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Introduction

Multi-

Dimensional :)



What is early numeracy?

Magnitude comparison

Numberline estimationOrder processing

Counting skills

Basic arithmetic

Place value understanding

Patterning

Geometry Graph interpretation

Strategy selection

Measurement



•Assessment

•Screening for risk of  MLD

•Designing early math curricula and targeted interventions

•Research/measurement

Who cares???



Factor analysis

1. Counting skills

2. Mapping skills

Factor analysis can be used to extract patterns from a correlation matrix:



The literature



What the f*ck!?



Please cite my 
paper! 



Theory-testing models: testing theoretical distinctions (e.g., symbolic 

vs. non-symbolic).

Core skills models: identifying the most essential skills for numerical 

development.

Curriculum skills models: including skills aligned with key content 

strands of  early mathematics curricula.

Types of models



Theory-testing models



Conceptual skills reflect an understanding of  the rules and properties 

governing mathematical concepts.

Conceptual vs. procedural

Procedural skills reflect the capability in performing the required steps 

to solve a mathematical problem.

Conceptual skills may be assessed by asking children to 

identify violations of  counting principles

Procedural skills may be assessed by having children solve 

arithmetic or counting tasks



General Support for a distinction between symbolic and non-symbolic skills:

Symbolic vs. non-symbolic



Longitudinal evidence

~4 years ~5 years ~6 years

Symbolic/non-symbolic skills may begin as distinct representations of  number…

…but may become increasingly integrated over time,

as we learn to consistently map quantities onto number symbols consistently



How we define symbolic/non-symbolic

We typically measure nonsymbolic skills using comparison 

and estimation tasks, which primarily index ANS acuity

Braeuning et al. (2021) used a more comprehensive 

conceptualisation of  symbolic/non-symbolic skills, using a 

standardised mathematics assessment. 

Symbolic: numerical information presented in symbolic 

numerical format (i.e., Arabic digits)

Non-symbolic: numerical information presented in non-

symbolic formats (e.g., sets of  dots). 



Considering theoretical distinctions

Aspects of  early numeracy 

may be differentiated by 

both their manifest content 

and the type of  processing 

they require.



Core skills models



Consensus

1. Numbering 2. Relations 3. Operations

The U.S. National Research Council proposed Numbering, Relations, 

and Operations as primary aspects of early numeracy (2009).

The U.S. National Council of Teachers of Mathematics proposed a 

combined factor of Numbering and Relations, plus a factor of 

Arithmetic operations as primary aspects of early numeracy (2006).



Why only these skills???

Curriculum skills assumed less relevant to later math outcomes, 

especially MLDs.

For example, arithmetic skills are central to the diagnostic criteria for 

MLD.

Core skills may be better predictors of  later mathematical outcomes than 

curriculum skills (e.g., Nguyen et al., 2016).



Purpura & Lonigan (2013)

393 preschool children, Mage = 4.75 years.

Using the Preschool Early Numeracy Skills test, which has 7-9 items for 

each of  these three factors.

1. Numbering 2. Relations 3. Operations

Compared this three-factor model to both a unidimensional model and 

all possible two-factor combinations of  these factors.



Analysed both longitudinal studies and the contents of  common early 

mathematics test batteries, proposing:

Aunio & Räsänen (2016)

1. Symbolic and non-symbolic number sense

2. Mathematical relations

3. Basic arithmetic

4. Counting skills

Numbering



Comparing these two models

Purpura & Lonigan (2013)

1. Numbering

2. Relations

3. Arithmetic operations

Aunio & Räsänen (2016)

1. Symbolic/non-symbolic number sense

2. Mathematical relations

3. Basic arithmetic

4. Counting skillsCounting skills +

Nonsymbolic 

estimation

Symbolic/nonsymbolic 

comparison/estimation

Counting skills

Numeral 

identification



Curriculum skills models



Proposed skills

Number & Operations Measurement Geometry

The NRC (2009) and NCTM (2006) recommended Number & 

Operations, Measurement, and Geometry as key content strands of 

early maths education.

Patterning Data analysis/statistics

Milburn et al. (2019) highlight these skills plus Patterning are included 

in various international kindergarten curricula. 



Proposed models



Comparison across models



Discussion



Curriculum skills as a predictor of 
mathematics?

There is only limited data for how well models incorporating curriculum 

skills predict later mathematical outcomes.

Hirsch et al. (2018) did longitudinally 

assess the predictive value of  their 

model, but did not find patterning to 

be uniquely predictive of  later 

mathematics achievement.

Measurement, 

Geometry,

Data analysis???



Longitudinal stability

Although many studies have assessed their models at multiple time points, the 

longitudinal stability of  these models over time remains somewhat unclear.

Correlations between skills higher in kindergarten than in second grade, suggesting skills may 

become more separated overtime.

Similarly, Ryoo et al. (2015) observed an increasing number of  factors between 

Prekindergarten and first grade.



Milburn et al. (2019)

Number & Operations
Measurement

Geometry

Patterning

Numbering

Relations

Operations



Proposed framework

Measurement Geometry

Patterning

Numbering Relations

Operations

Early Numeracy

Early Mathematics

Counting??
Data/statistics??



Take home message

Please cite my 
paper! 



Thanks for 
your 

attention!

d.devlin@lboro.ac.uk@DeclanKDevlin
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