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Key Findings

A We need more young people to know more
mathematics and to be confident in using it.

- The guantitative demands of almost all
university courses are increasing

- In the workforce there is a steady shift
towards jobs with higher skill levels
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Supply and Demand in HE

A We estimate that of those entering higher
education in any year, some 330,000 would
benefit from recent experience of studying
some mathematics (including statistics) at a

level beyond GCSE, but fewer than 125,000
have done so.
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Mathematics in the workplace

A Mathematical modelling

A Use of software packages

A Costing

A Performance indicators and ratios

A Risk

A Quiality and statistical process control
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Parallels: HE and workplace 1

HE Workplace

Students have been  Entrants to workforce
nave been drilled In
passing exams
rather than in
understanding maths
and its application.

drilled to pass their
examinations and
are unable to use
their mathematics
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Parallels: HE and workplace

HE Workplace

Many courses only Progression at work may
require C in Maths at depend on understanding
GCSE, but make concepts that rely on a
significant Mathematical knowledge of maths beyond

demands on their students.  that directly used in the
workplace.
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Parallels: HE and workplace
HE Workplace
Data collected in many The universal use of
subjects is processed computers in the workplace,
on software packages, has increased the demand
making it more for mathematical skills and
important for students to understanding underlying
understand the basic mathematical models.

statistics that is being
applied.



International comparisons

A These show that more in comparable
countries, more people study more
mathematics to a higher level than we do In
England.



Recommendations

A Policy

A National Curriculum (up to age 16)
A Provision post16

A Assessment

A Teacher education and CPD

A Information, advice and guidance
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The Mathematical Needs
of the Learners
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Sources for the report

A collectivethinking in seminars
A classroom teachers

A qualityresearchandreports, e.g.
I NCETM: Mathematics Matters
I Nuffield: Key Understandings in Mathematics Learning
I Smith Report
I Cockcroft Report
A academics

A policy-makers
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| earners need

Ato be successful and proficient in mathematics
Ato learn mathematics well

Ato engage in mathematics lessons



... achieved through

an environment in which:

A all learners can be confident and successful in
mathematics

A relevant policy decisions are made according
to their mathematical needs



The environment that provides for
their needs includes:

A the subject knowledge of thoseho teach them
A the curriculum they argaught
A the mechanisms by which theyre assessed

A the & O K 2agcoufitabilitystructures,
management and priorities.
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Subjectspecific values

A Subjectspecific values, knowledge and
methods of enquiry should be upheld
throughout the curriculum, assessment
methods and materials, and teaching method

and resources



Complex nature of proficiency

Proficiency irmathematicsincludes:

procedural recall, accuracy and fluency in famiiartines

opportunity to develop procedural, conceptual and utilitarian aspects of
mathematicstogether

ability to interpret and us@epresentations
a range ofmathematicalknowledgeandexperience

strategesfor problemsolvingand hypothesistesting, including working
with current digitaltechnology

mathematicalreasoning

appreciation of the purpose and usefulness of mathematics, and
willingness to use it.
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Testing regime

A The less easip-test aspects of mathematical
proficiency should not be reduced to
procedures In higlstakes assessments

A The assessment regime should encouralje
aspects oproficiency instead of shoiterm
teaching to the test, whichanhinder
understanding



Resource materials

A The production of resource materials should
be separated from the awarding organisations

A Resources such as textbooks should focus or
conceptual development rather than what is
to be tested at the next level of assessment



Knowledge and coherence

A Teac
who
deve

ning should be done kyowledgeablgéeachers
present a conceptually coherent and cognitively

opmental curriculum that addresses all aspects

of mathematical proficiency

A This implies a National Curriculum review cycle that
IS long enough to develop a coherent, informed,
package of assessment, textbooks and teacher
knowledge



Curriculum

ACME

The curriculum should include:
A key mathematical ideas and their complex connections

A mathematical proficiencpased on conceptual
development

A crosscurriculumlinks

A mathematical thinkingproblem-solving, generalisation,
proof

A mathematical capabilities, methods and questions that
arise from use of all available technologies

A sufficient detail and examples to avoid misinterpretation

A be reviewed at regular intervals, and be informed by
societal needs, advances in mathematics and technology,
and the current needs of learners
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. Contexts and
Progression > practices
Early Ideas Key ldeas New Meanings Later Ideas
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A All teachers of mathematics should be entitlec
to subjectspecific CPD

A Incentives and funding should be found for
non-specialists to undertake subject courses
at an appropriate level

Teachers



Institutional matters

A More work needs to be done to describe good
pedagogy for mathematical continuity at
transition stages

A School leaders should be informed about the
subjectspecific needs of learners and the
Implications for teaching



Barriers and opportunities
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Barriers about control...

A Teaching to the test
A Misapplication of quality control procedures

A Generic policy initiatives unsuitable for
mathematics




... and opportunities

A investigate international practices

A better tests (e.gthe new GCSEs, especiabuble maths)
A diagnostic assessmef(e.g. Catckup)

A subjectinspection criteria(Ofsted

A NCETMlaboration of TDAjeneral standards

A NationalCollegecould addressubjectpedagogy

A communitydriven subject development

A rethinking ofqualifications

A NCETM support

A Subject specialists in key roles: (€dfsted DfE Ofqual)



Barriers about conceptual
development ...

A Some text books and other teaching resources offer
very limited opportunities for conceptual
development

A Some teacher subject knowledge is limited; the
necessity and opportunity to undertake funded study
of mathematics knowledge and pedagogy are limitec
INITT and CPD



... and opportunities

A nationalstandards for textbookresource design?
A developsubjectknowledgein ITT andCPD

A NCETMaccreditationfor subjectspecific CPD

A MAST, SKE and other courses

A CMathTeach

A subjectassociatioractivity

A audit of subject specialist teache(SCORE)




Barriers about technology...

A Use of mathematieenhancing technology is
not embedded in school mathematics, and
teachers have limited time and faclilities to
develop Its use.



... and opportunities

A NCETM report published September 2010
A IJMC report published 2011

A develop use of new technology through local
and virtual networks

A Computerbased Mathematics Education
summit Nov 2011 Royal Institution




Barriers about continuity...

A Discontinuities between Key Stages and
beyond- exacerbated by higltakes
assessment.

A Increasing demand for podi6 maths v.
policies that limit the study of maths



... and opportunities

A teachers working together in clusters

A mutual observations across transitions

A ACME Pathways project

A Evaluating Mathematics Pathways Project

A post-16 teacher development via local
networks




National context

Barrier:

Mixed messages in society abaoilne
Importanceof mathematics for an educated
person

Opportunity:

Increasechwareness of the excitement and
power ofmathematican a technological
society.



Thank you

... to all who contributed

.. to ACME

.. to the secretariat

.. to the support of the Royal Society
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Panel Discussion

The implications of the
Mathematical Needs report
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Panel members

A Professor Dame Julia Higgins FREEN@Chair)

A Anthony Tomei(Director, Nuffield Foundation)

A Helen HumblgTeacher and ACME Outer Circle member)
A Jane JonefHMI Specialist Advisor for Mathematics)

A David FoxSenior Director, Pfizer Global)
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' é Theme B: Mathematical Needs of Learners

i) W from a classroom in Hampshire

Helen Humble

Director of Learning
Amery Hill School
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Volume of cuboids and prisms:
Year 9

How much water does a bath hold?

—
)

C D

= Choose a partner - work together (in rough first)
« Present your ideas clearly

= Include -

. any assumptions made (why you chose the sizes you used)
- any formulae you used

- diagrams

. calculations and units

- relevant comments

Imagine the bath is full

You get into the bath

HOW MUCH WATER OVERFLOWS
ONTO THE FLOOR?
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Mathematics is a highly interconnected subject
There is a frequent need to revisit and extend ideas

Learners need to be able to reason and apply their mathematics

Use of technology to develop understanding
Curriculum

Assessment

Transition

Subject-specific Continuing Professional Development
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This.is-an image from the air of-part of Texas in the *
USA. Why do you think the land looks like this?

Area of rectangles, triangles and
compound shapes: Year 9

(i

This is one field at 32°34'03"N  102° 48' 42" W near a town called Seminole

Locate the field on Google Earth

* Use the ruler to record accurate
measures of the lengths and angles in this
field

« Construct an accurate scale drawing of
the field

* Measure the radii of the irrigation circles

* Add these to your diagram

Irrigation

irrigated?

Estimate the answer before starting
any accurate calculations

Use well labelled calculations to support
your answer
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and protractors
A Scale Drawings
A Estimates
A Approximations
A Area of rectangle,
triangle, (trapezium), circle
A Proportion, percentage
A Communication skills
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Measurement model

ACME

Figure 3 A model for mapping measurement

BIG MATHEMATICAL IDEAS

" I Mumber Di Recording and
Informa iscrete - Linear
- system ; i Representing Measurement
Formal } Quantification Cnntlnuous} Quantities (graphical, numerical, Mon linear| Measures Calculus
Place value symbolic)
Shift between representations Context and
practices
Progression C—
Tool use
EARLY IDEAS KEY IDEAS LATER IDEAS _(measurmg
instruments
Tangible and 1CT)
quantities of Intangible measures:
concrete e time, temperature, Real
- Quantities to be angle, probabili N
materials T ngle, p Ty applications
Consarvation Di F = Trigonometry
imensionali
Language of Coverage o/ Concrete
Compparisons Units " Formu}ae: p experience
(heavier, shorter) caling ol M= = )
standard shapes Modelling
44 situations
Relative quantity Variation Caleulus
Continuous number i = = f
Formal reasoning Ratio, proportion, rates / Choice of

Counting

= P Cross-
Parts of units = :
Experimental methods curr_lcul_ar
Informal units and statistics application
Conversion Science
Zero Scales . Graphical
Iterated units representations
Distance Linear/non-linear

Difference

Accuracy, error
A pproximation
Estimation

Combining units

comp-ound maasuras

NN

/
-
/
\

representation
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Year 11 students revise
transformations of
shapes for their GCSE
exams

Assessment dilemmas

Year 8 students
explore reflections
and rotations of their
choice of image

Reflection




