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Applied Mathematics
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The PDST does not give permission for this CPD event to be recorded.
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Core to the specification is a non-linear
approach which will promote the
making of connections between
various learning outcomes.

Strand 1 is the unifying strand and
emphasises the importance of utilising
mathematical modelling across all
learning outcomes.

Applied Mathematics is rooted in
authentic problems as a context for
learning about the application of
Mathematics.

Planning is an essential component of
all teaching and learning and should
include consideration of how to meet
the aims of the specification.

Schedule for Seminar 3
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Overview of PD and Supports Available
Year 1

National Seminar 4

National Seminar 5

Webinar

Year 3
4 X National
Seminars

2X
National
Seminars

Apr ‘22

Jan ‘22

May ‘22

2 X PLCs
1 X PLC
2X
Webinars

1 X Webinar
Sep ‘21

NS1 & NS2
Repeats

Nov ‘21

PLC

Mar ‘22

PLC

1X
Technology
Workshop
Technology
Workshop

Assess feedback
from Seminars 3, 4
&5

Session 1:
Difference Equations
09:45 - 11:00
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By the end of this session you
will have:
An understanding of the appropriateness of
Difference equations as a mathematical model
Experienced how difference equations can be
developed and formalised through authentic modelling
problems
Engaged with the various stages of the modelling
cycle to develop students understanding of difference
equations
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Compare Difference and
Differential equations
In groups, we would like you to discuss and determine
what ‘Difference Equations’ and ‘Differential Equations’
are and when they might come into play in the real world.
In your discussion, feel free to reference the Specification
or the web.
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Overview of the Specification
Strand 2

Strand 3

Strand 4

Mathematical
modelling with
networks and graphs

Mathematical
modelling the
physical world

Mathematical
modelling a
changing world

Mathematical Modelling
Strand 1
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Strand 4: Mathematically modelling a
changing world
Differential equations are most useful for modelling situations
where the change is continuous in time
However, if the change is discrete in time, (e.g. happens
incrementally) then students learn that
difference equations are more appropriate models.
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“..if the change is discrete in
time, then students learn that
difference equations are more
appropriate models…”
Specification p. 21

call

Re

Approaches to Mathematical
Modelling in the Classroom
1

2
Concepts then Modelling

Concepts through Modelling

Explore a number of mathematical
concepts through suitable tasks, word
problems etc., then solve a rich
modelling problem. In exploring these
tasks, modelling competences may
also be developed.

Explore a rich modelling problem and,
as the need arises, develop
understanding of new mathematical
concepts through instruction, guided
discovery, research, etc.

Complete a
full modelling
cycle.
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Focus on a
subset of
competences.

Complete a
full modelling
cycle.

Focus on a
subset of
competences.
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c
e
R

Approaches to Mathematical Modelling
What does it look like in the Classroom?
1
Concepts then Modelling
Explore a number of mathematical
concepts through suitable tasks, word
problems etc., then solve a rich
modelling problem. In exploring these
tasks, modelling competences may
also be developed.
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Patterns
A sequence is an ordered list of objects – usually numbers

Often we are interested in a sequence of numbers that
develop a particular pattern

“..compute the first and higher
differences of a given sequence of
numbers””

Recurrence relations

Specification p. 21

A recurrence relation is an equation that defines a sequence
where the next term is a function of the previous term(s).

1, 3, 9, 27, 81, ….

Recurrence
relation

U n+1 = 3 Un
n≥1, nɛN

Order = difference between
the iterates

=

(n+1)-(n)

=> Order = 1

How do these images connect to the
conversation we are having about sequences?

21

…..5,

8, …

…..8,

13, ……….

…..21,

34, …

.., 34,

55, ….

Developing the last sequence of
numbers…

What can we say about the link between these terms?

Two quantities are in the golden ratio 1.618 :
1 if their ratio is the same as the ratio of their
sum to the larger of the two quantities.

This pattern indicates that as the sequence builds,
each term tends towards 1.618 times its previous
term.

Recurrence definition
Un+1 = 1.618 Un
n≥4, nɛN

“Transdisciplinary learning is not

Applied Mathematics
cross curricular learning

confined by traditional subjects
but is supported and enriched by
them.”

Specification p. 8

The knowledge and understanding gained in Applied
Mathematics can be used in conjunction with that
developed in other senior cycle subjects to enrich overall
learning.
Students will appreciate the power of mathematics to model
and shed light on complex problems in many discipline areas.
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Word problem
According to legend King Shirham of India wanted to reward his servant for
inventing and presenting him with the game of chess. The desire of his servant
seemed modest: “Give me a grain of wheat to put on the first square of this
chessboard, and two grains to put on the second square, and four grains to put on
the third, and eight grains to put on the fourth and so on, doubling for each
successive square, give me enough grain to cover all 64 squares.”
“You don’t ask for much. Your wish will certainly be granted” exclaimed the king.
Based on an extract from “One, Two, Three…Infinity, Dover Publications

T1 = 1

T1 = 1 = 2 0

T2 = 2
T3 = 4

T2 = 2 = 2 1
T3 = 4 = 2 2

T4 = 8

T4 = 8 = 2 3

T5 = 16

T5 = 16 = 24

S64 = 20 + 21 + 22 + 23 + 24 + ... + 263
2 x S64 = 21 + 22 + 23 + 24 + ... + 263 + 264

2 x S64 =
- S64=

263)
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21 + 22 + 23 + 24 + ... + 263 + 264
- (20 + 21 + 22 + 23 + 24 + ... +

= 264 - 20 = 264 - 1

S64 = 264 - 1

T1 = 1

T1 = 1 = 2 0

T2 = 2

T2 = 2 = 2 1
T3 = 4 = 2 2

T3 = 4
T4 = 8
T5 = 16
Recurrence relation

T4 = 8 = 2 3
T5 = 16 = 24
Tn = 2n-1 nɛN, n>1

S64 = 1 + 21 + 22 + 23 + 24 + … + 263
This a geometric series
The first term a =1, the ratio r = 2
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How practical was
this solution?
1.84467x1019 grains of
wheat.
India grows 85 million
tonnes of wheat each
year.
1 grain of wheat has a
typical mass of 50
milligrams.
This equates to
constant growth for
10,851 years to grant
this wish!

Introducing Difference Equations
In a recurrence relationship, each term is defined as a function of the
previous term(s). This mathematical equality often involves the
differences between successive values of a function of a discrete
variable.

Consider a sequence of numbers determined by the difference
equation Un+1 = 3Un - 2Un-1, given that the first term U1 is 1 and
the second term U2 is 4.
Calculate the 3rd , 4th and 5th terms of this sequence.

Solution– Word problem
Un+1 = 3Un - 2Un-1
U1 =
U2 =
U3 =

1
4
3xU2 - 2U1 = 3(4) – 2(1)

U4 = 3xU3 - 2U2 = 3(10) – 2(4)

= 10
= 22

U5 = 3xU4 - 2U3 = 3(22) – 2(10) = 46
Is it possible to calculate any term without calculating preceding
terms?

Consider the difference equation

Un+1 = 3Un - 2Un-1

Recall how to calculate the order of an equation
Order = (n+1)-(n-1) = 2
So Un+1 = 3Un - 2Un-1 is a second order equation, its equivalent characteristic polynomial
takes the form X2 – 3X + 2 =0
Solving X2 – 3X + 2 =0 we get two distinct roots X= 1 and X= 2

The characteristic solution to define any term if it has two distinct roots
is given by:

Un = a(

)n + b(

)n

By determining values for a and b, we have a workable general equation.

By substituting values of n=1 and n=2
into Un = a(1)n + b(2)n
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How is the population of grey seals
changing on the Blasket Islands?
What steps will a student take to examine this problem?
What research will they undertake?
What assumptions(if any ) will/can they make?
What mathematical method will they use to make their calculations?
How accurate will the model match real life?
How will the student engage with a refinement to the model?
Can the student make any conclusion regarding the population of
grey seals on the Blasket Islands?

fin
re

g

in

Evaluating
Solutions

Formulating
Problems

Mathematical
Modelling

Translate to
Mathematics

Computing
Solutions

1
Concepts then Modelling

Research Data

The seal population on the Blasket Islands decrease at the same rate each decade.
The seal population will reach a critical point once the population drops under 200.

Assumption

The student found that the number of seals falling each decade was
proportional to the numbers present in the preceding decade.
Let Pn be the seal population in year n.
Then for some constant of proportionality α we may re-write the recurrence
relation as
Pn+1 = α Pn

Mathematical Since we know the initial population of grey seals (P0)on the island in the 1960’s
method
Then we can determine the formula for Pn as an explicit function on n
Pn = αn P0

We can see from the data that the
seal population decrease by
approximately 27% per year.
So Pn = 0.735n P0
If the population pattern continues at
the same rate, the population of Grey
seals on the Blasket Islands will drop
under 200 in the next decade.

Reflection on Teaching and Learning
What teaching and learning strategy did I find the
most useful this morning?
How can I suitably apply the various teaching and
learning strategies demonstrated this morning?
What critical skills can I help develop in my
students?
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Session 2: Planning for
Mathematical Modelling
in the Classroom
11:15 - 13:00
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By the end of this session you will have:
Discussed planning in the context of long term, short term
and task design and identified what is currently working well
in your own teaching.
Explored the benefits of connecting concepts from multiple
areas and the unifying strand for task design.
Engaged with long term planning in meeting the aims of the
Applied Maths specification.
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Discussion: Task Selection/Design

“As students progress, they will
develop problem-solving skills
that are transferable across
different tasks and different
disciplines, enabling them to see
the power of mathematics”
Specification p. 13

What does task selection/design for Applied Maths mean to you
and what role will the unifying strand, mathematical modelling,
play in it?
What are the most important features of an effective task to
you?
How might you support students in understanding how they are
engaging with a task and assessing their own progress?

Task Selection/Design
Task selection allows us to effectively engage with the
specification and identify connections between learning
outcomes from multiple strands
Views on task selection are always evolving and allow us to utilise
new experiences to enhance the educational experience for
g
in
in
f
re
students
Tasks that make connections between multiple strands allow
students to gain a deeper understanding of what they are
learning

Evaluating
Solutions

Formulating
Problems

Mathematical
Modelling

Computing
Solutions

Translate to
Mathematics

Approaches to Mathematical Modelling in the
Classroom
1

2
Concepts then Modelling

Concepts through Modelling

Explore a number of mathematical
concepts through suitable tasks, word
problems etc., then solve a rich
modelling problem. In exploring these
tasks, modelling competences may
also be developed.

Explore a rich modelling problem and,
as the need arises, develop
understanding of new mathematical
concepts through instruction, guided
discovery, research, etc.

Complete a
full modelling
cycle.
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Focus on a
subset of
competences.

Complete a
full modelling
cycle.

Focus on a
subset of
competences.

Broadband Update
Your local area is having a new fibre broadband network installed. The
initial phase is to first connect the post office, a shop, a sports club,
primary school and post-primary school.
(a) Create a network with the locations identified by nodes and the
roads and distances represented by edges and weights respectively.
(b) Using a suitable mathematical approach, determine the length of
cabling required.
What learning outcomes are explored in this task and what suitable
teaching strategies could be used here?

Broadband Update: Review of Task
Possible Learning Outcomes Explored:
1.1, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8, 1.9, 1.10, 1.11, 1.12, 1.13, 1.14, 1.15, 1.16
2.1, 2.2, 2.3, 2.8, 2.9, 2.14, 2.15, 2.16
Evaluating
solutions

Connected and
disconnected
graphs

Formulating
problems

Represent
real-world
situations
Translating
problems to
mathematics

Minimum
Spanning Trees
Network
Terminology

Kruskal’s and
Prim’s algorithms

Use algorithms to
solve problems

Computing
solutions

Tree, spanning
tree, minimum
spanning tree

Task: Create/plan an authentic modelling problem
Using your learning outcome glance card, create/adapt a suitable
modelling problem that can utilise multiple learning outcomes from
numerous strands from the Applied Maths specification.
Consider the teaching and learning approach that may be used.

Long Term Planning

Knowledge of the
specification

Understanding of
students’ learning
and prior knowledge

Integration of
suitable teaching and
learning approaches

Long Term Planning
In your groups, discuss a long term plan for 5th year taking
into account:
● How will you continuously engage with the unifying
strand, mathematical modelling?
● Where in their learning you would like your students to
be at various stages (term 1, term 2 etc.)?
● How best will you connect learning between various
strands?

Session 2: Reflection
What role will task selection/design play in your teaching of the
Applied Maths specification?
What do you think are the main features of a rich modelling
problem?
What are key features of effective long term planning?

Session 3: Newton’s
Laws of Motion and
Forces
13:45 - 15:15
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By the end of this session you will have:
Investigated the role of mathematical modelling with strand
3 concepts
Gained further experience of the ‘Concepts through
modelling’ approach to teaching and learning
Explored a student centred approach to developing an
understanding of Newton’s Laws and forces
45

Authentic problem: Speeding car investigation
Some mechanical issue has caused a car’s
wheels to lock up, resulting in it skidding
along a road in a straight line leaving a skid
mark of 20m before it comes to rest safely.
Is it possible to determine the speed of the
car at the moment the wheels locked up?
2
Concepts through Modelling

Newton’s First Law of Motion
“A body will remain in a state of rest or travelling with a constant
velocity unless an unbalanced external force acts on it.”
0 ms-1

V1

V1

V1

V2

Newton’s Second Law of Motion
“When an unbalanced force F acts on a body, the rate of change of
the body’s momentum (its acceleration) is directly proportional to
the force and takes place in the direction of the force.”

F = ma
a
F

m

Newton’s Third Law of Motion
“Whenever one object exerts a force on a second object, the second
object exerts an equal and opposite force on the first object.”

Horizontal
Plane

Why doesn’t the cannon move as much as the cannon ball?

What Happens Next?
How would you describe the acceleration of the objects in each of the
scenarios below? Use the simulator to investigate and draw conclusions.
How would you check for student understanding afterwards?

A

B

C

What is happening here?

How are Newton’s Laws represented in this action?

Consider the Forces affecting
the Motion of a Submarine
In the given diagram of a submerged submarine, what forces do you expect are
represented by the green arrows?

Reflection: Teaching and Learning in Approaches
Consider the approaches to teaching and learning used during
this session and how it might assist in the development of
students’ understanding of new concepts such as friction.

Authentic problem: Speeding car investigation
Some mechanical issue has caused a car’s wheels to lock up,
resulting in the car skidding along a road in a straight line leaving a skid mark of 20m before it comes to rest safely.
Is it possible to determine the speed of the car at the
moment the wheels locked up?

2
Concepts through Modelling

Applying the Modelling Cycle to this Problem

Translate to Mathematics: What mathematical approach
will you use and why?
Computing Solutions: How will you calculate your solution
and what effect did your assumptions/variable have?
Evaluating Solutions: How will you determine the accuracy
of your solution? What might a further iteration involve?

re
fin

ing

Formulating the problem: What variables (factors) will
affect your model and what assumptions will you make?

Evaluating
Solutions

Formulating
Problems

Mathematical
Modelling

Computing
Solutions

Translate to
Mathematics

Translating the Problem to Mathematics:

It is fine for a problem to
have more than one
solution to it depending
on the assumptions
chosen.

What mathematical approach will you use to solve
the problem and why?
Where will your assumptions and variables be used
in your model?

Formulating the Problem:
What is the problem being asked and what
research must you do?
What variables (factors) will affect your model
and what assumptions will you make?
Can you predict what the output of your model
will achieve and for what context (who/what) will
be affected by your model?

Next iteration

It is important to show
how your model is
improving with each
iteration and why you
altered your
assumptions/approach.

Computing the Solution:

L.C. Applied Maths
Mathematical Modelling:
Self-Assessment Tool

How did you calculate your solution and what effect
did your variables and assumptions have on it?
What tools (technology etc.) did you use in your
solution and did this enhance your calculations?
How will you present your solution (graphs, charts,
other visual aids)?

Evaluating the Solution:
How accurate is your solution based on your earlier
assumptions?
Can you refine/alter your assumptions to improve your
solution and will this change your solution much?

Presenting your Final Model:
How will you present your final model so that it is well presented and
easy to read?
Can visual aids be used to better communicate your work?

It may be helpful to
present your work so
that someone unfamiliar
to your project will
understand it.

Next Steps?
Next event - Professional Learning Community
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What’s next? Timeline 2021 - 2022
National Seminar 3

National Seminar 4

Oct ‘21

Sep ‘21

NS1 & NS2
Repeats

National Seminar 5

Apr ‘22

Jan ‘22

Nov ‘21

PLC

Webinar

May ‘22

Mar ‘22

PLC

Technology
Workshop

Assess feedback from
Seminars 3, 4 & 5

Supports Provided by PDST
PDST
Supports

Seminars
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Webinars

Professional
Learning
Communities

School Visits

PDST Websites

Single Visit
Sustained
Support

pdst.ie
Scoilnet.ie

Evaluation
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Questions?

● Any further questions please contact: appliedmaths@pdst.ie
● Follow us on Twitter: @PDSTAppliedMath
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