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• Challenges of and opportunities for 

reform in numeracy and early algebra 

education. 

• What makes reform difficult and how such 

difficulties may be addressed?



In the context of this symposium

• Reform is to be understood as: 

a shift towards goals and classroom practices 

such as those advocated in the theories of 

Realistic Mathematics Education (Holland), 

Didactical situations (France) Problem-centred 

learning (USA and South Africa) and Cognitively-

guided instruction (USA) 



Key ideas for RME 

• The argument is: commencing mathematics 

teaching and learning at a more formal and 

abstract level without first engaging learners’ 

informal knowledge does not develop conceptual 

understanding.

• Learner-centred instructional approaches should 

enable learners to move from their own intuitive 

solutions to more sophisticated, formal strategies 

of working on problems.



‘Realistic’ in RME has a broader connotation 
(Van den Heuvel-Panhuizen and Drijvers, 2013)

• means learners are offered problem situations 

which they can imagine.

• problems presented to learners can come from 

the real world, but also from … the formal world 

of mathematics, as long as the problems are 

experientially real in the student’s mind. 

• A distinction is made between horizontal and 

vertical mathematization (Treffers 1987).



Marja van den Heuvel-Panhuizen (2010)

• Horizontal mathematization involves going from 

the world of real-life into the world of 

mathematics.

• Vertical mathematisation - moving within the 

world of mathematics. - the process of 

reorganisation within the mathematical system 

resulting in shortcuts by making use of connections 

between concepts and strategies.



RME Principles
(Freudenthal, 1979, 1968).

• The activity principle – Learners are treated as 

active participants in the learning process. 

Transferring ready-made mathematics directly to 

learners is an ‘anti-didactic inversion’ 

(Freudenthal, 1973) which does not work.

• The reality principle - aimed at students being 

capable of applying mathematics (situated at both 

the beginning and end of a learning process).



RME

• The level principle - learning mathematics means 

that learners pass various levels of 

understanding

• The intertwinement principle - mathematical 

domains/topics are not considered as isolated 

curriculum chapters but as heavily integrated. 



RME

• The interactivity principle signifies that the 

learning of mathematics is not only a personal 

activity but also a social activity. RME is in 

favour of whole-class teaching’. 

• The guidance principle - learners are provided 

with a ‘guided’ opportunity to ‘re-invent’ 

mathematics (Freudenthal, 1991). 



RME – Mathematics should be meaningful

(Gravemeijer, 2004; Van den Heuvel-Panhuizen & Drijvers, 2013)

• Learners have to be active in constructing their 

own knowledge

• Should experience mathematics as a human 

activity

• Should reinvent conventional mathematics by 

mathematising both subject matter from reality 

and mathematical matter under guidance of the 

teacher
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The program of work in a reform 

classroom

may consist of:

• a program of learning activities providing for 

developing of basic skills, factual knowledge, 

representations

• interspersed by periods/sessions in which 

learners engage with challenging tasks and 

productions that emerge from such 

engagements, involving one or more of the 

elements: 

–engage/articulate/reflect/refine/extend:



The program of work in a 

reform classroom
• Linear or non-linear?

a program of learning activities providing for developing of 
basic skills, factual knowledge, language and notations
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The expectation in a Reform 

Classroom

is that learning in this way will produce much more 

than procedural and factual knowledge: 

• Learners learn to act mathematically

• Learners acquire conceptual knowledge

• Learners acquire productive dispositions with 

respect to mathematics

• Learners engage in mathematical practices in 

increasingly sophisticated ways



Reform Classroom 
Learners learn to act mathematically

Learners acquire conceptual knowledge

Learners acquire productive dispositions with respect to mathematics

Learners engage in mathematical practices in increasingly sophisticated ways

Learners 
articulate their 

productions

Learners extend on
their actions and 

productions

Learners refine 
their actions 

and productions

Learners reflect 
on their actions 
and productions

Learners 
engage with 
challenging/
novel task

Gradual sophistication of procedures, enscription and articulation

However, it does not necessarily work well, 

in fact it does not necessarily happen at all.



Critical for the Learner
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Currently in South Africa (SA)

• There are Curriculum and Assessment Policy 

Statements (CAPS) for various phases 

• Various views about teaching and learning 

Mathematics still existing

• Draft document by the Ministerial Task Team:

Mathematics Teaching and Learning 

Framework for South Africa – Teaching 

Mathematics For Understanding still to be 

formally presented  to the bigger Mathematics 

Education Community



Model of 
Mathematics Teaching and Learning

CONCEPTUAL
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SA (CAPS)

• defines Mathematics as:

“a language that makes use of symbols and

notations … a human activity … It helps to

develop mental processes that enhance

logical and critical thinking, accuracy and

problem-solving that will contribute in

decision-making.”



Interpreting the definition in the context 

of a Mathematics classroom

- “Mathematics teachers should be planning 

and presenting lessons that engage 

learners in conceptual thinking about 

mathematical ideas, developing their 

mathematical language in order to express 

themselves mathematically, building their 

procedural competence in ways that 

enable them to use mathematical 

procedures effectively in both routine and 

problem solving activities”
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Teacher’s Role

“the teacher is at the epicentre of the 

learning process”.

In the context of “reform mathematics”

• Should guide the sophistication (Cobb)/ specification

(Bernstein)/ institutionalisation of “mental methods” 

(connoisances) towards conventional formats 

(savoirs) (Didactique – Brousseau) 



Mathematics

Deconstructing mathematics as a human 

activity and a body of knowledge, with 

education in view 

is a prerequisite for 

• designing quality tasks for learning,

• articulating advanced curriculum goals, and 

• providing adequate initial teacher education and 

in-service training.



What makes reforms difficult?

• In the SA context, Quick response might be:

• As long as teachers do not see their role 

changing with reforms, nothing will change 

in their classrooms

• Without teachers experiencing the kind of 

teaching and learning envisaged, the good 

intentions will never be realised. (Teacher 

quality matters). 



Some thought

• Let us get rid of the teacher and allow 

learning to take place

Will this be a better solution?



Promote learning to an extent to which learners are conscious 

of  what is going on

Teaching towards learning as a process task-

consciousness  



What makes reform difficult?

• One of the factors that would always affect 

mathematics’ performance of learners is: 

a variety of teaching and learning styles are 

to be found in operation in mathematics 

lessons, each depending on/influenced by: 

- the teacher’s knowledge (skills and 

attitudes) of mathematics and

- the teacher’s knowledge about

mathematics.



Some points to ponder…………..

• Teachers are VERY special people

• But we seem to want them to be 

SUPERHUMAN

• There is no time to experiment with learners 

– they grow up too quickly and we have but 

ONE chance to educate them and equip 

them



What makes reform difficult?

• The kinds of tasks, questions, classroom 

interactions and targeted content that 

ground mathematics teaching and learning 

within and across the different educational 

levels in most cases seem to:

- lack coherence

- lack focus on important mathematics 

and 

- lack appropriate articulation.



Teaching for conceptual understanding?

Learning 

Material 

Development 

Engagement

Whole Class 

Engagement

Learner-

Facilitator 

Engagement

Learner-

Learner 

Engagement



Learner engagements
• Learner – Material engagement

Enables the learners to make sense of 

mathematics as a domain of conceptual activity 

that is rewarding in the sense of personal 

identity/expression and useful engagement with 

aspects of reality. Enables formation of own 

opinion for later engagements. 

• Learner – Learner engagement

Allows spontaneity of engagement while it also 

provides retreating base for further refinement of 

thought.



Learner engagements

• Learner-Facilitator engagement

Offers opportunity to engage Individual 

learners through setting up situations in 

which they engage productively, followed 

by reflection and construction of 

knowledge and development of capacities 

to act mathematically. Provides platform for 

learner-learner or whole class engagement 

with confidence and clarity of thought.



Learner engagements

• Whole Class engagement

This is the ultimate forum to clarify and 

consolidate thoughts. There is creation of 

an environment that nurtures and refines 

learners’ intuitions and technical skills. 

Further reflections in action occurs and 

may guide further teaching.



Recommendations

• Shared philosophy – Mathematics should be 

meaningful

• Success in mathematics requires a shared 

philosophy of teaching and learning

• Are we for teaching for conceptual 

understanding or NOT?

• What is best for learners?



Shared philosophy?

• If a philosophy for teaching and learning 

mathematics is not shared, the struggle 

continues

• As long as teachers; tertiary educators; 

curriculum developers and material developers 

(textbook authors) do not see their roles 

changing with reforms, nothing will change in 

the classrooms particularly at school level



The reform enterprise
• Both Quality and Quantity are national needs (Prof 

John Bradley’s presentation) 

Teachers receive 
sufficient training and 
professional support



Recommendations

• Constructive alignment

If we agree that students are to be given room to 

work on their own solutions, there is also room 

for teachers, teacher educators, teacher 

counsellors, researchers and developers of 

mathematics education, and textbook authors, 

to include their own nuances in the core ideas 

of Reform.

Implementation accompanied with ownership for 

all involved in the reform is an essential value.



Recommendations
• There should be constructive alignment among 

the kinds of tasks, questions, classroom 

interactions and targeted content that ground 

mathematics teaching and learning within and 

across the different educational levels

• The teaching and learning of mathematics should 

remain anchored on the bigger picture and in 

that way mathematics is meaningful, 

accessible, expandable and transferable

(Maoto, Masha & Maphutha, 2016). 



Recommendations

• A Reform Requires Professional 

Development of Teachers

- teachers learn the same way as learners, 

thus for them to expose learners to 

experiencing mathematics, they should 

have experienced it 



Recommendations

• Integrated approach

“One insight we got is that there’s almost no 

mathematics worth learning that breaks into lesson-

size pieces,” (Daro, …)



Recommendations
For teacher education

• Constructive alignment across and within the 

levels

• Re-curriculation processes should take care 

of expectations at school level, i.e. 

curriculum design to be within the negotiated 

and agreed upon mathematics framework

• Our classroom interactions should model 

what we expect student teachers to go 

and practise in schools 



A
n

d
 e

v
e

n
 m

o
re

 s
o

, 
it

 

re
q

u
ir

e
s

 f
o

c
u

s

Dung Beetle Dung Ball Battle !.mp4


../Videos/Concorde Final Take off BA (Awesome Angle).mp4


THANK YOU


