the rules but
not necessarily signaling a desire to cease delay, and the other a conscious
decision to no longer continue to delay. As these have been considered
equivalent in analysis, it is unclear how one or the other of these task behaviors
may relate to cognitive or emotional faculties, and whether one or the other of
the underlying delay of gratification abilities, to decide to wait and carry through
on waiting, and to remember and play by the rules in the meantime, may be
more or less predictive of the academic and social life outcomes we are interested
in.
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To begin to answer this question I will first look at differences between

those who comply with and those who break the rules. Next, I will characterize
participants in four categories based on two factors, namely delay and
compliance: a) those who delay and follow rules, b) those who delay but break
rules, c) those who don’t delay but follow rules, and d) those who neither delay
nor follow rules, that is, a child who breaks the rule and ends the task before the
allotted time, either by later ringing the bell, or by exiting the room. This new
perspective may revise the way we understand delay of gratification in child
development by attempting to separate the desire and intention to pursue the
delay goal from the requisite rule-following behavior to carry through on that
goal, and look at factors associated with these elements.
There are multiple hypotheses for noncompliance with rules, and each
would likely show in distinct group differences in various cognitive behavioral
measures. One hypothesis is that children break rules because they forget the
rules over the course of the task. If this is the case, we could expect to find lower
working memory capacity or processing in noncompliant children relative to
compliant children. Another hypothesis is that children break rules because they
don’t fully understand the rules, though care is taken in the course of the task to
ensure that the child understands and is able to communicate what will happen,
what to do in order to end or continue the task, and what the associated rewards
will be. Nonetheless, it is possible that children did not fully understand what
they were agreeing to, and in this case we might find evidence of poorer
language skills, as measured by verbal IQ. Alternately, children might
understand and remember the rules but still not follow them. This scenario is
the most ambiguous, as it could be a case of having trouble following rules, such
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as low inhibitory control or attention management, or it could be due to
deliberate noncompliance.
Methods
Participants
Participants were recruited from the Cambridge-Boston area, and
participated in behavioral assessments in the Gabrieli lab at MIT. In order to
include diversity of experience and stressors for the brain development portion
of this study, particular efforts were made to recruit from a range of
socioeconomic backgrounds, with recruiting efforts taking place at area Head
Start Schools as well as throughout Cambridge and the surrounding cities. Of
101 children whose parents permitted their participation, 9 declined or were
unable to participate in the marshmallow task, and so were excluded from this
analysis. Two additional children were excluded from the analysis because their
language and working memory assessments in the WPPSI placed them in the
lowest 5% of the population in a standardized assessment normed to a
representative national, which may imply that their understanding of the tasks
was compromised. The final sample included 90 children ages 3-7 (48 male, 42
female).
Procedure
Children participated in behavioral assessments in a small room equipped
for live monitoring. This room was used for the delay of gratification task, while
parents completed behavior and demographic questionnaires in an adjacent
room. Sessions were video recorded. Participants were not aware of the video
cameras. The delay of gratification task, namely the marshmallow task, was
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administered after the first set of assessments, giving the experimenter 45-60
minutes to establish rapport with the child before this task.
Measures. All children completed a standardized intelligence measure,
followed by the delay of gratification task, and then additional self-regulation
measures. Given the relatively large age range, not all children completed all
measures.
Intelligence. The Wechsler Preschool and Primary Scale of Intelligence –
Fourth Edition (Wechsler, 2012) was used to obtain a full-scale IQ measure as
well as verbal comprehension, visual spatial reasoning, fluid reasoning, working
memory, and processing speed subscales. This measure is normed for ages 2:6 –
7:7. In this assessment, the working memory tasks involve remembering and
placing or locating images from among distractors, and the subscale represents
visual-spatial working memory.
Executive Functions. Several measures of various aspects of selfregulation were used that are not standardized, and performance on these
measures is usually correlated with age.
Day/Night task. (Gerstadt, Hong, & Diamond, 1994) In this behavioral
inhibition task, children are shown cards with a sun on blue background and a
moon on black background, and asked to say ‘day’ when they see the moon, and
‘night’ when they see the sun. Practice trials are administered to ensure the child
understands the task procedure. Number of correct responses is recorded, and
percentage accuracy over sixteen trials is reported. This measures simple
inhibition, and is most sensitive in younger children.
Head-Toes-Knees-Shoulders. (McClelland & Cameron, 2011) is a game of
opposites, wherein the experimenter instructs the child to touch their head and
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toes, but to touch the opposite of the one named. This task assesses inhibition, as
touching the named part is the dominant response, working memory, as the
child needs to keep the rules in mind, and attention to verbal instructions. If the
child passes the first round, knees and shoulders are included in the next round.
In the final round, the rules are changed, with head now pairing with knees
(rather than toes), and toes with shoulders. This adds an additional task
challenge of shifting to accommodate this change of rules. Each trial is scored
from 0-2, with 2 points given for direct touching of the correct body part, 1 given
for a self-corrected movement ending with the correct body part, and 0 points for
touching the wrong part. Each round has 20 trials. Many younger children did
not have sufficient comprehension of the premise of ‘opposites’ to complete this
task, but older children show a range of performance on this task.
Digit Span and Digit Span Backward. Originally devised and normed for
use with older children and adults (WISC-IV, 2003), these tasks are used to assess
verbal short-term memory and verbal working memory. To begin, the
experimenter recites a string of numbers, and the child repeats them. Beginning
with two digits and proceeding upward, the ceiling has been met when the child
can no longer repeat the digits accurately. For the digit span backward task, the
child is asked to listen to a string of numbers and then speak them in reverse
order. The backwards digit span task is designed to tap into working memory as
the child not only needs to remember the numbers, but manipulate their order
before reciting. Reported outcome is number of trials correct, with two trials at
each length of digit span.
Delay of Gratification Procedure. For the classic “Preschool self-imposed
delay of immediate gratification for the sake of delayed but more valued rewards
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paradigm” (Mischel, 2014), colloquially known as the “Marshmallow Test”, the
refined and proscribed protocol established by Mischel (Mischel, Shoda, &
Rodriguez, 1989) was directly followed, with the experimenter reciting the
following scripted instructions in a natural, friendly tone. This version of the
task ensures maximum frustrative conflict, with the temptations plainly visible
and within reach throughout. Rules are clearly stated – namely, to not touch the
treats and to stay in the chair, with the intent to ensure the child’s continual
proximity to the tempting treats. It also establishes trust in the environment and
experimenter, because, along with the promised treats directly present, it also
includes a preparatory session in which the experimenter establishes that she
will return promptly when summoned.
During this task, the child is seated at a table in the testing room where
they have completed the previous assessments. The table is devoid of any other
objects, and the room is free of distractions. First, the child is shown a bell used
to recall the experimenter to the room.
"Look, a bell! See, this is how it works. (Ring once.) Now you try it. (Pause
for child to ring bell.) Sometimes I have to go out of the room, but you can
always make me come back by ringing this bell. This is called the bringme-back bell. Every time you ring it you make me come back
immediately. Let's try it now. I'll go out of the room, and you will make
me come back by ringing this bell.”
Experimenter goes out of the room and comes back immediately at the
sound of the bell.
“See, you made me come back! Let's try again.”
The child and experimenter practice this scenario until the child is comfortable
with the recall procedure. Next, the child is presented with tempting treats, a
selection of small candies and salty snacks.
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“Look, I brought some goodies! Now, which of these treats do you like the
most?”

The child is asked to indicate his or her favorite treat, and the experimenter
places a “big” (e.g. 8-10 M&M’s) and a “small” pile (e.g. 5 M&M’s) of the treats
on a tray. To establish whether the child prefers the larger to the smaller pile, the
experimenter asks which the child would rather have. Piles are adjusted as
needed to ensure that the larger pile is preferred.
“Now, if you have to choose between the smaller pile of _________, or the
larger pile of ____________, which one do you prefer?”
Next, the experimenter explains that she needs to leave the room, and states the
rules for waiting, as well as reiterating the recall protocol and the associated
rewards. To emphasize that the experimenter has no preference regarding the
child’s decision, she explicitly encourages the child to make his or her own
choice.
“Now, listen closely. I will have to go out of the room to do some work. If
you wait without eating the _________ and without leaving your seat until
I come back by myself, then you can have the large pile of ________. But if
you don't want to wait for the large pile of ________, then you can ring
this bell any time you want to, and I'll come back right away. But if you
ring the bell, you cannot take the large pile, you can only take the small
pile of ______right away.”
“I want you to realize that there is no right or wrong way to do this. Do
whatever you prefer: you might want to wait and get a large pile of candy
or you might not want to wait so much and get a smaller pile. Either way
is OK. It is your decision and you can stop any time you want to by
ringing this bell”.
The experimenter leaves the room and the child is unknowingly observed by
way of video camera. The experimenter observes the child throughout, and
returns when the child rings the bell, or if the bell is not rung, after 15 minutes
have passed. The experimenter also returns if the child exhibits distress.
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Coding. Two coders reviewed videos of the children in the marshmallow

task, and recorded rule violations, delay time, and behaviors exhibited over the
duration of the task. Inter-rater reliability was good, with 85% of the trials coded
to within 1 second, and the remainder within 2 seconds. Rule violations
included touching the treats or leaving the chair, and were coded for initiation
time and type of violation. The delay did not end after rule violations, unless the
child left the room. Therefore, multiple rule violations could be observed over
the course of the delay. Voluntary termination of the task by ringing the bell was
recorded, measured to the second, from the time the door closed as the
experimenter exited.
Results
Participants represent a range of ages and levels of maternal education,
which is our proxy for socioeconomic status, with the average years of maternal
education of 16.9, the equivalent of a Bachelor’s Degree. On average, this
sample mean is higher than the national standardized mean in measures of
intelligence, including verbal comprehension and working memory. Descriptive
statistics of demographic and cognitive measures are presented in Table 1.1.
Table 1.1. Descriptive statistics of the sample. N=90
Variable
Mean (SD)
Range
Sex
53.3% male
Age
4.94 years (1.63)
3.04 - 7.96
Maternal education
16.9 years (2.90)
9 -– 20
Verbal Comprehension
111.2 (17.0)
74-144
Working memory
108.8 (12.3)
76-131
Full Scale IQ
113.3 (14.5)
82-142
Classic delay latency
7.1 minutes (5.85)
0 -– 15
Absolute delay latency
9.88 minutes (6.00)
0 -– 15
Classic delay
26.7%
Absolute delay
47.8%
Violated rule
46.7%
Rang bell
34.4%
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In this sample, age was correlated with executive function measures

including the Marshmallow Test and the Day/Night assessment of behavioral
inhibition. Maternal education was strongly correlated with verbal
comprehension and intelligence as well as with working memory and the classic
measurement of delay time. Correlates between these measures are presented in
Table 1.2.
Ninety children began the delay of gratification paradigm after choosing
their preferred treat and affirming their desire for the larger pile. By what we
will call the ‘classic delay’ criteria, that is compliant with rules, this sample
waited for an average of 7.1 minutes (SD=5.85 min). Because the task was
terminated at 15 minutes, children who remained successfully waiting at 15
minutes may have continued to wait beyond that time. Twenty-four children
(26.7%) waited, following the established rules, until the experimenter returned.
An additional 20 children (22.2%) waited until the experimenter returned, but
violated the rules while waiting, which we will call ‘absolute delay’, with
absolute representing the entire length of time the child remained in the room
without eating the treat. The remainder concluded the task before 15 minutes, 8
children ended it by choice, by ringing the bell. In the extreme cases of
noncompliance, 7 children walked out of the room, and two children ate the
treats. Finally, experimenter intervention ended the task for 5 children, when the
child exhibited distress by crying or calling out, and the experimenter
immediately returned to the room and stopped the task.
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Table 1.2. Demographic and cognitive behavioral correlations of the sample. N=90
Variable
Age
Sex
Mat.
V.C.
W.M.
Ed.
Sex
-0.049
--Maternal education
Verbal
Comprehension
Working memory
Full Scale IQ

FSIQ

Classic
Delay

Absolute
Delay

-0.20~

-0.093

---

-0.26**

-0.27**

0.51***

---

-0.068

-0.12

0.21*

0.43***

---

-0.27**

-0.19~

0.52***

0.88***

0.54***

---

0.08

0.29**

0.18~

0.23*

0.20~

---

0.033

0.14

0.17

0.15

0.15

0.75***

---

0.11

-0.11

0.19

0.052

0.082

0.34**

0.33**

Classic delay
0.36***
latency
Absolute delay
0.28**
latency
Day/Night
0.38***
accuracy
~p<.10, *p<.05, **p<.01, ***p<.001
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Classic Delay
Examining first the classic delay latency results, I fit a series of multiple
regression models predicting classic latency in the delay of gratification, as
summarized in Table 1.3. Beginning with main effects, I first examined the
contribution of age to delay. Our sample consists of a fairly wide age range,
from just three to almost eight years old. This five-year span coincides with great
developmental advances in self-regulation and brain maturation; therefore it is
not surprising to find that age is a significant predictor in the classic delay
latency, accounting for 12.4% of the variance. This is in accord with previous
findings (Mischel & Metzner, 1962, Rodriguez, Mischel, & Shoda, 1989).
As the cognitive measures of interest are all correlated with maternal
education as well as with each other, I tested them individually in the model to
discern their relative strengths in predicting delay. Working memory, verbal
comprehension, and full-scale IQ were all individually significant predictors of
delay latency, after controlling for age, contributing 3.3, 5.6, and 6.7%
respectively. This is also in line with previous findings associating intelligence
with delay of gratification (Mischel & Metzner, 1962).
Unlike the original Marshmallow Test participants, who were recruited
from a relatively socioeconomically homogenous group affiliated with Stanford
Bing nursery school (Mischel et al, 1972), our sample was diverse in terms of
socioeconomic status. While verbal comprehension, working memory, and fullscale IQ measures were all predictive of classic delay latency, they were also
highly correlated with our measure of socioeconomic status, by proxy through
maternal education. Years of maternal education are also predictive of delay of
gratification, controlling for age. Together age and maternal education account
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for almost 25% of the variance in classic delay latency. This confirms results
found in previous studies (e. g., Duckworth, Tsukayama, & Kirby, 2013;
Langenfeld, Milner, & Veljkov, 1997).
Beyond these demographic measures, only one of our behavioral
measures of executive functions contributed significantly to a regression model.
Day/night, a child’s version of the Stroop task, a measure of inhibition,
combined with age and maternal education explained 30% of the variance in
classic delay.
Table 1.3: fitting a taxonomy of multiple regression models, predicting classic
latency in the delay of gratification. Entire sample, n=90
Model Model Model Model Model Model Model
Predictor
A
B
C
D
E
F
G
Age

1.3***
(0.36)

1.28***
(0.35)

1.49***
(0.36)

1.52***
(0.36)

Maternal
Education

1.45***
(.34)

1.23**
(0.45)

0.76***
(0.19)

0.68***
(0.19)

0.78***
(0.20)

0.124**
(0.04)

Full Scale IQ
Verbal
Comprehension
Working
Memory

1.49***
(0.34)

0.098**
(0.03)
0.12**
(0.05)

0.09*
(0.04)

0.047*
(0.02)
0.82
-12.3
-11.2
-14.4
-13.0
-21.2
-15.7
Constant
(1.85)
(5.46)
(4.61)
(5.31)
(3.96)
(5.76)
(4.3)
Adjusted R2
11.7
15.9
17.2
18.4
23.9
25.4
28.8
(R2 )
(12.7)
(17.8)
(19.1)
(20.2)
(25.6)
(28.0)
(32.3)
12.75
9.30
10.16
10.92
14.63
10.75
9.37
F
(1,88)
(2,86)
(2,86)
(2,86)
(2,85)
(3,83)
(3,59)
0.0006 0.0002 0.0001 0.0001 <0.0000 <0.0000 <0.0000
Cell entries are estimated regression coefficients, (standard errors) ~p<.10,
*p<.05, **p<.01, ***p<.001
Day/Night
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Absolute Delay
Next we examined the absolute delay latency results. Absolute delay is
calculated as the total length of time the child remained in the room not eating
the treats, regardless of rule violations. Again, as the time was cut short at 15
minutes by the experimenter, the maximum time can be considered conservative
for those still waiting at 15 minutes. I fit a series of multiple regression models
predicting absolute delay in the delay of gratification, as summarized in Table
1.4.
Table 1.4: fitting a taxonomy of multiple regression models, predicting absolute
delay in the delay of gratification. Entire sample, n=90
Model Model Model Model Model Model Model
Predictor
A
B
C
D
E
F
G
Age

1.0**
(0.37)

1.0**
(0.38)

1.25**
(0.39)

1.23**
(0.39)

Maternal
Education

1.11**
(0.38)

0.57
(0.53)

0.43*
(.21)

0.38~
(.21)

0.52*
(.24)

0.10*
(0.04)

Full Scale IQ
Verbal
Comprehension
Working
Memory

1.12**
(0.38)

0.092**
(0.04)
0.08
(0.05)

0.06
(0.05)

Day/Night
4.8
-3.78
-6.51
-7.38
-2.95
-8.1
(1.95)
(5.89)
(4.94)
(5.73)
(4.41)
(6.54)
Adjusted R2
6.8
7.7
11.5
10.4
9.45
9.0
(R2 )
(7.8)
(9.8)
(13.5)
(12.5)
(11.5)
(12.1)
7.45
4.65
6.72
6.13
5.54
3.84
F
(1,88)
(2,86)
(2,86)
(2,86)
(2,85)
(3,83)
0.0077 0.0121 0.0019 0.0033 0.0055 0.0125
Cell entries are estimated regression coefficients, (standard errors) ~p<.10,
*p<.05, **p<.01, ***p<.001
Constant

0.06*
(0.03)
-5.64
(5.18)
11.7
(15.9)
3.73
(3,59)
0.0160
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As with the classic delay, age was a significant predictor, though to a

lesser extent, alone accounting for 6.8% of the variance in absolute delay.
Adding our predictor variables, the most significant was verbal comprehension.
This model accounted for 11.5% of the variance in absolute delay, and inclusion
of no other variables could improve on this model.
Compliance
During the self-imposed delay of gratification paradigm, almost as many
children broke the rules (45%) as followed them (55%). The rules were
established to ensure that the criterion of proximity to temptation was met, and
to keep children from physically engaging with the treats. But is the experience
different for children who do not comply? Can their delay times be interpreted as
reflecting the same self-regulatory skills? Are children who break a rule in this
scenario measurably different than those who do not?
I compared compliant and noncompliant children on demographic and
cognitive measures, as well as behavioral measures as reported by their parents,
and found very few differences. Of all measures, only two proved significantly
different between groups: maternal education and backward digit span. This is a
challenging assessment of verbal working memory, only completed by half of the
children, because it was not administered if the child did not demonstrate
comprehension of forward digit span or successfully complete the practice trials
after multiple attempts. Both measures were slightly lower in the noncompliant
sample, maternal education averaged 17.5 years in the compliant group, and 16.1
years in the noncompliant group, and scores on digit span backward were lower
for noncompliant children averaging 4.68, compared to 5.72 for compliant
children.
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Noncompliant children did not differ from their rule-abiding peers by age

or sex, nor did their parents rate them as having more behavior or self-regulation
problems. Neither did they differ on the cognitive measures. I hypothesized
that rule breakers might not fully comprehend the rules or forget the rules over
the course of the task. Neither the WPPSI scale of verbal comprehension nor
working memory differed between compliant and noncompliant groups.
However, the WPPSI working memory task consists primarily of visual-spatial
working memory rather than verbal working memory, which would likely be
more relevant to the remembering of rules over the course of the delay of
gratification paradigm. That said, visual-spatial and verbal working memory are
related; in our sample WPPSI working memory was correlated with the digit
span backward task (r= 0.32, p<0.04) after controlling for age.
The two groups demonstrated clear and significant differences in classic
delay, which can be attributed to the fact that by definition one group consisted
entirely of those who did not delay for the full session. More interestingly,
compliant and noncompliant children did not differ significantly in absolute
delay.
Rules and delay intent. Having examined our participants in terms of
their demonstrated compliance on this task, I now attempt to differentiate the
continued intention to delay from the rule-compliant behavior that enables
successful delay. Therefore, I now categorize participants into four categories: a)
those who delay the full 15 minutes and follow rules, b) those who don’t delay
the full 15 minutes but follow rules, c) those who delay the full 15 minutes but
break rules, and d) those who neither delay the full 15 minutes nor follow rules,
that is, a child who breaks the rule and ends the task before the allotted time,
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either by later ringing the bell, or by exiting the room. Our sample is almost
evenly divided among these four groups, with 24 in category a) compliant delay,
24 in category b) compliant non-delay, 19 in category c) noncompliant delay, and
22 in category d) noncompliant non-delay.
I performed a series of two-way analyses of variance, with two levels of
compliance (compliant and noncompliant) and two levels of delay (full and
partial), to examine the differences of group means and potential interactions
between these factors. Age is the most highly significant difference among the
four groups, with a significant interaction effect of delay and compliance, with an
F ratio of F(1, 87) = 8.15, p>.01. There was no main effect of compliance, with no
difference in age between those who complied with the rules and those who did
not. There was an effect of delay on age for the compliant, with compliant
delayers having the highest average age, at almost six years (M=5.96, SD=1.58)
and the compliant non-delayers having the lowest average age, at just over four
years (M=4.06, SD=1.19).
For absolute delay times the interaction effect was significant, with an F
ratio of F(1, 87) = 12.38, p>.001. Among children who did not ultimately remain
waiting until the experimenter returned, the non-compliant children waited, on
average, twice as long as the compliant children, on average 7.38 minutes
(SD=4.68) before they rang the bell or left the room, compared to an average of
2.9 minutes (SD=3.59) before the compliant children ended the task by ringing
the bell. This could be interpreted in multiple ways. Some non-compliant
behavior could perhaps help a child delay, for example standing up and moving
away from the table. Another interpretation could be that the longer a child
waits, the more likely they are to break a rule.
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Our behavioral measure of inhibition, the Day/Night task, which is

correlated with age, also shows significant differences by group. The compliant
delayers averaged 80% accuracy in this task, while the compliant non-delayers
only performed at chance. I included age as a covariate and found that, when
controlling for age, there is no main effect of delay or rule violation, but a
significant interaction between rule violation and delay, suggesting that
inhibitory control as measured by the day/night task modulates success in delay
differently for compliant children than for non-compliant children. While the
trend of inhibitory control association between delay and non-delay in noncompliant children is the opposite of that for compliant children, the difference
in group means between the non-compliant delayers and non –delayers is not
significant.
Correlations within subgroups
Within the subset of compliant children, the observed differences in age
and inhibitory control are reflected in the correlations between predictors and
delay time, as shown in Table 1.5. Age (r=0.48), maternal education (r=0.35),
verbal comprehension (r=0.3), and inhibition as measured by the day/night task
(r=0.45) are all positively and significantly correlated with length of delay time
for the compliant children. Parental report of behavioral inhibition, measured in
the BRIEF, was not significantly correlated with the inhibition task, nor with
delay time for this subsample. Given the typical maturation of self-regulation
across the age range of this sample, it is unsurprising that age is correlated with
inhibition on the day/night task (r=0.44), as well as with delay time (r=0.48).
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Table 1.5. Demographic and cognitive behavioral correlations of the compliant
subsample. N=48
Variable
Maternal
Day/
BRIEF
Age
V.C.
Ed.
Night
Inhibition
Maternal
-0.26~
--education
Verbal
-0.17
0.47***
--Comprehension
Day/Night
0.44**
-0.047
0.27
--accuracy
BRIEF 0.034
-0.27~
-0.28~
-0.20
--Inhibition
Delay
0.48***
0.35*
0.30*
0.45**
-0.18
Time
~p<.10, *p<.05, **p<.01, ***p<.001
Within the non-compliant subset, however, these expected correlations,
shown in Table 1.6, are not significant. Among non-compliant children, neither
age nor maternal education was correlated with delay. Parental report of
behavioral inhibition, measured in the BRIEF, was not significantly correlated
with the inhibition task in this subsample either, though it was correlated with
delay time, and was the only measure that was correlated with either classic or
absolute delay time among the non-compliant children.
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Table 1.6. Demographic and cognitive behavioral correlations of the noncompliant subsample. N=42
Maternal
Day/
BRIEF
Classic
Variable
Age
V.C.
Ed.
Night Inhibition
Delay
Maternal
-0.18
--education
Verbal
-0.37*
0.53***
--Comprehension
Day/Night
0.29
-0.14
0.14
--accuracy
BRIEF -0.23
-0.19
-0.11
-0.19
--Inhibition
Classic
0.14
0.057
-0.090
0.30
-0.35*
--delay
Absolute
0.026
-0.030
0.032
0.0087
-0.35*
0.57
delay
~p<.10, *p<.05, **p<.01, ***p<.001
Subsample regressions. To examine the relative predictive power of
these measures, I return to the regression model established for the full sample.
Classic delay. Though the compliant and non-compliant groups were
statistically indistinguishable for the majority of our independent variables, the
regression models fit to the full sample did not predict classic delay latency
equally well for both groups, as shown in Table 1.7. In compliant children, the
task was terminated either by ringing the bell, signaling the time at which they
no longer preferred to delay for the larger more desired pile of treats, or by
waiting for 15 minutes. In the noncompliant group, however, classic delay was
measured by the first time a rule was violated, either touching the treats, or
leaving the chair. From the children’s perspective, they have not signaled a lack
of willingness to continue. Behaviorally, these groups seem markedly different.
In fact, the model predicting classic delay latency over the full sample,
accounting for age and maternal education, is even stronger for the subsample of
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compliant children, representing 45% of the variance. For noncompliant
children, by contrast, this model is insignificant.
Table 1.7: fitting a taxonomy of multiple regression models, predicting classic
delay in the delay of gratification. Comparing compliant and noncompliant
subsets.
Model A
Model E
Model G
Predictor
NonNonNonComp
Comp
Comp
comp
comp
comp
Age

1.87***
(0.51)

0.35
(.39)

Maternal
Ed.
Day/
Night

2.29***
(0.45)

0.39
(.40)

1.56*
(0.65)

0.56
(.48)

1.2***
(.27)

0.115
(.22)

1.2***
(.31)
0.06~
(0.30)

0.15
(.20)
0.03
(0.03)

Constant

-0.43
(2.62)

3.2
(1.98)

-23.3
(5.83)

1.29
(4.42)

-23.6
(6.79)

-2.67
(4.5)

Adjusted
R2
(R2)

21.3
(23.0)

-0.005
(0.02)

43.2
(45.8)

-2.3
(2.8)

41.3
(46.6)

-4.7
(14.9)

13.75
0.82
18.14
0.54
8.73
1.46
(1,46)
(1,40)
(2,43)
(2,39)
(3,30)
(3,25)
0.0006
0.372
<0.0000
0.5865
0.0003
0.2501
Cell entries are estimated regression coefficients, (standard errors) ~p<.10,
*p<.05, **p<.01, ***p<.001
F

Absolute delay. While noncompliance with rules in the classic delay
measure is associated with intent, in the absolute delay measure noncompliance
can also be associated with an expanded diversity of behavioral strategies to
cope with the frustrating delay. It is probable that this diversity adds more
variance to delay length, because some spontaneous behavioral strategies that
break the rules can be helpful in delaying, such as walking away from the table,
whereas others, such as playing with the treats or moving them around the tray,
likely make it more difficult to delay. Although almost half of both compliant
and noncompliant children remained in the room the full 15 minutes without
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leaving, eating the treats, or ringing the bell, the models predicting absolute
delay latency in the full sample again work only for the compliant group, and are
insignificant for the noncompliant group, see Table 1.8. Age and verbal
comprehension together represent 35% of the variance in absolute delay latency
for the compliant group, and again fail to predict the noncompliant group.
Table 1.8: fitting a taxonomy of multiple regression models, predicting absolute
latency in the delay of gratification. Comparing compliant and noncompliant
subsets.
Model A
Model C
Predictor
NonNonCompliant
Compliant
compliant
compliant
Age

1.88***
(0.51)

0.08
(.51)

2.14***
(0.49)

0.14
(.56)

Verbal
Comprehension

.15**
0.015
(.05)
(.05)
-0.43
10.5
-18.8
8.57
Constant
(2.68)
(2.60)
(6.21)
(7.24)
Adjusted R2
21.3
-2.43
33.8
-4.9
2
(R )
(23.0)
(0.1)
(36.7)
(2.7)
13.75
0.03
12.75
0.05
F
(1,46)
(1,40)
(2,44)
(2,39)
0.0006
0.8706
<0.0000
0.9488
Cell entries are estimated regression coefficients, (standard errors) ~p<.10,
*p<.05, **p<.01, ***p<.001
Predicting delay latency with noncompliance. Therefore, for
noncompliant children, the established demographic variables of age and
maternal education, and the hypothesized cognitive variables of working
memory and verbal comprehension do nothing to predict either classic delay,
that is, the time a child delays before first violating a rule, or absolute delay, the
total time a child delays without leaving the room, eating the treat, or ringing the
bell. Only one measure that we collected is associated with delay time among
noncompliant children. In the parental survey of executive functions there is a
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subscale measure of inhibitory self-control (BRIEF-P® Gioia, Espy, & Isquith,
2003), which is moderately predictive of both classic and delay latency,
accounting for 10.1% and 9.1% of their respective variance, as shown in Table 1.9.
In our sample, these parental ratings of inhibition were significantly correlated
with our behavioral measure of inhibition, the day/night task, r= -0.26, p>0.04,
when controlling for age. It is possible that our measure was not sensitive
enough to capture enough variation in inhibitory control skill. Additionally,
parental ratings are reflective of patterns of behavior and therefore potentially
more applicable to skills displayed in the minutes of solitary behavior while the
child is face to face with temptation.

Table 1.9: fitting a multiple regression model predicting delay latency in the
delay of gratification among noncompliant participants. Comparing classic and
absolute latency.
Model F
Predictor
Classic Latency
Absolute Latency
BRIEF
Inhibition

-0.158*
(0.068)

-0.195*
(.088)

-12.6
20.2
(3.37)
(4.36)
Adjusted R2
10.1
9.1
(R2 )
(12.4)
(11.4)
5.37
4.89
F
(1,38)
(1,38)
0.0259
0.0331
Cell entries are estimated regression coefficients, (standard errors) ~p<.10,
*p<.05, **p<.01, ***p<.001
Constant

Compliance Subgroup Analyses
From the group differences among the compliant subset, and the lack of
significant differences among the non-compliant subset, it seems most reasonable
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to consider that there are really three distinct groups emerging: the compliant
delayers, compliant non-delayers, and the noncompliant. Comparing the group
means by way of ANOVA, I find that age, maternal education, and inhibitory
control as measured by the day/night task differ significantly. Results are
shown in Table 1.10.

Table 1.10: One-Way ANOVA by groups, combining noncompliant
Compliant
Noncompliant
Absolute
Delayed <
F
Delay full
15 minutes
N=42
15 minutes
N=24
N=24
5.96
4.10
4.83
Age
9.43***
(1.58)
(1.2)
(1.6)
Sex

0.54

0.63

0.48

Maternal
Education

BRIEF
Inhibition

18.3
(1.81)
116.2
(14.7)
113.2
(10.4)
118.2
(11.8)
80.4
(21.6)
47.3
(11.2)

16.8
(3.34)
109.2
(18.9)
107.5
(14.6)
112.6
(15.3)
51.3
(33.7)
50.9
(11.3)

16.2
(2.93)
109.6
(17.0)
107.1
(11.6)
111.0
(15.1)
72.3
(24.3)
48.7
(9.05)

Classic Delay
Latency

15.0
(0.0)

3.03
(3.61)

4.91
(3.96)

Absolute Delay
Latency

15.0
(0.0)

3.03
(3.61)

10.9
(5.18)

Verbal Comp.
Working
memory
Full Scale IQ
Day/Night

Tukey’s
HSD
1v2
1v3

0.48
3.89*

1v3

1.35
2.03
1.91
5.73**

1v2
2v3

0.75
96.6***

1v2
1v3

55.9***

1v2
1v3
2v3

*p<.05, **p<.01, ***p<.001
Age varies significantly by group, with the compliant delay group
significantly older than both the compliant non-delay, and the noncompliant
groups. There is no significant group difference between the compliant non-
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delay and the noncompliant groups. Maternal education also varies significantly
by group, but here the only significant difference is between the compliant delay
group (M=18.3, SD=1.81) and the noncompliant group (M=16.24, SD=2.93). The
difference between the compliant non-delayers and the noncompliant is not
significant. Finally, inhibitory control in the day/night task differs significantly
by group, with significant differences between both the compliant delayers
(M=80, SD=21.6) and noncompliant (M=72.3, SD=24.3) differing significantly
from the compliant non-delayers, who, on average, performed at chance
(M=50.4, SD=33.1).
From this we can begin to roughly categorize the behaviors of the three
groups. Those who ring the bell while following the rules tend to have the
lowest inhibitory control. Those who never break a rule and delay until the
cessation of the task tend to be older, with higher inhibitory control, and more
highly educated mothers. For both of these rule-following groups, the regression
model for the sample population does a generally good job of predicting delay
latency on these factors. The noncompliant children, however, are the “wild
cards” in this scenario, and the population model does not help us predict their
outcome at all.
Non-compliant Behaviors. The unpredictability of the non-compliant
children may be attributable to the variability of non-compliant behaviors, as
shown in Table 1.11. Among the rule breakers, 73.8% of the children rose from
their chair at least once, 47.6% touched the treats, and 21.4% did both. The
number of rule violations ranged from 1 to 15, with the earliest violation
occurring a mere 2 seconds after the door closed to begin the task, and the latest
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first violation occurring after 14 minutes and 48 seconds, just 12 seconds short of
the fixed time point of the experimenter’s return.
Table 1.11. Rule violation descriptive statistics of the non-compliant subsample.
N=42
First rule violation
touch - 16 (38%)
rise - 25 (59.5%)
eat - 1 (2.3%)
children who touched
20 (47.6%)
children who rose
31 (73.8%)
children who broke both rules
9 (21.4%)
Mean (SD)
Range
Touch count
3.3 (2.9)
1-11
(Among those who touched)
Rise count
2.2 (2.1)
1-9
(Among those who rose)
Total rule violations
Rate of rule violations in
violations/minute

3.2 (3.2)

1-15

1.25 (3.72)

0.07-20

The type and quantity of rule violations was not significantly correlated
with age or maternal education, nor with working memory, which I had
hypothesized as a potential reason for breaking rules. Somewhat incongruously,
verbal comprehension was positively correlated with rise count, indicating that
children with higher verbal skills were more likely to rise from their chair a
greater number of times than those with lower verbal comprehension, which
contradicts my hypothesis of lack of understanding the rules leading to rule
violations. Behavioral inhibition measured by the day/night task was correlated
with total number of rule violations, indicating that children with relatively
lower inhibition tended to make more rule violations. Finally, the absolute
length of delay was modestly correlated with number of violations (r=-0.26,
p<0.1).
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Table 1.12. Rule violations and cognitive behavioral correlations of the noncompliant subsample. N=42
Verbal
Comp.

Day/
Night

Day/Night
Inhibition

0.14

---

BRIEF Inhibition

-0.11

-0.19

---

0.21

-0.46**

-0.049

---

-0.0035

-0.17

-0.031

0.77***

---

0.33*

-0.38*

-0.038

0.59***

-0.057

---

Classic
delay

-0.09

0.30

-0.35*

-0.30*

-0.13

-0.30*

---

Absolute
delay

0.032

0.0087

-0.35*

0.26~

0.21

0.14

0.57***

Variable

Total # of
rule
violations
Touch
count
Rise count

BRIEF

Total
Viol.

Touch
Count

Rise
Count

Classic
Delay

~p<.10, *p<.05, **p<.01, ***p<.001

Discussion
Observing a child doing the Marshmallow test at times resembles
watching a silent film of dramatic caricatures of temptation and the struggle for
self-control. Many children move their hand toward the bell, ever closer as if
heightening the temptation until pulling their hand away at the very last second.
Occasionally, a child will give voice to his or her thoughts. Here are excerpts
transcribed from the vocalization of a 4-year-old, alone in the testing room with
marshmallows in two piles before him:
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Table 1.13. Excerpts of vocalizations during one participant’s delay of
gratification task.
Time lapsed in
Quote
seconds
“It’s gonna be hard. It’s gonna be really long. I’m just
15
gonna eat it. No! That is a rule!”
38
81
119

(Dramatic sigh) “This is taking too long.”
Picks up and squeezes a marshmallow between his fingers.
“We can squish them.”
“You can squish them because they’re not people.
This is getting trickier and trickier and trickier.”

He demonstrates understanding of the most salient rule, not to eat the
marshmallow, as well as evidence of his own justification for why not touching
the marshmallow isn’t such a bad rule to break, in his mind not a moral
transgression, nor even a social one. In fact, in the sample of 90 children, 42 of
whom exhibited noncompliant behavior during the course of their Marshmallow
test, only three children violated the most salient rule and ate the treats.
It proved difficult to discern patterns and correlations between rule
violation and cognitive measures or delay outcomes, likely due to the large
variation of noncompliant behaviors. 20% of noncompliant children made only a
single rule violation, and for some that sole violation was briefly standing up
from the chair and then sitting back down for the duration, whereas another
child’s one violation consisted of similarly rising from the chair and moving
away from the table and remaining far from the treats and bell, even off camera,
for minutes at a time, for another child, the single rule violation was to stand up
and walk right out the door.
The intent or volition behind rule violations was impossible to ascertain
definitively, but from observation, even among the same type of rule violation
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such as standing up from the chair, some rule violations seemed more
absentminded, and some appeared clearly deliberate.
Some rule violations, moreover, seem employed, consciously or
otherwise, to help the child delay, as when a child leaves the chair and walks
away from the treats on the table. Touching the treats, on the other hand, focuses
attention on the treats, which makes delaying more challenging, or less likely
(Mischel, Ebbesen, and Zeiss, 1972), though at this age, these children are
probably unaware of this effect.
The average number of rule violations was 3.2, but it ranged from 1 to 15.
The number of individual rule violations was correlated with absolute delay
time, but it’s not clear whether longer time spent on the task was simply more
opportunity to break the rules, or if breaking the rules facilitated delay.
Another aspect of the task that was heterogeneous among non-compliant
children was the way in which the task ultimately ended. For compliant
children, the task ended either when they rang the bell or when the experimenter
returned at the end of the predetermined day. Compliant children were evenly
split between these two outcomes. Non-compliant children, on the other hand,
had several eventual outcomes. Almost half of them (47.6%) ended upon the
experimenter’s return after predetermined delay. Another fifth (19%) of the noncompliant children ultimately rang the bell. Others walked out the door (16.7%),
or ate the treats (4.8%). The remaining portion (11.9%) became distressed and
cried or called out, and the experimenter returned immediately when that
occurred.
The children were not routinely debriefed after the Marshmallow Test to
ascertain why they broke the rules, or indeed why the compliant children obeyed
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the rules. Such an inquiry might have shed light on the motivation behind
children’s delay behavior, whether driven primarily by the appetitive desire for
sugar, or for pride in the act of delay itself, or perhaps the perceived “winning”
of the game. Indeed, while many children devoured their rewards as soon as
they were dispensed, others chose to save them for later, or proudly bring them
out to share with waiting siblings or parents, proudly boasting of their
achievement. Investigation into why children obeyed or disobeyed the rules
could also discover their level of internalization of the social-behavioral norms in
the directions to not touch, and stay seated, not uncommon directions for
children of this age. This is a potential direction for future study.
In this study, I used the Marshmallow test of self-imposed delay of
gratification to ask whether - considering the diverse manifestations and causes
of non-compliant behavior - it is valid to compare the self-regulation assessments
of compliant children with those of noncompliant children. More specifically, I
investigated whether we can equally predict performance on the delay of
gratification task for both rule-compliant and noncompliant participants, and
whether these groups differ by demographic or cognitive factors. I found that in
this sample, aside from a small but significant difference in level of maternal
education, the compliant and non-compliant groups do not differ, on average, in
measures of self-regulation or cognition. However, within each subgroup the
cognitive and behavioral correlates of delay looked very different.
In the compliant subgroup, the children who obeyed the rules and
engaged in the task as it was designed, there are clear correlations between age,
maternal education, and inhibitory control and delay time. On the other hand,
when the children do not engage in the task as it was intended, violating the
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rules of the game, not only do the standard correlates not apply, but the extreme
heterogeneity of noncompliant behaviors results in a subgroup for which there is
only one modest predictor of delay task performance, the parent rating of the
child’s behavioral inhibition tendencies. Therefore, rather than best dividing
children into the categories of delay and non-delay, three groups better represent
Marshmallow Test outcomes.
The first group consists of children who complied with all rules, and
continued to delay for the duration of the task. This group was on average the
oldest among our sample, with the most educated mothers, beyond a bachelor’s
degree. This group also exhibited the highest average scores for inhibitory
control. A second group, similarly compliant with the rules of the task, ended
the delay by ringing the bell to indicate that they no longer wished to continue.
This group had the lowest average absolute delay time by a wide margin,
averaging 2.9 minutes in the marshmallow scenario before ringing the bell. This
group was significantly younger, on average, than the other two groups, and
scored significantly lower - indeed at chance – on the day/night measure of
inhibitory control. The final group consisted of those children who did not
comply with the rules of the task. On average, their first rule violation occurred
at just under five minutes (M=4.91, SD=3.96). Yet they frequently remained in
the room without eating the treats for twice as long (M=10.82, SD=5.15). This
group had significantly higher inhibitory control than the bell-ringing compliant
group, and was not significantly different in inhibitory control from those who
maintained compliant delay for the full 15 minutes until the experimenter
returned. This perhaps reflects the heterogeneity of actions and motivations of
this noncompliant group.
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Limitations and Conclusions
My sample size of 90 was modest, especially considering the wide range

of ages. Due to considerable cognitive development over the early childhood
years of 3-7 that make up this sample, it was difficult to find measures of
executive functions that were equally valid across the age range. My sample was
of average to high socioeconomic status, with most mothers of children in our
study having attained at minimum a bachelor’s degree. This is reflected as well
in the mean IQ score for our sample (M=113.3, SD= 14.5) almost a full standard
deviation above the nationally normed average.
In this study, I have successfully replicated prior studies’ results of the
Marshmallow Test showing associations with age and maternal education.
However, attempting to disambiguate the involvement of compliance and selfregulation, I found that these established predictors are not applicable for
children not adhering to the rules of the game. Under the modified terms of the
assessment, the resulting measure of self-regulatory capacity for the
noncompliant child should not be interpreted as one would that of a compliant
child completing the task.
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Study 2: The Marshmallow Test in the context of a large, nationallyrepresentative longitudinal study, looking at outcomes and antecedents.
Self-regulation is fundamental to all facets of our personal and social lives.

Self-regulation has been defined as “processes by which an individual, in the
absence of external instruction or surveillance, actively maintains a course of
action for the purposes of achieving a goal.” (Shaffer, 1994, p.227) Often
conflated with self-control, self-regulation differs from this necessary but
insufficient precursor in terms of the ability to adapt to contingencies and initiate
and maintain self-regulatory processes flexibly. (Kopp, 1982)
In Study 2, I consider the contribution made by self-regulation to
children’s learning and schooling (Provenzo, 2002; Asadullah & Chaudhury,
2015). Learning, the cognitive acquisition and consolidation of new skills and
knowledge, is supported and constrained by the learner’s ability to regulate
attention and emotion. Along with the cognitive process of learning,
membership of a school environment requires self-regulation. Successful
participation in the social and physical context in which education takes place,
namely, in schools, requires both interpersonal and intrapersonal regulation.
Students of all ages must regulate their emotions, thoughts, and, perhaps
especially in the earliest years, physical actions in order to learn with and from
their peers and teachers.
For many children, struggles with behavior have a negative impact on
both schooling and learning, even in preschool. The achievement gap in
education is apparent even before school entry, as ‘school readiness’ skills vary
widely, and closing the gap on these socio-emotional and self-regulatory skills
may help reduce inequality in educational outcomes. Alongside fundamental
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academic concepts such as phonological awareness and numeracy, selfregulatory skills are an essential part of school readiness (Blair & Diamond,
2008). From the classroom perspective, self-regulatory skills may be even more
important to teachers than the academic knowledge that children arrive with.
Difficulty in following rules and social norms in the classroom, and in
regulating emotion and behavior can have detrimental effects on schooling, with
the most severe consequences being exclusion from classroom or school.
Exclusionary discipline, the removal of a student from the educational context,
including suspension and expulsion, has risen sharply in recent decades across
the United States, with suspensions more than doubling since the 1970s (Planty
et al., 2009). The youngest students are not exempt. In fact, expulsion occurs at
3.2 times the rate in state-funded pre-kindergarten programs as compared to K12 schools (Gilliam, 2005). This is troubling both because early suspensions
predict further suspensions in upper grades (Mendez & Knoff, 2003), and
because removing children from the classroom deprives them of learning
experiences, including valuable social experiences and further socio-emotional
learning which is often emphasized in preschool and kindergarten.
One state, increasingly concerned about challenging behavior and
disciplinary problems in their early education settings, commissioned a survey of
their state’s licensed early childhood directors and caregivers (Kalinowski &
Kalinowski, 2011). They found that the most common “challenging behaviors”
reported reflected issues of compliance and self-regulation. “Defiant behaviors”
were the most common problem in interactions with adults, reported by 65% of
surveyed teachers. Between peers, “Explosive behaviors”, differentiated from all
physical aggression but not otherwise defined, are reported as a problem in 43%
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of classrooms, just behind physical altercations of pushing, hitting, and kicking
(44-71%), (Kalinowski & Kalinowski, 2011). Behavior in the classroom, therefore,
involves some combination of self-regulation and compliance.
Here, I examine the relation between self-regulation and compliance, in a
laboratory based experimental task that recruits and requires both: The
Marshmallow Test.
Study 1 of this thesis was a study of the Marshmallow Test in a sample of
children ages 3-7. It examined differences between children based on how they
fared in this test of delay of gratification, either waiting throughout until the
experimenter returned, by ringing the bell to voluntarily end the task, or by
committing some rule violation during the course of the task. In this sample, the
bell-ringing and rule-breaking groups differed by age and length of delay as well
as impulsivity, suggesting meaningful differences between the two groups who
‘failed’ to delay in different manners.
To investigate the difference between different delay outcomes in greater
detail, I now examine a large national dataset, the National Institute of Child
Health and Development’s Study of Early Childcare and Youth Development
(NICHD SECCYD) with a very large sample of children of the same age, 4.5
years. This enables us to ask not just about antecedents such as maternal
education and cognitive ability but also about longitudinal outcomes such as
behavior problems and academic achievement in elementary and high school.
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Background

The Marshmallow Test
Since the 1960s, the Marshmallow Test of delay of gratification has
provided an ecologically valid paradigm through which to assess self-regulation
in young children.
Delay of Gratification. The act of waiting for a preferred reward or
outcome in lieu of accepting or partaking of a lesser reward immediately - is
woven into all human life. To effectively prioritize later gains over immediate
pleasure requires not only the motivation to do so, but also the perseverance and
commitment to continue delaying sufficiently long to attain it, remembering the
goal and directing attention and action in its pursuit. This is relevant in
education, as in life, as humans have long-term goals requiring steady and
deliberate pursuit with a degree of sacrifice along the way, such as completion of
higher education and attaining fulfilling and lucrative employment. The ability
to delay gratification can be assessed in either an externally or internally
imposed delay scenario.
Externally imposed delay. Required waiting for a preferred reward is
considered externally imposed delay (Miller & Karniol, 1976). Several different
scenarios are used to test this capacity to endure delay, sometimes classified as
resistance to temptation tasks (Floyd & Kirby, 2001). These usually require
inhibiting the urge to eat treats or peek at a present, such as the Tongue, Snack
Delay, or Gift Wrap tasks (Kochanska et al, 1996). These externally imposed
delay tasks test self-control rather than self-regulation. To examine the
relationship between externally imposed delay and internally, or self-imposed
delay, Forzano and colleagues (2011) modified an externally imposed task in
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which a child was to wait for a treat, to include an option to change their mind
while the waiting was underway and opt for the smaller treat. Comparing the
two versions, they found significant differences between the externally and selfimposed versions, with children demonstrating much higher frequency of
successful delay when not given the choice to change their mind.
Self-imposed delay. Also known as optional delayed reward, selfimposed delay involves a scenario in which the child is not impeded from
ending the delay by physical obstructions or other people. The child, therefore,
must impose the conditions of frustrated waiting upon himself (Mischel,
Ebbesen, & Zeiss, 1972). This differs in meaningful ways from the externally
imposed delay, requiring not only the ability to delay, but to persistently choose
to delay. Another aspect of the task is remembering and following the rules of
the task, complying with the expectations set out by the experimenter. The
solitary experience of the self-imposed delay paradigm is a significant difference
as well. Both self-regulation and compliance are scaffolded and supported by
parents and other adults through a child’s early years. By contrast, in the selfimposed delay paradigm such as the Marshmallow Test, the child is faced with
temptations and decisions without advice, prompting, reminders, or support.
In previous analyses (e.g., Rodriguez, Mischel, & Shoda, 1989; Duckworth,
Tsukayama & Kirby, 2013), two non-delay outcomes of bell-ringing and rulebreaking have been conflated, but in this analysis, they will be considered
individually and compared to see if these two conditions of terminating the
Marshmallow Test represent meaningful differences, attempting to tease apart
the interplay of compliance and self-regulation in this complicated and
challenging task.
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Self-Control and Self-Regulation
The control and regulation of thoughts, emotions, and behavior, relies
upon a set of cognitive capacities collectively referred to in cognitive science as
executive functions. Inhibition or inhibitory control is the ability to override
prepotent response patterns. Working memory is the capacity for holding
information in mind while operating on it. Cognitive flexibility is the ability to
move back and forth between different sets of rules and goals (Carlson, 2005).
Self-control is a necessary core aspect of self-regulation. In an
observational birth cohort study, self-control as rated by observation of behavior
during laboratory visits in childhood has been associated with better health and
greater wealth at the age of 32, whereas lower self-control is associated with
poorer health and wealth outcomes as well as greater involvement in crime
(Moffitt et al, 2011). Previous analysis of the SECCYD sought to tease apart the
predictive power of the Marshmallow test by parsing the effects of self-control
and intelligence. Though self-control and intelligence were correlated, and both
are associated with better life outcomes, they found that the predictive power of
the delay of gratification task was primarily attributable to its ability to represent
self-control (Duckworth, Tsukayama, & Kirby, 2013).
Beyond self-control, self-regulation involves flexibly meeting the
demands of a situation, which also includes up-regulation as well as inhibition
and focusing. An example of up-regulating attention is consciously focusing
one’s wandering mind in class. Ability to thus flexibly self-regulate is considered
the more developmentally mature manifestation of these skills (Kopp, 1988).
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Compliance
Compliance in childhood is considered a necessary part of socialization
calling for the internalization of social norms and expectations (Abe & Izard,
1999). In early childhood, it is through co-regulation with caregivers that
children learn how to regulate their own emotions and actions. This begins with
simple immediate directives. By modeling their behavior after caregivers’
examples, children learn what behavior is expected, and what values are held in
their culture. In the progressive development of self-regulatory capacities,
compliance develops early, towards the end of the first year, and transitions as
the child gains autonomy, memory, and representational thinking, into selfcontrol, and finally self-regulation. (Kopp, 1982) This developmental process is
not without challenges, as growing independence and self-assertion are often
expressed in noncompliant exchanges with caregivers.
Tendencies to obey directives, follow instructions, and abide by rules
generally increase over the preschool years. Yet in one study, young children
complied with only approximately 60-80% of their parents’ commands and
requests (Forehand, 1997). In an observational study of free play, preschoolers
complied with half of all simple instructions given by teachers. (Stephenson,
2010) Troubles with compliance remain a significant concern of teachers in
preschool and beyond. In a survey of Kindergarten teachers, difficulty following
directions was the most frequent problem children had, negatively impacting
classroom success to an even greater extent than low academic skills (RimmKauffman, Pianta & Cox, 2000). In preschool, teacher-reported “challenging
behaviors” affecting a large percentage of classrooms include both defiant and
explosive behaviors (Kalinowski & Kalinowski, 2011), indicating that troubles
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with both compliance and self-regulation contribute to the overall behavior
problems in early school settings.
Although extreme levels of noncompliance are associated with clinical or
developmental disorders such as Attention Deficit Hyperactivity Disorder
(DuPaul et al., 2001) or Oppositional Defiant Disorder (Keenan & Wakschlag,
2000), noncompliant behavior is normative and prevalent across this age range.
Moreover, noncompliance takes many forms, from passive noncompliance, such
as ignoring or failing to take notice of directives, to defiance, overt refusal or
challenging of the directive. Negotiation is another, more mature form of
noncompliance that may be considered positive and assertive (Kuczysnki et al.,
1987; Braungart-Rieker, Garwood & Stifter, 1997). As parents interact with
children, they may vary in their ability or tendency to differentiate between these
forms of noncompliance and respond accordingly (Kuczysnki et al., 1987).
Compliance can be differentiated into two forms or levels, committed, and
situational (Kochanska, 2002). In committed compliance, the motivation appears
internalized and the behavior voluntary; the child has accepted the rules or goals
as his or her own. Situational compliance, conversely, is dependent upon the
immediate control of the authority figure; the child follows the rules, but with
neutral affect. Therefore, compliance may be an expression of autonomy and
internalized self-regulation, or, on the contrary, it may be ceding regulation to an
adult (Crockenberg & Litman, 1990).
Parental contribution to compliance and self-regulation. Secure
attachment to a parent in infancy predicts greater compliance in toddlerhood
(Lickenbrock et. al, 2013). Previous analysis of the NICHD SECCYD sample
found early attachment and maternal sensitivity was associated with better
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compliance with maternal directives in laboratory clean- up tasks at ages 24 and
36 months (NICHD Early Child Care Research Network, 1998). Maternal
sensitivity over the child’s first three years was also a significant predictor of
delay latency in minutes on the delay of gratification task (Razza & Raymond,
2013).
Differences in parental interactive style may impact children’s tendency to
delay gratification, as found in a study of self-imposed gift delay with the mother
present in the room during the task (Russell, Londhe, & Britner, 2013). They
characterized parents by three levels of interaction with their children during the
delay task: ‘non-directive’, engaged with their child but did not initiate
interactions, ‘active’ initiated interactions minimally, and ‘very active’, with more
than the average amount of parent-initiated interactions. They found that the
vast majority of children of both the non-directive and active parents delayed
throughout the experiment, whereas among children of very active parents, twothirds did not delay, suggesting an optimal level of parental scaffolding with the
child maintaining primary agency (Russell et al, 2013).
In a similar gift delay task, mothers were not present during the delay
scenario, but had the job of explained the task to their children beforehand, and
were permitted to give any directions or coping advice. Children’s delay
performance, not touching the alluring present before being given permission to,
was related to both the mother’s parenting attitudes, rated as permissive or
authoritative, and the delay strategies that the mother promoted (Mauro &
Harris, 2000). Those who successfully delayed were more likely to have mothers
rated as authoritative, and those who did not were more likely to have
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permissive mothers. Likewise, the authoritative mothers were more likely to
coach their child with advantageous delay strategies such as behavioral or
cognitive distraction. More permissive mothers focused more on repeating the
demands of the task, a strategy that was less helpful. Interestingly, mothers in
this study rarely coached their children in ways to ameliorate the emotional
stress or anxiety of waiting (Mauro & Harris, 2000).
Rule compliance. One aspect of compliance is a child’s tendency to obey
rules. In the case of directives, compliance or noncompliance takes place directly
after the directive is given, whereas rules may be given at one point in time with
the expectation of following through compliantly consistently through
unspecified future times.
Current Investigation
The ability to act with compliance depends on self-control. In turn, selfregulation is used in service of compliance or noncompliance, as the child
decides. One could say that compliance is “the will”, and self-regulation is “the
way” that children act in accordance with rules, directives, and social
expectations. In this study, I investigate the Marshmallow Test, a measure of
self-imposed delay of gratification task, wherein compliance with rules and
motivating goals are challenged by the immediate presence of temptation, as
well as the task-specific challenges of being isolated from any external
distractors.
In the Marshmallow Test, the rules fall in the category of arbitrary
permission rules, given as a conditional: “If you stay in your chair without eating
the treats until I return, then you may have the big pile.” Furthermore, it has a
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second conditional rule: “If you don’t want to wait, you can ring the bell and I’ll
come right back, and you can have the small pile, not the big pile.”
Using the SECCYD data, I investigate the possibility that among children
who do not succeed in delaying gratification, there may be group differences
between the two routes to failure as well as the established group differences
with successful delay. Looking at the cohort of children at the age of four, I ask:
are there group differences on cognitive, behavioral, or demographic measures
between the three types of delay responses (complete delay, voluntary bellringing termination, and rule-violation) to the marshmallow delay of
gratification paradigm? Next looking at these children in first and ninth grades, I
ask: what are the subsequent academic outcomes predicted by noncompliant
non-delay behavior compared to deliberately terminated non-delay behavior and
compliant delay behavior at age 4.5? Finally, to investigate the connections
between early life compliance as antecedents to self-regulation, I ask: how does
compliance at the ages of two and three relate to performance in the delay of
gratification task measured at age 4.5? Are there links between early compliance
and measures of self-regulation such as inhibition and sustained attention in the
context of delay of gratification? What aspects of parenting practice or
demographic factors contribute to compliance and delay of gratification in
preschool?
Method
Participants
The participants were part of the NICHD (National Institute of Child
Health and Development) Study of Early Child Care and Youth Development
(SECCYD). 1364 children and their families in ten states began the study, and
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over the course of fifteen years participated regularly. Children and parents
were assessed, observed, and surveyed in their homes, childcare environments,
schools, and laboratory settings. Of these children, 966 completed the delay of
gratification task at the age of 54 months in the laboratory.
Procedures and Measures
Measures collected over 15 years are analyzed in this study, and I will
group them into three phases: before, during or concurrent with, and after the
Marshmallow Test. Antecedents of self-regulation were measured from one
month to 36 months, these make up the first phase. Next, concurrent measures
assessed around the time of the delay of gratification measure at age 54 months,
or 4.5 years make up the second phase. Finally, I will consider both proximal
and distal outcomes as predicted by children’s performance on the marshmallow
task at 54 months, from first grade and ninth grade, as well as laboratory
measures at 15 years of age.
Delay of Gratification. In the laboratory, a child is seated at a table and
shown a bell to ring that brings the experimenter immediately back into the
room. Next, the child is presented with tempting treats, perhaps a selection of
small candies, cookies, or salty snacks. The child indicates his or her favorite
treat, and the experimenter places “big” and “small” pile of the treats on a tray.
To establish whether the child prefers the larger to the smaller pile, the
experimenter asks which the child would rather have. Next the child is told that
the experimenter needs to leave the room for a little while, and if the child stays
in his chair without eating the treats until the experimenter returns, he can have
the larger treat. If he doesn’t want to wait any more, he can ring the bell to bring

!

64!

the experimenter back. But if he rings the bell, he doesn’t get the large treat, just
the small treat. It’s emphasized to the child that they are welcome to make either
choice freely, and the child is asked to demonstrate understanding by explaining
what will happen and what his choices and their associated rewards are. The
experimenter leaves the room and the child is unknowingly observed by way of
one-way mirror or video camera (Mischel, Shoda, & Rodriguez, 1989). In this
version of the marshmallow task, the trial ended when seven minutes passed
and the experimenter returned, or if terminated by the child ringing the bell,
breaking a rule such as leaving the chair or eating the treat, or becoming
distressed. Both latency of delay and method of termination variables will be
considered.
In this SECCYD dataset, ‘breaking a rule’ and ‘becoming distressed’ are
included in one category for method of termination. While no further
breakdown is available of this sample, in Study 1, (n=91, ages 3-7) using the same
delay paradigm but longer ultimate delay of 15 minutes, 46% of the sample
terminated the task by breaking a rule, while only 2% were terminated due to
distress, in both cases the distressed child was just 3 years old. Because the
children in Study 1 were considerably younger than those in the SECCYD study
and the occurrence of distress was quite infrequent, it is reasonable to consider
noncompliance a more frequent reason for non-delay than distress.
Antecedents
Parental Ideology. As a baseline measure of parents’ ideas and beliefs
about their role as parents, at the 1 month home visit, the Ideas about Raising
Children scale was administered via an interview of the mother. A parent
questionnaire also known as the Parental Modernity Scale of Child-rearing and
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Educational Beliefs (Schaefer & Edgarton, 1985), this consists of thirty Likertscale questions. It identifies parents’ approach as traditional authoritarian beliefs
that children should follow adult directives or progressive democratic beliefs
that support self-directed child behavior. Scores are reported on a scale of 1 to 30.
Compliance. Three sources of compliance ratings were taken at two time
points, 24 and 36 months. Both mothers and caregivers were surveyed to assess
the child’s compliance in home and childcare settings. They completed the
Adaptive Social Behavior Inventory (ASBI) at both 24 and 36 months. It contains
30 items making up three subscales, including a compliance subscale which
consists of items such as the likelihood that the child will help or share with
others (Hogan, Scott, & Bauer, 1992). The Lab Clean-Up Procedure was an
observational scale completed by experimenter during the child’s visit to the
laboratory. The child’s compliance with parent’s verbal clean-up requests after a
play period was scored, along with autonomy, defiance, and both active and
passive noncompliance. Children’s traits were rated on a scale from 1 being
‘very uncharacteristic’ to 5 ‘very characteristic’(United States Department of
Health and Human Services, 2010).
Concurrent measures
Parental discipline style. The Raising Children Checklist (Shumow,
Vandell & Posner, 1998) was used to assess parental discipline strategy by selfreport, characterizing parenting as harsh, firm, and lax, which correspond to
authoritarian, authoritative, and permissive parenting styles. Both mother and
father completed this survey. Because both parents were thought to contribute
to the child’s upbringing and are highly correlated (Harsh r=0.52, p>0.000, Firm
r=0.11, p>0.002, Lax r=0.33, p>0.000), an average of the two parents’ scores was
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used in this analysis.
Behavioral characteristics. Social Skills Rating System - This parent
survey includes ratings on frequency of behaviors, from a scale of 0 (never) to 3
(very often) falling into two categories: social skills, and problem behaviors.
Social skills are further broken into subscales of cooperation, assertion,
responsibility, and self-control. Problem behavior contains subscales of
externalizing and internalizing problems (Gresham & Elliott, 1990).
The Child Behavior Checklist (Achenbach, 1991) was completed by
parents at several points over the course of the study, including 54 months and
15 years. Parents were asked to rate their child’s behavior to assess social
competence and problem behaviors. This checklist contains subscales of
Withdrawn, Somatic Complaints, Anxious/Depressed, Social Problems, Thought
Problems, Attention Problems, Delinquent Behavior, and Aggressive Behavior.
The scales of attention problems and delinquent behavior, as well as
externalizing and internalizing composites are considered for this analysis. The
checklist contains 100 behaviors, each rated on a scale from 0 to 2, not true of the
child to very true of the child.
Cognition, including Executive Functions. The relevant constructs of
attention and inhibition were assessed in laboratory tasks. The Continuous
Performance Task is a test of sustained attention administered on a computer,
with the child pressing a button when they see the target image. Percent
accuracy and response time to stimuli were recorded (Halperin, Sharma,
Greenblatt, & Schwartz, 1991). Inhibition was measured using the Day/Night
Task (Gerstadt, Hong, & Diamond, 1994). This is a test of impulsivity, in which
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children are instructed to say ‘day’ when shown a card with dark background
and stars, and to say ‘night’ when shown a card with a white background and
sun, and percent accuracy is calculated out of 16 trials.
Woodcock-Johnson Psycho-Educational Battery. This is a standardized
measure of achievement, with subscales to assess two cognitive skill sets, shortterm memory in the memory for sentences scale, and verbal comprehension and
knowledge in the picture vocabulary scale. It also contains two measures of
achievement, early literacy skills in the letter-word identification task, and early
mathematics in applied problems (Woodcock & Johnson, 1989).
Proximal Educational Outcomes: First Grade
Early educational outcomes were assessed by the Academic Rating Scale
(Nicholson, Atkins-Burnett, & Meisels, 1997), in which teachers rated students’
proficciency in two academic areas: language and literacy, and mathematical
thinking. Each skill item was rated on a 5 point scale from ‘not yet
demonstrated’ through ‘proficciency’. The Language and Literacy scale included
13 items of skills such as early writing and using complex sentence structure, and
the Mathematical thinking scale included 28 items including things like solving
problems involving numbers (United States Department of Health and Human
Services, 2010, p.2-14).
First grade teachers also completed a Mock Report Card on three aspects
of the child’s schooling: current school performance which was a composite of
academic subjects reading, oral and written language, math, social studies, and
science. Modeled after report cards, scores ranged from 1 for below grade level
to 5 for excellent (Vandell & Pierce, 1998). Teachers also rated students’ work
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habits, and social skills with peers, both on scale of 1 being very poor to 5 being
very good.
Behavior at school was measured by the Teacher’s Report Form, a teacher
survey variant of the CBCL which was administered to parents. Teachers are
asked to rate children on problem behaviors, yeilding subscales of internalizing,
externalizing, delinquent behavior, attention, and social problems as
demonstrated in the classroom setting. Like the CBCL, it contains 100 items
rated on a 0-2 scale from not true to true of the child (Achenbach, 1991b).
Distal Educational Outcomes: Age 15
Cognitive measures. Woodcock-Johnson Psycho-Educational Battery
(Woodcock & Johnson, 1989) was again administered at this last data collection
timepoint. This is a standardized measure of ability and achievement. Cognitive
ability at this age was assessed using the subscales of picture vocabulary and
verbal analogies. Achievement subscales measured reading via passage
comprehension, and math via applied problems. Standardized scores were
calculated based on a mean of 100.
Inhibition was assessed using the Stroop Test (Stroop, 1935), a classic test
of inhibitory control asking a child to indicate the color of a word while ignoring
what the word says, testing the effects of interference on reading ability. A score
of interference was calculated by subtracting the average reaction time for
neutral trials from the average reaction time for incongruent trials, with a lower
score demonstrating greater ease in inhibiting the conflicting message on the
incongruous items.
Education measures. In the Transcript Questionnaire, principals reported
the participating child’s 9th Grade grade point average in English, Math, Science,
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and Social Studies, as well as information about the level of courses taken in
these subjects (National Center for Education Statistics, 1999). Mathematics
Course Levels ranged from 0 for “No Math Course Taken” up to 6 for Calculus.
Science Course Level was likewise defined on a scale from 0=“No Science Course
Taken”, to 6 for “Advanced Science”. In English, a binary variable reported
whether a child was in Honors/AB/IB English (1) or not (0).
Behavioral and psychological measures. At the age of 15 children
completed the Psychosocial Maturity Inventory (Greenburger & Bond, 1976), a
self-report of personal responsibility which contains subscales of self-reliance,
identity, and work orientation. It contains 30 descriptive items to be rated from
1-4, ‘strongly disagree’ to ‘strongly agree’.
Both parents and child completed the Parental Control and Autonomy
survey of how decisions were made in the child’s family, to assess the degree to
which a child had autonomy to make decisions for him or herself, ranging from 1
for “my parents decide” to 5 for “I decide all by myself” (Brody, Moore, & Glei,
1994). The questions ask about autonomy for a range of activities from dating to
spending free time and school choices.
Analyses and Results
I will address three research questions in this order: group differences,
longitudinal findings, and antecedents. For each section I will lay out an analysis
plan, followed by the results.
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Research Question 1: Are there group differences on cognitive, behavioral, or
demographic measures between the three types of delay responses to the
marshmallow delay of gratification paradigm?

Analysis Plan
The null hypothesis I will test for RQ1 is that there are no group
differences in demographic, cognitive, behavioral, and executive function
measures between those who delay, and between two types of non-delay
responses to the marshmallow delay of gratification paradigm. To test this I will
calculate group means for three groups: a) children who delay and follow the
rules, b) children who follow the rules, but ring the bell to terminate c) children
who break a rule, which terminates the task. Means will be calculated for all of
the measures named above in the round of data collection at 54 months. I will
perform one-way ANOVAs to determine if all of the means are equal. If they are
not equal, I will perform Tukey’s Honestly Significant Difference test to
determine which means are unequal, and by how much.
Of the 966 children who successfully participated in the Marshmallow
Task, 514 children (53%) waited compliantly until the experimenter returned
after 7 minutes. 334 children (35%) rang the bell to voluntarily terminate their
waiting. For 109 children (11%), the task was terminated due to rule violation or
to the child exhibiting distress. Finally, 9 children (1%) were coded as ‘other’,
and were therefore not included in the group comparisons.
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Group Differences
To investigate whether and if so in what way the two “failed”, or nondelay groups differed, I performed a series of one-way ANOVAs to estimate and
examine the differences in means across the three groups for demographic and
cognitive measures. I present the results of these ANOVAs in Table 2.1.
The significance of the differences, between all three pairs, was verified
with Tukey’s Honestly Significant Difference (HSD) pairwise comparisons. First
to note is that the mean delay latencies for the bell-ringing non-delayers and the
rule-breaking or distressed non-delayers, were significantly different. The rulebreaking or distressed group delayed almost twice as long, on average (M=2.44,
SD=2.10), as the bell-ringing group (M=1.26, SD=1.74).
For all demographic measures, race, income-to-needs-ratio, and maternal
education, the first group, those who delayed the full 7 minutes, differed
significantly from the second and third groups, the non-delayers, but there were
no significant differences between the two non-delay groups. This pattern held
for several cognitive and behavioral measures as well, for parent ratings of selfcontrol, the measure of sustained attention, and for both vocabulary and early
literacy measures. In each of these measures, the mean performance of the delay
group was significantly higher than the non-delay groups.
In two measures, the bell-ringing group (but not the non-compliant
group) differed significantly from the full delay group. The first is the measure
of short-term memory (WJ Sentences), in which the bell-ringing group had a
mean estimated score of 85.33 (SD=17.29), compared to the full delay group’s
mean of 94.93 (SD=51.3). The second is in parent ratings of attention problems, a
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Table 2.1: One-Way ANOVA by groups
Compliant
Noncompliant
Absolute
Rang
Broke rule or
N=957
Delay: 7
Bell
distressed
minutes
N=334
N=109
N=514

F

Significant
pairwise
differences

Race (%black)

0.41
(0.20)

0.21
(0.41)

0.17
(0.38)

32.43***

1v2
1v3

Income-toNeeds ratio

4.11
(2.82)

2.86
(2.45)

2.92
(2.46)

25.56***

1v2
1v3

Maternal
Education

14.98
(2.44)

13.66
(2.29)

14.06
(2.44)

32.24***

1v2
1v3

CPT - % correct

78.8
(16.7)

68.4
(20.0)

72.7
(19.0)

32.45***

1v2
1v3

SSRS – self
control

13.59
(2.92)

12.40
(2.97)

12.33
(3.19)

19.49***

1v2
1v3

WJ picture
vocab

104.64
(14.2)

95.88
(14.3)

95.85
(14.5)

44.66***

1v2
1v3

WJ letter word

102.39
(12.6)

95.21
(13.2)

96.44
(13.3)

34.16***

1v2
1v3

Delay Latency

7.00
(0)

1.26
(1.74)

2.44
(2.10)

2312.54***

1v2
1v3
2v3

WJ sentences

94.93
(51.3)

85.33
(17.29)

92.25
(18.1)

6.03**

1v2

CBCL –
attention
CBCL –
externalizing
Stroop –
impulsivity

53.08
(4.83)
50.78
(9.25)
23.40
(19.5)

54.30
(5.77)
52.60
(9.65)
27.87
(21.4)

53.76
(4.54)
53.00
(8.59)
29.55
(19.9)

5.68**

1v2

5.10**

1v3

5.67**

1v3

WJ applied
problems

108.50
(13.0)

96.93
(15.4)

100.87
(15.5)

69.37***

1v2
1v3
2v3

~p<.10, *p<.05, **p<.01, ***p<.001
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slight but significant difference (M=54.3, SD=5.77) compared to the full delay
group (M=53.08, SD=4.83). In these measures of short-term memory and
attention, the rule-breaking or distressed group did not differ significantly from
either of the compliant groups, as confirmed by Tukey’s HSD pairwise
comparisons.
There were two measures in which the non-compliant group (but not the
bell-ringing group) differed significantly from the delay group. The former had
significantly higher average levels of externalizing problems, as rated by
maternal survey (M=53.00, SD=8.59) compared to the latter (M=50.78, SD=9.25).
The other measure in which the non-compliant / distressed group differed
significantly from the full delay group was in the Stroop measure of impulsivity
(M=29.55, SD=19.9) compared to the delay group’s average (M=23.4, SD=19.5).
Only one measure found a significant difference between bell-ringers and
non-compliant children. In one achievement measure, applied problems in
mathematics, the average for the delay group (M=108.5, SD=13.0) was
significantly higher than that of the rule-breaking or distressed group (M=100.87,
SD=15.5), which was in turn significantly higher than the average of the bellringing group (M=96.93, SD=15.4). This mathematics scale is also correlated with
delay time. It is unclear whether the behavioral differences between groups,
mentioned above, though minor, impact their math achievement differently, or if
there is another factor underlying this effect.
Longitudinal outcomes.
Research Question 2: What are the subsequent academic outcomes predicted by
noncompliant non-delay behavior compared to deliberately terminated non-
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delay behavior and compliant delay behavior at age 4.5?
Analysis Plan
The null hypothesis I will test for RQ2 is that there are no differences in
outcomes between the two types of non-delay responders. For this analysis I will
do a series of multiple regression models to predict each of the proximal and
distal longitudinal outcomes with two dummy indicators, one for each type of
'non-delay', with the delayers as the reference group.
yi = !0 + !1Xi1 + !2Xi2 + !3Xi3 + !4Xi4 + ! + "i
yi = educational outcome, for example mathematical thinking in 1st grade
Xi1 = bell ringing termination
Xi2 = rule breaking termination

Having established that the two groups who failed to delay gratification
on the marshmallow task at age four and a half are quite similar on selfregulatory characteristics and only differ significantly by math performance as
well as by mean delay latency, I now examine behavioral and academic
outcomes, to see if performance on the delay of gratification task is associated
with variation in these measures. Setting aside the successful delayers, I examine
the two non-delaying groups at two different time points, the first grade of
elementary school, and the first year of high school. The proximal measurements
in first grade took place approximately a year and a half to two years past the
delay of gratification assessment at 54 months, and the later, ninth grade
outcomes were ten years after the marshmallow test.
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First Grade. To estimate the effect associated with the different routes to

marshmallow test failure, I performed a series of linear regressions for each of
the relevant proximal outcomes. I present the results of the significant outcomes
in Tables 2.2 and 2.3. In reports of Math Thinking in first grade, children who
rang the bell in the marshmallow test were rated lower on average, controlling
for income-to-needs-ratio, than those who broke rules or became distressed
during the delay of gratification paradigm. This effect of group, while
significant, however, was trivial, accounting for only about 1% of the total
variance in Math Thinking scores. The same small group effect was evidenced
for ‘total thinking skills’ as well, but no group effects were found in Language
and Literacy skills once length of delay was controlled for.
Table 2.2: Math thinking – grade 1
Failed to delay
Model
Model
Predictor
Model B
A
C
Log Income to
0.22***
Needs
(0.05)
Bell vs.
Distress/Comply

-0.23*
(0.11)

Delay latency

Model D
0.23***
(0.05)

Full Sample
Model
Model F
E
0.22***
0.23***
(0.04)
(0.04)

-0.22*
(0.11)
0.03
(0.02)

0.03**
(0.01)
0.25***
(0.07)

G1 - delayers
G3 – rule
breakers
2.89
3.239
(0.06)
(0.09)
2
Adjusted R
4.1
0.9
(R2 )
(4.5)
(1.1)
17.51
4.41
F
(1, 385)
(1, 386)
0.0000
0.0364
~p<.10, *p<.05, **p<.01, ***p<.001
Constant

3.01
(0.06)
0.1
(0.3)
1.18
(1, 390)
0.2773

3.05
(0.10)
5.2
(5.7)
11.39
(2, 375)
0.0000

2.84
(0.06)
5.9
(6.2)
28.32
(2, 863)
0.0000

0.27*
(0.11)
2.82
(0.06)
6.3
(6.6)
20.55
(3, 867)
0.0000
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Because self-regulatory skills taxed in the marshmallow test contribute to
behavior problems as well as social-emotional issues, teachers’ reports of socialemotional abilities, work habits, and problems concerning delinquent behavior
were considered relevant outcomes. However, no effects of delay group were
found in any of these outcomes, after controlling for the NICHD’s measure of
poverty, the income-to-needs-ratio.
In the ‘mock report card’, children’s overall current school performance
was associated with delay latency, with children who delayed for longer
showing higher grades, but there were no significant differences between the
two non-delaying groups. This same pattern was found for teachers’ reports of
attention problems and total problem behavior. For these measures, the
traditional division of delay outcomes between total delay and failure to delay
seems to adequately account for these proximal outcome differences.
Ninth Grade. In ninth grade, at the age of fifteen, method of failure to
delay gratification did not meaningfully predict variability in any of the socialemotional or behavioral measures. Even mean group differences of impulsivity
in Stroop performance, which were present in the children’s Stroop at age four,
were not predictive of Stroop performance at age fifteen.
Cognitive and academic measures did show small effects of group,
accounting for 2% of variance in Applied Math scores, and 1.3% of the variance
in ninth grade math course level, controlling for income-to-needs-ratio. Similar
to the findings at four years of age, the bell-ringing group was less advanced and
accomplished in mathematics. Two language scales, passage comprehension and
verbal analogies, measures of both flexibility of thinking and content knowledge,
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revealed similar advantages for the rule-breaking group over those who had
rung the bell to terminate the delay. These results remained even after
controlling for length of delay. No group effect was found for science course
level.

Table 2.4: Distal outcomes
Woodcock-Johnson – 15 years old
Applied
Passage
Verbal
Math
Comp.
analogies
Problems

Predictor

9th Grade
Math Class

Log Income to
Needs

0.38***
(0.06)

5.45***
(0.79)

6.17***
(0.81)

7.31***
(0.92)

Bell vs.
Noncompliant/
Distressed

-0.26*
(0.11)

-3.14~
(1.63)

-5.72**
(1.63)

-3.95*
(1.83)

0.78*
(0.37)

Delay latency
Constant

2.03
(0.10)

97.0
(1.69)

103.8
(1.55)

107.7
(1.75)

Adjusted R2
(R2 )

15.9
(16.5)

16.2
(17.0)

17.1
(17.6)

16.6
(17.1)

22.65
(3, 332)
0.0000

35.88
(2, 337)
0.0000

34.85
(3, 338)
0.0000

26.29
(2, 266)
0.0000
~p<.10, *p<.05, **p<.01, ***p<.001
F

Antecedents of delay of gratification
Research Question 3: Looking at antecedents of preschool delay of gratification,
how does compliance at the ages of two and three relate to performance in the
delay of gratification task measured at age 4.5? Are there interactions between
compliance and measures of self-regulation such as inhibition and sustained
attention in relation to delay of gratification, or later academic achievement or
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behavior in schooling? What aspects of parenting practice, preschool
attendance, or environmental factors contribute to compliance and delay of
gratification in preschool?
Analysis Plan
The null hypothesis I will test for RQ3 is that there are no differences in
outcomes between the two types of non-delay responders. For this analysis I will
do a series of nested logit multiple regression models to predict the probability of
a child to delay gratification in the marshmallow task, or to fail to delay either by
voluntarily ringing the bell to terminate the waiting, or by breaking a rule which
terminates the task. I will check for interactions between compliance and
inhibition.
yi = !0 + !1Xi1 + !2Xi2 + !3Xi3 + !4Xi4 + ! + "i
yi = marshmallow delay outcome
Xi1 = bell ringing termination
Xi2 = rule breaking termination

Compliance. Assessed in three contexts, in the lab, by the mother at
home, and by a caregiver in a childcare setting, and at two time points, 24 and 36
months, these varied measures of compliance were significantly correlated, as
shown in Table 2.5. Maternal ratings of child compliance were strongly
correlated (r=0.65, p<.000) from age two to three, caregivers’ moderately
correlated (r=0.41, p<.000), and ratings of compliance in a brief lab clean-up
measure, while less strongly correlated than maternal and caregiver ratings,
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were also significantly correlated over time (r=0.16, p<.000). While maternal and
caregiver ratings were calculated on a 30-point scale, the brief lab measure of
compliance was only on a 5 point scale, with very little range and few children
rated less than fully compliant. From these individual measures, I calculated
composites in every case in which a child had two years of assessment for the
same context. These are shown in Table 2.6. Maternal ratings of child
compliance were the most frequently complete and internally consistent, and
were also strongly correlated with caregiver compliance ratings (r=0.30, p<.000).
Because only a subset of children attended childcare at these ages, and maternal
ratings were available for all children, the maternal ratings were used in
subsequent analyses.

Table 2.5: Correlations between compliance measures and a total composite
Measure
1
2
3
4
5
6
24 Months
1. Lab Cleanup --2. Mom
0.11***
--3. Caregiver
0.01
0.25***
--36 Months
4. Lab Cleanup 0.16***
0.07*
0.02
--5. Mom
0.08**
0.65***
0.20***
0.09**
--6. Caregiver
0.01
0.23***
0.41***
0.04
0.26***
--Average
0.64***
0.58***
0.48***
0.62***
0.56***
0.51***
Composite
*p<.05, **p<.01, ***p<.001
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Table 2.6: Correlations between compliance subscales
Measure
1
2
3
1. 2 years
--2. 3 years
0.32***
--3. Lab
0.65***
0.65***
--4. Mom
0.51***
0.51***
0.11***
5. Caregiver
0.49***
0.53***
0.06
Total Average
0.83***
0.82***
0.80***
*p<.05, **p<.01, ***p<.001

4

5

--0.30***
0.63***

--0.62***

In Tables 2.7 and 2.8, I present correlations between these compliance
composites and demographic measures, cognitive and behavioral measures, and
parenting ideals and practices such as traditional or progressive values and
harsh, firm, or lax discipline strategy. Both harsh discipline and traditional
parenting values are negatively correlated with child compliance, that is to say,
children of very traditional (r=-0.22, p<.000) or harsh disciplinarian (r=-0.13,
p<.000) parents tend to be significantly less compliant. Harsh discipline and
traditional parenting qualities are also associated with lower socioeconomic
status, as shown by the income-to-needs-ratio and correlations (r=-0.29, p<.000,
and r=-0.34, p<.000 respectively).
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Table 2.7: Correlations between compliance and demographic and cognitive measures
Measure

1

2

3

4

5

6

7

8

Demographics
1. sex

---

2. race (black)

0.00

---

3. mom ed

0.04

-0.21***

---

4. income to
needs ratio

0.04

-0.23***

0.49***

---

5. delay

0.06

-0.25***

0.25***

0.23***

---

6. impulsivity

-0.06

0.01

-0.12***

-0.11**

-0.12**

---

7. lab

0.07*

-0.06*

0.04

0.02

0.10**

0.02

---

8. mom

0.10***

-0.21***

0.22***

0.15***

0.21***

-0.03

0.11***

---

9. caregiver

0.08

-0.19***

0.25***

0.13*

0.17**

-0.05

0.06

0.30***

Marshmallow Test

Compliance

*p<.05, **p<.01, ***p<.001
!
!
!
!
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!
Table 2.8: Correlations between compliance and parenting measures
Measure
1
2
3
4
1.Income to needs
ratio

5

6

7

8

---

Discipline
2. harsh

-0.29***

---

3. firm

0.11**

-0.16***

---

4. lax

-0.03

-0.09**

0.03

---

5. traditional

-0.34***

0.57***

-0.15***

0.05

---

6. progressive

0.18***

-0.31***

0.20***

0.05

-0.38***

---

7. lab

0.02

-0.01

0.02

0.02

-0.06 *

0.00

---

8. mom

0.15***

-0.13***

0.19***

-0.04

-0.21***

0.17***

0.11***

---

9. caregiver

0.13*

-0.22***

0.11

-0.13*

-0.14*

0.04

0.06

0.30***

Parenting

Compliance

*p<.05, **p<.01, ***p<.001
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Compliance and Delay of Gratification. To estimate the effect of child
compliance on performance in the delay of gratification paradigm, I performed
Cox regressions to estimate hazard ratios. Because over half (53%) of the
children were still waiting at 7 minutes when the experimenter returned, the
recorded delay time of 7 minutes is necessarily a conservative and not fully
representative measure. Some of these children, had they been allowed to
continue waiting, may have rung the bell after an additional half minute, or
indeed after an additional five, ten, or more minutes. Therefore, as their times
were constrained, a Cox regression is appropriate to take into account these
censored values.
In Table 2.9, I present a series of fitted models to discern whether and if so
how strongly compliance, as rated by the mother, contributes to delay latency in
addition to the contributions of attention and self-control, and controlling for the
log-transformed Income-to-Needs-Ratio. Controlling for SES, attention, and selfcontrol, a less compliant child is significantly more likely to fail the delay of
gratification paradigm at any given time (HR=0.1674, p<.000).

!

84!

Table 2.9: Results of fitting six cox regression models to the delay of gratification data (n= 868, n events = 388)
Model A
Model B
Model C
Model D
Model E
Model F
Parameter Estimates and Asymptotic S. E.
-0.4960***
LogIncToNeeds
( 0.0514)
-3.0031***
Comply mom
(0.4770)

-0.3567***
(0.0600)
-1.2690*
(0.5987)
-1.3890***
(0.2543)
-0.0300
(0.0209)

-0.3655***
(0.0583)
-1.7872***
(0.4949)
-1.3789***
(0.2504)

0.7000***
(0.0419)
0.2811*
(0.1683)

0.6939***
(0.0405)
0.1674***
(0.0829)
0.2518***
(0.0631)

0.9081***
(0.0148)

0.2493***
(0.0634)
0.9704
(0.0203)

-2844.3

-2417.0

-2466.5

35.60
1

113.71
4

113.06
3

-1.8170***
(0.2326)

Attention CPT

-0.0964***
(0.0163)

Self-control
Hazard Ratios and their S.E.
0.6090***
LogIncToNeeds
(0.0313)
0.0496***
(0.0237)

Comply mom

0.1625***
(0.0378)

Attention CPT
Self-control
Goodness of Fit
LL

-2799.3

-2726. 6

-2743.4

LR statistic
81.81
39.65
55.92
n parameters
1
1
1
* p < .05; ** p < .01; *** p < .001. Note: Breslow method for ties.
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Discussion
In this sample, over half of the children were able to successfully delay for

the entire seven minutes. A similarly high proportion of “full” delay children
has been found in previous studies using varying lengths of delay (Mischel &
Ebbesen, 1970; Rodriguez et al, 1989; Funder & Block, 1989). Perhaps this
indicates that the self-imposed delay of gratification paradigm enacted in a
laboratory setting is not fully representative of the magnitude of challenge that
tests of delay of gratification would impose in real life settings. By implication,
the outcomes of this task are really only informative for those children who do
not ‘pass’ this task (Funder & Block, 1989). This study examined different types
of delay termination on the Marshmallow Test. The findings indicate that there
are modest but meaningful differences between children who adopt different
methods of delay termination.
The average delay time between the two non-delaying groups varied
significantly, with the bell-ringers lasting on average only half as long as those
who did not ring the bell but ended the task by breaking a rule or becoming
distressed (1.26 and 2.44 minutes, respectively), a pattern found in a previous
study (Saxler, Study 1).
In measures related to socioeconomic status, namely maternal education
and income-to-needs ratio, the two non-delay groups showed no differences,
indicating a fairly large divide between delay and non-delay. The delay and
non-delay divide held for certain academic and cognitive measures as well,
including vocabulary, letter identification, sustained attention, and maternal
ratings of self-control. On some measures, only one or the other of the two nondelay groups was differentiable from the delay group, indicating slightly
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different profiles of self-regulation as represented in this task. The bell-ringing
group alone was significantly lower in short-term memory and higher in parentreported attention problems than the full delay group. The rule-breaking or
distressed group was significantly higher in both impulsivity and parentreported externalizing problems than the full delay group. However, on these
latter measures the two non-delay groups did not differ significantly.
This difference in executive function profiles of the groups is reflected
through the following years in measures of mathematics. In this study, applied
problems in mathematics at the age of 4.5 showed significant differences between
three separate groups, with the full delay group having the highest average
score, followed by the rule-breaking or distressed group, and the bell-ringing
group lowest. Effects of executive functions have been found for math skill at
various ages from Kindergarten through adults (e.g. Bull & Sceriff, 2001; Blair &
Razza, 2007; Agostino, Johnson, & Pascual-Leone, 2010). Both inhibitory control
(e.g. Clark, Pritchard, & Woodward, 2010; Merkley, Thompson, & Scerif, 2016)
and working memory (e.g. Viterbori, Usai, Traverso, & DeFranchis, 2015) have
been found to predict later math competence. The applied problems measure
given at the age of 4.5 consists of word problems, which are particularly sensitive
to the influence of memory, including both working memory and retrieval
(LeBlanc & Weber-Russel, 1996). Math thinking in first grade, ninth grade math
course level, and applied math problems at age 15 all showed the same pattern of
differences across the three delay groups, with small but significant effects.
With an a priori expectation of behavior problem differences between
groups, I looked at academic and social-emotional behavioral outcomes for these
two non-delay groups at two different time points: first grade at the beginning of
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elementary school, and ninth grade at the first year of high school. For most of
these measures, the type of delay termination was not predictive of socialemotional ratings or problem behaviors when controlling for socioeconomic
status. The distribution of these variables, however, was such that very few
children were rated as having behavior problems, and the average scores for selfreliance and psychosocial maturity were near ceiling.
Given my interest in the antecedents of self-regulation across early
childhood, I looked at measures of compliance across different contexts at ages
two and three. Maternal ratings of child compliance were consistent across the
two years, and correlated with caregivers’ ratings. Ratings of compliance in a
brief lab clean-up measure, while less strongly than maternal and caregiver
ratings, were also significantly correlated over time, but the scale offered very
limited variability, and was not used in further analyses. Another difficulty
comparing compliance ratings across contexts was the measurement of
compliance itself. In surveys completed by parents and caregivers, several
questions probed the child’s habitual tendencies to comply with directives, rules,
and instructions. In the lab measure, however, the compliance rating was
instead a measure of how long it took a child to fully comply with the parents’
directives, which would seemingly conflate willingness and intent to comply
with self-regulatory capacities in following through on the requested behavior.
(Williford et al., 2013) This conflation of motivation and intent with capacity in
carrying out the desired behaviors, that is, self-regulatory capacity, is potentially
important to consider in educational contexts. While measures in this dataset do
not assess compliance beyond the age of four, further investigation of this issue
is warranted.
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Compliance as rated by mothers at the age of two and three was highly

correlated with the mother’s professed parenting beliefs at one month. More
“traditional” as compared to “progressive” beliefs correlated with lower ratings
of compliance. Compliance is also highly negatively correlated with harsh
disciplinary strategies employed by the mother at the age of four. Both
traditional parenting beliefs and harsh discipline are also correlated with lower
socioeconomic status. I found that poorer parents were more likely to hold
traditional parenting beliefs and use harsh disciplinary practices with their
children, consistent with previous findings (e.g. Shumow, Vandell, & Posner,
1998; Schaefer & Edgarton, 1985). Children of poorer parents were more likely to
be rated as less compliant across all contexts measured in this study, and tended
to exhibit weaker self-regulatory capacities, from impulse control and sustained
attention, to delay of gratification.
Two important points regarding antecedents of self-regulation may be
drawn from Study 2. First, compliance significantly predicts performance on the
delay of gratification even when socioeconomic status, sustained attention, and
self-control are controlled for.
Second, the negative relationships between harsh discipline and both
toddler compliance and later preschool aged self-regulation remain even after
controlling for socioeconomic status, which has implications for disciplinary
practices in early childhood educational settings. Harsh and controlling
discipline discourages a child’s development of self-regulation by hindering the
internalization of socially accepted behavioral norms. Frequent enforcement of
situational compliance is unrelated or even negatively related to internalization
of desired rules and social norms (Kochanska, 2002). Subsequent development
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of self-regulatory capacities is also impaired by overly controlling discipline and
parenting, as self-regulation is learned through practice.
Conclusion and Future Directions
This study was a secondary analysis of the SECCYD dataset, and as such,
analyses were restricted to data already collected. In particular, the method of
delay termination included both rule violations and children’s distress in the
same category of delay termination, which limited my ability to draw firm
connections between rule violations during the Marshmallow task and earlier
compliance. If instead this category had been further divided into rule violations
and distress, it may have been possible to better characterize the groups.
The Marshmallow test of self-imposed delay of gratification, which is
considered a strong measure of ‘hot’ executive function, can also provide insight
into relative deficits in self-regulatory components by looking at the way in
which a child ‘fails’ at the task, whether by voluntarily ringing the bell to signal
lack of desire to continue, or through rule-breaking or distress. These differences
are reflected in academic outcomes, specifically mathematical competence, in
both early elementary and high school. Finally, the Marshmallow test of delay of
gratification also appears driven by compliance, which in turn is associated with
parenting beliefs and disciplinary practices.

!

90!

Conclusions: Drawing lessons from across the papers

“It’s gonna be hard. It’s gonna be really long.
I’m just gonna eat it. No! That is a rule!”

The above words, spoken by a four year old participant in the Marshmallow
Test a mere fifteen seconds after I had left the room, piqued my curiosity in the
role of compliance in this assessment of delay of gratification. While this young
boy went on to later break a rule and eventually rang the bell, no longer willing
to wait, many children that I observed in the Marshmallow Test broke the rules
yet continued to wait for the duration of my absence. I wondered at the
contribution that tendency to rule compliance has for self-regulation, and at the
contribution that self-regulation has in the following of rules. This has
implications for both the teaching of self-regulation in early childhood
educational settings, as well as disciplinary practices in early schooling.
The goals of this dissertation were to use the Marshmallow task to look at
how self-control and executive functions and compliance contribute to selfregulation during measurement and in life. In two studies, the first crosssectional and the second longitudinal, I used performance on the Marshmallow
Test to ask if differences between types of delay termination tell us something
about how children fail. Analysis of the SECCYD longitudinal study allowed me
to follow, through elementary and into high school, three groups of children,
those who delayed, those who rang the bell to signal their unwillingness to
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continue, and those whose delay was ended by breaking a rule or becoming
distressed. I asked if their mode of delay termination was predictive of academic
outcomes, social-emotional wellbeing, or behavior problems in the short and
longer term. Finally, I investigated whether ratings of compliance earlier in
childhood predicted performance on the Marshmallow Test.
The participants of the two studies differed in important ways. The principal
difference was that in the first study, children ranged in age from newly three to
just short of eight years old (3.04 - 7.96 years), whereas in the second study, all
children participated in the delay of gratification task at the age of four and a
half. Furthermore, in Study 1, age was negatively correlated (r=-0.2, p<.10) with
maternal education, a result of sampling bias in recruitment. 1 This correlation
between age and SES is likewise responsible for a trending age to IQ correlation.
A second difference between the studies was that Study 2 grouped children who
broke rules together with children who became distressed, with no further
distinction. Therefore, I cannot directly compare the non-bell-ringing groups
across the two studies. Finally, children were assessed for delay length following
non-compliance in Study 1 but not in Study 2.
It is not always evident why children break rules in any context, and the
Marshmallow Test was no different. Observing children in Study 1, I found there
was great variability in rule breaking behavior. Some rule violations appeared
premeditated. One child asked, just as I was leaving the room, if I had counted
how many M&Ms there were in the piles. Some children jumped up from their
chair the moment the door was closed and strolled around the room for minutes
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1!We!continued!recruiting!and!running!subjects!until!this!correlation!was!broken,!but!I!had!to!cutoff!
data!collection!for!this!analysis!before!that!time,!which!was!just!in!January.!
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at a time. A number of children walked right out the door. Others broke rules in
what seemed a more impulsive way, grabbing the food and then immediately
putting it back, or standing up and quickly sitting back down. In Study 1,
hypotheses for possible causes of rule violation included forgetting the rules, not
understanding the rules, or being unwilling or unable to follow the rules. Rules
include staying in the chair and not touching or eating the treats until the
experimenter returns. Prior to beginning the task, consistent efforts are made to
eliminate misunderstanding by explaining the task and having the child in turn
explain the rules and expectations. Motivational variation is also reduced by
having the children choose their own motivating treat and confirm that they
would rather have the larger than the smaller amount. Slightly under half of the
children broke a rule at least once. Compliant children divided evenly between
ringing the bell, and waiting the entire time.
Comparing all compliant with noncompliant children, I found no group
differences in any parental ratings of behavior problems, nor in sex or age. I also
found no group differences in verbal comprehension, so we can infer that both
compliant and noncompliant groups understood the rules and task equally well.
Tests of working memory were mixed, with no group differences in the
standardized assessment of working memory, but a small significant difference
in a more difficult verbal working memory task, completed by only half of the
children, predominantly those with better overall working memory. When
looking at three groups, dividing compliant children into full delay vs. partial
delay, I found groups differed significantly by age, with the compliant full
delayers oldest, followed by the noncompliant, and the impulsivity scores
aligned with the same group differences.
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The primary finding from Study 1 is that delay latency on the Marshmallow

Test of self-imposed delay of gratification cannot be predicted for noncompliant
children with the same model that predicts latency for compliant children. Delay
for compliant children was accounted for by age, years of maternal education,
and impulsivity on the day/night task, which together accounted for 43.9% of
the variance. The same model for noncompliant children was not predictive;
instead the only measure that was predictive of delay latency for noncompliant
children was the parental rating of inhibitory control, explaining 10% of the
variance. This suggests that models of the entire sample are largely driven by
differences between the two groups of compliant children, the full-delay and
bell-ringers, with the rule-breakers exhibiting such varied behavior that their
results are hard to interpret. This appears to correspond with Mischel’s highschool follow-up of his initial Marshmallow study participants, wherein the
differences in SAT scores were found between the very top and very bottom of
the distribution (Mischel, Shoda, & Rodriguez, 1989).
Study 2 again considered group differences between the three behavioral
outcomes in the Marshmallow Test: full delay, ringing the bell to voluntarily
terminate the wait, and breaking a rule or becoming distressed. As previously
mentioned, this study by the NICHD did not differentiate in the last category
between noncompliant behaviors and distress that instigated the experimenter’s
ending the task. Over half of the children in this study delayed the full time,
which was seven minutes, less than half the time of study one. With so many
children ‘passing’ this test, it is perhaps too easy a bar, not fully reflective of the
magnitude of challenge that delaying gratification exerts in real life situations
over longer periods of time (Funder & Block, 1989). Therefore, perhaps the most
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interesting findings are the differences among the minority who do not delay.
The findings in group differences for this study were minimal. One notable
finding is that math achievement differed significantly by group, with the full
delay highest, rule-breakers or distressed next, and bell-ringers were lowest.
These differences in math bore out longitudinally, with ‘math thinking’ in first
grade and applied math at the age of 15 also showing group differences between
the two non-delay groups.
Neither delay latency nor outcome group of the Marshmallow Test was
predictive of the social-emotional or behavioral outcomes that I examined in first
or ninth grade. This could be due to the positively skewed distribution of these
outcome variables, in which few children were rated ‘high’ for any troubles.
In Study 2, I found that compliance in the toddler years is predictive of delay
hazard, the likelihood of ‘failing’ to delay at a given time, at the age of four and a
half, even after controlling for socioeconomic status and sustained attention,
though it does not predict outcome on the task between the two failing groups.
Compliance also predicts ratings of self-control at this same age. Looking at
other antecedents of self-regulation, I found that “traditional” authoritarian
parenting ideas professed at the age of one month were negatively correlated
with both compliance and delay of gratification, as was harsh parental discipline.
This aligns with previous findings associating less committed compliance in
children receiving more controlling commands by parents (Wachs, Gurkas, &
Kontos, 2004). While both traditional parenting values and harsh discipline are
correlated with poverty (measured here via income-to-needs ratio), the
correlations with compliance and self-regulation remain after controlling for
poverty. From this we can surmise that the effects of harsh discipline and
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authoritarian parental attitudes exist apart from and coexist with deficits induced
by the stresses of living in poverty. It should be noted as well that overly lax
parental discipline is also negatively correlated with compliance and selfregulation, but the effects are minor in comparison to the association with harsh
discipline. Block and Martin (1955) describe the lack of development of selfregulation in an unstructured and inconsistent environment, but cautioned
firmly against the opposite extreme, what they called an “environment which the
child never can affect but to which the child may only accede” (p.281).
In Study 1, I found that interpreting measurement of self-regulation in the
absence of rule compliance is difficult, because the causes of noncompliance were
varied and not readily discernable. This followed in the second study by finding
minimal differences between one or the other of the non-delay groups and the
delay group, which this analysis indicates are associated with working memory
and attention, and impulsivity and externalizing behavior, taken together to
mean that not only does compliance have influence on the exercising of selfregulation, but self-regulation can influence the ability to comply. Furthermore,
this analysis supported a long established and growing literature, which finds
that controlling parenting beliefs and harsh discipline are negatively correlated
with both compliance and self-regulation. Together, these findings have
implications for both behavior problems and discipline policies in schools,
beginning with preschool.
Implications
A tension exists in both education and public opinion regarding our lovehate relationship with compliance. With synonyms ranging from obedience,
deference, and amenability to submissiveness, passivity, and conformity,
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compliance has different connotations and implications in different contexts. In
a country that espouses “Life, Liberty, and the pursuit of Happiness” as
unalienable rights (U.S. Declaration of Independence, Paragraph 2, 1776),
compliance is not typically championed as the quality most admired or desired
in the adult population. However, most consider it a necessary and desirable
attribute in children, critical for moral and social development (Dix, Stewart,
Gershoff, & Day, 2007).
There is a trend in this country to institute more strict and controlling
disciplinary and behavioral policies in struggling schools, affecting students even
as young as Kindergarten and preschool, often called “no excuses” or “zero
tolerance” discipline (Lack, 2009; Hoffman, 2014; Skiba, 2014; Golann, 2015).
This stems from a 1994 federal policy called the “Gun-Free Schools Act” which
stipulated that all states receiving federal education funds must have a law
stipulating that any child that brings a gun to school must be expelled for a year
(20 U.S. Code § 7151). States quickly implemented these policies, but extended
them beyond firearms and instituted frequent expulsions and suspensions for
less severe even nonviolent offences (Civil Rights Project, 2000). Zero tolerance
discipline policies, based on a criminal model of punishing every infraction with
strong enforcement to act as a deterrent, proliferated across the country, but they
have their strongest impact on inner-city schools with a majority of students of
low socioeconomic status (Shabazian, 2015). Boys and minorities, particularly
black students, receive a disproportionate number of exclusionary discipline
actions including suspensions and expulsions (e.g. Skiba, Michael, Nardo &
Peterson, 2002; American Academy of Pediatrics, 2013; Gilliam, 2005; Morris &
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Perry,2016). As well as being ineffective in improving behavior in schools, these
policies are said to be extending the “achievement gap” to what is now being
called the “discipline gap” (e.g. McElderry & Cheng, 2014) or “punishment gap”
(Morris & Perry, 2016) as children of color, particularly boys, are missing out on
instructional time and isolated from services that schools provide. While the
gender bias may be supported by more misbehavior by boys, there is no
evidence of more serious misbehavior among black students that accounts for
their much higher rate of suspensions and expulsions, a divide that is even wider
in schools with higher rates of exclusionary discipline (Skiba et al, 2002;
Hoffman, 2014).
Given that authoritarian and controlling parenting and harsh discipline
hinder the development of both internalized compliance and self-regulation, it is
unreasonable to expect school behavior policies that rely on strict control and the
enforcement of compliance to have any positive effects on self-regulation. “No
excuses” schools, a moniker commonly applied to a growing number of highperforming urban charter schools (e.g., Knowledge is Power Program) are
characterized by extremely structured disciplinary systems that employ
extensive rewards and consequences for infractions (Lack, 2009; Golann, 2015).
Instead of emphasizing expression, independence, and negotiation, as teachers of
more privileged classes do, these schools are criticized for reinforcing lower-class
social stratification by emphasizing rule compliance and rote behavior (Golann,
2015). Efforts made to better understand and think differently about compliance
and self-regulation in preschools could make substantial differences in the
trajectory of behavior and achievement for children.
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