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ABSTRACT

The importance and complexity of young children’s mathematical thinking and learning warrants high-
quality, research-based resources that help teachers and caregivers understand and support children’s 
development from birth through the primary grades. The authors discuss young children’s potential to 
think mathematically, the criticality of early math, and the need for a learning trajectories approach to 
early math. Describing existing risks to young children’s experience of high-quality math, the chapter 
offers solutions to these risks in systematic research and development of technology-based resources 
for early math using learning and teaching with learning trajectories ([LT]2, at LearningTrajectories.�
org) as an example. Further, the authors advocate for a lens of equity, inclusion, and accessibility in the 
development of these technologies. Finally, a vision is described for increasing access to high-quality 
math through adaptive technologies that use the learning trajectories of early math for in-person and 
online activities.
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ABSTRACT 

The importance and complexity of young children’s mathematical thinking and learning warrants high-
quality, research-based resources that help teachers and caregivers understand and support children’s 
development from birth through the primary grades. We discuss young children’s potential to think 
mathematically, the criticality of early math, and the need for a learning trajectories approach to early 
math. We describe the development and early evaluation of the research-based tool Learning and 
Teaching with Learning Trajectories ([LT]2-&#' LearningTrajectories.org), designed to help early 
childhood educators, professional development providers, caregivers, and parents to learn about how 
children from birth to 3rd grade think and learn about math  and how to support that learning and 
development through in-person and online instructional activities with accompanying materials for 
teaching and learning. Finally, the chapter addresses risks and opportunities of technology-based 
learning resources for early math and outlines potential directions for future research and development. 

Keywords: Learning Trajectories, Building Blocks, Developmental Progressions, Curriculum Research 
Framework, Equity, Access, Inclusion, Accessibility 

INTRODUCTION 
Children need opportunities to think and learn about math deeply and broadly. High-quality early 

math experiences may be difficult to find amongst widely available platforms such as websites and apps 
aimed at children. Thus, educators need systematic research and development processes for developing 
technology-based resources for teaching and learning early math. This chapter briefly describes the 
research and development of the learning trajectories of early math and details two phases of formative 
research and development of an online platform for teaching and learning early math. Online platforms 
aimed at children are examined to further consider opportunities and risks of the development of 
technology-based resources for early math. Considerations for the quality, accessibility, inclusion, and 
adaptability of these resources are woven throughout. 

BACKGROUND: YOUNG CHILDREN AND MATHEMATICS  

With opportunities, young children can learn an informal knowledge of mathematics that is 
amazingly broad, complex, and sophisticated (e.g., Baroody et al., 2019; Clarke et al., 2006; Clements & 
Sarama, 2021; Fuson, 2004). For example, toddlers independently enjoy composing three-dimensional 
shapes (e.g. playing with boxes) or noticing differences in size (e.g. putting baby dolls with a larger mama 
doll).  Preschoolers can learn to invent solutions to solve simple arithmetic problems (Sarama & 
Clements, 2009a). Also, almost all children engage in substantial amounts of pre-mathematical activity in 
their free play. They explore patterns, shapes, and spatial relations; compare magnitudes; and count 
objects. This is true regardless of the children’s income level or gender (Seo & Ginsburg, 2004). That is 
especially important, because all children have the capacity and motivation to mathematize such play and 
engage in mathematical thinking, but not all are given the opportunity to do so (Engel et al., 2016). Given 



that early math knowledge is a strong predictor of later achievement (Krajewski, 2005; National 
Mathematics Advisory Panel, 2008), such learning opportunity gaps are pernicious (Claessens et al., 
2007; Horne, 2005; National Mathematics Advisory Panel, 2008). 

High-







Opportunities for learning math are maximized when technology-based resources include the 
three components described at the beginning of this chapter – core math content, a focus on children’s 
thinking and learning, and teaching practices that follow developmental progressions and focus on math 
as a discipline and children as individuals with unique cultures, families, characteristics, and abilities. We 
advocate for ensuring the inclusion of these essential aspects within technology-based resources through 
systematic research and development processes, consideration of diversity and inclusion, and by ensuring 
resources are equitably accessible to a broad audience. 

The research and design of the Learning and Teaching with Learning Trajectories, [LT]2, tool, 
launched in 2020 following 25 years of development, 



An example in a different domain, composing and decomposing shapes, was generated from research 
from Australia and the U.S. that was combined to provide a framework for children’s levels of thinking 
(see Clements, Wilson, et al., 2004). Children initially treated shapes such as pattern blocks separately, 
then they combined them, but each shape was a separate part of a picture. Later, they began laying some 
shapes side-by-side with trial and error, then they also started recognizing and planning to combine 
shapes to make other shapes. Studies then supported each level of this developmental progression 
(Clements, Wilson, et al., 2004). The current conceptualization of the learning trajectories for early 
mathematics includes 222 levels of thinking across 20 topics. Research continues to support the 
refinement of these topics and levels. 
!
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The third part of a learning trajectory consists of sets of teaching practices–environments, 
interactions, and activities–fine-tuned for each level of children’s understanding to help them become 
proficient in that level before moving on to th





Association for Young Children (NAEYC) and the National Council of Teachers of Mathematics 
(NCTM). Through this feedback, several re



 
Solution 2: Equity, Inclusion, and Accessibility 

As previously discussed, an important component of high-quality math is teaching practices that 
honor  children’s cultures, families, individual characteristics, as well as their patterns of thinking and 
learning (Carpenter et al., 2014; Frye et al., 2013). This can be particularly challenging in the context of 
technology, as these personal characteristics are most sensitively responded to in the context of personal 
relationships. In this section, we describe promising research and development efforts to advocate for 
pursuing these challenges to provide math experiences for today’s global citizens, situated in social 
contexts in which education is at the forefront of valuing and bolstering a more pluralistic society. We 
connect this to new features on [LT]2. 

The United States has been experiencing a double pandemic – a virus attacking respiratory 
systems and a growing awareness of long-standing inequities in educational resources, exacerbated by 



85:#<'&%@&'4<"$%0%/=C?#,46&04#($8$/&(4,%+(<4,-&#,&8'&5#=&8$<(4#,4&'"4&(4#<"&%@&,+<"&(4,%+(<4,2&
B$<0+,8%$&<#$&?4/8$&D8'"&4$,+(8$/&'"#'&85#/4,&#(4&(4:(4,4$'#'8;42&!8580#(0=-&(4@4(4$<4,&'%&
"%086#=,-&@%%6,-&#$6&%'"4(&<+0'+(#0&#('8@#<',&#(4&$%'&<4$'4(46&%$&%$4&/(%+:2&9"8,&<#$&?4&85:(%;46&
?=&<"4<)8$/&?8#,&@%(&<+0'+(#0&<4$'(8<8'=&%@&%$4A,&%D$&/(%+:-&#,&D400&#,&8$'4$'8%$#00=&8$<0+68$/&
'4#5&545?4(,&D8'"&68;4(,4&:4(,:4<'8;4,2&E$&#(4#&@%(&@+('"4(&(4,4#(<"&#$6&8$$%;#'8%$&8,&'%&,'+6=&
'"4&4F'4$'&'%&D"8<"&8$<0+,8%$&4@@%(',&4$<%+(#/4&#$6&,+,'#8$&4$/#/454$'&%@&68;4(,4&/(%+:,&8$&
'4<"$%0%/=C?#,46&(4,%+(<4,&@%(&4#(0=&5#'"2& 

A new game in [LT]2 was designed to follow the shape LT, and also to explicitly include 
people of color, people with disabilities, and women. The game begins with a shape puzzle focused on 
matching or recognizing shapes. When the puzzle is complete, the object animates to reveal a carefully 
chosen picture – such as a space shuttle. This space shuttle is then shown next a person who contributed 
to space technology, such as Katherine Johnson, and a brief bio is read. Each person in this game was 
chosen to provide a positive and empowering example of scientists, engineers, inventors, and 
mathematicians who are also women, people of color, or people with disabilities. These STEM heroes are 
highlighted to expose children to a diverse view of who has contributed to STEM – and our hope is that 
many children see themselves 
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Adaptability 

This combination of digital and personal experiences with math, adapted to children’s needs, can 
be supported through adaptive games. Games development, in addition to being focused on learning and 
engagement, can also be developed from a measurement perspective, particularly those with embedded 
assessment or adaptive leveling. One method for this is developing a table of specification of the content 
or cognitive processes of interest, types of items that would access that process or knowledge, and the 
number of items needed to generate information about that knowledge (American Educational Research 
Association, 2014). Other methods include testing games with children as described previously in this 
chapter – comparing children’s progress on games with their progress on non-digital assessment tasks. 
Observations with think-alouds are frequently used in usability testing of websites – a similar method are 



High quality math needs to be readily available in a research framework. 

The research and development of high-quality early math learning resources is supported through 
systematic research, such as the phases of the CRF. These processes ensure that products are usable and 
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