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Process skills in Mathematics Education and Bowland Maths.
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Values implied by current practice

Acurriculum is fragmented
- disparate skills arranged intivel)
AExaminations test fluency in routiqeocedures
- predictable, little reasoning or process skills

ATeaching is usually Bifansmissio®
- XXX teaching: explanation, example, exercise

ALearning is mostly imitative
- textbook based
- individual written work given priority
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Maths has become boring...

A aMany pupils, especially in
secondary schools, described a
lack of variety, which they found
dull. Typically, their lessons
concentrated on the acquisition  ~
of skills, solution of routine
exercises and preparation for
tests and examinations.

A ¢6Every lesson, you have to
answer questions from the
textbook. It gets borin§2 ¢

A (Mathematics: Understanding the
score, Ofsted, 2008)
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Goals of Mathematics Teaching

AProcedural Fluency
T carrying out procedures accurately and fluently
AMathematical Understanding

1 the ability to justify why a particular mathematical
statement is true or where a mathematical rule com|
from.

AMathematical Processes / Practices

T The ability to make strategic decisions when solvin
problems, to reason, to prove and communicate
results
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I dm calling on our nationds ¢
chiefs to develop standards 4
measure whether students can fill in a bubble on a test,

but whether they possess 21st Century skills like

problem solving  and critical thinking  and entrepreneurship

and creativity .

Remarks to the Hispanic Chamber of
Commerce on a complete and
competitive American Education
March 10 2009.

Mathematical Practices (US)

— Make sense of complex problems and persevere in solving
them.

— Reason abstractly and quantitatively

— Construct viable arguments and critique the reasoning of
others.

— Model with mathematics.

— Use appropriate tools strategically.

— Attend to precision

— Look for and make use of structure

— Look for and express regularity in repeated reasoning.

— (Source: Common Core State Standards for Mathematics)
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The modelling process

Real world

Formulate ' Validate

Solve Interpret

Problem

Mathematics

Key Processes (UKModeling (US)

i Represent Formulate

Identify the maths in situations, and select methods
representations and tools to use

i Analyse/ Solve

Analyse and reason while working on problems

i Interpret and evaluate/ Interpret and validate
Interpreting findings and strategies and constructin
arguments

i Communicate and reflect Report

Share findings and thinking effectively.
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know

A120 top students were
given real problems to
solve outside the
classroom. Bike or Bus?

ANonechoseto use Terry is soon to go to secondary
algebra. school.

- The bus trip to school costs 50p and
A (Treilibs, 1980) Terry6s parents ar

alternative of buying a bicycle.

Hel p Terrydés paren
do by carefully working out the
relative merits of the two

d1 dzi KSy G
Problem solving tasks
tasks

Choose appropriate
mathematical tools

G¢SEGOR27 ¢
Concept tasks

Mathematical
topic

Exercises and Applications

Who chooses the mathematical ideas to employ?
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Formulate the problem

AMake simplifying assumptions

1 suppose each wheel turns in a circular arc.

i just consider the how thevheelscut the corner.
AList and select important variables

i distance between rear and front wheels)(

i radius of bendn;

T amount the rear wheel cuts the cornex)(
AList and select important relationships

1 If I increasav, what is the effect ox?

1 If l increase, what is the effect orx?

i can we sketch grapRs
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Formulate the problem

AcChoose helpful
representations

i (e.g. physical model, Bus

diagrams, graphs,
9 grap ) Wheelbase
e
|
7
H

! v

| /Radius of
1/ outside edge
v of cycle lane.

r = radius of cycle lane
w = wheelbase of bus

x = distance bus cuts intf '
the cycle lane v
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Solve
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Check, interpret and validate

Try a special case. Make a prediction and check it.
Suppose that:

wheelbase 4 metres and
radius of corner 5 metres.

R
x=5=325-16
x=8or2

What does the =8
solution mean?
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What types of problems? What student roles?

APlan and organise

T Find an optimum solution subject to constraints.
ADesign and make

i Design an artefact or procedure and test it
AModel and explain

T Invent, explain models, make reasoned estimates
AExplore and discover

i Find relationships, make predictions
Alnterpret and translate

i Deduce information, translate representations
AEvaluate and improve

i Review and improve an argument, a plan, an artefac
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Numeracy through problem solving

A The teaching, learning and
assessment of numeracy
through solving real problems:

i Design a Board Game
AGeometry, probability
1 Plan a Trip
AMoney, time, distance
i Be a Shrewd Chooser
AMoney, data handling,
i Be a Paper Engineer
A3D geometry, algebra
i Produce a Quiz Show
AScheduling, fairness




For this card to
function correctly,
what geometric
properties must it
have?

The card must
close and fita
rectangular
envelope.

Evaluate: Is this reasonable?

n Cats can't add but they can multiply!

&

Is this figure of
2000
realistic ?

In just 18 months, this female cat can have
2000 descendants

Make sure your cat cannot have kittens

2months o oo e
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BMI

3m 80kg

Explore and discover: How does BMI work?

[ Ao

Body Mass Index (BMI) Calculator
Enter values for height and weight.

Height: metres
Weight: kilograms

BMI: 23.9

This personisinthe [ Ideal weight | category (for adutts)
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Interpret and Translate: Which sport?

A Which sport will give a graph like this?
A Write a commentary explaining what is happening.

Speed

/L

Time
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Bowland Maths.

Professional development support

A 5 modules cover the main pedagogical challenges:
A Each is in three parts:

Alntroductory session :
Teachers work on problems, discuss pedagogical challen|
they present, watch video of other teachers using these
problems and plan lessons.

Alnto the classroom:
Teacher teach the planned lessons.

AFollow -up session :
Teachers describe and reflect on what happened, discuss
video extracts, and plan strategies for future lessons.
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Video narrative for
inexperienced presenters or
self-paced use

Seaaag -
Quick navigation for (<]
experienced leaders
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1. Where is the Maths in this?

AThe mathematics is not evident to students
AThe mathematics doeseem difficult enough.

AHow and when do we develop the necessary
maths technique for real life problem solving?
i Before? During? After?
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... and build....
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....and build....
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Revise a structured design problem
A Designing a box for 18 sweets =
A You work for a design company and @IT
have been asked to design a box that
will hold 18 mints. Each mint is 2 cm
in diameter and 1 cm thick. The box
must be made from a single sheet of
A4 card with as little cutting as

possible. On the grid paper below, /4
show clearly how the card can be :/T
folded up and glued together to make #W"‘
Lol
-

the box.
Make your box to check.

What decisions have been made for the students?
Revise the task so that some of these decisions are
handed back to students.
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An unstructured version

A Designing a box for 18 sweets

A You work for a design company and have been
asked to design a box that will hold 18 sweets.

A Each sweet is 2 cm in diameter and 1 cm thick.

A The box must be made from a single sheet of A4

—2am—

4

L
X must ‘ ' T
card with as little cutting as possible.

A Compare two possible designs for the box and say
which is best and why.

A Make your box.
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New
Math

Ground rules for students

ATalk one at a time

Ashare ideas and listen to each other

AMake sure people listen to you

AFollow on

AcChallenge

ARespect each oth& opinions

AEnjoy mistakes

Ashare responsibility

ATry to agree in the end
2KEG Aa GKS GSHOKSNRa NE

AMake the purpose of the task clear

AKeep reinforcing théground rule€

AListen before intervening

AJoin in, do®judge

AAsk learners to describe, explain and interpret

ADo not do the thinking for learners.

ADor®be afraid of leaving discussions unresolvec

Bowland

Purposes of whole class discussion

ALearners presenting and report on what they
have found.

AThe teacher recognisédig ideasand gives
them status and value.

AThe learning is generalised and linked to other
ideas.
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Bowland Maths. 18

Boomerangs

APhil and Cath make and sell boomerangs for a school event.
AThey plan to make them in two sizes: small and large.

APhil will carve them from wood. BOWIand Maths- 18

AThe small boomerang takes 2 hours to carve and the large one takes 3
hours. Phil has a total of 24 hours available for carving.

/ACath will decorate them.
She only has time to decorate 10 boomerangs of either size.

Bowland Maths.
AThe small boomerang will make $8 for charity.
AThe large boomerang will make $10 for charity.
AThey want to make as much money as they can.

AHow many small and large boomerangs should they make?
AHow much money will they then make?

Whole class discussion:
comparing different approaches o
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