Lesson Research Proposal #tYear Higher Level- Paving Patterns

Forlesson or22/1/2018
At Deele College RaphoeM3Class
Instructor:Steven Gibson
Lesson plan developed bgteven Gibsorvilar i | yn O’ Ri o r,dPaddyFlodih a ur

1. Title of the Lesson: Paving Patterns

2. Brief description of the lesson

By examining patterns in various ways we \ailempt to assist studentsunderstanding key elements
of linear patterns and islerivingconnections between linear pattedirggar eqations linear graphs

and rates of change.

3. Research Theme

At Deele @llege,we aim to develop students whiogage purposefully in meaningful learning
activities

Also, we want our teachers telsct and use teaching approaches appropriate to the leart@ngan
and student s’ |l earning needs.

As a Mathematics Bpartment we will actively support the achievement of these standards in the
following ways:

a) by promotingamong students amderstanding of concepts and the ability to explain the
purpose of the leaing tasks they are engaged in, with a vievextendng and develomg the
activity meaningfully.

b) by encouraging students to be actively engaged irdsstbvery learning.

c) by delivering highly effective instruction which is directed at eliciting deep student engagement
throughvarious methodologies includingstructional leadership strategies.

d) by meaningfully differentiating content and activities to challenge all students.

4. Background and Rationale
Why wechose the topic
This lesson is aimed at thiygbar studentsleachers in our Maths &partment have found that
dealing with new syllabes students perform well when applying basic techniques separately. For
examplefinding slopes of lines and exploring patterns are generally well done in distinct situations.
However, seeing the connections between these ideas and applying them in unfamiliar contexts
presents difficulties. Clearly it is important that students develogpetance in basiprocedures
The onus is on the teachers at all stages of developing topics to highlight connections between area:
and their applications'his may be to the point of teaching topics simultaneously.
We also find that students often struggleleal with problems in redife contexts or translating
English language into mathematical models. Extensive practice is needed in this area. Finally,
simple revision of basic concepts and discussion and sharing of ideas are incorporated iorthis less

Our research findings

As a Maths @partment wéind that in theapplicationo f Bl o o m’ sourBtadensrexcehat ,
Stage 1(Recal) but have lower competence ita§e 2(Understanding / Comprehensjand Stage

3 (Application). Our lessormproposal tries to develop creative situations to promote student
understanding using Instructionagadership strategies and structured prokdeiving approaches

A key objective is to fostazonfidence in applying concepts in unfamiliar conte¥¥e planto use
suitable teaching aids. Central to this approach is allowing students time in the lesson to consider
the problem and debate the proposed solutions.
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5. Relationship of the Unit to the Syllabus

Related prior learning

outcomes

Learning outcomes for i

unit

Related later learning

outcomes

T

to
T

In primary schooktudents are
exposed to identifying
relationshipgrom fifth class
onwards.n sixth class they
should be able to

record verbal and
simple symbolic rules
for number patterns
translatenumber
sentences with a fram
into word sentences
and vice versa
translate word
problems with a
variable into number
sentences

explore the concept of
a variable in the
context of simfe
patterns, tables and
formulae.

In first year he students learn

coordinate the
Cartesian plane and
plot points

use tables to represen
a repeating pattern
situation

generalise and explair
patterns and relations
in words and numbers
write arithmetic
expressions for
particular terms in a
sequence

use tables, dgrams
and graphs as tools fo
analysing relations
develop and use their

own mathematical

In third year studeris should
be able to

T

use tables to represen
a repeating pattern
situation

generalise and explair]
patterns and relations
in words and numbers
write arithmetic
expressions for
particular terms in a
sequence

find the underlying
formula written in
words and
algebraically from
which data related to
linear relations are
derived

show that relations
have featurewhich
can be represented in
number of ways
distinguish those
features that are
especially useful to
identify and point out
how those features
appear in different
representations: in
tables, graphs and
formulee.

discuss rate of changg
and consider how this
relates to the context
from which a
relationship $ derived,
and identify how this
can appear in a tahl
graph or formula

interpret simple graph

At senior cycle tudents will

need to use their learniragd
build on these skills to do the
following:

T

usetables, diagrams
and graphs as tools fg
representing and
analysing linear
patterns and
relationships
appreciate that
processes can genera
sequences afumbers
or objects

investigate patterns
among these
sequences

use patterns to
continuesequence
generalisand explain
patterns and
relationships in
algebraic form
demonstratehat
relations have featuref
that can be representsg
in a variety of ways
recognise whether
sequences are
arithmetic geometric
or neither

verify and justify
formulae from number
paterns

investigate arithmetic
sequences and series
solve problems
involving slopes of
lines.

examine, appland
interpret the concept @
rate of change in a
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strategies and ideas
and consider those of
others

present and interpret
solutions, explaining
and justifying
methods, inferences
and reasoning

= —A

E N

engage with the
concept of a functian
explore and interpret
properties of lines,
including slope and
equation

investigate relations o
the formew &d ® @
makeconnections
between the shape of
graph and the story of
a phenomenan
describe both quantity
and change of quantity
on a graph

evaluate expressions
solve first degree
equations and
inequalities

explore patterns and
formulate conjectures
explain findings

justify conclusions
communicate findings
verbally and in written
form.

apply their knowledge
and skills to solve
problems in familiar
and unfamiliar
contexts

analyse information
presented verbally ang
translate it into
mathematical form
devise, select and use
appropriate
mathematical models,
formulae or technique
to process information
and to draw relevant
conclusions

variety of ways,
including calculus
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6. Goals of the Unit

a) Students will recognize various typespatterns and their fundamental characteristics

b) Students will understand the basic properties of linear patterns

c) Students will apply problem solving strategies to explore the problem numerically, algebraically
and graphically.

d) Students will recognesthe significance of the connections between various approaches.

e) Students will have the opportunity to apply prior knowledge of key elements of coordinate
geometry suchsaslope and equation of a linediiferent contexts.

f) Students will be encouraged to exd these ideas to the concept of rate of change.

7. Unit Plan
Lesson Learning Goals and Tasks
1 Exploration of various types of simple fghs using numerical and pictorial

strategies based on real life contexts
Emphasis on terminologgnd notatiorassociated with patterns
2 Study linear patterns
Focus on th&ey characteristics of linear pattersgch as constant first differenc
and graphical properties
Write English sentences to represent linear patterns
Write algebraic expressions fiepresent linear models
3 Extend the idea of algebraic expressions to include formulae expressed in t
form"Y=0¢ @
Associatethis form of expression with terms and tables and using this form t
find terms and their position
Highlight the facthata andb are constants.
Homeworki Consider briefly key elementstbE equation of a line

4 Exploration of a realife problem involvirg a linear pattern in a problesolving
Research Lesson context
Students will be asked to develop immediate, aedrfar away terms.
Explain to students that they should consider a minimum of two different
approaches to solving the problem
Homework I Some questions on linear sequences to apply knowledge of k
features learned.
Homework2 i Examine the areas tiie ponds and gardens. Are these patteri
different in any way?
5 Study of other types of patterns with characteristics which are different to th
of linear patternse.g. quadratic and exponential
Emphasis on quadratic patterns
Use of various stragges (tables, graphstc).
Deducing algebraic formulae to represent quadratic patterns
6 Study of exponential patterns
Use of varioustrategies (tables, graplagebraic formulaand others
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8. Goals of the Research Lesson
The design of thitesson includes mathematigadals and is underpinned Bynior CycleKey Skills.
a) Mathematical Goals
1 Students will consider and express linear patterns in multiple yet connected forms
1 Students will apply these various forms to find terms of linear pattard positions of terms,
whet her the terms are “next”, “near or “f a
Studentswill recognise key elementsnd distinguishing features different types of patterns
Students will deduce the significance of the slope of any graphical represenfaibnear
pattern
1 Students will build on this knowledge to explore ideas around rate of change

T
T

b) Key Skills and Statements of Learning
In the planning and design of this lesson Junior Cycle Key Skills and Statements of Learning have beer
considered.This lesson will promote Key Skills in the following ways:
1 Being numerate: seeing patterns trends and relationships
1 Being literate: expressj ideas clearly and accurately.
1 Managing myself: students will have the opportunity to reflect on their owmirega
1 Communicating: students will present, explain, justify and discuss their mathematical thinking
and exploration of number
1 Being creative: students will be encouraged to explore options and alternatives and will
actively participate in creatiMearning
1 Working with others: students will cooperate and will learn with and from each other
1 Managing information and thinking: students will be encouraged to be cundhik
creatively and critically, and to reflect on and evaluate their legrni

This lesson is also designed to meet the following Statements of Learning in particular:
1. The student communicates effectively using a variety of means in a range of contexts
15.The student recognises the potential uses of mathematical knowledgerekiliaderstanding
in all areas of learning
16.The student describes, illustrates, interprets, predicts and explains patterns and relationships
17.The student devises and evaluates strategies for investigating and solving problems using
mathematical knowledgeasoning and skills

IntroductoryPr obl em (see Section 9 “Introduction” bel

1o akes a sequence S
2 q‘x]t,e‘ll“ d‘n o uence where each stage is made up of a certain number of Xs arranzed in a
ps n 1€ first three stages of John's sequence are shown below

The sequence starts at stage 0
X

x|
B
x x x|
[Z x X | =i ngl—;\ xllj‘wl’x’q
equence

Stage 0 Stage 1 Stage 2

(n) Draw the next stage of John’s s

O s =

Using a table. a graph. or otherwise. write a formula 10 express N in terms of S.

where NV is the number in f John's sequence.
is the num! 701‘)(57  stage S © m
D e e ! +H

®)
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Main Problem (see Section 9 “Posing the Task"”
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9. Flow of the Research Lesson

Steps, Learning Activities
Teacher 6s Quest i on sReactiods

Teacher Support

Assessment

Introduction [5 minutes]
To start proceedings the teacher will introduce any gug
and observers and will emphasise to students that clas
will be conducted as normal. The teachdr briefly
explain the role of the observer (observing work,
gathering information, taking photos as a record of wo
etc.)

The tacher begins by presenting the learning objectivs
of the lesson:

1 to find terms in patterns
1 touse different strategies if possible to explore
patterns
9 to distinguish key features of particular types @
patterns
“Bef ore we st bwarttohavedauick Isok

back over some maths we looked at recéntly.

“What do you seé&?

x  CountXsin boxes
Look for pattern in diagrams / pictures
Look for patternin number of Xs
Note that pattern isicreasing
Note the onstant increase in number of.Xs
Highlight the linear pttern

X X X X X

“How would you try to examine the relationship betwes
each dthe diagrams?

x  Draw more diagrams
List the sequence
Make a able
Write anEnglishstatement
Form an guation
Derive a brmulaof the formT n
Draw a gaph

X X X X X X

“Keeping these ideas in mind, nowtet | ook at

problem ”

At the start of thelass the
teacher will divide the class intg
groups of four at tables, ensurir|
differentiated levels of student
abilities within each group.

Place an image of the sequenc
of diagrams of Xs on the board,
(using the data projectersee

Section &or introductory” X' ¢
problem).

We want to be certain that
students understand basic idea
and terms associated with
patterns

We need to use effective
guestioning to ascertain studen
prior knowledge. In particular,
we want to encourage the
thought of umg different
approaches to deal with pattern

Can studentsxpress to g
reasonable level what
they know about pattern
and vaious ways of
dealing with them?

Posing the Task[5 minutes]

Square ponds are surrounded by a border of 1m2 slab
How many square slabs will be required for the path
around the pond for a Bix5m pond, a 16x10m pond
and a 50nx50m pond?

Find these answers in at least two different ways.

Clarifying the problem

“For the 1m2 pond how many slabs are required for thg
path?

“For the 2m2 pond how many slabs are required for the
path?

“For the 3m2 pond how many slabs are required for the

Present aimage of the problem
on the board using the data
projectorand/or cut outs.

Ensure that each student lzas
calculator basic drawing
equipment and markers or
colouring pencils.Also students
will be asked to bring their
school diaires, which include
“traffic |ight
of understanding.

Give each student an A4 copy (¢

Do the students
understand the task?

Do the students
understand that they arg
fundamentally dealing
with patterns?

Do the students
understand that they arg
regured to look athe
problemin different
ways?
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path?

“What are we trying to find out?

“What kind of changes are happening moving from on
pattern to the next?

“Can you make any predictios
seen before we start workirig?
“Can we get the answers in different ways?

based on

“I want you to now work o the problem individually for
10 minutes after which we will work in groups at each
tablefor a further period.

the problem and some sheets g
A4 1cm? squared paper. Also
one “Show Me”
each to work with.

Give each table (group) of four
an A3 squared paper temfdaf
the problem

Write any student answers and
predictions on the board.

Are the students engage
in the work?

Student Individual [10 minutes] andCollaborative
Group Work [10 minutes]

Student Response 1
Draw out next diagram and count squarestiniagram.

Student Response 2

Draw out somef the following diagrams and establish
sequence of numbers of squares. This may quickly en
finding the numbers of square slabs in tHeaBd 14"
diagrams.

Student Response 3

Express the successive numbers of square slabs as a
numerical sequenceéNrite out the list of numbers of
paving slabs needed in each case and try to make a
connection.

Student Response 4
Lay out the successive numbers of square slabs as a1
Organisethe information to establish a pattern and key
features of the patterliVe would hope to look at the key
elements of the pattern, i.e. the build up from the first t
onwards using the constant difference between succe
terms.

Student Response 5
Look and see that the number of square slabs regsireq
the perimeter of the square pond plus the four corner
squares every time.

Student Response 6

Express the behavior of the pattern of square slabs as
English statementThis would require some idéfication
of the key elements of this particular pattern and of ling
sequences in general.

Student Response 7

Create a map of “positio
form. When they find the common difference, they may
recognise that all the termeearelated to the multiples of
this number

Student Response 8
Derive a “rule for the
algebraic form. We would aim again here to explore th

key elements of this particular pattern and of linear

Us e t eseatifgehartos
equivalent on Lesson Note app
on iPad)}to record the approach
used by each student and each
group. Note the order in which
you will call a representative
from each group up to the boar
during Ceardaiocht.

Observers will use the
observation template designed
by the group of teachers (see e
of Section 9) to gather and
record relevant data.

If students are having
difficulties, guide them by
asking appropriate questions. H
exampe , “Can you
numbers of square slabse
changing?” or
what changes are happening a
we go from one diagrarfor
number of square slabt) the
next?”

Students or groups may struggl
to see different possible
approaches. The teacher may
gently guide them towards
approaches that are not occurri
to them after a period of time.
For exampleteacher may ask
“Have we | ooke
otherway s b fCorud
developa mathematical
statement or eation to reflect
this pattern?”
be uséfCou?Pd; we
some picture or graphical
representation

During “Cearda
discussion, students will be
asked to comment, reflect and
elaborate on what other studen

say. The teacher will use this ai

Are students able to
meaningtilly engage
with the problem?

Do the students
understand that this
problem may be viewed
as a question of patterng
and sequences?

For stronger students,
can they demonstrate af
ability to look at the
problem in different
ways for examplgables,
equations, formulge
graph®

Are students identifying
key features of a linear
pattern?

What limitations may
apply to different

approaches to solving th
problem?

Do all approaches
facilitate finding the %
term? Or the 10term?
Or the 50" term?

What strengths and
weaknesses does each
proposed solutio have?
Do any approaches hav
so many advantages thg
we may wish to focus or]
them in future?

Why are some
approaches more useful
than others?

By identifying key
features in each
approach, could
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sequences in generakpecially highlighting the role of
the initial value or term, the rate of change and how th
appear in any algebraic expression.

Student Response 9

Derive a “rule for the
formm && & Todo this, students coufthd the
common difference, multiply by and then find what they
add to common difference to make the first term

Student Response 10
Students may derive a formula for the pattern using th
“DiNO method where

Di is the difference

N is the nterm(position)

O is the observation of what the previous term to th
first term would be.

Student Response 11
Plotting position against numbers of square slabs in a
graph to establish a linear pattern.

Student Response 12

Plotting position agaiisiumbers of square slabs in a
graph to establish a linear pattern. Exploring the
significance of the intercept and the slope of any
associated line.

Student Respons& 1

Plotting position against numbers of square slabs in a
graph to establish a linepattern. Finding and using the
equation of any associated line. We should look at
advantages ardnitations of ushg a line and its equatiof
here (e.g. pattern is discrete, not continuous).

Student Response 14

While unlikely at Junior Cert level, studsmhay have
been taughor may recognise the suitability of then =
a+ (n-1)d formula. They could apply this formula to
derive an expression for this sequence.

other strategies to ensure that g
students remain engaged.

The teacher will look out for
opportuwnities to use student
errors or misconceptions to
consider and analyse common
difficulties among students.

Possible misconceptions or
difficulties for students may
include
1 misuse or
misunderstanding dhe
constant increase.
1 not matching pond
(position) number to
slaks (term) value.

After 10 minutes individual
work, the teacher will ask
students to work in groups. Th¢
teacher will assign positions in
the group to each student to
ensure each student contribute
to the discussioand offers
ideas. The aim of the groupwo
is to debate the various
approaches offered and to enal
effective communication. This
groupwork almost serves as a
pre-Ceardaiocht.

solutions have wider
applications?

Ceardaiocht/Comparing and Discussing[20-25
minutes]

From the anticipated student respondes téacher will
select at least one solutitmbe presented at the board
based on each of the following (where availabde) in
this order

drawing extra diagrams

usinga numerical table

describingthe patternn words or symbols
expressinghepattern as an algebraic formula
representing the pattern as a lingge graph

E ]

As students or groups are developing solutions, if it
becomes apparent that some of the above approacheg
not emanating from any student or group, the teacher
hint at or give some basic guidance towards considerir
them.

The teacher mustsk quesons of he presenter anaf

At the Ceardaiochttage it is
important to keep in mind the
goals of the lesson. The focus
the teacher ' s
direction of the discussion
should be guided by these goal

Students may need to be
reminded that a major goal of th
lesson is to examine the flem
in a variety of ways, not just to
find a solution. This also allows
for differentiated work, allowing
stronger students to be
challenged while weaker
students can maintain confiden
in their work.

For each anticipated student

Can each student clearly
explain his/her approach
to solving the problem
when up at the bod?

Can each student justify
elements of his/her
solutionand
communicate this
effectively?

Can students express a
understanding of
solutions developed by
others?

Do students recognise
similarities or differences
between their own
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other students, to try to ascertain levels of understandi
of key elements of solutions.

It is important that the whole class is engaged and thai
students understand they may be catlect any stage to
reflect on whatinother student saidl he teacher must
keep in mind that clear student communication and
understanding are goals of the lesson.

In keeping with the goals of the lessoradker
questioning will focus othe most importarproperties of
linearpatternsarising from each solution. These includg
the role of the first term, the significance of the constal
change, how these impact on algebraic and graphical
interpretations and the concept of rate of change. For
exampl e, “How i s péaouder n
anyone suggesta betterstruer e f or a t g
“Can anyone istaeficer is eomiag e
fromMWhyy are sequences | i
patte‘rWhsa?t” i s the signifi
l'ine?”

The teacher shouldighlight comparable features in

different solutions.F o r e x aam priyane se€' aGy
similarities between wha
the English descriptiobor t he f or mul 4

Teacher questioning should lead debate on interesting
features, merits or misconceptions of solutions.

When all solutions have been presented, the teacher 1
pose the question “ WhaThe
teacher could also ask students to consider if the
comparisons between solutions may agnerally to
linear patterns (although this may be work for another
day).

To finish the Ceardaiocht stage, the teacher will ask
students to move around
stray” basis, i.e. one s
athis/hertable to answer any questions, while the othe
students move around to look briefly at the work of
others.

response the teachi@n
conjunction with the full Lesson
Study group) wilhave prepared
a basic initialposition (typically
an appropriate diagram) as a
starting point for the student to
build on and develop his/her
solution on the board.

When a student presents work
aboard make sure to attach
hi s/ her name (
to it.

Ask other students to raise thei
hands if they used the same
method.

When each anticipated solution
has been presented and

discussed, ask did anybody us€
different approach.

Theteacher should use any
opportunity in the discussion to
reinforce understanding of varig
terminology, e.g. patterns,
sequences, coefficients, rate of
change.

approach and that
preented on the board?

Do students offer
alternative approaches
solving the problem?

What major
misconceptions or errorg
are arising as discussior
of solutions is
proceeding?

If a solution does not
work out, can students
see exactly where the
problem aose?

Extending Studemnuesp Lear
The teacher may ask students to follow up the workef
class with some of the following:
i any anticipated solution that is unused.
1 any interesting issue that arises in Ceardaioch
1 applicationof key features of linear patterns
learned during class to other linear sequences
an examinatioof the area of the pond
an examination athe total area of the pond ang
path (rectangulaquadraticpattern)
1 use ofthese to develop ideas on quadratic
paterns.
9 derivation ofthe formulaTn = a+ (n-1)d.

f
f

Summing Up and Reflection [5 minutes]

Theteacher will sum uphelesson by reminding student

The teacher wiluse the layout

of the boardwork to help provid
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of the learning objectives outlined at the start of the
lesson.

The teacher will highlight any key features and difficult
encountered in working with linear patterns.

To finish the class, each student will be asked to refleg
what they learned in the class. Each student will be as
to write two or three brigpointson postits, indicating
what they consider important or interesting from the clg
To assist students, they teacher may suggeas@hito use
such as

“Today one thing | | earn
“Today one problem I had
“Today | understood.”.

“Today | "oticed

“Today the questions | haaee...”

“Today | | ear nedidebsthat.m™ my
“Today | wa$ unsure of
“Today the thing | found

Students may put their names to their reflections or the
may remain anonymau The students will stick their
postits on a board when leaving the class.

The teacher will thank all involved at end of lesson.

students with a summary of the
progression in theilearning.
Ideally here, this will progress
from diagrammatic solutions to
numerical sequences to tables
algebraic formulae to graphical
repregntations (if each of these
hasfeatured irboardwork).
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10. Board Plan

The primary aim of our boardwork wasgmvide a clear record for students of hiearning progressed
throughout and to highligl@onnections acroseeminglydisparate areas of mathematit®e planned
to arrange solutionm order from least sojsticated to most sophisticated, ensuring we displayed at
least one of each of the main types of solutions:

i drawing extra diagrams

1 using a numerical tahle

1 describing the pattern in words or symbols

1 expressing th pattern as an algebraic formula

1 representing the pattern as a linear type graph.
We prepared a basis of each anticipated solution to put tipboard as a starting point for each
student to work with. We practiced two in advance (but in hindsighinebably concentrated on the
physical work at the board rather than emphasising student explanation and communication).
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11. Evaluation

As part oftrying to maintain écus ornourresearch thensand goals of the lesspwe looked ahow
students were linking ugarious elements of the course widkealng with patterns.The teacher and

all observers felt that the studentsderstood where they wereigg with the problem posed and were
familiar with what the question &as looking for. Mst went fora T, approachas expected. Asking for
multiple solutiongequired them teome up with other ideas, which individual students were all able to
attempt. Some students found this demand for multiple strategies strange inikfaitly they stuck

with Tn = an +b, but there were some other metho@me discussions took place in groups as to
whether two methods were esselhfithe same, which showed goadderstandingAn objective
throughout the process was for students to see various solutions as connected parts of a whole, seeing
how key features of solutions are linked.

Students developed anderstanding othe limitations of using certain methods.g. counting up takes

too long, tables or graphs alone make dealing with later terms diffiduluge benefit was covering

what was traditionally treated #weeseparate topics in ompiestion. As any teacher would hope for,
some students demonsgdtthe creativity to offer solutions that we did not anticipate. One group
adopted a function approach, reachifpx) = 4x+4, making it easy to sele connection between this

branch of mathematiand patterns, sequences, algebra and coordinate geometry. Another group used
the table function on their calaiors (Casio fx83) to develop terms from their algebraic formula.

Group work did facilitate communication after the individual work stagmfar as students had the
opportunity to explain their work and question their colleagues in a splalierintimidating setting.

Mixed ability groupingoften led to better understanding because stronger students were able to explain
solutions to weakegpartners. In one particular pair, the student who was struggling had the confidence
to persist with questioning her friend until s
benefitted from this process in having to analyse her solutionlarify éer communication. It was

almost like a pre&Ceardaiocht for both. We felt afterwards that maybe paired work would be better

than groups of four, as in most groups some students were slightly detached. Groupwork did promote
differentiation of levés of work, with weaker students having to stand over their solutions, even

allowing for less sophisticated approach@ghere groups worked well all members benefitted from

more varied solutions. I n t he | ebseshipnrdo’d utcot iav e
extent and tended to be limited to fewer and less sophisticated solutions. This undermined some key
lessongoalsWi t hin the groups, Marilyn O"Riordan obs

solutions but dencetavoice thema.vCertatudeats didahe problem in a particular
way but didn’'t have the confidence t otesgbytmmlaai n.
group setting someere happy to hold on to their own individual answers andutigtengage in

discussion. In futureve will plan to offer reinforcement to effective groupwork (e.g. requiring regular
checking of what others are doing). Most students could have used more resources. All tables were
provided with a variety of equipmeto suggest different strategies, but students tended to stay with a
limited range of solution types.
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We had two “knowledgeabl e others” observing th
recommended spending more time in the intobidn on basic physical properties associated thigh
diagrams. While the introduction went well and all students were clear on key prior knowledge and the
task, ve all agreed that it may have been better to discard the brief introductory problem gatdX

to use our main problem with more depth in the introductory phase. We could have planned to spend
more time on basic detailed questioning around
“Wher e do vy oltwas mm@bletthatehesds djd not come up with some anticipated

solutions. Rather than seeing common misconceptions or errors, this was the main difficulty
encountered. More extensive preparation of discussion during Ceardaiocht at our planning stage may
have helped the clakgre. Misconceptions were less frequent than expected, possibly because this
class is coming near to the end of the Junior Cycle and has reached a level of separate competence in
these linked areas of the course alreadile appreciating the generaliyfective questioning during

the Ceardaiocht developed by the teaching group and implemented by the teacher of the lesson, Anne
ddquerywhy al |l sol uti ons t hshownwaetheweand.eWesuggediaattthisn g w
happened because they weren’t being detdildder ed by
questioning they could be teased out.

Steven Gibson (the teacher of the lesson) and all observers felt after the lesson that students who were
presenting solutions at the boargled to communicate more effectively. If allowed to dessajents

at the boardwill just write. They need to turn around and explhiair thinkingout loud to the

classsoom.St udent s di dn’ t whehaepugsl tvas finlshed explainingaal sblugionath a t
the board, other pupils in the groopuld add to the explanatioffhe teacher clarified this early on and

it produced good insightRuting each studeis name on his or hesolutionis important to dd

ownership and a sense of worth to their wdrkany future lesson planning, we will be very aware of
theneed for this communication at our planning stage.
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The structure and flow of the lesson worked w8haunaelly highlighted thasomepupils were
quiet and initially at times did not see the key features of patterns and connections which we were
trying to emphasise. However, good effective questioning in the Ceardaiocht was critical to helping
them to go in the right directionWhen apupil came upo the boardo develop the link between the
formula and the table, the class showed a good understanding of this when questioned during the
discussion. Towards the end of the class, one group saw that the equation of the line isyesentiall
same ag,. It was good that links were formed through thoughtful questioning. Teasing out solutions
was generally well doneOne major lesson we as teachers learned from the whole experience is the
essential value of detailed consideration befoedetsson of how we want to conduct Ceardaiocht.
Where we had planned this well the results of
productive in achieving our aims of student communication and understanding. As a group we saw
afterward that we left a few good opportunities for learning behind that we could have taken with
stronger planning.More valuable time during Ceardaiocht could have been spent on driving home key
features of some solutions and the most important connectgimghen Gammefarticularlywanted
to highlight the inportance of Student Respons®Show the physical relationship between the slabs
and the algebra. When they geflito=4n + 4, we coulda s k g u e s t hew is sacd conking “ W
from?’ {Where do tky feature in the diagramis? Wh an? ” Algebra is less meaningful to
learnerdf theydo not see a link to comparalgkysicalsituationsto deepen their understanding. It is
important to move theran from explaining what they do to why theyitlige.g “ I di d t hi s
" So what about this part of your aAitttmesr ?”7 ) .
students need to be pushed hardesxplainclearly and justify their reasoningn short, at the
planning stage of lessomsfuture more time will be devoted to considering how to tease out the
deepest understanding possibl#e may place more demands on students during our lessbas.
Ceardaiocht was very successful in getting all students to see key features ofliteeas fOne or
two anticipated solutions did not fully originate from the groups. Towards the end the teacher directed
the discussion towards further development of the graphical solutitmsever, the class did not
greatlyemphasise the role of thivge of the line in linear patterns. Astsd before, they preferred to
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focus on the algebraic elements of formulzeing very comfortable with thesélso, while many

students used the constant differencé twf set up the coefficient ofin T, = 4n +b, nobody

approached the problem via= an +b and subsequently using simultaneous equations. A reasonable
explanation for this would be that students felt the former approach was much the better of the two.
Expressing the common difference or slagdahe rate of change may have been worth exploring more.

The boardwork was very effective in two respects. The part answers prepared in dghvataen
Gibsonprovided a helpful basis for all the solutions developed (other than the functiona@ppr

which we had not anticipatedlrurthermorestudents could clearly see the progression of solutions
during and at the end of the lesson. In their comments afterwards, students showed that this sequencir
helped them see the connections betweengheaches and how key features of linear patterns
featured in each one. At the stage of the year when this lessorred (late January o ear), this
lesson was very valuable as a broad revision before the mock exams. The boardwork was clear and
visible to all in the classlt was clear from the student feedback at the end of the lesson (where
students noted briefly on peiss the main learning they enjoyed and difficulties they faced) that the
mainaims of the lesson were largely achieved. Téeslback is very useful for informing future

lessons with thislass for Steen Gibsm and also for our Mathematicgartment in future planning

of Lesson &idy.
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The extended learnindgoking at the area of the pond for homework was immediatelyising In

the brief exploration directed by the teacher near the end of the class, already some students had
considered “What’s the common difference?” and
already the basis of seeing a difference is type of pattern.

12. Reflection

The main features of tHesson which stand out for useahe huge benefits of using a wllanned
problemsolving approach to examining mathematical situations. Enabling students to be truly actively
engaged in thinkingbout how to approach problems, in constructing multiple solutions to the same
problem and in considering links between various strategies really enhanced understanding and
confidence. We had hoped that students would demonstrate improved understatidirgp

elements of linear patterns as the lesson progresdad certainly happened. Good gimsng by the
teacher and webtructured boardwork aided this.

As outlined above, as group of teachers planning a Lesstund$ classwe must consides number of
important issues for the future. Firstly, at the planning stage, we must practice our boardwork more to
emphasise the importance of students genuinely communicating as they present answers at the board.
The development of this skill takes #nand practice for both the teacher and studértis

communication cannot be perfunctory is a central objective of the process and must be thorough and
searching.The mat important part of the whole Lessotu@®y concept is the Ceardaiocht staiée

learned during the lesson that, where we considered this discussion in depth in advance of the class an
practiced extensively the type of questioning we judged to be essential, the outcome of our Ceardaioch
was more productive. For any anticipatetlsons where we did less planning on what discussion

may arise, we found that we got less from the subsequent interaction in the class. The potential
benefits of such student work is too valuable to miss out on. We had the benefit of two
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“knowl edtgleearbd ™ wi th extensive experience in th
and outcomes of the class, but they were keen to highlight the centrality of Ceard@iactgaching

group recognisethat our preparation must be dirediedet the most &m this stageln short, more

time at planning shoulde spent on core elements of the Lessard$ process. These core elements

arise from the research theme and the goals of the lesson, which we must keep in mind when allocatinc
our planning time.

Engagng in the process of Lesson Stumlyer the last four yeatsas broughteal benefits to the

students and maths teachers of Deele Coll¥ge.have found that the supports developed by the

Project Maths team over that time have enabled us to make mushusettof the proces3he

learning outcomes for students in terms of better communication and deeper understanding of concepts
are clear. Collaborative planning, critical evaluation and peer observation embedded in Lesson Study
have offered our teacheraluable opportunities to reflect on and improve the quality of maths teaching

in our school.
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