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ARTICLE INFO ABSTRACT

Keywords: We address common criticisms of the Common Core State Standards—Mathematics, evaluating them based on
Mathematics comprehensive reviews of existing documentation and research to better ground future debates and to
Standards ameliorate negative effects of possible misconceptions or misinterpretations. The four main criticisms follow.
gz‘;r:r‘;n core (1) No one who helped develop the standards had any expertise in the education of young children. (2.) The

CCSSM dictates scripted curricula and didactic instruction rigidly applied to all children at the same pace. (3.)
The standards emphasize academic skills and leave no time for play, exploratory approaches, or social-emotional
development. (4.) The standards are too early and therefore developmentally inappropriate for children in the
early grades. We conclude that these criticisms are not valid, and that, given the importance of mathematics to
academic success in all subjects, all children need and deserve to build a robust knowledge of mathematics in
their earliest years and can do so if we use the research knowledge and research-based standards and programs
presently available. We summarize and exemplify the research-based balanced approach to teaching based on
learning trajectories that can provide guidance for engaging and developmentally appropriate mathematical
experiences that have been demonstrated to help all children learn to high standards.

At-risk students
Learning trajectories

1. Introduction propriate for young children in various ways. In this article, we provide
information about the research background of the CCSSM and describe
and examine four of the most common criticisms in the light of
research.

Although the CCSSM do not include preschool, we include research
about preschool at certain points because states and documents about
standards (e.g., Scott-Little, Kagan, Reid, & Castillo, 2012) are begin-
ning to apply all or some of the Kindergarten standards to preschool.
Furthermore, the preschool years can make a major contribution to
closing the gap in opportunity to learn mathematical ideas. Therefore,
we want to help educators in preschool early childhood shift their
perspectives and embrace the potential of this new knowledge (e.g., as
called for by Hachey, 2013; Stipek, 2013) so that all children enter
school prepared with foundational mathematical knowledge.

Snow was falling in Boston and preschool teacher Sarah Gardner’s
children were coming in slowly, one bus at a time. She had been
doing high-quality mathematics all year, but was still amazed at her
children’s ability to keep track of the situation: The children kept
saying, “Now 11 are here and 7 absent. Now 13 are here and 5
absent. Now... .” (Clements & Sarama, 2014; p. 1).

To highlight the importance of high-quality mathematical experi-
ences in the preschool and primary school years (preschool through G2)
and to facilitate closing the achievement gap resulting from differences
in access to such experiences, the National Research Council (2009)
issued a research-based report entitled “Mathematics in early child-

hood: Paths toward excellence and equity”. Its research and recom-
mendations were used in developing the Common Core State Stan-
dards—Mathematics. However, blogs, newspapers, and other media,
including some documents written by researchers, have criticized the
Common Core State Standards Mathematics (CCSSM) as being inap-

2. The research background of the CCSSM

Preschool mathematics knowledge predicts achievement even into
high school (National Mathematics Advisory Panel, 2008; NRC, 2009;
Stevenson & Newman, 1986). It also predicts later reading achievement
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as well as early reading skills do (Duncan et al., 2007; see also Farran,
Aydogan, Kang, & Lipsey, 2005; Lerkkanen, Rasku-Puttonen,
Aunola, & Nurmi, 2005). Early number sense predicts later functional
literacy, as measured by an instrument linked to future economic and
life outcomes (Geary, Hoard, Nugent, & Bailey, 2013). Thus, mathema-
tical  thinking appears to be cognitively foundational
(Baroody & Purpura, in press; Clements & Sarama, 2009;
Purpura & Reid, 2016; Sarama & Clements, 2009). Given the impor-
tance of mathematics itself and to academic success across subjects
(Sadler & Tai, 2007), all children need and deserve a robust knowledge
of mathematics in their earliest years.

However, opportunities to learn early mathematics are more
frequent in some communities and families than in others
(Baroody & Purpura, in press; Blevins-Knabe & Musun-Miller, 1996;

Ginsburg & Russell, 1981;  Griffin et al, 1995; Jordan,
Huttenlocher, & Levine, 1992; Levine, Suriyakham, Rowe,
Huttenlocher, & Gunderson, 2010; Sanachter, Rambaud,

Fuller, & Eggers-Pierola, 1995; Saxe, Guberman, & Gearhart, 1987).
This opportunity gap can negatively affect children who live in poverty
and who are members of linguistic and ethnic minority groups (Brooks-
Gunn, Duncan, & Britto, 1999; Campbell & Silver, 1999; Denton & West,
2002; Entwisle & Alexander, 1990; Halle et al., 1997; Mullis et al.,
2000; National Research Council, 2001; Natriello, McDill, & Pallas,
1990; Rouse, Brooks-Gunn, & McLanahan, 2005; Secada, 1992; Sylva,
Melhuish, Sammons, Siraj-Blatchford, & Taggart, 2005; Thomas & Tagg,
2004), starting in the preschool years (Arnold & Doctoroff, 2003;
Chernoff et al., 2007; Denton & West, 2002; Ginsburg & Russell, 1981;
Griffin et al., 1995; Jordan et al.,, 1992; Saxe et al., 1987; Sowder,
1992). Fortunately, high-quality learning experiences result in greater
school readiness in kindergarten (Magnuson, Meyers, Rathbun, & West,
2004; National Research Council, 2001; National Research Council and
Institute of Medicine, 2000) and help all children to use multiple
strategies, with similar accuracy, speed, and adaptive reasoning
(Clements & Sarama, 2014; Rouse et al., 2005; Siegler, 1993).

A major goal of the NRC research-based report (2009) was
identifying and summarizing research-based foundational and achiev-
able goals for preschool and for grades K, 1, and 2. These goals form
learning trajectories across these ages. Learning trajectories
(Clements & Sarama, 2014; Sarama & Clements, 2009) show how goals
relate to and build on each other and provide ways for mathematics
teaching to build related understandings that can help all children
move forward. This approach emphasizes the individual learning
trajectories each child needs to traverse but provides a cohesive view
that permits learning experiences to address groups of children.

The NRC report also found that little mathematics was being taught
in pre-school (cf. Piasta, Pelatti, & Miller, 2014) and the early grades
and that teaching incidentally through play or integrated with other
topics, though sometimes useful, was not sufficient. It concluded that
sustained focused teaching and learning time for mathematics is
essential. The report summarized research about appropriate teach-
ing-learning practices in early childhood, envisioning an engaging and
encouraging climate for children’s early encounters, particularly be-
cause this develops their confidence in their ability to understand and
use mathematics. These positive experiences help children to develop
dispositions such as curiosity, imagination, flexibility, inventiveness,
and persistence, which contribute to their future success in and out of
school (e.g., Clements, Sarama, & DiBiase, 2004). These developmen-
tally appropriate teaching-learning practices are summarized in
Table 1, which appeared in various related forms in books about
teaching mathematics in preschool to grade 2 jointly published by the
National Council of Teachers of Mathematics and the National Associa-
tion for the Education of Young Children (see bottom of Table 1). Stipek
(2013, p. 434) succinctly summarized this approach as “purposeful
instruction that supports the development of deep mathematical under-
standings and that children enjoy”.

The NRC foundational and achievable goals were used in develop-
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Table 1
Effective and Developmentally Appropriate Teaching-Learning Practices (Adapted from
NCTM, 2010a, 2010b, 2010c, 2011).

A. The teacher expects and supports children’s ability to make meaning and

mathematize the real world by

®providing settings that connect mathematical language and symbols to
quantities and to actions in the world,

®leading children’s attention across these crucial aspects to help them make
connections, and

®supporting repeated experiences that give children time and opportunity to
build their ideas, develop understanding, and increase fluency

B. The teacher creates a nurturing and helping Math Talk Community

®within which to elicit thinking from students, and
®t0 help students explain and help each other explain and solve problems.

C. For each big math topic, the teacher leads the class through a research-based
learning path based on children’s thinking. This allows the teacher to
differentiate instruction within whole-class, small group, and center-based
activities. This path provides the repetitive experiencing that young children
need.

D. For later pre-K and Kindergarten, children need to follow up activities with real 3-
dimensional objects by working with math drawings and other written 2-
dimensional representations that support practice and meaning-making with
written mathematical symbols. Children of all ages also need to see and count
groups of things in books, that is, they need to experience and understand 3-
dimensional things as pictures on a 2-dimensional surface. Working with and on
2-dimensional surfaces, as well as with 3-dimensional objects, supports equity in
math literacy because too many children have not had experiences with 2-
dimensional representations in their out-of-school environment.

ing the CCSSM for grades K to 2. The major professional organizations
concerned with the mathematical education of young children-the
National Association for the Education of Young Children, the National
Council of Teachers of Mathematics, and the National Council of
Supervisors of Mathematics—all endorsed the CCSSM. Thus, these
standards and their embedded learning trajectories can guide educators
about what foundational mathematics they need to help young children
learn.

3. Identifying criticisms of and misconceptions about the CCSSM

This background of research and actions of professional groups
supporting the CCSSM has been ignored by or is unknown to critics of
the standards that have published in blogs, interviews, and position
papers in recent years. We respond here because these criticisms are
impeding opportunities for young children to learn mathematics and
simultaneously develop the competence and positive identity that such
opportunities support. We aim to better ground future debates and to
ameliorate possible negative effects of invalid criticisms.

3.1. Data sources

To select and organize the criticisms and research relevant to them,
we consulted three types of sources. The first two were the research
literature (e.g., Tran, Reys, Teuscher, Dingman, & Kasmer, 2016) and
Internet sources (see Appendix A for the search procedures and list of
blogs and other commentary). We identified research by including
published peer-reviewed journal articles from 2000 to 2016 as well as
frequently-cited seminal studies conducted before that range. We began
by developing a key word search list by brainstorming an initial list of
terms to enter when searching for articles. These terms were young
children, pre-K, preschool, kindergarten, primary grades, mathematics,
math AND < the topic > . The following electronic databases were
searched: Medline, PubMed, PsychINFO, PsycArticles, ERIC, Google
Scholar, and Applied Social Science Index and Abstract. The search
strategy, which aimed to find both studies conducted in the United
States and internationally, was limited to the English language. The
electronic searches were supplemented by checking the reference lists
of included articles, existing systematic reviews and meta-analyses, and
hand searching online databases of research. The criteria for the search
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of social media were determined by the authors and included online
commentary and blog posts. The first step taken to initiating a search
for articles pertaining to the Common Core State Standards (CCSS) and
early childhood education, particularly mathematics, was the develop-
ment of a key word search list. To compile this list, our research team
brainstormed an initial list of key words or phrases; using a Boolean
“OR” to connect terms within brackets and a Boolean “AND” between
sets of bracketed lists (the first three lists were included in each search;
appended to one of the others): [Common Core State Standards; CCSS;
CCSSM] [preschool; pre-K; pre- kindergarten; kindergarten; early child-
hood education; ece]; [mathematics; math] [developmentally appro-
priate; developmental appropriateness]; [curriculum; and curricula].
To decide whether to include a post; we determined the audience and
the aim of the article to see if they aligned with the goals of the search.
Next; we determined if the post did any of the following: referenced/
analyzed a reputable research study; gave specific emphasis to CCSS's
“developmental appropriateness,” made claims pertaining to whether
the CCSS was “researched-based” or not; and/or included “expert
opinions.” We searched the following databases: Google Scholar;
Google; National Institution of Early Education Research; and The
Chronicle of Higher Education; as well as numerous reputable and
prevalent news sources (for which we particularly sought out a diverse
number of opinion pieces) including The Washington Post; Forbes;
Education Week; The Stanford Daily; and National Public Radio (NPR).
The electronic searches were supplemented by checking the reference
lists of the included posts and hand searching online databases.

3.2. Coding

After compiling all documents, Clements/Sarama and Fuson inde-
pendently created categories of the criticisms and then re-read through
everything to see if each main criticism fit into one of those categories;
they all agreed that each main criticism did so fit. We then checked the
categories, and they were the same. The goal of this process was to
reduce the complexity of the criticism so that the main aspects could be
addressed. To broaden the process, we then consulted the third type of
source: the main writer of the CCSSM’s early childhood sections and the
presidents of the National Association of the Education of Young
Children (NAEYC), National Council of Teachers of Mathematics
(NCTM), and National Council of Supervisors of Mathematics (NCSM)
who have been involved in hearing such criticisms. We asked them if
the four categories we had identified captured the main criticisms they
had encountered. All responses were yes.

4. Misconceptions

Before we address the four main criticisms, we note that the main
writer of the CCSSM’s early childhood sections and the presidents of
NAEYC, NCTM, and NCSM also identified the following three mis-
conceptions, each of which we also had documented. We briefly list
these misconceptions and provide brief corrective information.

4.1. Misconception #1: standardized testing is misused in early childhood
due to the CCSSM

This criticism of CCSSM is incorrect because the standardized tests
developed for CCSSM, namely PARCC and Smarter Balanced, do not
start until grade 3. Also, the CCSSM themselves do not address
standardized testing.

4.2. Misconception #2: standards began with the CCSSM

Most states such as California, have had standards in kindergarten
and grades 1 and 2 for years (Scott-Little, Kagan, Reid, & Castillo, 2011;
Scott-Little et al., 2012), and these standards were not dissimilar in
content to the CCSSM standards, although they varied by state.
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4.3. Misconception #3: the CCSSM and CCSS are the same

Many blog or article headlines are critical of the CCSS, but when one
reads further, one sees that the objections are to the literacy standards
and not to the mathematics standards. This generates the impression
that there is more criticism of the CCSSM than there actually is.

5. Four categories of criticism
The following are the four broad categories we identified.

1 No one who helped develop the standards had any expertise in the
education of very young children.

2 The CCSSM dictates scripted curricula and didactic instruction
rigidly applied to all children at the same pace.

3 The standards emphasize academic skills and leave no time for play,
exploratory approaches, or social-emotional development.

4 The standards are too early and therefore developmentally inap-
propriate for children in the early grades (this also relates to
criticisms 2 and 3).

We will now address the four criticisms in turn.

5.1. Is it true that no one who helped develop the standards had any
expertise in the education of very young children?

Several authors have made the claim that early childhood educators
were not involved in developing the CCSSM (see the Appendix A for the
category ECE authors). Two examples are: “Two committees made up of
135 people wrote the standards — and not one of them was a K-3
classroom teacher or early childhood education professional” (DEY,
2014; Ravitch in Strauss, 2014, in Appendix A). These claims are
demonstrably false. Members of the Working Group and Feedback
Group included public school early and elementary teachers and
directors of state PreK-16 and PreK-20 programs (CCSSO/NGA,
2010). Feedback from teachers was encouraged and used in many
other ways. For example, K-2 teachers convened by the American
Federation of Teachers made substantive contributions to the CCSSM,
such as in the connections between numbers and the quantities they
name. Experts in early childhood education also suggested that the
concept of a tens unit be moved from kindergarten to grade 1. Zimba,
one of the lead authors of the CCSSM, summarizes these and other facts
that show that this assertion is false (see Appendix A). Further, as
described previously, the standards for the early years of the CCSSM
were grounded in a NRC (2009) report on early mathematics. The
National Research Council advises the nation on scientific issues of
national importance. Committees of highly-qualified experts review the
available research and make recommendations. The National Associa-
tion for the Education of Young Children and the National Association
of Early Childhood Specialists in State Departments of Education
(NAEYC and NAECS-SDE, 2010) issued a joint letter saying that the
CCSSM was “fair and age appropriate for Kindergarten through 3rd
grade.” And finally, we the authors of this paper were involved in
helping write the CCSSM, and we have decades of experience teaching
researching, developing, and evaluating curricula and working with
other teachers to study the teaching and learning of young children
preschool to grade 3. In summary, the response to this criticism is clear:
Early childhood educators helped develop, refine, review, and endorse
the CCSSM.

5.2. Do the CCSSM dictate rigidly paced scripted curricula and didactic
instruction?

Some critics assert that the CCSSM requires the use of scripted
curricula and didactic instruction, both rigidly applied to all children at
the same pace (see the Appendix A under the category curriculum,
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Relate the visual quantity 3 to 3 fingers, 3 sounds, and 3 body movements.

Practice visual imagery: Close your eyes. Visualize. (See the 3.).

Describe different arrangements by color, dot/no dot, spatial relationships (e.g., 3 =2+ 1)
Change your arrangement and discuss why you still have 3.

See and describe partners of 3 (decompositions of 3 into 2 numbers) and create new partners

Graph on a graph mat (2 rows/columns of 10 empty squares) by putting tiles dot side up on the

graph mat and say which is more (later say which is less).

Fig. 1. Counting Mat Activities for Quantity-Word-Symbol and Decomposing Knowledge.

instruction, and tests). But standards do not dictate teaching methods or
assessments or particular policies (Tran et al., 2016; Zimba, 2016). As
goals, they do provide guidance—for example, teaching only low-level
skills will not meet the CCSSM goals. Experts on early education believe
good standards can be positive influences, contradicting fears about
inappropriate teaching. Early childhood educator Bredekamp (2004)
says: “As long as goals are developed drawing on research and the
wisdom of practice, goals can be excellent contributions” (2004, p. 79).
See also NAEYC's position (2012).

To those who believe that any goal will be inappropriate for some
small number of children, we respond that is precisely why learning
trajectories are the developmentally appropriate core—the main point is to
help children meet the goal on the children’s pace and way of thinking.
The learning trajectories in the CCSSM, drawn from the research-based
National Research Council report (2009), help educators know how to
move children along in learning.

Two examples of such teaching illustrate the major points in
Table 1, including focusing on meaning-making by mathematizing the
real world, using a nurturing and helping Math Talk Community, and
using research-based learning trajectories. Fig. 1 shows an activity that
has been used in hundreds of kindergarten classes at the beginning of
the year. Children see the 5-group patterns for numbers 6 through 10
and relate them to the 5-groups on their fingers. They practice counting
from 1 to 10 as a student leader points to each number on the Number
Parade. Children can just focus on the numerals and dots or raise fingers
with the count or jump with each word. Feedback from teachers and
observations in classrooms indicate that children enjoy and can do this
activity regardless of how familiar they are with counting words, and it
is rich enough to engage those who can count much higher. The
counting mat activity supports children in developing and using their
knowledge of written symbols and their order, counting objects,
relating different arrangements of objects for the same number,
decomposing a number into its partners (addends), and graphing in
two rows or columns. Children engage as they are able and are helped
by classmates’ displays and responses. Children also explain their own

displays and thinking. Many variations are encouraged and discussed.
In both activities children build in their own ways coordinated knowl-
edge of the counting words, written number symbols, and real world
quantities over the supported repeated experiences (Table 1 third bullet
in A).

Fig. 2 shows mathematics drawings made by grade 1 children to
represent and solve a more difficult type of “put together” proble-
m—those with one addend unknown. Children earlier in the year had
represented and solved the simpler put together problems with
unknown totals. At all times children engaged in a Math Talk Commu-
nity in which children explained their thinking and asked questions of
each other. These two classes were in a rural school that had been on
state warning for low achievement before they began this approach.
Notice the variation across children as they did their own sense-making
about the situation and choose their own representations. Supporting
children in making mathematics drawings enables the teacher to
understand their thinking and help them to debug errors. Five of the
six wrong answers in Fig. 2 had correct representations of the problem
situation, and so questions by classmates easily lead to corrections.
Such drawings and discussion help to advance all children’s thinking as
they see different ways to represent and solve a problem (e.g., Fuson,
Clements, & Sarama, 2015; Hufferd-Ackles, Fuson, & Sherin, 2004;
Murata & Fuson, 2006). Most (88%) of these children solved written
equations of the form 6 + ? = 9 correctly. Relating such equations to
word problem situations and to their own drawings allowed them to
make sense of such equations (Fuson & Smith, 2016).

So we see that the CCSSM’s rigorous standards do not dictate any
particular type of teaching including didactic, rigid teaching.
Furthermore, the examples above show how the CCSSM can be met
by teaching in the balanced ways summarized in Table 1. Research-
based curricula that do result in increased learning and do teach in
these ways exist now. Hachey (2013) identifies three such programs:
Building Blocks, Number Worlds, and Big Math for Little Kids.
Educators can also see the NCTM/NAEYC books about teaching
mathematics (Table 1) for preschool, K, 1, and 2 to enact the NRC
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Fig. 2. Grade 1 Math Drawings and Solutions for the Put Together, Addend Unknown Problem “Rosa picked 6 carrots. Her sister picked some too. Together they picked 10 carrots. How

many carrots did Rosa’s sister pick?”.

foundational and achievable goals. Other descriptions of this balanced
middle ground that supports all children through their own learning
trajectories are available (Clements & Sarama, 2011, 2012, 2014;
Fuson, 2009, 2012; Fuson & Murata, 2007; Fuson, Murata et al., 2015;
Murata, 2013; Murata & Fuson, 2006).

5.3. Do academic goals eliminate play, exploratory approaches, and social-
emotional development?

A third class of criticisms is that academic goals like the CCSSM
eliminate play, exploratory approaches, and social-emotional develop-
ment in mathematics classrooms (see the Appendix A for the play “vs.”

academics category). Table 1 stemming from the NRC Report (2009)
and the two examples we just examined indicate that such assertions
are false. Children using a balanced teaching-learning approach are
encouraged and enabled to play with the mathematical ideas, explore
their own approaches and the approaches of others, and gain valuable
social-emotional strengths by engaging in the nurturing and helping
Math Talk Community. Table 1 and the NCTM/NAEYC books
(2009,2010,2011) can provide support for teaching that has the desired
positive character.

We now extend our discussion of this criticism to preschool class-
rooms because there is considerable research showing that this criticism
is also false for preschool children, and it is important for preschool
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educators to know some of this research so they can understand a
balanced approach to teaching in the preschool years. Research shows
that high-quality implementations of mathematics curricula in pre-
school not only increase children’s mathematics proficiencies, but also
do no harm—and even sometimes positively transfer—to other do-
mains, such as language and self-regulation or executive function
(Clements, Sarama, Wolfe, & Spitler, 2013; Farran, Lipsey, & Wilson,
2011; Sarama, Clements, Wolfe, & Spitler, 2012; Sarama, Lange,
Clements, & Wolfe, 2012). Further, curricula can successfully combine
social-emotional, literacy, language, science and mathematics (Sarama,
Brenneman, Clements, Duke, & Hemmeter, 2016)—all the while enhan-
cing, rather than competing with, play-based approaches (Farran et al.,
2005).

Mathematics and literacy instruction can also increase the quality of
young children's play. An analysis of curricula studied in the Preschool
Curriculum Evaluation Research Consortium (PCER) (2008) project
showed that children in classrooms with stronger emphasis on literacy
or mathematics were more likely to be engaged at a higher-quality
socio-dramatic play during free-choice (play) time. Those in classrooms
with an emphasis on both literacy and mathematics were more likely to
be engaged at a high-quality level than those in classrooms with only
one, or no, such emphasis (Aydogan et al., 2005). The new ideas may
have energized high-level play activity. The authors state that high-
quality instruction in multiple content areas may produce a richer
context for learning that appeals to children’s diverse interests and
fosters interest in a broader range of content. In this richer context,
individual children find more opportunities for meaningful engagement
in free play. Thus, preventing children from experiencing balanced
mathematics teaching may deprive them of the joy and fascination of
mathematics (Balfanz, 1999; Clements & Sarama, 2014; Stipek, 2013)
but also of higher-quality play resulting from their increased mathe-
matical knowledge.

The NRC report (2009) said that children need intentional and
sequenced instruction in mathematics from pre-K through the primary
grades. Approaches to early childhood, such as the older view of
developmentally appropriate practice (DAP, which especially in mis-
interpretations, emphasized child-initiated and play activity almost
exclusively), have not been shown to increase children's learning (Van
Horn, Karlin, Ramey, Aldridge, & Snyder, 2005). Programs based only
on an “everyday” or “play” approach to mathematics education
frequently show negligible gains (Chien et al., 2010), whereas sequen-
tial, intentional mathematical work does (Klein, Starkey, Clements,
Sarama, & Iyer, 2008). The characterization of balanced intentional
teaching coming from the NRC Report (2009) and summarized in
Table 1 applies to preschool classrooms also. Mathematizing children’s
experiences means to focus children on mathematical aspects of the
world. Such experiences enable children to link their lives to important
cultural mathematical ideas. Such focused experiences supported by
adults in the classroom is especially important for children with limited
resources and opportunities to do so outside of school. Adults can
encourage children to communicate in their own words, sharing their
thinking in balanced mathematics small-group or whole-class activities.
Adults can help children connect mathematical language to their own
ideas and words (Association of Mathematics Teacher Educators, 2017;
National Research Council, 2009) to build meanings for mathematical
ideas.

High-quality, explicit, and sequential teaching including mathe-
matics talk should be the core of children’s mathematical experiences.
However, intentional and sequenced instruction can include activities
such as mathematics challenges, puzzles, and games and a focus on
mathematizing the play of children (Agodini, Harris, Seftor,
Remillard, & Thomas, 2013; Clements & Sarama, 2007, 2013; Griffin,
2004; Griffin et al.,, 1995; National Research Council, 2009;
Senk & Thompson, 2003; Siegler & Booth, 2004; van Oers, 2010).
Balanced teaching is interactive, with teachers inviting children to find
their own solutions and build on their own ideas, but also guiding them
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to more sophisticated and successful strategies and sharing solutions
among children (e.g., Fuson, Clements et al., 2015). Our experiences
with hundreds of teachers using a balanced program in pre-K, Kndg,
grade 1, and grade 2 indicate that most teachers are surprised by and
enthusiastic about the high levels of learning in their classroom and the
quality of thinking that their children express. Some teachers, especially
in pre-K and kindergarten, are not willing to try a balanced approach
because they believe so strongly that teacher-led activities are intrusive
and want to allow only child-initiated free play.

5.4. Are the CCSSM developmentally appropriate?

Perhaps the most common criticism of the CCSSM for young
children is that the standards are not developmentally appropriate
(Meisels, 2011; RealClearEducation, 2014; Tran et al., 2016; see also
Appendix A: DEY, 2014). However, as defined by the developers of the
construct, DAP requires both meeting children where they are (knowing
children, including their developmental status, unique individualisms,
and their social and cultural contexts) and enabling them to reach goals
that are both challenging and achievable (NAEYC, 2015). DAP “does
not mean making things easier for children. Rather, it means ensuring
that goals and experiences are suited to their learning and development
and challenging enough to promote their progress and interest. Best
practice is based on research and expert knowledge—not on assump-
tions—of how children learn and develop” (NAEYC, 2015, p. 2). Now
let us view several specific claims that the CCSSM are not developmen-
tally appropriate in light of comprehensive reviews of scientific
research. We include several examples from Kamii (2015, in
Appendix A) because she is the most specific of those identified in
the Appendix A and includes the most examples.

5.4.1. Counting

Kamii (2015) in Appendix A criticizes the CCSSM for counting
verbally too high at kindergarten. “Counting is social- conventional
knowledge, which is teachable, but making kindergartners count to 100
is like making them memorize nonsense syllables. Counting by tens can
make even less sense to children who may or may not be able to count
five objects correctly” (pp. 8-9). Similarly, high school principal Carol
Burris also objects to this standard because “there are also going to be
kids that just cannot do it at that point in time” (RealClearEducation,
2014, in Appendix A).

Although some kindergartners may not be able to count five objects,
it is not true that it is developmentally inappropriate to ask children to
learn to count five and more objects correctly at that age—they can do
so one or more years earlier (see the extensive research summarized in
Clements & Sarama, 2014; Fuson, 1988). Teaching this competence has
shown to be effective for children as young as 4 years of age
(Clements & Sarama, 2014; present a comprehensive review) and can
help low-SES 4-year-olds who lacked these and other core competencies
not only to learn them, but to spontaneously demonstrate performance
characteristics of middle class 6-year-olds on a wide range of tasks
(Griffin et al., 1995). For any children who cannot yet count to five,
“making” them count to 100 would be inappropriate—but neither the
CCSSM, learning trajectories approach, or research-based balanced
education would suggest that. One begins for all children with activities
like those shown in Fig. 1, building and deepening competence from
one to ten before going further.

Further, our number system above ten does not consist of nonsense
syllables. Children learn relationships among counting numbers and
principles and patterns in the number system. For example, error data
indicate that children learn the repetition of the x-ty, x-ty-one, x-ty two,
... X-ty nine pattern from 20 through 90 (Baroody, 1987; Fuson, 1992).
Children do need repeated experiences to overcome the irregular
pattern in the teens and in the first two decade words twenty and thirty
(that would be easier if they were two-ty and three-ty). One way is to
have children search for patterns in structured written numerals while
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Fig. 3. Seeing the Patterns in the English Words to 100.

they are counting, such as in Fig. 3 (note that groups of ten words are
bounded with a rectangle and the vertical arrangement allows children
to see the repetition within the twenties, thirties, forties, etc.). Children
can discuss these patterns as well as count by ones and later by tens as
each number is pointed to by a student leader. Counting by tens helps
children solidify the decade word list that creates the x-ty one, x-ty
two...patterns. Experiences with and without such visual supports can
lead to high levels of children counting to 100 at the end of
kindergarten, with the remaining children knowing much of this count
sequence (Sarama & Clements, 2009).

Earlier, from the ages of 2-5 years, children learn about the system
of number words due to a desire to count larger collections and their
own curiosity about the number word system itself (Baroody, 2004;
Fuson, 1988, 2004; Griffin, 2004; Steffe, 2004). They play with
counting large numbers (Seo & Ginsburg, 2004). Supporting such
experiences in preschool can facilitate learning to count to 100 in
kindergarten.

Not only researchers, but also kindergarten teachers state that
Burris and Kamii are simply incorrect, and they also identify an
important equity issue that low expectations can unintentionally
exacerbate.

“Different expectations lead to different achievement levels. It is
simply not ok with me that educators like Burris choose what is too
easy or too hard for their students. Not only should kindergarteners
be able to count to 100 - as noted in the Common Core — but they
can. How to get them there is part of the art and science of teaching,
and involves making sure that I know what my students know and
can move them to where they need to be” (Torney and Trahan,
2014, in Appendix A).

5.4.2. Counting and cardinality

Another counting example criticized by Kamii (2015) in Appendix A
is the CCSSM standard: Understand that each successive number name
refers to a quantity that is one larger. Kamii claims that Morf’s Piagetian
research shows that children cannot relate each subsequent number
with the +1 operation until third grade. Her description of the study
shows that it introduces complexities far beyond that standard. Two
glasses held 2 and 15 cubes, respectively. Then 30 cubes were dropped
one at a time into the former. The research question was, “When I was
dropping one cube after another into this glass, was there a time when
the two glasses had exactly the same number?” (p. 9, emphasis in
original). To respond correctly, children had to say “yes” and state that
this was because each additional cube increased the quantity by one. In
contrast, in the common preschool activity of adding one to a group of 5
and asking, “How many now?” (Clements & Sarama, 2013; see also
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Greenes, Ginsburg, & Balfanz, 2004; Klein, Starkey, & Ramirez, 2002),
both preschoolers and children with special needs can make that
generalization given educational experiences (Baroody, 1999;
Clements et al., 2011; Klein & Starkey, 2004). Many of the tasks Kamii
uses have similar complexities that involve more knowledge than is in
the standard she criticizes.

5.4.3. Wider research-based view of Piaget’s theory

These examples reveal a crux of the problem. Both Burris and Kamii
cite only the theory of Jean Piaget, and Kamii relies mainly on her own
studies from that perspective. But there is a large body of research that
has modified Piaget’s original research and theories. As one example,
Bideaud, Meljac, and Fischer (1992) published a book in France
celebrating Piaget’s work on number (Piaget& Szeminska, 1941/
1952) that included 17 chapters, all of which modify Piaget’s theory
of number extensively and provide understanding of how much more
young children can learn. None of this research is cited in Kamii’s
paper, nor are the other studies provided throughout this paper and in
the NRC report (2009) cited.

Kamii continues to define children's learning and understanding of
number and counting only from Piaget’s original position as requiring a
synthesis of hierarchical inclusion and order. From this perspective
counting is ineffectual, with “no connection between the acquired
ability to count and the actual operations of which the child is capable”
(see also Piaget, Inhelder, & Szeminska, 1960; Piaget & Szeminska,
1941/1952, p. 61). These early examples featured children who could
count, but still failed the number conservation task. For example,
although at a certain age a child can make a set equal in number to an
interviewer’s set using matching, when the interviewer spreads her or
his objects out, the child may claim that the interviewer now has more.
Directly to the point, asking children to count the two sets, according to
Piaget, did not help them determine the correct answer. From this view,
children do not acquire a notion of quantity and then conserve it; they
discover true quantification only when they become capable of
conservation. That is, teaching counting was a waste of time before
the stage of concrete operations (Piaget & Szeminska, 1941/1952, p.
184).

Recent research has substantially changed this position (for discus-
sions, see Clements, 1984a, 1984b;  Wright, Stanger,
Stafford, & Martland, 2006). As an example, many preschoolers, when
told the cardinal value of each of two sets, can determine whether the
items in the sets can be matched (i.e., can be put in one-to-one
correspondence), providing evidence that they understand the relation
between the number words and quantity and can use number words to
reason numerically about one-to-one correspondences that are not
perceptually available (Becker, 1989; Sophian, 1988). This provides
evidence that even preschoolers have at least initial integration of the
cardinality of the collection as a whole and the individual items in the
collection. If asked to count, many kindergartners will count and use
that information to correctly judge equivalence, and older kindergart-
ners do so spontaneously (see extensive research summaries in Fuson,
1988; Fuson et al., 1983). Many 4-year-olds will similarly use their
counting skills effectively if provided a visual display of numbers
(numerals and dot patterns), and more do so when conflicting
perceptual cues are not present (Michie, 1984). Counting increases
when children are given feedback as to the correctness of their previous
judgments, showing them that relying on counting was valid, but using
length or density was not. Along with evidence on object counting and
addition and subtraction (e.g., Frontera, 1994), this indicates that
counting can be a meaningful quantifier for children before they reach
the Piagetian levels of operational thought about number conservation.
In summary, research and practice indicate that the CCSSM related to
counting are appropriate as defined by DAP.

5.4.4. Other mathematical topics
Kamii (2015) in Appendix A also criticizes standards on measure-
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ment, place value, problem solving, and multidigit computation based
on the same combination of unrevised Piagetian theory and tasks more
complex than the standards. Considering the large corpi of research that
revise Piaget’s theory extensively, restricting one’s view to the original
Piagetian position cannot be justified and is misleading. Kamii's
criticisms about these aspects of number and her suggestion that you
cannot teach this competence but can encourage it indirectly only—-
cleaning up spilled milk and playing Pick-Up Sticks are her example-
s—ignore considerable research demonstrating the effectiveness of
teaching about various aspects of number (National Research Council,
2009).

5.4.5. Summary

The criticisms about developmental appropriateness of the CCSSM
ignore comprehensive research reviews and reports from decades of
research (see full research summaries in Clements & Sarama, 2014;
Fuson, 1988, 1992, 2004; Ginsburg, 1977; National Research Council,
2009; Sarama & Clements, 2009). Moreover, the CCSSM were grounded
in a large body of different research reports, such as that summarized in
the National Research Council report (2009, see also pp. 91-93 of the
CCSSM, for just a “Sample of Works Consulted”).

Statements by Kamii and others made in the sources listed in the
Appendix A focusing on developmentally appropriate practice mislead
teachers and parents because these statements underestimate what
children can learn in supportive stimulating environments that enable
children to think and to build and use important cultural knowledge.
This is potentially damaging to children, especially those with fewer
previous opportunities to engage with mathematics, because it denies
them opportunities to learn and understand age-appropriate knowledge
that their age-mates with such opportunities do learn.

Some might still argue that some of the CCSSM standards are too
challenging for some subset of children. But this will be true of any set
of standards that pose a worthwhile challenge to our children, and our
children deserve that challenge. Based on learning trajectories, teachers
should always be working on the challenging-but-achievable levels for
their class and for the individuals in it (Hiebert & Grouws, 2007). We
cannot allow children starting at lower levels to stay behind others.
That would relegate them to a trajectory of failure. Instead, we should
work together to help them build up their mathematical foundations.
Given this support, research indicates that they can learn (Clements
et al., 2011; Frye et al., 2013; National Research Council, 2009)}. It is
especially feasible in kindergarten and the primary grades, and even
more so in pre-kindergarten, to catch up children who enter those
environments  with  less knowledge than  their  peers
(Clements & Sarama, 2014; Clements et al., 2011; Frye et al., 2013).
Then it is important that teachers continue to have grade-level
expectations of all children so that children do not fall behind again
because of lowered expectations and low-level teaching efforts for
children from backgrounds of poverty or from homes where English is
not spoken.

So, the concern of developmental inappropriateness results from not
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knowing the extensive research on what young children can learn and
about revisions of the concept of DAP (NAEYC, 2015). This research
indicates that what is actually inappropriate is placing age- and stage
limitations on what young children are capable of without knowing the
research about what they can learn. What is developmentally inap-
propriate is a preschool in which there is little mathematics (Ginsburg,
Klein, & Starkey, 1998; Graham, Nash, & Paul, 1997; Tudge & Doucet,
2004), when successful research-based approaches are available that
help children learn so much more (Clements & Sarama, 2011). Also
developmentally inappropriate are the many present-day kindergartens
and curricula that “teach” most children what they already know (e.g.,
Carpenter & Moser, 1984; Engel, Claessens, & Finch, 2013; Van den
Heuvel-Panhuizen, 1996) or early childhood classrooms that fail to
help children who enter with less knowledge to catch up with their
peers (Ginsburg et al., 1998).

6. Final words

Understanding balanced teaching and the large amount of research
about it can help everyone move from the inaccurate and distorting
criticisms discussed above and move on to productive discourse and
learning about balanced teaching, especially for children who enter our
pre-K or K classrooms behind their peers. Teachers’ preparation in all
three components of learning trajectories—knowledge of mathematics
and mathematics for teaching, of children’s mathematical thinking and
learning, and of instructional activities and strategies must be increased
in quality and amount (Association of Mathematics Teacher Educators,
2017; IOM (Institute of Medicine) and NRC (National Research
Council), 2012; National Research Council, 2009). This is why we have
emphasized descriptions and examples of balanced teaching and
provided references to some valuable resources (the NCTN/NAEYC
books). The high middle ground of rich engaging and developmentally
appropriate mathematical experiences based on research and on
children’s learning trajectories is accessible to administrators, teachers,
parents, and children if responsible adults move beyond old assump-
tions and examine new research-based perspectives and programs.
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