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 Strong self-regulation skills can predict academic success in early childhood contexts, 

specifically for math and literacy skills, thus laying the foundation for future success 

(McClelland & Cameron, 2012; McClelland & Ponitz, 2011).  Children’s exposure to increased 

instructional time in school through programs such as full day kindergarten (FDK) has also 

shown a myriad of benefits to children’s academic achievement (Cannon, Jacknowitz, & Painter, 

2006; Cooper et al., 2010; Gibbs, 2014).  Research has not yet examined the relationship 

between FDK and self-regulation or children’s self-regulation skills as a mediating or 

moderating factor for the association between FDK and academic achievement in math, literacy, 

and vocabulary.   

This study used multiple regression, mediation with bootstrapping, and moderation 

models to examine (1) how FDK is related to gains in self-regulation and academic achievement 

at the end of the kindergarten year when controlling for fall scores, and (2) if spring self-

regulation scores in kindergarten mediate the association between FDK and academic 

achievement and (3) if fall self-regulation scores moderate the relationship between FDK and 

academic achievement.  It was expected that FDK would be related to stronger self-regulation 

and stronger academic achievement in the spring of kindergarten.  Self-regulation in spring was 



 

also expected to be a mediator of the relationship between FDK in the fall and academic 

achievement in the spring.  Last, it was expected self-regulation in the fall to moderate the 

relationship between FDK and academic achievement. Results from research question one 

indicated that FDK was significantly related to both literacy and vocabulary achievement in the 

spring of kindergarten but FDK was not significantly related to spring math achievement or 

spring self-regulation scores.  For the second research question, no significant indirect mediation 

effects were found but several direct significant pathways within the mediation models were 

present.  Specifically, spring self-regulation was significantly related to spring math achievement 

and spring vocabulary achievement.  For the third research question, there was only one 

significant interaction indicating self-regulation as a moderator for the relationship between FDK 

and math achievement.  When further probed, this interaction was proved to be not a meaningful 

moderator of the relationship between FDK and math achievement.  No other significant 

interactions were found during the moderation analysis.  The results from this study add to the 

knowledge regarding FDK, self-regulation, and academic achievement across the kindergarten 

year.  
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The Relationship of Full Day Kindergarten, Children’s Self-Regulation, and Early Academic 
Achievement 

Chapter 1. Introduction 

Self-regulation skills are becoming increasingly recognized as an important skill to 

advance academic achievement, especially in early childhood contexts (McClelland & Cameron, 

2012).  The behavioral aspects found in intentional self-regulation include paying attention, 

following directions, and inhibiting competing actions in favor of more appropriate responses 

(McClelland et al., 2007; McClelland et al., 2014).  In combination, these aspects allow children 

to successfully function in formal education settings.  Research has shown that children with 

strong self-regulation skills learn at an increased pace compared to children with lower self-

regulation skills (McClelland et al., 2007).  One recent study by McClelland, Acock, Rhea, 

Piccinin, and Stallings (2013) found that children with strong self-regulation skills at age four 

had almost 50% greater odds of finishing college by age 25.  The mechanisms that make this 

prediction possible can be especially relevant when children are exposed to increased time in a 

formal school setting, such as through full day kindergarten (FDK) programs.  Moreover, FDK 

can enable children to experience an increased amount of instruction time over the kindergarten 

year (Cadima, Doumen, Verchueren, & Buyse, 2015).   

 Currently, children in the United States either enter a half-day kindergarten (HDK) 

program or an FDK program upon entering school. Research has stated that there are vast 

benefits associated with increased instructional time that is typically associated with FDK 

programs (Cooper, Allan, Patall, & Dent, 2010).  Research by Cooper and colleagues (2010) 

found a positive association between enrollment in an FDK program and children having higher 

academic achievement by the end of the kindergarten year.  Although this achievement 

advantage seen by children that attended FDK may disappear by third grade (Cannon, 
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Jacknowitz, & Painter, 2006), schools in the United States have seen enrollment into FDK 

double from 28% in 1977 to 76% in 2012 (Child Trends Data Bank, 2013).  Based on research 

findings supporting the positive benefits associated with FDK, several states (e.g., Oregon and 

Washington) have recently mandated that all children in the state attend FDK. This spike in 

enrollment has sparked the interest of many researchers to investigate how FDK may impact 

children’s short- and long-term outcomes. Many studies have shown positive child outcomes 

such as increased positive social interactions (Gullo, 2000), gains in achievement (Cannon, 

Jacknowitz, & Painter, 2006; Cooper et al., 2010; Gibbs, 2014), and more successful transitions 

to first grade (Hough & Bryde, 1996; Wolgemuth, Cobb, Winokur, Leech, & Ellerby, 2006). 

There have been both positive and negative findings regarding duration of time in school for 

young children. For example, it is possible that children may become increasingly stressed 

during the FDK school day and have a harder time accommodating to the increased emotional 

and behavioral demands of a full day (Cooper, et al., 2010; Lee et al., 2006).  Although FDK has 

been a topic of interest in the recent literature, limited research has focused on links to self-

regulation.  Understanding the role that self-regulation plays in driving the increased academic 

achievement seen in children that are enrolled in FDK programs is a logical next step for 

research based on previous findings showing relations between strong self-regulation and higher 

academic achievement (Blair & Raver, 2015a; McClelland et al., 2014).   

The current study explored several questions to understand the role that self-regulation 

plays in the relationship between FDK and academic achievement.  Questions were explored 

using two time points throughout the school year, once in the fall after children have entered 

school, and once in the spring before the end of the school year. Associations between FDK and 

spring self-regulation and FDK and spring academic achievement were examined, followed by a 
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model examining if self-regulation in the spring significantly mediated the relationship between 

FDK and academic achievement.  Last, a moderation model was explored to see how the self-

regulation skills children come into school with (i.e., fall scores) were related to the relationship 

between FDK and academic achievement.  
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Chapter 2. Literature Review 

Theoretical Perspectives: RDS and the Psychobiological Model 

Developmental Systems. The nature versus nurture debate has been a long-standing 

focal point surrounding developmental theories.  Historically, scientists attempted to explain 

human behavior through either a purely genetic lens (i.e., nature) or a purely environmental lens 

of the debate (i.e., nurture).  This dichotomous approach or Cartesian-Split-Mechanism, which 

essentially forced scientists to choose a side of the debate to base their research on, left much to 

be desired as various fields of study were consistently at odds regarding the reasons behind 

developmental processes (Overton, 2015).  A rejection of this dichotomous ideal resulted in the 

development of a theoretical base that involved the integration of both nature and nurture to 

create a more holistic look at development. This metatheoretical perspective is the basis for the 

two theories, relational developmental systems (RDS) and the psychobiological model that are 

used to frame this study.  

Relational Developmental Systems Theory. RDS posits that the living organism is 

inherently active, self-creating, self-organizing, self-regulating, relatively plastic, and has a 

nonlinear complex adaptive system (Overton, 2015). Situated within the Process-Relational 

Epistemology within the developmental systems metatheory, developmental systems theories 

rely on several basic principles to drive forward research within this framework.  The basic 

principles of developmental system theories, which focus on integration but also the adaptability 

of the theory for research, set the tone for the principles of RDS.  The following principles all 

focus on how to synthesize the interdependence of our contextual interactions but also separate 

the individual realms in order to complete feasible research.  Beginning with the organization of 

process, RDS theorists state that a whole only functions as it does because of the 
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interdependence of its parts.  Along these same lines, humans are embodied in their context, thus 

allowing people to be active agents but with bodily limitations bestowed upon them based on 

genetics or previous experience. Although people are active agents in their environment they also 

adhere to the order and sequence of development as a process.  For example, children have 

sensitive periods in which they learn to walk and talk, these tend to be around the same time for 

all children and development of the more basic processes controls how quickly they can move to 

more advanced processes.  The concept of directionality or orienting towards a goal also brings 

up the important topics of equifinality and multifinality.  Equifinality meaning multiple means to 

the same end goal and multifinality meaning the same starting pathways to different end goals.  

These principles are related to topics of epigenesis and emergence, which focus on the 

interpenetrating and coacting processes of the system. Last, the principle of relative permanence 

and irreversibility discusses the flexibility of development and explains how once people reach a 

developmental milestone they do not often go backwards (e.g., once a child can walk he or she 

does not often use crawling to get around anymore; Overton, 2015). 

RDS theory can be easily applied to the study of self-regulation based on its focus on the 

interaction of genetics and context.  A person regulates their environment within their context; 

their context provides constraints, which then also regulates development itself in a bidirectional 

manner.  Self-regulation is considered to be relatively plastic throughout the lifespan and can be 

affected by all types of contextual factors, especially temperamental goodness-of-fit between a 

child and their parent.  Regulatory difficulties can often be attributed to incongruence between a 

child and their environment.  The previously mentioned topics of equifinality and multifinality 

also apply to self-regulation because people can start at different places and end up with similar 

life trajectories based on their development of self-regulation and the affordances that 
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accompany those skills (e.g., equifinality).  Children can also start from similar backgrounds that 

would seemingly promote similar regulation skills but take different life paths (e.g., 

multifinality).  These topics demonstrate how developing regulation skills can depend on how 

genetics and environment interact for each particular person (McClelland et al., 2015).    

For this study, RDS theory is a useful framework to use in order to examine the current 

research questions.  Children can only develop skill sets such as self-regulation through the 

influences they receive in their environments (i.e., at home and at school) acting upon their 

temperament and genetic influences.  Within the terms of FDK, if children are presented with a 

positive atmosphere (i.e., a well managed classroom, or a teacher who promotes positive affect 

and learning opportunities) they could be spending increased time each day developing their 

regulatory abilities. Investigating how FDK programs can predict self-regulation can help 

researchers understand the mechanisms behind the previous findings of FDK as a predictor of 

increased academic achievement.  

Psychobiological Perspective. The psychobiological model is also relevant for studying 

self-regulation because of its focus on the integration of nature and nurture parallel to RDS.  This 

midrange metatheoretical perspective also focuses on process, activity, change, and self-

organization, which postulate how phenotypes develop and their relation to subsequent coactions 

(Lickliter & Honeycutt, 2015).  As described by Gottlieb (2007), probabilistic epigenesis 

describes the bidirectional influences within and between levels of analysis.  Each person’s 

genotype imposes predetermined limits on expression of their phenotype, thus making it 

impossible to study either genetics or environment without considering the interpenetration of 

both.  The epigenetic landscape that this presents can also be described through experiential 
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canalization, which states that development is shaped by biology and experience coacting to 

promote specific abilities over others (Blair & Raver, 2012a).  

This focus on probabilistic, not predetermined outcomes is related to self-regulation 

because children will have certain genotype limitations placed on the expression of their 

phenotypes (Gottlieb, 2007).  Children are predisposed to a certain regulation style or amount, 

which can then be molded by the context in which children reside.  Both parental and 

educational influences can have large impacts on a child’s self-regulation. Inversely, a child’s 

self-regulation can also have an effect on their parents and their educational setting.  

The psychobiological model will help frame the research questions in a similar way as 

RDS, with subtle but important differences.  Although the interplay of genetics and environment 

is still pivotal to this framework it is important to note that the psychobiological model attributes 

this importance to epigenetic development as well as genetic variability.  Put more simply, the 

contextual factors that a child interacts with can change their epigenetic makeup, thus allowing 

them to regulate themselves in a different way therefore affecting the child’s behavior within the 

classroom (Gottlieb, 2007).  This would allow for a high quality FDK environment to have the 

potential to shape a child’s epigenetics and enable them to utilize stronger self-regulation skills.  

The self-regulation skills a child has coming into an FDK environment could also relate to the 

experience they have in this program, regardless of program quality. 

 The review of both of the theories used to frame this study make it clear that self-

regulation is created through coactions of genetics and environment, thus making any population 

that will be studied heterogeneous.  The present study used both mediation and moderation 

models, which allow researchers to model the coaction occurring with the concept of self-

regulation (McClelland, Geldhof, Cameron, & Wanless, 2015). 
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The Importance of Self-Regulation in Children 

Self-regulation has been a topic of much contention within the social sciences because of 

the different ways it is defined and measured by various researchers.  Although the components 

of self-regulation stem from aspects of executive function including attention, inhibitory control, 

and working memory, the exact operationalization of the broader construct of self-regulation is 

specific to the contexts in which researchers are working within (McClelland et al., 2007; 

McClelland et al., 2014).  This subjectivity combined with self-regulation being considered an 

umbrella over the regulation-related tasks in behavior, including executive function components, 

has led to several different theories of how self-regulation should be measured and how 

programmatic interventions should be adapted (Schmitt, McClelland, Tominey, & Acock 2015).  

For this study, self-regulation is operationalized as the integration of executive function skills 

(Ursache, Blair, Raver, 2011) such as attention, working memory, and inhibitory control 

(McClelland et al., 2007), which are particularly useful for following instructions and completing 

tasks in the context of a classroom (Ponitz, McClelland, Matthews, & Morrison, 2009; Sektnan, 

McClelland, Acock, & Morrison, 2010). Children who self-regulate are able to manage their 

thoughts and behaviors, and better interact with social and learning environments, thus 

increasing academic success in elementary school and leading to greater success in all aspects of 

a child’s life (McClelland, Acock, & Morrison, 2009; McClelland & Cameron, 2011; 

McClelland et al., 2007).   

The different components of self-regulation all work together for a child to be able to 

self-manage behavior and overcome new challenges.  These components work together in a way 

that makes the whole concept of self-regulation greater than simply the addition of all of its 

parts. Defining each part is important in order to understand how each one can fit into the overall 
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umbrella of self-regulation. Working memory includes temporarily maintaining information in an 

accessible state to support mental processing (Zhang et al., 2016).  With the support of working 

memory, children are able to update their representation of a given stimulus based on new 

information and work with this information to complete tasks, such as remembering details and 

following instructions for a multi-step activity (McClelland, Geldhof, Cameron, & Wanless, 

2015).  The attention component is a child’s ability to focus on a certain task and shift their 

attention when necessary.  This component stems from the executive function process of 

cognitive flexibility (McClelland, Acock, Piccinin, Rhea, & Stallings, 2013), which helps 

children attend to goal-related inputs in order to complete increasingly complex tasks (Geldhof, 

Little, & Colombo, 2010).  Last, the component of inhibitory control includes control of 

thoughts, attention, and response inhibition of behaviors, and is typically used to suppress one 

response in favor of another more appropriate action (McClelland, Geldhof, Cameron, & 

Wanless, 2015).  The contribution of these skills into the overarching construct of self-regulation 

relates to children’s ability to achieve academically through their capacity to control behavior 

and mental processes (McCelland, Acock, & Morrsion, 2006; McClelland, Acock, Piccinin, 

Rhea, & Stallings, 2013; Ponitz, McClelland, & Morrison, 2009). Attentional flexibility has been 

directly linked to children’s early emotional control, which can help children direct their 

attention on a task they are attempting to complete.  Strong working memory skills and the 

capability to inhibit outward impulses has led to kindergarteners performing better in both math 

and literacy (McClelland & Ponitz, 2011).  Overall, strong behavioral regulation (Sektnan, 

McClelland, Acock, & Morrison, 2010) and emotional regulation (Graziano, Reavis, Keane, & 

Calkins, 2007) are related to higher levels of academic achievement in kindergarteners.   
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 Kindergarteners typically experience large developmental gains, both physically and 

mentally while learning to behave in a formal education setting (McClelland et al., 2014).  Self-

regulation skills are extremely important for children entering kindergarten or any other type of 

formal schooling program because of the increasing demands these settings place on children 

that are different from those experiences prior in life (McClelland, & Cameron, 2012; Sektnan, 

McClelland, Acock, & Morrison, 2010).  This may be especially relevant when looking at the 

amount of instructional time children experience.  For example, if the child is attending a FDK 

program, they must manage their actions for longer periods of time each day while facing more 

rigorous academic challenges, such as increased instruction in reading and math (Cannon, 

Jacknowitz, & Painter, 2006; Walston & West, 2004) compared to HDK. The social dynamics 

that are accompanied by the longer time spent in school each day can also be related to a child’s 

self-regulatory abilities.  The time of transition into formal education requires strong self-

regulation skills in order for children to be able to maximize the benefits of the curriculum 

presented (McClelland, Acock, & Morrison, 2006).  Children’s capability to regulate their 

behavior during this transition can lead to higher academic achievement throughout the 

education process (Denham & Brown, 2010). These gains in academic achievement can then 

relate to future successes and increased academic knowledge.   

The Positive Impacts of FDK 

To understand why FDK programs are becoming increasingly prevalent, it is important to 

review the origins of kindergarten, as well as the literature that surrounds the topic of FDK 

versus HDK. The original kindergarten program, developed in Germany by Frederick Froebel, 

was a full-day program that taught children between the ages of four and six how to learn from a 

provided natural environment.  Kindergarten instructional time was reduced to half-day 



FULL DAY KINDERGARTEN AND SELF-REGULATION
   

 

11 

programs during World War II because of a lack of resources being delegated to education, and 

started to transition back to full-day programs between 1960 and 1970 (Cooper et al., 2010).  The 

current increasing popularity of FDK was brought on by a need for longer hours of childcare for 

dual earner families, increased curriculum demands, and a desire to close the existing academic 

gap for disadvantaged children (Elicker & Mathur, 1997).   

 Presently, the increased need for FDK programs to take care of and educate children is at 

an all time high. FDK programs are active in over half of the nation’s public schools, most of 

which reside in large urban areas (Lee et al., 2006). Compared to previous years, today’s 

children are receiving increases in the time they spend in formal learning environments such as 

kindergarten (Child Trends Data Bank, 2013).  The benefits associated with a longer formal 

learning process include gains in academic achievement, particularly for standardized 

assessments in literacy and math, as well as an increased exposure to a wide variety of subjects. 

Such breadth is important for the transition to higher levels of formal education (Cannon, 

Jacknowitz, & Painter, 2006; Cooper et al., 2010; Gibbs, 2014).  In FDK programs, teachers are 

able to navigate the school day with less subject transition times while covering material for each 

subject in a more in-depth manner (Zvoch, Reynolds, & Parker, 2008).   

Recently, an influx of attention has been placed on measuring and improving young 

children’s school readiness abilities. Regardless of this increased attention being placed on 

school readiness, an academic achievement gap still exists before children enter kindergarten 

based on their background experiences (i.e., lower socioeconomic status or minority status; Le, 

Kirby, Barney, Setodji, & Gershwin, in press). Research has demonstrated that children who 

attend an FDK program are seen as more prepared academically and are able to endure a longer, 

more rigorous, school day (Hough & Bryde, 1996; Wolgemuth, Cobb, Winokur, Leech, & 
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Ellerby, 2006).  This stamina throughout the day may contribute to the acquisition of advanced 

self-regulation skills, which may improve children’s academic achievement by the end of the 

kindergarten year.  

In these longer hours at school, FDK programs provide children with increased time 

surrounded by peers compared to HDK programs.  Informal learning takes place when children 

interact during recess, lunchtime, group activity work, or other instances of free play.  This social 

time allows students to gain social skills and form peer relationships (Hough & Byrde, 1996).  

Children involved in FDK programs typically have better school attendance, increased self-

confidence, and a better ability to work cooperatively with peers compared to their HDK 

counterparts (Carnes & Albrecht, 2007; Zvoch, Reynolds, & Parker, 2008).  This could be based 

on the gains of self-regulation that children may receive from being enrolled in an FDK program, 

since regulating emotions and behaviors is a pivotal component of positive peer relationships 

(Eisenberg, Fabes, Guthrie, & Reiser, 2000).   

Teachers of FDK classes are also allowed more time with children and have the ability to 

cover more curriculum while giving children necessary breaks throughout the day to recover 

from the new stress of continual learning.  According to a report compiled by Walston and West 

(2004), FDK programs are able to spend more time on every subject area compared to HDK 

programs, which can create a lower-stress and more enjoyable learning environment (Elicker & 

Mathur, 1997).  In the program evaluation by Elicker and Mathur (1997) children in FDK 

programs showed higher positive affect and more active engagement (a proxy for self-regulation) 

with activities compared to HDK programs. It is possible that higher affect and engagement 

allowed children in FDK to gain more from classroom instruction and therefore perform at a 

more advanced academic level.  
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Potential Negative Impacts of FDK 

Although FDK has a number of potential benefits, researchers have also pointed to some 

limitations of increased instructional time. Research findings in opposition of FDK programs 

typically argue that kindergarten-aged children could run the risk of fatigue and stress throughout 

the full school day (Cooper et al., 2010).  Jumping from either the home environment or a half-

day preschool environment to FDK can cause a child to experience stress when trying to regulate 

their behavior and emotions for an entire eight-hour school day.  Findings from the NICHD 

study regarding children’s hours in preschool care also had findings regarding more than 30 

hours of care per week leading to increased negative behaviors (e.g., risk taking and impulsivity) 

at age 15.  Findings such as these should warrant caution when advocating for increased time in 

any type of educational or early childcare setting (Vandell et al., 2010).   

Less regulated children may also feel pressure to perform beyond their developmental 

capabilities, thus leaving them frustrated with their progress (Lee et al., 2006).  Academic gains 

for children in FDK programs can also vary based on SES, gender, and school placement, 

therefore emphasizing the importance of demographic factors when conducting analyses. 

Although there are several studies that have found increased academic gains for children who 

attend FDK programs compared to HDK programs, other studies indicate no achievement 

differences between the two programs.  The studies that focus on negative aspects of FDK 

acknowledge the possibility of children experiencing separation anxiety from their parents, as 

well as exhibiting increasing negative behaviors if they are spending more time with deviant 

peers (Good, 1996; Lee et al., 2006).  

Classroom management also holds a special place in the success of FDK programs. If 

classrooms are poorly managed, children with negative behavior in the classroom are more likely 
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to continually exhibit negative behaviors.  Conversely, teachers that are able to positively 

manage their classrooms based on appropriate learning models can feel more in control of their 

classrooms, which is better for children that exhibit all types of behavior (Snyder et al., 2011).  If 

a child with negative behaviors (e.g., difficulty following directions, staying on task, or working 

independently) is in a poorly managed FDK classroom, the child is then subjected to an 

increased time where their behavior is not being addressed and such behaviors could escalate.  

This can also lead to an increase in time that children are being punished for their misbehaviors 

that are not being attended to.  Although being in a poorly managed HDK class is not 

comparably better, there is less time in the day that the child is constrained by the classroom 

climate. These mixed findings point to the need for more research on this topic using updated 

data and rigorous statistical methodology (Zvoch, Reynolds, & Parker, 2008).  

 Regardless of the mixed results present in the current literature the United States has seen 

rapid enrollment in FDK programs over HDK programs, with some states requiring that all 

kindergarteners enroll in FDK programs (DeCicca, 2005).  The academic gap that the United 

States is currently experiencing has made it critical that children are continually being prepared 

for the next phase of formal education (Plucker et al., 2004). The increasing demands of a FDK 

program allow for more overall time throughout the year for children to learn academically, 

grow socially, and adapt their overall self-regulation skills to meet new demands placed upon 

them (Blair, 2002).  Although many academic gains fade and become equivalent to HDK 

children by the third grade (Jordan, Kaplan, Ramineni, & Locuniak, 2009; Stipek & Valentino, 

2015), it is currently not known at what magnitude self-regulation does or does not contribute to 

this fade out. Although the focus on FDK does not include other important factors such the 

quality of instruction, classroom organization, teacher affect, looking at FDK can provide 
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information about the relationship between the quantity of time children are in school and 

important child outcomes. This can then lead to further research on the characteristics of various 

kindergarten classrooms. Thus, the present study aims to examine if FDK is related to stronger 

self-regulation and academic achievement during the kindergarten year. 

Academic Achievement 

In the United States, strong academic performance is linked to a larger range of 

opportunities after formal schooling ends.  Success in the formal education system is often 

reflected by college enrollment and, even further, by job success.  Three particularly important 

areas of achievement that are often focused on in the literature include math skills, literacy skills, 

and vocabulary skills (McClelland et al., 2007).  

Early math competency is important for beginning to prepare children for the current 

world economy and technological demands they will face throughout the life span (Robinson & 

Muller, 2014).  Jordan, Kaplan, Ramineni, and Locuniak (2009) state that mathematical 

difficulties are cumulative and worsen over time, thus creating a need to encourage math skills as 

early as preschool and kindergarten.  The achievement gap found in mathematic skills early in 

life is predictive of future academic success or struggle in formal education settings, as well as 

achievement trajectories later in life and the eventual attainment of employment (Bottia, Moller, 

Mickelson, & Stearns, 2014).  Regardless of what causes the gap to occur for each particular 

child, it is clear that math achievement has a relationship with future success.  The executive 

function components of self-regulation that include inhibitory control, working memory, and 

attention are all components that allow children to understand instructions, recall previously 

learned information, and to think systematically though and solve math problems.  Math 

instruction is taught for longer periods of time each day in FDK settings, thus allowing for 
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children that attend FDK to have more exposure to mathematics but also to receive more math 

instruction overall (Waltson & West, 2004). Based on this information, it is no surprise that 

research has shown that self-regulation predicts math achievement in kindergarten (Blair & 

Razza, 2007) but what is not known is how the increased time associated with FDK impacts this 

relationship.   

The development of early literacy skills is often considered a large developmental 

milestone for children, both socially and academically (Yoon, 2014).  Similar to mathematical 

competency, children with less-developed reading skills will attempt reading less frequently than 

peers who are more advanced readers, thus creating a cumulative affect over time (Lonigan, 

Allan, & Lerner, 2011). The acquisition of early literacy skills yields exponential benefits for 

children, making them important to develop early in life (Duncan et al., 2007).  Closing the 

achievement gap for literacy can help children from diverse backgrounds achieve more equally 

in literacy tasks, and have benefits that cross over into other subjects of study.   

 Although there is a clear link between self-regulation and academic achievement, it 

remains unclear whether FDK improves self-regulation.  It is also unclear whether there are 

direct associations between any of these three variables that would allow conclusions to be 

drawn about whether/the extent to which increases in either instructional time or self-regulation 

contribute to larger gains in academic achievement at the end of the kindergarten year.  Finally, 

based on self-regulation significantly predicting academic achievement (Blair, 2002) it has yet to 

be determined if self-regulation skills coming into kindergarten are more important than self-

regulation skills developed over the kindergarten year.   
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Complex Relations Between FDK, Self-Regulation, and Academic Achievement 

In regards to analysis, self-regulation has been used as a mediator (Dillworth-Bart, 2012; 

Gündüz, Yahmurlu, & Harma, 2014; Nesbitt, Baker-Ward, & Willoughby, 2013; Stecknan, 

McClelland, Acock, & Morrsion, 2010) and a moderator (Barber, Munz, Bagsby, & Grawitch, 

2009; Bierman, Nix, Greenberg, Blair, & Domitrovich, 2008; Blair, McKinnon, & the Family 

Life Project Investigators, 2016) in many past studies of academic achievement in early 

childhood. As a mediator, self-regulation has been used to explain the relationship between the 

independent variable and the dependent variable in a study, helping to explain the process by 

which two variables are related.  Exploring these indirect effects of self-regulation enables 

researchers to understand how FDK is related to academic achievement.  Several recent studies 

found self-regulation to be a significant mediator between family risk factors (e.g., SES, 

maternal depression) and academic achievement (Nesbitt, Ward-Baker, & Willoughby, 2013; 

Steknan, McClelland, Acock, &Morrison, 2010).  In regards to early childhood math outcomes 

specifically, executive function skills were found to significantly mediate the relation between 

SES and math outcomes in 54-66 month old children (Dilworth-Bart, 2012).  Self-regulation has 

also been found to be a significant mediator of the relationship between family context, in terms 

of SES, and the socio-emotional competence of preschool children (Gündüz, Yagmurlu, & 

Harma, 2014).  Finally, Raver and colleagues (2011) found partial support for self-regulation as 

a mediator between children’s pre-academic achievement and end of the year academic 

achievement in Head Start.  Results from this previous literature demonstrate how self-regulation 

has been a significant mediator in relation with contextual factors and academic achievement.   

When children have high levels of self-regulation they are more able to focus their cognitive 

energies on classroom related tasks, such as paying attention and applying information. In 
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regards to FDK, if children spend an increased time in school their self-regulation skills may be 

improved through the necessity of having to regulate both their behaviors and emotions for a 

longer school day.  This improvement in self-regulation may then lead to high academic 

achievement as seen in previous research (McClelland, Acock, & Morrison, 2009; McClelland & 

Cameron, 2011; McClelland et al., 2007).  Although limited research has tested self-regulation as 

a mediator in the FDK context for academic achievement, it is plausible based on previously 

reviewed relationships that self-regulation would be a significant mediator of this relation.  

Looking at gains in self-regulation as a mediator for a classroom setting variable, such as FDK, 

and an outcome variable of academic achievement could allow for a further understanding of 

how time spent in the kindergarten classroom improves self-regulation, which could then 

improve academic achievement.   

 As a moderator, self-regulation is a third variable that affects the relationship between an 

independent and a dependent variable.  This type of analysis results in an interaction effect where 

the relationship between the independent and the moderator variable are interacting to predict the 

dependent variable.  Similar to the literature on self-regulation as a mediator, there is a large base 

of literature that has used self-regulation as a moderator for a relationship of academic 

achievement.  Blair and colleagues (2016) found that executive function skills, as well as the 

quality of the teacher-child relationship, significantly moderated the relationship between 

preschool math achievement and kindergarten math achievement.  Moreover, effortful control 

has been found to interact with teacher-child relationships to increase academic achievement for 

children in the first grade (Liew, Chen, & Hughes, 2010).  Research by Lengua and colleagues 

(2008) found effortful control to be a significant moderator between contextual risk factors (e.g., 

socioeconomic, maternal, and environmental) and growth in adjustment problems.  In other 
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words, children with lower effortful control were less able to protect themselves from other risk 

factors. Last, Bierman and colleagues (2008) found a significant moderation of self-regulation 

skills in preschool when investigating the Head Start REDI intervention. Having higher self-

regulation skills verses lower self-regulation skills at kindergarten entry may help children 

navigate the longer school day seen in FDK classrooms.  Moreover, this ability to better navigate 

the school day and utilize learning opportunities may be related to academic achievement by the 

end of the kindergarten year. Assessing self-regulation as a moderator in the fall of kindergarten 

allowed for the amount of self-regulation that children entered into kindergarten with to be 

assessed as it interacts with the relation between the FDK setting and academic achievement.  

Thus, it is possible that FDK could moderate the relationship exhibited between FDK and 

academic achievement.   

Present Study 

 Limited research has analyzed the difference that being in either a FDK or HDK program 

has on a child’s levels of self-regulation and academic achievement.  This study compared 

children in both FDK and HDK programs longitudinally across the kindergarten year, controlling 

for academic achievement and self-regulation scores during the fall data collection period when 

appropriate.  Self-regulation in spring was examined as a mediator of the relationship between 

FDK and academic achievement.  Self-regulation in the fall was also looked at as a moderator of 

the relationship between FDK and academic achievement in the spring of kindergarten. The 

following research questions and corresponding hypotheses were addressed: 

1. Does FDK significantly relate to gains in self-regulation and academic achievement 

at the end of the kindergarten year when controlling for demographic characteristics 

and fall scores of self-regulation and academic achievement? 
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For this question, it was hypothesized that FDK would lead to higher academic 

achievement scores and stronger self-regulation at the end of the kindergarten year compared to 

children in HDK programs.  Since this question controls for fall scores, any improvement in 

academic achievement or self-regulation skills would be considered change over time from the 

skill levels that were present when entering kindergarten. This hypothesis aligns with previous 

research regarding the relationship between strong self-regulation and positive academic 

achievement outcomes (Cannon, Jacknowitz, & Painter, 2006) and research regarding FDK 

programs and positive academic achievement outcomes (see Figure 1.; Cooper et al., 2010; 

Cryan, Sheehan, Wiechel, Bandy-Hedden, 1992; DeCicca, 2005; Walston & West, 2004).  
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Figure 1. Multivariate regression models for change over the kindergarten year for spring self-
regulation and academic achievement on FDK. 
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2. Does self-regulation, as measured in the spring of kindergarten, mediate the 

relationship between FDK and academic achievement in the spring of kindergarten? 

Self-regulation in the spring of kindergarten was expected to mediate the relationship 

between FDK and academic achievement. Based on previous reviewed research self-regulation 

has been proven to effectively mediate several different types of relationships between classroom 

contextual factors and academic achievement (Dillworth-Bart, 2012; Gündüz, Yahmurlu, & 

Harma, 2014; Nesbitt, Baker-Ward, & Willoughby, 2013; Stecknan, McClelland, Acock, & 

Morrsion, 2010). The longer school day provided through FDK programs may enable children 

more time to develop stronger self-regulation skills, thus allowing them to pay attention, listen to 

instructions, and complete tasks with multipart instructions.  These skills can then be helpful for 

children to not only navigate classroom settings, but also take advantage of learning 

opportunities, thus leading to improvements in academic achievement compared to HDK peers.  

Thus, it was hypothesized that children who spent their kindergarten year in a FDK program 

were expected to have stronger self-regulation in the spring compared to children in HDK, and 

this stronger self-regulation was expected to relate to stronger academic achievement at the end 

of the kindergarten year.  Utilizing fall scores of both self-regulation and academic achievement 

in these mediation models indicate that results will reflect changes that have occurred across the 

kindergarten year.  The relationship between FDK and academic achievement through the 

mediating variable of self-regulation can be used to further explain the mechanisms behind the 

relationship present between FDK and academic achievement (see Figure 2). 
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Figure 2. Mediation model with spring self-regulation as a mediator between FDK and spring 
academic achievement scores. 
 
 
 
 
 
 
 
 
 
 
 
 
Note: Academic achievement is split into three subjects of math, literacy, and vocabulary 
achievement; therefore three separate mediation models were run. 
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3. Does self-regulation, as measured in the fall of kindergarten, moderate the 

relationship between FDK and academic achievement in the spring of kindergarten? 

Fall levels of self-regulation were used as a moderator variable to test the impact that it 

had on the relationship between FDK and academic achievement.  Analyzing the possible 

interaction between FDK and self-regulation to affect academic achievement was based on 

previously reviewed research, which found self-regulation to be a significant moderator between 

several different types of relationships (Barber, Munz, Bagsby, & Grawitch, 2009; Bierman, Nix, 

Greenberg, Blair, & Domitrovich, 2008; Blair, McKinnon, & the Family Life Project 

Investigators, 2016).  Similar to the examples used regarding mediation, the literature examining 

moderation models indicated that self-regulation was a significant moderator of various 

contextual relationships within the classroom and academic achievement.  Specifically, children 

who enter into an FDK program with higher self-regulation skills may be able to utilize the time 

in a longer school day to better interact with peers and spend more time on learning assignments 

compared to peers who begin the school year with lower self-regulation skills.  These children 

may then be able to advance their skills throughout the increased time in the kindergarten day 

through FDK, thus allowing them to have continually stronger self-regulation skills than the 

children who enter the school year with lower self-regulation skills.  Higher self-regulation skills 

may then lead to an improvement in academic achievement through the increased ability to pay 

attention, complete complex assignments, and inhibit inappropriate responses.  Together, these 

relationships allow self-regulation is a plausible moderator of the relationship between FDK and 

academic achievement for young children in the spring of kindergarten (see Figure 3).   
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Figure 3. Moderation model with fall self-regulation as the moderator of the relationship 
between FDK and academic achievement 
 
 
 
 
 
 
 
 

 
 
 
 

Note: Academic achievement is split into three subjects of math, literacy, and vocabulary 
achievement; therefore three separate moderation models were run. 
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Chapter 3. Materials and Methods 

Participants 

 This study used data from a two cohort, four-year longitudinal measurement study that 

assessed children’s self-regulation and academic achievement skills in fall and spring of the 

preschool and kindergarten years.  The present study focused on the two time points from the 

kindergarten year in the fall and spring of kindergarten for the second cohort.  Two hundred 

twenty-six children were consented in the fall and spring of kindergarten. Children were eligible 

to participate if they were enrolled in kindergarten at the selected schools during the time of the 

study’s enrollment procedures.  Out of the 226 consented children, 107 were male and 119 were 

female.  During fall data collection, 189 children were consented in English.  Bilingual research 

assistants assessed thirty-seven children in Spanish.  Spring data collection showed high 

retention, with 190 children assessed in English and 36 children being assessed in Spanish.  The 

sample was ethnically and socioeconomically diverse (Caucasian = 64.36%, Latino/Hispanic = 

18.62%, Multi-Racial = 13.83%, Asian/Pacific Islander = 1.06%, African American = 0.53%, 

Middle Eastern = 0.53%, and Other = 1.06%). Socioeconomic status was assessed through 

average maternal education (M = 13.98 years, SD = 4.32 years).  Finally, the age of children 

during the fall data collection period was M = 67.64 months old with a SD = 3.40 months. 

During the spring data collection period, the mean age was M = 73.63 months old with a SD = 

3.35 months.  

Procedure 

 Both graduate and undergraduate research assistants were trained on standardized 

assessments of self-regulation and academic achievement.  Assessments were given in the fall 

and spring of the kindergarten year in the schools each child attended.  Parent questionnaires for 
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demographic information were sent home with the participating families to be filled out by 

parents and returned to the research project staff.  Data were then entered and verified using the 

EpiData program.   

Measures 

 Demographic variables. Parents completed a demographic questionnaire in either 

English or Spanish that was then returned to the research team.  This questionnaire included 

important information for this study, such as maternal education levels, which was utilized as the 

measure of socioeconomic status (SES), and child ages in months.  Teachers identified which 

language was the primary language for each student, either Spanish, English, or other (Spanish = 

1, English = 0).  Children could only be assessed in Spanish or English so if a child’s home 

language was not one of these two languages they were not assessed. There was no assessment 

of language preference during this data collection period. 

 Time in kindergarten. Each school that participated was called and asked if the 

classrooms used in this study either had a FDK or a HDK class during the year that the data were 

collected (FDK = 1, HDK = 0).  Programs were differentiated by FDK programs having children 

present for six or more hours per day and HDK programs having children present for fewer than 

six hours per day (Elicker & Mather, 1997).   

 Self-regulation. The Head-Toes-Knees-Shoulders task (HTKS) is a standardized direct 

assessment of behavioral self-regulation for children between the ages of four and eight 

(McClelland et al., 2014).  This task requires children to integrate the use of their attention, 

working memory, and inhibitory control skills, thus measuring all of the components of self-

regulation (McClelland & Ponitz, 2011).  Children were asked to play a game in which they were 

supposed to do the opposite of what the research assistant told them to do. Research assistants 
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say, “touch your head” (or “touch your toes”) and the child has to complete the corresponding 

opposite action in order to be scored as correct (e.g., touch their toes when the researcher asked 

them to touch their head). This is repeated for four practice items and 10 testing items. The 

assessment then applies the same rules to touching their knees and touching their shoulders in the 

second section of the assessment.  The third and final part of the task includes a change in the 

rules where each body part receives a new opposite (e.g., the correct response to “touch your 

head” is the child touching his or her knees).  The child has to adapt to the new opposite pairings 

in order to be marked correct. The child has the possibility of receiving up to 60 points total on 

the task (0 = correct response, 1 = self-correct response, 2 = correct response for 10 questions in 

each of the three testing sections). For the current analyses, the four practice items with feedback 

were given followed by each testing section.  The child’s final score on the task was a 

cumulative total of each testing section of the task, thus receiving a score between 1 and 60 (M 

=38.15, SD = 16.53).   

 Based on previous research, the HTKS task is considered a reliable (α = 0.94) and valid 

measure of self-regulation for children from socioeconomically and ethnically diverse samples 

(McClelland et al., 2014).  This measure is particularly applicable to this study because it has 

also shown predictive validity for early academic achievement (McClelland et al., 2014).   

 Mathematical Skills. The Woodcock-Johnson III (WJ-III) Applied Problems task 

assesses different levels of math achievement from preschool children up to college-educated 

adults. Preschool and kindergarten age children begin the task at item one. During the assessment 

the task administrator reads each problem one at a time from a book with one side of the book 

visible to only the researcher and one side visible to the participant. When appropriate, the 

researcher points to the visual images on the side of the pages visible to the participant.  Children 
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are shown pictures and asked items such as “how many circles are there is this picture?”  

Pictures are presented until the first word problem on item 28.  From this point on the problems 

transition to word problems and a pencil and paper is provided to the participant at item 30. 

Participants continue until they have reached a ceiling, which occurs when the six highest-

numbered items administered are answered incorrectly (correct answers = 1, incorrect answers = 

0) (Woodcock, McGrew, & Mather, 2001a). This assessment is a standardized, widely used 

assessment that has a test-retest reliability of 0.90 for a less than 1-year interval for children ages 

two to seven years old (McGrew & Woodcock, 2001). Scores on this assessment ranged from 

363 to 490 for participants in this study (M = 439.41, SD = 21.04).   

 Literacy Skills. The Woodcock-Johnson III Letter-Word Identification task assesses 

different levels of literacy achievement from preschool children up to college-educated adults. 

Preschool and Kindergarten age children begin the task at item one. In items one through nine of 

the assessment the task administrator flips over each page and asks the child to point or identify 

letters present on each page.  Starting at item 10, words are introduced for children to identify.  

The words become increasingly difficult as participants move through the task. Participants 

continue until they have reached the ceiling, which occurs when the six highest-numbered items 

administered are answered incorrectly (correct answers = 1, incorrect answers = 0) (Woodcock, 

McGrew, & Mather, 2001a). This assessment is a standardized, widely used assessment that has 

a test-retest reliability of 0.96 for a less than 1-year interval for children ages two to seven years 

old (McGrew & Woodcock, 2001). Scores on this assessment ranged from 331 to 497 for 

participants in this study (M = 393.16, SD = 33.17).  

 Vocabulary Skills. The Woodcock-Johnson III Picture Vocabulary task assesses 

different levels of vocabulary achievement from preschool children to college-educated adults.  
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There is a protocol that explicitly states where to start the assessment based on the age group that 

the research is targeting.  Preschool and kindergarten age children begin with Sample Item A. 

Starting at Sample Item A, during the assessment the task administrator flips over each page and 

asks the child to identify objects in pictures. The sets gradually get larger until there are six 

pictures per page starting at item nine.  The objects that are pictured become increasingly more 

obscure and difficult for participants as they move through the task. Participants continue until 

they have reached the ceiling, which occurs when the six highest-numbered items administered 

are answered incorrectly (correct answers = 1, incorrect answers = 0) (Woodcock, McGrew, & 

Mather, 2001a). This assessment is a standardized, widely used assessment that has a median 

split-half reliability of 0.73 for a less than 1-year interval for children ages two to seven years old 

(McGrew & Woodcock, 2001). Scores ranged from 437 to 509 for participants in this study (M = 

476.29, SD = 13.31).  

For all WJ subtests, W-scores were used to reach the final scores used in analyses. The 

W-score is based on the W-scale, which is a direct transformation of the Rasch logit scale: 

W = 9.1024 logits + 500. 

The advantages to this form of standardization include centering the scale at W = 500 as to 

alleviate negative participant ability and item difficulty values.  This W-scale includes an 

equivalent metric, thus allowing two points on the W-scale to have the same interpretation at any 

ability level measures by the WJIII tests (McGrew, LaForte, & Schrank, 2014).   

The Spanish versions of each of the three Woodcock-Johnson III assessments, the Bateria 

III Woodcock-Muñoz, were given to ELL children who spoke Spanish as their fist language by 

bilingual research assistants (Muñoz-Sandoval, Woodcock, McGrew, & Mather, 2005a).  
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Covariates. Age, gender, ELL status, maternal education, and fall scores where 

appropriate were used as covariates based on previous research associating each with either self-

regulation or change in achievement over time (Lee et al., 2006; Matthews, Cameron Ponitz, & 

Morrison, 2009). 

Analytic Plan 

All analyses were conducting using MPlus7. Fall scores on the HTKS task and the 

Woodcock-Johnson III tests for math, literacy, and vocabulary were controlled when observing 

spring scores in order to consider improvement made throughout the school year. Other variables 

that were controlled for include age, gender, maternal education, and ELL status.  Standardized 

coefficients were used for regression and mediation models and unstandardized coefficients were 

reported for moderation models.  

Missing Data. Full Information Maximum Likelihood (FIML) was used to account for 

missing data. This method allows for the full amount of information possible to be utilized by the 

data software by considering cases that have incomplete data (i.e., if a child had data for fall 

assessments but not spring assessments; Acock, 2005). There were 72 participants that did not 

have any data for the two time points relevant to this study, due to an inability to assess these 

children during either time point of the study, therefore leaving 154 observations with data 

eligible to be utilized for these analyses.  Out of the 154 children that had data, the type of 

kindergarten program each child attended was collected for 150 children; therefore, the final 

sample used for these analyses was 150 children.   

 Step 1.  Four multiple regression models were run in order to examine the relationship 

between FDK in the fall of kindergarten with math, literacy, vocabulary, and self-regulation 

skills in the spring of kindergarten.  The covariates mentioned above were included into the 
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multiple regression models.  By evaluating how FDK in the fall of kindergarten affected 

academic achievement and self-regulation in the spring of kindergarten the initial relationships 

for this sample were evaluated. 

 Step 2.  Three mediation models were run to determine if self-regulation in the spring of 

kindergarten was a mediating variable for the relationship between FDK and academic 

achievement in the spring of kindergarten by subject area.  In each of the mediation models FDK 

in the fall was the independent variable and self-regulation in the spring was the mediating 

variable.  The dependent variable changed for each model, and was a score of academic 

achievement in the spring for math, literacy, and vocabulary.  All previously mentioned 

covariates were included in these models.  Each mediation model was run using bootstrapping 

techniques because of it is one of the most powerful ways to test intervening variable effects 

(Hayes, 2009).  

 Step 3. Three moderation models were run to determine if self-regulation in the fall of 

kindergarten significantly moderated the relationship between FDK and spring academic 

achievement.  In each of these models, the independent variable was FDK in fall of kindergarten 

and the moderator was self-regulation in the fall of kindergarten.  Similarly to the mediation 

models, the independent variable was different from each model and was an academic 

achievement subject (math, literacy, or vocabulary) in the spring of kindergarten.  All previously 

mentioned covariates were included in these models.   

The rational behind using the fall levels of self-regulation as opposed to the spring levels 

of self-regulation that were used in the other two research questions, was based on a query about 

the amount of self-regulation that children enter into the kindergarten year with.  If these 

interactions showed that self-regulation levels at the beginning of kindergarten were predicting 
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spring level academic achievement, then it would possibly indicate that a child who had stronger 

initial levels of self-regulation would gain more academic success by the end of the kindergarten 

year (Blair, 2002).   
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Chapter 4. Results 

Research Question 1. The first research question examined if FDK was significantly 

related to an increase in self-regulation and an increase in academic achievement at the end of 

the kindergarten year when controlling for covariates and fall scores of both self-regulation and 

academic achievement. Multiple regressions were run for self-regulation and academic 

achievement (math, literacy, and vocabulary; see Figure 4).  After controlling for fall scores, 

maternal education, gender, age, and ELL status, findings indicated that FDK was significantly 

related to higher early literacy (β = 0.10, p = 0.04) and vocabulary (β = 0.10, p = .04). Other 

findings showed that children in FDK did not score significantly higher on self-regulation at the 

end of kindergarten (β = 0.12, p = 0.09) or significantly higher on math scores at the end of the 

kindergarten year (β = 0.05, p = 0.33). Overall, these results indicated that FDK was significantly 

related to increased early literacy and vocabulary skills.  In other words, children who were 

exposed to more time in school through FDK showed significantly greater improvements in early 

literacy and vocabulary skills over the school year compared to children who attended HDK 

programs after controlling for fall scores and important background variables. 

Research Question 2. The second research question examined whether self-regulation in 

spring mediated the relationship between FDK in fall and academic achievement in spring. To 

investigate this second question three mediation models were run using self-regulation in the 

spring of kindergarten as a potential mediator for the relationship between FDK and academic 

achievement in spring (see Figure 5).  Since there were only two time points available in this 

study (fall and spring) spring self-regulation scores and spring academic achievement scores 

were utilized.  Although not ideal, using the same time point for both the mediator and the 

independent variable allowed for self-regulation to develop over the course of the school year, 
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therefore giving it more time to potentially influence academic achievement. Maternal education, 

gender, age, and ELL status were controlled for in each model along with fall scores for both all 

subjects of academic achievement and for self-regulation.   

For each of the three mediation models for subjects of academic achievement, no indirect 

effects were found, indicating that FDK programs did not significantly improve self-regulation 

over the kindergarten year and that it had no significant effect on improvements in academic 

achievement.  There were several significant pathways in the mediation models that should be 

highlighted.  Self-regulation in the spring was significantly related to math achievement in the 

spring (β = 0.17, p = 0.009).  Self-regulation in the spring was also significantly related to 

vocabulary achievement in the spring (β = 0.22, p < .0001).  Both of these results indicate that 

higher self-regulation measured in the spring of kindergarten is related to higher achievement 

skills in both math and vocabulary in the spring of kindergarten.  Models showed stronger 

significant findings before fall scores were added into the model as covariates.  Fall scores of all 

achievement measures (r = 0.8, p < .0001) and self-regulation (r = 0.67, p < .0001) were highly 

significantly related to their spring scores, suggesting that the skill level that children enter 

kindergarten is strongly related to their spring scores (see Table 1).   

Research Question 3. For the last question, three moderation models were run using 

self-regulation in the fall of kindergarten as the potential moderator for the relationship between 

FDK and academic achievement in the spring of kindergarten.  Self-regulation scores in the fall 

were utilized in order to see if the amount of self-regulation children entered the kindergarten 

year with was associated to the relationship between FDK and academic achievement. All 

significant moderation interactions were plotted and probed using an online calculator for 

multiple regression simple slopes (see Figure 7; Preacher, Curran, & Bauer, 2006).   
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The moderation model including math achievement in the spring as the dependent 

variable indicated that there was a significant interaction between FDK and fall levels of self-

regulation (b = 0.23, p = 0.04; see Figure 6). However, when this significant interaction was 

further probed using the methods described above (Preacher, Curran, & Bauer, 2006), the simple 

slopes for one standard deviation above and below the mean were calculated and were not 

significant (Region of Significance [-211.7121, 61.0959]).  Interpreting the current interaction as 

significant requires caution based on this region of significance. For both literacy and vocabulary 

achievement in spring, self-regulation scores in fall were not a significant moderator of the 

relationship between FDK and spring achievement. Thus, the impact of FDK was the same for 

children who came in with both higher and lower self-regulation. 
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Figure 4. Regression models with standardized coefficients. 
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Figure 5. Mediation model with standardized coefficients.  
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Figure 6. Moderation models with unstandardized coefficients.  
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Table 1 
 C

orrelations of m
ajor study variables 

V
ariables 

1 
2 

3 
4 

5 
6 

7 
8 

9 
10 

11 
1. G

ender 
 

-- 
 

 
 

 
 

 
 

 
 

 

2. M
aternal 

Education  
 

-0.03 
-- 

 
 

 
 

 
 

 
 

 

3. Language 
 

.001 
-0.5*** 

-- 
 

 
 

 
 

 
 

 

4. A
ge  

 
0.07 

-0.09 
0.21** 

-- 
 

 
 

 
 

 
 

5. Fall 
A

pplied 
Problem

s 
 

-0.02 
0.43*** 

-0.4*** 
0.11 

-- 
 

 
 

 
 

 

6. Spring 
A

pplied 
Problem

s 
 

.02 
0.41*** 

-0.4*** 
0.11 

0.81*** 
-- 

 
 

 
 

 

7. Fall Letter- 
W

ord 
 

-0.14 
0.35*** 

-0.21** 
-0.04 

0.47*** 
0.48*** 

-- 
 

 
 

 

8. Spring 
Letter-W

ord 
 

-0.04 
0.36*** 

-0.2* 
0.02 

0.54*** 
0.52*** 

0.8*** 
-- 

 
 

 

9. Fall Picture 
V

ocabulary 
 

-0.02 
0.55*** 

-0.52*** 
-.05 

0.67*** 
0.61*** 

0.44*** 
0.39*** 

-- 
 

 

10. Spring 
Picture 
V

ocabulary 
 

.08 
0.49*** 

-0.46*** 
-0.008 

0.65*** 
0.63*** 

0.47*** 
0.47*** 

0.82*** 
-- 

 

11. Fall H
TK

S 
 

-0.12 
0.36*** 

0.27** 
-0.04 

0.6*** 
0.57*** 

0.32*** 
0.32*** 

0.48*** 
0.42*** 

-- 

12. Spring 
H

TK
S 

-0.19* 
0.38*** 

0.27** 
-0.006 

0.55*** 
0.58*** 

0.31*** 
0.36*** 

0.44*** 
0.5*** 

0.67*** 

N
ote: *p <.05, **p <.01, ***p <.001
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Table 2 
 
Descriptive Statistics for Spring Scores of Major Study Variables 
 
Continuous Variables  

Variable  Mean   SD  Range 
Age (Months) 73.62  3.35  67.3-80.6 
 
Maternal Ed. (Yrs) 13.97  4.32  2-30 

     
HTKS  38.15  16.53  0-60 

 
Applied Problems 439.41  21.04  363-490 

 
Letter-Word  393.16  33.17  331-497 

 
Picture Vocabulary 476.28  13.31  437-509 

 
Categorical Variables 

Variable  Frequency % 
Gender 
 Male  119  52.65 
 
 Female  107  47.35 
 
Language 
  
 English 190  84.07 
 
 Spanish 36  15.93 
 
FDK 
 

 Full Day 59  39.33 
 
 Half Day 91  60.67 
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Figure 7. Multiple Regression 2-way Interaction Plot 
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Chapter 5. Discussion 

 The purpose of this study was to examine the relationship between FDK, children’s self-

regulation, and their subsequent academic achievement by the end of the kindergarten year, 

whether self-regulation mediated the relation between FDK and academic achievement, and if 

self-regulation moderated the relation between FDK and academic achievement.  The initial 

findings from this investigation indicate that children that attended an FDK program had 

significantly higher literacy and vocabulary abilities by the end of the kindergarten year.   The 

exposure to a longer school day did expose children to an increased amount of literacy 

instruction (Walston & West, 2004) and also an increased amount of time spent with peers 

(Hough & Byrde, 1996).  Time spent learning about literacy, as well as, time spent verbally 

interacting with peers and teachers may have been a contributing factor to a longer kindergarten 

day being related to increased literacy and vocabulary achievement skills.  Self-regulation did 

not function as a significant mediator for the relation between FDK and spring academic 

achievement, however, several direct effects within the pathways of the mediation models did 

exist.  In these models, self-regulation in the spring was significantly related to higher math and 

vocabulary ability in the spring of kindergarten.  Although attending FDK alone did not relate to 

an increase in math skills, there has been a strong relationship suggested between self-regulation 

skills and math achievement (McClelland et al., 2007).  The executive function components of 

self-regulation contribute to the ability to navigate longer instructions and multifaceted work 

problems that are often present in current math curriculums.  The highly correlated nature of fall 

scores and spring scores of academic achievement prompted measuring self-regulation in the fall 

as a moderating variable between the relationship between FDK and academic achievement in 

spring. Only one significant interaction between FDK and self-regulation was found for math 
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achievement, however, after subsequent probing the relationship found was not a meaningful 

interaction.  Taken together these results indicate that attending FDK is beneficial for improving 

children’s math and vocabulary abilities over the course of the kindergarten year, however, self-

regulation does not mediate or moderate this relationship.  From these findings neither self-

regulation nor math achievement appear to be related to attending FDK.   

FDK and Spring Achievement Scores 

The first research question explored the relationships present between FDK in the fall 

with self-regulation and academic achievement in the spring of kindergarten.  Results from 

multivariate regressions revealed that increased time in the kindergarten day through FDK was 

related to achievement scores in both literacy and vocabulary, a finding that corroborates results 

from previous research, which stated that children in FDK benefited from the longer school day 

for all academic subjects (Cannon, Jacknowitz, & Painter, 2006; Cooper et al., 2010; Gibbs, 

2014). Several studies also found that FDK has a significant relationship with literacy and 

phonetic skills as well, which are gained from both time in formal learning and informal learning 

procedures during the longer school day (Carnes & Albrecht, 2007; DeCicca, 2005; Lee et al, 

2006; Votruba-Drzal, Li-Grining, & Maldonado-Carreño, 2008).  In contrast, neither the 

relationship between FDK and self-regulation nor the relationship between FDK and math skills 

was statistically significant.  This may be a result of teachers not spending time directly on 

teaching self-regulation skills is the kindergarten classroom, or spending less time on math 

instructions compared to literacy instruction.  This finding was inconsistent with the previously 

reviewed literature, which explicitly stated earlier findings regarding FDK programs benefiting 

math achievement (Cannon, Jacknowitz & Painter, 2006). The non-significant relationship 

between FDK and self-regulation was also unexpected because of the similar attributes that 
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children were found to display by the end of FDK (i.e., more stamina, increased attention, etc.; 

Child Trends Data Bank, 2013), which resembled components of self-regulation (Ursache, Blair, 

Raver, 2011).  These results could be inconsistent with the literature because of the small sample 

size used.  Within this sample the children that were enrolled in FDK were a mix of children 

attending Title One (i.e., low-income) schools and private schools.  Since these two school types 

typically attract children from different socioeconomic backgrounds, gains in self-regulation 

made in the low-income group could have been negated by the stability of self-regulation skills 

present within the private school setting.  In the present study, it was not possible to evaluate the 

quality of instruction, classroom organization, teacher affect, or other important factors that have 

been related to children’s well-being within the classroom through the pure measurement of time 

through a binary variable of FDK versus HDK. This being the case, there are still questions that 

remain about other characteristics of the classroom or school setting that could have been a 

pivotal factor to gains in academic achievement and self-regulation.    

Self-Regulation as a Mediator 

The second research question explored self-regulation in the spring of kindergarten as a 

mediator between the relationship of FDK and academic achievement in spring of kindergarten.  

There were no indirect effects found for any of the three mediation models run for math, literacy, 

and vocabulary.  These null indirect findings were surprising based on the nature of the previous 

literature.  Previous research found a significant relation between FDK and higher academic 

achievement outcomes individually for math (Cannon, Jacknowitz & Painter, 2006), literacy and 

vocabulary (Wolgemuth, Cobb, Winokur, Leech, & Ellerby, 2006; Zvoch, Reynolds, & Parker, 

2008). Many articles also stated that FDK promoted overall better academic performance by the 

end of the year as well (Carnes & Albrecht, 2007; DeCicca, 2005; Finn & Pannozzo, 2004; 



FULL DAY KINDERGARTEN AND SELF-REGULATION 

 

46 

Hough, 1996; Lee et al., 2006).  Self-regulation seemed like a plausible mediator between FDK 

and academic achievement because of the significant relationship present between self-regulation 

and academic achievement (McClelland, Acock, & Morrison, 2006; McClelland et al., 2007; 

McClelland & Ponitz, 2011; McClelland et al., 2014; Schodoletz et al., 2013; Ursache, Blair, & 

Raver, 2011).  Self-regulation also proved to be a significant mediator in several other studies 

regarding both in classroom and out of classroom behaviors (Padilla-Walker, Harper, & Jensen, 

2010; Schatz, Smith, Borowski, Whitman, & Keogh, 2008; Short, Mazmanian, Oinonen, & 

Mushquash, 2016).  Since both FDK and self-regulation have a relationship with FDK it seemed 

plausible to explore if the academic gains children made over the FDK year was attributed to an 

improvement made in their self-regulation skills.  Similar to the reasoning explored for null 

findings for research question one, the null findings for this research question could also be 

possible because of the split nature of the FDK sample. If children attending private school came 

into kindergarten with strong self-regulation and academic achievement skills they may not have 

seen a large gain in these skills over the kindergarten year.  The children in Title One schools 

may have seen a gain in both of these skill sets but the effects could be negated by the stability in 

the private school group.  The increased time in kindergarten through an FDK program alone did 

not result in a difference in academic achievement, however, stronger self-regulation skills in the 

spring did relate to high math and vocabulary skills.  Self-regulation itself may be more of a 

predictive factor of children’s achievement by the end of the kindergarten year than the 

instruction time they receive.  Other factors that were not accounted for in this study, such as the 

quality of instruction that the children received, the teacher-child relationship, or classroom 

organization.  Each of these factors could have contributed more to the increase in self-regulation 

and academic achievement than the setting of FDK itself. 
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There were a few significant direct pathways found in these mediation models, namely 

the spring self-regulation path between both math and vocabulary achievement in the spring of 

kindergarten.  These results indicated that developing higher self-regulation by the end of the 

kindergarten year also led to higher math and vocabulary achievement.  However, being enrolled 

in an FDK program did not significantly predict higher achievement on any achievement 

outcome once self-regulation was included as a mediator in the models.  These null findings 

could possibly be explained based on the structure or quality of the FDK setting.  For instance, if 

the longer school day were not being utilized for more instructional time that specifically 

targeted self-regulation skills then children would not be expected to improve their self-

regulation and possibly their academic skills as originally anticipated.   If the quality of the 

instruction or classroom environment were poor, children would also not be expected to 

comparably improve their academic skills (Burchinal, Peiser-Feinberg, Pianta, & Howes, 2002).   

Moderation Findings 

 Last, the third question examined fall scores of self-regulation as a moderator between 

FDK and academic achievement.  The null indirect effect results from the mediation model in 

combination with the highly correlated fall and spring academic achievement scores allowed for 

self-regulation in the fall of kindergarten to be tested as a moderator for this last research 

question.  Only one significant moderation interaction was found, which indicated that the 

amount of self-regulation that a child comes into school with in the fall of kindergarten 

moderated the relationship between FDK and math achievement.  When this interaction was 

further probed for the simple slopes one standard deviation above and one standard deviation 

below the mean it was not found to be a meaningful interaction.  This indicated that fall self-

regulation was not a significant moderator between the relationship of FDK and math 
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achievement in spring, therefore, children who came into an FDK program with higher self-

regulation did not see significant gains in math achievement compared to children who entered 

an FDK program with lower self-regulation skills.  These null results did not align with previous 

literature, which found self-regulation to be a significant moderator of relationships regarding 

academic achievement (Barber, Munz, Bagsby, & Grawitch, 2009; Bierman, Nix, Greenberg, 

Blair, & Domitrovich, 2008; Blair, McKinnon, & the Family Life Project Investigators, 2016).  

The significant relationships between FDK and academic achievement (Cannon, Jacknowitz & 

Painter, 2006; Carnes & Albrecht, 2007; DeCicca, 2005; Finn & Pannozzo, 2004; Hough, 1996; 

Lee et al., 2006; Wolgemuth, Cobb, Winokur, Leech, & Ellerby, 2006; Zvoch, Reynolds, & 

Parker, 2008) and self-regulation and academic achievement (McClelland, Acock, & Morrison, 

2006; McClelland et al., 2007; McClelland & Ponitz, 2011; McClelland et al., 2014; Schodoletz 

et al., 2013; Ursache, Blair, & Raver, 2011) in the literature supported the creation of hypotheses 

regarding the potential for interactions in these models.    

The null findings regarding the spring achievement does not necessarily mean that the 

self-regulation that children come into school with is not important (McClelland et al., 2007), but 

rather could indicate other variables (e.g., instructional quality and classroom environment) are 

more closely related to the skills required for success.  Staying consistent with the explanations 

provided for the null results found for research questions one and two, children from different 

two different school types (i.e., Title One and private) could have entered kindergarten in the fall 

with opposing levels of self-regulation, thus causing results to potentially cancel each other out.    

Limitations 

 This study revealed a number of results regarding the relationship between FDK, self-

regulation measured at different time points, and academic achievement in the spring of 
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kindergarten, but there were also limitations.  First, the number of participants in this study 

combined with the large number of missing data may have caused it to be underpowered. 

Second, Title One (i.e., funding status) was not included in analyses regarding which type of 

FDK program children were attending.  From this sample about half of the FDK programs were 

private schools and the other half were Title One status (i.e., low-income) according to the 

Oregon State listing from 2013-2014 (i.e., the years this sample was collected).  This could be 

one reason for the null results found because the self-regulation gains for low-income children 

could be negated by the self-regulation stability of the non-low-income private school attendees.  

Title One school programs and private school programs could have vastly different variation in 

academic scores by the spring of kindergarten, therefore making this arguably the most important 

limitation of this study.  Third, this study does not account for other characteristics of the 

kindergarten classroom besides increased time in the kindergarten setting. There is no 

information on the breakdown of instructional time versus free time, the quality of instruction 

given, or the quality of classroom management, all of which would be important to assess if and 

FDK classroom was truly the best option for a child. Lastly, this study does not address the fact 

that the academic achievement gap disappears by the third grade.  It is not known at this time 

whether these self-regulation findings will have any impact on this gap in general.  

Future Directions 

 Based on these limitations there are several areas that would benefit from future research. 

First, although the sample was relatively diverse, a larger and more diverse sample would be 

useful to further connect the findings from previous literature with the outcomes of FDK in 

Oregon specifically.  Statewide data comparing the HDK programs with the recently mandated 

FDK programs could create an ideal scenario for observing these differences within this 
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population.  Second, a more nuanced set of models should be run that further decomposes any 

interactions that may be present within these data.  These two models should include a 

moderated mediation model where Title One status is used as a moderator in the relationship 

between FDK and self-regulation and a three-way interaction model to parallel the moderation 

model. Completing this set of analyses will allow researchers to asses if any significant results 

can be attributed to state funded Title One programs versus privately funded private school 

programs.  Third, the quality of the classroom should be accounted for in the future.  Using an 

observational assessment tool such as the Classroom Assessment Scoring System (CLASS; La 

Paro, Pianta, & Stuhlman, 2004) or the Quality Rating System Assessment (QRS; Tout, Starr, 

Soli, Moodie, Kirby, & Boller, 2010) would be an interesting additional variable that could 

explain how the literature links between quality of instruction and classroom management can 

impact both self-regulation and academic growth for kindergarteners in different types of 

programs.  Lastly, a longitudinal study lasting over several years of early childhood education 

should be applied to follow the fluctuation after third grade and see if it continues to compound 

over time for this sample.  

Implications 

 Based on the previously reviewed literature it is important to understand how the 

implementation of FDK programs impacts the children that receive it.  Since formal schooling 

can be considered as an intervention for children compared to not receiving any sort of 

education, it is important to understand the extent to which time in school is important for young 

children.  Recent policy briefs have mentioned that the executive function components of self-

regulation can be beneficial for improvements in academic achievement, for growth in personal 

responsibility, and for growth in social-emotional skills, all of which are beneficial long-term to 
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children (Zelazo, Blair, & Willoughby, 2016).  It is also important to better examine how the 

effects of FDK and self-regulation fluctuate over time, and how both of these factors may 

contribute to academic achievement.  Understanding more about all of these concepts can help 

shape how school programs are encouraged to function moving forward in hopes that children 

are able to receive the most out of formal schooling.  The overall goal here is to minimize or 

close the academic achievement gap found between disadvantaged and advantaged groups of 

children.   
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Chapter 6. Conclusion 
 

 Previous literature has documented the importance of self-regulation on academic 

achievement and also how FDK can benefit children’s achievement gains.  This study represents 

the first attempt to understand the potential relationship between FDK, self-regulation, and 

academic achievement in a small sample of Oregon children.  The findings indicate that FDK 

was significantly related to literacy and vocabulary achievement in the spring of kindergarten.  

Further, the relation between FDK and academic achievement was not mediated by self-

regulation measured in the spring of kindergarten or moderated by self-regulation measured in 

the fall of kindergarten.  However, spring self-regulation skills were related to spring math 

achievement and spring vocabulary achievement, thus indicating that self-regulations were 

related to levels of achievement for some aspects of this study.  The inconsistency of these null 

findings with the current literature presented can potentially be explained by the specific sample 

used.  A small sample, such as the one used in this study, can often lead to non-significant results 

based on lower analytic power overall.  Posing these research questions remains important for 

setting the stage for further research using this framework with larger and more diverse samples.   
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