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While traditionally math instruction has begun in kindergarten, 

all learning—including the development of math knowledge—

begins at birth. Age-appropriate early learning experiences 

offer children the opportunity to build foundational skills that 

predict their academic performance into elementary school 

(Duncan, et al., 2007; Watts et al., 2018). For young children, this 

important learning must happen through play and exploration, 

and through activities that engage their curiosity and drive to 

understand the world around them. Taking a joyful and play-

based approach to learning yields dividends: research shows 

that the more curious children are prior to school entry, the 

better they do academically in reading and math once they 

enter school (Shah et al., 2018).

The learning that happens before school entry provides children 

with a strong foundation on which to build new conceptual 

understandings. Early mathematics skills, in particular, have 

strong predictive power for both math and reading outcomes 

in elementary school (Duncan et al., 2007). A longitudinal study 

that followed 4-year-olds through elementary school found 

that preschool math skills (specifically, nonsymbolic quantity, 

counting, and patterning knowledge) predicted fifth-grade 

mathematics achievement (Rittle-Johnson et al., 2016). These 

and other studies are often used to argue for the importance 

of early mathematics in early childhood education and care 

settings (ten Braak et al., 2022). In short, early advantages pay 

dividends. Critical math learning is happening in the years prior 

to kindergarten entry—but only if children have access to the 

rich learning experiences that promote exploration and mastery. 

In 2021–2022, ZERO TO THREE received funding support 

to develop an age-appropriate, play-based early math 

curriculum. Problem Solvers, released in September 2022, is a 

free, downloadable set of 22 early math activities and songs, 

designed to support emerging math knowledge across six 

domains of math for children from 2.5 through 4 years old. 

This curriculum resource is available free of charge, as one of 

ZERO TO THREE’s goals was to support those community-

based early education programs that may otherwise be unable 

to acquire research-based math curricula. This article explores 

the ways in which equity issues are central to how, and how 

often, mathematics is part of early education experiences and 

outlines the equity-centered principles the curriculum authors 

used in developing Problem Solvers. 

Exposure to Early Math Experiences as an 
Equity Issue

Research has established significant race-based gaps between 

the reading and math skills of both White and Asian children 

and the reading and math skills of Black and Hispanic children 

at kindergarten entry (García, 2015). Yet these race-based 

data don’t tell the whole story. Rather, they convey a powerful 

narrative of access, rather than race and ability.

Poverty is a powerful and shaping influence on children’s 

development. An Economic Policy Institute report framed the 

issue in this way, “Race-based skills gaps shrink significantly” 

when children’s social class/family income is taken into 

account (García & Weiss, 2015). The authors explained: 

In real life we cannot disentangle black and Hispanic 

children’s race and ethnicity from the contexts in which 

they live, which put them at a major disadvantage relative to 

their average white and Asian peers. It is not race itself, then, 
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but the poverty and other things that too often go along 

with being a minority child in America, that compound 

disadvantage (emphasis added).

To examine the impact of growing up in underserved, under- 

resourced communities, the Brookings Institution (Isaacs, 2012) 

analyzed school readiness patterns from a nationally repre-

sentative sample of children from birth through kindergarten 

entry. Nearly one quarter (23%) of children in the sample were 

born into families living in poverty, another quarter (25%) of 

children fell into the near-poverty group, and the remaining 

half (52%) were classified as having moderate or higher income. 

Children who were members of families living in poverty were 

much more likely than other children to score very low on 

math and reading skills. In fact, 26% of children living in poverty 

and 19% of children living in near poverty lacked the math skills 

they needed to be considered “school ready” at kindergarten 

entry (Isaacs, 2012). Yet research indicates that early risk can 

be mitigated or remediated through high-quality early learning 

experiences and instructional strategies (Presser et al., 2015). 

Furthermore, research demonstrates that preschool children 

can attain higher levels of understanding in mathematics, with 

gains maintained into kindergarten, when they are supported 

through well-planned, stimulating, and developmentally appro-

priate activities (Starkey et al., 2022).

Yet early educators often receive little formal training in 

designing meaningful and age-appropriate foundational math 

experiences for children across the first 5 years. How does 

this gap in professional preparation impact practice? The 

Transforming the Workforce report (Institute of Medicine & 

National Research Council, 2015) asserts that subjects such 

as mathematics and science usually are underemphasized 

for young children. One study—in which researchers coded 

the time spent on various academic activities in preschool 

settings—found, on average, children spent only approximately 

8 minutes per day in math and science learning activities 

(Connor et al., 2006); another study focused specifically 

on preschools serving working- and middle-class families, 

and found that 60% of settings offered 3-year-olds no 

mathematical experience of any kind across 180 observations 

(Tudge & Doucet, 2004). A more recent study of 65 preschool 

classrooms (Piasta et al., 2014) found that children experienced 

an average of 24 minutes of math learning opportunities 

per day. Too often, a lack of knowledge about early math 

instructional practices translates to a lack of exposure to math 

experiences in the early education setting. 

Equity-Centered Early Math 
Instructional Practices

Increasingly, there has been a focus on integrating equity-

based practices with math instructional approaches, for many 

of the reasons outlined in the previous section. This effort 

initially focused on elementary math instruction (Aguirre 

et al., 2013; Gutiérrez, 2012; Jackson et al., 2021; Polly, 2021) 

but increasingly, professionals in early childhood systems 

have begun considering the ways in which equity-centered 

instructional practices can support children’s mathematics 

learning even before formal schooling begins. In developing 

Problem Solvers, my co-creators and I reviewed science, 

technology, engineering, and mathematics (STEM) education 

frameworks and recommended practices for equity-based 

instruction in STEM domains (Equitable Math, 2021; Gutiérrez, 

2012; Jackson et al., 2021; National Council of Teachers of 

Mathematics, 2014) and identified those approaches we felt 

were most appropriate for early education environments.

Ultimately, the following 10 equity-based math instructional 

approaches shaped the development of the Problem Solvers 

curriculum. Each describes a specific teacher action, approach, 

or stance that seeks to meet learners’ diverse needs and 

lived experiences, and centers children’s cultural assets and 

strengths (Delpit, 2012). These instructional practices are also 

appropriate for early childhood settings, specifically those 

classrooms serving children 2.5 to 5 years old, and reflect the 

developmental capacities of older toddlers and preschoolers. 

The following list of instructional practices is not exhaustive. It 

is an initial effort to articulate the ways in which early educators 

can consider, respond to, and nurture the rich and diverse lived 

experiences, cultures, perspectives, and languages children 

bring with them when designing and implementing early 

math curricula. 

Practice 1: Provide every child with rigorous math instruction 

(Aguirre et al., 2013; Equitable Math, 2021). For too long, 

math aptitude has been perceived as the result of innate 

ability (i.e., the notion that one is “good at math” or “bad at 

math”), rather than the result of rigorous, organized learning 

experiences. For children whose identities (e.g., race, class, 

gender, ethnicity, language) place them outside the mainstream 

culture’s perception of those who are “good at math,” the risks 

are high: researcher Lisa Delpit (2012, p. 6) explained, “What 

happens when we assume that certain children are less than 

brilliant? Our tendency is to teach less, to teach down, to teach 

for remediation.” To disrupt this cycle, Practice 1 asserts that 

every child in every early childhood program has the right to 

The learning that happens before school entry provides children with a 

strong foundation on which to build new conceptual understandings.
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experience rigorous math curricula and learning experiences. 

Equitable teaching unfolds in environments where children 

access, apply, and explore rigorous mathematics in age-

appropriate ways that build deep conceptual understanding. 

Practice 2: Differentiate instruction to allow for productive 

struggle (Equitable Math, 2021). Building on Practice 1, 

Practice 2 explicitly acknowledges that all learners (even infants) 

enter their early childhood settings with some understanding 

of mathematics. Observing children’s strengths, understanding 

their next-expected skills, and remaining attuned to their 

interests and needs help educators provide learning experiences 

that are appropriately challenging (rigorous but achievable) 

and, when needed, implement accommodations that are “truly 

(and not overly) helpful” (TERC, 2021). Taking a strengths-based 

approach begins to dismantle the “deficit discourse” around 

mathematics. Deficit discourses focus on students’ “academic 

and intellectual shortcomings with little to no recognition of 

their existing understandings and strengths” and attribute these 

shortcomings to “deficiencies located in students themselves, 

their families or their culture” (Adiredja & Louie, 2020, p. 

42). How are deficit discourses connected to math? Media 

messaging, policy documents, research, and other groups have 

promoted and repeated a consistent message of race-based 

“achievement gaps,” which is a prominent deficit discourse 

that “has produced a false and oppressive racial hierarchy of 

mathematics ability” and one that positions students of color 

as “less deserving of meaningful, prestigious, and lucrative 

learning opportunities” (Adiredja & Louie, 2020, p. 43). In this 

way, deficit discourses about what is acceptable demonstrated 

math learning merge with deficit discourses about the abilities 

of children from historically marginalized groups, resulting in 

learning environments where, too often, students of color are 

not offered the rich and challenging curricula they need and 

deserve in order to thrive as learners. 

In response to this dynamic of deficit discourses, the authors of 

Problem Solvers sought to ensure all toddlers and preschoolers 

have access to challenging math curricula. To achieve this, 

typical age-based developmental expectations are provided for 

each activity in Problem Solvers. The authors then developed 

each activity to meet a typical 3-year-old’s skill set and provided 

strategies that educators could use to increase or decrease 

the level of difficulty for children to make the process of 

individualization easier and more transparent. In post-pilot 

interviews with teaching staff, participating educators noted 

that this final element—guidance on individualization—was 

particularly useful. In one program, teachers explained that 

they had a 3-year-old who was more advanced than his peers 

in math skills, so the curriculum’s clear guidance on how to 

offer more rigor was a support for teachers and a source of 

excitement for the child. One child’s parents also shared, “We 

get information about early literacy a lot, but almost never get 

information about math. He loved the [Problem Solvers parent-

child] activities.” 

Practice 3: Approach errors as opportunities for learning 

(Equitable Math, 2021). This practice also works against the 

deficit discourse approach by framing errors as opportunities 

to better understand the knowledge and thinking a child is 

using in a particular activity. The Problem Solvers curriculum 

normalizes errors as an expected part of the learning process 

and prompts teachers to invite children to show or tell what 

they were thinking about a question or activity. This practice 

offers teachers a window into students’ existing funds of 

knowledge and helps them apply the constructivist principle of 

building new skills on a foundation of current skills. Educators 

can invite discussions about children’s thinking so they can 

clarify miscommunicated knowledge (Equitable Math, 2021) 

and provide targeted opportunities for mastery. Normalizing 

errors also models persistence and curiosity, both approaches 

to learning that are central to mathematics mastery. Creating 

this culture of co-discovery in the early education setting can 

lead to a dynamic in which children and adults together use 

errors as opportunities for reflection and knowledge growth. 

In the curriculum, guidance to teachers often prompts them 

to ask children to share their thinking. For example, one 

activity asks children to observe several sets of objects and 

prompts teachers to ask, “Are there any sets that have the same 

number? Tell me how you know.” Or, “What can we do to make 

sure there are the same number of cars in each set? Show 

me what you’d like to try.” In another activity, the teacher is 

prompted to ask questions like, “When [we added to our line], 

we added one more. What can we do to find out how many 

we have in our line now? What has happened to our line since 

[we added items to our line]? Does the line look different to 

you? What’s different?” Questions like these offer insight into 

children’s existing knowledge and problem-solving strategies. 

When errors or misunderstandings cease to be a source of 

embarrassment or shame, children are freed to consolidate 

new knowledge and master increasingly complex skills. 

Practice 4: Affirm children’s math identities (Aguirre et al., 2013; 

Equitable Math, 2021). All children have the right to see 

themselves as confident problem solvers who can make 

valuable mathematical contributions. At every age, children 

Early educators often receive little formal training in designing meaningful 

and age-appropriate foundational math experiences for children across the 

first 5 years.
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should be lifted up as skilled math thinkers with the capacity 

to learn and grow within the discipline; to contribute to the 

mathematics understanding of their learning community; and 

to have their ideas viewed as meaningful contributions to the 

classroom discourse (TERC, n.d.). This notion of identity is 

central to learning, as many students experience classrooms 

as “racialized spaces, where Black and Latina/o students 

are subject to negative stereotypes about their ability to do 

mathematics” (Nasir, 2016, p. 11). Existing research on the 

presence of implicit bias in early education lends support to 

the notion that birth-to-5 learning environments are also 

racialized spaces for very young children (Gilliam et al., 2016). 

As mentioned previously, discourses on math learning often 

frame this domain as one in which there are those who “can 

and those who cannot do mathematics” and individuals are “left 

to identify with one of these two groups, positioning themselves 

within—or outside of—the mathematics community” based 

on feedback and messages they receive about their ability 

(Cribbs et al., 2022, p. 70). These messages often begin even 

before children enter formal schooling, but they are deepened 

through teacher–child interactions. Teachers communicate 

to children “what mathematics is, what learning mathematics 

entails, and who is considered a doer of mathematics” (Barba, 

2022, p. 7). The results of these messages over time are 

powerful: A survey of more than 10,000 students found that 

“recognition—perceiving that others think one can succeed 

in mathematics—was a strong predictor of developing 

mathematics identity” (Cribbs et al., 2015; 2022, p. 6). 

The act of intentionally communicating that every child is 

a valued contributor and thinker in terms of mathematics is 

central to Practice 3. In fact, the curriculum name, Problem 

Solvers, was selected to communicate from the outset that all 

children engaging in these learning experiences possess the 

curiosity and capacity to master key mathematics concepts. 

Furthermore, Barba (2022) suggested a range of methods 

to foster positive mathematical identities, including several 

that were embedded into Problem Solvers. These include the 

use of meaningful tasks that include open-ended questions, 

allow children to develop and test strategies, and focus on 

explanations (Barba, 2022). In Problem Solvers, children are 

encouraged to share their thinking and experiment with 

different approaches. Teachers are prompted to explore 

children’s ideas through conversations: “What can we do 

to make a set of four fruits?” Another best practice is to 

establish classroom norms centered on discourse—where 

collaboration is encouraged and the teacher is the facilitator of 

these discussions (Barba, 2022). Each Problem Solvers activity 

includes a group learning experience and a paired learning 

experience, where children can work with peers to explore 

and experiment with new math concepts. For example, in one 

activity, a child creates a small set of objects (e.g., three objects) 

and their partner creates a set with “one more.” A third best 

practice for fostering positive mathematical identity is to provide 

opportunities for students to reflect on their mathematical 

journey (Barba, 2022). Each activity concludes with a reflective 

discussion with children that prompts them to think about 

and share their learning. For example, the teacher debriefs a 

counting and comparison activity by asking reflective questions 

like, “What was tricky about figuring out which sets of cars had 

more? What did you do to figure out which sets had more and 

less? What did you do to make a set of blocks with ‘one more’?”

Practice 5: Ground learning within students’ lived experi-

ences (TERC, 2021). When educators tap into the language, 

experiences, and understandings children bring with them 

into an early learning setting, toddlers and preschoolers are 

able to better engage with the curriculum content and access 

deep and meaningful learning opportunities. To do this, 

educators can plan learning experiences where children are 

positioned “as sources of expertise” for solving math problems 

and develop curricula that taps into, and builds on, children’s 

existing funds of knowledge related to their culture, commu-

nity, family, and history (TERC, 2021). In the Problem Solvers 

curriculum, each activity opens with a discussion of what 

children know or think about a particular topic. For example, 

in an activity that uses birthday candles as a means to explore 

quantities, cardinality, and early addition, the opening discus-

sion invites children to share how they celebrate birthdays 

with their families. 

Practice 6: Integrate math learning across the curriculum 

(Jackson et al., 2021). Sanders (2009) described integrated 

STEM education as “approaches that explore teaching and 

learning between/among any two or more of the STEM subject 

areas, and/or between a STEM subject and one or more other 

school subjects” (p. 21). Teaching integrated STEM lessons with 

older children (K-12) has been found to be a more effective 

teaching pedagogy when compared with individually teaching 

the siloed disciplines (Becker & Park, 2011). In Problem Solvers, 

integration is a natural strategy as young children explore, play, 

and wonder about the mathematical patterns and relationships 

they observe in the world around them. In Problem Solvers, 

early math concepts are embedded into arts (specifically, 

music) experiences, literacy experiences, and in the case of 

Every child in every early childhood program has the right to experience 

rigorous math curricula and learning experiences.
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several activities, science experiences. The songs composed 

for Problem Solvers prompt children to sing phrases, perform 

actions, and move their bodies in ways that support early math 

skills as well as promote early music education outcomes. 

In the Sorting Our Class song, children are prompted to 

sort themselves into sets using the rules in the song (“If you 

are wearing sneakers today, stand right over here. If you 

are wearing other shoes today, stand right over there.”). In 

between verses, the teacher pauses the audio and counts the 

number of children in each set. The books suggested for the 

literacy component of the curriculum invite use of rich math 

language around comparisons (e.g., size, color, attributes of 

shapes); descriptions (e.g., location in space, patterns); and 

early calculations (e.g., sets of objects or characters increasing 

or decreasing in size). Science-centered activities include, 

for example, a learning experience that invites children to 

explore and recreate the patterns apparent in birdsong. These 

integrated experiences proved to be some of the most popular 

components of the curriculum; for example, teachers shared 

that children often asked for the “math books” even on days 

when teachers had not planned to read them. Teachers also 

reflected it was helpful that the “math activities fit into other 

parts of our curriculum like science.” 

Practice 7: Intentionally build physical movement into math 

activities (Equitable Math, 2021). Equitable math environments 

offer children a range of ways to participate and engage—for 

example, through work in small groups, or by incorporat-

ing music, song, and movement into learning experiences 

(Equitable Math, 2021). This practice is especially appropriate 

for early childhood environments where, developmentally, 

children have shorter attention spans and a drive to use their 

new and emerging physical skills to explore the world. Problem 

Solvers was developed in partnership with an associate pro-

fessor of music and director of music education, Dr. Jennifer 

McDonel of Radford University. Dr. McDonel composed and 

performed a song to align with each of the 22 curriculum 

activities; this collection of songs offered a secondary pathway 

for children to experience and explore math concepts. Problem 

Solvers units describe how to implement each of the songs 

(also available for free download). Furthermore, almost all of 

the activities in Problem Solvers invite children to move and 

explore—whether they are pretending to be birds (in a unit that 

explores patterns through sounds) or exploring the class-

room as garbage trucks on their route (in a unit that explores 

spatial relationships). 

Practice 8: Encourage student-to-student interaction (TERC, 

2021). Students become confident learners and develop a 

strong mathematics identity when they have opportunities to 

collaborate in solving problems, to learn from one another, 

and to be supported by their peers in the learning process. 

Practice 8 asserts that all students have the right to share their 

ideas and thinking about mathematics, to have others listen 

respectfully and engage with them around mathematical 

questions and ideas, and to be seen as valuable contributions 

to the classroom discourse on mathematics (TERC, 2021). 

Problem Solvers uses both large-group and partner activities to 

encourage collaboration and to nurture the “first friendships” 

that emerge in the toddler/preschool years. In addition, an 

unexpected but positive outcome of the curriculum pilot 

(which took place in six early education programs across the 

United States) was that, in programs that included mixed age 

(3- to 5-year-old) classrooms, older children were frequently 

observed mentoring and supporting the math learning 

of young children. Learning from “more knowledgeable 

others” (Vygotsky, 1978) offers opportunities for children to 

exchange ideas and learn from each other’s perspectives 

and experiences. Furthermore, peer-based interactions have 

been tied to greater conceptual understanding and language 

development in subject areas including mathematics (Alanis, 

2018; Zippert et al., 2019). Math talk with a peer also has been 

found to promote a positive math identity (Fuson et al., 2015). 

Practice 9: Build partnerships with families and primary 

caregivers as sources of critical math learning for children 

(National Council of Teachers of Mathematics, 2022). 

Mathematics is already a part of children’s lives and 

communities (Souto-Manning & Rabadi-Raol, 2018), and 

at-home experiences with math play and math language 

help children build a strong foundation in these concepts. 

In fact, home-based early numeracy play in early childhood 

is significantly and positively related to developing a positive 

math attitude through fourth grade (Clerkin & Gilligan, 2018). 

Exposure to math language in the toddler years found that 

the frequency of math words spoken by the family predicted 

a child’s understanding of number concepts at 46 months 

old; similar findings were established for exposure to spatial 

language at home (e.g., on top of, next to, behind; Levine 

et al., 2010; Pruden et al., 2011). To spark math play and the 

use of math language in the home, Problem Solvers provides 

a parent–child activity handout in English and Spanish that is 

aligned to the math objectives of each unit; these 22 resources 

were designed to build bridges with families as well as invite 

discussions about family math experiences and beliefs. 

Normalizing errors also models persistence and curiosity, both approaches 

to learning that are central to mathematics mastery.
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Practice 10: Support teacher reflection (McLeod, 2015). 

Opportunities for reflection can support teacher insight, 

development, and learning as they observe students engaging 

with math learning experiences. Reflection can take place 

during the activity itself as the teacher considers minute-to-

minute observations and decides how best to scaffold a child’s 

learning. Reflection can also be part of the planning process 

for instruction (considering past experiences/observations 

when planning new curricula) or take place after an activity’s 

completion to understand what worked/didn’t work about the 

learning experience and spotlight ways to adjust instructional 

approaches. This process of reflection “in, on, and for” action 

(Schön, 1991) offers teachers an opportunity to step back and 

think deeply about their work with young children. While few 

early education settings offer the luxury of time to support 

such reflection (with the exception of those programs that offer 

teacher coaching or regular reflective supervision), Problem 

Solvers includes reflective prompts for teachers to observe 

the presence or absence of a problem-solving approach or 

behavior used by the children and then provides developmental 

context for why these behaviors may be observed. The 

prompts that are provided for adjusting the challenge level of 

the activities also encourage teachers to observe and reflect 

on children’s level of participation and mastery and then adjust 

the activity in response. These prompts support teachers’ ability 

to individualize activities and ensure all children experience 

activities that were appropriately challenging—rigorous but not 

overwhelming (see Practices 1 and 2).

One area in which the curriculum authors would have liked 

to provide more guidance is reflection supports for teachers 

on the (often harmful) dominant social narratives around 

mathematics learning and teaching, in order to scaffold 

personal insight into the ways these narratives do (or do 

not) make their way into instruction (Willey & Livers, 2018). 

Teacher reflection can serve the goals of equity when this 

practice is structured to invite greater understanding of 

how “considerations of power undergird, frame and distort” 

educational processes and interactions (Shandomo, 2010, 

p. 104). The authors hope to expand this reflective component 

in future iterations of the curriculum, in order to promote 

teacher learning, insight, and changes in practice that ensure 

equitable learning environments for the very youngest learners. 

The National Council of Supervisors of Mathematics (NCSM) 

and TODOS: Mathematics for All (2016) underlined this 

critical juncture of social justice and mathematics instruction, 

asserting that: 

There must be acknowledgment of the unjust system 

of mathematics education, its legacy in segregation and 

other forms of institutional systems of oppression, and the 

hard work needed to change it. The actions taken must 

be driven by commitments to re-frame, re-conceptualize, 

intervene, and transform mathematics education policies 

and practices that do not serve to promote fair and equi-

table mathematics teaching and learning. And there must 

be professional accountability to ensure these changes are 

made and sustained. (NCSM & TODOS, 2016, p.1)

Conclusion

Author Gholdy Muhammad (2020) has promoted “historically 

responsive literacy,” an instructional approach for all domains 

that supports child identity, skills, intellect (building student 

knowledge), and criticality (how instruction can engage 

children’s thinking about power, equity, and disruption of 

oppression). Importantly, Muhammad’s approach also includes 

an element that is rarely called out in traditional activity 

plans: Joy. 

Early educators spark joy in young children by creating learning 

activities that build on the rich lived experiences they bring to 

education settings, by designing explorations that ignite their 

curiosity and build from their strengths, and by honoring the 

unique ways in which they think about the challenges they 

encounter. The National Council of Teachers of Mathematics 

position statement (2022) on mathematics in early childhood 

explained that “by capitalizing on the wonder and joy children 

naturally bring to their learning and to their observations 

of the world, teachers can cultivate and extend children’s 

mathematical sense and interest” (p. 2). Without joy, there is 

no engagement. Without engagement, there is no learning. 

The Problem Solvers curriculum offers early educators a 

starting point for introducing meaningful and joyful early math 

experiences into older toddler and preschool settings. More 

importantly, perhaps, the underlying practices of equitable 

math instruction that are embedded throughout the activities 

Opportunities for reflection can support teacher insight, development, and 

learning as they observe students engaging with math learning experiences.
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Learn More

Download the Problem Solvers activities, songs, and teacher’s guide at: 

www.zerotothree.org/ProblemSolvers
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