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This dissertation was made up of three studies, with the overall goal of examining first 

through fourth grade children’s math utility conceptions—knowledge and beliefs about the 

usefulness of math—and how those conceptions relate to their parents’ conceptions and 

children’s math achievement. All three studies used the Math Utility Conceptions conceptual 

model, an expansion of multiple theoretical models, to investigate children’s math utility 

conceptions. 

The first paper examined children’s math utility conceptions and grade-level differences 

in math utility conceptions and home math engagement. Most children viewed math as heavily 

focused on low-level math operations and as learned and used primarily in school. Older children 

had more awareness of math in daily activities, but had a more school-based view than younger 

children. The second paper primarily investigated the associations between parents’ and 

children’s math utility conceptions and children’s home math engagement. Parents’ math utility 

conceptions positively predicted children’s math utility conceptions; this relation was moderated 

by the frequency with which children engaged in math activities at home and how often children 

see their parents using math. Results suggest that children develop their knowledge and beliefs 



 

 

about math utility from their parents as well as through engagement in math-related activities. 

The third paper explored the relation between children’s math utility conceptions and their math 

achievement. Overall math utility conceptions predicted math reasoning skills. Children’s 

productive disposition significantly predicted their math achievement. The associations between 

math applicability, math utility, and math achievement were different for older and younger 

children. Results suggest that the relation between children’s math utility conceptions is 

complex, but the extent to which elementary-age children view math as useful and worthwhile is 

associated with children’s math achievement. 

Overall, these results may guide math curriculum development for elementary-aged 

children to more intentionally use real-world applications to teach math concepts and, in doing 

so, improve children’s understanding of the importance of math in their daily lives. By 

increasing young children’s knowledge of applications of math outside the school context and 

beliefs about the usefulness of math, parents and educators could help to increase children’s 

math proficiency. 
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Chapter 1: General Introduction 

 

 The achievement gap in math between the United States and many Asian and European 

nations is well-documented (e.g., National Mathematics Advisory Panel, 2008; U.S. Department 

of Education, 2011, 2013, 2014, 2015a, 2015b). For example, in 2015, U.S. fourth and eighth 

graders were ranked 10th in international benchmarks for math. With the United States behind in 

the international fields of mathematics, we need to find ways to raise national standards and 

performance of the nearly 50 million children currently enrolled in schools in the U.S. In order to 

increase the number of children in the United States who are able to demonstrate proficiency in 

mathematics, it is important to determine factors that contribute to mathematical learning and 

expertise.  

 One factor that is associated with mathematical learning is children’s math conceptions 

(Muis, 2004; National Research Council, 2001), which include children’s knowledge, attitudes, 

and beliefs about math. Research shows that children’s perceived value of math, an aspect of 

math conceptions, is positively related to math achievement (Aunola, Leskinen, & Nurmi, 2006; 

Eccles, Wigfield, Harold, & Blumenfeld, 1993; Marsh, Trautwein, Lüdtke, Köller, & Baumert, 

2005; Mason, 2003; Mazzocco, Hanich, & Noeder, 2012; Pajares & Miller, 1994; Schoenfeld, 

1989). Researchers have examined a variety of aspects of children’s conceptions about math and 

their engagement in math activities. One such dimension, math utility, refers to the usefulness of 

math in school and daily life. Eccles and colleagues (e.g., Eccles & Wigfield, 2002; Eccles et al., 

1993; Muenks, Wigfield, & Eccles, 2018; Musu-Gillette, Wigfield, Harring, & Eccles, 2015) 

included utility-value within their expectancy-value theory of motivation model, because beliefs 

about the usefulness of math are an important part of the value children place on math tasks. 
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Math utility-value refers to how much children believe that math is useful and important for their 

lives. 

Little research has examined in-depth elementary-age children’s conceptions of math 

utility, specifically looking at both their knowledge about math utility and beliefs about the 

usefulness of math. The National Research Council (2001) focused on the importance of math 

utility within their five strands of math proficiency model. In this model, productive disposition, 

one of the five strands, refers to children’s beliefs that math is useful and worthwhile. Because 

early math skills predict later math achievement (Aunola, Leskinen, Lerkkanen, & Nurmi, 2004; 

Duncan, et al., 2007; Jordan, Kaplan, Ramineni, & Locuniak, 2009; LeFevre, Polyzoi, 

Skwarchuck, Fast, & Sowinski, 2010), understanding elementary-age children’s 

conceptualizations of math utility is important for improving children’s future math achievement. 

The three studies in this dissertation investigated children’s math utility beliefs, how they are 

acquired, and how these beliefs relate to math achievement. 

These three studies expanded on the way that math utility conceptions are measured. In 

the conceptual model, children’s math utility conceptions consist of children’s knowledge about 

math utility, including math concepts and applicability of math, and beliefs about math utility, 

including utility value and productive disposition (for a visual representation of the model, see 

Figure 1). Knowledge about math utility refers to children’s understanding of what math is and 

how it can be used by themselves and others within and outside of the school context. Beliefs 

about math utility refers to children’s affective beliefs regarding the usefulness and worthwhile 

nature of math. This model expanded on other conceptual models (e.g., Eccles et al., 1993) by 

including both knowledge and belief components of conceptions. This is important because 

research shows that children’s ability to assess their knowledge of math is related to their math 
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learning and achievement (Dunlosky & Rawson, 2012; Vo, Li, Kornell, Pouget, & Cantlon, 

2014).  

The Development of Math Conceptions  

 An aspect of math utility conceptions that has not yet been studied is how parents’ 

conceptions about math utility are associated with their children’s conceptions. Young children’s 

home numeracy environments are associated with their early math skills (Downer & Pianta, 

2006; LeFevre et al., 2009; Levine, Suriyakham, Rowe, Huttenlocher, & Gunderson, 2010; 

Manolitsis, Georgiou, & Tziraki, 2013). Young children acquire mathematics knowledge even 

before they start school (Ginsburg, Duch, Ertle, & Noble, 2012; Ginsburg, Lee, & Boyd, 2008; 

Sarama & Clements, 2007; Siegler & Mu, 2008). Engaging in everyday math activities, 

including playing board games, positively predicts children’s math skills (Blevins-Knabe & 

Musun-Miller, 1996; Clements & Sarama, 2006; Ramani & Siegler, 2008). If parents believe it is 

their role to engage their children in math activities at home, they may encourage their children 

to engage in more activities (Sonnenschein et al., 2012; Sonnenschein, Metzger, & Thompson, 

2016). However, Metzger, Sonnenschein, and Galindo (2018, Study 1) found that frequency of 

engagement in math-related activities at home did not relate to children’s awareness of how math 

features in daily activities. Thus, other aspects of children’s numeracy environment, such as 

parents’ conceptions and aspects of the home numeracy environment, may impact the 

development of children’s math utility conceptions. 

Math Conceptions and Achievement 

Another important research consideration is to examine how math utility conceptions are 

associated with children’s math achievement. Researchers have studied extensively the relation 

between math motivations and math achievement with elementary-age children (see Wigfield, et 
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al., 2015; Wigfield, Eccles, Roeser, & Schiefele, 2008; Wigfield, Eccles, Schiefele, Roeser, & 

Davis-Kean, 2006 for reviews). Children’s motivations for math are related to their math 

achievement (e.g., Aunola et al., 2006; Corbière, Fraccaroli, Mbekou, & Perron, 2006; De Corte 

& Verschaffel, 2006; Eccles et al., 1993; Gal & Ginsburg, 1994; Marsh et al., 2005; Mason, 

2003; Muis, 2004; Pajares & Miller, 1994; Shores & Shannon, 2007; Wigfield et al., 2006). Less 

is known about math utility conceptions, how children view math as useful outside of the school 

context, and how those conceptions relate to the development of children’s early math skills (De 

Corte, Op’t Eynde, & Verschaffel, 2002; Eccles & Wigfield, 2002; Eccles et al., 1993; Schiefele 

& Csikszentmihalyi, 1995). 

Eccles and colleagues (e.g., Eccles & Wigfield, 2002; Eccles et al., 1989; Eccles et al., 

1993; Wigfield et al., 1997) developed an expectancy-value theory which includes subjective 

task value, comprised of both interest and perceived usefulness. Research has shown that 

children who believe that mathematics is interesting, fun, useful, and important are more likely 

to engage in mathematical activities and have higher math achievement (De Corte et al., 2002; 

Eccles & Wigfield, 2002; Eccles et al., 1993; Fisher, 2004; Gottfried, Fleming, & Gottfried, 

2001; Gottfried, Marcoulides, Gottfried, Oliver, & Guerin, 2007; Mason, 2003; Mazzocco et al., 

2012; Murayama, Pekrun, Lichtenfeld, & vom Hofe, 2013; Schiefele & Csikszentmihalyi, 1995; 

Schiefele, Krapp, & Winteler, 1992). The National Research Council (2001) posited that 

developing a productive disposition towards math is an integral part of developing math 

proficiency. However, little research has examined the relations between productive disposition 

and other math competencies in their model. The limited research on this topic shows that 

children do not often define math as being used outside the classroom (Mazzocco et al., 2012; 

Perlmutter, Bloom, Rose, & Rogers, 1997), but their beliefs about the usefulness of math 
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positively predict later math achievement (Mazzocco et al., 2012). It is important to study these 

relations further in order to better understand how math utility conceptions may impact 

children’s math achievement.  

The Present Studies 

All three studies used the Math Utility Conceptions conceptual model to investigate 

children’s math utility conceptions. These studies built on previous research by expanding on 

studies that included only a few math utility beliefs items (Eccles et al., 1993; Mazzocco et al., 

2012; Perlmutter et al., 1997). Also, children and parents were asked to describe what they 

believe math is as well as how it is used in various contexts. 

Study 1 examined children’s math utility conceptions using the above model. It also 

examined children’s home-based math engagement, how engagement relates to math utility 

conceptions, and grade-level differences in math utility conceptions and home engagement. Most 

children viewed math as heavily focused on low-level math operations and as learned and used 

primarily in school. Older children had a more complex conceptualization of math utility, 

characterized by more awareness of math as part of daily living and a view of math as more 

school-based than their younger counterparts. Results suggest that children’s awareness of math 

in daily activities may be associated with children’s conceptions about math.  

Study 2 investigated studied children’s math utility conceptions in a new sample of rising 

first through fourth graders and explored the associations between parents’ and children’s math 

utility conceptions and children’s home math engagement. Consistent with Study 1, children 

primarily viewed math as school-based. Parents’ math utility conceptions positively predicted 

children’s math utility conceptions; and this relation was moderated by the frequency with which 

children engaged in math activities at home and how often children see their parents using math. 
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Home math engagement was not a direct predictor of children’s math utility conceptions. Results 

suggest that children develop their knowledge and beliefs about math utility from their parents as 

well as through engagement in math-related activities. 

Study 3 explored the relation between children’s math utility conceptions and their math 

achievement using the same sample from Study 2. Consistent with the National Research 

Council’s (2001) model, children’s productive disposition significantly predicted their math 

achievement. Overall math utility conceptions did not predict math achievement. However, the 

associations between math applicability, math utility, and math achievement were different 

directions for different age groups. Results suggest that the relation between children’s math 

utility conceptions is complex, but the extent to which elementary-age children view math as 

useful and worthwhile is associated with children’s math achievement. 
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Abstract  

 Integrating multiple theoretical frameworks, this study examined rising first through 

fourth grade children’s math utility conceptions—their knowledge and beliefs about the 

usefulness of math, home-based math engagement, and grade-level differences in math utility 

conceptions and home engagement. Most children viewed math as heavily focused on low-level 

math operations and as learned and used primarily in school. Older children showed more 

awareness of math as part of daily living, but still viewed math as mostly school-based—more so 

than their younger counterparts. Results suggest that awareness of math in daily life may be 

associated with children’s math utility value (the perceived usefulness of math). Although 

children engaged in activities at home with the potential to foster math development, the 

frequency of engagement was not related to their awareness of math in daily activities. Thus, 

there may be untapped opportunities for young children to connect the math they learn in school 

to their daily life. 
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Many children in the United States earn low scores on standardized math assessments 

(National Mathematics Advisory Panel, 2008). For example, only 40% of U.S. fourth graders, 

34% of eighth graders, and 25% of twelfth graders in 2017 scored in the proficient or advanced 

range on the 2017 National Assessment of Educational Progress (NAEP) mathematics 

assessment (U.S. Department of Education, 2018). Given the importance of math for subsequent 

academic and vocational success (Clark, 1988; National Mathematics Advisory Panel, 2008), it 

is critical to understand factors associated with children’s math learning, especially those outside 

the school context. 

Research on children’s math learning outside of school generally focuses either on the 

specific math activities they engage in (e.g., Blevins-Knabe & Musin-Miller, 1996; LeFevre et 

al., 2009; Niklas & Schneider, 2014) or their math self-concepts (e.g., Muenks, Wigfield, & 

Eccles, 2018; Musu-Gillette, Wigfield, Harring, & Eccles, 2015; Schoenfeld, 1992). Far less 

research has focused on children’s understanding of what math is, how they use math in daily 

activities, and how math knowledge is acquired. This study focuses on children’s conceptions 

about math and their engagement in math activities at home. More specifically, it addresses 

children’s math utility conceptions, that is, how much children believe that math is useful and 

important in their lives and how they believe they acquire that knowledge. It also examines 

grade-level differences (rising first through fourth grades) in math utility conceptions and home 

engagement. 

Theoretical Approach to Math Utility Conceptions 

We conceptualize math utility conceptions as a multi-dimensional construct formed by 

two dimensions: children’s knowledge about math and beliefs about math utility.  Knowledge 

about math refers to the extent of children’s knowledge of the aspects of mathematics (math 
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concepts) and the ways in which math can be used by themselves and others across different 

contexts (applicability of math). Beliefs about math utility refers to children’s beliefs about the 

usefulness of math (utility value and productive disposition; see Figure 1 for a visual 

representation). An important distinction between these two dimensions is that knowledge about 

math assesses how much children know about the breadth of math and the potential uses of math 

in various daily activities and beliefs about math utility assesses value that children place on 

math for themselves and others.  

 Knowledge about math. Children’s ability to assess their own knowledge of math is 

related to their math learning and achievement (Dunlosky & Rawson, 2012; Vo, Li, Kornell, 

Pouget, & Cantlon, 2014). A growing body of research has examined the development of 

children’s mathematical knowledge both in school and at home (Browning et al., 2016; Krawec, 

Huang, Montague, Kressler, & de Alba, 2013; Rosenzweig, Krawec, & Montague, 2011; Van 

Oers, 2010).  

Math concepts. Children need to understand what math is before they can develop 

conceptions about its usefulness. Consistent with the most recent version of the National Council 

of Teachers of Mathematics math standards (NCTM, 2000), the conceptual model in this study 

views math knowledge or concepts as consisting of content and processes. Content includes 

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

Processes include problem solving, reasoning and proof, communication, connections, and 

representations. Although these standards were published nearly two decades ago, they remain 

an integral part of current mathematics curricula. The NCTM (2000) standards, along with the 

National Research Council’s (2001) model for developing mathematical proficiency, were the 

foundation for the creation of the Common Core State Standards for Math (CCSSI, 2010; 
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Kendall, 2011). In addition, children’s content and process knowledge build on and influence the 

development of one another; both are considered critical for the development of math 

proficiency (Rittle-Johnson, 2017). 

To the best of our knowledge, only two studies, Perlmutter, Bloom, Rose, and Rogers 

(1997) and Mazzocco, Hanich, and Noeder (2012), have investigated kindergarten through third 

grade children’s knowledge of what math is. Perlmutter et al. (1997) found that these children’s 

definitions of math consisted primarily of number and operations. Mazzocco et al. (2012) coded 

responses of second and third grade children’s descriptions of what math is using a 5-point scale 

that ranged from irrelevant responses to responses where children defined math as a useful tool. 

Children’s definitions included mainly basic math principles or mechanics (i.e., numbers and 

operations). Unfortunately, coding of children’s definitions of math in both studies did not 

include math concepts and processes, both of which are important for the development of math 

knowledge (Rittle-Johnson, 2017). The present study provides a broader scope of children’s 

definitions of math by aligning coding for these responses to the NCTM’s (2000) math content 

and process standards. 

 Applicability of math. In spite of the importance of children’s conceptions of math (De 

Corte & Verschaffel, 2006; Muis, 2004) and recent efforts to better understand the role of math 

utility in children’s math development (Mazzocco et al., 2012; Rozek, Hyde, Svoboda, 

Hulleman, & Harackiewicz, 2015), we still know fairly little about children’s understanding of 

how math can be applied in different contexts. Much of the current research about knowledge of 

the applicability of math in daily life has been conducted with high school and college students 

and shows that learning math through “real-world” applications is positively associated with 

using math to solve real-world problems (Barab, Squire, & Dueber, 2000; Herrington, Reeves, & 
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Oliver, 2013; National Mathematics Advisory Panel, 2008). For example, Herrington et al. 

(2013) and Barab et al. (2000) found that when college students were taught in authentic learning 

environments (specific real-world contexts), they were better able to integrate and apply this 

knowledge in their daily lives. Hulleman and colleagues (Hulleman & Harackiewicz, 2009; 

Hulleman, Kosovich, Barron, & Daniel, 2017) found that utility value interventions designed to 

increase the connections that high school and college students made between course material and 

their lives increased how much students valued the course and their performance, especially for 

the lowest performing students.  

 Little research has examined connections between school math and math in daily 

activities with younger children. Perlmutter et al. (1997) asked children about the usefulness of 

math for cooking and going to the grocery store. Although children were aware of some uses for 

math in those activities, their awareness was very limited. Children in kindergarten who were 

taught using the Realistic Mathematics Education curriculum, which presents math problems 

using daily activities like visiting the grocery store or a museum, showed significantly greater 

growth in early math skills than children taught with the standard curriculum (Papadakis, 

Kalogiannakis, & Zaranis, 2017).  

 Beliefs about math utility. Children’s beliefs about math are associated with their early 

math skills (see De Corte & Verschaffel, 2006; Marsh, Trautwein, Lüdtke, Köller, & Baumert, 

2005; Wigfield et al., 2015; Wigfield, Eccles, Roeser, & Schiefele, 2008; Wigfield, Eccles, 

Schiefele, Roeser, & Davis-Kean, 2006), which, in turn, are related to later math achievement 

(Duncan et al., 2007; Jordan, Glutting, & Ramineni, 2010; Watts, Duncan, Siegler, & Davis-

Kean, 2014). For example, researchers have found that beliefs such as task-related academic 

motivation and self-concepts about performance have reciprocal and cumulative effects on future 
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math achievement (Aunola, Leskinen, & Nurmi, 2006; Marsh & Martin, 2011). In particular, 

beliefs about learning mathematics are generally associated with greater effort, higher self-

efficacy in mathematics, and engagement in mathematical learning (Pajares & Miller, 1994; 

Schoenfeld, 1989; Wigfield & Meece, 1988), which are related to higher math achievement. In 

our conceptual framework, children’s beliefs about math utility include utility value (the 

perceived usefulness of math), and productive disposition (the belief that math is useful and 

worthwhile, and that effort in math pays off).  

Eccles and colleagues (e.g., Eccles & Wigfield, 2002; Eccles, Wigfield, Harold, & 

Blumenfeld, 1993; Wigfield & Eccles, 2000) have extensively studied the link between 

motivation and achievement using their expectancy-value theory of motivation. Utility value is 

one of the two components (interest and utility value) of Eccles’ subjective task value theory 

(Eccles & Wigfield, 2002; Eccles et al., 1993). The expectancy-value theory suggests that 

children’s expectations of success and the value they place on academic tasks influence 

achievement choices, performance, effort, and persistence. This study extends previous work on 

the topic by considering children’s knowledge and beliefs about math utility. Participants are 

elementary school age children, a younger age group than is typically studied. This study also 

explores relations between children’s math utility conceptions and their engagement in math 

activities at home to better understand how children’s activities outside of the school context 

may be associated with their math utility conceptions. 

Utility value. The majority of research examining the link between motivation and 

academic achievement uses Eccles’ expectancy-value theory of motivation. The body of work 

related to the expectancy-value theory demonstrates that subjective task value, the value that one 

assigns to a task, including utility value, is positively related to math achievement test scores, 
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grades in math, and the number and type of upper-level math courses selected in higher school 

(Guo, Marsh, Parker, Morin, & Yeung, 2015; Marsh & Martin, 2011; Marsh et al., 2005; Musu-

Gillette et al., 2015; Singh, Granville, & Dika, 2002). This is particularly important, because 

subjective task value tends to be relatively high in early-to-late elementary school grades but 

declines significantly beginning around the transition to middle school (Jacobs, Lanza, Osgood, 

Eccles, & Wigfield, 2002). Understanding how to maintain more positive utility value beliefs is 

important, because positive subjective task value beliefs are associated with higher math 

achievement, lower math anxiety, and higher-level math course selection for fourth through ninth 

grade children (Meece, Wigfield, & Eccles, 1990; Spinath, Spinath, Harlaar, & Plomin, 2006). 

The current study extends Eccles’ subjective task value theory by expanding the ways in 

which utility value is measured with children. We focus on utility value because it is the only 

component within Eccles’ theoretical model that specifically relates to math utility conceptions 

and achievement (see also Mazzocco et al., 2012).  

Productive disposition. The National Research Council (2001) recognized the importance 

of math utility by including productive disposition, children’s beliefs that they are users of math, 

and that math is useful and worthwhile, as one of their five “strands” of math proficiency. A 

productive disposition towards math is important for developing math knowledge and skills 

(Clements, 2001; Muis, 2004). The limited research on children’s beliefs about how effort and 

engagement in math will benefit their math skills focuses on beliefs about mathematical learning 

and problem solving (De Corte, Op’t Eynde, & Verschaffel, 2002; McLeod, 1992; Schoenfeld, 

1992; Tsao, 2004) and has primarily used older children and adolescents.  
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Developmental Changes in Math Utility Conceptions 

As children progress through school, their knowledge of math concepts changes 

(Clements & Sarama, 2014; Geary, 2006; Rittle-Johnson, 2017). They learn new mathematical 

operations and procedures and are exposed to new types of problems. With new exposures to 

math in their environment, children have the potential to build new knowledge about the 

usefulness of math in daily activities and different sources from which they can learn math 

(Clements & Sarama, 2007; Papadakis et al., 2017; Permutter et al., 1997). Little research has 

examined grade-level differences in children’s definitions of what math is and whether they 

believe it is learned or used outside of the school context. However, research in other related 

math conceptions shows the importance of examining developmental changes. 

Several studies have shown that competence/expectancy beliefs in math decline from 

elementary school through high school (Dweck & Elliott, 1983; Jacobs et al., 2002; King & 

McInerney, 2014; Muenks et al., 2018; Nagy et al., 2010). Less is known about the development 

of math utility beliefs. Musu-Gillette et al. (2015) found that, on average, utility value was 

highest in fourth grade; children showed an overall decline in math utility value through early 

college, although the rates of decline reflected group differences. However, other research 

suggests that math utility beliefs can also improve through targeted interventions (Hulleman et 

al., 2017; Jansen, 2012; Mitchell, 1999). Nevertheless, the youngest children in these studies 

were in fourth grade, so this research does not offer information about developmental changes in 

early elementary school. The present study builds on prior research by examining grade-level 

differences in knowledge and beliefs about math utility for early elementary-age children. 

 

 



24 

 

Math Engagement at Home  

Children acquire mathematics knowledge from their environment even before they start 

school (e.g., Clements & Sarama, 2014; Elliott & Bachman, 2017; Ginsburg, Lee, & Boyd, 2008; 

Siegler & Mu, 2008). Nevertheless, children’s engagement in math is limited (Plewis, Mooney, 

& Creeser, 1990; Saxe, Guberman, & Gearhart, 1987). For example, Tudge and Doucet (2004) 

found that preschool age children from Black and White, low- and middle- socioeconomic status 

families infrequently engaged in math-related activities either at home or at their child care 

centers. Moreover, even though children may engage in activities that have the potential to foster 

math skills, they do not necessarily focus on math when engaging in these activities. For 

example, even when a child plays with blocks, something which could involve math, s/he may 

focus on the color or texture of the blocks rather than the shape or number, two potential math-

related components. In addition, other research has shown that even though children may engage 

in math activities, they are likely to be involved in basic math. Seo and Ginsburg (2004), for 

example, observed young children during free play and found that children engaged in math-

related talk and activities, but the complexity of their interactions was often low. 

Children’s limited engagement in math at home is problematic given the relevance of this 

involvement for fostering math learning. Engagement in developmentally appropriate math 

activities at home, is generally positively associated with children’s early math knowledge, 

especially for children in kindergarten and early elementary school (see reviews by Blevins-

Knabe, 2016; Elliott & Bachman, 2017; Thompson, Napoli, & Purpura, 2017). Engagement in 

formal math activities, like completing worksheets, and informal ones, like playing board games, 

positively predicts children’s math skills (LeFevre, Polyzoi, Skwarchuk, Fast, & Sowinski, 2010; 

LeFevre et al., 2009; Niklas & Schneider, 2014; Ramani & Siegler, 2008, 2014; Skwarchuk, 
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Sowinski, & LeFevre, 2014). In addition, the frequency and quality of parents’ “number talk” 

relates to children’s development of early number skills (Gunderson & Levine, 2011). For 

example, Levine and colleagues (Gunderson & Levine 2011; Levine, Suriyakham, Rowe, 

Huttenlocher, & Gunderson, 2010) found that the amount of talk about number that parents 

engaged in significantly predicted children’s later cardinal-number knowledge. Although the 

majority of parents’ math talk was labeling cardinal values or counting, talk about more 

advanced content, like large number sets (4-10) with corresponding objects present, was most 

strongly associated with children’s subsequent cardinal number knowledge. Whereas some 

research has examined which math activities children engage in at home (LeFevre et al., 2009; 

2010; Saxe et al., 1987; Sonnenschein, et al., 2012; Sonnenschein, Metzger, & Thompson, 2016), 

little research has described how children engage in such activities. This is important because, as 

noted previously, whether an activity fosters math skills may depend upon the nature of 

engagement in that activity.  

Relation between Children’s Math Utility Conceptions and Engagement 

Limited research has examined the relation between children’s math utility conceptions, 

as defined in the current study, and their engagement in math activities at home. Most of the 

research examining these constructs has focused on one dimension of math conceptions (Eccles 

et al., 1993; Jacobs et al., 2002) or has examined the association between home engagement and 

achievement (LeFevre et al., 2010; Levine et al., 2010). The limited research that has examined 

math conceptions and engagement in math activities at home has shown that the quality of the 

home numeracy environment, indexed by measures of cognitive stimulation and home learning 

opportunities, positively predicts children’s interest, a different aspect of subjective task value, 

for engaging in math activities (Gottfried, Fleming, & Gottfried, 1998). Similarly, Eccles’ 
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expectancy-value theory of motivation (Eccles & Wigfield, 2002) posits that parents’ beliefs 

about math utility and the support they provide to their children with math also contribute to 

children’s utility value beliefs (Chouinard, Karsenti, & Roy, 2007; Simpkins, Fredricks, & 

Eccles, 2012; Wigfield & Eccles, 2000).  

The Present Study 

This study examines rising first through fourth grade children’s math utility conceptions 

(knowledge about math, beliefs about math utility), their engagement in math at home, and the 

association between the two.  

 1) What knowledge about math do children have and how does this differ across grade 

levels? We examine how they define math (math concepts), and the extent to which they are 

aware of the potential uses of math outside of school (applicability). Based on prior research 

examining children’s definitions of math (Mazzocco et al., 2012; Perlmutter et al., 1997), we 

hypothesize that children’s definitions of math will focus primarily on basic content knowledge, 

like numbers and operations. We also hypothesize that children will think math is something 

used primarily in school (Perlmutter et al., 1997). As children complete more grade levels in 

school and have more experience with math in and outside of school, their knowledge about 

math will shift to include higher-level operations, such as multiplication/division and skip 

counting (e.g., counting by 2s or 5s), and they may learn and experience more applications of 

math in daily life.  

 2) How much utility value do children place on math tasks (utility value) and who do 

they see as users of math (productive disposition)? Do these beliefs differ across grade levels? 

Eccles et al.’s (1993) work suggests that young children place high value on math utility. Current 
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research does not inform hypotheses regarding young children’s productive disposition, so this 

study explores the descriptive nature of children’s math utility beliefs.   

 3) What kinds of math activities do children report engaging in most frequently at home? 

Does frequency of engagement vary by grade level? Additionally, do children identify math-

related aspects of their engagement in some activities? There is limited research on math home 

engagement to inform hypotheses regarding the frequency and nature of children’s math home 

engagement. Accordingly, this study explores the descriptive nature of children’s math home 

engagement.   

 4) What is the association between children’s math utility conceptions and their home 

math engagement? Based on previous research that finds associations between math engagement 

and children’s math skills (e.g., LeFevre et al., 2010; Siegler & Ramani, 2009; Skwarchuk et al., 

2014), we hypothesize a similar relation exists between math engagement and children’s 

conceptions, such that the frequency of children’s home math engagement is positively 

associated with children’s knowledge about math (math applicability) and beliefs (utility value). 

The present study extends prior research in three ways. One, it adds to the very limited 

research on children’s knowledge of how math is used in real-world contexts and how that 

knowledge relates to math engagement. Two, it examines productive disposition, an 

understudied construct, in children in first through fourth grade, an understudied age group. 

Three, this study investigates associations between math conceptions and children’s engagement 

in math activities at home, something we know little about because research on children’s 

engagement has focused primarily on the association between engagement and math skills. 
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Method 

Participants 

 Ninety-nine children (58 boys) were recruited during the summer and early fall of 2010 

and 2013 from schools and summer camps in the mid-Atlantic region. Most of the children 

(82%) were interviewed during the summer. Thirty-three participating children (Mean age = 6.43 

years, SD = 0.39) were entering or had just entered first grade, 23 second grade (Mean age = 

7.33 years, SD = 0.35), 23 third grade (Mean age = 8.42 years, SD = 0.33), and 20 fourth grade 

(Mean age = 9.51 years, SD = 0.42). Children were European American/White (n = 48), African 

American/Black (n = 21), Chinese American (n = 10), Hispanic/Latino (n = 10), or multiracial (n 

= 10). Five of the Hispanic/Latino children spoke primarily Spanish; the remaining five spoke 

primarily or only English. We did not collect specific data regarding parents’ highest education 

level or household income, but we know that the majority of our sample was recruited from 

locations that serve middle income families whose parents, on average, have at least a Bachelor’s 

degree. However, about 20% of our sample was recruited from locations that serve low income 

families, whose parents, on average, have not completed a college degree. 

Measures 

Knowledge about math.  

Math concepts. Children were asked “What is math?” consistent with questions from 

Perlmutter and colleagues (1997). Coding of responses were based on the NCTM (2000) content 

and process standards (i.e., numbers and operations, problem solving). See Table 1 for a list of 

codes and exemplary quotes for all constructs. For this and other open-ended responses, inter-

rater reliability was established by having two raters independently code up to 50% of the 

responses for each item. The researchers met after coding the transcripts to review their codes 
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and reached consensus. Inter-coder reliability was tested using Cohen’s kappa (Cohen, 1960). A 

kappa guideline of .70 was used to determine acceptable inter-rater reliability (Fleiss, 1981; 

Landis & Koch, 1977). If acceptable kappa levels were not reached in the first round of coding, 

the coding scheme was reviewed and modified, if necessary, and a new set of responses was 

coded. This process continued until kappas were at least .70 for every coding category. Final 

kappas ranged from .70 to 1.00 for each code within each construct unless otherwise noted. 

Remaining responses were then coded by one of the raters who had reached acceptable 

reliability.   

Applicability of math. We used three open-ended questions adapted from Perlmutter et 

al. (1997) to examine this construct (see Table 1 for a description of codes). The first question 

measured how children believe math knowledge is acquired. Children were asked “How do you 

learn math?”    

Children also were asked, “How does {person[s] mentioned} use math?” for each 

specific person that the child first mentioned used math (this was a follow-up question which is 

discussed further under productive disposition: “Who uses math?” 

The third question asked whether and how children believed that mathematics was used 

in 10 activities: playing board games, card games, and video games, doing puzzles, cooking, 

helping at the grocery store, building with blocks or Legos, using or playing with money, using 

maps or a globe, and keeping score in games or sports. Children first were asked, “Some children 

think math is used when they [play board games], some think math is not used at all. Do you 

think math is used when you play board games?” If children responded “yes,” they were then 

asked how math was used in the activity. A child’s response was coded on a 4 point scale: 0 if 

s/he did not identify that math was used or if s/he said that math was used but the description was 
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not related to math (e.g., “when cooking, you read the words on the page”); 1 if the child said 

that math was used in the activity, but did not elaborate or articulate about how; 2 if s/he 

described a basic math skill; 3 if s/he described an advanced math skill. Inter-rater reliability was 

established by having two raters independently code about 50% of the responses. Because of the 

meaningful differences between scale values, we wanted to be sure that independent coders were 

in complete agreement before moving forward; therefore, 100% exact agreement was reached 

before coding the remaining responses. A composite was created by averaging scores for each 

activity examined. Cronbach’s alpha for the applicability scale was .84.  

Beliefs about math utility.  

Utility value. We used six items to create a utility value measure (see Table 1). Items 

were adapted from measures used to grasp mathematics or reading motivation (Baker & Scher, 

2002; Eccles et al., 1993; Sonnenschein, Baker, & Garrett, 2004; Wigfield & Guthrie, 1997). 

Example of items include “Math is useful outside of school” and “It is important for me to learn 

math.” Children were asked to report whether they felt each item was “not at all like me,” “a 

little like me,” or “a lot like me.” Three non-math activities were presented as examples at the 

outset in order to familiarize children with the rating scale. A composite was created by 

averaging the scores on the six items. Cronbach’s for the utility value measure was .69. 

Productive disposition. To measure the extent to which children see themselves and 

others as users of math, we used Perlmutter et al.’s (1997) question, “Who uses math?” (see 

Table 1). Responses were categorized as teachers, parents, children, and other adults (most 

commonly mentioned other adults were scientists, architects, accountants, and adult relatives). 

An additional category was coded if a child said that everyone does math. Final kappas for each 

coding category were 1.00. 
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Math engagement at home. An index for child-reported frequency of math home 

engagement was created by averaging frequency of engagement in 13 mathematics activities at 

home, including playing board games, playing video games, helping with cooking, helping at the 

grocery store, and building with blocks or Legos (see Table 1).  These items were adapted from 

other measures of children’s frequency of math engagement at home (Sonnenschein et al., 2012). 

Response options were “almost never,” “sometimes,” and “almost every day.” Three non-math 

activities were presented as examples to familiarize children with the rating scale. Based on 

results from pilot testing, the rising first graders received an abbreviated version of the math 

engagement measure. It did not include four activities: keeping score in games or sports, playing 

with or using money, using maps or globes, and using a calculator. Cronbach’s alpha for the 

frequency of engagement scale was .66 for all 13 items and .50 for the 9 items common to all 

children. The less than optimal alpha values likely reflect that a child’s engagement in one 

activity does not necessarily mean s/he will engage in another activity. 

 Demographic information. As part of the consent documents, parents were asked to 

provide their child’s age, grade level in school in the fall, gender, and race/ethnicity (African 

American/Black, European American/White, Hispanic/Latino, Asian/Pacific Islander, or 

“Other”). 

Procedure 

 Children were interviewed individually by a trained graduate or an advanced 

undergraduate research assistant. Each interview took place in an empty room in the child’s 

home or summer camp/school. Sessions lasted 15-20 minutes and were recorded. The 

interviewer also took notes of the child’s responses. Children were interviewed in their preferred 

language which was English for all but five of the Latino/a children. Those five children were 
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interviewed in Spanish by a native Spanish speaker. Interviews conducted in Spanish were 

transcribed in Spanish, then translated into English, and then back-translated to ensure accuracy. 

Analytic Plan 

The math utility conceptions model presented in this paper (see Figure 1) is the 

conceptual model that guides this study. We examine the components individually and some 

relations among them, but do not statistically test the model itself. We use a quantitative 

approach, described within each of the results subsections, to address the research questions. We 

complement these quantitative findings, as appropriate, with illustrative quotes from participants. 

Length of utterance. We completed a length of utterance analysis for each open-ended 

item to control for potential developmental differences in the length of children’s responses as 

well as the possibility that children who simply speak more words may articulate more about 

their math conceptions. Similar to how length of open-ended responses was assessed in related 

research (e.g., Denscombe, 2008; Wang, 2004), for each response, we counted the number of 

words the child used, with the exception of filler utterances such as “um” and “uh.” 

Preliminary analyses showed that there were significant length of utterance differences 

across grade levels for some items. Accordingly, for analyses examining differences between 

each grade-level for open-ended item responses, we controlled for children’s length of utterance 

for that response. We conducted analyses with and without controlling for length of utterance; 

however, the pattern of results was very similar. In what follows, we only report analyses 

controlling for length of utterance.   
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Results 

Math Utility Conceptions 

Knowledge about math. Analyses for open-ended items of math concepts and 

applicability of math were coded and analyzed descriptively. Depending on the nature of the 

dependent variable, dichotomous or continuous, we used logistic regressions or ANCOVAs to 

examine grade-level differences in responses. ANCOVAs with grade level as the between 

subjects factor and length of utterance as the covariate were used to examine grade-level 

differences in scale scores and number of activities that children identified as featuring math. 

Fisher’s Least Significant Difference (LSD) post-hoc tests were used to examine differences 

between specific grade levels. 

Math concepts. As hypothesized, children’s definitions of math indicated a view of math 

that was heavily focused on numbers and operations (see Table 2). Ninety percent of children 

defined math as some form of numbers and operations. Most children stated that math is 

calculations (67%, number transformations like addition and multiplication) and counting (18%). 

For example, children often gave responses like, “[Math is] something when you learn about 

numbers and how to add them up” or they gave more elaborate descriptions of operations, 

“[Math is] something that you learn about numbers and…when the teacher says two plus two, 

you say it’s four and four and four equals and she snaps her fingers and we will all say eight.”  

A few children (12%) mentioned math processes, including problem solving (“you use 

math to figure out difficult problems,”) and connections (“[Math is] something to help you go 

along the way because math is in a lot of things, in science, geometry, even art” or “Math is this 

thing with numbers and like everything, and when I say everything, I mean everything, involves 

math,”). Children mentioned a mean of 1.33 different categories of math (SD = 0.77; Range = 0-
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4), which indicates that, on average, children’s knowledge of the breadth of math concepts is 

somewhat limited.  

As hypothesized, there was a difference across grade levels in children’s knowledge of 

math concepts. Controlling for length of utterance, the odds that children mentioned calculations 

(number transformations), β = 0.71, OR = 2.03, p = .001, approximately doubled for each grade-

level increase. This suggests that children may define math by what they are doing in school, 

given that younger children’s number transformations were typically addition and subtraction 

and older children’s were multiplication and division. There were not significant differences 

across grade level for other coding categories within math concepts. 

Applicability of math. As hypothesized, children viewed math as something that is 

learned and used in school (see Table 3). When asked how they learn math, children mentioned 

school (74%) and learning from teachers (55%) more often than learning from parents (27%) or 

non-school related activities (12%). Sixty-four percent of children mentioned only one way to 

learn math; 28% mentioned more than one way. For example, two different responses coded as 

learning at school were “I learned it from school when I was in first grade.” and “…you have to 

go to school to learn math.” Two responses coded as learning math from teachers were, “well 

the teacher teaches us the subject and we have to write it down…we get a quiz to do all the 

things like if I was on multiplication that had to put multiplication facts” and “teachers show us 

like how to add and subtract.” 

As hypothesized, there were differences across grade levels in children’s knowledge of 

the ways in which math can be acquired. Controlling for length of utterance, the odds that 

children mentioned that math is learned in school, β = 1.00, OR = 2.72, p < .001, and that math is 

acquired with the help of a teacher, β = 0.43, OR = 1.53, p = .026, increased with each additional 
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grade level.  Also, the odds that children mentioned friends or siblings (generally in the context 

of helping with school work) increased with each additional grade level, β = 1.55, OR = 4.71, p = 

.047.  

 When asked the ways in which different people use math, children primarily mentioned 

math operations (62%, addition/subtraction, multiplication/division, etc.) and school-related uses 

of math (35%) rather than home-related uses (< 1%; see Table 4). Of the children who 

mentioned teachers as people who use math (n = 43), 76% reported that teachers primarily use 

math in the school context for teaching children rather than in their daily lives outside of school 

(“…to teach their students to learn” or “…well she does let us make a one hundred chart and 

she lets us use digi blocks”). In contrast, children were aware of parents (33% of n = 18) and 

other adults (70% of n = 38) typically using math for job-related activities (see Table 5). For 

example, one children shared, “[My parents use math] at work” or “…she helps people like if 

they want to go on a cruise then she has to like take this much money and add it up to this much 

money”, Another child mentioned, “…scientists use it for like chemicals and stuff like ¼ of 

something” or “…cooks measure things out,”)  

 Children’s awareness of math in daily activities was measured by how well children were 

able to identify and articulate the math potential in several every day activities. On average, 

children were able to identify that math was used in a specific activity but did not or could not 

fully describe how it was used (M = 1.26, SD = 0.79; Range = 0.0-2.90 out of possible 3). As 

hypothesized, controlling for length of utterance, children’s knowledge of the applicability of 

math in daily activities increased significantly across grade level, F(3,94) = 13.25, p < .001, 

partial η2 = .297. Third (M = 1.84) and fourth graders’ knowledge (M = 1.90) did not differ 

significantly, p = .918. Both third and fourth graders had significantly higher math awareness 
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scores than first (M = 0.73, p < .001, < .001, respectively) and second graders (M = 0.90, p < 

.001 < .001, respectively) who did not differ from each other, p = 285. 

 Although, on average, children’s knowledge of the applicability of math was limited, 

most children were able to articulate their awareness of how math is used in some individual 

activities but not others. Typical examples of children identifying math with a basic math 

concept (score of 2) included “Well sometimes in dice games, you need to count the number on 

the dice” or “The cards have numbers on them” or “When you check out…you gotta count the 

money.” Typical examples of children identifying math with an advanced math concept (score of 

3) included “…fractions like…half a cup of sugar or a quart of water” or “If our team had 7 and 

the other team had like 3, then our team would have four more points” or “[about playing with 

puzzles] You have to get the right pieces in the perfect size where it has to be.” 

 Beliefs about math. For utility value, descriptive statistics are presented, and ANOVAs 

used to examine grade-level differences. We did not control for length of utterance in these 

comparisons, because they were scale rather than open-ended items. For productive disposition, 

descriptive analyses are presented, and logistic regressions used to determine grade-level 

differences in responses to each coding category. Because of grade-level differences, relations 

between the math awareness and utility value scores were examined using partial correlations, 

controlling for grade level.  

Utility value. As hypothesized, in general, children believe that math is useful (M = 2.58, 

SD = 0.41, on a scale of 1-3). Utility value scores differed across grade level, F(3,95) = 4.15, p = 

.008, partial η2 = .116. Third (M = 2.70) and fourth graders’ (M = 2.76) usefulness scores were 

comparable to each other, p = .600, and significantly higher than first graders’ (M = 2.41), p = 
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.009, .002, respectively. First and second graders’ (M = 2.54) scores did not differ significantly, p 

= 252. 

 Productive disposition. Consistent with children’s conceptions that math is primarily 

school-based, children viewed math as used primarily by their teachers or their peers, rather than 

their parents or themselves (see Table 6). When asked who uses math, a higher percentage of 

children mentioned children/classmates/siblings (53%), teachers (43%), and other adults (38%) 

than parents (18%).Controlling for length of utterance, for each additional grade level, the odds 

of children mentioning that other adults (e.g., scientists, engineers, architects, β = 0.54, OR = 

1.71, p = .007) use math or that everyone, β = 0.54, OR = 1.72, p = .035, uses math increased. 

There were no significant age differences for any other category.  

 Controlling for children’s grade level, children’s knowledge about math applicability was 

significantly related to their math utility scores, r(94) = .28, p = .005. The more aware children 

are that math features into their daily activities, the more strongly they believe that math is useful 

and important. 

Home Math Engagement 

Descriptive analyses for the frequency scale of children’s home math engagement 

categories are presented. Because of grade-level differences in math utility conceptions, partial 

correlations, controlling for grade level, examined whether home engagement was associated 

with math applicability and math utility scores. 

Children, on average, reported “sometimes” engaging in math activities at home (M = 

1.84, SD = 0.30; Range = 1.38-2.92). Thirty-five percent of children reported engaging in math 

activities at home almost every day, 50% reported engaging sometimes. The activities which 

children reported engaging in most frequently were using a computer (M = 2.11 out of 3), 
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playing video games (M = 2.09), keeping score in games (M = 2.09), building with blocks or 

Legos (M = 2.05), and helping at the grocery store (M = 2.04). The activities which children 

reported engaging in least frequently were using maps or globes (M = 1.41), using a calculator 

(M = 1.50), and playing with or using money (M = 1.69). Mean frequency of engagement did not 

differ significantly across grade level, F(3, 95) = 2.07, p = .109. 

Association between children’s math utility conceptions and home math 

engagement. To determine how children’s math utility conceptions were associated with 

children’s engagement in home-based math activities, we examined whether components of math 

utility conceptions were related to the frequency of math engagement. Contrary to our 

hypothesis, after controlling for grade level and length of utterance, children’s overall frequency 

of engagement was not significantly associated with their overall math awareness scale scores, 

r(93) = -.13, p = .215. Also contrary to our hypothesis, frequency of engagement was not 

significantly associated with children’s math utility scores, r(97) = -.03, p = .796, or any 

individual item within the utility value scale, p > .05.  

We examined, for each activity, whether frequency of engagement was related to 

awareness of math scores for that activity, controlling for grade level and length of utterance. 

Again, contrary to our hypothesis, after controlling for grade level and length of utterance, 

children’s engagement in a specific activity was not associated with their awareness of math in 

that activity, p > .05, except for playing video games, r(94) = .21, p = .038. Finally, we examined 

whether children’s awareness of math in one activity was related to their awareness of math in 

other activities. After controlling for grade level and length of utterance, children’s awareness of 

math in a given activity was rarely significantly correlated (with a few exceptions) with 

awareness of math in other activities (see Table 7). The lack of significant correlations suggests 
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that even when children are aware of math in one activity, they may not be able to generalize that 

knowledge to other activities as well.  

Discussion 

 This study examined children’s knowledge and beliefs about math and its utility, and the 

relation between such knowledge and beliefs and their engagement in math activities at home. 

This was one of the first studies to examine this topic with rising first through fourth graders. 

Understanding children’s math utility conceptions is important for getting a more complete 

picture of their math knowledge and beliefs. Building this understanding is important, because 

research shows that children’s knowledge and beliefs about math are associated with their math 

achievement (e.g., Hulleman et al., 2017; Mazzocco et al., 2012; Papadakis et al., 2017; Rittle-

Johnson, 2017). Three findings were of particular interest. 

 One, consistent with Perlmutter et al. (1997) and Mazzocco et al., (2012), children’s 

views about what math is were heavily focused on low-level math operations, such as counting 

and number transformations, and as something learned and used primarily in school. Most 

children conceptualized math as school-based; they displayed limited knowledge of how math 

features in their daily lives outside of school. In other words, they did not seem to associate the 

math they learned in school with the math they may use in their everyday activities outside of 

school. It could be that to foster connections between math learned at school and math embedded 

in their daily lives, these connections must be made explicit. School seems to be a natural place 

for explicit discussions about math to occur, as what children are doing at home does not appear 

to be sufficient for developing constructive conceptions about math utility. Helping children see 

the relations between school math and the math they are using in their own daily activities may 

be a way for them to develop a sense of themselves as math users. This is important because 
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seeing oneself as a user of math is an integral part of developing math proficiency (National 

Research Council, 2001). 

 Two, there were differences in children’s knowledge of math across grade levels, even 

after controlling for what could be differences in aspects of language skills. Older children 

viewed math as more school-based than did younger children. Specifically, older children 

conceptualized math as number transformations that likely coincide with the higher-level 

operations they are learning in school and that math is learned mostly at school, with the help of 

teachers and classmates/peers. On the other hand, older children reported higher math utility 

value and were able to identify more ways in which people use math in their daily lives outside 

of the school. However, even though children’s math awareness increased with grade, older 

children were still often unable to identify how math is used in daily activities, indicating that 

there may be limitations to their knowledge of math applicability at this age. There are multiple 

factors that may contribute to these differences across grade levels. Children’s experiences at 

school and home provide them with increased math language and knowledge, which can improve 

the metacognitive skills needed for math development (Ginsburg et al., 2008). These experiences 

could include formal math lessons, exposure to adults who model math uses and/or discuss how 

they use math in their lives, and children’s own math use in their daily activities. 

 Three, regardless of child’s grade level, the frequency of engaging in math activities at 

home was not associated with knowledge about math applicability in those activities. Math home 

engagement was also not associated with beliefs about the utility of math. One reason may be 

that children are not labeling their activities as “math.” Labeling these activities as “math” is 

important, because research shows that children’s math language is associated with their ability 

to recognize and communicate about their math learning and well as their math achievement 
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(Bay-Williams & Livers, 2009; Purpura & Reid, 2016; Rothman & Cohen, 1989). Children’s 

understanding of their own math learning facilitates their understanding of math concepts and 

connections (NCTM, 2000). Thus, it seems particularly important in the development of math 

utility conceptions that children be knowledgeable about the potential ways that math features 

into their daily activities and be able to apply the label of “math” to those activities. They may be 

less likely to consider it an activity in which math is useful if they do not provide such a label. 

Children may still learn math skills through engaging in math activities, but may be less likely to 

develop math utility conceptions from those activities if they do not label the activity as “math.” 

Another reason for the lack of relation between engagement and math conceptions may 

be because, although children were exposed to experiences in their homes that could enable them 

to acquire math skills (Ginsburg, Duch, Ertle, & Noble, 2012; Ginsburg et al., 2008; Sarama & 

Clements, 2006, 2007; Siegler & Mu, 2008), the nature of their engagement may not facilitate 

learning if they are not engaged in math-related aspects of such activities (Seo & Ginsburg, 

2004). When we asked children to describe how they engaged in two math activities (helping 

with cooking and helping at the grocery store), we found that only 18% of children who helped 

with cooking and 8% who helped at the grocery store mentioned doing anything related to math 

while engaging in that activity. Most children reported non-math-related engagement when 

explaining what they do while cooking and helping at the grocery store including gathering 

ingredients (“I get my mom the meat” or “getting the things my mom wants or the bags, putting 

stuff in bags”), mixing/pouring ingredients (“well, I help my mom to make soup and I put the 

soup in the saucepan and I wash the potatoes”), and reading instructions or shopping lists (“I 

read the words on the page” or “my mom hands me the list and then I read it so I know what to 

pick out”). Thus, in spite of children reporting that they were frequently involved in these 
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activities (55% helped with cooking and 77% at the grocery store), their participation may not be 

fostering math learning. Although the majority of children in this study reported engaging in 

activities that could foster math skills, few reported engaging in aspects of those activities that 

actually involved math. These findings suggest that parents and teachers may increase children’s 

math knowledge by actively modeling math-related behaviors and/or math language, engaging 

their children in math-related aspects of common daily life activities (e.g., cooking, grocery 

shopping), and by making sure their children engage in a variety of math activities 

(Sonnenschein et al., 2016). 

Implications for Practice 

 Eliminating math educational disadvantages is an important national priority in math 

education policy (National Mathematics Advisory Panel, 2008). Large-scale international tests, 

completed by fourth, eighth, and twelve graders, show deficits for children in the U.S. as early as 

fourth grade (U.S. Department of Education, 2013, 2015a, 2015b, 2018). The Standards for 

Mathematical Practice within the Common Core curriculum call for children to learn how to 

connect the math they are learning in school with math they need to solve everyday problems 

(CCSSI, 2010; Kendall, 2011). Teachers can do this by embedding problems in everyday 

situations and explicitly connecting math learning to daily activities. 

 Another avenue for improving children’s math conceptions is focusing on home-based 

opportunities. Parents can demonstrate, by modeling or explicitly discussing with children, the 

ways in which they use math in their daily lives (e.g., paying bills, cooking, or counting money 

at the grocery store) in order for children to recognize their parents as users of math. The extent 

to which parents engage in number talk at home relates to children’s number knowledge 

(Blevins-Knabe & Musin-Miller, 1996; Gunderson & Levine, 2011; LeFevre et al., 2009; Levine 
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et al., 2010). Discussion of math utility value may have a similar impact on children’s math 

utility conceptions. There also may be ways to add math utility to these informal discussions to 

increase children’s knowledge about the applicability of math and develop positive beliefs about 

the usefulness of math. As Levine and colleagues (Gunderson & Levine, 2011; Levine et al., 

2010) have shown with other aspects of math talk, parents’ discussions of math are related to 

their children’s knowledge. However, to help parents do this, we must better understand the 

ways in which their conceptions impact the nature of children’s engagement in math activities at 

home. For high school children, providing parents with materials with information about the 

utility of math in STEM careers led to gains in parents’ math utility value, the number of STEM-

related courses that children chose in their junior and senior years of high school, and increased 

engagement in STEM-related career fields. (Harackiewicz, Rozek, Hulleman, & Hyde, 2012; 

Rozek, Svoboda, Harackiewicz, Hulleman, & Hyde, 2017). However, this type of intervention 

has not been done with elementary school children. If parents are given helpful support, gains 

such as these may be possible for elementary age children as well.  

Limitations and Future Directions  

 Although the present study provided new information about how children define math 

and how they see math relating to their lives, there are several limitations to consider. The 

relatively small sample size prevented exploration of differences related to children’s 

racial/ethnic group and parents’ socioeconomic status and educational level.  Relatedly, although 

Eccles et al. (1993) subjective task value scale, which was adapted for this study, was validated 

with a primarily European American/White sample, it has not been validated with ethnically 

diverse children. Another limitation is the timing of data collection. As noted, most of the 

children (82%) were interviewed during the summer months, when they typically have less 
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exposure to academic instruction. This may have impacted how frequently they engaged in math 

activities at home as well as their concepts of when, where, and by whom math is used. Analyses 

comparing the responses of children interviewed in the summer with those in the fall showed a 

similar pattern of responses. And, most children’s responses, regardless of the timing of data 

collection focused on school-related conceptions. 

 Perhaps the largest potential limitation is the inability to distinguish whether children 

lacked math utility concepts or just could not articulate well their conceptions. Clearly, 

children’s verbal abilities increase with age (Berko Gleason & Ratner, 2012; MacWhinney, 

2010). However, children as young as preschool have demonstrated the ability to use rating 

scales and to describe self-concepts about their academic abilities and learning in reliable and 

valid ways. For example, researchers successfully used rating scales with children in preschool 

through sixth grade to measure math self-concepts (Marsh, Ellis, & Craven, 2002), subjective 

task value (Eccles et al., 1993; Wigfield et al., 1997), frequency of engagement in home math 

activities (Ramani & Siegler, 2008), and child-teacher relationships (Li, Hughes, Kwok, & Hsu, 

2012). The rating scales used in these research studies yielded acceptable to high reliability 

estimates with young children, were related to achievement and parent/teacher ratings, and 

showed consistent longitudinal patterns. Additionally, Mazzocco et al. (2012) asked children as 

young as second grade to describe their definitions of math. Children were able to provide 

responses that were related to their third grade math achievement. These examples of child-

reported math self-concepts demonstrate young children’s ability to report their beliefs about 

math. Finally, the coding schemes used in this study as well as the length of utterance analyses 

controlled for potential developmental differences in length and sophistication of responses. 

Given the wealth of evidence showing that children are reliable reporters, we think our results 
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are valid. Our methods also gave children a voice in research that may impact their education 

(Grover, 2004).   

Future research should explore the relation between children’s math utility conceptions 

and math achievement. Mazzocco et al. (2012) found significant positive associations between 

second grade children’s definitions of math and their number skills in third grade using the 

Calculation subtest from the Woodcock Johnson-Revised Tests of Achievement (Woodcock & 

Johnson, 1989). Additional research should focus on how children’s math utility conceptions 

relate to a broader array of math skills (e.g., conceptual understanding, problem solving). Future 

research also should test the relations between the knowledge and belief about math utility 

conceptions components of the conceptual model used in this study. 

Additionally, research has not examined the potential effects of home and classroom 

interventions on children’s math conceptions. Documenting longitudinally how children’s math 

utility conceptions develop naturally over time at home and in school is important. Research 

needs to explore how parents’ and teachers’ math utility conceptions impact the development of 

children’s conceptions. Other home and school factors, such as amount of time children spend 

engaged in math learning in the classroom, the frequency with which parents help their children 

with math homework, or the extent to which teachers and parents label daily activities as “math” 

may be associated with the development of children’s math utility conceptions. Such information 

could serve as the basis for interventions to improve children’s math utility conceptions. 

Conclusion 

The primary goals of this study were to investigate children’s math utility conceptions 

and understand whether children’s engagement in math at home is associated with their math 

utility conceptions. Exploring children’s conceptions about how math is used and by whom may 
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help guide future interventions to improve math learning. By increasing young children’s 

knowledge of applications of math outside the school context and beliefs about the usefulness of 

math, parents and educators can help to increase children’s math proficiency. 
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Table 1 

Description of Measures 

Constructs Item Codes or Scale 

Knowledge about Math 

Math 

Concepts 

“What is math?” 

 

Content 

Number and operations (“math is numbers”)  

Algebra (“like when 7 minus X equals 2”)  

Geometry (“math is shapes”) 

Measurement (“we use rulers to see how 

many inches the eraser is”) 

Data analysis and probability (“when you 

make charts with everyone’s eye color in 

the class”) 

Processes 

Problem solving (“math is solving 

problems”) 

Reasoning and proof (“logic is a part of 

math”) 

Communication (“when the teacher tells us 

to tell how we got our answer”) 

Connections (“math is in science and physics 

too”) 

Representations (“we use base 10 blocks to 

find the answers”) 

Applicability 

of Math 

How do you learn math? 

 

School (“I learn at school,” “from my teacher,” 

or “by doing your homework”) 

Parents (“with my daddy,” “my parents help me 

with my homework,” or “playing math games 

on the computer with mommy”) 

Learning math by doing it (“you have to 

practice it”) 

Other activities that are not specific to home or 

school (“we learn math by using blocks”) 

Friends/siblings (“my sister helps me learn”)  

 How does {person} use 

math? 

 

School-related uses (“they teach students how to 

do math”) 

Home-related uses (“they play with math games 

at home”) 

Math operations (“they add and subtract 

things”) 

Job-related math operations (“she adds 

things when she’s at work”) 

Daily living math operations (“he measures 

cups when he’s cooking”) 



63 

 

 Do you think that math is 

used when you do 

(activity)? How is math 

used in (activity)? 

0 Child did not identify that math was used or 

if s/he said that math was used, but the 

description was not related to math (“you 

read the instructions on the card”).  

1 Child said that math was used in the 

activity, but did not describe how (“I 

don’t know”). 

2 Child described a basic math skill, such as 

number recognition (“when you play 

cards, there are numbers on them”) or 

operation, such as counting (“you count 

the spaces when you roll the die”) 

3 Child described an advanced math skill, 

such as number magnitude comparison 

(“when you keep score, you have to know 

whose score is bigger so you know who 

won”) or measurement (“for the recipe, 

you have to measure ¼ cup of flour and 2 

cups of sugar”) 

Beliefs about Math 

Utility 

Value 

Math is useful outside of 

class. 

I need to learn math to do 

well in school. 

It is important for me to 

learn math. 

My parents think it is 

important for me to learn 

math. 

I think it is important for 

everyone to learn math. 

It is important for me to 

do well in math. 

1 “Not at all like me” 

2 “A little like me” 

3 “A lot like me” 

Productive 

Disposition 

Who uses math? Teachers 

Parents 

Children 

Other adults 

Everyone 

Home Math Engagement 

 How often do you 

(activity) at home? 

(Example activities: play 

board games, play card 

games, help with 

cooking) 

1 “Almost never” 

2 “Sometimes” 

3 “Almost every day” 
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Table 2 

 

What is Math? 

 

Coding Category Overall 

 N = 99 

Rising 

1st Grade 

N = 33 

Rising 

2nd Grade 

N = 23 

Rising 

3rd Grade 

N = 23 

Rising 

4th Grade 

N = 20 

Content 91.9% 84.8% 91.3% 95.7% 100% 

Number and Operations 89.9% 81.8% 91.3% 95.7% 95.0% 

Counting 18.2% 24.2% 30.4% 4.3% 10.0% 

Number Knowledge 2.0% 0.0% 4.3% 4.3% 0.0% 

Number 

Transformations 

66.7% 45.5% 65.2% 82.6% 85.0% 

Number Patterns 6.1% 17.4% 30.0% 0.0% 0.0% 

Algebra 3.0% 0.0% 0.0% 4.3% 10.0% 

Geometry 8.1% 12.1% 8.7% 0.0% 10.0% 

Measurement 7.1% 6.1% 8.7% 4.3% 10.0% 

Processes 12.1% 6.1% 4.3% 21.7% 20.0% 

Problem Solving 5.1% 0.0% 4.3% 8.7% 10.0% 

Connections 5.1% 3.0% 0.0% 8.7% 10.0% 

Note. Children were able to give more than one response; therefore percentages do not total 

100%. 
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Table 3 

 

How Do You Learn Math? 

 

 Overall 

N = 99 

Rising 

1st Grade  

N = 33 

Rising 

2nd Grade 

N = 23 

Rising 

3rd Grade 

N = 23 

Rising 

4th Grade 

N = 20 

School 73.7% 51.5% 65.2% 100.0% 90.0% 

Teachers 54.5% 39.4% 52.2% 65.2% 70.0% 

Homework 5.1% 3.0% 0.0% 8.7% 10.0% 

Parents 27.3% 24.2% 17.4% 39.1% 30.0% 

School Work 1.0% 0.0% 0.0% 4.3% 0.0% 

Home Activities 2.0% 0.0% 0.0% 8.7% 0.0% 

By doing math 8.1% 6.1% 4.3% 13.0% 10.0% 

Activities (not 

home/school) 

12.1% 18.2% 17.4% 4.3% 5.0% 

Friends/Siblings 5.1% 0.0% 0.0% 8.7% 15.0% 

Note. Children were able to give more than one response; therefore percentages do not total 

100%. 
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Table 4 

 

How Does {Person Mentioned} Use Math? By Grade and Uses 

 

 Overall  

N = 99 

Rising 

1st Grade  

N = 33 

Rising 

2nd Grade  

N = 23 

Rising 

3rdGrade  

N = 23 

Rising 

4th Grade  

N = 20 

School 35.4% 32.1% 46.3% 33.3% 30.3% 

Home 0.6% 0.0% 2.4% 0.0% 0.0% 

Math Operations 61.8% 53.6% 46.3% 72.9% 78.8% 

Job-related 24.2% 8.9% 14.6% 41.7% 36.4% 

Daily Living 5.1% 0.0% 2.4% 10.4% 9.1% 

Note. Children were able to give more than one response; therefore percentages do not total 

100%. 
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Table 5 

 

How Does {Person Mentioned} Use Math? By Person Mentioned and Uses 

 

 Teachers Parents Children Other 

Adults 

Everyone 

School 76.2% 13.3% 39.3% 6.5% 14.3% 

Home 0.0% 0.0% 1.6% 0.0% 0.0% 

Math Activities 33.3% 60.0% 54.1% 89.1% 92.9% 

Job-related 9.5% 33.3% 0.0% 69.6% 14.3% 

Daily Living 0.0% 13.3% 4.9% 2.2% 21.4% 

Note. Children were able to give more than one response; therefore percentages do not total 

100%. 
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Table 6 

 

Who Uses Math? Responses by Grade 

 

Coding Category Overall  

N = 99 

Rising 

1st Grade  

N = 33 

Rising 

2nd Grade  

N = 23 

Rising 

3rdGrade  

N = 23 

Rising 

4th Grade  

N = 20 

Teachers 43.4% 42.4% 69.6% 34.8% 25.0% 

Parents 18.2% 21.2% 8.7% 26.1% 15.0% 

Children 52.5% 63.6% 56.5% 43.5% 40.0% 

Other Adultsa 38.4% 18.2% 34.8% 60.9% 50.0% 

Everyone 16.2% 9.1% 8.7% 21.7% 30.0% 

Note. Children were able to give more than one response, so percentages do not total 100%. 
aOther adults include scientists, architects, accountants, adult relatives, cashiers, engineers, and 

mathematicians.
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Table 7 

 

Correlations Between Children’s Math Applicability Scores for Various Activities, Controlling 

for Grade and Length of Utterance 

 

 1 2 3 4 5 6 7 8 9 

(1) Board 

Games 

- - - - - - - - - 

(2) Cooking .11 - - - - - - - - 

(3) Grocery 

Store 

.03 .16 - - - - - - - 

(4) Keep Score .28* .33** .02 - - - - - - 

(5) Playing 

Cards  

-.04 .20† .10 -.05 - - - - - 

(6) Blocks/ 

Legos 

.14 .24* .05 .09 .35*** - - - - 

(7) Video 

Games 

.15 .09 .09 .15 .06 .05 - - - 

(8) Money .15 .29* .06 .32** .19† .10 -.07 - - 

(9) Puzzles .14 .06 .17 .13 -.04 .17† .14 -.06 - 

(10) Maps .01 .16 .21† .11 <.01 .14 <.01 .20† .17 

Note. †p ≤ .10, *p < .05, **p < .01, ***p ≤ .001  



70 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Math utility conceptions model. 
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Chapter 3 

Elementary-School Age Children’s Math Utility Conceptions, their Home-Based Math 

Engagement, and their Parents’ Math Utility Conceptions 

 Children in the United States have a long-documented history of low achievement on 

national and international standardized math tests (National Mathematics Advisory Panel, 2008; 

U.S. Department of Education, 2014, 2015a, 2015b, 2018). To increase the number of children 

demonstrating proficiency in mathematics, it is important to determine the factors that contribute 

to mathematical learning. One factor that is associated with such learning is children’s math 

conceptions (Muis, 2004; National Research Council, 2001), which include children’s 

knowledge, attitudes, and beliefs about math. The National Research Council (2001) posits that 

children’s beliefs that math is useful and worthwhile, called productive disposition, is an 

important component for children to develop math proficiency.  

 Research on children’s math utility conceptions shows that these conceptions are 

positively associated with children’s math development (Mazzocco, Hanich, & Noeder, 2012; 

Rozek, Hyde, Svoboda, Hulleman, & Harackiewicz, 2015). However, these few studies only 

considered limited components of math utility conceptions, typically children’s utility beliefs, 

and have not considered children’s knowledge about how math is useful in daily life (Eccles, 

Wigfield, Harold, & Blumenfeld, 1993; Jacobs, Lanza, Osgood, Eccles, & Wigfield, 2002; 

National Research Council, 2001). Thus, we know relatively little about children’s understanding 

of what math is and how they think it can be applied in their daily lives. To better understand 

children’s math utility conceptions, it is important to examine two key constructs: children’s 

knowledge about math, including math concepts and applicability of math, and beliefs about 
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math utility, including utility value and productive disposition (see Figure 1 for a visual 

representation of the constructs measured in the present study). 

 In addition to studying children’s math utility conceptions, it is important to understand 

how their environment may impact those conceptions. Research shows that young children’s 

numeracy environments impact their early math skills (LeFevre et al., 2009; Levine, 

Suriyakham, Rowe, Huttenlocher, & Gunderson, 2010). However, less is known about how 

children’s environments impact their development of math conceptions. Results from Metzger, 

Sonnenschein, and Galindo (2018, Study 1) provided insight into children’s conceptions of math 

utility, but not how these conceptions develop. They found that frequency of children’s 

engagement in math-related activities at home did not relate to children’s awareness of math in 

their daily activities. This may have been due partially to the extent to which children engaged in 

the math-related aspects of home activities. This suggests that other aspects of children’s home 

numeracy environments, such as parents’ conceptions, may impact their math utility conceptions. 

Parents’ beliefs about children’s math activities are associated with children’s math achievement 

(Saxe, Guberman, & Gearhart, 1987; Sonnenschein, Metzger, & Thompson, 2016). Parents’ 

math utility conceptions, which include their beliefs about the usefulness of math, may also be 

related to children’s math utility conceptions. This study examines potential home influences on 

children’s conceptions about the utility of math and the relations between parent conceptions, 

children’s conceptions, and children’s home engagement in math activities. 

Children’s Math Conceptions 

The conceptual model in this study includes knowledge and beliefs about math utility. 

Knowledge about math concepts includes content and processes as defined by the National 

Council of Teachers of Mathematics (NCTM, 2000). Content includes number and operations, 
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algebra, geometry, measurement, and data analysis and probability. Processes include problem 

solving, reasoning and proof, communication, connections, and representations. Children must 

develop a sense of what math is before they can develop notions about its usefulness, and 

children’s ability to assess their own knowledge of math is related to their math learning and 

achievement (Dunlosky & Rawson, 2012; Vo, Li, Kornell, Pouget, & Cantlon, 2014). 

Knowledge of both math content and math processes are important for the development of math 

skills (National Research Council, 2001; Rittle-Johnson, 2017). 

Beliefs about math utility include utility value beliefs and the extent to which children 

have a productive disposition, or attitude toward math (National Research Council, 2001). Math 

utility value is positively related to math achievement and high school math course selection 

(Guo, Marsh, Parker, Morin, & Yeung, 2015; Marsh & Martin, 2011; Singh, Granville, & Dika, 

2002). The National Research Council (2001) recognized the importance of math utility by 

including productive disposition, children’s beliefs that they are users of math, and that math is 

useful and worthwhile, as one of their five “strands” of math proficiency. The current study 

expands on Eccles’ math utility value research (Eccles & Wigfield, 2002; Eccles et al., 1993) and 

the limited research on productive disposition.  

Developmental changes in children’s math utility conceptions. As children progress 

through school, they build on their knowledge and understanding within each math content area 

(Clements & Sarama, 2014; Geary, 2006; Rittle-Johnson, 2017). Knowledge about math 

applicability refers to children’s knowledge that math is used in their daily lives. Young children, 

when exposed to continued “real-world” math in their environment can learn more about how 

math is used in daily activities (Clements & Sarama, 2007; Papadakis, Kalogiannakis, & Zaranis, 

2017; Permutter, Bloom, Rose, & Rogers, 1997). Little research has examined grade level 
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differences in children’s definitions of what math is and whether they believe it is learned or 

used outside of the school context. 

 Several studies have shown that children’s expectancy-value beliefs in math decline from 

elementary school through high school (Eccles et al, 1993; King & McInerney, 2014; Muenks, 

Wigfield, & Eccles, 2018; Musu-Gilette, Wigfield, Harring, & Eccles, 2015; Nagy et al., 2010), 

but little research has examined developmental differences in these beliefs in early elementary 

school. For example, Musu-Gillette et al. (2015) found that, on average, utility value was highest 

in fourth grade, and most children showed an overall decline through early college, although 

rates of decline differed. Some research suggests that math utility beliefs can improve through 

interventions (Hulleman, Kosovich, Barron, & Daniel, 2017; Jansen, 2012; Mitchell, 1999). This 

study builds on prior research by examining grade-level differences in knowledge and beliefs 

about math utility for early elementary-age children. 

Parents’ Math Conceptions 

Research generally shows that parents’ math practices at home and beliefs about math are 

associated with preschool and kindergarten children’s early math skills (e.g., Blevins-Knabe & 

Musin-Miller, 1996; Ramani, Rowe, Eason, & Leech, 2015; Sonnenschein et al., 2016). Parents’ 

early math talk relates to preschool and kindergarten children’s number knowledge (Blevins-

Knabe & Musin-Miller, 1996; Gunderson & Levine, 2011; LeFevre et al., 2009; Levine et al., 

2010). Additionally, the extent to which parents of preschool to first grade children like math and 

the frequency with which their children see them engage in math-related activities significantly 

predicted children’s engagement in math activities at home, which, in turn, significantly 

predicted children’s early math skills (Sonnenschein et al., 2016). However, the association 
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between parent beliefs and children’s beliefs, a component of math utility conceptions, is still 

largely understudied. 

Early research into parents’ beliefs about math focused primarily on parents’ beliefs 

about their role in preparing their children for school (Barbarin et al., 2008; Okagaki & 

Sternberg, 1993) and, relatedly, the numeracy environment they create in their homes (Saxe et 

al., 1987). Although knowledge about the home numeracy environment is growing, fairly little is 

known about parents’ beliefs about math, how parents view their role in teaching math to their 

children, and the full extent of the activities they make available to their children (Huntsinger, 

Jose, Larson, Balsink Krieg, & Shaligram, 2000). Sonnenschein and colleagues (Sonnenschein et 

al., 2012, 2016, 2018) have conducted more in-depth research on parents’ beliefs about math and 

how they socialize math with their young children. They found that parents of preschool to first 

grade children reported that they believe it is important for their children to do math at home and 

for parents to help their children with math. Additionally, they reported that their children 

engaged daily in at least one math activity. 

It is important to understand parents’ beliefs about math, because parent beliefs are often 

associated with their parenting behaviors (Missall, Hojinski, Caskie, & Repasky, 2015; Okagaki 

& Bingham, 2005; Schofield & Weaver, 2015). If parents believe it is their role to engage their 

children in math activities at home, they may have their children more frequently engage in 

math-related games/activities (e.g., building with blocks, measuring ingredients for cooking, and 

playing various counting games) that have the potential to improve children’s math knowledge 

(Clements & Sarama, 2006, 2014; Ginsburg, Lee, & Boyd, 2008; Sarama & Clements, 2006). 

Parents also serve as role models for math engagement. For example, the frequency with which 

preschool through first grade children see their parents using math (paying bills, cooking, or 
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counting money at the grocery store, etc.) is positively associated with their home math 

engagement (Sonnenschein et al., 2016). This link between parents’ beliefs about math and the 

numeracy environments they create for their children highlights the importance of understanding 

how parents’ math utility conceptions may be associated with children’s conceptions. 

Eccles and colleagues (Eccles, 2009; Eccles et al., 1993; Muenks et al., 2018; Parsons 

[Eccles], Adler, & Kaczala, 1982; Wigfield & Eccles, 2000) have studied children’s math utility-

value, how it is acquired, and how it relates to their achievement and choice of advanced math 

classes in high school. Their theoretical model posits that is important for parents to serve as 

positive role models for math (Simpkins, Fredricks, & Eccles, 2012), but few studies have 

examined how parents’ math utility value is associated with their children’s math utility values. 

Harackiewicz, Rozek, Hulleman, and Hyde (2012) explored whether informing parents of high 

school children about the usefulness of advanced math and science courses in high school would 

impact their course selections. They used a simple intervention to encourage parents to discuss 

the utility value of taking advanced math and science courses with their high school children. 

Children whose parents discussed the utility value of math and science courses for their lives and 

future careers took an average of one additional math or science class in their last two years of 

high school.  Additional research has found that both parents’ beliefs about their high school 

children’s academic abilities and the extent to which parents value academics positively predicts 

children’s academic utility value (Chouinard, Karsenti, & Roy, 2007; Gniewosz & Noack, 2012; 

Jodl, Michael, Malanchuk, Eccles, & Sameroff, 2001; Lazarides, Harackiewicz, Pesu, & 

Viljaranta, 2015; Simpkins, Fredricks, & Eccles, 2015; Viljaranta, Lazarides, Aunola, 

Räikkönen, & Nurmi, 2015). For example, mothers’ beliefs that math is a useful subject 

positively predicts their children’s beliefs about the usefulness of math (Harackiewicz et al., 
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2012). It is possible that if parents engage elementary school children in discussions about math 

utility, this may impact their children’s conceptions about math utility in a similar way.  

Although parents’ beliefs about math predict children’s beliefs, some research suggests 

that this effect may be moderated by other factors in the home environment (Maloney, Ramirez, 

Gunderson, Levine, & Beilock, 2015). For example, Maloney et al., 2015 found that the extent to 

which parents’ beliefs about math predict young children’s beliefs and achievement is moderated 

by how often parents spend time helping their children with homework. More specifically, when 

parents helped their children more frequently with math homework, parents’ math anxiety is 

positively associated with first and second grade children’s math anxiety and negatively 

associated with children’s math achievement (Maloney et al., 2015). If they helped their children 

less often with math homework, parents’ math anxiety was not related to children’s. The present 

study examines the association between parents’ and children’s conceptions about math utility as 

well as explores the potential moderating effects of children’s home numeracy environment, 

including how often parents help their children with homework, how frequently their children are 

engaged in math activities at home, and the extent to which their children see their parents using 

math. 

Children’s Home-Based Math Engagement 

Very young children gain mathematics knowledge from their environment before they 

start school (Ginsburg et al., 2008; LeFevre et al., 2009; Sarama & Clements, 2006, 2007; 

Siegler & Mu, 2008). Children develop “everyday mathematics” concepts, including size, shape, 

and magnitude by engaging in activities such as building with blocks, measuring ingredients for 

cooking, and playing various counting games (Clements & Sarama, 2007; Ginsburg et al., 2008). 

Engaging in everyday math activities at home positively predicts the development of early math 
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skills (Blevins-Knabe & Musun-Miller, 1996; Clements & Sarama, 2006; Downer & Pianta, 

2006; LeFevre et al., 2009; LeFevre, Polyzoi, Skwarchuk, Fast, & Sowinski, 2010; Skwarchuk & 

LeFevre, 2015; Sonnenschein et al., 2016). Ramani and Siegler (2008) found that the frequency 

with which preschool children reported engaging in board games—especially those using dice or 

spinners, card games, and video games outside of school predicted aspects of their number 

knowledge at the beginning of preschool. Similarly, LeFevre and colleagues (LeFevre et al., 

2009, 2010) found that the frequency with which young children engaged in home-based math 

activities such as playing board games, card games, cooking, and shopping predicted their math 

knowledge and fluency.  

The limited research on the association between home engagement and children’s math 

conceptions suggests that children begin to develop such conceptions, in particular, self-efficacy 

and self-concepts beliefs, through home experiences (for a review, see Muis, 2004). This 

suggests that children’s conceptions of math utility may be related to their math engagement at 

home. However, the relation between home math engagement and math utility conceptions have 

not been well-documented. Existing research focuses primarily on early math skills as the 

outcome rather than children’s math conceptions (e.g., Laski & Siegler, 2014; Ramani & Siegler, 

2008; Skwarchuk & LeFevre, 2015). Consequently, little is known about the relations between 

math home engagement and math utility conceptions. 

Most of what is known about children’s engagement in math activities at home is parent-

reported frequency of young (preschool and early elementary) children’s engagement in such 

activities (e.g., Saxe et al., 1987; Skwarchuk & LeFevre, 2015; Sonnenschein et al., 2016). For 

example, Saxe et al. (1987) conducted in-depth interviews with mothers of preschool age 

children to examine the frequency of engagement at home for many math-related activities, 
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including store-bought games, number books, and games that the parents created that involve 

numbers or counting.  Sonnenschein and colleagues (Sonnenschein et al., 2012, 2016) measured 

parent-reported frequency of preschool through first grade children’s math activities, including 

counting, writing numbers, discussing quantities, playing math board games, and watching math 

television programs. While this provides information about which activities very young children 

are engaged in at home, engagement in math activities at home for older children (early to 

middle elementary school age) is relatively unknown.  

Present Study 

 The goals of this study are to examine children’s math utility conceptions, developmental 

differences in those conceptions, and how the home numeracy environment, specifically parents’ 

math utility conceptions and children’s math engagement at home, relate to those conceptions. 

Research suggests that parents’ beliefs and modeling behaviors are associated with children’s 

skills (Sonnenschein et al., 2016). Similarly, it is expected that parents’ math utility conception 

scores will positively predict children’s math utility conception scores.  

Furthermore, Maloney et al. (2015) found that parents’ math anxiety positively predicted 

children’s math anxiety, but only when parents spent more time helping their children with math 

homework. If parents’ math anxiety is more associated with children’s anxiety when they spend 

more time engaging with their children in a math-related activity, there may be similar 

moderators of the relation between parents’ and children’s math utility conceptions. We explore 

the potential moderating effects of three aspects of the home numeracy environment: the 

frequency with which parents help their children with math homework, children engage in math 

activities at home, and parents model their own math engagement. Based on Maloney et al.’s 

(2015) results, we hypothesize that the extent to which parents’ math utility conceptions predict 
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children’s conceptions will vary based on these three variables. Specifically, when each of these 

aspects of the home numeracy environment is higher, the association between parents’ and 

children’s math utility conceptions will be stronger.   

 This study adds to the current literature by expanding on current measures of math utility 

conceptions by measuring both knowledge and beliefs about children’s and parents’ math utility 

conceptions. Additionally, the present study explores the potential moderating effects of the 

home numeracy environment on the relation between parents’ math utility conceptions and 

children’s conceptions. Finally, this study adds to current research related to the association 

between children’s home math engagement and their math utility conceptions. 

Method 

Participants 

 Children. One hundred and four children (55% girls) were recruited during the summer 

and early fall from schools and summer camps in the Baltimore/Washington, D.C. corridor. Most 

of the children (88%) were interviewed during the summer. Twenty-eight children (Mean age = 

6.60 years, SD = 0.41, 43% girls) were entering or had just entered first grade, 26 second grade 

(Mean age = 7.36 years, SD = 0.31, 58% girls), 26 third grade (Mean age = 8.29 years, SD = 

0.35, 62% girls), and 24 fourth grade (Mean age = 9.41 years, SD = 0.36, 58% girls) in the fall 

following their interview.  Consistent with similarities in math instruction and some previous 

research with this age group (Simons, Metzger, & Sonnenschein, 2018; Sobel & Letourneau, 

2015), children were grouped into younger (rising first and second graders, n = 54) and older 

(third and fourth, n = 50) grade groups.  

 Children came from diverse racial/ethnic backgrounds. Fifty-seven percent of child 

participants were European American/White (n = 59), 15% African American/Black (n = 16), 
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14% Asian/Pacific Islander (n = 14), 3% Hispanic/Latino (n = 3), 3% another race/ethnicity (n = 

3), and 9% multiracial (n = 9). Slightly more than half of child participants had parents who were 

highly educated [57% (n = 59) earned a post-graduate degree, 28% (n = 29) Bachelor’s degree, 

and 15% (n = 16) some college or an Associate’s degree]. Additionally, 54% (n = 56) of children 

had parents who reported a household income of $125,000 or more, 32% (n = 33) $75,000 - 

$124,999, and 10% (n = 10) less than 75,000. 

 Parents. Ninety-eight percent (n = 102) of child participants also had a parent or primary 

caregiver participant in the study. However, because there were four sibling pairs in this study, 

there were only 94 (83% female) unique parent participants (81% (n = 76) mothers, 15% (n = 

14) fathers, 2% (n = 2) grandfathers, and 2% (n = 2) other relatives). Mean parent age was 41.42 

years (SD = 6.65). Participants came from a diverse racial/ethnic background: European 

American/White (n = 63, 67%), African American/Black (n = 12, 13%), Asian/Pacific Islander 

(n = 14, 15%), Hispanic/Latino (n = 2, 2%), another race/ethnicity (n = 2, 2%), or multiracial (n 

= 1, 1%). 

Measures 

 Complete versions of the Mathematics Conceptions Questionnaires for children and 

parents can be found in Appendices A and B. Below is a description of specific measures within 

the questionnaires for each component of the math utility conceptions model and children’s 

home math engagement. 

 Knowledge about math. 

 Math concepts. Both children and parents were asked “What is math?” To measure 

knowledge of math content and processes, responses were coded categorically based on NCTM’s 

(2000) content (numbers and operation, algebra, geometry, data analysis and probability, etc.) 
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and process (problem solving, connections, etc.) standards. A detailed description of codes and 

exemplary quotes can be found in Table 1. For this and other open-ended responses, inter-rater 

reliability was established by having two raters independently code about 15-30% of the 

responses for each item. The researchers met after coding the transcripts to review their codes 

and reached consensus. Inter-coder reliability was tested using Cohen’s kappa (Cohen, 1960). A 

kappa guideline of .70 was used to determine acceptable inter-rater reliability (Fleiss, 1981; 

Landis & Koch, 1977). If acceptable kappa levels were not reached in the first round of coding, 

the coding scheme was reviewed and modified, if necessary, and a new set of responses were 

coded. This process continued until kappas were at least .70 for every coding category. 

Discrepancies were resolved for responses coded by both raters, and remaining responses were 

coded by one of the raters who had reached acceptable reliability. Final kappas for math concepts 

were 1.00 for all codes.  

 To measure the extent to which children and parents define math as a useful tool, a scale 

based on Mazzocco et al. (2012) was developed (see Table 1). This five-point scale ranged from 

a 0, (“I cannot explain”) to 2 (“It has to do with numbers”) to 4 (“Math is an important thing 

you use every day, like at the grocery store”). This scale score represents the math concepts 

score within the overall math utility composite. 

 Inter-rater reliability for this and other scales was established by having two raters 

independently code about 15-30% of the responses. Because the data are on a continuous scale, 

an intraclass correlation coefficient (ICC, McGraw & Wong, 1996) was used to determine 

acceptable inter-rater reliability. Specifically, two-way random-effects model ICCs with absolute 

agreement (Koo & Li, 2016) were used. If acceptable ICC values were not reached in the first 

round of coding, a new set of responses were coded. This process continued until ICC values 
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were at least .75, representing good reliability (Koo & Li, 2016). Remaining responses were 

coded by one of the raters who had reached acceptable reliability. The final ICC for the math 

concepts scale was .84. 

Applicability of math.  

Children. Children were asked “How do you learn math?” Descriptive codes represent 

the setting and/or from whom they believe math is learned and/or how they acquire math 

knowledge.  

Children were asked, “Who uses math?” and “How does {person[s] mentioned} use 

math?” Similar to math concepts, a scale was developed based on children’s responses to these 

questions to represent the extent of children’s knowledge about how math is useful in daily life 

(see Table 1). The five-point scale ranged from a 0, (“I cannot think of anyone”) to 2 (“everyone 

because they have to learn it in school”) to 4 (“Everyone has to use math in their life all the 

time- like at the grocery store”). This scale score represents a math uses score within the math 

applicability composite. The final ICC for the math uses scale was .80.  

 To measure awareness of math in daily activities, children were asked whether and how 

mathematics can be used in 10 different activities: playing board games, card games, and video 

games, doing puzzles, cooking, helping at the grocery store, building with blocks or Legos, using 

or playing with money, using maps or a globe, and keeping score in games or sports. Children 

were asked, “Some children think math is used when they play board games, some think math is 

not used at all. Do you think math is used when you play board games?” If children responded 

“yes,” they were asked how math was used in the activity. As in Metzger et al. (2018, Study 1), 

children’s responses were coded on a 4-point scale (see Table 1): 0 if the child did not identify 

that math was used or if s/he said that math was used, but the description was not related to math; 
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1 if the child said that math was used in the activity, but did not elaborate about how; 2 if s/he 

described a basic math skill; 3 if s/he described an advanced math skill. The final ICCs for 

children’s math awareness items ranged from .76 to .98. A composite was created by averaging 

scores for all activities. This composite scale score represents the math awareness score within 

the math applicability composite. Cronbach’s alpha for the math awareness scale for children 

was .82 (.81 for younger children, .76 for older children). A composite was created by summing 

the math uses and math awareness scale scores. This scale score represents the math 

applicability score within the overall math utility composite. 

 Parents. Parents were asked whether they whether and how math featured in 10 activities 

or locations: decorating a home, in the kitchen, gardening/mowing the lawn, using a cell phone, 

planning a party or get-together, making art, travelling, playing or watching sports, 

making/listening to music, and at a restaurant. Parents were asked “Is math used in the kitchen?” 

If they responded “yes,” they were asked how math was used in the activity or place. A scale 

similar to the children’s scale was developed based on parents’ responses (see Table 1). The final 

ICCs for parents’ items ranged from .79 to 1.00. A composite was created by averaging scores 

for all activities/locations. This scale score represents the math applicability score within the 

overall math utility composite. Cronbach’s alpha for the math applicability scale for parents was 

.82. 

 Beliefs about math. 

 Utility value. Children and parents were asked to rate nine items on a five-point scale to 

measure their utility value for math (see Table 1). Items were adapted from similar measures 

used to measure mathematics or reading motivation (Baker & Scher, 2002; Eccles et al., 1993; 

Sonnenschein, Baker, & Garrett, 2004; Wigfield & Guthrie, 1997). Examples included “Math is 
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useful for everyone” and “It is important for me to learn math.” Children were asked to report 

whether they felt each item is 1 “not at all like me,” to 5 “a lot like me.” Three non-math 

activities were presented as examples at the outset to familiarize children with the rating scale. 

Parents were asked to indicate the extent to which they agreed or disagreed with the same 

statements as the children (1 “strongly disagree” to 5 “strongly agree”). A composite was created 

by averaging the scores on the nine items. This composite scale will represent utility value score 

within the overall math utility composite. Cronbach’s alpha for the utility value scale for children 

was .79 (.79 for younger children, .80 for older children) and for parents was .78. 

 Productive disposition. Children and parents were asked to rate several items (10 for 

children, nine for parents, see Table 1) on a five-point scale to measure their disposition towards 

math. Some items were adapted from similar measures used to measure mathematics or reading 

motivation (Baker & Scher, 2002; Eccles et al., 1993; Sonnenschein et al., 2004; Wigfield & 

Guthrie, 1997). Examples included “Working hard in math helps me do better in math” and 

“Learning math is worth my time.” Children were asked to report whether they felt each item is 1 

“not at all like me,” to 5 “a lot like me.” Parents were asked to indicate the extent to which they 

agreed or disagreed (1 “strongly disagree” to 5 “strongly agree”) with the same statements, 

except for “I know that I will do well in math this year,” which parents were not asked. A 

composite was created by averaging the scores on all items. This composite scale represented 

productive disposition score within the overall math utility composite. Cronbach’s alpha for the 

productive disposition scale for children was .87 (.87 for younger children, .88 for older 

children) and for parents was .91. 
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Overall math utility conceptions. The scale scores for each component of the math 

utility conceptions model (math concepts, math applicability, math utility, and productive 

disposition) were standardized within group (children/parents), then summed.  

Children’s home math engagement. Both children and parents were asked 

independently to report children’s math engagement at home by responding to how frequently 

children engaged in 14 activities: board games, math games on the computer, games or sports 

where someone keeps score, card games, video games, help with cooking, help at the grocery 

store, watch math TV shows, using money, math workbooks or flashcards, blocks or Legos, 

maps or globes, using a calculator, and puzzles. Response choices on the 5-point scale ranged 

from 1 “never/almost never” to 5 “every day/almost every day.” Separate composite scores were 

created for parents and children by averaging the scores on all items. The composite score 

represented overall home math engagement. Cronbach’s alpha for the child-reported home math 

engagement scale was .70 and the parent-reported home math engagement was .71. Child- and 

parent-reported home math engagement composites were significantly correlated, r(99) = .33, p 

= .001.  

Demographic information. As part of the consent documents, parents provided their 

child’s age, grade in school in the fall, gender, and race/ethnicity (African American/Black, 

European American/White, Hispanic/Latino, Asian/Pacific Islander, or “other”). Additionally, 

parents provided their age, race/ethnicity, relation to the child (mother, father, or “other”), 

highest level of education they earned (post-graduate degree, Bachelor’s degree, Associate’s 

degree, some college/vocational/technical, high school graduate, or less than high school), and 

total household income ($125,000 or more, $100,000 - $124,999, $75,000 - $99,999, $50,000 - 

$74,999, $25,000 – $49,999, or less than $25,000). 
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Length of Utterance 

 Several analyses in this study examined grade group differences in children’s conceptions 

using responses to open-ended questions. This mixed-methods approach results in individual 

differences in sophistication and length of responses and may be biased towards older children 

(Sobel & Letourneau, 2015). Due to developmental differences in children’s verbal skills 

between early and later elementary school grades (e.g., Hoff, 2014), we attempted to control for 

potential developmental differences in two ways. First, the coding schemes described above were 

designed to control for developmental differences in children’s language sophistication. For 

example, in response to “How do you use math when you cook?” a child who said “you measure 

how many cups you need” and a child who gave a detailed account of measuring and used 

several measurement terms received the same score. Also, we completed a length of utterance 

analysis for each open-ended item to control for the potential developmental differences in the 

length of children’s responses as well as the potential for longer responses to mention more 

coding categories. All words other than filler words such as “um” and “uh” were counted. 

Procedure 

 Children were interviewed individually by a trained graduate student or advanced 

undergraduate research assistant. Each interview took place in the investigator’s research lab, the 

child’s home, or a public library and lasted approximately 15-20 minutes. Researchers 

administered the Children’s Mathematics Conceptions Questionnaire and responses were 

recorded using a digital recorder. The interviewer also took notes of the child’s responses. 

Parents completed the Parents’ Math Conceptions Questionnaire when they filled out the 

participant consent forms. All interviews and questionnaires were in English. 
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Results 

Preliminary Analyses 

 Preliminary analyses were conducted to determine which variables, if any, should be 

included as covariates in analyses. First, we examined whether length of utterance needed to be 

used in analyses. Overall, independent-samples t-tests did not show significant length of 

utterance differences between grade groups for most open-ended item responses. However, older 

children had significantly higher sum of length of utterances for the questions that featured into 

the math utility conceptions scale score, t(102) = 2.20, p = .030 and overall length of utterance 

for the entire interview, t(102) = 1.98, p = .050, than younger children. Additionally, after 

controlling for grade, the length of utterances for all open-ended items in the overall math utility 

conceptions composite, r(99) = .25, p = .012, and the total length of utterance throughout the 

entire interview, r(99) = .29, p = .003, were both significantly correlated with children’s overall 

math utility conceptions score. Accordingly, any analyses predicting children’s math utility 

included the appropriate length of utterance as a covariate. 

 Next, independent-samples t-tests were used to determine whether there were gender 

differences in math utility conceptions. There were no significant gender differences on any of 

the math utility composite scores, the home math engagement composite score, any of the 

individual math utility or productive disposition individual items, or on any of the coding 

categories across all open-ended items, p > .05. The only gender differences were that boys 

reported playing games or sports where they keep score, p = .021, video games, p < .001, and 

with blocks or Legos more frequently than girls, p < .001. Because of the overall lack of 

significant gender differences, gender was not used as a covariate in analyses. 
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 Finally, we examined whether socioeconomic factors, parents’ highest education earned 

and household income, were correlated with children’s math utility conceptions. Parents’ highest 

education level was significantly correlated with children’s math utility scale scores, r(102) = -

.28, p = .004, and children’s productive disposition scale score, r(102) = -.19, p = .052, but not 

significantly correlated with math knowledge scores, p = .197, math applicability scores, p = 

.695, the overall math utility conceptions composite, p = .071, or home math engagement, p = 

.778. Household income was not significantly correlated with children’s math knowledge scale 

scores, p = .886, math applicability, p = .083, math utility scale scores, p = .516, productive 

disposition scale score, p = .223, overall math utility conceptions, p = .209, or home math 

engagement, p = .089. Because socioeconomic factors were not significantly correlated with the 

outcomes in this study, overall math utility conceptions and home math engagement, neither 

were included in analyses. 

Children’s Math Utility Conceptions 

 Math concepts. Consistent with results of Metzger et al. (2018, Study 1), when asked 

“What is Math?” the majority of children (89%) defined math as number and operations, 

particularly number transformations (73%, see Table 2). Only 20% of children mentioned math 

processes. Eleven percent of children defined math as something that is fun (positive affect) and 

8% of children defined math as something that increases your intelligence in a general way 

(math makes you smarter). 

 Chi-square tests were used to determine whether there were differences in children’s 

math concepts knowledge between younger and older children. Significantly more older children 

(82%) than younger children (65%) mentioned number transformations (or calculations), χ2(1, N 

= 104) = 3.90, p = .048, Φ = .19. Also, significantly more older children (22%) than younger 
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children (4%) mentioned connections, χ2(1, N = 104) = 7.95, p = .005, Φ = .28. There were no 

other significant differences.  These differences suggest that older children may be defining math 

as the operations they are learning in school, but also may be acquiring knowledge about the 

interdisciplinary and applicable nature of math. 

 The mean math concepts scale score was 2.11 (SD = 0.75) on a 0-4 scale. Grade group 

differences in math concepts, math applicability, math utility, productive disposition, and overall 

math conceptions scale scores were tested using an OLS regression model with grade group as 

the predictor and the appropriate length of utterance as a covariate. Older children (M = 2.32, SD 

= 0.87) had significantly higher math concepts scale scores than younger children (M = 1.91, SD 

= 0.56), B = 0.39, t(101) = 2.86, p = .005, partial η2 = .075. Most children (78% overall, 85% 

first/second graders, 70% third/fourth graders) received a score of two on the math concepts 

scale, which reflects knowledge of math focused primarily on numbers and operations. Few 

(14% overall, 4% first/second graders, 26% third/fourth graders) provided responses that 

indicated that they defined math as something that is connected to other subjects or daily life 

activities (three or four on the scale).  

 Math applicability. Most children mentioned learning math from school (88%) and 

teachers (71%). A little more than one-third of children mentioned learning math at home (39%) 

and from parents (34%, see Table 3). Chi-square tests were used to determine whether there were 

grade group differences. There were no significant grade group differences in children’s 

responses, suggesting that children, regardless of grade group, view math as learned primarily in 

school. 

 When asked to identify users of math, children most often mentioned children (46%), 

including themselves and/or their peers/classmates/siblings, or that everyone uses math (45%, 
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see Table 4). Thirty-nine percent of children mentioned other adults that use math, and the most 

common adults they mentioned were scientists, adult non-parent relatives, mathematicians, 

engineers, and carpenters/builders/architects. Less than one-third of children mentioned teachers 

(31%), and even fewer mentioned parents (15%). Chi-square tests were used to determine 

whether there were differences between younger and older children with whom they see as math 

users. Significantly more younger children (56%) than older children (36%) mentioned children, 

χ2(1, N = 104) = 4.00, p = .046, Φ = .20. There were no other significant differences in other 

coding categories. 

 The mean math uses scale score (based on responses about who uses math and how) was 

2.28 (SD = 1.24) on a 0-4 scale. Although 40% (56% first/second graders, 24% third/fourth 

graders) of the sample received a one on the math uses scale, 26% (17% first/second graders, 

36% third/fourth graders) received a four, demonstrating that about one-fourth of the sample 

indicated and described how everyone uses math in their daily lives. An OLS regression analysis 

controlling for length of utterance in responses showed that older children (M = 2.72, SD = 1.20) 

had significantly higher scale scores than younger children (M = 1.87, SD = 1.15), B = 0.85, 

t(101) = 3.68, p < .001, partial η2 = .118. 

 When children were asked to describe how math was used in 10 different activities, the 

mean math awareness composite score was 1.48 (SD = 0.68) on a 0-3 scale, meaning that on 

average, children were able to indicate that math is included in an activity but either were not 

able to describe how it is used or described a basic math operation. Activities with the highest 

math awareness scores were playing with or using money (M = 2.17, SD = 0.85), keeping score 

in games or sports (M = 2.08, SD = 0.92), and playing board games (M = 1.82, SD = 1.00). 

Activities with the lowest math awareness scores were playing video games (M = 0.88, SD = 
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1.17), playing with puzzles (M = 0.92, SD = 1.18), and using maps or globes (M = 1.02, SD = 

1.15).  

 Using OLS regression and controlling for the sum of length of utterances across all ten 

activities, we found that older children (M = 1.74, SD = 0.63) had significantly higher math 

awareness scale scores than younger children (M = 1.23, SD = 0.64), B = 0.30, t(101) = 2.90, p = 

.005, partial η2 = .077. The math uses and math awareness scale scores were combined into the 

math applicability scale score. After controlling for the sum of length of utterances across both 

the math uses and the math awareness items, older children (M = 4.46, SD = 1.57) had 

significantly higher math applicability scale scores than younger children (M = 3.10, SD = 1.44), 

B = 1.15, t(101) = 3.99, p < .001, partial η2 = .136. 

 Math utility. The mean math utility composite score was 4.22 out of a possible 5 (SD = 

0.67) indicating that, on average, children see math as useful and important. An independent 

samples t-test examined grade group differences. The difference in responses between older 

children (M = 4.27, SD = 0.62) and younger children (M = 4.17, SD = 0.72), t(102) = 0.76, p = 

.449, was not significantly different.. 

 Productive disposition. The mean productive composite score was 4.15 (SD = 0.79) on a 

1-5 scale, indicating that, on average, children see themselves as math users and that working 

hard in math is worthwhile. Again, an independent samples t-test revealed no significant 

difference between older children (M = 4.15, SD = 0.75) and younger children (M = 4.15, SD = 

0.83), t(102) = 0.04, p = .971. 

 Overall math utility conceptions composite. To test for grade group differences in 

children’s overall utility conceptions composite, we used an OLS regression model with grade 

group as the predictor and the sum of length of utterances across all items that feature into the 
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overall math utility composite as a covariate. Older children (M = 0.79, SD = 2.53) had 

significantly higher math utility conceptions construct scores than younger children (M = -0.73, 

SD = 2.21), B = 1.55, t(101) = 3.33, p = .001, partial η2 = .099. 

Parents’ Math Utility Conceptions 

 Math concepts. Most parents (84%) defined math as number and operations (see Table 

6). Unlike their children, however, most parents (62%) also mentioned different math processes, 

particularly connections (29%) and problem solving (20%). Almost one-third (32%) of parents 

mentioned geometry as part of their definition of math. The mean math concepts scale score was 

2.84 (SD = 0.83) on a 0-4 scale. Similar to their children, the most common score on the math 

concepts scale was a 2 (44%). However, the majority of parents (56%) provided responses that 

indicated that they defined math as something that is connected to other subjects or daily life 

activities (3 or 4 on the scale). 

 Math applicability. When parents were asked to describe how math was used in 10 

different activities, the mean math applicability composite score was 2.48 (SD = 0.48) on a 0-3 

scale, meaning that, on average, parents indicated that math is included in an activity and either 

described a basic or an advanced math operation. Activities with the highest math applicability 

scores were using math at a restaurant (M = 2.79, SD = 0.51), in the kitchen (M = 2.73, SD = 

0.64), and when traveling (M = 2.68, SD = 0.59). Activities with the lowest math applicability 

scores were using a cell phone (M = 1.97, SD = 0.95), making or listening to music (M = 2.14, 

SD = 1.03), and playing or watching sports (M = 2.33, SD = 0.68).  

 Math utility. The mean math utility composite score was 4.48 (SD = 0.40) on a 1-5 

scale, indicating that, on average, parents see math as useful and important.  
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 Productive disposition. The mean productive disposition composite score was 3.91 (SD 

= 0.76) on a 1-5 scale, indicating that, on average, parents agree that they are math users and that 

working hard in math is worthwhile.  

Relations Between Parents’ and Children’s Math Utility Conceptions 

 To examine the relation between parents’ and children’s math utility conceptions, we 

used an OLS regression with parents’ math utility conceptions composite score as the predictor, 

children’s grade group and the total length of utterance for all utility conceptions items as 

covariates (both related to children’s overall conceptions scores), and children’s math utility 

conceptions composite score as the outcome. As hypothesized, parents’ math utility conceptions 

significantly predicted children’s math utility conceptions, β = .194, t(98) = 2.10, p = .038. Child 

grade group, β = .219, t(98) = 2.35, p = .021, and length of utterance, β = .244, t(98) = 2.60, p = 

.011, were both significant covariates. This suggests that if parents have the knowledge and 

beliefs that math is useful for daily lives, their children tend to have this knowledge and these 

beliefs as well. 

 We examined whether the relation between parents’ and children’s math utility 

conceptions was moderated by three parent math socialization practices: the percent of children’s 

math homework time that parents help with math homework, parent-reported children’s math 

home engagement, and the extent to which parents report that their children see them engaging in 

math activities. We used one OLS regression to test these effects, with parents’ overall 

conceptions score, the three home numeracy environment variables, the three interaction terms 

between parents’ conceptions and each of the home environment variables as predictors, 

children’s grade group and the sum of math conception items length of utterances as covariates, 

and children’s math utility conceptions as the outcome (see Table 6). Parent’s math utility 
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conceptions, p = .013, remained a significant predictor of children’s math utility conceptions. 

Contrary to our hypothesis, the percentage of time that parents help with math homework was 

not a significant moderator of the relation between parents’ and children’s math utility 

conceptions, p = .321. However, parent-reported mean frequency of children’s home math 

engagement, p = .025, and the frequency with which parents report their children see them doing 

math, p = .022, significantly moderated the relation between parents’ and children’s math utility 

conceptions. 

 We probed the interactions of frequency of children’s home math engagement and how 

often children see their parents doing math on the relation between parents’ and children’s math 

utility conceptions using a simple slopes analysis (Cohen, Cohen, West & Aiken, 2003; Hayes & 

Rockwood, 2017; Preacher, Curran, & Bauer, 2006). For both moderators, we probed the 

relations between parents’ and children’s math utility conceptions at the mean and at one 

standard deviation above and one below the mean of each moderator, holding all other variables 

constant at their respective mean values. For home math engagement, as the frequency of 

children’s home math engagement decreases, the strength of the relation between parents’ and 

children’s math utility conceptions increases (see Figure 2). On the contrary, as the frequency 

with which children see their parents doing math increases, the strength of the relation between 

parents’ and children’s math utility conceptions increases (see Figure 3). 

Relations Between Children’s Home Math Engagement and Math Utility Conceptions 

 To explore the relations between children’s home math engagement, five separate OSL 

regressions were conducted with child-reported frequency of home math engagement as the 

predictor, grade group and the relevant length of utterance, as appropriate, as covariates, and 

overall children’s math utility conceptions composite score or one of the four components of 



96 

 

math utility conceptions as the outcome. Consistent with Metzger et al. (2018, Study 1), overall 

home math engagement was not a significant predictor of overall children’s math utility 

conceptions, β = .083, t(98) = 0.91, p = .368. Home math engagement also did not significantly 

predict children’s math concepts, β = -.022, t(100) = -0.25, p = .807, math applicability, β = -

1.32, t(100) = -1.32, p = .190, and math utility scale scores, β = .132, t(101) = 1.34, p = .183. 

However, home math engagement was a significant predictor of children’s productive 

disposition scale scores, β = .243, t(101) = 2.51, p = .014. 

Discussion 

This study examined whether parents’ math utility conceptions and home math 

engagement were associated with children’s math utility conceptions. Consistent with Metzger et 

al. (2018, Study 1), children’s knowledge about math was heavily focused on math operations 

and as something that is learned and used in school. Children had limited knowledge of how 

math featured into their daily lives. They were able, on average, to identify that math was used in 

activities but not always how it was used. In contrast, and perhaps not surprisingly, parents were 

far more likely to describe math processes as part of their definitions and, on average, were able 

to describe a basic or advanced aspect of math that is featured in activities. 

There were three particularly noteworthy findings.  First, parents’ math utility 

conceptions significantly predicted children’s math utility conceptions. This finding may point to 

the home as a setting for potential intervention. Prior research with children in high school 

showed that parent-based interventions have successfully increased both parents’ and children’s 

math utility beliefs and the level of math courses in which children enroll (Harackiewicz et al., 

2012; Rozek et al., 2017). Parents and children in this study exhibited a range of math utility 

knowledge and beliefs about math utility. Results suggest that interventions geared towards 
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teaching parents about math utility for elementary-age children may lead to an improvement in 

children’s knowledge and beliefs about math utility.  

Second, the relation between parents’ and children’s math utility conceptions was 

moderated by children’s home math engagement and the frequency with which children see their 

parents doing math. Parents’ conceptions of math utility were associated more strongly with 

children’s conceptions for children who engage less frequently in home-based math activities. 

We know that when children engage in math activities at home, they develop an understanding 

of how math is incorporated into their world (Clements & Sarama, 2007; Ginsburg et al., 2008; 

Missall et al., 2015). Perhaps when children are engaging less frequently in math activities, their 

conceptions about how math is used in daily life primarily comes from what they hear their 

parents say about math. Essentially, children may identify more with their parents’ conceptions 

about the usefulness of math when they have less direct opportunity to experience the ways in 

which math is used in daily activities. 

 Parent’s and children’s math utility conceptions were also associated more highly for 

children who more frequently see their parents using math. This may be because parents are 

using opportunities to model the ways in which math is useful in daily life. The extent to which 

children see their parents using math is also associated with children’s early math skills 

(Sonnenschein et al., 2016). Results from the current study suggest that this role modeling 

behavior may be important for the development of math utility conceptions as well. Children 

may internalize the ways in which parents talk about math they are using during these activities 

in a way that is different from when parents simply tell children about how math can be used. 

Also, if parents are using more math language with their children during these activities, this 

may improve children’s math language vocabulary, which, in turn, improves children’s math 
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skills (Purpura, Napoli, Wehrspann, & Gold, 2017; Purpura & Reid, 2016). We did not 

specifically ask parents whether they engage their children in conversation while they doing 

these activities, so it unclear whether this effect is due to parents discussing math uses with 

children or from children just observing their parents’ behaviors.  

Maloney et al.’s (2015) research suggests that the more parents and children engage in 

math discussions together, specifically during homework time, the more likely they are to pass 

on their beliefs about math to their children. This study supports that notion, but results suggest 

that for math utility conceptions, the contexts in which parents pass on their knowledge and 

beliefs about the usefulness of math are different than for math anxiety. For math utility 

conceptions, this “transfer” of knowledge may occur primarily when parents are demonstrating 

their own uses of math in their daily lives and/or in the absence of children learning during their 

own home-based math activities.  

Third, older children demonstrated higher math concepts and math applicability 

knowledge than younger children, after controlling for potential developmental differences in 

language skills, but there were no differences between the two groups on math utility or 

productive disposition. This distinction may be important for understanding the differences in the 

development of math utility knowledge and beliefs. These findings suggest that as children move 

through early elementary school, they are acquiring more knowledge about the utility of math 

through experiences at home and in school. However, consistent with past research on subjective 

task value (Eccles et al, 1993; Gottfried, Marcoulides, Gottfried, Oliver, & Guerin, 2007; 

Wigfield et al., 1997), children’s beliefs that math is useful and their effort in math is worthwhile 

may remain stable during this time. The lack of significant differences in math utility beliefs at 

this age is consistent with other research that shows that beliefs about math utility do not 
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typically begin to decline until late elementary school or middle school (e.g., Eccles et al., 1993; 

Musu-Gillette et al., 2015). This may indicate that there is a different developmental trajectory 

for knowledge and beliefs about math utility. 

Implications for Practice  

 The findings from this study indicate that parents’ math utility conceptions, may be 

important for the development of children’s math utility conceptions. Parents have many 

opportunities to demonstrate their math utility knowledge and beliefs to their children. Research 

shows that the extent to which parents use number talk at home relates to children’s number 

knowledge (Gunderson & Levine, 2011; LeFevre et al., 2009; Levine et al., 2010; Ramani et al., 

2015), so there may be a similar effect if parents are encouraged to share their knowledge and 

beliefs about the usefulness of math. If parents know that what they say to their children about 

math can influence how they feel about math, especially when they model their own math 

behaviors for their children, it may motivate them to better understand how math is useful in 

daily life and how to teach this to their children. 

Limitations and Future Directions 

Although this study offered new insight into how parents’ math utility conceptions may 

be associated with their children’s conceptions, there are three important limitations to consider. 

One, we may not have sufficiently tapped into home math experiences. Although we used a 

variety of activities, there may be more interactions or informal math discussions that we did not 

measure. Home math engagement was related to children’s productive disposition, but not to 

other aspects of math utility conceptions. This may be because our rating scale did not account 

for the extent to which children engage in the math-related aspects of the activities in the 

questionnaire. 
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Two, although the sample was relatively racially/ethnically diverse, the majority of the 

sample were families with highly-educated parents in middle- to upper middle- income 

households. This means that findings may not be generalizable to all demographic groups. 

Additionally, because there were not enough participants in each of the demographic groups, we 

could not test for differences between racial/ethnic groups or families with different 

socioeconomic statuses. This is important to consider because there may be differences in these 

relations for families that are dissimilar to those in this sample. Although current research does 

not suggest specific ways in which these relations may be different, future research is needed 

with different socioeconomic groups to determine whether these results are generalizable to a 

broader population. 

Three, children’s responses may have been limited by their verbal abilities and may not 

capture their complete math utility conceptions. However, the coding categories were developed 

based on content of responses, rather than linguistic sophistication of children’s responses. We 

also controlled for length of utterance to mitigate some of the potential developmental 

differences in how much children articulate in a given response. In addition, research shows that 

children as young as preschool-age can respond effectively to both open- and closed-ended 

questions about math self-concepts and home math engagement (Eccles et al., 1993; Marsh, 

Ellis, & Craven, 2002; Mazzocco et al., 2012; Ramani & Siegler, 2008; Wigfield et al., 1997).  

Despite these limitations, this study offers new information to increase our understanding 

of children’s math utility conceptions and how they develop.  This study also points to important 

next steps in future research about math utility conceptions. Future research should focus on 

understanding how children’s math utility conceptions relate to children’s math achievement. 

Research that has looked at the relation between math utility conceptions and achievement (e.g., 
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Mazzocco et al., 2012) is fairly limited in scope. Using the conceptual model and related 

measures from this study would extend current research and help us better understand what 

aspects of math utility are most associated with math achievement. 

 More work is needed to understand how to create effective home-based interventions to 

increase children’s knowledge about the usefulness of math in their daily lives. Some of this 

work has been done with older children (e.g., Harackiewicz et al., 2012), but not with children as 

young as early elementary school. The long-term effects of home-based math utility 

interventions needs to be studied to determine if improving math utility conceptions early may 

buffer some of the typical decline in math utility beliefs that children experience in older grades. 

If interventions can be adapted for math that children are learning in every grade level, their 

knowledge and beliefs about math utility may continue to improve over time. 

Conclusion 

The primary goal of this study was to examine the relation between parents’ and 

children’s math utility conceptions. This study supports the notion that parents play an important 

role in the development of children’s knowledge and beliefs about the usefulness of math. These 

results may guide home-based interventions for early elementary-aged children to improve their 

understanding of the importance of math in our daily lives.  
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Table 1 

 

Description of Measures 

Constructs Item Codes or Scale 

Knowledge about Math 

Math 

Concepts 

“What is math?” 

 

Content 

Number and operations (“math is numbers”)  

Algebra (“like when 7 minus X equals 2”)  

Geometry (“math is shapes”) 

Measurement (“we use rulers to see how 

many inches the eraser is”) 

Data analysis and probability (“when you 

make charts with everyone’s eye color in 

the class”) 

Processes 

Problem solving (“math is solving 

problems”) 

Reasoning and proof (“logic is a part of 

math”) 

Communication (“when the teacher tells us 

to tell how we got our answer”) 

Connections (“math is in science and physics 

too”) 

Representations (“we use base 10 blocks to 

find the answers”) 

  Affect 

  Positive (“math is fun activities”) 

  Negative (“math is something I hate to do”) 

  Difficulty 

  Easy (“math is a bunch of easy stuff”) 

  Hard (“it’s the hard stuff”) 

  Math Makes you Smarter (“math is how people 

get smarter”) 

   

 Math Concepts Score 

Adapted from Mazzocco 

et al. (2012) 

0 No response, circular response, a response 

unrelated to math, or another 

uninformative response (“I don’t know”) 

  1 Response is unspecific or only indirectly 

related to math as a primary school 

subject. The response may include 

references to activities performed in 

relation to math but with no discernable 

reference to math concepts (“how people 

get smarter…help people learn”) 

  2 Unelaborated basic concepts or mechanics of 

math, including numbers, operations, math 
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problems, or learning math (“math is 

adding and subtracting”) 

  3 Elaborate concepts of math that may feature 

some application of math to solving 

problems or answering questions, 

including description of how math is used 

in other subjects (“math is a way, like if 

you had like a certain amount of 

money…and you need to know how much 

change you would get back”) 

  4 Concept of math as a useful tool and/or 

discussion about how math is 

important/critical/part of daily life (“math 

keeps everything together. If there was no 

math, buildings could not stay up…we 

could not figure out problems”)  

   

   

Applicability 

of Math 

How do you learn math? 

 

School (“I learn at school,” “from my teacher,” 

or “by doing your homework”) 

Home (“with my daddy,” “my parents help me 

with my homework,” or “playing math games 

on the computer with mommy”) 

Practicing and/or by Doing Math (“you have to 

practice it”) 

Hierarchical Learning (“you start with the easy 

stuff and then it gets harder and harder”) 

Specific activities that are not linked to home or 

school (“we learn math by using blocks”) 

Friends/siblings (“my sister helps me learn”) 

Self-taught (“I read a book and teach myself”) 

 Who uses math? Teachers (“my teacher”) 

Parents (“my mom and dad”) 

Children (“students…I use it too”) 

Other adults (“scientists…engineers”) 

Everyone (“everybody uses it”) 

 Math Uses Score 

(who uses math? and how 

does {person} use 

math?) 

 

0 No response, circular response, a response 

unrelated to math, or another 

uninformative response (“I cannot think 

of anyone”) 

1 Child mentioned one or two 

people/professions that use math but 

cannot really describe how they use math 

in detail or just discuss that they use 

math as part of math education. This 

includes teachers who only use math to 
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teach children, not as a tool for their lives 

(“scientists- they use it like with needing 

to know numbers” or “teachers- they use 

it to teach kids math”) 

2 Child said that everyone uses math but can 

only describe it as part of their education 

(“everyone- everybody has to learn math 

in school”) 

3 Child mentioned one or two 

people/professions that use math and 

elaborated on how they use math in their 

jobs and/or lives (“scientists- they have 

to measure different amounts of liquids 

and use formulas to solve problems” or 

“teachers- they have to use it to figure 

out with percents with grading or 

counting the number of kids who are 

absent that day) 

4 Child said that everyone uses math and 

describes how you need it in jobs and/or 

daily life (“everyone- everyone has to 

use math in their life all the time…like 

for solving problems and at the grocery 

store”) 

 Math Awareness Score 

(Do you think that math is 

used when you do 

(activity)? How is math 

used in (activity)?) 

0 Child did not identify that math was used or 

if s/he said that math was used, but the 

description was not related to math (“you 

read the instructions on the card”).  

1 Child said that math was used in the 

activity but did not describe how (“I 

don’t know”). 

2 Child described a basic math skill, such as 

number recognition (“when you play 

cards, there are numbers on them”) or 

operation, such as counting (“you count 

the spaces when you roll the die”) 

3 Child described an advanced math skill, 

such as number magnitude comparison 

(“when you keep score, you have to know 

whose score is bigger so you know who 

won”) or measurement (“for the recipe, 

you have to measure ¼ cup of flour and 2 

cups of sugar”) 

Beliefs about Math 
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Utility 

Value 

Math is useful to me for 

things other than school. 

Math is useful to 

everyone. 

I think people use math 

all the time in their lives. 

Math is more useful than 

other subjects. 

I need to learn math to do 

well in school. 

It is important for me to 

learn math. 

My parents think it is 

important for me to learn 

math. 

I think it is important for 

everyone to learn math. 

It is important for me to 

do well in math. 

1 “Not at all like me” 

2 

3 “A little like me” 

4 

5 “A lot like me” 

Productive 

Disposition 

Math is a subject I can use 

in my life. 

Learning math is worth 

my time. 

Working hard in math is 

worth my time. 

Working hard in math 

helps me do better in 

math. 

I am good at math. 

I am better at math than 

my classmates. 

I am better at math than 

my other subjects. 

I know that I will do well 

in math this year. 

Math is easy for me. 

When doing math is 

difficult for me, working 

harder helps me solve it. 

1 “Not at all like me” 

2 

3 “A little like me” 

4 

5 “A lot like me” 

Home Math Engagement 

 How often do you 

(activity) at home? 

(Example activities: play 

board games, play card 

games, help with 

cooking) 

1 “Never/Almost never” 

2 

3 “Sometimes” 

4 

5 “Every day/Almost every day” 
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Table 2 

Children’s Responses to “What is Math?” by Grade Group 

Coding Category Overall 

 N = 104 

Rising 

1st/2nd Grades  

N = 54 

Rising 

3rd/4th Grades  

N = 50 

Content 92.3% 88.9% 96.0% 

Number and Operations 89.4% 87.0% 92.0% 

Counting 6.7% 5.6% 8.0% 

Number Knowledge 8.7% 5.6% 12.0% 

Number Transformations 73.1% 64.8% 82.0% 

Estimation 1.9% 0.0% 4.0% 

Number Patterns 1.9% 3.7% 0.0% 

Algebra 11.5% 13.0% 10.0% 

Geometry 12.5% 11.1% 14.0% 

Measurement 6.7% 7.4% 6.0% 

Data Analysis and Probability 0.0% 0.0% 0.0% 

Processes 20.2% 14.8% 26.0% 

Problem Solving 4.8% 3.7% 6.0% 

Reasoning and Proof 0.0% 0.0% 0.0% 

Communication 0.0% 0.0% 0.0% 

Connections 12.5% 3.7% 22.0% 

Representations 4.8% 7.4% 2.0% 

Affect 10.6% 14.8% 6.0% 

Positive 10.6% 14.8% 6.0% 

Negative 1.0% 1.9% 0.0% 

Difficulty 7.7% 7.4% 8.0% 

Easy 1.9% 3.7% 0.0% 

Hard 6.7% 7.4% 6.0% 

Math Makes you Smarter 7.8% 11.1% 4.0% 

    

Math Knowledge Scale Score (M (SD)) 2.11 (0.75) 1.91 (0.56) 2.32 (0.87) 

Note. Percentages do not add to 100%, because children could mention more than one coding 

category in their response. 
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Table 3 

 

Children’s Responses to “How Do You Learn Math?” 

 

 Overall 

 N = 104 

Rising 

1st/2nd Grades  

N = 54 

Rising 

3rd/4th Grades  

N = 50 

School or School-Related Activities 87.5% 83.3% 92.0% 

Teachers Teach 71.2% 70.4% 72.0% 

Home Math Activities 38.5% 37.0% 40.0% 

Parents Teach 33.7% 33.3% 34.0% 

Practicing and/or by Doing Math 11.5% 11.1% 12.0% 

Hierarchical Learning 5.8% 7.4% 4.0% 

Specific Activities (not linked to home/school) 16.3% 14.8% 18.0% 

Friends/Siblings 7.7% 9.3% 6.0% 

Self-Taught 8.7% 5.6% 12.0% 

Note. Percentages do not add to 100%, because children could mention more than one coding 

category in their response. 
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Table 4 

 

Who Uses Math? Responses by Grade 

 

Coding Category Overall 

 N = 104 

Rising 

1st/2nd Grades  

N = 54 

Rising 

3rd/4th Grades  

N = 50 

Teachers 30.8% 29.6% 32.0% 

Parents 15.4% 14.8% 16.0% 

Children 46.2% 55.6% 36.0% 

Other Adultsa 38.5% 31.5% 46.0% 

Everyone 45.2% 37.0% 54.0% 

    

Math Uses Scale Score (M (SD)) 2.28 (1.24) 1.87 (1.15) 2.72 (1.20) 

Note. Percentages do not add to 100%, because children could mention more than one coding 

category in their response. 
aThe most commonly mentioned “other adults” were scientists, adult non-parent relatives, 

mathematicians, engineers, carpenters/builders/architects, inventors, doctors, the primary 

investigator of this study, and cashiers. 

  



121 

 

Table 5 

Parents’ Responses to “What is Math?” by Children’s Grade Group 

Coding Category Overall 

 N = 94* 

Parents of Rising 

1st/2nd Graders  

N = 54 

Parents of Rising 

3rd/4th Graders  

N = 48 

Content 86.2% 81.5% 91.7% 

Number and Operations 84.0% 77.8% 89.6% 

Counting 1.1% 0.0% 2.1% 

Number Knowledge 6.4% 3.7% 8.3% 

Number Transformations 23.4% 18.5% 29.2% 

Estimation 0.0% 0.0% 0.0% 

Number Patterns 18.1% 9.3% 25.0% 

Algebra 14.9% 18.5% 12.5% 

Geometry 31.9% 31.5% 31.3% 

Measurement 14.9% 14.8% 12.5% 

Data Analysis and Probability 1.1% 0.0% 2.1% 

Processes 61.7% 64.8% 54.2% 

Problem Solving 20.2% 20.4% 16.7% 

Reasoning and Proof 12.8% 9.3% 16.7% 

Communication 9.6% 13.0% 6.3% 

Connections 28.7% 33.3% 22.9% 

Representations 4.3% 5.6% 2.1% 

Note. Percentages do not add to 100%, because parents could mention more than one coding 

category in their response. 

*These percentages only reflect percentage of unique parent participants. 
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Table 6 

 

Moderation Regression for Parents’ Math Utility Conceptions Predicting Children’s Math 

Utility Conceptions 

 

 b t p 

Parents’ math utility conceptions 0.268 2.53 .013 

Percent of time parents help with homework -0.209 -0.35 .730 

Parents’ conceptions X homework help 0.274 1.00 .321 

Children’s math engagement 0.771 1.69 .095 

Parents’ conceptions X children’s engagement  -0.467 -2.28 .025 

How often child sees parents doing math -0.355 -1.57 .121 

Parents’ conceptions X child sees parents 0.187 2.34 .022 

Child Grade Group 1.053 2.33 .022 

Length of utterance for all items in overall 

conceptions 

0.003 2.73 .008 

Note. df = 90. Adjusted R2 = .25.  
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Figure 1. Math utility conceptions components model. 
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Figure 2. Children’s math utility conceptions overall construct scores as a function of parents’ 

math utility conceptions overall construct scores at low (-1 SD), mean, and high (+1 SD) parent-

reported frequencies of children’s math engagement. 
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Figure 3. Children’s math utility conceptions overall construct scores as a function of parents’ 

math utility conceptions overall construct scores at low (-1 SD), mean, and high (+1 SD) 

frequencies of children seeing their parents doing math. 
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Chapter 4 

 

Relations Between Elementary School Children’s Conceptions about Math Utility and their Math 

Achievement 

 The National Assessment of Education Progress (NAEP) report shows that 60% of fourth 

grade children in the U.S. are not proficient in math and 20% of fourth graders score below basic 

levels of math performance (U.S. Department of Education, 2018). In order to improve 

proficiency in mathematics, it is important to determine the factors that contribute to 

mathematical learning. One such factor that is associated with mathematical learning is 

children’s math conceptions (House, 2006; Muis, 2004; Mutodi, & Ngirande, 2014; National 

Research Council, 2001), which include children’s knowledge, attitudes, and beliefs about math.  

 One important but understudied area of children’s math conceptions is conceptions about 

the utility of math. Understanding how children’s conceptions about the usefulness of math are 

related to their math achievement is important because early math skills predict later math 

achievement (Aunola, Leskinen, Lerkkanen, & Nurmi, 2004; Duncan, et al., 2007; Jordan, 

Kaplan, Ramineni, & Locuniak, 2009; LeFevre, Polyzoi, Skwarchuk, Fast, & Sowinski, 2010). 

The limited research examining the relation between children’s math utility conceptions and their 

math achievement shows a positive association (Mazzocco, Hanich, & Noeder, 2012; Rozek, 

Hyde, Svoboda, Hulleman, & Harackiewicz, 2015). However, these studies only considered one 

aspect of math utility conceptions (knowledge of usefulness of math and math utility value, 

respectively). To better understand children’s math utility conceptions, it is important to examine 

two key constructs: children’s knowledge about math, including math concepts and applicability 

of math, and beliefs about math utility, including utility value and productive disposition (for a 

visual representation of the conceptual model, see Figure 1). 
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Five Domains of Mathematics Development  

Children begin learning mathematical principles, including conceptual understanding, 

procedural fluency, strategic competence, adaptive reasoning, and productive disposition 

(National Research Council, 2001) before they start preschool (Clements & Sarama, 2006; 

Ginsburg, Lee, & Boyd, 2008). Conceptual understanding is the comprehension of mathematical 

principles and operations that children typically learn in school. Procedural fluency is the ability 

to efficiently execute problem solving procedures with accuracy. Strategic competence is the 

ability to use various strategies to represent and solve math problems. Adaptive reasoning refers 

to the use of logical thought to explain and justify strategies and solutions to math problems. 

Unlike the first four domains, which refer to children’s mathematical skills, productive 

disposition refers to children’s beliefs about and attitudes towards math, specifically that math is 

useful and worthwhile. The National Research Council (2001) posits that these five domains are 

key, interrelated components of mathematical proficiency. 

A large body of research over the last two decades has examined early mathematical 

development, including knowledge of number concepts (see Clements & Sarama, 2014; De 

Corte & Verschaffel, 2006; Geary, 2006, for reviews) and strategic approaches to solving 

mathematical problems (e.g., Siegler, 2003). Although research has explored the development of 

the skills identified in conceptual understanding, procedural fluency, strategic competence, and 

adaptive reasoning, the fifth domain, productive disposition, remains largely understudied. The 

conceptual model used in this study, the Math Utility Conceptions model, extends the scope of 

how math utility conceptions are measured by including both knowledge about math and beliefs 

about math to examine the relations between children’s math utility conceptions and math skills 

(For a more detailed description of the Math Utility Conceptions model, please see Study 2). 
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Conceptual understanding. The development of conceptual understanding in 

mathematics includes the development of early math concepts that are generally referred to in the 

literature as “number sense.” Although many studies have explored the development of number 

sense (e.g., Baroody, 1987; Jordan, Kaplan, Oláh, & Locuniak, 2006; Odic, 2018; Siegler & 

Booth, 2004), researchers do not have one, shared definition. The National Council of Teachers 

of Mathematics (NCTM, 2000) identified the key Content Standards in which children develop 

math skills as number and operations, algebra, geometry, measurement, and data analysis and 

probability. Jordan et al. (2006) further broke down number and operations into counting, 

number knowledge, number transformation, estimation, and number patterns. Development of 

number sense begins as early as infancy (e.g., Starkey, Spelke, & Gelman, 1990; Xu & Spelke, 

2000) and early number sense predicts mathematics achievement in elementary school (Duncan 

et al., 2007; Jordan, Glutting, & Ramineni, 2010; National Mathematics Advisory Panel, 2008).  

Research with infants has shown that very young infants can distinguish between small 

quantities of objects and understand basic number transformations when researchers add or 

subtract an object from a set of objects (Geary, 2006; Jordan, Kaplan, Locuniak, & Ramineni, 

2007). Using habituation studies, researchers have demonstrated that infants as young as five 

months old have an early understanding of simple mathematical concepts (see Ginsburg, Klein, 

& Starkey, 2000, for a review). Cooper (1984) found that infants between 12 and 18 months 

begin to be able to perform magnitude comparisons. They are able to discriminate between 1-, 2-

, and 3-object sets and are able to identify when sets contain more or fewer objects than the 

previously presented set. 

As children get older, they continue to build on these early skills and develop math 

concepts from their interactions with their environment (Clements & Sarama, 2006, 2014). 
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Children are able to learn early math concepts, or “everyday mathematics” principles, and are 

ready to build on them when they enter preschool (Ginsburg et al., 2008). This occurs because 

children begin to make use of available cultural tools, including number words and counting 

principles, to increase their knowledge of mathematical principles and math language, (Ginsburg 

et al., 2000). Early counting principles include one-to-one correspondence, when each number is 

assigned a specific name which is used when counting objects, the stable order principle, in 

which there is a consistent order in which objects are to be counted, and the cardinal principle, in 

which the final name of the number in a counting sequence reflects the number of objects in that 

sequence (Geary, 2006; Gelman & Gellistel, 1978; Jordan, et al, 2006).  

Procedural fluency. In early elementary school, children further develop number sense 

and begin to develop procedural fluency, knowing when to use different math operations 

efficiently and accurately (National Research Council, 2001). Formal number transformation 

operations such as addition, subtraction, multiplication, division, fractions, and geometric 

reasoning are introduced as children enter formal schooling. Children build on the knowledge 

acquired prior to school and apply these numeric principles to increasingly complex problems. 

Counting principles are now used to learn simple addition and subtraction principles (Baroody, 

1987). For example, children develop an understanding of the associative properties of addition 

[(3+4)-2 = 3+(4-2)] and the inverse principle of addition and subtraction (if 3+4=7, then 7-4=3, 

Geary, 2006). These properties are later applied to multiplication and division. Math curricula 

throughout elementary school also introduce concepts such as fractions, the base-10 system, 

estimation, algebra, and probability. Children have the ability to build upon their conceptual 

understanding of arithmetic principles as they continue formal schooling.  
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 Strategic competence. As children progress in school, they learn multiple strategies for 

solving mathematics problems. Strategic competence is the ability to solve mathematical 

problems using various representations, or strategies (National Research Council, 2001). 

Acquiring these problem-solving strategies is closely linked to the development of procedural 

fluency, because knowing when and how to use various available procedures optimally leads to 

more efficient problem solving. The development of different strategies is important for the 

conceptual understanding necessary to solve more complex mathematics problems (Siegler, 

2003).  

 Children learn and use new strategies as their capacity for working memory increases 

(Geary, 2006). For example, strategies for addition and subtraction begin with counting, with or 

without manipulatives. Children then begin to use their knowledge of addition principles to solve 

subtraction problems and vice versa. Later, children learn to use number patterns and count by 

2s, 5s, or 10s to solve more efficiently addition and multiplication problems. As children gain 

better conceptual knowledge of number principles, they continue to learn new strategies for 

problem solving and can apply these strategies to more complex areas of mathematics learning. 

Adaptive reasoning. The development of adaptive reasoning, the ability to think 

logically about the connections between mathematical principles and situations, generally does 

not begin until children are in secondary school (National Research Council, 2001). However, 

beginning reasoning skills can start earlier. In addition to the Content Standards identified by 

NCTM (2000), the Council also identified Process Standards of mathematical development that 

include problem solving, reasoning and proof, communication, connections, and representation. 

These processes expand beyond the math skills children are learning to ways the skills can be 

applied. For example, children may define math using the “connections” process, which refers to 
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the notion that math can relate to other subjects, interests, and experiences. As children begin to 

better understand the connections that math has with other areas of their lives, they may begin to 

define math through processes as well as the content which they have studied. 

Productive disposition. Productive disposition is composed of several beliefs about 

mathematics, including the beliefs that children are learners and doers of math, math is useful 

and relevant to children’s daily lives, effort and engagement in mathematics will pay off, and 

math can be learned and used with effort (National Research Council, 2001). These beliefs are an 

integral part of developing the other four domains (conceptual understanding, procedural 

fluency, strategic competence, and adaptive reasoning) of mathematics proficiency which 

researchers have long studied as areas of math development.  

In addition to developing number sense, preschool age children are beginning to think 

mathematically and developing the ability to describe the ways in which they are learning. 

Metacognitive beliefs are children’s beliefs about the nature of knowledge and how that 

knowledge is acquired (Muis, 2004). Metacognitive beliefs about math involve mathematical 

thinking and the ability to think about and express how they are solving simple problems 

(Ginsburg et al., 2008; Schoenfeld, 1992). For example, young children can describe how they 

would solve a problem using the knowledge and strategies they have acquired to reach a solution 

(Schoenfeld, 1989). 

Although most research on children’s metacognitive beliefs about math focuses on how 

children approach math problem solving (Muis, 2004), a small body of research has explored 

children’s metacognitive beliefs about math utility. For example, Perlmutter, Bloom, Rose and 

Rogers (1997) examined kindergarten through third graders’ math conceptions by using a semi-

structured interview that included questions about what math is, who uses it, and how math is 
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used at the grocery store and in cooking. Common responses to the question “What is math?” 

were related to numbers and mathematical operations, such as counting or addition/subtraction. 

When asked “What do people need to use math for?” children listed some “real life” uses for 

mathematics, including pressing the correct button in an elevator, counting out groceries in the 

grocery store, and paying bills. Mazzocco et al. (2012) asked second and third graders to define 

math and found that although they rarely defined math as useful, those who did had higher 

calculation skills. The present study will include productive disposition as an important aspect of 

math utility conceptions to better understand how it relates to children’s math achievement. 

Math Utility Conceptions and Achievement 

All five “strands” discussed above are important for the development of math proficiency 

(National Research Council, 2001), but there is little empirical evidence that examines how 

children’s conceptions of math utility relate to the other domains of math proficiency. 

Achievement motivation theories emphasize the relation between children’s beliefs, values, and 

goals and academic tasks (Wigfield et al., 2015; Wigfield, Eccles, Roeser, & Schiefele, 2008; 

Wigfield, Eccles, Schiefele, Roeser, & Davis-Kean, 2006), but math utility conceptions make up 

a very small portion of research examining these relations. Additionally, research examining 

these relations tends to focus only on math utility beliefs and overall math motivation beliefs, 

rather than both knowledge and beliefs about math utility. For this reason, the discussion of the 

current research will focus on research on beliefs. 

 Children’s beliefs about math positively relate to their math skills (e.g., Aunola, 

Leskinen, & Nurmi, 2006; De Corte & Verschaffel, 2006; Eccles, Wigfield, Harold, & 

Blumenfeld, 1993; Gottfried, Fleming, & Gottfried, 2001; Gottfried, Marcoulides, Gottfried, & 

Oliver, 2013; Gottfried, Marcoulides, Gottfried, Oliver, & Guerin, 2007; Mazzocco et al., 2012; 
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House, 2006; Murayama, Pekrun, Lichtenfeld, & vom Hofe, 2013). Research generally shows 

that a positive attitude toward learning mathematics will result in greater effort, higher self-

efficacy in mathematics, and engagement in mathematical learning (e.g., De Corte & 

Verschaffel, 2006; Eccles et al., 1993; Muis, 2004; Wigfield et al., 2006). Three aspects of 

motivation beliefs that are particularly related to math achievement are self-concepts, 

performance expectations, and value of math education (e.g., Aunola et al., 2006; Marsh, 

Trautwein, Lüdtke, Köller, & Baumert, 2005; Mason, 2003; Muis, 2004; Pajares & Miller, 1994; 

Schoenfeld, 1989; Wigfield & Meece, 1988), all of which are included within the expectancy-

value theory of motivation (Eccles & Wigfield, 2002; Eccles et al., 1993; Wigfield & Eccles, 

2000).   

Academic self-concepts refer to children’s perceived competence in a given academic 

domain. Children develop self-concept beliefs through experiences with the environment and 

environmental reinforcements, like social comparison or teacher/parent feedback (Bong & 

Skaalvik, 2003). Children as young as preschool age demonstrate the ability to express 

distinctive competence perceptions across different academic domains, including math (Eccles, 

Wigfield, & Schiefele, 1998; Marsh, Ellis, & Craven, 2002). A large body of research shows that 

math self-concept beliefs are related to achievement (e.g., Green et al., 2012; Huang, 2011; 

Trautwein, Lüdtke, Köller, & Baumert, 2006), and several researchers argue that the relation 

between self-concept and achievement is reciprocal (Marsh & Martin, 2011; McInerney, Cheng, 

Mok, & Lam, 2012; Pinxten, Fraine, Damme, & D’Haenens, 2010; Seaton, Parker, Marsh, 

Craven, & Yeung, 2013). In other words, the feedback children receive about their math skills 

(e.g., test grades, verbal feedback, etc.) affects how they view their competency in math, which, 

in turn, impacts future achievement. 



134 

 

The value children place on math education refers to their interest in math and how useful 

they believe math is (math utility). Interest, or intrinsic value, is the enjoyment children get from 

participating in a specific activity or task; utility value is how well a task relates to current and 

future goals. Interest/intrinsic motivation theories posit that a person decides whether to engage 

in a task based on the significance of the task for them (e.g., Krapp, 2002; Renninger, Hidi, & 

Krapp, 1992; Ryan & Deci, 2000). Children who believe that mathematics is interesting, useful, 

and important are more likely to engage in mathematical activities and have higher math 

achievement (De Corte, Op’t Eynde, & Verschaffel, 2002; Eccles & Wigfield, 2002; Eccles et 

al., 1993; Gottfried et al., 2001, 2007; Mason, 2003; Mazzacco et al., 2012; Murayama et al., 

2013). In addition to math achievement, children who have higher utility value for math choose 

more rigorous math courses in high school (Mason, 2003; Simpkins & Davis-Kean, 2005; 

Simpkins, Davis-Kean, & Eccles, 2006).  

As discussed in Metzger, Sonnenschein, and Galindo (2018, Study 1), Eccles and 

colleagues (e.g., Eccles et al., 1989, 1993; Wigfield et al., 1997) developed an expectancy-value 

theory that incorporates competence/expectancy and subjective task value (including interest and 

usefulness) beliefs, encompassing all three of the aforementioned aspects of motivation. Eccles 

and colleagues (e.g., Eccles, 2011; Eccles & Wigfield, 2002) examined the relation between 

expectancy-value beliefs for math and math achievement. The major strength of this model is the 

way that researchers bring together three very important aspects of math motivation: self-

concepts, performance expectations, and task value. They and others have found that children’s 

math motivations decrease as they progress through school (Dweck & Elliott, 1983; Eccles et al., 

1993, 1998; Gottfried, Fleming, & Gottfried, 1998; Gottfried et al., 2001, 2007; Jacobs, Lanza, 

Osgood, Eccles, & Wigfield, 2002; King & McInerney, 2014; Nagy et al., 2010; Wigfield et al., 
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1997). Children’s subjective task value, in particular, tends to decline as children enter middle 

and high school. This suggests that older children’s interest in math and the extent to which they 

believe math is useful is generally lower than younger children. 

Although the National Research Council (2001) highlights productive disposition as a 

factor important for developing math proficiency, little research has specifically examined the 

development of productive disposition and how these beliefs relate to math achievement for 

early elementary-age children. The limited research shows that children’s definitions that math is 

a useful tool in second grade were associated with their achievement in third grade, but that 

children did not often define math as being used outside the classroom (Mazzocco et al., 2012). 

Also, fourth grade children’s beliefs that success in math is due to working hard and studying are 

associated with higher math achievement (House, 2006). When they are asked whether specific 

activities featured math, children in higher elementary school grade levels were able to identify 

more real-life applications of math than children in lower grades (Metzger et al., 2018, Study 1). 

However, children’s awareness of the ways they use math in daily activities was still limited. It is 

possible that because the majority of children’s exposure to formal math is in the school context, 

it has shaped their views of math as a school-based activity. Children do not seem to connect the 

math they learn in school with the math they use in their everyday activities. The present study 

will examine this relation in more detail by measuring children’s math utility conceptions and 

their associated math skills. 

Present Study 

 The primary goal of this study is to examine how children’s conceptions of math utility 

relate to children’s math achievement, assessed using four math subtests from the Woodcock-

Johnson III Tests of Achievement (Woodcock, McGrew, & Mather, 2001), to understand how 
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these skills relate to children’s math utility conceptions. We hypothesize that the higher their 

overall math utility conceptions scores, the higher their math achievement. In other words, the 

more knowledge children have about the utility of math and the more strongly they endorse 

beliefs that math is useful, the higher their achievement levels.  

 Another goal of this study is to explore the relations between specific aspects of math 

utility conceptions and children’s math achievement. Although this research aim is primarily 

exploratory, we hypothesize that productive disposition will significantly predict math 

achievement (National Research Council, 2001). We also hypothesize that math applicability 

will be more likely to relate specifically to math reasoning skills, because math reasoning 

measures the application of math concepts in more “real-world” problems. 

Another goal of this study is to explore whether there are grade-related differences in 

how children’s overall math utility conceptions as well as specific aspects of math utility 

conceptions relate to their math achievement. Although math skills and utility conceptions 

change as children get older, there is not enough prior evidence to hypothesize whether there are 

grade-related differences in how they are associated with each other. 

This study adds to the literature by: 1) exploring the relation between an expanded model 

of math utility conceptions and children’s math achievement, 2) highlighting which aspects of 

math utility conceptions may be more predictive of children’s math achievement, and 3) 

examining whether the relation between math utility conceptions and math achievement differs 

across grade groups. 
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Method 

Participants 

 One hundred four children (55% girls) were recruited during the summer and early fall of 

2017 from schools and summer camps in the Baltimore/Washington, D.C. corridor. Most of the 

children (88%) were interviewed during the summer. Twenty-eight children (Mean age = 6.60 

years, SD = 0.41) were entering or had just entered first grade, 26 second grade (Mean age = 

7.36 years, SD = 0.31), 26 third grade (Mean age = 8.29 years, SD = 0.35), and 24 fourth grade 

(Mean age = 9.41 years, SD = 0.36). For grade comparisons, children were grouped into younger 

(rising first and second graders, n = 54) and older (rising third and fourth, n = 50) grade groups 

(Simons, Metzger, & Sonnenschein, 2018; Sobel & Letourneau, 2015). Children came from 

diverse racial/ethnic backgrounds. Fifty-seven percent of child participants were European 

American/White (n = 59), 15% African American/Black (n = 16), 14% Asian/Pacific Islander (n 

= 14), 3% Hispanic/Latino (n = 3), 3% another race/ethnicity (n = 3), and 9% multiracial (n = 9).  

 The majority of child participants had highly-educated parents. Fifty-seven percent (n = 

59) of children had parents who earned a post-graduate degree, 28% (n = 29) Bachelor’s degree, 

and 15% (n = 16) some college or an Associate’s degree). The median total household income 

for this sample was over $125,000. Fifty-four percent (n = 56) of children came from household 

with a combined income of $125,000 or more, 32% (n = 33) $75,000 - $125,000, and 10% (n = 

10) less than $75,000. 

Measures 

 A complete version of the Children’s Mathematics Conceptions Questionnaire can be 

found in Appendix A. Below is a description of specific measures within the questionnaires for 
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each aspect of the math utility conceptions model and children’s home math engagement. These 

descriptions were also found in Chapter 3 (Study 2). 

 Knowledge about math. 

 Math concepts. Children were asked “What is math?” To measure the extent to which 

children define math as a useful tool, a scale based on Mazzocco et al. (2012) was developed. 

This five-point scale ranged from a 0, (“I cannot explain”) to 2 (“it has to do with numbers”) to 

4 (“Math is an important thing you use every day, like at the grocery store”). The score 

represents the math concepts score within the overall math utility composite. 

 Inter-rater reliability for this and other scales was established by having two raters 

independently code about 25% of the responses. Because the data are on a continuous scale, an 

intraclass correlation coefficient (ICC, McGraw & Wong, 1996) was used to determine 

acceptable inter-rater reliability. Specifically, two-way random-effects model ICCs with absolute 

agreement (Koo & Li, 2016) were used. If acceptable ICC values of .75 or higher, representing 

good reliability (Koo & Li, 2016), were not reached in the first round of coding, a new set of 

responses were coded. This process continued until all ICC values were at least .75. Remaining 

responses were coded by one of the raters. The final ICC for the math concepts scale was .84. 

Applicability of math. Two open-ended questions were used to examine this construct. 

Children were asked, “Who uses math?” and “How does {person[s] mentioned} use math?” 

Similar to math concepts, a scale was developed based on children’s responses to these questions 

to represent the extent of children’s knowledge about how math is useful in daily life. The five-

point scale ranged from 0, (“I cannot think of anyone”) to 2 (“everyone because they have to 

learn it in school”) to 4 (“Everyone has to use math in their life all the time- like at the grocery 
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store”). This scale score represented a math uses score within the math applicability composite. 

The final ICC for the math uses scale was .80. 

 To measure awareness of math in daily activities, children were asked whether and how 

math can be used in different activities. There were 10 activities: playing board games, card 

games, and video games, doing puzzles, cooking, helping at the grocery store, building with 

blocks or Legos, using or playing with money, using maps or a globe, and keeping score in 

games or sports. Children were asked, “Some children think math is used when they play board 

games, some think math is not used at all. Do you think math is used when you play board 

games?” If children responded “yes,” they were asked how math was used in the activity. As in 

Metzger et al. (2018, Study 1), children’s responses were coded on a 4-point scale: 0 if the child 

did not identify that math was used or if s/he said that math was used, but the description was not 

related to math; 1 if the child said that math was used in the activity, but did not elaborate about 

how; 2 if s/he described a basic math skill; 3 if s/he described an advanced math skill. The final 

ICCs for children’s math awareness items ranged from .76 to .98. A composite was created by 

averaging scores for all activities. This composite scale score represented the math awareness 

score within the math applicability composite. Cronbach’s alpha for the math awareness scale 

was .82. 

 Finally, a composite was created by summing the math uses and math awareness scale 

scores. This scale score represented the math applicability score within the overall math utility 

composite. 

 Beliefs about math. 

 Utility value. To measure utility values, children were asked nine five-point scale items 

to create a utility value scale score. Items were adapted from similar measures used to measure 
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mathematics or reading motivation (Baker & Scher, 2002; Eccles et al., 1993; Sonnenschein, 

Baker, & Garrett, 2004; Wigfield & Guthrie, 1997). Examples included “Math is useful for 

everyone” and “It is important for me to learn math.” Children were asked to report whether they 

felt each item is 1 “not at all like me,” to 5 “a lot like me.” Three non-math activities were 

presented as examples at the outset in order to familiarize children with the rating scale. A 

composite was created by averaging the scores on the nine items. This composite scale 

represented utility value score within the overall math utility composite. Cronbach’s alpha for the 

utility value scale was .79. 

 Productive disposition. To measure children’s dispositions towards math, they were 

asked 10 five-point scale items. Similar to the utility value scale, some items were adapted from 

similar measures used to measure mathematics or reading motivation (Baker & Scher, 2002; 

Eccles et al., 1993; Sonnenschein et al., 2004; Wigfield & Guthrie, 1997). Examples included 

“Working hard in math helps me do better in math” and “Learning math is worth my time.” 

Children were asked to report whether they felt each item is 1 “not at all like me,” to 5 “a lot like 

me.” A composite was created by averaging the scores on all items. This composite scale 

represented productive disposition score within the overall math utility composite. Cronbach’s 

alpha for the productive disposition scale was .87. 

 Overall math utility conceptions. To create an overall math utility conceptions scale 

score, the scale scores for each aspect of the math utility conceptions model (math concepts, 

math applicability, math utility, and productive disposition) were standardized, then summed. 

This allowed each aspect to be weighted equally and be on a standardized scale. The higher this 

composite score, the farther someone is above the mean math utility conception score for this 

sample. 
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Math skills. To assess children’s math skills, children were tested using four subtests 

from the Woodcock Johnson-III Tests of Achievement (Woodcock et al., 2001): Calculation, 

Math Fluency, Applied Problems, and Quantitative Concepts (which includes Concepts and 

Number Series). Median reliability for Calculation was .85 in the five- to 19-year age range, 

Math Fluency is .97 in the seven- to 19-year age range, Applied Problems is .92 in the five- to 

19-year age range, and Quantitative Concepts is .90 in the five- to 19-year age range (McGrew, 

Schrank & Woodcock, 2007). Reliabilities and standardized scores on these measures are based 

on the Woodcock-Johnson III Normative Update (WJ-III NU, McGrew et al., 2007; Woodcock, 

McGrew, Schrank, & Mather, 2001, 2007).  

For analyses, overall math achievement was measured using the Broad Math cluster and 

related subtests were combined into two additional cluster scores: Math Calculations cluster and 

the Math Reasoning cluster.  The Broad Math cluster assesses problem solving, number facility, 

automaticity, and reasoning with the Calculation, Math Fluency, and Applied Problems subtests. 

This cluster has a median reliability of .95 in the five- to 19-year age range (Mather & 

Woodcock, 2001; McGrew et al., 2007). The Math Calculations cluster assesses skills in 

performing written calculations with the Calculation and Math Fluency subtests. This cluster has 

a median reliability of .91 in the five- to 19-year age range. The Math Reasoning cluster assesses 

problem solving, number facility, automaticity, and reasoning with the Applied Problems and 

Quantitative Concepts subtests. This cluster has a median reliability of .95 in the five- to 19-year 

age range. To control for grade-level differences in math achievement, standard scores using 

grade-based norms for the three subtest clusters were used in analyses.  

Demographic information. As part of the consent documents, parents provided their 

child’s age, grade in school in the fall, gender, and race/ethnicity (African American/Black, 
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European American/White, Hispanic/Latino, Asian/Pacific Islander, or “other”). They also 

provided their own age, race/ethnicity, relation to the child (mother, father, or “other”), highest 

level of education they received (post-graduate degree, Bachelor’s degree, Associate’s degree, 

some college/vocational/technical, high school graduate, or less than high school), and total 

household income ($125,000 or more, $100,000 - $124,999, $75,000 - $99,999, $50,000 - 

$74,999, $25,000 – $49,999, or less than $25,000). 

Procedure 

 Children were interviewed and tested individually by a trained graduate student or 

advanced undergraduate research assistant. Each session took place in a research lab, the child’s 

home, or a public library. Researchers administered the Children’s Mathematics Conceptions 

Questionnaire first, then the Woodcock Johnson-III Tests of Achievement Calculation, Math 

Fluency, Applied Problems, and Quantitative Concepts subtests. Interviews were recorded using 

a digital recorder and the interviewer also took notes of the child’s responses. Interviews lasted 

about 15-20 minutes, and testing sessions lasted about 30-45 minutes. All sessions were 

conducted in English. 

Results 

Preliminary Analyses 

 Preliminary analyses were conducted to determine which demographic variables, if any, 

should be included as covariates in analyses. First, independent-samples t-tests were used to 

determine whether there were gender differences in the math achievement clusters. There were 

no significant gender differences on any of the math cluster standard scores, p > .05. Then, using 

a one-factor ANOVA, we examined whether there were differences between the race/ethnicity 

groups. There were no significant race/ethnicity differences on any of the math cluster standard 
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scores, p > .05. Because of the lack of significant gender and race/ethnicity differences, neither 

variable was used as a covariate in analyses. 

 We also examined whether socioeconomic factors, parents’ highest education earned and 

household income, were correlated with children’s math achievement using Spearman’s rho 

correlations. Parents’ highest education level was significantly correlated with children’s Broad 

Math cluster scores, r(102) = .25, p = .009, Math Calculations cluster scores, r(102) = .30, p = 

.002, and Math Reasoning cluster scores, r(102) = .21, p = .033. Household income was 

significantly correlated with children’s Broad Math cluster scores, r(97) = .30, p = .002, Math 

Calculations cluster scores, r(97) = .26, p = .010, and Math Reasoning cluster scores, r(97) = .27, 

p = .006. Because socioeconomic factors were significantly correlated with many of the math 

achievement outcomes, and weakly correlated with each other, r(97) = .23, p = .023, both 

parents’ highest education and household income were included as covariates in the analyses. 

Children’s Math Utility Conceptions 

 Detailed descriptions of children’s math utility conceptions can be found in Study 2.  

 Math utility knowledge. The mean math concepts scale score was 2.11 (SD = 0.75) on a 

0-4 scale. Most children (78%) received a score of two on the math concepts scale, which 

reflects knowledge of math focused primarily on numbers and operations. Only 14% of children 

provided responses that indicated that they defined math as something that is connected to other 

subjects or daily life activities (3 or 4 on the scale). The mean math uses scale score was 2.28 

(SD = 1.24) on a 0-4 scale. About 26% scored a four, demonstrating that about one-fourth of the 

sample indicated and described how everyone uses math in their daily lives. When children were 

asked to describe how math was used in 10 different activities, the mean math awareness 

composite score was 1.48 (SD = 0.68) on a 0-3 scale, which corresponds with children being able 
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to indicate that math is included in an activity and sometimes being able to describe that it uses a 

basic math operation. The math uses and math awareness scale scores were summed into the 

math applicability scale score, which had a mean of 3.75 (SD = 1.65).  

 Math utility beliefs. The mean math utility composite score was 4.22 (SD = 0.67) on a 1-

5 scale, indicating that, on average, children see math as useful and important. The mean 

productive composite score was 4.15 (SD = 0.79) on a 1-5 scale, indicating that, on average, 

children see themselves as math users and that working hard in math is worthwhile.  

 Overall math utility conceptions composite. The overall math utility conceptions scale 

score was the sum of the math concepts, math applicability, math utility, and productive 

disposition standardized scores, which had a mean of -0.09 (SD = 2.48). 

Children’s Math Achievement 

 Children’s average cluster standard scores generally were in the average or high average 

range (see Table 1). Paired-samples t-tests showed that children’s math reasoning standards 

scores were significantly greater than their math calculation scores (see Table 2). These 

differences were consistent whether we examined the cluster or subtest scores. 

Relations Between Math Utility Conceptions and Math Achievement 

 To assess the relations between children’s overall math utility conceptions and their math 

achievement, three separate OLS regressions were used with children’s overall math utility 

conceptions as the predictor, parents’ education and income as covariates, and each of the math 

achievement cluster standard scores as the outcomes. Children’s math utility conceptions 

significantly predicted their Math Reasoning cluster scores, β = .215, t(95) = 2.16, p = .034. 

However, children’s math utility conceptions did not significantly predict the Broad Math, β = 

.155, t(95) = 1.58, p = .118, or Math Calculations cluster scores, β = .104, t(95) = 1.06, p = .292.  



145 

 

 To determine whether the relations between children’s math utility conceptions and 

achievement were different for younger and older children, three separate OLS regressions were 

used with children’s overall math utility conceptions, grade group, and the interaction between 

conceptions and grade group as predictors, parents’ education and income as covariates, and 

each of the math achievement cluster standard scores as the outcomes. Grade group was not a 

significant moderator between children’s math utility conceptions and their Broad Math, β = 

.388, t(93) = 1.19, p = .235, Math Calculation, β = .361, t(93) = 1.12, p = .265, or Math 

Reasoning cluster scores, β = .472, t(93) = 1.43, p = .157. 

We further explored the relations between math utility conceptions and math 

achievement by examining whether specific aspects of math utility predicted cluster scores. We 

used three separate OLS regressions with children’s math concepts, math applicability, math 

utility, and productive disposition scale scores as predictors, parents’ education and income as 

covariates, and each of the math achievement cluster standard scores as the outcome. For each of 

the clusters, children’s productive disposition was the only significant predictor of children’s 

math achievement (see Table 3). 

Finally, we explored whether the relations between individual aspects of math utility 

conceptions and achievement were different for younger and older children. We used three 

separate OLS regressions with each of the four aspects of utility conceptions, grade group, and 

four interaction terms between each aspect of conceptions and grade group as predictors, parents’ 

education and income as covariates, and each of the math achievement cluster standard scores as 

the outcomes (Table 4). We probed significant interactions with grade group using a simple 

slopes analysis (Cohen, Cohen, West & Aiken, 2003; Hayes & Rockwood, 2017; Preacher, 

Curran, & Bauer, 2006). For each outcome, we estimated the relation between the relevant math 
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utility conception score and the math achievement score for younger and older children, holding 

all other variables constant at their respective mean values.  

For Broad Math cluster scores, there were significant interactions between grade group 

and math applicability, p = .005, and grade group and math utility, p = .016. The relation 

between math applicability and Broad Math scores is positive for younger children and negative 

for older children (see Figure 2). Conversely, the relation between math utility and Broad Math 

is negative for younger children and positive for older children (see Figure 3). 

For Math Calculations cluster scores, there was a significant interaction between grade 

group and math applicability, p = .029. Similar to Broad Math, the relation between math 

applicability and Math Calculations scores is positive for younger children and negative for older 

children (see Figure 4). 

For Math Reasoning cluster scores, there was a significant interaction between grade 

group and math utility, p = .033. Similar to Broad Math scores, the relation between math utility 

and Math Reasoning is negative for younger children and positive for older children (see Figure 

5). 

Discussion 

This study explored the relations between elementary-age children’s math utility 

conceptions and children’s math skills. Researchers who have investigated this relation in the 

past have done so with limited measures of math utility and primarily with older children (Guo, 

Marsh, Parker, Morin, & Yeung, 2015; Marsh & Martin, 2011; Mazzocco et al., 2012; Musu-

Gillette, Wigfield, Harring, & Eccles, 2015). Contrary to our hypothesis, overall math utility 

conceptions did not predict math achievement. Instead, productive disposition was the only 

aspect of math utility conceptions that was a significant predictor of all math skill clusters. This 
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finding supports the National Research Council’s (2001) five strand model in which productive 

disposition is intertwined with several areas of math skills development. This effect may also be 

bidirectional. In other words, it may be that if children find math useful and worthwhile they 

work harder to succeed in math. It also may be that children who do well in math see the value of 

their hard work because it has already paid off.  

 We also explored whether there were differences in the relations between math utility 

conceptions and math achievement for different grade groups, and the results of this study 

suggest a complex relation between math utility conceptions and math achievement. Grade group 

did not moderate the relation between overall math utility conceptions and math achievement. 

However, when we explored whether grade group moderated the relations between specific 

aspects of math utility conceptions and math achievement, we found differences in the relations 

between math applicability and math utility and children’s math achievement for older and 

younger children.  

For younger children (first and second graders), higher math skills were associated with 

higher math applicability scores, which included the extent to which they could identify how 

people use math in their lives and how math was used in specific activities. For older children 

(third and fourth graders), however, this relation was negative. To better understand why there is 

a negative relation between math applicability and math achievement for older children, we 

examined children’s scores on the components of math applicability, the math uses and the math 

awareness scale scores. We found that, for older children, children who scored a two (everyone 

uses math, because they learn it in school) on the math uses scale were associated with higher 

math achievement scores than children who scored a four (everyone uses math in their daily 

lives). One explanation for this is that perhaps older children who are more proficient in math 
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may also think of math as more school-based in terms of the context in which people use math, 

which would have given them lower scores on this scale. Additionally, it could be that older 

children may have developed the knowledge of how people use math in their daily lives, even 

though they are not as proficient at math themselves. In other words, even when children have 

lower math skills, they may still possess the knowledge that people use math in daily activities.  

Additionally, for older children, higher math skills were associated with higher math 

utility. However, for younger children, this relation was negative. Perhaps as children get older 

and learn more about the utility value of math, this belief drives their motivation to succeed in 

math more so than when they are younger. Again, this may be a bidirectional effect, such that 

older children who see math as useful may work harder in math and, in turn, develop greater 

proficiency, and/or older children who are successful in math see it as inherently more useful and 

worthwhile, but this effect is not the same for younger children who may not have learned as 

much about how the math they learn in school can be tied to math in their everyday life. 

Implications for Practice 

 Improving children’s math skills is an educational priority (National Mathematics 

Advisory Panel, 2008); exploring children’s understanding of math and its uses provides insight 

into the development of children’s math proficiency. One way to improve math proficiency may 

be to include more real-world applications of math into elementary math curricula. Currently, the 

extent to which this is done is primarily by using word problems with “real” math examples, but 

it may be necessary for teachers to find more innovative ways to connect “school math” with 

ways that math is used in daily life activities. For example, when teaching fractions, teachers 

could use a measurement activity in which children must measure furniture or pictures and 

determine where they could fit in a room. Learning to use fractions in this way would use 
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fraction problems that children and adults actually use in their lives (e.g., 1/4 + 5/8), rather than 

fractions that they are unlikely to ever encounter (e.g., 6/19 + 5/7) and could lead to more 

explicit discussion of how the process of adding fractions is relevant and important to learn. An 

example of a related assignment would be to have a math journal activity where children are 

instructed to find ways in which math is used outside of school and present their findings in 

class. Activities like this may help make connections more salient for children and improve their 

knowledge and beliefs about math utility. After explicitly talking about these connections, 

children may be better able to articulate more real-life applications of math. 

Limitations and Future Directions 

Although this study provides more support for the link between children’s math utility 

conceptions and their math achievement, there are some key limitations to consider. The sample 

is a relatively small convenience sample and findings may not be generalizable to all 

demographic groups. We know that parent’s highest education level and family income were 

significantly related to children’s achievement, but we were unable to determine whether there 

were any important differences in children’s math conceptions between children from families of 

differing socioeconomic status. Additionally, child responses may have been limited by 

children’s verbal abilities and may not capture their complete math utility conceptions. That 

being said, scales were developed based on content of responses, rather than linguistic 

sophistication of response to limit the effect of developmental differences. For example, two 

children received the same score for the following answers: “at the grocery store, they give you 

change back” and “the cashier has to count how much money you gave them and how much owe 

and calculate how much change to give you back.” Research shows that children as young as 

preschool-age are able to respond effectively to both open- and closed-ended questions about 
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math self-concepts and home math engagement (Eccles et al., 1993; Marsh et al., 2002; 

Mazzocco et al., 2012; Ramani & Siegler, 2008; Wigfield et al., 1997). Despite these limitations, 

this study offers important information to increase our understanding of how children’s math 

utility conceptions are related to children’s math achievement. 

 Findings from this study could provide the basis for continued study of math utility 

conceptions, which will lead to a better understanding of how we can incorporate these 

conceptions into math curricula for elementary-age children. Some school-based intervention 

research has found that productive dispositions towards math can be improved (Graven, 2015; 

Jansen, 2012; Mitchell, 1999). Jansen (2012) examined which teaching styles during small group 

work in two sixth-grade classrooms increased children’s productive dispositions towards math. 

She found that when teachers provided children with more autonomy, sought multiple solutions 

to problems, and encouraged conceptual understanding of the material, children had more 

productive dispositions than with teachers who did not employ these strategies. Similarly, 

Graven (2015) found that extracurricular math clubs for struggling children where teachers could 

engage with small groups of third and fourth graders provided an environment in which children 

could improve their dispositions towards math. Mitchell (1999) found that using a weekly reward 

system for performance (effort, achievement, and attitude) in math with six- to eight-year-olds 

was associated with increased positive attitudes towards math and effort during math work. 

These interventions suggest that altering instructional practices can be used to increase children’s 

productive disposition, which is related to their math achievement.  Further research should 

specifically evaluate how increase in math utility conceptions corresponds with increases in math 

proficiency. 
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Conclusion 

The goal of this study was to examine the relation between children’s math utility 

conceptions and their math achievement. This study provides evidence that children’s knowledge 

and beliefs about the usefulness of math play a role in their math achievement, but this relation is 

complex. For all children, results suggest that a productive disposition towards math is 

associated with children’s math achievement. However, for other aspects of knowledge and 

beliefs about math utility, namely math uses and math utility value, the relations between math 

utility conceptions and achievement is different for younger and older elementary school-aged 

children. These results may guide math curriculum development for elementary-aged children to 

more intentionally use real-world applications to teach math concepts and, in doing so, improve 

children’s understanding of the importance of math in their daily lives. 
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Table 1 

Children’s Math Achievement Scores 

Subtest or Cluster Raw Score 

M (SD) 

Standard Score 

M (SD) 

Calculation subtest 11.22 (4.59) 105.54 (16.36) 

Math Fluency subtest 35.27 (18.12) 101.50 (14.65) 

Applied Problems subtest 31.20 (6.23) 112.37 (13.66) 

Quantitative Concepts subtest 28.61 (6.08) 110.39 (15.45) 

Concepts subtest 17.53 (3.20) N/A 

Number Series subtest 11.08 (3.37) N/A 

Broad Math Cluster N/A 110.51 (16.13) 

Brief Math Cluster N/A 111.74 (16.23) 

Math Calculations Cluster N/A 104.58 (16.08) 

Math Reasoning Cluster N/A 113.74 (15.60) 
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Table 2 

 

Calculation and Reasoning Cluster and Subtest Comparisons 

Comparison Calculation 

Subtest or 

Cluster Standard 

Score M (SD) 

Calculation 

Subtest or 

Cluster Standard 

Score M (SD) 

Significance Test 

Math Calculation and Math 

Reasoning clusters 

104.58 (16.08) 113.74 (15.60) t(103) = 7.66, p < .001 

Calculation and Applied 

Problems subtests 

105.54 (16.36) 112.47 (13.69) t(102) = 5.34, p < .001 

Calculation and Quantitative 

Concepts subtests 

105.54 (16.36) 110.58 (15.40) t(102) = 3.51, p = .001 

Math Fluency and Applied 

Problems subtests 

101.50 (14.65) 112.37 (13.66) t(103) = 8.78, p < .001 

Math Fluency and 

Quantitative Concepts 

subtests 

101.50 (14.65) 110.39 (15.45) t(103) = 6.40, p < .001 

Note. One child did not receive a Calculation subtest standard score, which impacted the N and 

means for comparisons. 
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Table 3 

 

Aspects of Children’s Math Utility Conceptions Predicting Children’s Math Achievement 

 β t* Sig. 

Broad Math    

Math Concepts .111 1.11 p = .269 

Math Applicability .070 0.67 p = .506 

Math Utility -.222 -1.59 p = .116 

Productive Disposition .351 2.59 p = .011 

Parents’ Education .208 1.99 p = .050 

Household Income .196 1.94 p = .056 

Math Calculations    

Math Concepts .142 1.42 p = .159 

Math Applicability -.034 -0.32 p = .749 

Math Utility -.190 -1.35 p = .180 

Productive Disposition .301 2.21 p = .029 

Parents’ Education .246 2.34 p = .022 

Household Income .183 1.80 p = .075 

Math Reasoning    

Math Concepts .104 1.02 p = .309 

Math Applicability .153 1.43 p = .155 

Math Utility -.174 -1.22 p = .227 

Productive Disposition .319 2.30 p = .024 

Parents’ Education .161 1.50 p = .137 

Household Income .149 1.44 p = .155 

Note. *df was 92 for all regressions. 
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Table 4 

 

Grade Groups Moderating the Relation between Aspects of Children’ Math Utility Conceptions 

and Children’s Math Utility Conceptions 

 b t p 

Broad Math    

Math Concepts -5.876 -0.75 .455 

Math Applicability 9.783 2.82 .006 

Math Utility -26.554 -2.61 .011 

Productive Disposition 9.981 1.20 .232 

Grade group -53.394 -2.40 .018 

Math Concepts X grade group 5.994 1.33 .186 

Math Applicability X grade group -6.487 -2.85 .005 

Math Utility X grade group 16.390 2.47 .016 

Productive Disposition X grade group -1.904 -0.37 .713 

Parents’ Education 2.408 1.42 161 

Household Income 2.456 1.74 .085 

 Adjusted R2 = .25 

Math Calculations    

Math Concepts -3.433 -0.44 .661 

Math Applicability 6.972 2.01 .047 

Math Utility -19.656 -1.94 .056 

Productive Disposition 5.479 0.66 .509 

Grade group -48.999 -2.12 .030 

Math Concepts X grade group 4.884 1.09 .279 

Math Applicability X grade group -5.026 -2.21 .029 

Math Utility X grade group 11.936 1.80 .075 

Productive Disposition X grade group 0.378 0.07 .942 

Parents’ Education 3.089 1.82 .072 

Household Income 2.207 1.57 .120 

 Adjusted R2 = .22 

Math Reasoning    

Math Concepts -3.484 -0.43 .670 

Math Applicability 7.184 1.99 .050 

Math Utility -24.000 -2.26 .026 

Productive Disposition 9.279 1.08 .285 

Grade group -49.765 -2.15 .034 

Math Concepts X grade group 4.151 0.89 .378 

Math Applicability X grade group -4.289 -1.81 .074 

Math Utility X grade group 14.963 2.16 .033 

Productive Disposition X grade group -1.892 -0.35 .726 

Parents’ Education 2.055 1.16 .249 

Household Income 1.704 1.16 .249 

 Adjusted R2 = .15 
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Figure 1. Hypothesized Relations Between Math Utility Conceptions and Math Achievement. 
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Figure 2. Children’s Broad Math cluster scores as a function of children’s math applicability 

scores for younger and older children. 
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Figure 3. Children’s Broad Math cluster scores as a function of children’s math utility scores for 

younger and older children. 
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Figure 4. Children’s Math Calculations cluster scores as a function of children’s math 

applicability scores for younger and older children. 
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Figure 5. Children’s Math Reasoning cluster scores as a function of children’s math utility 

scores for younger and older children. 
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Chapter 5: General Conclusions 

The primary goals of these three studies were to expand on current research in the way 

that math utility conceptions are measured and to gain a better understanding of children’s math 

conceptions, how they are acquired, and how they impact achievement. Children were able to 

articulate knowledge and beliefs about math utility. There were many individual differences, but 

also some common themes in their responses. Overall, children view math primarily as 

something learned and used in school. However, aspects of their home environment can impact 

these conceptions.  

Results from Paper 2 supported the notion that parents play an important role in the 

development of children’s knowledge and beliefs about the usefulness of math. More 

specifically, parents’ conceptions can have the most impact on children’s conceptions for 

children who engage less frequently in math activities at home and more frequently see their 

parents using math. Understanding children’s conceptions about how math is used and how the 

home environment may shape these views could guide future targeted interventions for 

elementary-age children to improve math utility knowledge and beliefs.  

The third study provided evidence that children’s knowledge and beliefs about the 

usefulness of math play a role in their math achievement, but this relation is complex. Results 

supported the notion that productive disposition towards math is associated with several areas of 

children’s math achievement and that children’s math utility conceptions relate to children’s 

math reasoning skills. However, for math applicability and math utility value, the relations 

between math utility conceptions and achievement is different for younger and older elementary 

school-aged children.  
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Together these three studies add to the current literature on math utility conceptions in 

two overarching ways. First, these studies suggest that parents and the home environment may 

have a substantial impact on young children’s math utility conceptions. Interventions with 

parents may be a very effective way to influence children’s conceptions. Effective home-based 

interventions would likely be ones in which parents are given specific tools and examples of how 

to demonstrate to their children the ways that they use math in their daily lives. 

Second, these studies suggest a link between children’s knowledge and beliefs about 

math and their ability to use math to solve real-world problems. This association highlights the 

importance of considering children’s math utility conceptions as a factor for improving 

children’s math proficiency. More specifically, when developing curriculum for elementary-aged 

children, educators could more intentionally use real-world applications to teach math concepts 

and, in doing so, improve children’s understanding of the importance of math in their daily lives. 

By increasing young children’s knowledge of applications of math outside the school context 

and beliefs about the usefulness of math, parents and educators could help to increase children’s 

math proficiency. 
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Appendix A 

Children’s Math Utility Conceptions Questionnaire 

 

Interview Date: ________/_________/_________  Grade: ________________________ 

 

Interviewer: ______________________________  Gender:    ______Boy    ______Girl 

 

 

 

Directions: I’m going to ask you some questions about math.  There are no right or wrong 

answers.  I only want to know what you think about math. 

 

1. What is math? (What do you think math is?  How would you describe math to someone who 

had never heard of it?) 

______________________________________________________________________________

______________________________________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________ 

 

2. a. Who uses math?  

 

______________________________________________________________________________

______________________________________________________________________________ 

      b. For each of the people child lists, ask: How does ______ use it? 

 

Person: 

1.____________________________________________________________________________ 

2.____________________________________________________________________________ 

3.____________________________________________________________________________ 

4.____________________________________________________________________________ 

 

3. How do you learn math? (If child does not know or does not respond, probe by suggesting: 

teachers, parents, friends, things in class) 

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________

______________________________________________________________________________ 
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Math Home Engagement 

 

Directions: Now I’m going to ask you about things you may do at home.  To answer some of 

these questions, you will use this number scale (put scale on the table in front of the child):   

never or almost never, “1 star,” “2 stars,” sometimes, “3 stars,” “4 stars,” and every day or 

almost every day, “5 stars.”  (For each question, if the child responds “2” through “5”, ask the 

follow up question.  If the child responds “1,” continue to the next question.) 

 

How often do you…? 

 

 1 

Never/ 

Almost 

Never 

2 3 

Sometimes 

4 5 

Every 

day/ 

Almost 

Every 

Day 

1. Do math at home? 

 

What kind of math do you do at home? 

_________________________________

_________________________________

_________________________________

_________________________________

____ 

 

 

1 2 3 4 5 

2. Play board games at home? 

 

What board games do you play? (Try to 

get them to list at least three) 

_________________________________

_________________________________

_________________________________

_________________________________

____ 

 

 

1 2 3 4 5 

3. Play math games on the 

computer/iPad at home? 

 

What computer math games do you play? 

_________________________________

_________________________________

_________________________________

_________________________________

____ 

1 2 3 4 5 
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 1 

Never/ 

Almost 

Never 

2 3 

Sometimes 

4 5 

Every 

day/ 

Almost 

Every 

Day 

4. Play games or sports where you keep 

score? 

 

What games or sports do you play where 

someone keeps score? 

_________________________________

_________________________________

_________________________________

_________________________________

____ 

 

1 2 3 4 5 

5. Play card games? 

 

What card games do you play? 

_________________________________

_________________________________

_________________________________

_________________________________

____ 

 

1 2 3 4 5 

6. Play video games, like on Playstation, 

Xbox, the Wii, or Nintendo DS at 

home? 

 

What video games do you play? 

_________________________________

_________________________________

_________________________________

_________________________________

____ 

1 2 3 4 5 

7. Help with cooking at home? 

 

How do you help with cooking? 

_________________________________

_________________________________

_________________________________

1 2 3 4 5 
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_________________________________

____ 

8. Help at the grocery store? 

 

How do you help at the grocery store? 

_________________________________

_________________________________

_________________________________

_________________________________

____ 

1 2 3 4 5 

 1 

Never/ 

Almost 

Never 

2 3 

Sometimes 

4 5 

Every 

day/ 

Almost 

Every 

Day 

9. Watch math TV shows? 

 

Which math TV shows do you watch? 

_________________________________

_________________________________

_________________________________

_________________________________

____ 

1 2 3 4 5 

10. Use or play with money? 1 2 3 4 5 

11. Use math workbooks or flashcards 

that are not part of your homework at 

home? 

1 2 3 4 5 

12. Play or build with blocks or Legos? 1 2 3 4 5 

13. Use maps or globes at home? 1 2 3 4 5 

14. Use a calculator at home? 1 2 3 4 5 

15. Do puzzles at home? 1 2 3 4 5 
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Math Applicability 

 

Directions: Now I want to know what you think about some different activities.  Again, there are 

no right or wrong answers.  I only want to know what you think. 

 

For each activity, say the following:  

Some children think math is used when they ________________, some think math is not used at 

all.  Do you think math is used when you _________________?  (If child responds “Yes,” ask: 

“How is math used in that activity?”) 

 

A. Play board games, like ______ (list one of the board games they 

mentioned above.  If they did not list any, use “Candy Land or Chutes 

and Ladders.”) 

 

How is math used in (specify name of game)? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

 

Yes No 

B. Cook 

 

How is math used in cooking? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

 

Yes No 

C. Go to the grocery store 

 

How is math used when you go to the grocery store? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

 

Yes No 

D. Keep score in games or sports 

 

How is math used to keep score in games or sports? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

Yes No 

E. Play card games 

 

How is math used in playing cards? 

Yes No 
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___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

Some children think math is used when they ________________, some think math is not used 

at all.  Do you think math is used when you _________________?  (If child responds “Yes,” 

ask: “How is math used in that activity?”) 

 

F. Play with blocks or Legos 

 

How is math used when you with blocks or Legos? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

Yes No 

G. Play video games 

 

How is math used in playing video games? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

Yes No 

H. Use or play with money 

 

How is math used when using or playing with money? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

Yes No 

I. Play with puzzles 

 

How is math used in playing with puzzles? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

Yes No 

J. Use maps or a globe 

 

How is math used when using maps or a globe? 

___________________________________________________________

___________________________________________________________

___________________________________________________________

______ 

Yes No 
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Beliefs about Math Utility 

 

Directions:  I am going to read you some statements saying how some students feel about math.  

To answer the next questions, you will use this number scale (put scale on the table in front of 

the child).  Listen carefully and tell me if the person is not at all like you, “1 star,” “2 stars,” a 

little like you, “3 stars,” “4 stars,” or very much like you, “5 stars.”  There are no right or wrong 

answers. I only want to know how you feel about math.  Let’s do some examples. 

 

Say, I (like ice cream).  Is that not at all like you, “1 star,” “2 stars,” a little like you, “3 stars,” “4 

stars,” or very much like you, “5 stars?” 

 

 

 

Examples: 

Not at 

all like 

me 

 A little 

like me 

 Very 

much 

like me 

1. I like ice cream. 1 2 3 4 5 

2. I like to swim. 1 2 3 4 5 

3. I like spinach. 1 2 3 4 5 

 

 

For each statement, say, (I need to learn math to do well in school).  Is that not at all like you, “1 

star,” “2 stars,” a little like you, “3 stars,” “4 stars,” or very much like you, “5 stars?” 

 

 

 1 

Not at 

all like 

me 

2 3 

A little 

like me 

4 5 

Very 

much 

like me 

Subjective Task Value- Interest      

1. Math is interesting. 1 2 3 4 5 

2. I like math. 1 2 3 4 5 

3. I like to get math toys or math 

games as presents. 

1 2 3 4 5 

4. Math is fun. 1 2 3 4 5 

5. I like to do math activities in my 

free time. 

1 2 3 4 5 

Subjective Task Value- 

Usefulness/Importance 

     

6. Math is useful to me for things 

other than school. 

1 2 3 4 5 

7. Math is useful to everyone. 1 2 3 4 5 
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8. I think people use math all the 

time in their lives. 

1 2 3 4 5 

9. Math is more useful than other 

subjects. 

1 2 3 4 5 

10. I need to learn math to do well 

in school. 

1 2 3 4 5 

11. It is important for me to learn 

math. 

1 2 3 4 5 

12. My parents think it is important 

for me to learn math. 

1 2 3 4 5 

13. I think it is important for 

everyone to learn math. 

1 2 3 4 5 

14. It is important for me to do well 

in math. 

1 2 3 4 5 

Productive Disposition      

15. Math is a subject I can use in 

my life. 

1 2 3 4 5 

16. Learning math is worth my 

time. 

1 2 3 4 5 

17. Working hard in math is worth 

my time. 

1 2 3 4 5 

18. Working hard in math helps me 

do better in math. 

1 2 3 4 5 

19. I am good at math. 1 2 3 4 5 

20. I am better at math than my 

classmates. 

1 2 3 4 5 

21. I am better at math than my 

other subjects. 

1 2 3 4 5 

22. I know that I will do well in 

math this year. 

1 2 3 4 5 

23. Math is easy for me. 

 

1 2 3 4 5 

24. When doing math is difficult for 

me, working harder helps me 

solve it. 

1 2 3 4 5 
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Appendix B 

Parents’ Math Utility Conceptions Questionnaire 

 

 

 

 

 

Parents’ Math Conceptions Questionnaire 
 

 

 

 

 

 

Please answer the following questions about yourself.  Your answers will be kept strictly 

confidential and your name will not be associated with your final responses. 

 

Name:______________________________________ 

 

Relation to Child:  ____ Mother  ____ Father  ____Other, please specify:___________________ 

 

Date of Birth: ______/______/_______   

 

Gender ______Male   ______Female  

 

Race/ethnicity (Select all that apply): 

 

_____African American/Black _____Hispanic/Latino:  

From where: ________________________ 

_____European American/ White  _____Asian/Pacific Islander:  

From where:________________________ 

_____Other, please specify:_______________________________________________ 

 

 

Date questionnaire completed: ______/______/_______ 
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Please answer the following questions as thoroughly as you can. 

 

1. What is math? (What do you think math is; how would you explain what math is to someone 

else?) 

______________________________________________________________________________ 

 

______________________________________________________________________________ 

______________________________________________________________________________

______________________________________________________________________________ 

 

2.  What is the best way to help your child learn math? 

 

______________________________________________________________________________ 

 

______________________________________________________________________________ 

 

______________________________________________________________________________

______________________________________________________________________________ 

3.  What do you believe is the role of parents/home in helping children learn math? 

 

______________________________________________________________________________ 

 

______________________________________________________________________________ 

 

______________________________________________________________________________

______________________________________________________________________________ 

4.  What do you believe is the role of teachers/school in helping children learn math? 

 

______________________________________________________________________________ 

 

______________________________________________________________________________ 

 

______________________________________________________________________________

______________________________________________________________________________ 
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For the following, please circle the best answer. 

5. How often does your child do any math activities at home?  

                    

1 

Never/ almost 

never 

2 

Once or twice a 

month 

3 

Once a week 

4 

A few times a 

week 

5 

Everyday or 

almost everyday 

      

On days when your child does math activities at home, for about how many minutes per day 

does your child spend doing math activities at home? ______________________minutes per day 

 

6. How often does your child do the following activities at home (Circle one answer per row)?   

 

  1 

Never/ 

almost 

never 

2 

Once or 

twice a 

month 

3 

Once a 

week 

4 

Several 

times a 

week 

5 

Everyday 

or almost 

everyday 

a.  Play board games 1 2 3 4 5 

b.  Play math games on the 

computer/iPad 
1 2 3 4 5 

c. Play games or sports where 

someone keeps score 
1 2 3 4 5 

d.  Play card games 1 2 3 4 5 

e.  Play video games (Playstation, 

Xbox, Nintendo, etc.) 
1 2 3 4 5 

f.  Help with cooking 1 2 3 4 5 

g.  Help at the grocery store 1 2 3 4 5 

h.  Watch math TV programs 1 2 3 4 5 

i. Use or play with money 1 2 3 4 5 

j. Use math workbooks/ flashcards 

(not assigned by teacher)  
1 2 3 4 5 

k. Play or build with blocks or 

Legos 
1 2 3 4 5 

l. Use maps or globes 1 2 3 4 5 

m. Use a calculator 1 2 3 4 5 

n. Play with jigsaw puzzles 1 2 3 4 5 

 

7. On a typical weekday, approximately how many minutes does your 

child spend on math homework? 

 

__________minutes 

8. On a typical weekday, approximately how many minutes do you 

help your child with math homework? 

__________minutes 
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For the following, please circle the best answer. 

 

 

9. How important is it that your child does math activities at home? 

  1   2   3   4   5 

Not very     Somewhat          Very 

 

10. How important is it that you help your child with math? 

  1   2   3   4   5 

Not very     Somewhat          Very 

 

11. How much do you enjoy math? 

  1   2   3   4   5 

Not at all     Somewhat                      Very Much  

 

12. How often does your child see you doing math?      

1 

Never/ almost 

never 

2 

Once or twice a 

month 

3 

Once a week 

4 

Several times a 

week 

5 

Everyday or 

almost everyday 

                                                                                                                        

 

For the following, please circle the extent to which you agree or disagree with the following 

statements. 

 

 1 

Strongly 

Disagree 

2 

Disagree 

3 

Neutral 

4 

Agree 

5 

Strongly 

Agree 

13. Math is interesting. 1 2 3 4 5 

14. I like math. 1 2 3 4 5 

15. I like to get math games as 

presents. 

1 2 3 4 5 

16. Math is fun. 1 2 3 4 5 

17. I like to do math activities in 

my free time. 

1 2 3 4 5 

18. Math is useful to me. 1 2 3 4 5 

19. Math is useful to everyone. 1 2 3 4 5 

20. I think people use math all the 

time in their lives. 

1 2 3 4 5 

21. Math is more useful than 

other subjects. 

1 2 3 4 5 

22. Learning math is important 

for doing well in school. 

1 2 3 4 5 
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 1 

Strongly 

Disagree 

2 

Disagree 

3 

Neutral 

4 

Agree 

5 

Strongly 

Agree 

23. It was important for me to 

learn math in school. 

1 2 3 4 5 

24. My parents thought it was 

important for me to learn 

math. 

1 2 3 4 5 

25. I think it is important for 

everyone to learn math. 

1 2 3 4 5 

26. It was important for me to do 

well in math in school. 

1 2 3 4 5 

27. Math is a subject I can use in 

my life. 

1 2 3 4 5 

28. Learning math was worth my 

time. 

1 2 3 4 5 

29. Working hard in math was 

worth my time. 

1 2 3 4 5 

30. Working hard in math helped 

me do better in math. 

1 2 3 4 5 

31. I am good at math. 1 2 3 4 5 

32. I am better at math than my 

peers. 

1 2 3 4 5 

33. I was better at math than 

other academic subjects. 

1 2 3 4 5 

34. Math is easy for me. 

 

1 2 3 4 5 

35. When doing math is difficult 

for me, working harder helps 

me solve it. 

1 2 3 4 5 

 

Finally, we’d like to know about how you believe math can be used (or not) in different 

contexts.  For the following, please circle “Yes” or “No.”  If you respond “Yes” to any 

question, please describe how math is used with as much detail as possible. 

36. Can math be used when decorating a home? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

37. Can math be used in the kitchen? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 
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38. Can math be used when gardening/mowing the 

lawn? 

Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

39. Can math be used when using a cell phone? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

40. Can math be used planning a party or get-together? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

41. Can math be used when making art? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

42. Can math be used when travelling? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

43. Can math be used when playing or watching sports? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

44. Can math be used when making/listening to music? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

45. Can math be used at a restaurant? Yes No 

If “yes”, how is math used? 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 
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Appendix C 

Assumptions of Normality and Correlation Matrix 

Chapter 3 

 

 Assumptions for the linear regression, linearity between independent and dependent 

variables, homoscedasticity of the errors, independence of the errors, and normality of the error 

distribution, predicting overall children’s overall math utility conceptions were tested, using the 

method described by Nau (2005).  There was no evidence of a violation the first three 

assumptions.  Some of the math utility conceptions variables were significantly non-normally 

distributed, but because the linearity between independent and dependent variables assumption 

was not violated, it is still appropriate to use these variables in regressions. 

 

Correlations Between Chapter 3 Variables 

 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

Children's Overall Math 

Utility Conceptions (1) 

1 .27** .43** .56** .75** .61** .15 .30** .33** 

Parents' Overall Math 

Utility Conceptions (2) 

 1 -.01 .17 .19 .25* .20* .14 .19 

Children’s Math Concepts 

Score (3) 

  1 .34** .01 -.09 < .01 .28** .34** 

Children’s Math 

Applicability Score (4) 

   1 .17 -.05 -.01 .42** .38** 

Children’s Math Utility 

Score (5) 

    1 .70** .14 .08 .13 

Children's Productive 

Disposition Score (6) 

     1 .24* < -.01 .04 

Mean Frequency of Home 

Math Engagement (7) 

      1 .04 .21* 

Child Grade Group (8)        1 .21* 

Overall Length of 

Utterance (9) 

        1 

Note. *p < .05, ** p < .01 

 

Nau, R. F. (2005).  Testing the assumptions of linear regression [Web Document].  Retrieved 

from Lecture Notes Online Web Site: http://people.duke.edu/~rnau/411home.htm 
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Chapter 4 

 

 Assumptions for the linear regression, linearity between independent and dependent 

variables, homoscedasticity of the errors, independence of the errors, and normality of the error 

distribution, predicting overall children’s math achievement were tested, using the method 

described by Nau (2005).  There was no evidence of a violation of the first three assumptions.  

Some of the math utility conceptions variables were significantly non-normally distributed, but 

because the linearity between independent and dependent variables assumption was not violated, 

it is still appropriate to use these variables in regressions.   

 

Correlations Between Chapter 4 Variables 

 

 (1) (2) (3) (4) (5) (6) (7) (8) (9) 

Children's Overall Math 

Utility Conceptions (1) 

1 .43** .56** .75** .61** .09 .06 .13 .30** 

Children’s Math 

Concepts Score (2) 

 1 .34** .01 -.09 .11 .13 .13 .28** 

Children’s Math 

Applicability Score (3) 

  1 .17 -.05 .06 -.02 .16 .42** 

Children’s Math Utility 

Score (4) 

   1 .70** -.01 -.02 .02 .08 

Children’s Productive 

Disposition (5) 

    1 .17 .14 .16 < -.01 

Broad Math (6)      1 .91** .90** -.13 

Math Calculations (7)       1 .70** -.20* 

Math Reasoning (8)        1 -.02 

Child Grade Group (9)         1 

Note. *p < .05, ** p < .01 

 

 

Nau, R. F. (2005).  Testing the assumptions of linear regression [Web Document].  Retrieved 

from Lecture Notes Online Web Site: http://people.duke.edu/~rnau/411home.htm 

 

  



 

 

 


