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As the United States has moved through numerous iterations 
of education policy initiatives, such as the No Child Left 
Behind Act (2002); the Good Start, Grow Smart initiative 
(Executive Office of the President, 2002); and the Every 
Student Succeeds Act (2015), school accountability—often 
measured through students’ performance on standardized 
assessments—has become increasingly important. To ensure 
that children meet rising achievement goals in later years by 
entering kindergarten “ready for school,” all 50 states have 
now developed and endorsed early learning standards and/or 
frameworks that guide instruction prior to entry into kinder-
garten. However, content analyses of these state-level frame-
works demonstrate significant variability in the number of 
standards included and the degree to which they incorporate 
specific indicators within key school readiness domains 
(Scott-Little et al., 2006).

In 2010, the Common Core State Standards for Mathematics 
(CCSSM; Common Core State Standards Initiative, 2010) 

were released to provide a more centralized and targeted 
approach to guiding mathematics instruction from kinder-
garten through high school. Although the development of 
the CCSSM was motivated in part by the desire to provide 
high-quality standards for children across the United States, 
the adoption of the standards is a voluntary, state-level deci-
sion. In 2013, 41 states had adopted the CCSSM. Once 
adopted, states are able to revise, add to, or repeal the stan-
dards based on their own priorities (Common Core State 
Standards Initiative, 2010). Regardless of states’ ultimate 
decisions regarding the adoption of the CCSSM, the stan-
dards also influence the content and sequencing of many 
states’ early learning guidelines. With a growing recognition 
of the importance of linking prekindergarten to kindergarten 
instruction, the implications of such early learning stan-
dards for preparing children for kindergarten entry have 
gained traction across the nation. However, recognizing the 
extensive state-level variation among these early learning 

Alignment Between Children’s Numeracy Performance, the 
Kindergarten Common Core State Standards for Mathematics,  

and State-Level Early Learning Standards

Ellen C. Litkowski
Robert J. Duncan

Purdue University

Jessica A. R. Logan

The Ohio State University

David J. Purpura

Purdue University

The current study examined preschoolers’ (N = 801) age-related performance on one measure of verbal counting and two 
measures of cardinality (“how many” and “give n”) aligned with the kindergarten Common Core State Standards for 
Mathematics (CCSSM) and included in the majority of states’ early learning guidelines for mathematics. Children were 
grouped into five age categories (3, 3.5, 4, 4.5, 5, 5.5), and within-age-group average rates of correct responses for each item 
within these three measures were calculated. Results demonstrated that the majority of children were already successfully 
meeting the CCSSM standards for both cardinal number knowledge tasks (86.5% and 53.3%, respectively) prior to kinder-
garten entry but that only 18.9% of the children were meeting the standard for verbal counting. Findings indicate potential 
misalignment between children’s existing capabilities and the CCSSM standards for cardinality and underscore the need to 
conduct large, nationally representative studies measuring children’s abilities on items that more closely assess the specific 
mathematics skills included in the CCSSM and early learning guidelines.

Keywords:	 Common Core State Standards, cardinality, counting, early learning guidelines, kindergarten, preschool

968546 EROXXX10.1177/2332858420968546Litkowski et al.Preschoolers’ Performance and Its Alignment with Ccssm and State Standards
research-article20202020

https://us.sagepub.com/en-us/journals-permissions
http://journals.sagepub.com/home/ero


Litkowski et al.

2

guidelines (Scott-Little et al., 2006; Table 1), it is particu-
larly important to examine children’s performance in rela-
tion to more universal standards that may serve as a starting 
point for states’ expectations. Additionally, to ensure that we 
have developmentally appropriate standards aligned with 
children’s performance, we need to better understand age-
related development on mean levels of skills during the early 
childhood years.

Within the CCSSM, at each grade level, standards (i.e., 
specific knowledge and/or skills that students should have) 
are grouped into related domains. For instance, in kindergar-
ten, CCSSM domains include counting and cardinality, 
operations and algebraic thinking, number and operations in 
base 10, measurement and data, and geometry—all of which 
encompass multiple standards (Common Core State 
Standards Initiative, 2010). One of the key rationales for 
developing and implementing such a set of national stan-
dards was the notion of creating consistent, sequenced, and 
challenging expectations for students’ performance that 
could be used to guide instruction (Common Core State 
Standards Initiative, 2010; Porter et al., 2011); however, sev-
eral analyses of kindergarten instruction have demonstrated 
that the majority of classroom time spent on mathematics is 
used to cover skills that over half of the children who entered 
kindergarten already know, rather than on learning advanced 
material that the majority of children have not yet mastered 
(Claessens et al., 2014; Engel et al., 2013).

Across all grade levels, roughly 33% of mathematics con-
tent on the CCSSM is related to number sense—the highest 
percentage for any topic area (Porter et  al., 2011). This 
emphasis complements developmental research, which 
demonstrates that children’s early numeracy skills are the 
strongest predictors of their later academic achievement 
(Nguyen et al., 2016). Additionally, research has shown that 
children’s numeracy skills related to numbering, relations, 
and arithmetic operations develop extensively during the 
early years, especially when supported by parents and teach-
ers (Ginsburg et al., 2008). As such, it is particularly impor-
tant that expectations for children’s early numeracy 
performance accurately reflect and build on their develop-
mental capabilities.

Two key early numeracy skills that form the basis for 
children’s ability to understand numerical relations and 
perform arithmetic operations include their understanding 
of counting and cardinality (Clements & Sarama, 2014; 
Purpura et al., 2013). Children’s ability to count accurately 
forms the foundation for their cardinal number knowledge 
(Krajewski & Schneider, 2009), which encompasses their 
knowledge of the number of items that belong in a particu-
lar set (Sarnecka & Carey, 2008). As demonstrated by prior 
work, substantial growth in both children’s counting and 
cardinality skills occurs between the ages of 2 and 5 years 
(e.g., Fuson, 1988; Gelman & Gallistel, 1978; Sarnecka & 
Carey, 2008). Both counting and cardinality are skills 

captured by specific standards within the majority of states’ 
early learning guidelines as well as the CCSSM for kinder-
garten (see Table 1), although evidence suggests that less 
time is spent on numeracy than other areas (e.g., spatial) in 
preschool classrooms (Piasta et  al., 2014). In the current 
study, we examine children’s performance on standards 
K.CC.A.1 (K.CC = kindergarten–counting and cardinal-
ity) and K.CC.B.5. The standards outline the following 
skills: by the end of kindergarten, children should be able 
to count to 100 (K.CC.A.1), determine how many objects 
are in a group of 20 items (K.CC.B.5), and count out a 
requested subset of up to 20 items (K.CC.B.5; Common 
Core State Standards Initiative, 2010).

Although studies have broadly examined alignment 
between state standards, state assessments, and the CCSSM, 
as well as investigated relations between students’ achieve-
ment and the CCSSM (Porter et  al., 2011; Schmidt & 
Houang, 2012), no research has yet examined children’s 
age-related performance on specific numeracy skills aligned 
with the CCSSM or looked at the alignment between those 
skills targeted by the kindergarten CCSSM and state early 
learning standards. Investigating the alignment between 
children’s performance and key mathematics standards 
would ideally draw on data from a large, nationally repre-
sentative sample. To date, however, no large national studies 
have the appropriate item-level data that could be leveraged 
to do so. The current study takes a first step toward under-
standing this issue by utilizing an existing dataset sampling 
over 800 children on measures that closely align with spe-
cific items on the CCSSM. Using this sample, the present 
work addresses the gap in our current knowledge by demon-
strating how preschool-age children perform on three mea-
sures of counting and cardinality, with components of 
increasing difficulty, prior to formal kindergarten entry, and 
whether their performance indicates that the CCSSM may be 
misaligned with their abilities. Results from this study may 
inform and encourage future large-scale research investigat-
ing whether the current standards effectively build on chil-
dren’s existing skill levels and provide the foundation for 
appropriately challenging mathematics curricula or whether 
the standards are below the level of their existing capabili-
ties. Additionally, we map states’ early learning standards 
regarding counting and cardinality onto the CCSSM stan-
dards. It is possible that kindergarten instruction may be 
lower than what children can do (Bodovski & Farkas, 2007; 
Engel et al., 2013; Engel et al., 2016) because the instruction 
is aligned with national and state-level standards that are 
below children’s skill levels.

In the current work, we examine cross-sectional data on 
3.0- to 5.5-year-old children’s performance on one measure 
of counting and two measures of cardinality to understand 
precisely when, and how early, children begin to reach mile-
stones aligned with CCSSM expectations for counting and 
cardinality. Although the CCSSM targets children’s end of 
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kindergarten performance, the current study examines their 
performance on specific items within these numeracy skills 
prior to the start of the kindergarten year, as effective stan-
dards should be reasonably more advanced than children’s 
initial starting points. Thus, the work provides initial insight 
into whether several key standards within the counting and 
cardinality domain of the CCSSM effectively build on chil-
dren’s capabilities developed in the years leading up to the 
transition to kindergarten.

Method

Participants

Data were drawn from six studies across 87 public and 
private preschools serving a diverse population of families 
from lower-, middle-, and higher-income households from 
two states in different regions of the country. These data 
have been compiled and analyzed in one previous publica-
tion (Litkowski et al., 2020) but were used to answer a dif-
ferent research question. Although both states from which 
the data were collected adopted the Common Core Standards 
soon after their release in 2010, they have both since devel-
oped their own versions of standards. One state began to use 
their own early learning standards in 2014. The other state 
adopted the Common Core in 2010 in tandem with addi-
tional state-specific standards, but it officially adopted new 
state standards in 2020. On kindergarten standards address-
ing counting and cardinality, these state standards do not dif-
fer substantially in wording or meaning as compared with 
the CCSSM.

Data was collected between the spring of 2009 and the 
spring of 2017. Studies were selected because they all 
included the same measures of counting and cardinality, fol-
lowed similar recruitment processes, and used the same 
training procedures for assessors, the same methods of data 
collection, and identical scoring procedures. All studies 
included children in the first and second year of preschool. 
Participants (N = 801) were roughly equally represented in 
gender (50.3% female), and the entire sample was relatively 
ethnically diverse (56.3% Caucasian, 18.1% African 
American, 9.9% Hispanic, 9.5% Asian, and 4.4% multira-
cial/not reported). Children’s age ranged from 3.12 to 5.99 
years (M = 4.63 years, SD = 0.68). Head Start attendance 
was the only socioeconomic status measure collected across 
all six studies, and 15.7% of children were enrolled in a 
Head Start program. Parent demographic data were not con-
sistently collected across all six studies. For one study (n = 
393), the only demographic data collected was Head Start 
status; 17.3% of those participants were enrolled in Head 
Start. However, the state from which these data were col-
lected provided state-funded voluntary prekindergarten to 
all age-eligible children, which suggests that many of the 
children who were not in Head Start may have also been 
from families with low incomes. Additional details 

regarding the sample characteristics for each of the six stud-
ies are reported in Table 2.

In the remaining five studies (n = 408), parents reported 
their highest level of education: 36.3% had some type of 
postgraduate degree, 15.2% had a bachelor’s degree, 38.9% 
had less than a college degree, 7.8% had a GED or less than 
a high school degree, and 1.7% did not report their education 
level. We considered this demographic data in tandem with 
prior work that collected nationally representative data. For 
the subsample of participants who reported parental educa-
tion, percentages for the highest educational attainment 
group were different from those from nationally representa-
tive data such as the Early Childhood Longitudinal Study—
Kindergarten Class of 2010–2011 (ECLS-K: 2011), in which 
18% of parents reported graduate/professional degree as 
their highest education attainment, 20% had a bachelor’s 
degree, 32% had completed some college or a vocational 
degree, and 20% had a high school diploma or equivalent. 
Nine percent of the ECLS-K: 2011 participants reported a 
high school diploma or equivalent as their highest level of 
education (Mulligan et al., 2012).

To determine whether kindergarten expectations are 
developmentally appropriate, preschool children’s perfor-
mance on the three numeracy subtests was evaluated with 
regard to average performance rates and age-related differ-
ences at 6-month age bands. Age-groups did not signifi-
cantly differ in terms of gender; however, there were 
significant differences among age-groups on both ethnicity, 
χ2(4, N = 786) = 41.64, p = .003, and Head Start status, 
χ2(1, N = 126) = 20.32, p = .001. Only 3.7% of 3-year-
olds, 7.2% of 3.5-year-olds, and 11.1% of 5.5-year-olds 
were enrolled in Head Start programs. For ages 4.0, 4.5, and 
5.0 years, enrollment in Head Start programs ranged from 
16.9% to 21.1%. This difference is likely due to the nature of 
Head Start primarily focusing on children in the year before 
they enter kindergarten. We do not expect such differences 
to inflate the findings of the current study.

Measures

All children completed a broad battery of numeracy sub-
tests that included measures of counting, relations, and oper-
ations (Purpura & Lonigan, 2015). All assessments were 
administered at the child’s preschool by a trained researcher. 
For the current study, three numeracy measures aligned most 
closely with the CCSSM were examined: verbal counting (to 
assess K.CC.A.1), cardinality (how many; to assess the first 
component of K.CC.B.5), and cardinality (give n; to assess 
the second component of K.CC.B.5). Although in the current 
study measures for cardinality only reach 16, prior work has 
demonstrated roughly equivalent item difficulty for cardinal 
number knowledge of 16 and 20 for both the “how many” 
and “give n” tasks (Purpura & Lonigan, 2015), suggesting 
that cardinality measures of 16 can be used as a proxy for 
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cardinality measures of 20 because the skills for quantities 
of 16 and 20 develop at a similar time.

Verbal Counting.  Children were asked to count as high as 
they were able to starting from the number 1. The task 
ended when they reached 100 or if they made an error with-
out self-correcting. Accurately counting to 5, 10, 15, 20, 
25, 40, and 100 were scored as independent items (0 = 
incorrect, 1 = correct) as previous research indicates that 
these breakpoints indicate equidistant levels of difficulty 
(Purpura & Lonigan, 2015).

Cardinality
How many.  This task was embedded within a one-to-

one counting task where children were asked to count a set 
of objects. Immediately following this task (for n = 3, 6, 
and 16), children were asked to indicate how many total 
dots were on the page. This task had satisfactory reliabil-
ity (α = .76). If the child was not able to respond without 
recounting, or answered incorrectly, his or her response 
received zero points.

Give n.  In this task, for three items (n = 3, 4, 8) the child 
was provided with a set of 10 blocks and asked to give the 
researcher a small subset of those blocks (e.g., “give me 4 
blocks”). For one item (n = 16), the child was given a set of 
20 blocks and asked to again give a subset of those blocks 
(e.g., “give me 16 blocks”) to the researcher. This task had 
satisfactory reliability (α = .81). Correct responses received 
one point.

Procedures

Assessment Procedure.  University-level institutional review 
board approval was obtained prior to any recruitment or 
data collection. All parents completed a signed consent 
form prior to their child participating in the research. A 
trained researcher administered all of the numeracy tasks. 
Children completed the assessment battery in a quiet loca-
tion designated by a teacher or a director at each preschool. 
Across the various waves of data collection, the length of 

the overall testing batteries varied up to approximately 90 
minutes. For these batteries, children were assessed in 
approximately 3 to 5, 15- to 30-minute sessions. The numer-
acy portion of the assessments specific to this study took 
approximately 10 to 15 minutes to administer. Prior to their 
participation, children were informed about the study proce-
dure and asked to verbally give their assent to take part in the 
research project. Children were told that they could stop par-
ticipating at any time.

Analytic Procedure.  All analyses were conducted using 
IBM SPSS Statistics 22. Children were grouped into six 
age categories, with continuous age rounded down to the 
nearest half year (e.g., 3 years 0 months to <3 years  
6 months = 3): age 3 (n = 54), age 3.5 (n = 111), age 4  
(n = 147), age 4.5 (n = 216), age 5 (n = 183), and age 5.5 
(n = 90). In this study, we were primarily interested in 
estimating the mean performance on three numeracy mea-
sures across the preschool years. Performance was esti-
mated for specific items that most closely aligned with the 
Common Core standard. With dichotomous scoring  
(0 = incorrect, 1 = correct) for each item, the mean of 
each item for a particular age-group represents the propor-
tion of children who answered the specific item correctly. 
Proportions were multiplied by 100 to obtain the reported 
estimates of the percentage of children within a particular 
age-group answering each item correctly. Additionally, 
states’ early learning guidelines were compiled through a 
web-based search process.

Results

Verbal Counting

The first examined CCSSM standard (K.CC.A.1) states 
that kindergarten children should be able to “count to 100 by 
ones.” Data show that, by age 5 years, nearly all children 
could count to 10 and the majority of children also could 
accurately count to 15 and 20 (see Figure 1). Verbal counting 
to higher numbers (e.g., 40 and 100), however, was still 
developing through age 5.5 years—likely a result of children 
still needing to learn the repetitive rule and the decade 

Table 2
Child Demographics Across Each Study

Study N Study Year

Child Gender Child Ethnicity Head Start Status

Male Female Caucasian African American Hispanic Asian Multiracial Missing Not Enrolled Enrolled

Study 1 393 2009 48.3 51.7 55.7 33.8 2.8 7.6 0.0 0.0 82.7 17.3
Study 2 69 2013 53.6 46.4 52.2 0.0 0.0 42.0 1.4 4.3 100.0 0.0
Study 3 125 2013–2014 53.6 46.4 70.4 3.2 3.2 8.0 12.8 2.4 100.0 0.0
Study 4 50 2014–2015 50 50 32.0 10.0 26.0 2.0 24.0 6.0 0.0 100.0
Study 5 119 2015 52.1 47.9 77.3 2.5 5.0 5.0 5.0 5.0 100.0 0.0
Study 6 45 2016–2017 37.8 62.2 0.0 0.0 100.0 0.0 0.0 0.0 82.2 17.8
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names. Notably, 18.9% of 5.5-year-olds were able to count 
to 100.

Cardinality

The second CCSSM standard examined (K.CC.B.5) 
has two parts. First, the standard states that kindergarten 
children should be able to “count to answer ‘how many?’ 
questions about as many as 20 things . . .” and second, 
“given a number from 1 to 20, count out that many 
objects.” Data from two tasks (how many and give n) in 
the current study address the two parts of this standard. 
Results from the “how many” task demonstrate that by age 
5 years, nearly all children could correctly answer “how 
many 3,” and the majority of children correctly answered 
“how many 6” and “how many 16” (see Figure 2). On the 
“how many” task, 86.5% of 5.5-year-old children had met 
the first part of K.CC.B.5 prior to kindergarten entry. 
Children’s performance for the “give n” task was differ-
ent. By age 5 years, the majority of children could cor-
rectly respond to all items except “give 16” (see Figure 3). 
Prior to kindergarten entry, 53.3% of 5.5-year-old children 
had met the second part of K.CC.B.5.

Discussion

To be truly effective at promoting children’s mathemat-
ics development, the Common Core framework must guide 
developmentally appropriate expectations and states’ early 
learning standards, as well as inform instruction that accu-
rately reflects children’s ability levels throughout the kin-
dergarten year. To examine the two counting and cardinality 
standards, we make designations of just right and too easy 
that are guided by the predicted percentage of children who 

are able to correctly answer the item most closely aligned 
with the Common Core standard (<50%—just right, 
≥50%—too easy). These designations indicate whether, 
prior to kindergarten entry, the majority of children were 
still in the process of developing the skill or had already 
developed the skill. This majority cutoff aligns with prior 
work that defines basic mathematics skills as those that at 
least 50% of children have already mastered prior to kin-
dergarten entry (Claessens et al., 2014). It is important to 
note that these designations, indicating alignment or mis-
alignment between children’s performance and a specific 
CCSSM standard, are specific to our sample, and further 
work should be conducted to examine whether the findings 
from the current work are applicable across larger, or dif-
ferent, populations. Thus, although we do not infer gener-
alizability from our current sample, it provides a necessary 
step forward that can inform these future studies.

Historically, although some have refuted the claims 
(Clements et al., 2017), there have been concerns about the 
CCSSM being developmentally inappropriate for students 
because they are too demanding (e.g., Meisels, 2011; Tran 
et al., 2016); however, findings from the current study dem-
onstrate the converse for the domain of counting and cardi-
nality. The majority of children were already meeting two of 
the CCSSM standards for counting and cardinality prior to 
entering kindergarten. Findings indicate that, for the current 
sample of children, the CCSSM standards may be just right 
for verbal counting, but too easy for the “how many” and 
“give n” cardinality tasks. Given that many states use the 
CCSSM as a framework on which to base their own early 
learning guidelines, such findings indicate the need for fur-
ther, nationally representative studies investigating the 
alignment between both state- and national-level policies 
and children’s early mathematics learning.
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Figure 1.  Proportion of children correctly responding to the verbal counting task.
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In the current work, only 18.9% of children could accu-
rately count to 100, although the majority of children could 
accurately count to 20. Prior work outlining general learning 
trajectories for specific numeracy skills has indicated that 
counting higher than 20 is a benchmark generally associated 
with age 5 years (Clements & Sarama, 2014). Verbal count-
ing beyond 20, however, follows a more predictable num-
ber-naming pattern than numbers below 20 (Clements & 
Sarama, 2014), and learning thus likely proceeds more rap-
idly during the kindergarten year, leading to the conclusion 
that this goal may be just right (Miller et al., 1995). According 
to the CCSSM, kindergarten children should be able to 
accomplish both the “how many” and “give n” cardinality 

tasks up to 20 items. On the “how many” task, the majority 
of children were already able to correctly answer all items 
(up to 16) by age 4 years and 86.5% of 5.5-year-olds were 
able to correctly respond. On the “give n” task, the majority 
of 5.5-year-old children (53.3%) answered the highest item 
(16) correctly. In prior work investigating 2-, 3-, and 4-year-
olds’ performance on tasks assessing “how-to-count” prin-
ciples, children’s correctness depended both on their age and 
on the size of the set to be counted. Although the set sizes in 
this prior work were not equivalent to those within the 
CCSSM standards, the majority of 3-year-olds were capable 
of accurately answering “how many” for sets up to four 
items (Gelman & Gallistel, 1978). In the current work, as a 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

3 3.5 4 4.5 5 5.5

P
ro

po
rt

io
n 

of
 C

hi
ld

re
n

Age

Cardinality ("how many")

How many 3 How many 6 How many 16

Figure 2.  Proportion of children correctly responding to the “how many” cardinal number knowledge task.
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majority of children could correctly answer the most chal-
lenging items on each task (and the item most well-aligned 
with the standard) prior to entering kindergarten, we con-
clude that both the “how many” and “give n” components of 
the Common Core standard for cardinal number knowledge 
may be too easy.

Prior work has shown that mathematics content pro-
vided during kindergarten often focuses on basic content 
that children have already mastered and may hinder chil-
dren’s mathematics achievement growth (Engel et  al., 
2013; Engel et al., 2016). Findings from the current study 
provide initial evidence that some preschoolers may be 
entering kindergarten already meeting two of the Common 
Core standards. Standards may need to be modified to 
more accurately represent children’s existing capabilities, 
such that they continue to challenge students in accordance 
with their original purpose (Common Core State Standards 
Initiative, 2010). Although states may make adjustments to 
items after adopting the CCSSM, recommendations for 
national standards should set the precedent for state early 
learning standards to follow.

As illustrated in Table 1, there is significant variation 
across states with regard to their expectations for children’s 
early counting and cardinality performance. In fact, states’ 
prekindergarten standards demonstrate significant variabil-
ity and do not always align with the CCSSM. Table 1 pro-
vides a reference for how states’ early learning standards just 
prior to kindergarten entry address each of the three 
Common Core standards related to verbal counting and car-
dinality. Many of these standards purport to be research-
based; however, there is significant variability across the 
individual items in these standards and in their alignment 
with the three Common Core standards under examination. 
Although the majority of states include items related to ver-
bal counting, guidelines may vary in the specific quantities 
that are tied to particular items. For example, some standards 
state that children’s counting should reach 10, 20, 30, or 
100—or they may make no recommendations as to what 
number should be reached (e.g., “recites numbers in 
sequence”). Additionally, few states refer to both the “how 
many” and “give n” components of cardinality—despite the 
fact that both components of the CCSSM kindergarten cardi-
nality standards may be too easy for children.

As PK–3 movements that emphasize the alignment of 
state preschool standards with kindergarten standards prog-
ress (Stipek et al., 2017), it will become increasingly impor-
tant for developmental research to closely examine and 
evaluate children’s performance on state- and national-level 
standards in order to determine their appropriateness. 
Realigning the Common Core standards to reflect children’s 
ability levels for the “how many” and “give n” components 
of cardinality may provide the impetus for states to follow 
suit and create more consistent and appropriate standards for 
these key early numeracy skills. Findings from the current 

work should thus be used to encourage additional descrip-
tive work on children’s performance levels that can be used 
to confirm the appropriateness of existing standards and 
guidelines.

It is likely that there will be natural, individual differ-
ences in children’s performance levels. Skill development 
does not always occur at a consistent rate, and children’s 
early experiences in the home and classroom greatly shape 
their development (Kagan & Scott-Little, 2004). However, 
findings from the current study demonstrating the develop-
mental trajectories of children’s verbal counting and two 
components of cardinality can inform educators’ expecta-
tions and subsequently guide differentiated instruction dur-
ing the preschool to kindergarten transition. To this effect, 
we provide “performance benchmark” tables in the online 
Supplemental Appendix A. Tables provide a visual depic-
tion of children’s performance at each age across items 
aligned with each of the two examined Common Core stan-
dards, with predicted proportions rounded to the nearest 
quartile. Tables may provide educators with an accessible 
visual aid to utilize in the classroom that can help guide 
and differentiate their early mathematics instruction and 
may provide policymakers with potential benchmarks for 
shaping early learning standards.

Limitations and Future Directions

The current study addresses only two of the kindergarten 
Common Core standards for counting and cardinality. In 
total, there are seven standards within this specific domain, 
as well as four other mathematics domains. Findings demon-
strate the importance of employing this same fine-grained 
approach to evaluate children’s performance on the remain-
der of the Common Core standards in order to determine 
whether the majority of children are already meeting addi-
tional standards prior to kindergarten entry. If, when using 
this approach, other standards are found to be too easy, it 
may be necessary to revise additional standards guiding the 
kindergarten mathematics curricula.

It is important to note that findings from this work are 
limited by the generalizability of the sample, the cross-sec-
tional nature of the data, and the lack of data on these same 
numeracy measures during the kindergarten year. Although 
there are some differences between the two states and across 
the individual studies, the combination of these different 
datasets provides a far more robust sample than any one site 
alone. However, the data were not systematically collected 
in the manner that would be necessary to draw conclusions 
generalizable across populations. Additionally, it was not the 
purpose of the current work to examine cross-group differ-
ences. Rather, we aim to mirror what the Common Core are 
intended to do—that is, provide general benchmarks for 
children’s performance that could be used to guide future 
early learning frameworks or early instruction. As can be 
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seen from comparisons of parental education with the 
nationally representative ECLS-K: 2011 study, parents in the 
current work reported higher levels of postgraduate degrees. 
However, across the six studies, data were collected from a 
broad range of preschool settings, including private, for-
profit schools; public schools; and Head Start centers. In this 
regard, it is a strength of the study that not just one sampling 
procedure or setting is used, which could provide biased 
mean performance (i.e., all children in Head Start centers), 
but rather the overall means are aggregates across different 
sampling procedures and settings. On the other hand, the 
multiple samples were not systematically collected in a way 
to ensure generalizability; thus, all sources of potential bias 
are not eliminated for the overall means. Some of these 
schools provided funding for children from lower-income 
households, including offering a voluntary pre-K program 
and providing vouchers. All children who participated in the 
current study, however, were enrolled in formal, center-
based care, and thus, their experiences and performance may 
differ from those of children who are enrolled in home-based 
care. Future work should collect data from children in a 
wider range of early care and education experiences—
including both those in their first and second year of pre-
school—using more nationally representative data, to obtain 
results that are more generalizable.

All data were collected from two states. Future work 
addressing children’s performance should incorporate larger 
samples for each age-group from multiple states—including 
both those that had adopted the CCSSM and those that ini-
tially adopted the standards, but then repealed or revised 
them in favor of their own state-specific versions. 
Additionally, it may be important to explore differences in 
children’s performance across childcare setting type to 
examine the impact of mathematics instruction and curricula 
on children’s performance. To inform the further develop-
ment and revision of kindergarten expectations, we call for 
additional longitudinal work to examine children’s perfor-
mance, from a diverse, nationally representative sample, 
through the end of the kindergarten year, on early numeracy 
skills aligned with the Common Core standards.
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