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ABSTRACT 
 
 

Preschool Children’s Development in Number, Geometry, and Executive Function: 

A Cross-Lagged Examination 

 
by 
 
 

Brionne G. Neilson, Doctor of Philosophy 
 

Utah State University, 2021 
 
 
Major Professor: Ann M. Berghout Austin. Ph.D. 
Department: Human Development and Family Studies 
 
 

The study herein examined relations between early mathematics and executive 

function (EF) during the preschool years, with additional considerations for demographic 

influences. In line with professional recommendations regarding the comprehensive 

nature of preschool mathematics, measures included the TEAM, an early mathematics 

measure inclusive of number and geometry. A single measure of EF was used, 

specifically the Head Toes Knees Shoulders (HTKS), a measure of early EF inclusive of 

working memory, inhibition, and cognitive shift elements. One hundred eighteen children 

from both rural and urban communities (based on USDA Rural-Urban Continuum Codes) 

were included in the study; they were an average of 53 months at the beginning of the 

preschool year. Children were assessed at the beginning and end of the preschool year; 

relationships between number, geometry, and EF were examined across that time period, 

using a cross-lagged panel model. Results suggest that number is a universal contributor 
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to later number, geometry, and EF skills; geometry appears to be a universal recipient, 

influenced by earlier number, geometry, and EF skills. EF was significantly influenced 

by number and executive function skills at the beginning of the preschool year, and it also 

predicted geometry skills at the end of the preschool year. Demographic factors of 

gender, maternal education, household income, and urbanicity were also examined. 

Limited influence was noted, including household income associated with number 

performance and urbanicity associated with EF at the beginning of the preschool year; no 

significant differences based on these demographic factors were found at the end of the 

preschool year.  

(96 pages) 
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PUBLIC ABSTRACT 
 
 

Preschool Children’s Development in Number, Geometry, and Executive Function:  
 

A Cross-Lagged Examination 
 
 

Brionne G. Neilson, Doctor of Philosophy 
 
 

Children develop rapidly during early childhood, and this includes their 

mathematics and executive function (EF) skills. Past research has focused on connections 

between early mathematics and EF, but more work was needed to fully understand these 

relations. In particular, past studies have generally used numeracy-based measures to 

assess early mathematics, although professional guidelines indicate a more 

comprehensive construct that includes geometry. The research herein addresses some of 

the gaps of previous work as it examines unique connections between early number, 

geometry, and EF. One hundred eighteen preschool children from urban and rural 

communities, being an average age of 53 months at the beginning of the preschool year, 

were assessed at both the beginning and end of the preschool year. Using the TEAM, a 

measure of early mathematics inclusive of number and geometry, and the Head Toes 

Knees Shoulders (HTKS), a measure of early EF with elements of working memory, 

inhibition, and cognitive shift, relationships between number, geometry, and EF were 

examined across the preschool year, using a cross-lagged panel model. Three-way 

ANOVAs were also used to examine differences based on demographic factors, 

specifically gender, maternal education, household income, and urbanicity (defined by 

USDA Rural-Urban Continuum Codes). Findings indicate demographic factors played a 
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limited role; household income was significantly associated with number skills and 

urbanicity with EF skills at the beginning of the preschool year. No other significant 

relationships based on demographic variables were found. Number skills at Time 1 

universally contributed to number, geometry, and EF performance at Time 2; geometry at 

Time 2 was universally influenced by number, geometry, and EF at Time 1. EF played a 

mixed role; Time 1 EF significantly predicted Time 2 geometry, and Time 2 EF was 

significantly predicted by Time 1 number skills. These findings suggest that geometry is 

an important area of early mathematics to consider, and the relationship between 

mathematics and EF may be more nuanced than previously understood.   
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CHAPTER I 

INTRODUCTION 
 

 During early childhood, mathematics and executive function (EF) skills are 

predictive of later school success (e.g., Blair & Raver, 2015; Duncan et al., 2007; 

Ginsburg et al., 2008), and both develop rapidly (Campbell, 2005; Geary et al., 2008; 

Zelazo & Carlson, 2012). Evidence indicates relations between mathematics and EF 

change over the course of early childhood as children develop more complex cognitive 

skills (e.g., Fuhs et al., 2014; Jacob & Parkinson, 2015; Schmitt et al., 2017). Although 

few, if any, aspects of child development could be considered simplistic, the areas of 

mathematics and EF are particularly complex. The purpose of this chapter is to discuss 

current understanding relative to the development of preschool mathematics and EF and 

outline a research study addressing the connections between mathematics and EF 

longitudinally for rural and urban children. 

 
Current Insights 

 

 The National Council of Teachers of Mathematics (NCTM, 2000) has identified 

five mathematics content areas for early childhood including the following: number and 

operations, algebra, geometry, measurement, and data analysis and probability. Likewise, 

the National Mathematics Advisory Panel recommends attention to children’s 

mathematical development in arithmetic; fractions, decimals, and proportions; estimation; 

geometry; and algebra during the early years (Geary et al., 2008). In both cases, the foci 

are considerably wider than the traditional preschool emphasis on numeracy and some 
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geometry (i.e., shapes). A comprehensive focus is essential as early mathematics skills 

serve as a foundation for later school success; therefore, the more comprehensive our 

study of early mathematics, the more refined our practice in promoting early 

development (e.g., Duncan et al., 2007; Jordan et al., 2009; Watts et al., 2015).  

Mathematical skill development begins in infancy, undergoes significant 

development during the early childhood years, and continues through adolescence and 

adulthood. With such rapid change, longitudinal designs are essential to capture how 

relations between mathematics and other areas of development may change as children 

age (Schmitt et al., 2017). Those skills developed at a young age are directly connected 

with later skill acquisition, including aiding development across mathematical domains 

(e.g., arithmetic skills aiding in understanding fractions, Geary et al., 2008). Duncan et al. 

(2007) compiled research from six studies finding that although many skills were 

predictive of later academic achievement, early math skills were the strongest across all 

six studies in predicting later success. Additional studies (Jordan et al., 2009; Watts et al., 

2015) have also supported the significance of early mathematics in connection with later 

achievement.  

In each of these instances, however, researchers relied on early mathematics 

measures focused primarily on numbers, basic operations, and, in some cases, shapes. 

Limited research has targeted other areas of mathematics, such as a study connecting 

spatial awareness and EF to early number knowledge (Verdine et al., 2014). They found 

that both early EF and spatial awareness predicted overall mathematics performance. 

Another study used an intervention with a broad-based mathematics focus targeting 
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numeracy, geometry, and spatial skills (Weiland & Yoshikawa, 2013). They found that 

post-intervention, children’s scores increased significantly in early EF, language and 

literacy, and mathematics skills. With only limited work including multiple aspects of 

mathematics (e.g., number and geometry), though, further research is needed to better 

understand how they relate to one another, as well as to other developmental areas. 

 Early childhood is a period of qualitative change in regions of the brain 

underlying complex cognitive processes (Bell et al., 2007), with rapid change 

demonstrated for the region underlying three aspects of EF: working memory (e.g., Espy 

& Bull, 2005), inhibitory control (e.g., Wiebe et al., 2012), and shift (e.g., C. A. C. Clark 

et al., 2013). It has been suggested that during early childhood, EF may progress from 

undifferentiated to differentiated, becoming more complex as children age (Anderson, 

2002; Bardikoff & Sabbagh, 2017; Best & Miller, 2010). This increased complexity 

occurs as the aspects of EF become coordinated (C. A. C. Clark et al., 2016; Fischer & 

Rose, 1994) and more efficient (Carlson, 2005). During early childhood, however, these 

three aspects appear to be either unitary or at least highly correlated (Best & Miller, 2010; 

Zelazo & Carlson, 2012; Zelazo, Carlson, & Kasek, 2008). Again, this rapid change 

suggests longitudinal designs may be needed to address how relations between EF and 

other domains may change as children develop (Schmitt et al., 2017; Best & Miller, 

2010; Zelazo et al., 2008). The study of EF is important, especially during early 

childhood, as it provides foundational support for developing cognitive behaviors (C. A. 

C. Clark et al., 2016). Additionally, it influences behavior (C. Clark et al., 2002), 

academic achievement (Shaul & Schwartz, 2014), self-control (Shoda, Mischel, & Peake, 
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1990), social functioning (Kochanska, Murray, & Harlan, 2000), and many other aspects 

of life (Diamond, 2013).  

 Beyond examining mathematics and EF independently, researchers have also 

investigated the complexities of relations between them over time. For example, Welsh et 

al. (2010) followed Head Start children longitudinally, finding strong predictive relations 

between early EF, literacy, and numeracy. Fuhs et al. (2014) as well as Schmitt et al. 

(2017) also used longitudinal design to examine similar relations across preschool and 

kindergarten, noting bidirectional relations between aspects of EF and mathematics. In all 

three studies, however, mathematics was again measured in terms of numeracy, such as 

counting skills and basic operations. EF, though, was measured in each case using a 

battery of several measures targeting a combination of all three aforementioned aspects; 

in each instance, these measures were combined into a single latent variable of children’s 

early EF.  

In attempting to understand the complex relations between mathematics and EF in 

early childhood, it is also essential to consider context, including demographic variation. 

Existing literature often includes considerations for child gender and socioeconomic 

status (e.g., Fuhs et al., 2014; Jordan et al., 2009; McClelland et al., 2014; Schmitt et al., 

2017); considerations for urbanicity (i.e., geographic location and population density) are 

less common (Graham & Provost, 2012; Miller & Votruba-Drzal, 2013). Regarding 

gender, according to past research, preschool-age girls have a modest advantage in latent 

EF (Wiebe et al., 2008) and perform better on inhibitory control tasks, especially tasks 

related to delaying gratification (e.g., Bull et al., 2011; Carlson & Moses, 2001; 



5 
 
Matthews et al., 2009; Olson et al., 2005). However, other studies do not support gender 

differences in EF performance (Brocki & Bohlin, 2004; Deák et al., 2004; Hughes & 

Ensor, 2005).  

Socioeconomic status influences children’s cognitive development and academic 

achievement (e.g., Bradley & Corwyn, 2002; Hackman et al., 2015; Miller et al., 2013). 

Hackman et al. specifically addressed the connection of socioeconomic status to 

childhood EF, pointing to the negative influence of sustained stressors on cognitive and 

brain development. Miller et al. examined the influence of income on early achievement; 

their results suggested income increases related to improvements in academic 

performance. Notably, though, this study also emphasized the role of the urban-rural 

continuum; the researchers explained that most previous work addressing poverty 

focused on urban samples, although rural and suburban children account for a larger 

percentage of poor children in the U.S (Miller et al., 2013). 

Regarding additional contexts of development, urbanicity has received more 

limited attention. This may be due, in part, to the many ways in which the term is defined 

(Cromartie & Bucholtz, 2008). Definitions may focus on geographic location, population 

density, or land use. One study, utilizing a large public data set, used U.S. Census Bureau 

data to classify participants as living in urban, suburban, or rural areas (Graham & 

Provost, 2012); another used U.S. Department of Agriculture (USDA) Rural-Urban 

Commuting Area (RUCA) codes to classify areas as being either large urban, small 

urban, suburban, or rural (Miller & Votruba-Drzal, 2013). Other options include using 

USDA Rural-Urban Continuum Codes (RUCC) or USDA Frontier and Remote (FAR) 
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codes. Cromartie and Bucholtz (2008) mentioned more than two dozen options for 

defining urbanicity currently used by federal agencies; they advised researchers to 

consider the scope and focus of their work and clarify the ways in which they define 

urbanicity for purposes of their studies. Regarding urbanicity’s influence on preschool 

children’s performance, research is limited. Miller and Votruba-Drzal (2013) explained 

that urbanicity might be particularly important to consider, though, because of how it is 

often connected with availability of resources such as health care, childcare, or libraries. 

They also indicated that preschool children in rural settings might perform more poorly 

on academic tasks than children in urban settings (Miller & Votruba-Drzal, 2013), and 

other research has suggested that this difference can persist across the elementary grades 

(Graham & Provost, 2012). 

 
Need for More Knowledge 

 

 Measurement of early mathematics is an area with variation in how constructs are 

assessed, and it has been noted by researchers in the field as an area for further work 

(e.g., Clements et al., 2016; Fuhs et al., 2014, Schmitt et al., 2017). Even though 

professional work has indicated the complexity of early childhood mathematics (Geary et 

al., 2008; NCTM, 2000), most of the existing research relies primarily on measures of 

numeracy such as the Test of Early Mathematics Ability (TEMA-3; Ginsburg & 

Baroody, 2003) and Woodcock Johnson-III Applied Problems subtest (WJ-III; 

Woodcock et al., 2001). While more comprehensive measures of early mathematics are 

available (e.g., Clements & Sarama, 2011b; Klein et al., 2000), they are not commonly 
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used. This study, however, does employ such a measure as a means of capturing multiple 

aspects of mathematics (i.e., number and geometry).  

 There are three EF assessment strategies typically used during the preschool years 

including: a single face-to-face measure (e.g., McClelland et al., 2007), a panel of face-

to-face measures (e.g., Bull et al., 2011), or a panel of face-to-face measures and a 

teacher and/or parent paper-and-pencil measure (e.g., C. A. C. Clark et al., 2010). These 

research strategies are not without their problems. For example, research has found 

potentially contradictory evidence regarding which elements of EF are influential during 

preschool (e.g., Blair & Razza, 2007; Diamond & Taylor, 1996; Espy et al., 2004; 

McClelland et al., 2007; Purpura et al., 2017). This may be, in part, because of the closely 

correlated relations between these separate elements in early childhood (Best & Miller, 

2010; Zelazo et al., 2008). This indicates a great need for research investigating how 

associations between early EF and other domains may change over the course of the 

preschool years.  

Recommendations by some scholars (Clements et al., 2016; Geary et al., 2008) 

note the need for more research to fully understand the unique relations that may exist 

between individual aspects of mathematics and EF. In their report from the National 

Mathematics Advisory Panel, Geary et al. (2008) note that foundational skills in one 

mathematical domain seem to facilitate acquisition of skills in other domains; however, 

only limited research has attempted to investigate associations between separate 

mathematical domains in early childhood, let alone link these domains to EF skills 

(Verdine et al., 2014; Weiland & Yoshikawa, 2013). 
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 As contextual factors can have a significant impact on early EF and mathematics 

development, it is important to understand what role they play. Although studies have 

often addressed socioeconomic elements (e.g., McClelland et al., 2014; Schmitt et al., 

2017; Welsh et al., 2010), only limited research has addressed urbanicity, finding a gap 

between some rural and urban children regarding academic skill levels upon school entry 

(Graham & Provost, 2012; Miller & Votruba-Drzal, 2013). As mathematics and EF are 

predictive of children’s skill level during the preschool years (Duncan et al., 2007), 

consideration of differences among rural and urban contexts during the preschool year 

may provide additional information on developmental contexts. Using the USDA RUCC 

codes, rural and urban areas are delineated based on population density and, in the case of 

rural areas, distance from an urban center. This translates into a possible indicator of 

access to resources, both locally and distantly (Cromartie & Bucholtz, 2008; Miller & 

Votruba-Drzal, 2013). This, in turn, may influence children’s academic performance, 

although with such limited research in this area, more work is needed to thoroughly 

understand this relationship (Graham & Provost, 2012; Miller & Votruba-Drzal, 2013; 

Miller et al., 2013). 

 
Purpose of the Study 

 

 This study aimed to address several gaps in the literature, specifically a more 

comprehensive conceptualization of mathematics, inclusive of multiple domains; an 

examination of how those domains relate to one another; an investigation as to how EF is 

related to early mathematics; and inclusions of demographic factors, such as gender, 
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socioeconomic status, and urbanicity. The study was also longitudinal in design, with a 

goal of investigating how the association between these variables may change over time, 

due to the evidence of rapid development in mathematics and EF during the preschool 

year. This was accomplished using a broader measure of mathematical performance than 

has typically been used, along with a single, face-to-face measure of EF designed to 

capture all three areas, reflecting the close relations between these areas during early 

childhood. Upon perusing existing literature, it appears this study was among the first 

longitudinal studies to take such a broad approach in assessing both EF and mathematical 

performance among preschoolers. Contextual elements were also included in analyses to 

determine how elements of gender, socioeconomic status, and urbanicity may influence 

children’s mathematics and EF performance. In pursuit of these goals, this study focused 

on a more comprehensive measure of mathematics to examine the interrelatedness of 

early number, geometry, and EF skills across time. It addressed several gaps in the 

existing literature on early childhood EF and mathematics.  

 
Research Questions 

 

 With these objectives in mind, the guiding research questions were as follows. 

1. Do preschool children’s number, geometry, and executive function skills 
differ significantly based on: (a) child gender, (b) maternal education, (c) 
household income, and (d) urbanicity? 

2. What associations exist among number, geometry, and EF skills from fall to 
spring of the preschool year?  
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CHAPTER II 

LITERATURE REVIEW 

 
Mathematics in Early Childhood 

 
 

Mathematics skills develop early in the first five years of life and serve an 

important role in later academic development (Campbell, 2005; Case & Okamoto, 1996; 

Duncan et al., 2007). As such, measuring these skills during a period of such rapid 

growth can be complex. Recommendations from the NCTM (2000) and National 

Mathematics Advisory Panel (Geary et al., 2008) suggest mathematics during early 

childhood involves several domains; however, research designs do not always reflect this. 

Existing assessments of early mathematics include both single-domain (e.g., Ginsburg & 

Baroody, 2003; Woodcock et al., 2001; Verdine et al., 2014) and multi-domain (e.g., 

Clements & Sarama, 2011b; Klein et al., 2000) measures. Previous research has relied 

heavily on measures of number (e.g., Fuhs et al., 2014; McClelland et al., 2007; Schmitt 

et al., 2017; Welsh et al., 2010), and few studies have attempted to capture multiple 

domains (Clements & Sarama, 2007; Lee et al., 2012; Verdine et al., 2014; Weiland & 

Yoshikawa, 2013). 

 
Domains of Mathematics 

 The National Mathematics Advisory panel has focused on children’s mathematics 

in areas of arithmetic; fractions, decimals, and proportions; estimation; geometry; and 

algebra (Geary et al., 2008). Their report includes discussion of skill development in each 

of these areas during the period of early childhood, also noting that development in one 
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area (e.g., arithmetic) may facilitate skill acquisition in another (e.g., fractions). The 

NCTM (2000) has similarly identified multiple mathematics content areas for early 

childhood, specifically: number and operations, algebra, geometry, measurement, and 

data analysis and probability. NCTM curriculum recommendations focus on numbers and 

operations, geometry, and measurement during the preschool years (NCTM, 2006). Many 

preschool programs, though, focus mainly on small-number counting and basic shape 

names and lack the broader, deeper range of content possibilities (Ginsburg et al., 2008). 

In 2002, the National Association for the Education of Young Children (NAEYC) and 

NCTM collaborated to produce a joint position statement emphasizing the importance of 

comprehensive and developmentally appropriate mathematics education for young 

children. In addition to giving guidance in incorporating a variety of mathematics skills, 

they also advised connecting math concepts, such as number and geometry, to strengthen 

further young children’s skill levels (NAEYC & NCTM, 2002). 

 
Concepts of Number 

Numeracy is arguably the area of mathematics most emphasized in early 

childhood (e.g., Campbell, 2005; Ginsburg et al., 1998; Sarama & Clements, 2008). 

Skills in this area include counting, subitizing, basic arithmetic, and comparing numbers, 

among others (Geary et al., 2008; NCTM, 2000; Sarama & Clements, 2008). Evidence 

shows children develop numerical abilities as early as infancy (Starkey & Cooper, 1980; 

Starkey et al., 1990), further developing foundational skills throughout early childhood 

(Campbell, 2005; Case et al., 1996; Ginsburg et al., 2008). Piaget suggested that 

children’s development of number sense was tightly linked with their development of 
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logical reasoning, with early skills serving as a necessary foundation for later 

development (Inhelder & Piaget, 1964; Piaget, 1952). Upon entry to preschool, many 

children can recite rote number words from 1 through 10 and have begun counting small 

quantities of objects (Geary et al., 2008; NAEYC & NCTM, 2002). Children further 

solidify understanding of quantity, recognition of numerals, and success with basic 

arithmetic during the preschool years (Campbell, 2005; Case et al., 1996; Piaget, 1952). 

These skills provide a foundation for further development leading to abilities for solving 

more complex mathematical problems in later school years (Case & Okamoto, 1996; 

Duncan et al., 2007; Geary et al., 2008; Inhelder & Piaget, 1964; NCTM, 2006; Piaget, 

1952). 

Theorists, researchers, and other professionals have also pointed to connections 

between numeracy and other areas of mathematics (e.g., Case et al., 1996; Geary et al., 

2008; Ginsburg et al., 1998; NCTM, 2006; Sarama & Clements, 2008). For example, the 

NCTM recommends using number skills to connect with geometry (e.g., counting a 

shape’s sides or vertices) and data analysis (e.g., comparing quantity in sets). The 

National Mathematics Advisory Panel also points to a variety of connections between 

numeracy and other mathematics elements such as estimation, fractions, and algebra 

(Geary et al., 2008). Number and arithmetic development is also supported by other 

domains, such as geometry (Clements & Sarama, 2011a; NAEYC & NCTM, 2002). 

Likewise, Piaget et al. (1960), maintaining number sense and spatial awareness as 

distinctly different constructs, noted that tasks of measurement, particularly those 

requiring use of metric units, necessitated use of both number and geometry skills. 
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Concepts of Geometry 

The National Mathematics Advisory Panel defines geometry as, “…the branch of 

mathematics concerned with properties of space, and of figures and shapes in space” 

(Geary et al., 2008, p. xxi). In early childhood, this includes concepts of two- and three-

dimensional shapes, space, and position (Ginsburg et al., 2008; Sarama & Clements, 

2008; NCTM 2006). The van Hiele (1986) model is a common guide for understanding 

how geometric reasoning develops, encompassing five levels of understanding (Clements 

& Sarama, 2011a; Geary et al., 2008). Children begin with visual recognition of basic 

shapes and figures (level 0) and may eventually progress to rigorous use of geometric 

theories and reasoning (level 4), usually during adulthood (Geary et al., 2008). Piaget and 

Inhelder (1956) proposed that geometric understanding, specifically spatial awareness, 

begins by noticing attributes of objects (e.g., size) and their location in space. During 

early childhood, children develop ways of representing these properties; these early skills 

serve as a foundation for the eventual grasp of plane geometry (Case et al., 1996; Piaget 

& Inhelder, 1956). As with numeracy skills, children develop broad, foundational 

geometry skills even before school entry (Geary et al., 2008; Ginsburg et al., 1998, 2008).  

Prior to beginning preschool, most children have had informal opportunities to 

explore basic shapes, patterns, and spatial navigation (NAEYC & NCTM, 2002). 

Although preschool children most often receive instruction at the most basic level, they 

may, with high-quality instruction, progress to later levels, where shapes are being 

recognized and defined by specific properties and components (Clements & Sarama, 

2011a). As geometry skills continue to develop throughout the school years; preschool 
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and kindergarten children generally move from manipulating geometric figures in 

pictures and puzzles to naming and recognizing shapes and further to analyzing specific 

aspects (i.e., how many sides or angles) of those shapes (Geary et al., 2008; NCTM, 

2006). Children may also progress in their representations of objects and shapes in space, 

including representations presenting objects in relation to other adjacent shapes or objects 

(Case et al., 1996; Piaget & Inhelder, 1956). 

Geometry skills have also been related to other mathematic domains such as 

number knowledge, arithmetic, algebra, and patterns (Clements & Sarama, 2011a; Geary 

et al., 2008; NAEYC & NCTM, 2002; Verdine et al., 2014). Historically, Piaget 

maintained that concepts of geometry were separate from concepts of number, and young 

children relied instead on their developing spatial understanding for basic geometry tasks 

(Piaget et al., 1960). These authors also noted, though, that more complex measurement 

tasks, specifically those using defined metric units, required the combined use of number 

and geometry concepts. Although numeracy and geometry are clearly unique from one 

another, there are also mathematical tasks that draw from both, supporting an overarching 

mathematical construct (Geary et al., 2008; Piaget et al., 1960). More research is needed 

specifically targeting geometry skills in young children in order to better understand how 

they may also relate to domains outside of mathematics.  

 
Measuring Early Mathematics 

In attempting to capture mathematics development in early childhood, researchers 

often rely heavily on measures of numeracy. Some of the most common of these 

measures, such as the Test of Early Mathematics Ability (TEMA-3; Ginsburg & 
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Baroody, 2003) and Woodcock Johnson-III Applied Problems subtest (WJ-III; 

Woodcock et al., 2001) are frequently used as the sole indicator of early mathematics 

performance (e.g., Fuhs et al., 2014; McClelland et al., 2007; Schmitt et al., 2017; Welsh 

et al., 2010). The TEMA-3 specifically focuses on numbering skills, number-comparison, 

numeral literacy, number facts, and calculation skills (Ginsburg & Baroody, 2003); the 

WJ-III Applied Problems subtest similarly targets number concepts and calculations 

(Woodcock et al., 2001).  

Aside from using the van Hiele (1986) model to broadly categorize children’s 

skill level in geometry and Piaget’s tasks of children’s spatial awareness (Piaget & 

Inhelder, 1956; Piaget et al., 1960), measures specific to this domain are limited 

(Polignano & Hojnoski, 2012). One example developed by Verdine et al. (2014) is the 

Test of Spatial Awareness (TOSA); this measure is designed to specifically measure 

young children’s abilities with spatial arrangements of two- and three-dimensional 

figures. As it is a newer measure, though, it is not widely used at this time. 

Somewhat more commonly used are measures that address a comprehensive set 

of mathematics skills, including both number and geometry. For example, the Tools for 

Early Assessment in Math (TEAM; Clements & Sarama, 2011b) includes questions 

addressing algebra, geometry, measurement, data analyses, and numbers and operations. 

Likewise, the Child Math Assessment (CMA; Klein et al., 2000) was designed to address 

number, arithmetic, space/geometry, measurement, patterns, and logical relations. 

Because of their comprehensive nature and limited availability, these measures entail 

longer administration times, and they are not as commonly used as other, shorter 
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measures targeting early numeracy.  

In summary, mathematics in early childhood consists of many elements, including 

number and geometry. Traditional measures of preschool mathematics ability, though, 

are primarily numeracy-based. The present study utilized a comprehensive measure of 

early mathematics to address gaps in the existing literature. Specifically, this measure 

allowed for examination of number and geometry separately while also investigating 

their relationships with one another over the course of the preschool year. 

 
Executive Function in Early Childhood 

 
 

 Other skills found to be highly predictive of academic achievement are those 

related to EF (Blair & Raver, 2015; Bull & Scerif, 2001; Skibbe et al., 2012). Although 

consensus is lacking regarding a set definition of which skills fall within the EF umbrella, 

researchers generally include working memory, involving the ability to hold and 

manipulate information; cognitive flexibility or shifting, referring to skills of alternating 

between tasks or mental sets; and inhibitory control, meaning the ability to overcome a 

predominant response, whether in thought or emotion (e.g., Anderson, 2002; Bardikoff & 

Sabbagh, 2017; Clements et al., 2016; Garon et al., 2008). It is believed that although EF 

skills are, at first, very basic (Diamond, 2002), they experience considerable growth 

during the preschool years (Zelazo et al., 2013; Zelazo & Carlson, 2012; Zelazo et al., 

2008), and eventually develop into more complex, coordinated skills typical in adulthood 

(Garon et al., 2008). Researchers have expressed disagreement regarding how EF is 

conceptualized in studies of early childhood, with some advocating for a single measure 
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reflective of the unitary nature of EF at this stage of life and others promoting use of 

multiple measures to capture individual aspects of EF as they emerge and are 

differentiated during early childhood (Nelson et al., 2016; Wiebe et al., 2008; Zelazo et 

al., 2008).  

Linked with development of the prefrontal cortex, which is understood to reach 

full maturity in adolescence, EF appears to experience significant development during the 

early childhood years (e.g., Anderson, 2002; Bardikoff & Sabbagh, 2017; Best & Miller, 

2010; Miyake et al., 2000; Zelazo et al., 2013; Zelazo & Carlson, 2012; Zelazo et al., 

2008). Zelazo et al. (2008) posited that, although previously thought to be non-functional 

during childhood, functioning of the prefrontal cortex, and thus executive function skills, 

likely emerges in infancy. Early working memory and inhibition abilities closely interact 

to allow for more complex tasks, including those drawing upon cognitive shift skills to 

navigate multifaceted rules (Best et al., 2011). The development of EF may also be tied 

with children’s development in perspective-taking (Zelazo et al., 2008), a notion 

suggested by Inhelder and Piaget (1964), although the specific terminology of EF was not 

yet common in research on early childhood development. For example, they noted that 

for children to understand correctly that multiple spatial arrangements of objects did not 

change the actual quantity, they needed first to be able to reject their initial perception 

(Inhelder & Piaget, 1964); this might now be rephrased as requiring an inhibitory 

response. 

 
Areas of Executive Function 

 Like mathematics, rudimentary EF skills develop as early as infancy (Society for 
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Research in Child Development, 2014; Zelazo et al., 2008), undergoing significant 

change during the preschool years (C. A. C. Clark et al., 2016; Diamond, 2002; Zelazo et 

al., 2013). Some researchers posit that it is during these years that EF moves from an 

undifferentiated skill set to individual, differentiated skills, becoming increasingly 

complex as children grow to adolescence and adulthood (Anderson, 2002; Bardikoff & 

Sabbagh, 2017; Best & Miller, 2010; Zelazo et al., 2013). Initially, EF was understood to 

develop in adolescence (Golden, 1981), and as such, examination in early childhood is a 

more recent area of interest (Garon et al., 2008). Ongoing research has given rise to 

questions of whether early EF should be conceptualized as unitary or separate constructs 

(e.g., Carlson & Moses, 2001; Nelson et al., 2016; Wiebe et al., 2011); however, many 

agree that even as these skills of working memory, inhibition, and shift become more 

differentiated, they remain highly correlated in early childhood (Bardikoff & Sabbagh, 

2017; Garon et al., 2008; Espy, 2016; Zelazo et al., 2013). Zelazo et al. (2013) noted that 

these areas of EF were more highly correlated for younger children (3-6 years) than for 

older children (8-15 year), supporting Best and Miller’s (2010) work tying EF to early 

cognition and the idea that these skills become increasingly differentiated over time.  

 
Working Memory 

Working memory, a core component of an information processing framework, 

consists of four components: the central executive (attentional controller), the 

phonological loop (storage buffer), the visual-spatial sketchpad (storage buffer), and an 

episodic buffer that interacts with long-term memory (Baddeley, 2000; Baddeley & 

Hitch, 1974; Case et al., 1996; Geary et al., 2008). This area of EF develops significantly 
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during the preschool years (e.g., Espy & Bull, 2005; Gathercole, 1998; Zelazo et al., 

2013) and has been tied to children’s early mathematics performance (e.g., Case et al., 

1996; Clements et al., 2016; Geary et al., 2008). Zelazo et al. (2013) noted that 

development in this area of EF appeared to be most rapid between the ages of 4 and 5, 

when considering the period between ages 3 and 15 years. Development of working 

memory in early childhood has been shown in terms of capacity on digit, word, object, 

and span tasks (e.g., Espy & Bull, 2005; Gathercole, 1998), spatial and object memory 

(Diamond, 1991), and tracking large numbers of items (Hongwanishkul et al., 2005). 

 
Inhibitory Control 

Closely tied with working memory, inhibitory tasks may be classified as simple or 

complex based on how much working memory input is required (Garon et al., 2008). In 

preschool, common simple tasks assessing inhibitory control often involve delayed 

gratification (e.g., Carlson, 2005; Mischel, 1974); more complex tasks involve arbitrary 

rules used to direct responses requiring inhibition of competing responses (e.g., Carlson, 

2005; Garon et al., 2008). As simple tasks require less input from working memory, they 

may be a better reflection of preschool children’s inhibitory control (Best & Miller, 

2010). Other researchers have noted the close correlation between inhibition and other EF 

tasks, particularly working memory, during early childhood, noting particularly rapid 

development from the ages of 3 to 5 years (Zelazo et al., 2013).  

 
Cognitive Shifting 

Working memory and inhibitory control also contribute to cognitive shift abilities, 
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as they require focusing on relevant stimuli, ignoring distractions, and retaining 

information regarding original and contradictory mental sets; as such, it is arguably the 

most complex area of EF (Chevalier et al., 2012; Miyake et al., 2000). Tasks of cognitive 

shift may involve attention shifting, wherein rules changed based on stimuli aspects, or 

response shifting, wherein motor response selection is influenced (Rushworth et al., 

2005). Card sort tasks (e.g., Zelazo, 2006) are often used to assess skills in attention 

shifting; these tasks require individuals to sort a set of cards by one characteristic (i.e., 

color) followed by another (i.e., shape) and later by combining these directives. One 

example of a response shifting task is the Tower of Hanoi (TOH: Klahr, 1978; Simon, 

1975) measure, which requires individuals to move a set of disks to match a presented 

configuration, shifting between goals and rules in the process. Like working memory and 

inhibition, shifting also undergoes significant growth during the preschool years (Zelazo 

et al., 2013). 

 During early childhood, EF aspects are highly correlated (Bardikoff & Sabbagh, 

2017; Best & Miller, 2010; Zelazo et al., 2008); differentiation of tasks may start to occur 

toward the end of early childhood, continuing into adolescence (Best et al., 2011; Zelazo 

& Carlson, 2012). With such rapid change occurring during the preschool years, 

measuring EF at this time can be difficult (Zelazo et al., 2013). While the three aspects 

may be distinctly different, their close ties and interactions, particularly during the early 

years of development, indicate that the EF construct could be conceptualized as a unitary 

one, although researchers argue for both approaches (Espy, 2016; Wiebe et al., 2011; 

Zelazo et al., 2008). 
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Measuring Early Executive Functioning 

 Measures of EF, like those of mathematics, may focus on a wide range of skills or 

may be limited in their scope. Extant literature supports both conceptualizations (e.g., 

Carlson & Moses, 2001; Wiebe et al., 2011), although individual researchers have 

disagreed on which is most appropriate during the early years of development (Espy, 

2016). These disagreements reflect ongoing efforts to understand how EF functions in 

early childhood, particularly considering the high correlations between individual areas at 

this age (Bardikoff & Sabbagh, 2017; Garon et al., 2008; Zelazo et al., 2013). 

There are numerous options for assessing EF in early childhood; Garon et al. 

(2008) reviewed more than thirty face-to-face EF measures used with preschool children, 

and it still was not a comprehensive list of available face-to-face tools. Additionally, 

some researchers have chosen a paper and pencil option, such as the Behavior Rating 

Inventory of Executive Function (BRIEF-P; Gioia et al., 1996), a survey of children’s EF 

inclusive of subscores in inhibition, cognitive shift, emotional control, working memory, 

and planning and organizing. Other measures, such as the Head Toes Knees Shoulders 

task (HTKS; McClelland et al., 2014) attempt to capture multiple EF skills with a single 

face-to-face measure, reflecting the high correlation between these skills in early 

childhood. Regarding selecting EF measures, some researchers have opted for a battery 

of measures (e.g., Bull & Scerif, 2001; C. A. C. Clark et al., 2010; Fuhs et al., 2014) 

while others choose to use a single measure indicative of this construct (e.g., Mazzocco 

& Kover, 2007; McClelland et al., 2007; Skibbe et al., 2012). In opting for a single 

measure, it may be advisable to use a measure indicative of multiple EF aspects (e.g., 
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McClelland et al., 2014) as opposed to a single, narrow measure of a solitary EF aspect. 

 
Relationships Between Mathematics and Executive Function 

 
 

Connections between early mathematics and EF have been of particular interest in 

recent years (e.g., Clements et al., 2016; Fuhs et al., 2014; Schmitt et al., 2017). Past 

theorists also noted possible connections between EF types of skills and mathematics 

(Case et al., 1996; Piaget & Inhelder, 1956), although the language may not have 

reflected current understandings of EF development and terminology. Current research 

supports connections between EF and multiple academic areas, with several noting that 

the constructs appear to be more closely tied for preschool children, becoming more 

differentiated as they move into elementary grades (Fuhs et al., 2014; Schmitt et al., 

2017; Zelazo et al., 2013). 

Of the existing research, a majority has emphasized a relationship wherein EF 

skills are predictive of mathematics performance (e.g., Best et al., 2011; C. A. C. Clark et 

al., 2010; Jacob & Parkinson, 2015). C. A. C. Clark et al., and Best et al. (2011) each 

used a longitudinal design to demonstrate this connection; the former demonstrated 

multiple EF measures during preschool as being highly predictive of later math 

performance after kindergarten, and the latter suggested close correlations between these 

constructs into adolescence. Jacob and Parkinson used meta-analytic techniques to 

determine connections from EF to a variety of academic outcomes. In each case, 

emphasis was on EF predicting mathematics, along with other academic skills, as the 

research was not designed to address how mathematics skills might also affect EF 
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development. Clements et al. (2016), though, stressed the need for investigations of 

multiple pathways between these constructs to fully understand the interactions between 

early mathematics and EF. 

Other literature has pointed to a bidirectional relationship between the constructs 

of early mathematics and EF (Fuhs et al., 2014; Schmitt et al., 2017; Welsh et al., 2010). 

Fuhs et al. assessed children at the beginning and end of the prekindergarten year as well 

as again at the end of the kindergarten year. Their assessment protocol included six 

measures of EF and five measures of academic achievement, with two of those targeting 

number concepts. Geometry was not included in these measures. They found that their 

latent variable of EF predicted gains in all measured academic areas (mathematics, 

language, and literacy) through kindergarten, and they noted strong bidirectional 

associations between EF and mathematics during the preschool year. The Schmitt et al. 

study included an additional time point at the beginning of kindergarten; they likewise 

found bidirectional associations between mathematics, measured with an assessment 

focused on numeracy, and EF, measured with four tasks combined into a latent variable, 

over the preschool year. They noted, though, that these relationships changed in 

kindergarten, with only EF predicting mathematics. Welsh et al. (2010) also noted 

relationships for Head Start children during prekindergarten, measuring EF (three 

measures combined into a single factor) and mathematics (a single measure of numeracy) 

at the beginning and end of the school year. They found that early numeracy scores 

predicted later EF and numeracy, and early EF scores predicted later numeracy and EF. 

In a review of literature regarding mathematics and EF connections, Clements et al. 
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(2016) strongly recommended further research to investigate multiple pathways between 

these constructs as well as specific elements of mathematics and EF and how they may be 

inter-related.  

Researchers have also worked to understand which individual aspects of EF relate 

to children’s mathematics performance. For example, McClelland et al. (2007) and Espy 

et al. (2004) found that higher mathematics performance was predicted by higher 

working memory and inhibition scores in preschool. Blair and Razza (2007), however, 

found that inhibitory control and shift were the EF elements connected with preschool 

mathematics skills. Bull and Scerif (2001) found connections with all three EF aspects, 

noting that children with lower mathematics scores also scored lower on inhibition and 

working memory, which further impacted performance on shifting tasks. Research has 

suggested close correlation between EF aspects during the preschool years (e.g., 

Bardikoff & Sabbagh, 2017; Garon et al., 2008), and it appears that EF may also be more 

closely connected with academic performance during this time frame, with increased 

differentiation between skills as children move into elementary grades (e.g., Fuhs et al., 

2014; Schmitt et al., 2017; Zelazo et al., 2013). 

In sum, relationships between early mathematics and EF have been of high 

interest in recent years. Most of the research has suggested a predictive relationship from 

EF to mathematics, although recent studies suggest a bidirectional relationship may be 

present, particularly during preschool. Few, if any, studies have addressed mathematical 

concepts beyond numeracy, despite professional standards indicating young children 

possess a much broader set of skills prior to kindergarten. As this period of development 



25 
 
involves rapid changes in both mathematics and EF skill levels, longitudinal examination 

of these constructs, including their relationships with one another, is highly valuable. 

 
Contextual Considerations 

 

Existing research regarding early mathematics and EF development frequently 

includes contextual considerations for age, gender, or socio-economic status (e.g., Fuhs et 

al., 2014; Jordan et al., 2009; Skibbe et al., 2012). Limited investigations involving 

urbanicity, often focused on differences in geographic location and population density 

(Cromartie & Bucholtz, 2008), also suggest differences based on this classification 

(Graham & Provost, 2012; Miller & Votruba-Drzal, 2013). This may be due, in part, to 

differences in the availability and quality of valuable resources (Miller & Votruba-Drzal, 

2013; Miller et al., 2013). Researchers often stress the importance of including these 

elements, citing limitations in their own work (e.g., Fuhs et al., 2014; Schmitt et al., 

2017; Welsh et al., 2012). For example, Schmitt et al. specifically noted that their study, 

while providing many valuable insights, might have neglected to capture important 

contributing factors, such as those related to contextual elements beyond socioeconomic 

status. As these contextual factors can have a significant impact on early mathematics and 

EF, it is important to investigate the unique roles they play. 

Some studies have indicated that children’s development in EF during preschool 

may exhibit differences by gender. It may be that girls have a slight advantage over boys, 

particularly regarding inhibitory control (e.g., Bull et al., 2011; Carlson & Moses, 2001; 

Matthews et al., 2009; Wiebe et al., 2008). Other work, though, does not support these 
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differences (e.g., Brocki & Bohlin, 2004; Deák et al., 2004; Hughes & Ensor, 2005). 

Additional research in this area would help to clarify any variation based on child gender. 

Knowing whether EF is inherently different for boys or girls could greatly influence how 

other relationships, such as those between EF and mathematics, might differ. Such 

knowledge could also influence practitioners’ expectations and education of boys and 

girls during this period of development. 

Children’s socio-economic status has also been regularly examined in relation to 

early development, commonly measured in terms of family income (e.g., Graham & 

Provost, 2012; Miller et al., 2013; O’Hare & Mather, 2008) and parental education (e.g., 

Graham & Provost, 2012; Miller & Votruba-Drzal, 2013; Wirt et al., 2004). 

Considerations of children’s socioeconomic status (SES) are often found in studies 

targeting Head Start programs (e.g., McClelland et al., 2014; Schmitt et al., 2017; Welsh 

et al., 2010). Lower socio-economic status often negatively influences young children’s 

EF (e.g., Blair et al., 2011; Wiebe et al., 2011) and mathematics (e.g., Graham & Provost, 

2012; Miller & Votruba-Drzal, 2013). The quality of the home environment may mediate 

this effect (Hackman et al., 2015), and other factors may also play a unique role (Miller 

& Votruba-Drzal, 2013). 

One such factor may be urbanicity, which may also influence development in EF 

and mathematics during early childhood (e.g., Graham & Provost, 2012; Miller & 

Votruba-Drzal, 2013; Schmitt et al., 2017), a focus that is less prominent in existing 

research. Although definitions of urbanicity may vary, they generally address elements of 

geographic location, population density, or land use (Cromartie & Bucholtz, 2008). For 
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example, the U.S. Department of Agriculture (USDA, 2013) has established Rural-Urban 

Continuum Codes (RUCC) based on both population density and, for rural communities, 

distance from an urban center. Other federal guidelines may target commuter patterns, 

community size, or land use (Cromartie & Bucholtz, 2008). Those who have focused on 

urbanicity (Graham & Provost, 2012; Miller & Votruba-Drzal, 2013) point out that early 

development and later school success differ by these designations, and they recommend 

study in these areas would do well to include appropriate considerations. Graham and 

Provost specifically focus on urbanicity with regard to early mathematics, separating 

participants into categories of urban, suburban, and rural. They point out that 

kindergarten mathematics achievement levels as well as increases in mathematics skills 

across elementary grades both differ significantly by urbanicity categories, with those in 

suburban areas outperforming their rural and urban counterparts; socioeconomic factors 

did not account for all the observed differences. Miller and Votruba-Drzal, who also 

accounted for urbanicity in their study, using categories of large urban, small urban, 

suburban, and rural, similarly noted that socioeconomic environments did not entirely 

explain the disparities noted among kindergarten children’s early academic skill levels. 

They similarly found that large urban and rural participants scored lower than their small 

urban and suburban peers in reading and mathematics. The combined results of such 

studies strongly suggest that urbanicity is an important context.  

 
Summary 

 
 

 Early mathematics and EF skills, both developing rapidly during the preschool 
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years, are predictive of later school success. Although research has investigated 

relationships between these constructs in early childhood, there is still much to be 

learned. For example, past studies have frequently used numeracy-focused measures to 

capture mathematics performance, with very little consideration for geometry. Very little 

research to date has included both number and geometry. Past work has also varied 

regarding measurement of early EF, particularly regarding how EF is best conceptualized 

during the preschool years. Working memory, inhibition, and shift, highly correlated in 

early childhood, could arguably be viewed as a unitary construct or as distinctly separate 

skill sets. Contextual factors, such as gender, SES, and urbanicity, also play a role in the 

development of skills in mathematics and EF during early childhood; many researchers 

have advocated for future work to include considerations for these demographic elements 

to help elucidate their role in academic performance. The subsequent study aimed to 

address gaps in this knowledge set. Including considerations for multiple demographic 

factors, this work also utilized a comprehensive measure of mathematics, inclusive of 

both number and geometry, as well as an established measure of EF designed to capture 

all three EF areas. 
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CHAPTER III 

METHODS 
 

 This chapter outlines the research methods employed for this study. This includes 

a brief description of the overall goals and objectives of the study, including recruitment 

procedures. Following this, details are provided regarding study participants. Next, study 

instruments are explained, followed by a description of the assessment protocol. Finally, 

a data analysis plan is set forth, inclusive of all research questions. 

 
Goals and Objectives 

 

 This study was part of a larger project investigating rural and urban preschool 

children’s mathematics skills, EF, and family and childcare environments. Relevant to 

this study, the overarching goal was to examine relationships between early mathematics 

skills and EF over the course of the preschool year, with attention also given to 

demographic variables. The first objective was to determine normative changes in rural 

and urban preschoolers’ number, geometry, and EF skills between the beginning and end 

of the preschool year. The second was to determine whether performance in those areas 

differed based on demographic factors. The third was to determine relationships between 

number, geometry, and EF over the course of the preschool year, paying particular 

attention to predictive tendencies and reciprocal relationships among these variables.  

 
Participants 

 

 Recruitment entailed selecting possible locations based on RUCCs (USDA, 
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2013). For sampling in this study, rural participants were in areas categorized as a 7, 

indicating populations of less than 20,000 not adjacent to a metro area; urban participants 

were in areas categorized as a 3, indicating a metro area with a population greater than 

20,000 and smaller than 250,000. Once a geographic area was selected, local listings 

were used to identify potential centers for participation. Six rural centers were invited to 

participate, and four accepted, for a 66.67% acceptance rate. Of these programs, one was 

a small university lab preschool (capacity < 50), one a mid-sized Head Start program 

(capacity between 50 and 100), one a large childcare center (between 100 and 300), and 

one a small childcare center (capacity < 50). The response rate was similar for urban 

centers, with five programs approached and three opting to participate, for a 60% 

acceptance rate. Urban centers included a mid-sized university lab preschool (capacity 

between 50 and 100), a mid-sized university childcare center (capacity between 50 and 

100), and a large childcare center (capacity between 100 and 300). Preschool curriculum 

and activities were provided at all locations, both rural and urban.  

After agreeing to participate, center staff worked with research team members to 

contact families in compliance with each program’s privacy policies. For example, some 

centers would only allow their employees, as opposed to research team members, to 

interact directly with families prior to obtaining informed consent. Due to these policies, 

it is unknown how many parents were initially approached, as some programs could only 

provide information on those families who opted to participate. Once parents agreed to 

participate, children were primarily assessed at their programs during the normal course 

of their day. In case a need arose, initial plans included the option to offer evening 
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assessment opportunities; this resulted in two evening assessment opportunities being 

provided at the rural location to finish data collection in a timely manner and minimize 

travel for the research team. Children no longer enrolled at their respective centers at 

Time 2 had assessments completed in their homes.  

 The final sample was comprised of 118 preschool children (boys = 57), their 

parents, and teachers. Participants resided in both rural and urban populations (rural = 64 

children; boys = 31). Children were an average age of 52.65 months (SD = 6.32) at the 

beginning of the preschool year.  

 
Measures 

 

Measures for this study were selected from a larger battery completed by children, 

parents/guardians, and teachers. Parents and teachers completed basic demographic 

surveys. The parent survey (Appendix B), consisting of 25 multiple choice and short-

answer items, included questions about things such as gender, ethnicity, language, 

income, and time in childcare. Teacher surveys (Appendix C), consisting of 15 similarly 

formatted items, addressed things such as program details and teacher training and 

experience. Child measures were as follows: 

 
Mathematics, Including Number and Geometry  

Mathematics skills were measured using the Tools for Early Assessment in Math 

(TEAM; Clements & Sarama, 2011b). This measure assesses several elements of 

mathematics, combining them into two sections focused primarily on number (Part A; 

e.g., number recognition, sequencing, and comparison; verbal and object counting; 
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adding and subtracting, etc.) and geometry (Part B; e.g., shape recognition, composition, 

and decomposition; construction of shapes and patterns; spatial imagery, etc.). 

Administration time was approximately 10-20 minutes per section. The instrument 

authors report reliability coefficients ranging from r = 0.86 (Part A) to r = 0.71 (Part B) 

(Clements et al., 2008). The Child Math Assessment: Preschool Battery (Klein et al., 

2000) was previously used to establish concurrent validity (r = 0.86) when evaluating the 

TEAM as a measure of preschool mathematics achievement (Clements et al., 2008).  

 
Executive Function  

EF skills were measured using the Head Toes Knees Shoulders task (HTKS; 

Ponitz et al., 2009). For this task, children were asked to play a game in which they must 

do the opposite of what is said by the assessor. For example, the assessor asked the 

children to touch their head, but children were supposed to do the opposite and touch 

their toes. The opposite (“touch your toes” prompt to touch their head) was also used. If 

children passed the head/toes trial, they moved on to a more advanced trial including 

similar knees/shoulders commands. The HTKS measure, which addresses all three areas 

of EF, lasted approximately 5-7 minutes, dependent on child proficiency. McClelland et 

al. (2014) established concurrent validity for this measure with the Dimensional Change 

Card Sort (r = 0.56; DCCS; Frye et al., 1995; Zelazo, 2006) as well as a measure of 

working memory (r = 0.60; Auditory Working Memory; Woodcock et al., 2001). 

 
Assessment Protocol 

 

 Measures were administered at the beginning (Fall) and end (Spring) of the school 
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year with approximately six months (M = 5.61 months, SD = 1.12 months) between 

waves. Child measures for the entire battery were presented in random order, with a 

forced juxtaposition between EF and mathematics measures. Trained research assistants 

administered these measures over two or three sessions at both time points, based on 

child attention and availability. Assessments were conducted on-site at the child’s school 

with a few exceptions for children who were no longer enrolled in the same program 

during the second wave; these children were assessed in their homes in the spring. 

 
Data Analysis Plan 

 

 Data were first examined to ensure necessary assumptions are met for all planned 

analyses. This included cleaning of data, as well as examining frequencies and tests of 

normality. Correlational analyses were then run to confirm a priori expectations regarding 

connections between number (TEAM A), geometry (TEAM B), and EF (HTKS). This 

analysis also aided in monitoring for potential issues of multicollinearity prior to 

proceeding with additional analyses. Following this, 3-way ANOVAs were run to 

examine the possibility for differences based on demographic variables regarding 

number, geometry, and EF at both time points, thus addressing the first research question. 

Based on significant results, demographic variables were included in subsequent 

analyses.  

To address the latter research question, a cross-lagged panel model (see Figure 1) 

was designed to examine autoregressive and cross-lagged effects between number, 

geometry, and EF at both time points. This model controlled for prior levels of each 
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outcome variable, and it allowed for examination of reciprocal relations between 

variables (Selig & Little, 2012). Previous work (Fuhs et al., 2014; Schmitt et al., 2017) 

used similar models in examining these constructs, establishing cross-lagged analysis as 

an appropriate approach for investigating connections between early mathematics and 

EF. Initial model fit was sufficient, and no revised models were tested. 

 
Figure 1 
 
Proposed Cross-Lagged Panel Model Examining Number, Geometry, and Executive 
Function at Two Time Points  
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CHAPTER IV 

RESULTS 
 

 In this chapter, descriptive statistics and demographic information are provided 

followed by analyses addressing each question. Three-way ANOVAs (urbanicity X 

maternal education X household income) examined for differences between demographic 

groups, and then a cross-lagged panel model was used in addressing the remaining 

question regarding relationships between numeracy, geometry, and EF skills across the 

preschool year. Data for this study were collected using surveys and face-to-face 

assessments. Data were double entered in Excel using a self-check formula. Once 

complete, data were transferred into SPSS. Descriptive statistics and ANOVAs were run 

using SPSS 25; the cross-lagged model was developed and run using AMOS 24.0.0. 

 
Sample Description and Demographics 

 

 The total sample included 118 preschool children (boys = 57), along with their 

parents and teachers. There were 64 children (boys = 31) in rural programs and 54 (boys 

= 26) in urban programs. Children were an average age of 52.65 months (SD = 6.32) at 

Time 1. Further details on demographic variables can be found in Table 1, including child 

gender, urbanicity, maternal education, and annual household income. Descriptive 

statistics for each of the dependent variables (number, geometry, and EF) are shown in 

Table 2 for Time 1 and Table 3 for Time 2. Correlations between these demographic 

variables (child gender, urbanicity, maternal education, and annual household income) 

and dependent variables (number, geometry, and EF) can be found in Table 4. Urbanicity 
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Table 2 
 
Means and Standard Deviations for Number, Geometry, and EF at Time 1 
 

 Number 
───────── 

Geometry 
───────── 

EF 
───────── 

Variables M SD M SD M SD 
Total sample 14.86 9.31 7.61 4.88 13.54 12.65 
Urbanicity (child)       
 Rural 12.05 8.56 7.43 5.35 13.36 13.03 
 Urban 18.14 9.15 7.82 4.30 13.74 12.32 
Child gender       
 Male 15.09 10.84 7.18 4.54 12.18 12.42 
 Female 14.65 7.74 8.02 5.18 14.88 12.84 
Maternal education       
 HS – AS 13.73 10.41 7.49 4.98 13.94 13.71 
 BS+ 17.73 8.22 8.56 5.41 13.67 12.01 
Annual household income       
 $0 - $39,999 15.29 964 6.32 4.16 9.54 10.72 
 $40,000 - $79,999 13.85 9.30 7.14 4.02 11.81 13.30 
 $80,000+ 17.67 8.29 8.81 5.91 16.22 12.34 

Note. Number = TEAM Part A; Geometry = TEAM Part B; EF = HTKS 
 
Table 3 
 
Means and Standard Deviations for Number, Geometry, and EF at Time 2 
 

 Number 
───────── 

Geometry 
───────── 

EF 
───────── 

Variables M SD M SD M SD 
Total sample 20.40 10.30 9.92 4.16 20.30 12.96 
Urbanicity (child participants)       
 Rural 17.90 10.41 9.89 4.47 18.50 13.32 
 Urban 23.04 9.60 9.95 3.86 22.06 12.48 
Child gender       
 Male 20.86 12.15 9.52 4.36 20.45 13.08 
 Female 19.94 8.20 10.30 3.97 20.15 12.98 
Maternal education       
 HS – AS 19.52 12.93 10.55 4.55 22.75 13.35 
 BS+ 23.02 8.27 10.20 4.05 20.54 12.20 
Annual household income       
 $0 - $39,999 17.55 11.26 8.40 4.21 16.80 13.48 
 $40,000 - $79,999 19.14 8.64 10.10 4.16 21.04 12.62 
 $80,000+ 23.18 9.49 10.33 4.23 22.51 12.05 

Note. Number = TEAM Part A; Geometry = TEAM Part B; EF = HTKS. 
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Table 4 

Correlations Among All Study Variables 

Variables 1. 2. 3. 4. 5. 6. 7. 8. 9. 

1. Child gender          
2. Urbanicity .00         
3. Maternal education -.01 .41***        
4. Annual income -.24* .04 .21       

5. T1 number -.02 .33*** .21* .15      
6. T1 geometry .09 .04 .10 .19 .46***     
7. T1 EF .11 .02 -.01 .21 .45*** .34***    

8. T2 number -.05 .25* .17 .23* .82*** .50*** .41***   
9. T2 geometry .10 .01 -.04 .13 .52*** .54*** .47*** .63***  
10. T2 EF -.01 .14 -.09 .14 .44*** .33** .42*** .49*** .53*** 

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

was noted as rural (1) or urban (2). Maternal education was split into categories of (1) up 

to and including an associate degree or equivalent, and (2) a bachelor’s degree or higher. 

Household income was split into thirds, with categories being (1) up to $39,999 per year, 

(2) $40,000 to $79,999 per year, and (3) $80,000 per year and above. In anticipation of 

further analyses, power analyses were run using G-Power 3.1.9.3. Results indicated that 

the sample size of 118 participants had 97.7% power to detect an effect size of 0.40 for 

ANOVA analyses and 93.9% power to detect an effect size of 0.40 for the cross-lagged 

panel analyses.  

 
Question 1 

 

 Do preschool children’s mathematics and executive function skills differ 

significantly based on: (a) child gender, (b) maternal education, (c) household income, 
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and (d) urbanicity? A series of 3-way ANOVAs were then run to look for significant 

differences in children’s performance in number, geometry, and EF based on urbanicity, 

maternal education, and annual household income. Child gender was not included, as 

there were no significant correlations with dependent variables.  

 The main effect of urbanicity was significant for number skills at Time 1, F(1,70) 

= 6.90, p = .01, indicating a significant difference between rural (M = 12.05, SD = 8.56) 

and urban (M = 18.14, SD = 9.15) children. Based on this, urban children scored 

significantly higher than rural children on number skills at the beginning of the preschool 

year, but this effect is no longer significant at Time 2. The main effect of annual 

household income was significant for EF skills at Time 1, F(2,70) = 4.01, p = .02. 

Children from lower (M = 9.54, SD = 10.72), middle (M = 11.81, SD = 13.30), and higher 

(M = 16.22, SD = 12.34) income homes were significantly different from each other at 

the beginning of the preschool year; post-hoc analyses were not statistically significant 

regarding differences between individual income groups. This effect, though, was also no 

longer significant at the end of the preschool year. There were no statistically significant 

differences for scores in geometry at either time point, number at Time 2, or EF at Time 2 

based on any of the demographic variables. Full results for all 3-way ANOVAs can be 

found in Table A-1 (Appendix A). 

 In summary, only two demographic factors had a statistically significant 

relationship with children’s number and EF skills at the beginning of the preschool year, 

and no statistically significant relationship was found with geometry. Further analyses 

included controls for both urbanicity and annual household income based on these 
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results. It also appears that by the end of the preschool year, demographic factors were no 

longer significantly related to children’s scores in number, geometry, or EF. 

 
Question 2 

 

 What associations exist between numeracy, geometry, and EF skills between fall 

and spring of the preschool year? Descriptive statistics for children’s performance on 

these variables are noted previously in Tables 2 and 3, with correlation information noted 

in Table 4. As expected, children improved in each area between the beginning and end 

of the preschool year. Measures of children’s early number, geometry, and EF skills were 

significantly correlated with one another at both time points.  

 The next set of analyses employed a cross-lagged panel model to examine paths 

between EF, number, and geometry performance across the two time points. Based on 

previous analyses, household income and urbanicity were controlled. Figure 2 displays 

the results for the cross-lagged analyses. Model fit was good, χ2 (15, N = 118) = 20.79, p 

= .14; CFI = .98; TLI = .94; RMSEA = .06. Missing data were estimated using full 

information maximum likelihood. For simplification, covariate estimates are not reported 

in the figures. See Table 5 for regression details. 

 
Number Associations 

 Children’s number skills at the beginning of the preschool year had a positive 

effect on their number skills (β = .80, SE = .07, p < .001), geometry skills (β = .12, SE = 

.04, p < .01), and EF skills (β = .38, SE = .15, p < .01) at the end of the preschool year. 

End-of-year number skills were significantly influenced by Time 1 number skills  
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Figure 2 

Cross-Lagged Panel Model Examining Number, Geometry, and EF at Two Time Points 

 
Time 1 = fall of preschool; Time 2 = spring of preschool. N = 118. 

*p < .05; **p < .01; **p < .001. 

 
 
(β = .80, SE = .07, p < .001) and Time 1 geometry skills (β = .33, SE = .13, p < .05). 

Time 2 number skills were not significantly influenced by Time 1 EF skills. It appears 

that early number skills are a significant predictor of all three constructs at the end of 

preschool; the association with later geometry skills indicates a bidirectional association 

(i.e., early geometry skills also influenced later number skills). EF results, though, did not 

support a bidirectional association with number. 
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Table 5 
 
Regression Weights and Standard Errors for Number, 
Geometry, and EF in the Cross-Lagged Panel Model 
 

Regression b S.E. 
T1 Number    

T2 Number .80*** .07 
T2 Geometry .12** .04 
T2 EF .38** .15 

T1 Geometry   
T2 Number .33* .13 
T2 Geometry .29*** .07 
T2 EF .30 .26 

T1 EF   
T2 Number .03 .05 
T2 Geometry .08** .03 
T2 EF .30** .10 

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

T1 Geometry Associations 

 Children’s geometry skills at the beginning of the preschool year positively 

predicted their number (β = .33, SE = .13, p < .05) and geometry (β = .30, SE = .07, p < 

.001) skills at the end of the preschool year. The influence of Time 1 geometry skills on 

Time 2 EF skills was not statistically significant. End-of-year geometry skills were 

significantly influenced by Time 1 number skills (β = .12, SE = .04, p < .01), Time 1 

geometry skills (β = .30, SE = .07, p < .001), and Time 1 EF skills (β = .08, SE = .03, p < 

.01). Here it appears that end-of-year geometry skills are significantly impacted by early 

scores in all three measured areas. These results suggest a bidirectional association with 

number skills (i.e., geometry skills predicted later number skills and number skills 

predicted later geometry skills). This was not the case, though, for geometry and EF 

skills. 
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T1 Executive Function Associations 

 Children’s EF skills at the beginning of the preschool year had a positive effect on 

their geometry skills (β = .08, SE = .03, p < .01) and EF skills (β = .30, SE = .10, p < .01) 

at the end of the preschool year. The influence of Time 1 EF skills on Time 2 number 

skills was not statistically significant. End-of-year EF skills were significantly influenced 

by Time 1 number skills (β = .38, SE = .15, p < .01) and Time 1 EF skills (β = .30, SE = 

.10, p < .01). They were not significantly influenced by Time 1 geometry skills. 

Interestingly, there were not bidirectional associations between EF and either number or 

geometry; early number skills predicted later EF skills, but early EF skills did not predict 

later number skills. Likewise, early EF skills predicted later geometry skills, but early 

geometry skills did not predict later EF skills. 

 
Summary of Associations 

 In sum, and relevant to the second overarching research questions, it appears that 

children’s early skills in each measured area (number, geometry, EF) significantly 

influence their later performance on those same skills, respectively. Additionally, number 

and geometry skills appear to have a bidirectional association, with early performance on 

one significantly affecting later performance on the other. Bidirectional associations with 

children’s EF, though, were not supported for number or geometry; instead, early EF 

appears to significantly influence later geometry performance while early number skills 

influence later EF performance. Notably, each of these pathways indicates significant 

associations while controlling for all other pathways as well as demographic factors, 

giving evidence of the unique associations between the respective constructs. It is also of 
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interest to find that early number skills alone are predictive of each end-of-year construct, 

whereas later geometry is the only variable predicted by all three beginning-of-year 

measures.  
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CHAPTER V 

DISCUSSION 
 

 This concluding chapter focuses on a discussion of the study results relevant to 

each of the research questions. Following this, study limitations are addressed. Next is a 

discussion of unique contributions this study contributes to the field, along with mention 

of associated impacts and future implications. Finally, a general summary of the chapter 

concludes the discussion. 

 
Question 1 

 

The first question addressed how preschool children’s performance in math and 

EF may differ based on child gender, maternal education, household income, and 

urbanicity. Although some previous research has indicated the possibility for differences 

based on child gender (e.g., Carlson & Moses, 2001; Matthews et al., 2009; Wiebe et al., 

2008), such differences were not present in this sample, which notably included similar 

numbers of boys and girls. Results from this study, like other work (e.g., Brocki & 

Bohlin, 2004; Deák et al., 2004; Hughes & Ensor, 2005), indicate that boys and girls 

exhibit similar math and EF skills during preschool. It may be that the measures chosen 

for this study, which were mostly game-like in nature, facilitated similar performance 

regardless of gender.  

Maternal education, one common measure of SES (e.g., Miller & Votruba-Drzal, 

2013; Wirt et al., 2004), was significantly correlated with children’s number skills at the 

beginning of the preschool year; however, performance in number did not differ 
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significantly based on this factor when including other demographic variables. 

Performance in geometry and EF also did not differ based on maternal education. 

Interestingly, education levels were similar between urban and rural samples, and a 

significant percentage of the sample were highly educated; it may be that a larger 

distribution of education levels would reveal more nuanced relationships with early 

mathematics and EF. Also, perhaps other factors beyond maternal education had a greater 

impact on children’s geometry and EF performance; for example, it may be that the time 

parents spend at home or the activities and materials in the home have a greater influence 

than a parent’s formal education.  

Another common measure of SES, household income (e.g., Graham & Provost, 

2012; Miller et al., 2013; O’Hare & Mather, 2008) was significantly associated with 

children’s EF at Time 1. Higher income appears to connect with greater EF skills upon 

preschool entry. This relationship, though, did not persist at Time 2, nor was household 

income significantly connected with children’s number or geometry at either time point. 

Perhaps families with higher income have access to additional resources that may 

facilitate EF development in the earliest years (Hackman et al., 2015); participating in 

enriching preschool activities may provide a more similar set of resources for children, 

resulting in less difference at the end of the preschool year. Income levels were relatively 

high throughout the sample, though, with limited percentages represented in the lowest 

category. Future work may take into consideration time and activities at home in 

connection with income levels and child performance. 

Aside from socioeconomic factors, this study also accounted for urbanicity, which 
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was significantly associated with differences in number skills at the beginning of the 

preschool year; urban children scored significantly better than their rural counterparts on 

Time 1 EF. It is of particular interest to note that this association included considerations 

for socioeconomic factors that are often associated with different settings of urbanicity. 

Once more, though, this association was not found at the end of the preschool year. It is 

possible that rural communities have less access to resources which would contribute to 

children’s number experiences prior to preschool (Cromartie & Bucholtz, 2008); 

however, these differences may be mitigated by formal preschool experiences which are 

often intentionally focused on number activities (e.g., Campbell, 2005; Ginsburg et al., 

1998; Sarama & Clements, 2008).  

Overall, it appears, for this sample, that there are limited differences in children’s 

number and EF skills based at the beginning of the preschool year, based on demographic 

factors of household income and urbanicity. Even these associations, though, are non-

significant at the end of the preschool year. While demographic elements play an 

important role in children’s early development (e.g., Blair et al., 2011; Graham & 

Provost, 2012; Miller & Votruba-Drzal, 2013; Wiebe et al., 2011), formal preschool 

activities may provide enriching opportunities that allow children a more similar set of 

resources to aid in mathematics and EF development. This lends support to the 

importance of the role played by those who care for and educate children during this 

period of development. 
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Question 2 
 

 The second question addressed the associations between children’s number, 

geometry, and EF skills across the preschool year. Like the work of Fuhs et al. (2014) 

and Schmitt et al. (2017), this study employed a cross-lagged panel model to investigate 

these associations. This allowed control for all outcome variables as well as controlling 

for demographic factors found to significantly relate to these variables. Like previous 

research findings (C. A. C. Clark et al., 2010; Fuhs et al., 2014; Schmitt et al., 2017; 

Welsh et al., 2010), this study also revealed connections between early mathematics and 

EF. Uniquely, though, this study also addressed geometry. Based on the results, it appears 

that children’s number skills at the beginning of the preschool year contribute to all three 

measured outcomes at the end of the preschool year. This is in line with past studies 

suggesting that early preschool number skills are predictive of later number skills as well 

as later EF skills (e.g., Fuhs et al., 2014; Schmitt et al., 2017; Welsh et al., 2010). The 

current study, though, did not support these researchers’ findings of EF as being 

predictive of number. This may be due, in part, to the intentional separate considerations 

for number and geometry, whereas previous work has generally not distinguished 

between these concepts. Perhaps the use of measures emphasizing number only (e.g., 

Ginsburg & Baroody, 2003; Woodcock et al., 2001) masked associations between early 

EF and various aspects of early mathematics. This supports the importance of further 

investigating mathematics beyond measures of number (Clements & Sarama, 2011a). 

Future studies specifically emphasizing the role of geometry or other aspects of 

mathematics would provide valuable guidance in future early childhood curriculum 
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development and teaching. 

While early number skills appear to be universally predictive of later 

performance, geometry appears to be the universal recipient, being significantly impacted 

by all three measured predictors. This supports previous assertions that number and 

geometry share connections (e.g., Case et al., 1996; Geary et al., 2008; Piaget et al., 

1960). As Piaget et al. noted, it may also be that geometric tasks, particularly as they 

become more complex, require the use of numeracy skills as well. Although geometry 

and number are distinctly different concepts, the close relationship between them may 

make pure measurement of geometry a difficult endeavor. As past research has not 

emphasized the role of geometry in connection with EF, it is of particular interest to 

notice the association between these variables. Future work may be well-advised to 

investigate which specific aspects of EF contribute share stronger connections with 

geometry, particularly as children enter elementary school and EF skills become more 

differentiated (Best & Miller, 2010; Zelazo et al., 2013). As previously mentioned, 

studies focused on geometry could provide important insights that would contribute to 

future curriculum development efforts. 

Children’s EF skills were uniquely associated with number and geometry, with 

later EF skills being predicted by earlier number skills and earlier EF skills predicting 

later geometry performance. Both associations are supportive of previous work indicating 

close connections between children’s EF and academic performance during preschool 

(e.g., Fuhs et al., 2014; Schmitt et al., 2017; Zelazo et al., 2013). Noting the directions of 

these relationships poses interesting questions for future work. It may be that children’s 



50 
 
number skills allow them to engage in activities that facilitate further development of EF 

skills; likewise, advanced EF capabilities may allow children to more successfully 

complete geometry tasks, possibly drawing upon numeracy skills at the same time 

(Clements et al., 2016). Once more, future work should include multiple elements of 

early mathematics to understand how these areas relate to one another, as well as to other 

developmental areas. As children move into elementary school, it may also be of interest 

to investigate how separate elements of EF uniquely relate to number and geometry. 

 Clearly the inclusion of geometry in a study of children’s early mathematics and 

EF is a worthwhile effort. Considering the evidence that EF skills predict geometry 

performance in preschool, it is worth questioning what it is about EF that would facilitate 

work in geometry. For example, Inhelder and Piaget (1964) posited that children needed 

to suppress their instinctual perceptions of proximity (which could be seen as an 

inhibition skill) in order to correctly approach geometric tasks. For tasks such as 

measurement, shifting between number and geometry strategies might be required for 

success (Piaget & Inhelder, 1956). Perhaps geometry tasks, by nature, require a 

combination of higher number and EF skills; additional research is necessary to gain a 

better understanding of the role of geometry in early childhood.  

 
Limitations 

 

 Although this study provides unique results addressing previous gaps in research, 

it is not without limitation. This was a convenience sample; although rural and urban 

samples were representative of those classifications throughout the region, they may not 
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be nationally representative of urban and rural characteristics, particularly in terms of 

levels of maternal education and household income. Future work intentionally addressing 

urbanicity in diverse regions would help to understand how this element contributes to 

children’s academic performance.  

 Use of the TEAM as a measure of mathematics allowed for the unique strength of 

including geometry in this study. As this measure is less well-known than other measures 

of mathematics (e.g., Ginsburg & Baroody, 2003; Woodcock et al., 2001), comparing 

results across studies is less simple. It was also outside the scope of this work to include 

other areas of children’s development (i.e., language and literacy), which have previously 

related to early mathematics and EF (e.g., Fuhs et al., 2014; Schmitt et al., 2017). 

 
Implications and Future Work 

 

One of the unique contributions of this work is the inclusion of geometry as an 

element of early child development. As professional recommendations have pointed to 

multiple areas of mathematics (Geary et al., 2008; NAEYC & NCTM, 2002; NCTM, 

2000, 2006), this study supports the importance of also structuring research to match 

those recommendations. Further work investigating children’s geometry skills in 

connection with other developmental areas is of high importance. Considering the unique 

position of geometry in relation to number and EF, both predictive of geometry 

performance, future work is especially needed to verify this relationship. 

It is also worth noting the many nonsignificant findings regarding demographic 

variables. Unlike previous work, these results suggest that demographic factors may not 
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always significantly relate to academic performance. It may be that factors outside of 

these demographic factors have a greater association with preschool children’s number, 

geometry, and EF skills. The unique inclusion of urbanicity is also note-worthy, as it 

appears to play at least a small role in influencing children’s academic performance at the 

beginning of the preschool year, even when including considerations of socio-economic 

status. Perhaps the proximity and availability of urban resources and amenities has the 

potential to impact children’s academic performance. Future work is needed to 

adequately discover such relationships. 

 
Conclusion and Summary 

 

 The current study has provided valuable insight regarding relationships between 

preschool children’s number, geometry, and EF skills. While in line with findings from 

previous research in this area, this work also contributes new insights, particularly 

regarding the role of geometry during preschool. While clearly related to children’s 

number skills, this concept also shares unique associations with EF, and it may yet be 

uniquely connected with other areas of children’s development. Intentionally accounting 

for differences in urbanicity was also a contribution of the work at hand. While 

connections may have been minimal, there nonetheless was a unique place for the 

element of urbanicity, and it would be wise to investigate this further in future studies.  
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Table A1 
 
Results of 3-Way ANOVAs for Number, Geometry, and EF Comparing Based on 
Urbanicity, Maternal Education, and Annual Household Income 
 

Variables F df 
Dependent Variable: T1 Number   

Urbanicity 6.90* 1, 70 
Maternal Education 2.53  1, 70 
Annual Household Income 1.74  2, 70 
Urbanicity X Maternal Education .00  1, 70 
Urbanicity X Annual Household Income 1.28  2, 70 
Maternal Education X Annual Household Income 2.12  2, 70 
Urbanicity X Maternal Education X Annual Household Income 1.37  2, 70 

Dependent Variable: T2 Number   
Urbanicity 2.50  1, 61 
Maternal Education 2.96  1, 61 
Annual Household Income 2.18  2, 61 
Urbanicity X Maternal Education .23  1, 61 
Urbanicity X Annual Household Income .64  2, 61 
Maternal Education X Annual Household Income 1.64  2, 61 
Urbanicity X Maternal Education X Annual Household Income .38  1, 61 

Dependent Variable: T1 Geometry   
Urbanicity .03  1, 71 
Maternal Education 1.88 1, 71 
Annual Household Income 1.31 2, 71 
Urbanicity X Maternal Education .12  1, 71 
Urbanicity X Annual Household Income .96  2, 71 
Maternal Education X Annual Household Income .85  2, 71 
Urbanicity X Maternal Education X Annual Household Income .95  2, 71 

Dependent Variable: T2 Geometry   
Urbanicity .09 1, 61 
Maternal Education .07 1, 61 
Annual Household Income 1.22 2, 61 
Urbanicity X Maternal Education .09 1, 61 
Urbanicity X Annual Household Income .01 2, 61 
Maternal Education X Annual Household Income .52 2, 61 
Urbanicity X Maternal Education X Annual Household Income .24 1, 61 

(table continues) 
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Variables F df 
Dependent Variable: T1 EF   

Urbanicity .07 1, 70 
Maternal Education .04 1, 70 
Annual Household Income 4.01* 2, 70 
Urbanicity X Maternal Education .46 1, 70 
Urbanicity X Annual Household Income 1.23  2, 70 
Maternal Education X Annual Household Income 2.37  2, 70 
Urbanicity X Maternal Education X Annual Household Income 1.34  2, 70 

Dependent Variable: T2 EF   
Urbanicity 2.38  1, 62 
Maternal Education 1.34  1, 62 
Annual Household Income 2.21  2, 62 
Urbanicity X Maternal Education .34  1, 62 
Urbanicity X Annual Household Income .37  2, 62 
Maternal Education X Annual Household Income .46  2, 62 
Urbanicity X Maternal Education X Annual Household Income .95  1, 62 

*p < .05. 
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Appendix B 

Parent Demographic Questionnaire
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Your Name: ______________________________________ Center: _______________________________ Child’s 
Name: ______________________________________  
 

Parent Demographics Questionnaire 
1. What is today’s date? _________________________  
 
2. What is your relationship with the child?  

a. Mother  
b. Father  
c. Stepmother  
d. Stepfather  
e. Grandmother  
f. Grandfather  
g. Aunt/Uncle  
h. Legal Guardian  
i. Other _________________________  

 
3. What year were you born? _________________________  
 
4. What is your marital status?  

a. Married/Partnered  
b. Never Married/Partnered  
c. Divorced  
d. Widowed  
e. Other _________________________  

 
5. What is your spouse’s/partner’s relationship to the child (if applicable)?  

a. Mother  
b. Father  
c. Stepmother  
d. Stepfather  
e. Other _________________________  

 
6. What year was your spouse/partner born (if applicable)? _________________________  
 
7. How many years have you been in your current relationship with your spouse/partner (if 

applicable)? _________________________  
 
 
8. What is your child’s birth date?  
 

Month ____________________ Day _______________ Year _______________  
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9. Was your child born prematurely (earlier than 37 weeks)?  
 

Yes _______________ No _______________  
 

10. How many children under the age of 18 live in your household? _______________  
 
11. Mark your highest level of education obtained:  

a. Some high school  
b. High school diploma/GED  
c. Technical/Vocational school training  
d. Some college  
e. Technical/Vocational certificate  
f. Associate’s degree (2 year degree)  
g. Bachelor’s degree  
h. Master’s degree or equivalent  
i. Ph.D. or other higher education (MD, DDS, etc.)  
j. Other _________________________  
k. Prefer not to respond  

 
12. Mark the highest level of education obtained for your spouse/partner (if applicable):  

a. Some high school  
b. High school diploma/GED  
c. Technical/Vocational school training  
d. Some college  
e. Technical/Vocational certificate  
f. Associate’s degree (2 year degree)  
g. Bachelor’s degree  
h. Master’s degree or equivalent  
i. Ph.D. or other higher education (MD, DDS, etc.)  
j. Other _________________________  
k. Prefer not to respond  

 
13. What is your child’s ethnicity?  

a. White/Anglo/Caucasian  
b. African American/Black  
c. Asian/Pacific Islander  
d. Latino/Hispanic  
e. American Indian/Alaskan Native  
f. Other  
g. Prefer not to respond  
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14. What is your ethnicity?  

a. White/Anglo/Caucasian  
b. African American/Black  
c. Asian/Pacific Islander  
d. Latino/Hispanic  
e. American Indian/Alaskan Native  
f. Other  
g. Prefer not to respond  

 
15. What is your spouse’s/partner’s ethnicity (if applicable)?  

a. White/Anglo/Caucasian  
b. African American/Black  
c. Asian/Pacific Islander  
d. Latino/Hispanic  
e. American Indian/Alaskan Native  
f. Other  
g. Prefer not to respond  

 
16. On average, how many waking hours a week do you spend with your child? __________  
 
17. On average, how many waking hours a week does your spouse/partner spend with your 

child (if applicable)? __________  
 
18. On average, how many hours a week do you work outside of the home? __________  
 
19. On average, how many hours a week does your spouse/partner work outside of the home 

(if applicable)? __________  
 
20. On average, how many hours a week does your child spend in childcare? __________  
 
 
21. What is the main language spoken in your home?  

a. English  
b. Spanish  
c. French  
d. Tongan  
e. Chinese  
f. Other _________________________  
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22. What is your household income before taxes?  

a. Less than $10,000  
b. $10,001 to $20,000  
c. $20,001 to $30,000  
d. $30,001 to $40,000  
e. $40,001 to $50,000  
f. $50,001 to $60,000  
g. $60,001 to $70,000  
h. $70,001 to $80,000  
i. $80,001 or more  
j. Prefer not to respond  

 
23. What is your occupation? __________________________________________________ 

________________________________________________________________________  
 
24. What is your spouse’s/partner’s occupation (if applicable)? _______________________ 

________________________________________________________________________  
 
25. Is there any other information you wish to share? _______________________________ 

________________________________________________________________________
________________________________________________________________________  
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Child Care Provider Demographic Questionnaire
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 Your Name: ______________________________________ Center: ______________________________________  
 

Child Care Provider Demographics Questionnaire 
Please circle answer or fill in the blank.  
1. What is today’s date? _________________________  
 
2. What year were you born? _________________________  
 
3. What is your gender?  

a. Male  
b. Female  

 
4. What is your ethnicity?  

a. White/Anglo/Caucasian  
b. African American/Black  
c. Asian/Pacific Islander  
d. Latino/Hispanic  
e. American Indian/Alaskan Native  
f. Other  

 
5. What is the main language spoken at the center?  

a. English  
b. Spanish  
c. French  
d. Tongan  
e. Chinese  
f. Other _________________________  

 
6. What type of program do you have?  

a. Family Child Care Home  
b. Family Child Care Group  
c. Child Care Center  
d. Other _________________________  

 
7. Are you accredited?  

a. Yes  
b. No  

 
8. How many children are currently enrolled in your program or classroom? ____________  
 
9. What is your program or classroom capacity? _______________  
 
10. How many children receive state subsidy funds? _______________  
 
11. How many years have you been providing child care? _______________  
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12. How many training activities have you participated in during the past 6 months? ______  
 
13. Mark your highest level of education obtained:  

a. High school/GED  
b. Associates/2-year degree  
c. Technical degree  
d. 4-year degree  
e. Masters degree  
f. Ph.D  
g. Professional degree (i.e. law, dental, etc.)  
h. Other _________________________  

 
14. Mark your current career ladder level:  

a. 0  
b. 1  
c. 2  
d. 3  
e. 4  
f. 5  
g. 6  
h. 7  
i. 8  
j. 9  
k. 10  

 
15. Is there any other information you wish to share?  
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