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The Teaching and Learning of Mathematics:
Why does it actually matter?

X [I cannot] imagine an educatdderson] acentury from now who will
not be largehbilingual ... ilboth a natural language and
mathematics. For these two are the tools essential to the unlocking of
new experience and the gaining of new powersinformedoowers
of mind and a sense of potency in action are the only instruments we
can give the child that will be invariable across the transformations of
time and circumstancdOn knowing: Essays for the laindby

Bruner 1979, p. 122)

If you think
education is

expensive, try
ignorance.
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The Context: Globalization

X Neverin the history of humankind have global connections had such
a broad reach and deep impact on the selves and identities of an
Increasing number gbeople(Hermans& | S NX I y a b,2@1¢,2 LJ|

p. 21]).

X Themajor driving forced®ehind globalizatiormre asymmetric power
relations, advancing technologies, global media corporations, and
free market capitalismOerudder Hoyler Taylor, &Witlox, 2012.

x Glocalizationis a composite derived from the Japanese word
dochakukaRobertson, 1995)
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Conceptual Age

X Froman economy and a society built on the logical, linear,
computerlike capabilities of the Information Age to an economy and
a soclety built on the inventive, empathic, gpgture capabilities of )
gKIFIGQa NAaAAY3I AYy Ada LI OSZT GKS
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CONCEPTUAL AGE

(affluence, technology, globalization) (creiiohs cnliomipioih o)
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INFORMATION AGE
(krnowledge workers)
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INDUSTRIAL AGE
(factory workers)
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AGRICULTURE AGE

(farrrzers)

(Pink, 2005, p49)

18th century 19th century 20th century 21st century




Strategic Vision: Flinders Future Focus (204216)

x By giving our people the best possible environment, we are creating
a space in which imagination and creativity can thrlve and innovation

and collaboration can emerge. PutsimglySs O v OK | y 35S
lives.

X Flinders atlonsleycentrallylocatesthe Schoolof Computer Scienge
Engineering and Mathematicwith the Medical Device Research
Institute and theCentre for Nanoscale Science and Technology
It 2y daARS azyYS 2ubineksBsSahdindilRiGeQa 0 A .

X Flindersat Tonsleyis also a hub for entrepreneurs and next
generation starups through theNew Venture Institute(NVI). The
NVIc the centre of innovation and entrepreneurship at the University
C runs programs, mentors and helps the next generation of ideas to
become reality

x Shriki(2010): disparate elements



Another ExampleScience-Creativity-EducatiBtudio

d SciC-Ed

University of S T U D I U

South Australia Science Creativity Education

In 2018 the University of South Australia is to opgrauindbreaking new space that
will bring cuttingedge research to lif@ with an aimto challenge conventioninspire
creative minds and have fun!



What is the point?

x All role players in Education needdppreciate the current thought of
their epoch (Whitehead asited inBereiter& Scardamalia2006, p. 69b

x Weare currently preparing students for jobs that do not yet exist, to use
technologies that have not yet been invented, and to solve problems that
S R2Yy QU SOSY 1y(2)wllnthllﬁnorthICE)83f Sya e ¢

x In particular, ifi S OKS NE _ | NB
| Of SIF NJ LIAOUdzNE 27
(Genzwein 1970, p. 419

X The 2% century is a century of complexity; embrace complexity (Hawking
as cited in Davis arsimmt 2003)



The Overall Goal of Education
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x OneX FIl OO0 Ydzad |Fadz2yAakK dzas 2N N
us if we were not too much accustomed to it. How does
it happen that there are people who do not understand
mathematics? If the science invokes only the rules of
logic, those accepted by allwdll2Z2 NY SR YAYRa X K29
does it happen that there are so many people who are
entirely impervious to it? (as cited #fard 1991, p. 1,
French original was published in 1908)




What do we know?

[£'s a The Blind Men and the Elephgnt
Fa\n(' by American poet John Godfrgy
' G Saxe (1816myy TU0 OlJa SR
) L famous Ancient Indian parable
& l.\.\») o = (http://www.salagram.net/Elep
et 1ts hantblind-men.htm)
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Tremendous Knowledge Gains in Mathematics Education

x2S KIS YIRS Kdz2S LINEPINHK\aa Ay 2
ly2ot SRIAS | o0o2dzi WgKIU @02NJaQ Ay
appear to have had any great impact on the way that mathematics is
taught and learnt around the worldWiliam, 2003,p. 473

x Lester, F. K., Jr. (Ed.). (20088cond handbook of research on
mathematics teachin@nd learning A project of the National Councill
of Teachers of Mathematics (Vol. Oharlotte, NC: Information Age

x Lester F. K., Jr. (Ed.). (20078¢cond handbook of research on
mathematics teachin@nd learning A project of the National Councill
of Teachers of Mathematics (Vol. Eharlotte, NC: Information Age.




The Web of Belief

. Conservatismp  (1i#eS/process/concept (IP@ay have to
conflict with some previous beliefs, but the fewer the befter

. Generalityg 0 KS LI lad2RQ depebdirged/ orzhdw

compatiblethe IPC is with respect twur being observers placed at

random in the world;

. Simplicitygp ¢ KSy (IRCIdNIBoode N@ween, and their

claimsare equalexcept in respect of simplicity, the one that

appears simpler to implement meferred,

. Refutabilitye &2YS AYlF3IAYIFIofS S@OSyizx |

must sufficeto refute the IPC;and

. Modestyp 0KS fSaa auzNB GKS o0SadS
t

\
(adapted from Quine &lllian, 1970, ppno pwmMT | { a2 2
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Teaching for Learning Principles

I N@Vinne & NeésbitR2810)A O

1. Contiguity 2. Perceptual- 3. Dual Code and | 4. Stories and 3. Multiple
Effects Motor Grounding | Multimedia Example Cases examples
Effects

6. Anchored 7. Generation 8. Organization S. Partial 10. Coherence

Learning (Prior Effect Effects Metacognition Effect

Learning)

11. Feedback 12, Negative 13. Desirable 14, Goldilocks 15. Segmentation

Effects suggestion Difficulties Principle Principle
effects

16. Manageable | 17. Explanation 18. Deep 19. Cognitive 20. Cognitive

Cognitive Load Effects Questions (How? | Disequilibrium Flexibility

Why?)

21. Discovery
Learning

22. Self-regulated
Learning

23. Testing Effect
(Formative and
summative
Assessment)

24, Spacing Effect

25. Examination
Expectations




Teaching for High Quality Learning

Dimension Descriptions in literature

Extent Extent, extensive, quantity of major ideas, scope of knowledge
(deep)

Well-foundedness Accurate, accord with reality, accord with the relevant

knowledge community, relevant data, correctness of responses,
thorough understanding (deep)

Structure Structure, economy, capacity, well-integrated (deep),
organization, shape

[Complexity Relating operation, (deep) understanding, complex, precise,
adequacy of justification; adequacy of explanation; elaborated,
degree of synthesis, logical coherence, consistency and closure,
internal consistency, integration, coherence with prior beliefs

[Generativity Supportive of transfer, flexible, power, transfer-appropriate
processing, robust encoding, extended abstract, availability,
generativity

Representational Variety of types of memory element, imagery, knowing-

ormat in-action and personal practical knowledge, declarative,

procedural, semantic, episodic, verbal/visual

(Lawson& Askelb 2 A £ £ A | Y&4E) H N M



The Process of Education (Bruner, 1960)

X TheWoods Hole Conference of the National Academy of Sciences
heldat Cape Cod, Massachusetts in 1959 supported the proposmon
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x Spiral curriculum (content; complexity)
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Nested Epistemic Action Model

Anepistemicaction isan embodied cognition that generated by a
Wi KAY |1 Nydd, 1893Z2)Re Q

RBC-C
Recosnizing
Building-with
Constructing
Consolidating

(Hershkowitz Hadas Dreyfus, & Schwarz, 20(Hershkowitz Schwarz, & Dreyfus, 2001,
Schwarz, Dreyfus, Blershkowitz 2009; SchwarXershkowitz & Dreyfus, 2002).



PirieKierenModel: Growth of Mathematical Understanding

Inventising

(adapted fromBorgen& Manu, 2002, p. 16XKieren Pirie, & Calvert, 1999; Martin, 2008; Piri&ki&ren
1989, 1992a, 1992h, 1994, 1997; WrigtQ14)



Symbol Processing Model: Growth of Mathematical Understanding

x Gray& Tall (1994, 2002, 2007); McGowan & Tall (20B68yg& Tall (2010); Tall (2000, 2008); TaWi&ner(1981)

x Why is it that so many intelligent, wetained, wellintentioned teachers put such premiumon
RSOSt2LIAY3I aiddzRSyiaQ ajlAiAftft HegpiteidécadedfBoume koyhs a 2
contrary from secalled experts? What is it that teachduasow thatothers do not? (Kilpatrick, 1988, p.
274)




