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Plan for this session...

Why modelling?

Examples/ideas for modelling tasks.
Try to create a modelling task.
Sources of ideas for tasks.

Sometimes they do not go as expected.

AR O

Questions
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QCAA Senior Syllabuses

Problem-solving and mathematical modelling

A key aspect of leamning mathematics is to develop strategic competence; that is, to formulate,
represent and solve mathematical problems (Kilpatrick, Swafford & Bradford 2001). As such,
problem-solving is a focus of mathematics education research, curriculum and teaching (Sullivan
2011). This focus is not to the exclusion of routine exercises, which are necessary for practising,
attaining mastery and being able to respond automatically. But mathematics education in the 21st
century goes beyond this to include innovative problems that are complex, unfamiliar and non-
routine (Mevarech & Kramarski 2014).

Problem-solving in mathematics can be set in purely mathematical contexts or real-world
contexts. When set in the real world, problem-solving in mathematics involves mathematical

modelling.
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Foundation principles

e The modelling process, including a graphical
representation, should be understood.

*  The modelling process should be applied to a problem
before it is presented to students- to be equipped to
anticipate the many contingencies

* Report documentation should develop in parallel with
progress through the stages of the modelling process.
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Principles for modelling task design

1. Nature of the problem:

Problems must be open-ended and involve both intra- and
extra mathematical information.

The degree of open-endedness is dependent on students’
previous experience with modelling.

* Less experienced students need additional scaffolding,
questions or information.

* Most experienced students should be expected to engage
with less defined problems.
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Principles for modelling task design

2. Relevance and motivation

* There is some genuine link with the real-world problem of
the students.

* This will depend on factors including students’ age, year
level, personal circumstances etc.

* Problems need to be tractable from the perspective of the
student group.
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Principles for modelling task design

3. Accessibility

Is it possible to identify and specify mathematically tractable
questions from a general problem statement.

Is there a mathematical approach accessible to students?

Problems must be tractable from the perspective of the student
group.
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Principles for modelling task design

4. Feasibility of approach

Formulation of a solution process is feasible, involving
a) The use of mathematics available to students;
b) The making of necessary assumptions;
c) The assembly of necessary data.

Teachers must work the problem
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Principles for modelling task design

5. Feasibility of outcome

Solution of the mathematics for a basic problem is possible
for the students, together with interpretation.

Expectations in relation to the type of response, for example
arithmetical vs generalised solutions, are dependent on the
characteristics and year level of the specific student group.
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Principles for modelling task design

6. Didactical flexibility

The problem may be structured into sequential questions
that retain the integrity of the real situation. (Having worked
through the problem, how can it be implemented?)

For example, can prompts/assistance to students be structured into
sequential questions ( identify the subsections of the problem)?
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Straight-sided Circles

In construction of large

circular shapes, engineers — & g
and builders often use g "“4;.;44,{:
straight sides as they are s

easier and cheaper to
construct. However,
visually it appears the
object is circular.

Figure 1 Fish Cages: Diameter 30 metres

Picture source:

https: om, oposed-cooke-
farm-opposed-by-local-

Task:

Fiqure 2 Tower of Pisa:
Picture source: Tahbepet CC

Determine the length of the longest straight side for either the  srsaz0

fish cage or the tower of Pisa could have.

Generate a model to determine the length of the longest straight section that
can be constructed for a circle of appropriate radius so that it will appear to
form the circumference of the circle.

Use the Problem-solving and modelling approach to assist you.
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Straight-sided Circles:
Solution

You will probably find that some students will attempt an approach
that you have not thought about.
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Boy in a Ball

At a shopping centre
recently, | saw this
activity.

How long should a
person be allowed to
stay in the ball?
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Dripping tap

Sources claim that a dripping tap will
waste 20 000L of water in a year. (An
average backyard swimming pool is
about 40 000L.)

Build a mathematical model for the loss
of water from a dripping tap and use
this model to determine whether either
of these results are reasonable.

List the assumptions necessary for your
model to be valid.

Justify your conclusions mathematically.

Change one of the assumptions and
investigate the effect on the result.

19 | Trevor Redmond | Breakout 6 | Enablers Symposium, May 2021 For non-commercial educational purposes only

19

Modelling Tasks

INSTITUTE FOR
e A U LEARNING SCIENCES
& TEACHER EDUCATION

Big Iceberg
Show a possible iceberg on the picture below. You need to justify
your conclusion.

Cuogle  me—— )

&
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Use the resources on the next slide to help you.
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Big Iceberg (continued)

There is an incorrect statement in the article. What is it and why
is it incorrect?)

Antarcticice Crack in the ice
cracks apart ecicn. oo by

Antwctcn, caphurest by
WASHINGTON: A mass‘il\;g
crack is growing wider in
Antarctic ice sheet and could
break apart in coming months,
forming a gigantic iceberg,
NASA scientists warned
yesterday. The crack in
western Antarctica’s Pine
Island Glacier stretches for at
least 30km and runs 50m o
deep. It is widening at a rate
2m a day. When the ice breaks
apart, it is expected to produce
an iceberg more than
880sq km long.

Agence France-Presse
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Where should we sit at the movies?

* When we go to the movies, one the
guestions that is always: “Where do you
want to sit?"

* Consider a movie theatre with a
sloping floor.

* What attributes should the best
position have?

* Using these attributes generate a
mathematical model and use it to
determine the best location to view the
movie.
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A plate of large proportions

Quite often in archaeologically digs, pieces of
pottery are discovered. Archaeologists want to
know the size of the plates. The photo has a scale
of 1:20.

* Synthesise (build) a strategy and implement it
to determine the size of the plate, of which this
is a piece.

* Test your strategy on a plate of known size to
verify that your strategy works before you use it
on this specific example.

* Detail any assumptions you feel necessary for
your strategy to be valid.

Detail any limitations that may cause you to
have concerns about the conclusions your
strategy leads you to.
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Design a dipstick

A dip stick is a long stick with graduations on it
and is used to indicate how much fuel is
remaining in a tank. The dipstick is placed in the
tank and when withdrawn, the reader is able to
identify where the dipstick ceases being wet and
obtains an indication of the remaining fuel in the
tank.

Build a dipstick for the following fuel tank.
i The fuel tank is 5m long and has a
diameter of 2m.

Detail any necessary assumptions you
need to make.

Provide a drawing/table of your dipstick
with the amount of fuel in the tank.
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Building a task
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Idea for a task...

Macca’s ad
 https://youtu.be/xN7FIEebH5g

¢ Mowing in a circle

Suggestions for a task

Year level
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Building a task
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Some (possibly useful) websites...

* https://my.nctm.org/blogs/sarah-
hampton/2019/02/11/examples-of-
effective-modeling-activities

» https://serc.carleton.edu/ANGLE/ed

ucational materials/activities/20574
3.html * https://data.worldbank.org/

Data sites

* https://data.worldbank.org/indic
ator/EG.ELC.RNWX.ZS

* https://serc.carleton.edu/integrate/t
eaching materials/energy and proc
esses/activity 4.html

* https://serc.carleton.edu/integrate/t
eaching materials/energy and proc
esses/activity 2.html

* https://serc.carleton.edu/sp/cause/
mea/examples.html
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Just because you can get it to work, does not mean
they will get it to work...

Building paper helicopters

Task:

Design and build a paper helicopter that
will reach the ground (3 stories) in
exactly 20 seconds.

Experiment with the size of the helicopters. Change their wing sizes and pitch.
Drop the helicopter from a height ( third story) and record the time it takes to
reach the ground.
Investigate what happens if you create a helicopter with:

» Big wings.

* Small wings.
How does changing the pitch effect your helicopters?
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For further
*4 Information
and great
M classroom

resources...
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