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Mathematics in EC programs 

•  The content of high-quality early childhood 
education 

•  The case for greater attention to mathematics 
teaching and learning 

•  Teaching and learning the big ideas of mathematics 



Attending to the quality of early childhood 
education 
•  Emerging from a period of significant ECE change in 

Australia (2009-2014), comparable with other countries 

•  Legislative and policy adjustment 

•  EYLF and NQS expect educators to support concept 
acquisition and model mathematical language within a 
play-based, informal curriculum 



Children’s mathematical and verbal competence 
in different ECEC settings in Australia 
•  Data drawn from the broader E4Kids study  
•  A longitudinal study following 2650 children from 

age 3 to age 5 in Victoria and Queensland 
•  Some data enabled us to examine the impact of EC 

care three years prior to the first data assessment 
•  Sample size for analyses: 1314 children 



Demographics of the sample and subgroups 
                            
  

Total 
  

Informal only   
Mix of formal 
and informal   Mix of formal   

LDC and/or 
FDC only 

Gender                             
male N (%) 684 (52.1)   30  (46.9)   400 (53.8)   41 (47.1)   213 (50.7) 
female N (%) 630 (47.9)   34  (53.1)   343 (46.2)   46 (52.9)   207 (49.3) 

English as main language                             
yes N (%) 1205 (96.3)   20 (95.2)   699 (95.9)   85 (98.8)   401 (96.6) 
no N (%) 46 (3.5)   1 (4.8)   30 (4.1)   1 (1.2)   14 (3.4) 

                    
Age, Mean 47.50   50.25   47.54   51.00   46.33 



Study design 
Applied Problems subtest from the Woodcock-Johnson 
III Tests of Cognitive Ability and Achievement 
•  Evaluates a child’s ability to analyse and solve 

mathematical problems, by choosing an appropriate 
strategy and then working out the answer. 
Example: Picture of three flowers, with one, two or 
three bees on the flower. Child is asked, “Put your 
finger on the flower with three bees.” 



Study design 
Verbal Abilities scale from the Woodcock-Johnson III 
Tests of Cognitive Ability and Achievement 
•  Evaluates a child’s narrow abilities of lexical 

knowledge and language development (vocabulary, 
synonyms, antonyms, and verbal analogies) 
Examples: “Put your finger on the horse.” “Give me 
another word for angry.” “Give me the opposite of no.” 
“Eye is to see, as ear is to…” 



•  The ECEC setting explains a small, but significant 
amount of variance in children’s competencies (about 
1-2%)  

•  Children attending ECEC settings with Kinder 
programs outperformed other children in both Verbal 
Abilities and Applied Problems 

•  Children who attended only informal care scored 
higher on Applied Problems than the rest 

Findings: 



•  After controlling for family and child 
characteristics, no statistically significant 
relationship between Verbal Ability and the ECEC 
setting remains, however… 

•  On Applied Problems, children who attended only 
informal care still outperformed children who 
attended either consistently formal ECEC care, or 
a mixture of informal and informal care 

Findings: 



•  When we looked at children’s development over the 
following year, the picture did not change: the change 
in children’s performance over this time was the same 
for all groups 

•  This suggests that children’s development continued 
irrespective of the kind of ECEC setting they attended 

•  It appears that the informal ECEC prior to the first 
assessment had an important effect 

Further finding 



•  Research tells us that EC educators frequently report 
mathematics-related anxiety. Educators need support 
to raise the quality of mathematics teaching and 
learning in all types of ECEC services 

•  This teaching and learning should facilitate concept 
acquisition, mathematical thinking and language, and 
support children’s learning dispositions 

Implications 



•  Use play to investigate, project and explore new ideas; 
Create and use representation to organise, record and 
communicate mathematical ideas and concepts 
(Outcome 4 – Learning) 

•  Demonstrate an increasing understanding of 
measurement and number using vocabulary to 
describe size, length, volume, capacity and names of 
numbers (Outcome 5 – Communication) 

Mathematical thinking in early childhood 



Children’s dispositions for learning 
•  Self-regulation; persistence; awareness and respect for others’ 

perspectives (Outcome 1 – Identity) 
•  Cooperation; listening to others’ ideas (Outcome 2 – Community) 
•  Self-regulation - again, managing emotions; accepting new 

challenges; co-operation and collaboration (Outcome 3 – Wellbeing) 
•  Perseverance and persistence – again!; apply a wide variety of 

thinking strategies…to solve problems (Outcome 4 – Learning) 
•  Engage in enjoyable interactions using verbal and non-verbal 

language (Outcome 5 – Communication) 



Understanding emerges simultaneously across 
multiple “strands” 
Verbal and object counting skills 
•  One-to-one correspondence 
•  Stable order 
•  Cardinality – the last number we count tells us how many 
•  Abstraction principle – count anything, visible and invisible 
•  Order irrelevance principle – start counting with any object as long 

as each object is only counted once 



Measurement 
•  Length spans the distance 

between two set points 
•  Units must be placed 

without gaps or overlaps 
•  The last counting word 

used tells us how long 
•  When measuring with a 

ruler you need to start at 0 

Patterns and structure 
•  Recognising, extending, copying 

and creating patterns in colour, 
size, shape, words, music, objects 
– and explaining the patterns 

•  Using objects or symbols to 
represent something else 

•  Using objects and pictures to tell 
stories that involve adding and 
taking away whole numbers 



Shapes and spatial 
thinking 
•  Exploring and describing the 

attributes of shapes (2D and 
3D) 

•  Describing locations of objects 
•  Describing spatial relationships 
•  Transforming objects and 

exploring symmetry 
•  Using spatial reasoning to 

solve problems 

Time and space 
•  Tied to movement (something 

happens after something else), or 
•  Bound to objects (taller trees are 

older) 
•  Involves duration, sequencing and 

cycles 
•  Helpful to make the passage of 

time visible or tangible with small 
children 



Data: collecting, 
classifying, 
representing, analysing 
•  Grounded in number and 

counting; also related to 
classification; measurement 

•  Other strategies to compare 
(size, mass, area) 

•  Mark-making, laying objects 
in lines.  



Purposeful EC mathematics teaching  
•  Planning playful experiences to 

scaffold children’s understanding and 
to facilitate “maths talk” 

•  Identifying and supporting 
mathematical thinking in children’s 
play 

•  Correcting misunderstandings before 
they become habitual 

 

Individualised, responsive 
engagement 



High quality EC mathematics teaching  
Reflective practice 
•  What is the child learning? How do 

I know this? 
•  Any gaps or misunderstandings? 
•  Who could help me interpret what I 

observe? 
•  How will I modify my practice? 



Conclusions 
•  Responds to Australian legislative and policy adjustments 

•  Aligned with other studies, our research suggests that educators 
need more support to increase the quality of mathematics 
learning in play-based programs  

•  Targeted professional learning in promoting children’s concept 
acquisition, mathematical language and general dispositions for 
learning within play settings is needed 



Let’s increase the quality of mathematics 
teaching and learning in new ways 

…with courage, vision and a sense of urgency 



Statistical Appendix 



  Model 1   Model 2   Model 3 
 APPLIED PROBLEMS    B SE (B)    t      B SE (B)     t      B SE (B)    t 
 Constant 419.10 5.37 78.07 ***   397.76 3.92 101.37 ***   392.45 4.04 97.07 *** 
                              

Informal (0) vs. formal (1) -9.99 3.68 -2.72 **   -3.50 2.63 -1.33     -5.07 2.57 -1.97 * 
mixed formal (0) vs. informal, 
formal & informal, LDC & FDC (1) -14.97 3.19 -4.70 ***   -.09 2.30 -.04     1.23 2.31 .53 

  

Formal & informal (0) vs. informal, 
mixed formal, LDC & FDC  (0) 

-2.55 1.63 -1.56     -.34 1.16 .31     .85 1.14 .75   

Gender           1.01 1.12 .90     1.80 1.10 1.63   
Age+           .73 .10 7.28 ***   .84 .10 8.42 *** 
WJ III BIA+           1.26 .05 23.41 ***   1.15 .06 20.43 *** 
English as main language           -9.39 2.63 -3.58 **   -7.56 2.58 -2.93 ** 
Temperament+           3.03 1.05 2.89 **   2.80 1.00 2.80 ** 
SDQ+           .14 .21 .49     .23 .21 1.06   
AUSEI+                     .01 .03 .16   
SEIFA+                     .80 .21 3.74 *** 
Health Care Card                     6.43 1.40 4.59 *** 
Read at home+                     .37 .32 1.15   
Education+                     1.07 .46 2.34 * 
Income+                     -.53 .27 -2.00 * 
Social network+                     -.11 .29 -.39   

                  
   R² .02***   .54***   .56*** 



  Model 1   Model 2   Model 3 
 VERBAL ABILITIES    B SE (B)    t      B SE (B)     t      B SE (B)    t 

 Constant 459.37 2.52 182.06 ***   450.15 1.60 282.11 ***   448.91 1.66 271.05 *** 
                              

Informal (0) vs. formal (1) -2.82 1.74 -1.62     -.17 1.10 -.15     -.25 1.12 -.22   

mixed formal (0) vs. informal, 
formal & informal, LDC & FDC (1) -6.12 1.52 -4.02 ***   1.25 .96 1.30     1.38 .96 1.45   

formal & informal (0) vs. informal, 
mixed formal, LDC & FDC (1) 

-.91 .79 -1.16     .51 .50 1.03     .57 .50 1.15   

Gender           -1.15 .46 -2.53 **   -1.05 .46 -2.30 * 
Age+           .10 .05 2.33 *   .13 .05 2.87 ** 
WJ III BIA+           .79 .02 32.74 ***   .77 .03 29.51 *** 
English as main language           -4.11 1.44 -2.85 **   -3.64 1.45 -2.52 ** 
Temperament+           .65 .39 1.67 #   .59 .38 1.53   
SDQ+           -.02 .08 -.25     .02 .08 .19   

                            
AUSEI+                     .01 .01 .70   
SEIFA+                     .02 .10 .15   
Health Care Card                     1.44 .56 2.57 * 
Read at home+                     .35 .13 2.82 ** 
Education+                     .13 .20 .67   
Income+                     -.17 .11 -1.58   
Social network+                     -.16 .13 -1.25   

                  
 R² .01**   .63***   .64*** 


