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I will be discussing the conceptual and cognitive building blocks that contribute to mathematical learning. 

I will use research from both cognitive psychology, neuroscience and educational studies  to illustrate that these foundations are essential for achievement in mathematics. 

I will attempt to show that teaching these skills is compatible with our curriculum, but not always explicit in the curriculum.

 Lastly, I will briefly outline some questions for further research as well as policy implication



Complex skills depend on various building blocks  
o present from birth 
o gained from experience and interaction with world 
 
Can I benefit from teaching? 
How will I benefit from teaching? 
 
Prior knowledge – using it optimally while teaching? 

Spelke, 2000; Butterworth, 1999; Dehaene & Spelke, 2004; Xu, 
Spelke & Goddard, 2005; Aunola, Leskinen, Lerkkanen & Numi, 2004 
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One of the world leaders in cognitive science, Elizabeth Spelke,  makes us aware that complex skills develop not all at once when we enter school and are taught reading, writing and arithmetic, but depend on various building blocks (Spelke, 2000), some of which are already present at birth (Butterworth, 1999; Dehaene& Spelke, 2004, Xu, Spelke & Goddard, 2005). 

The presence of these building blocks and the quality of the learning associated with these building blocks to a large extend determines how well a school beginner use instruction in school to form solid mathematical concepts, which will impact on mathematical achievement throughout the rest of his or her life (Aunola, Leskinen, Lerkkanen & Numi, 2004). 

It however also serves as a warning to teachers – we need to be aware and use the learners’ substantial prior knowledge with which they come to school in our teaching. 
The age old anthems of education – “build on prior knowledge” “moving from the know to the unknown”– has for long been taken as a given. 
Something that will  happen almost automatically! 
The curriculum emphasises it, so why make a fuss about it? 
Simply, because we as teachers and educationalist are often blissfully unaware of the complex building blocks underlying mathematical achievement in later years. 




A framework for understanding the 
building blocks 
 
o Biological level 
  
 Brain areas 
 Neurological pathways 
 Plasticity 
 
o Cognitive level 

 
Numerosity 
Approximate number system 
Conceptual development 
Working memory 
Fluid intelligence 
 

o Operational level 
 
 Mathematical and arithmetic 
 procedures and operations 
 
 
 
 
 
 
 
 
 
  

Rubinstein & Hennik, 2009 
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Rubinstein and Henik (2009) provides a useful framework for understanding mathematical difficulties,
They discriminate between the biological level, the cognitive level and the operational level. 

The biological level refers to the brain areas and neurological structures involved in mathematical processing. 
These include the neurological structures and pathways involved in processing of number, quantities, number concepts and mathematical problem solving. 
The one aspect of the biological level that speaks the most to me is the idea of plasticity – or the ability of our brains to adapt and compensate when a specific part or neurological pathway is not functioning as it should. 
This tendency toward plasticity is in part due to functional systems relying on several brain areas working in concert – simply meaning that if one part is not working other parts have the potential to compensate to a certain extend. 
Quite unlike say a car – if the caburator is not working there is absolutely no chance that the battery could take over some of that work and keep the car going. 
Luckily our brains are more like a team or a community, where if one member is sick, the others can stand in for that member.   
It does take some effort though…it does not happen automatically

The cognitive level is the conceptual level – the level concerned with what kids know and understand and the processes involved in knowing and understanding

The operational level is the application level – the level where we are concerned with  doing the operations and solving the math problems

As teachers and educationalist we should be working from the cognitive level towards the operational level… we should be the mediators that guide children towards conceptual understanding and then expression of the conceptual understanding in mathematical procedures and operations. 

Unfortunately this is seldom the case – our focus is so often on what can be seen and assessed very easily – the operational level
Most of our assessments focus on the mathematical skills and how well (and how fast) can children do the mathematical operations
We focus on the symptoms and not on the causes

Many other factors influence the move from cognitive to operational – the  teaching -  the socio-economical background – the emotional state of the learner – community and family etc. 
These are factors external to the child. 








 
Cognitive level 

 
Numerosity 
Approximate number system 
Conceptual development 
Working memory 
Fluid intelligence 

 
Numerosity & dyscalculia 
 
o causes of dyscalculia 
o 3 to 7% of children 
o Some studies indicate up to 10% 
 
Benefits of knowing whether a child is dyscalculic or 
has difficulties with number skills or difficulties with 
mathematics?  

 
 

 
 
 
 
 
 
 
 
  

Butterworth, 2005; Dehaene, 2007; Gillum, 2012; Fritz, Ehlert & Balzer, 2013; 
Arsic, Eminovic & Stankovic, 2011 
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In this presentation I will be taking a look at the cognitive level – those intra-child building blocks. 
I will specifically look at fluid intelligence and working memory. 
The focus in this presentation does not signify that those factors external to the child are considered to be of lesser importance – it reflects just the choice of topic for the current discussion. 

Prof Henning has in her presentation addressed numerosity or cardinality, sometimes also called number sense, as well as conceptual development as operationalised in the Marko-D model. 

It is however worth mentioning here that numerosity or the understanding of the fiveness of five is what distinguishes dyscalculia from other forms of mathematical difficulties (Butterworth, 2005). Although difficulties with numerosity is not the only neurological cause of dyscalculia is is most definitely one of the causes (Butterworth, 2005)
Dehaene (2007) argues that difficulty with mapping of quantities onto symbolic codes as a possible alternative explanation. 
Thus, dyscalculic children can recognise quantities but struggle to name them. 

At this point you may be asking yourself what makes dyscalculia so important – it may be a term not very familiar to you, certainly not as well known as its cousin dyslexia. 
Dyscalculia is estimated to be affecting 3 to 7 children out of every 100 children. 
Some researchers indicate prevalence rates up to 10%.
And knowing the difference between a child that struggles with mathematics(e.g. algebra or shape and space) or has number difficulties (e.g. recalling number facts or naming numerals) and a child showing signs of dyscalculia is worth noting, since interventions that will work for the one may not work for the other (Gillum, 2012).
Futhermore, numerosity is conceptualised as an essential stepping stone towards further conceptual development – it is needed before the part-part- whole concept can be grasped (Fritz, Ehlert & Balzer, 2013).






Fluid intelligence 
 
Think logically and solve problems in novel situations 
o Patterns and relationships  
o Correlate with quantitative reasoning 
o Has a genetic base, but cognitive exercise can 

result in improvements 
 
Does this relate to teaching in the early grades? 

Cattell, 1971; Qiu, Wei, Qinqin, Liying & Lin, 2009 
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Fluid intelligence

Fluid and crystallised intelligence stem from the work of Raymond Cattell. 

Fluid intelligence is the ability to think logically and solve problems in  novel situations. 
This includes the identification of patterns and relationships. 
Keeping in mind that mathematics concerns itself with patterns and relationships as expressed in numbers and equations,  it should come as no surprise that measures of quantitative reasoning correlates well (r= .6 ) with measures of fluid intelligence. 

How does this relate to teaching of young children?
One only have to look at the content of psychological and educational tests to quickly realise aspects of fluid intelligence are embedded in the activities that we routinely (or should routinely) do in grade R and 1 classes. 






30% 

17% 

25% 
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The following examples are based on data collected JET for the Centre for Education Practice and Research at the University of Johannesburg in February of this year. 
300 grade 1 learners were tested in four languages, Afrikaans, English, Sesotho and isiZulu using the Cattell Culture Fair Test. 
The English sample consisted of children speaking English as a Home Language as well as children in English LoLT schools, whom do not speak English as a Home Language.
Both townships and town schools, public and independent schools were included in the study. 
The Culture Fair test is administered in small groups of a maximum of 5 learners. 
It takes roughly 30 minutes to administer. 


Visual discrimination – finding the one that is the same or the odd-one out 
This is not mentioned in the grade R or 1 curriculum but implied in many of the typical classroom exercises
SA kids – 30% of the 300 grade 1’s tested completed this item correctly
Left/right…spatial orientation

Pattern completion – finding the next one in the series
This is explicitly stated in the curriculum - “ identify and extend patterns”
SA kids – 17% of the 300 grade 1’s tested completed this item correctly
SA kids -  25% of the 300 grade 1’s tested completed this item correctly





 
 
 
 
 
 
 
 
 
  25% 

19% 
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Classification – form of inductive reasoning and categorisation – the child must discover the underlying characteristic
In this example shapes are used, but it can be objects or animals too, e.g.   A cow, goat, horse, bird and dog… which one does not fit?
Only mentioned in the curriculum in sorting activities – but can fit easily into theme discussions in language as well as in space and shape and data handling in mathematics 
SA kids -  19% of the 300 grade 1’s tested completed this item correctly

Matrices – form of deductive reasoning – the child must start with a stated rule in the form of  a matric and then engage in noe or more steps to reach a solution. 
This is not mentioned in the curriculum but could be addressed as part of pattern completion. 
SA kids -  24% of the 300 grade 1’s tested completed this item correctly
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This graph shows the number of learners whom achieved a specific score in each of the 6 subtests. 
On the left hand side you will note that in all subtests the majority of the learners achieved scores of 2, 3 or 4 out of the maximum of 15.  

We did not control for attendance of grade R. 
An estimated 50% of the learners tested did not attend formal grade R classes. 
One would hope that the picture would look better for learners that did attend formal grade R. 
However, without the luxury of 100% access to grade R this is most probably the situation that most of the grade 1 teachers face in the beginning of every school year. 





Still not convinced? 
 
Testing almost 1000 grade 1 learners  at end of grade 1 year 
o between 1 and 5% reverse/rotate numerals 
o between 1 and 5 reverse digits in two-digit numbers 
o almost 10% confuses before and after 
o 5% of learners confuses less and more 

 
The % reversals and rotations pretty much the same for grade 2 and 
3 learners 

 



Working memory 
 
Multi-component storage and processing 
unit 
o phonological loop – verbal and auditory 

information, allow understanding of 
verbal instructions 

o visuospatial sketchpad – visual and spatial 
information, shape and location,  visual 
imagery 

o central executive – attentional control 
system, allow focus of and swifting  of 
attention, evaluation of pieces of 
information 

 
Most important domain-general predictor of 
mathematical achievement 

 
 

 
Baddeley & Hitch, 1974; Baddeley, 2007; Friso-van den Bos, 
Kroesenbergen & Van Luit; 2014 
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Working memory – 

Multi-component system 



What about perceptual building 
blocks? 
 
Research not clear 
 
Correlation between visual 
perceptual, motor and visual-motor 
integration and achievement in 
mathematics 
 
What is certain? 
 



Policy implications 
 
Looking at finer categories of learners 
struggling 
 
Going back to the real basic building 
blocks 
 
Making the perceptual and conceptual 
blocking blocks explicit 
 
Teacher training – remedial teachers and 
educational psychologists or all teachers? 
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