
LEABHARLANN CHOLAISTE NA TRIONOIDE, BAILE ATHA CLIATH TRINITY COLLEGE LIBRARY DUBLIN
OUscoil Atha Cliath The University of Dublin

Terms and Conditions of Use of Digitised Theses from Trinity College Library Dublin 

Copyright statement

All material supplied by Trinity College Library is protected by copyright (under the Copyright and 
Related Rights Act, 2000 as amended) and other relevant Intellectual Property Rights. By accessing 
and using a Digitised Thesis from Trinity College Library you acknowledge that all Intellectual Property 
Rights in any Works supplied are the sole and exclusive property of the copyright and/or other I PR 
holder. Specific copyright holders may not be explicitly identified. Use of materials from other sources 
within a thesis should not be construed as a claim over them.

A non-exclusive, non-transferable licence is hereby granted to those using or reproducing, in whole or in 
part, the material for valid purposes, providing the copyright owners are acknowledged using the normal 
conventions. Where specific permission to use material is required, this is identified and such 
permission must be sought from the copyright holder or agency cited.

Liability statement

By using a Digitised Thesis, I accept that Trinity College Dublin bears no legal responsibility for the 
accuracy, legality or comprehensiveness of materials contained within the thesis, and that Trinity 
College Dublin accepts no liability for indirect, consequential, or incidental, damages or losses arising 
from use of the thesis for whatever reason. Information located in a thesis may be subject to specific 
use constraints, details of which may not be explicitly described. It is the responsibility of potential and 
actual users to be aware of such constraints and to abide by them. By making use of material from a 
digitised thesis, you accept these copyright and disclaimer provisions. Where it is brought to the 
attention of Trinity College Library that there may be a breach of copyright or other restraint, it is the 
policy to withdraw or take down access to a thesis while the issue is being resolved.

Access Agreement

By using a Digitised Thesis from Trinity College Library you are bound by the following Terms & 
Conditions. Please read them carefully.

I have read and I understand the following statement: All material supplied via a Digitised Thesis from 
Trinity College Library is protected by copyright and other intellectual property rights, and duplication or 
sale of all or part of any of a thesis is not permitted, except that material may be duplicated by you for 
your research use or for educational purposes in electronic or print form providing the copyright owners 
are acknowledged using the normal conventions. You must obtain permission for any other use. 
Electronic or print copies may not be offered, whether for sale or otherwise to anyone. This copy has 
been supplied on the understanding that it is copyright material and that no quotation from the thesis 
may be published without proper acknowledgement.



University o f  Dublin 

Trinity C ollege

Developing Mathematics Teachers’ Pedagogical Content 

Knowledge through Lesson Study:

A Multiple Case Study at a Time of Curriculum Change

Book o f Appendices

A thesis written in fulfilment o f the requirements for the degree o f 

Doctor in Philosophy (Ph.D.)

2015

Aoibhinn Ni Shuilleabhain

Supervisor; Dr Aidan Seery



^IBRARYD U B LIN  ^  1 LIST OF APPENDICES

TRINITY C O L L E G E ^

r 3 juL 2015 p  ̂  ̂ ^

A ppendix A -  C orrespondence, C onsent & E th ic s ......................................................... 1

A1 Initial Letter/Proposal to S chools...................................................................................... 2

A2 Initial Presentation to T eachers.......................................................................................... 3

A3 Letter/Proposal to Mathematics Department................................................................... 9

A4 Information Letter to Principals.........................................................................................10

A5 Information Note for Participating Teachers...................................................................11

A6 Teacher Consent Form......................................................................................................... 12

A ppendix B -  Funding ..............................................................................................................13

B1 Research Context as a Funding Proposal for NCCA.................................................... 14

B2 Proposal o f Costs (NCCA).................................................................................................. 16

A ppendix C -  T eacher R esources.........................................................................................17

Cl Lesson Study Teacher Booklet........................................................................................... 18

A ppendix D -  D ata G eneration ............................................................................................ 56

D1 Semi-structured Interview Guide; 1..................................................................................57

D2 Semi-structured Interview Guide: 2 ................................................................................ 58

D3 Semi-structured Interview Guide: 3 ..................................................................................59

A ppendix E -  D ata Sam ples...................................................................................................61

El Samples o f Transcripts from Lesson Study Meetings

E l Lesson Study Meeting Transcripts Sample 1: Doone..........................................62

E l Lesson Study Meeting Transcripts Sample 2: Crannog.......................................65

E2 Samples o f Transcripts from Teacher Interviews



E2 Teacher Interview Sample 1: Doone......................................................................67

E2 Teacher Interview Sample 2: Crannog................................................................. 68

E3 Samples o f Summary o f Researcher Log

E3 Researcher Log Sample 1: Doone.......................................................................... 69

E3 Researcher Log Sample 2: Crannog......................................................................70

E4 Sample o f Researcher Field N otes....................................................................................71

Appendix F -  T eacher G enerated M aterials....................................................................72

FI Planning Materials

FI 1: Doone Lesson Plan Cycle 3............................................................................... 73

FI 2: Crannog Teacher Goals........................................................................................ 74

FI 3: Crannog Series o f Lessons.................................................................................. 74

FI 4: Crannog Planning N otes...................................................................................... 75

FI S:  Crannog Doing Mathematics Questions.......................................................... 76

FI 6: Crannog Lesson Plan Cycle 3 .............................................................................77

F2 Research Lesson Curriculum Materials

F2 I: Doone Lesson I Questions................................................................................... 82

F2 2: Doone Lesson 2 Problem Solving W orksheet................................................ 83

F2 3: Doone Lesson 3 Questions...................................................................................84

F2 4: Doone Lesson 4 Presentation.............................................................................. 86

F2 5: Doone Lesson 4 Questions..................................................................... 87

F2 6; Crannog Lesson I W orksheet................................................................90

F2 7: Crannog Lesson 3 W orksheet............................................................... 92

F3 Observation Notes



F3 1; Doone Lesson 1 Sample Observation Sheet................................................... 93

F3 2: Crannog Lesson 1 Sample Observation Sheet................................................94

F3 3: Crannog Lesson 2 Sample Observation Sheet................................................95

F4 Samples o f Student Work

F4 1: Doone Lesson 1 Student Work Sample........................................................... 96

F4 2: Doone Lesson 2 Student Work Sample........................................................... 97

F4 3: Doone Lesson 3 Student Work Sample........................................................... 98

F4 4: Crannog Lesson 1 Student Work Sample........................................................99

F4 5: Crannog Lesson 2 Student Work Sample......................................................100

A ppendix G -  D ata A nalysis................................................................................................101

G1 Shallow Description of Teacher Meetings

G1 Sample 1: Doone................................................................................................... 102

G1 Sample 2: Crannog................................................................................................103

G2 Notes on Teacher Meetings

G2 Sample 1: Doone................................................................................................... 104

G2 Sample 2: Crannog................................................................................................105

G3 Analysis Codes Phases 1 & 2 ........................................................................................... 106

G4 Initial Codes Phase 3 .......................................................................................................... 110

G5 Coding in Phase 3 o f Analysis.........................................................................................112

G6 Developing a Framework for Phase 4 o f A nalysis.....................................................119

G7 Final Open Codes in Phase 4 o f Analysis..................................................................... 121

G8 Tallying Phase 4 Codes.................................................................................................... 126



APPENDIX A

A1 Initial Letter/Proposal to Schools 

A2 Initial Presentation to Teachers 

A3 Letter/Proposal to Mathematics Department 

A4 Information Letter to Principals 

A5 Information Note for Participating Teachers 

A6 Teacher Consent Form

1



APPENDIX A1 -  Initial Letter/Proposal to Schools

TRINITY COLLEGE DUBLIN
COLAISTE NA TRIONOIDE, BAILE ATHA CLIATH

THK
UNIVERSITY  
OF nUBI.IN

Dear Principal,

I would like to invite your school to participate in an innovative and unique pilot study being 

carried out as part of a PhD Thesis on Mathematics Education through the School o f Education in 

Trin ity College Dublin under the supervision o f Dr. Aidan Seery.

The research aims to develop a model o f professional development fo r post-primary 

mathematics teachers through a task based community o f practice. The project w ill support 

mathematics teachers in implementing the Project Maths curriculum content and teaching 

methodologies through continuous, collaborative work w ith in the mathematics department, 

while also identifying the implications on student learning and classroom practice.

The pilot study w ill be held from  September 2012 until April 2013 and will involve a maximum of 

six meetings lasting one to one and a half hours (or 2 classes) w ith the participating teachers 

throughout the year and a maximum of four demonstration lessons. It would be hoped tha t four 

mathematics teachers from your school would participate in the pilot study. The NCCA are kindly 

supporting this study and substitution for classes and meetings related to this research w ill be 

provided to the school up to a sum o f €2000. It is hoped tha t the mathematics teachers in your 

school w ill benefit from the collegiate collaboration in curriculum content and teaching 

methodology while also accessing additional resources.

The data w ill be analysed for the purposes o f my own research and confidentiality and anonymity 

can be ensured throughout the process. Prior consent to participation will be sought from  all 

participants and the right to w ithdraw  at any point will be guaranteed.

It would be very much appreciated if you could circulate this invitation to the mathematics 

teachers w ith in  your school. I would be delighted if these teachers would be interested in 

participating in the study. I w ill fo llow  up contact w ith you by phone, or feel free to contact me at 

the email address below. I would propose to meet w ith participating teachers in May 2012 to 

discuss the project and answer any questions they may have.

Kind regards,

Aoibhinn Ni Shuilleabhain 

Email:

Phone:
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A P P E N D IX  A2 - In itial Presentation to Teachers

Ao i b ti RHRf-S h u i I lea bh 
S c ^ A  of Education 

TnnitfCollege Dublin

athematics issuers?

A r ^ B S C c e  of internationaJ resSSSt wi 
classroom practice and teacher-student Interactions 

TALIS report 2009 stiows Ireland below average 
international norms of collaboration with colleagues, 
in-school professional development, peer 
observation & feedback.
Academic research showing positive results of 
collegiate collaboration in mathematics departments 
in other Aj^ntries.

a I felt was n e g le c W |flH |te d  while I

_  ematics, physic^ scfgBBe & applied 
m a th^a tlcs  in St. Mark’s Commuffl^^chool.
Tallaght since 2007 
Project Maths Pilot School & PMISG 
Project Maths Facilitator in Strands 1. 2, & 3 since 
2009
Commenced PhD in September 2011 and I
coordinating Mathematics Pedagogy on PDE course I 
P o s t jg ^ ^ te  Diploma in E d u c a t i^ n ^ ^  I
BS flB ^ ^ ff i^ ical Physics from I

rch propose to

To investigMft how a model of a task-based 
community o f practice may pro\Hde a 
structure for mathematics teachers as a mode 
of professional development.

Equally to investigate how this mode) impacts 
student engagement in the mathematics 
classroom. _

A model of professional development of post- 
primary mathematics teachers in Ireland.

m O ^ ^P ftes lb n s
~ T " ^ o ^ K t i v e  an approach is a tasl35ased 

community of practice in enhandng and 
developing teachers' professional and 
pedagogical practices?

2. How is shared meaning constructed within a 
task-based community of practice?

3. How does a task-based COP nurture the 
teadiing and learning practices envisaged by 
the Pr<^ect Maths curriculunj? _
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untnes have educdUI^UI|l|I.UCtures 
where <Stlegiate collaboration Is supported.

A community of practice has  been shown to provide 
positive peer support and feedback to teachers 

C on ten t know ledge and pedagog ical co n ten t 
know ledge of participants have improved in other 
countries where communities of practice are  the
n o r m  (Shulman1986)

r ocus 6h...

The evolution and developmght of the 
community of practice 

Providing analysis on certain them es 
recurrent in the practices of the community 

Identifying the structures for a  sustainable 
COP to develop
Highlighting the advantages/^W K ^antages 
o ftheahJdy

theftud
There vM > e l^ e m b e r s  of the communiigr from your

M athem aiSi'D epartm ent

• Between 4 and 6 meetings during the year lasting 
between 1 hour and 1.5 hours.

• A total of 2 or 3 demonstration lessons that will be 
taught and/or observed by the teachers in your 
communii^

• The meoting^wlH be held at a  time ftonimqjont to the
tead j^ i. R«sva. '
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^our 
worklo’ad...

Researcher (m e) will act as observer, participant 
& resource

It is hoped that participants will benefit from 
structured time with their departmental 
colleagues in developing resources for the 
classropm.

A I^ 4 )ro v jd in g  feedback and g ^ g lijx e s  for the 
stril&ure of a jw s s ib le  future rrtO T^ 'C ffD .

You as Participant
I *  __________________

loes not in te n ^ to ln ^ S BTri^^TC A  will provide € 2 0 0 fi" t^^ ^R m o l 
SpedficaKy for supervision and substitution of 
classes that may be required wfien teachers are 
participating in meetings and demonstration 
lessons.

Im proving som ething as com plex and cu ltura lly embedded 
as teaching requ ires the efforts of all the players, including 

students, parents and politic ians

But te a c h e rs  must be the p r im a ry  d n v in g  fo rc e  behind 
change

They are best positioned to understand the problem s that 
student face and to  generate possib le  solutions

You are the most important part of this
research.

• Your participation in the community, your 
conversations, opinions and feedback 
are key to the study

• Wittwutyou, there Is no neaMTch!
ArkSnuMidBt
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irning

• Lesson planning

• Cumculum writing

• Coaching/mentoring

• Demonstration lessons

• Basic research

It IS about developing a 

community of practice wtiere 

* Participants develop a shared 

reperto ire  

• Participants re fle c t on their 

practice 

• Participants improve ttieir 

pedagogica l and con tent 

I  kno w led ge  through collaboration 

witt^ their professional peers

jgoing, and connei

■ Focuses on student learning and addresses ttie
teaching of specific curriculum content

■ Aligns with school improvement priorities and goals

■ Builds strong working relationships among teachers

Datling-Hsmnwnd, Wei.Andre«. Richatdson and Orphanos (2009)

- lA

• Discuss the values, meaning and objectives of the 
community

• Joint enterprise in developing resources relevant to 
your staff and your school

• Collegiate coliaboration of professional peers

• Shared repertoire of resources In improving student 
engagement In mathematics lessons.

• Implejgenting a classroom comnjuq iypfifegming as 
rele|5^nt to thejproject
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:e«s and explore In detail.

flop a focus on 

smentthe Proja

~ W :- ^

esson taught by one t  

Lesson observed by other members of the 
community who gathering data on student 
engagement PT

Planned collaboratively U

Brings to life a goal or vision of education 

Recorded; video, audio, student wor1< 

R e ^ g ^ ^ n  by participants in t h ^ g ^ w n i t yR e f le ^ d  on t I
ion relate to

3.6 S yn tt>#^P la |P U ern -so lv ing  
skills

4.1 Generating arithmetic 
expressions from repeating 
patterns

4.2 Representing situations with 
tables, diagrams and graphs

4.3 Findir^fonnulae
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ieachers  are participating in 
their own Action Research  
by devising and designing a 
lesson and recording 
students' engagement in 
that lesson.

Time with your colleagues 
Additional mathematical resources 
Developing a community o f learning within your 
classroom, a philosophy on which the Project Maths 
cuniculum is based.
Model of professional development wttch will develop |6
skills as a communicator and educator
Sense of community and collegiality in your department
Shaping a new model of in-school professional
development which has the possibility of being rolled-out
nationaiiy.

If you a i^ in tS ested  in participfcting:'

• I will be extremely grateful!

• Principal/Head of Department contact me by 
email or phone.

• I will send out consent forms and arrange to 
meet you at the start of the schqgl^anr 
2012/2S13 w

H S m c m a ltc s  Education 
Aofbhinn Ni ShulllMbhaIn 

School of Education
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A P P E N D IX  A3 -  Letter/Proposal to Mathematics Departments

TRINITY COLLEGE DUBLIN Ŝ vfrs.tv
COLAISTE NA TRiONOlDE, BAILE ATHA CLIATH OF nUBl.iN

To the Mathematics Department,

I would like to invite you to participate in a study being carried out as part of a PhD Thesis on 

Mathematics Education through the School o f Education in Trinity College Dublin.

As a mathematics teacher, my research aims to develop a model o f professional development fo r 

post-primary mathematics teachers through a task based community o f practice. The project will 

support mathematics teachers in implementing the Project Maths curriculum content and 

teaching methodologies through continuous, collaborative work w ithin the mathematics 

department, while also identifying the implications on student learning and classroom practice. 

The researcher w ill also participate in the project as resource support fo r the mathematics 

department.

The pilot study w ill be held from  September 2012 until April 2013 and w ill involve a maximum of 

six 1-1.5 hour meetings w ith the participating teachers throughout the year and a maximum of 3 

demonstration lessons. It would be hoped that 4 mathematics teachers from your school would 

participate in the pilot study.

Substitution fo r classes and meetings related to the study w ill be funded up to €2000 by the 

NCCA.

Teachers should benefit from the collegiate collaboration in curriculum content and teaching 

methodology while also accessing additional resources w ith  assistance from the researcher.

The data will be analysed for the purposes o f my own research and confidentiality and anonymity 

can be ensured throughout the process. Prior consent w ill be sought from all participants and the 

findings created from this project w ill be used as part o f my PhD thesis and for publication in 

educational journals and conference proceedings.

It would be very much appreciated if you could discuss this invitation w ith other mathematics 

teachers in your department and would be delighted if you would be interested in participating 

in the study. Please feel free to contact me by phone or at the email address below. I would 

propose to meet w ith participating teachers in May 2012 to discuss the project and answer any 

questions they may have.

Kind regards,

Aoibhinn Nf Shuilleabhain 

Email: |

Phone: I
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A P P E N D IX  A4 -  Information Letter to Principals

TRINITY COLLEGE DUBLIN SfvFRs.Tv
COI.AISTE NA TRI'ONOIDE, BAILF ATHA CLIATH OF DUBi.lN

Dear Principal

Thank you sincerely fo r allowing me the opportun ity to work w ith your Mathematics Department 

in the coming academic year 2012/2013 as part o f my PhD studies in Mathematics Education.

I have been in contact w ith ... in the Mathematics Department and w ill hope to begin the 

programme w ith  the teachers in September 2012. I hope to conduct meetings and interviews at 

times convenient to  the teachers in order to minimise any disruption to the school day. However, 

as mentioned in my previous communication, there is likely to be some disruption to classroom 

time. In relation to this matter, the NCCA have generously offered to cover the supervision of 

these classes up to  the amount o f €2000.00. Bill Lynch o f the NCCA will be in contact w ith  you in 

September w ith the firs t instalment o f this funding.

I am sincerely grateful fo r the opportun ity to conduct this research in your school and hope that 

participating in the study will be o f benefit to both teachers and students.

If you have any questions in relation to the research please do not hesitate to contact me.

Mise le meas,

Aoibhinn Ni Shuilleabhain

Email

10



APPENDIX A5 - Information Note for Participating Teachers

Post-Primary Mathematics Teachers participating in Lesson Study

Participation Information Form

This research aims to identify the features o f  a task-based com m unity  o f  practice within an Irish 
post-primary Mathematics Department. The research should also identify the key practices o f  the 
com m unity  o f  mathematics teachers in nurturing and implementing the teaching and learning 
practices envisioned by the Project Maths curriculum.

M em bers  o f  the research will be expected to attend and participate in research meetings o f  the 
M athematics Department. M em bers will also be expected to participate in Research Lessons 
involving teaching and observing specially planned lessons. The researcher also hopes to 
interview each mem ber o f  the research twice, at the beginning and end o f  the research period.

It is expected that 8 meetings o f  the community o f  practice will be held during the academic year 
2012-2013 with a total o f  2 interviews per m em ber and approximately 3 research lessons. Each 
meeting is expected to last between 1 and 1.5 hours. Interviews should last no longer than 30 
minutes and research lessons will be held in the usual class duration.

All information provided by the mem bers o f  the research will be treated with the utmost 
confidentiality and security. All data generated during the research will be accessed by the 
researcher and supervisor and participant information will only be accessed by the researcher 
and supervisor. Participants will not be identifiable in any published material. Primary data will 
be stored for a period o f  18 months following publication o f  the thesis. Thereafter, it will be 
destroyed.

Participation in this research is entirely voluntary and participants are at liberty to w ithdraw at 
any time without prejudice or negative consequences.

This information sheet is a constitutive part o f  the consent form.

Should any mem bers o f  the research wish to enquire further on any detail they may contact; 

Researcher: Aoibhinn Ni Shuilleabhain

Email

Address:

11



APPENDIX A6 - Teacher Consent Form

Participation Consent Form

Title of project;

Post-primary mathematics teachers as a task-based school community o f practice

Statement: Yes No
I have been informed o f and understand the purposes o f this 
study

I have been given an opportunity to ask questions

I understand I can withdraw at any time without prejudice

Any information which might potentially identify me will not 
be used in published material

I agree to participate in this research

I agree that data generated from this study may be used by the 
researcher only for a period o f  5 years after the publication o f 
the PhD thesis.

N am e:__________________________

Signature;___________________________

Date;

12



APPENDIX B
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B2 Proposal o f Costs (NCCA)
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A P P E N D IX  B1 -  Research Context as a Funding Proposal for NCCA

Project Maths: A pilot study of pedagogical implementation 

and professional development

Post-Primary M athem atics Teachers as a Task-Based School

Comm unity of Practice

Executive Summ ary of Proposal

Rationale

W ith the introduction of a new Project Maths curriculum to all post-primary schools in Ireland, 

and w ith  the final Strand 5 to be introduced in September 2012, it is a relevant and im portant 

tim e to conduct research into the practices of mathematics teaching, the modes o f professional 

development of mathematics teachers, and the implementation and introduction of 

mathematical skills and concepts w ithin the classroom.

Proposed Research

This proposed pilot study aims to employ a new theoretical framework, extending certain ideas 

of the extant literature, fo r a task-based professional community o f practice to engage in 

developing the Project Maths classroom focused on establishing a communicative classroom 

community where all students are engaged in the ir mathematical learning. This proposed model 

w ill be loosely based on the Japanese model o f Lesson Study (Inoue, 2010; Peng, 2007) where 

mathematics teachers in a school department collaborate in planning a particular topic o f 

mathematics. This method is seen as an im portant practice in establishing a constructive, 

collaborative teaching practice which encourages teachers to view a lesson from  a student- 

engagement perspective. The majority of data generated in this study w ill be qualitative and w ill 

be recorded through the observations o f teachers' meetings as a task-based community o f 

practice, o f teachers conducting and observing Action Research in the ir classroom and o f 

teachers' practices in the ir classrooms.

14



Impact

•  It is hoped that this investigation might become a model for further descriptive, and 

perhaps evaluative, curriculum research in Ireland.

•  It is hoped that this investigation might become a model for future continuous 

professional development o f mathematics teachers in discussing, collaborating and 

implementing a mathematics curriculum, in particular the Project Maths curriculum.

• It is hoped this model of in-school professional development will have a positive 

impact on classroom practice and on the engagement, interest and assessment of 

students in their mathematical learning.

15



APPENDIX B2 -  Proposal of Costs (NCCA)

Project Maths: A pilot study of pedagogical implementation 

and professional development

Post-Primary M athem atics Teachers as a Task-Based School

Comm unity of Practice

Proposed Maximum Costs for Substitution/Supervision

o The hourly rate payable to teachers for supervision in the 2010/2011 school year 

is €47.82 w/ith effect from 1̂ ' September 2010.

o The hourly rate payable to personnel employed solely for the purpose of
St

supervision is in the 2010/2011 school year is €21.31 with effect from the 1 

September 2010.

[Circular Letter Pay 0016/2011, DES]

o In total it is envisaged that a maximum of 64 supervision classes be required for the 

duration of the data generation from September 2012 to April 2013.

€47.82 * 64 = €3060.48

Or

€21.31 * 64 = €1363.84

o It may be at the discretion of the principal which personnel be employed for the 

purpose of supervision and hence costs will not be able to be concretely 

established at this point without consultation with the schools involved in the 

pilot study.
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Practice
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W hat is Lesson Study?
Lesson study is a system of planning and delivering teaching and learning tha t  is designed  

to  challenge teachers, to  share practices & ideas, to  explore new  teaching approaches, 

and to  recognise the  possibilities o f independent growth of learners while fostering self- 

confidence in all.

Lesson study develops innovative ways of building on and improving teacher practices by 

sharing lesson ideas, sharing observations and reflecting on learning in the  classroom. 

Evidence o f  good teaching practice is rarely explicitly witnessed by professional teachers. 

Lesson study provides opportunity  for teachers to share and develop the ir  personal 

expertise within a w ider, collegiate fram ew o rk  through planning and observing  

structured lessons that have agreed lesson objectives. Lesson study also offers well-  

developed student activities and teacher-s tudent interactions that are beneficial for the  

im provem ent of teaching and learning. It has been shown tha t  through participating in 

lesson study, the  focus o f  teaching transitions tow ards the  mindset of s tudent and allows 

for m ore creative and collaborative contributions to  learning within the  classroom. 

Teachers themselves have acknowledged an im provem ent in the ir m athem atica l content  

knowledge and pedagogical content knowledge through participating in Lesson Study.

It is im portant to note that Lesson Study is not about creating the  best and most 

successful lesson plan (although it may be a very w e lcom e outcom e of the  practice) but 

rather is about the  professional and collegiate discussions evolving from  engaging with  a 

curriculum and creating ways for students to  engage with  a topic.

Figure 1 Image from Lewis & Hurd, 2011
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Lesson Study as Action Research
Participating in Lesson Study invites teachers to establish a long-term objective or goal 

for their teaching and for their students during the academic year. In pursuing these 

objectives or goals, teachers become researchers in exploring innovative approaches to 

their classroom practice. While the goals and objectives for this research are established 

as a community, there is an opportunity for teachers to  pursue their own individual 

Action Research within their classrooms. Performing Action Research as teachers 

researching in the classroom is seen as a beneficial and engaging form of professional 

development in education.

It is an opportunity for individual teachers participating in the study to further explore 

researching as an educator with a view to publishing or co-publishing their own findings 

or incorporating the project as part of their own academic study. It is open to any 

participant to discuss this w ith the researcher during the academic year.

In pursuing the objective o f sharing and building on new approaches in classroom 

practice as a community, it is hoped that participating teachers will reap the benefits 

both as individual teachers and as a Mathematics Department.
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History of Lesson Study
Lesson Study originated as a practice in Japan in the 1960s and is an embedded tradition w ithin 

the educational community from  1 '̂ to 3̂ '' level. Teachers w ithin a school department, including 

those in pre-service training, participate in Lesson Study throughout the academic year. Teachers 

collaborate in carefully devising lesson plans w ith proposed student questions and student 

learning at the core o f these lessons. The class is taught by one teacher while the rest of the 

group, and sometimes invited external educators, observe and take note o f happenings and 

proceedings w ith in the classroom. All members o f the community then reflect on the lesson, the 

learning achieved, the objectives met etc. and discuss any changes that could be made in 

improving the lesson. There are many Japanese textbooks based on accumulated lesson plans 

devised through Lesson Study and many teacher reference books based on the activities and 

resources used in Lesson Study.

Mathematical inquiry in Japan usually follows a traditional problem solving approach w ith  four 

key components:

1. Hatsumon (initial math question/problem that the teacher gives to initiate a rich 

conceptual discussion)

2. Kikanjyushi (students' individual or group-based problem solving as the teacher walks by 

the ir desks)

3. Neriage (whole class discussions) to compare and contrast d ifferent strategies and build 

consensus on the problem solving

4. Matome (summary)

This and other similar practices have been adopted in many other countries as a structured and 

innovative way for teachers to interact w ith a curriculum and to collaborate w ith one another.
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Community of Practice
Participating in Lesson Study as a group o f mathematics teachers establishes a 

community of practice in a Mathematics Department. Within this community of practice 

teachers determine objectives, develop resources and demonstrate activities as a group 

of teachers. Communities of practice are seen as important entities in establishing 

sustainable, collaborative and supportive working environments.

The following features of a community o f practice within an educational environment 

have been established for the purposes o f this research:

During the course of this research, it is hoped that these features will emerge through 

the participation of the community in the practice of Lesson Study.
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The Research

The researcher's objective in this project is twofold:

1. To analyse and interpret significant m om ents  of learning and transform ation within  

th e  com m unity  of practice

2. To assess/judge Lesson study as a practice o f  a com m unity  of m athematics teachers  

and as a form o f  in-school continuous professional developm ent in Ireland

In carrying out this research, the  discussions, conversations and dialogue within the  

com m unity  of mathematics teachers will be the  main focus for the  researcher. W hile  the  

researcher will be noting the interactions within the group, she hopes to  also participate  

w ith  and assist teachers in the ir  com m unity  o f  practice meetings in providing classroom  

resources, curriculum materials etc. as they see fit.

It is well recognised that there  are many positive practices present in Irish post-primary  

m athem atics classrooms and it is hoped tha t  this research will highlight and share these  

w ith  the  w ider teaching and academic com munity. The research may also present the  

beneficial outcomes of affording in-school departm enta l hours tow ards teaching  

methodologies and pedagogy within a subject topic.

Research Questions
In this early stage of the research, it may be of interest to the participating teachers to be aware 

of the questions of focus for the purposes of this Ph.D. thesis. To date, they are as follows:

1. How  do the  features of a com m unity  o f practice manifest through dialogue within  

a task-based com m unity  o f practice?

2. How  effective an approach is a task-based com m unity  of practice in developing  

and transforming teachers' professional and pedagogical practices in an Irish 

post-primary context? How are these transformations evident in com m unity  

interactions?

3. How  does a task-based com m unity  of practice establish and cultivate the  teaching  

and learning practices envisaged by the  Project M aths curriculum?
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Participating Teachers' Roles in this Research

The participating teachers are the  most im portant agents in this research. The generous  

offering o f  a teacher's t im e and the ir  involvem ent in this project is greatly appreciated. 

As a researcher, I would like to  offer my sincere thanks in allowing me to  participate in 

and observe in the  planning, teaching and reflecting on classroom practice within your  

m athem atics  departm ent. It is a unique and valuable opportunity  as an educational 

researcher to  gain such privileged access and this is very much appreciated.

Participating teachers are free  to  opt out of the  research at any stage during the  year, 

but it is hoped tha t  teachers will both enjoy and feel rewarded by the  experience of  

participating for the  full academic year. It is also hoped tha t  your participation will be of  

benefit to  you as an individual mathem atics teacher and m e m b er of an innovative, 

engaging com m unity  of mathem atics educators.

As part o f your role in this research it is hoped that you will participate in the  practice of  

Lesson Study by attending and engaging in the  meetings of the  C om m unity  of Practice 

and in th e  Research Lessons. Each m eeting should last approxim ately  1 to 1.5 hours and 

will be held at a t im e agreed upon by the  teachers.

It is also requested tha t  you participate in an individual interv iew with  the  researcher at 

the  beginning of the  research and again at the  end of the  research. The content of these  

interviews will be based on the  processes and practices involved in the  research.

Time-Frame

It is hoped to  com m ence the research and meetings of the  C om m unity  of Practice in 

Septem ber 2012  and to conclude the  research in April 2013. W hile  the  t im e -fram e  of the  

Lesson Study cycles will be agreed upon by th e  com munity , the  researcher will suggest 

conducting tw o  Research Lessons before th e  end o f  the  first te rm  and tw o  Research 

Lessons before  the  end of the  second term  in 2 0 1 2 /2 0 1 3 .  The schedule and details o f the  

meetings and research lessons will be agreed upon by the teachers and researchers early  

in the  academic year.
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Lesson Study as a model of Professional Development

"Improving something as complex and culturally embedded as teaching requires the 
efforts o f all the players, including students, parents and politicians. But teachers must be 
the primary driving force behind change. They are best positioned to understand the 
problems that student face and to generate possible solutions." Stigler & Hiebert, The 
Teaching Gap

Lesson Study has been established as a practice o f professional developm ent in many countries.

It aligns w ith  many features of professional developm ent, such as those outlined below:

■ Is intensive, ongoing, and connected to practice

■ Focuses on student learning and addresses the teaching of specific curriculum content

■ Aligns w ith  school im provem ent priorities and goals

■ Builds strong working relationships am ong teachers

Lesson Study is a professional developm ent strategy that is deceptively simple on the surface and 

rem arkably complex once participants begin to probe beneath the surface. It is said to becom e as 

much a cultural as a professional developm ent activity since it requires teachers to be 

com fortable sharing resources and ideas w ith  one another and also be com fortable in observing 

each other teaching.

Teachers w ho have participated in Lesson Study have acknowledged positive changes in the ir 

classroom practice but have also indicated th a t both the ir m athem atical content knowledge and 

pedagogical content knowledge have improved due to th e ir participation.

W ithin the Irish context, it is hoped that Lesson Study will allow teachers to:

1. Access and e x p lo re  cu rricu lu m  o b jec tives  in d e ta il.

2. R e flec t on lo n g -te rm  aim s and goals fo r  th e ir  s tu d ents

3. C are fu lly  co ns id er th e  goals o f a p a rtic u la r s trand , c o n te n t a rea , u n it and lesson

4. S tu dy  th e  best a va ilab le  in te rn a tio n a l lessons and ideas

5. Plan lessons th a t  id e n tify  and ach ieve  s h o r t-te rm  and lo n g -te rm  goals

6. D ee p e n  sub ject m a tte r  and c o n te n t k n o w le d g e

7. D eve lo p  pedagog ica l c o n te n t k n o w le d g e  o r specific te a c h in g  skills

8. Build cap ac ity  fo r  c o lleg ia te  learn in g

9. D eve lo p  a focus on s tu d e n t th in k in g  and  e n g a g e m e n t
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10. Implement the Project Maths curriculum in an environment intended by the 

syllabus

Note: Developing processing skills while also developing innovative ways of problem 

solving are much desired within many international curricula and education systems. 

Mathematics is a powerful subject since it develops creative and critical thinking in 

general, and mathematical and logical thinking in certain situations. In the painting 

Scholars of Athens by the Renaissance painter Raphael, Euclid is showing constructions to 

his students. At the centre o f the picture, a student is explaining his findings to his fellow 

classmates. It is this objective o f students enjoying mathematical conversations among 

themselves that is a key to creating a community of learning within the mathematics 

classroom.
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Model of Lesson Study

1. STUDY 
CURRICULUM AND 

FORMULATE GOALS

2. PLAN
4. REFLECT

3. CONDUCT 
RESEARCH LESSON

(Lewis, Perry, & M urata, 2006)
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1. study Curriculum and Formulate Goals

Initial Meeting
During the first meeting of the community of practice the following agenda is suggested:

i. Choose roles for the initial meeting of the community of practice

ii. Examine ideas about professional development and lesson study

iii. Consider long-term goals and/or research theme

iv. Build a timeline for the Lesson Study Cycle

V.  Review the curriculum and areas or topics which may be of interest

vi. Review key decisions a n d /o r insights m ade during the  m eeting

vii. Agree upon assignments to  be com pleted or fo llow ed up in the  next m eeting.

In considering long-term goals and/or research theme teachers may ask themselves:

•  W h at is a gap b etw een  the  ideal and the  actual th a t you w ould really like to  work  

on as an educator?

•  Think about the  students you serve. W h a t qualities w ould  you like these students  

to  have 5 -10  years from  now?

•  W h at qualities do they  have now  and w h a t could be im proved upon?

For example: For students to be curious about mathematical patterns, and develop the capacity 

to identify and represent mathematical patterns.

•  It m ay be useful fo r teachers to  focus on a teaching approach ra th er than a 

curriculum  unit at this stage, e.g. successful group w ork  w ith in  th e  m athem atics  

classroom.
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2. Plan

Planning M eeting

i. Choose roles fo r the  planning m eeting  o f th e  com m unity  o f practice

ii. Decide on the  class group and curriculum  area on which to  focus

iii. Select or revise the  research lesson

iv. W rite  a teaching and learning plan

V. Devise an observation strategy for collecting data

vi. Review key decisions a n d /o r insights m ade during th e  m eeting

vii. Agree upon assignments to  be com pleted or fo llow ed up in the  next m eeting.

Teaching and Learning Plan
The teaching and learning plan should include:

o Long term  goals 

o A nticipated student thinking  

o Data collection plan 

o A 'm o d e l o f lea rn in g 'tra je c to ry  

o The rationale  for this chosen approach

In commencing the teaching and learning plan teachers should ask themselves:

(Questions 1 - 4  may be un-necessary in planning a single isolated lesson)

1. What do students currently understand about this topic?

2. What do we want them to understand at the end of the unit or sequence of lessons?

3. What's the sequence of experiences (lessons) that will propel students toward the 

learning objective?

4. What will make the unit/sequence of lessons and each individual lesson motivating and 

meaningful to students?

5. Which lesson in the unit will be selected as the research lesson?

6. What will students need to know before this lesson?

7. What will they learn during this lesson?

8. What is the sequence of experience through which they will learn it?

9. How will students respond to the questions and activities in the lesson?

10. What problems and misconceptions will arise and how will teachers respond to them?
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11. W h at evidence should we gather and discuss about student learning, m otivation, and 

behavior?

12. W h at data collection forms are needed to do this?

Each m em ber o f the planning team  should independently do the activity intended for the  

research lesson. Usually in a group o f teachers, there  will be a variety of strategies in attem pting  

an activity and each teacher should have an opportunity to share how they approached the  

activity. It will be im portant to  discuss the successes and difficulties the students will encounter 

and also the successful process(es) and outcom es for this task.

The point o f anticipating student responses is not to design the activity so that student's w on 't 

struggle or so th a t misconceptions w o n 't em erge, but rather to give teachers an opportunity to 

plan how  they will respond and to think about w hat kind o f struggles and misconceptions may be 

an intentional e lem ent of the lesson. It is im portant to discuss the instructional strategies and 

options th a t might facilitate the student learning as struggles and misconceptions em erge.

Record the anticipated student responses and teacher responses in the lesson plan.

[See end of document for Lesson Plan template]

Collecting Data
It will also be im portant for teachers to reflect on w hat data collected during the lesson will 

assess the learning and engagem ent o f students.

NB: It may be useful fo r observing teachers to have both a copy o f the lesson plan and seating 

map of the room w ith students' names during the lesson.

In designing and observation sheet teachers should ask:

1. W h a t  d a ta  w ill h e lp  you u n d e rs ta n d  y o u r s tu d en ts ' progress on y o u r  

lesson goals and lo n g -te rm  goals?

2 . W o u ld  a p re p a re d  d a ta  co llec tio n  fo rm  fa c ilita te  o b s e rv a tio n  o r should  

co nversa tio n s  b e tw e e n  s tu d en ts  be reco rd ed ?

3 . W h a t s tu d e n t w o rk  (if any) w ill be co llec ted  a t th e  end  o f th e  lesson?

4 . H o w  w ill m a te r ia l th a t  is p re s e n te d  on th e  b oard  o r in o th e r  lo ca tio ns  be 

c a p tu re d ?  (p h o to g rap h s  e tc .)

31



5. W hat are the individual assignments o f the lesson study team? W ill one 

person transcribe the lesson and keep a tim e line  o f lesson events? W ill observers be 

assigned to  observe specific students or groups?

6. If the lesson is to  be video-recorded, who w ill be in charge o f the video 

equipm ent during the lesson?

[See suggested tem plates at end of document]

Note: during the Research Lesson the researcher will be observing the teachers' various roles and 
interactions during the lesson.
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3. Conducting Research Lesson

Teaching the Lesson
The teacher who w ill be instructing the lesson should fo llow  the Teaching & Learning 

plan or may construct a Lesson Flow fo r themselves [See end o f document]. The teacher 

may introduce the class to  the observing teachers but otherw ise should not interact w ith  

h is/her colleagues during the lesson.

Observation
Recommendations for observing teachers:

•  M inim ise side conversations during the lesson

•  Remain in the classroom during the entire lesson to  capture how the lesson is set

up, its flow , and its conclusion

•  Do not block the students' view o f the blackboard or any area where the teacher

is w riting  and posting materials or dem onstrating an activity

•  Do not block the video camera

•  Circulate freely when students are working individually or in groups but move to 

the side or back o f the classroom during whole class discussions.

•  M inim ise interactions w ith  students. Refrain from  teaching or assisting the 

students. Occasional interaction is permissible if  done discreetly and w ith  the 

purpose o f understanding student thinking.

Suggested Observations to Note;

• Comments tha t come to  your mind as you observe

• Critical things tha t are happening in the classroom

• Types o f questions the students ask

• Types o f questions the teacher asks 

Evidence o f higher-level th inking

• Evidence o f confusion

• Number o f tim es students refer to  and build on classmates' comments 

Evidence o f engagement

Observing teachers should choose specific behaviours or actions to focus on during the lessons. 
Teachers may wish to address specific research questions during the lesson and/or use 
observation forms. [See end of document]
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4. Reflect

Reflection Meeting

i. Choose roles for the planning meeting of the community of practice

ii. The lesson teacher should first share their reflections on the lesson

iii. Observing teachers should share data and reflections from the lesson (each

person should have an opportunity to share their opinions and provide evidence 

for their observations)

iv. Use the data to highlight student learning, lesson design and any broader issues in 

the teaching & learning

V. Reflect on any changes that should/not be made to the Teaching & learning 

tem plate and decide w hether or not to teach this adjusted plan or embark on a 

new cycle

vi. Review key decisions and/or insights made during the meeting

vii. Agree upon assignments to be completed or followed up in the next meeting.

Note: If community agrees to revise and re-teach the lesson, what changes affected the student 
learning? How was the learning affected?

Lesson Study
Planning

Phase
Demonstration

Lesson
Post-Lesson

Activities

Choose Content Area and 
Unit Discuss Learning Goals 
for Content Area. Unit and 
te sso n

Discuss Long Term 
Goals for Students' 

Academic, Social and 
Ethical Development

Plan Lessons(s) that 
Foster Long-Term Goals 
and Lesson/Unit Goals

engagement, behavior, 
etc.

teachers study student

RESEARCH LESSON

thinking, learning.

Actual classroom 
lesson; attending

discussion of LessoiV
Focus on evidence of 
whether the lesson 

promoted the long-term 
goals and lesson/unit 

goals

/Consolidate L e a rn in g
Write reflection that 

includes lesson plan, data, 
and summary of 

discussion 
Refine and re-teach the 

lesson if desired.
\ 0 r  select a nev\/ focus oi /  

study
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Sample Lesson Template
These plans have been amended from other groups and are merely suggestions of how/ a 

Community of Practice may wish to layout teaching & learning plans for Lesson Study:

Suggested Template for Teaching-Learning Plan 1

Meeting Number: ...

Date: ...

School: ...

Participating Teachers:

Instructor:

Date:

In tended  Class &  Year Group:

Lesson Title
Inventing Function Notation

Goal o f the  Lesson
a. For students to  understand w hy it is useful to  

nam e functions
b. For students to  appreciate  th e  m erits o f function  

notation  as a concise w ay to  express the  

relationship betw een  a function, its input, and the  

corresponding output.
c. For students to  grow  in th e ir ability  to  analyse, 

critique, and discuss m athem atica l ideas w ith  each 

other.

Lesson Rationale: 

W h y focus on this 

topic?

W h a t is d ifficult 
about learning or 

teaching this 

topic?
W h a t is currently  

noticed about 

students learning

Using th e  context of prices at tw o  d iffe rent shops, the  

lesson w ill m otivate  th e  need to  give functions nam es and 

to  create  an effic ient notation  fo r functions. Students will 

be challenged to  devise th e ir ow n notation and then  to  

com pare theirs w ith  o th er notation  proposals. They will 

then  learn th e  standard m apping and f(x) notations.

There is no direct re ference to  dom ain and range in the  

syllabus but students will be able to  re fe r to  functions  

using this term inology.
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this topic? Students have usually accepted function notation and not 
had many difficulties with it. Many other students 
however do have trouble with the f(x) notation, confusing 
it with multiplication or having difficulty when g{x), h(s) 
etc. are introduced. Also, f(x) = 3x plays a different role 
than in equations students have seen before.

Arrow notation may be used on board notation even 
though it is not referred to directly in the syllabus, as it 
might remind students what a function is.

How does 
students' 
understanding of 
this topic 
develop?

Some of the students may have been informally exposed 
to the idea of functions as input-output previously. 
Students should be aware of the relation where a unique 
output is determ ined by an input.
Students are accustomed to (x, y) tables.

For this lesson, students will be asked to invent their own 
function notation, an authentic mathematical task. The 
discussion will then focus on evaluating the different 
proposals (with the different mapping notations mixed in) 
based on clarity and brevity. W e will then tell them  which 
are the standard notations, and ask them  to practice using 
them .

Following this unit, 5.2 (drawing and interpreting graphs) 
can be addressed and can be expanded to  interpreting  
expressions for exponential functions.

W here does this 
lesson relate to 
the curriculum  
(Project Maths)

3.1 f -  investigate models to help think about the 
operations of addition, subtraction, multiplication and 
division of rational numbers
3.1 g -  consolidate the idea that equality is a relationship 
in which tw o mathematical expressions hold the same 
value
3 . 1 k -  use the equivalence of fractions, decimals and 
percentages to compare proportions 
4.4 c -  use representations to reason about the situation 
from which a relationship is derived and communicate 
their thinking to others
4.7 a -  consolidate understanding of the concept of 
equality
5.1 a -  engage with the concept of a function, domain, co­
domain and range
5.1 b -  make use of function no ta tion /fx j = , and y

W hy we have 
designed the

To encourage discussion we will use 3 strategies:
1. W here it makes sense, we will have multiple
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lesson as shown. solutions or ideas -  ideally, conflicting answers or 
ideas -  clearly posted on the board before we ask 
for discussion. W e will then ask students to 

compare the posted solutions following a think- 
pair-share structure.

2. W e will routinely ask students to restate the  
comments of their peers. This will serve two  
purposes: it holds students accountable for 
listening to each other, and it will also give 
students more than one opportunity to hear and 
understand the ideas, giving them  more tim e to 
consider w hether they agree or disagree.

3. W e will often w rite student observations on the  
board, with the student's name, to communicate 
the importance of the contribution.

Hov\/ will the  
learning be 
assessed?

Students learning will be assessed according to their 
expression of the functions and on their ability to use the 
various notations.

Flow of the Lesson:

Lesson
Flow

Learning Objectives

Students discuss a situation in which a shop charges different customers a 
different price for the same item. In contrast to this, they learn that a 
function connects an input (e.g. an item) to exactly one output (its price). 
Student practice this concept by distinguishing functional and non­
functional relationships from contexts.
Students see a diagram like this:

Function

Output
Input

Students learn that many functions in mathematics can be expressed with 
a rule. They are challenged to come up with a rule for a function with a 
multi-step situation, and learn the value of working first with concrete

2 numbers.

Students play "guess the rule" for in-out tables and learn strategies for 
4 doing so, such as "divide the output by the input" (to test for proportion)

Research Lesson: Students learn that functions can be named (with words 
5. or letters); they learn how to use the name in mapping (arrows) and Euler

(f(x)).
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Students express composition of functions using both mapping and f(x) 
notations, using the example of Fred's Grocery buying their stock with Big 
Box.
Students consider constraints on allowable inputs to a function, either 
from context or because certain inputs cause the function to be 
undefined. They determine the corresponding outputs of a function, and 
they learn the terms domain and range.

Students learn to recognize, from their graphs, functions vs. non­
functional relations, and identify the domain and range.

Students recognise linear vs. non-linear functions from a table of values.

Students learn about functions that can be defined recursively, and their 
application to arithmetic sequences. [4.1 c]

Students write recursive rules for functions that describe arithmetic 
sequences [4.1] _____

Ss are given 

tab les o f input 
& o utpu t

e.g.
Big Box 

W h o le  Retail
2 .20  3 .96
1.65 2 .97
5 .8 0  6 .96

Fred's

W h o le  Retail
2 .20  4 .40
1.65 3 .30

5 .80  11.60

Students w ork  

in groups or 

pairs to

Post th e  in- 
out charts for 

th e  tw o  

stores on the  

board.

T: W hat's  

happening to  

th e  price in 

th e  d iffe rent 

shops?
Ensure 

students are  

w orking  

tog eth er.
M ay  be useful

Student Learning Activities

1. Introduction
R evisit/in troduce th e  

exam ples o f Big Box m arket 
and Frank's Grocery (w h ere  

th e re  are d iffe ren t retail 
prices fo r th e  sam e item . 
Can be doubled or tim es 1.5 

etc. fo r d iffe ren t shops)

38



W rite for several examples:
"Function connects input
o f  to  o u tp u t "
T: is anyone else's hand 
getting tired?

decipher 
what's 
happening to 

the price in 
each of the 
shops.

S: yes, because 
for any input, 
you know 
exactly what 
the output will 
be. Input: 
wholesale 
price. Output: 
retail price

A function is 
an operation 
on a number. 
W e do
something to 
the input to 
get a 
different 
output.

T: Are these 
functions? 
Why? W hat's 
the input? 
W hat's the 
output?

T: If the input 
is €4.20, what 
is the output?

to have more
examples
ready.

Can Ss 
express why 
these are 
functions? 
(refer to  
unique 
outputs here 
also)

T: Which 
store? =

S: which store which
function?

Does this
Suppose we example

S: Ss can give them motivate
double or names? giving
triple the price Function B functions
etc. according (Big box) and names?
to the function Function F
rules. (Fred's). 

Using 
Function B 
w hat is the  
output?

Ss think of
names for the T makes a
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functions. point of long 
names... Does this 

motivate 
students to 
find
shorthand?

Ss: think
T: Let's invent 
a shorter way

quietly for 2 to clearly
minutes, jot express an
down as many idea like
ideas as they "Function F
can connects

input €2.20 to 
the output 
€4.40"

Identify the  
three things 
to be
represented  
(Fn, input, 
output). Do students'

Suggest a
representatio  
ns contain all

simple picture three
or elements?
abbreviations.

All of the  
suggestions 
are posted on 
the board.
And some 
correct Do students
options too use the

Each group (they may not criteria?
chooses one of be included in
their student
suggestions suggestions)
and writes it 
on A3 paper. 
(Ask Ss to write T: W hy did
big enough!) you choose

this? Do students

2. Posing the task 
Compare to  notations for 
numbers, addition, 
subtraction etc. "People 
invented these symbols"

3. Anticipated Student 
Responses 

Variations on arrow  
diagrams

4. Comparing and 
discussing 

Now, we are going to  
compare our notations and 
choose the best ones. Let's 
focus on tw o criteria: to  be 
clear and short.

Post all notations on the  
board. M ix in the  
conventional arrow and 
Euler notation.
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Remove all but the two 
conventional ones.

Explain how to  say them.

Repeat for a number o f 
examples:

Groups discuss 
what is on the 
board and Ss 
vote for the 
one they think 
is best.

Students 
repeat the 
functions 
aloud.

Students 
should say the

After each 
group has 
picked a 
favourite, as 
for
justifications 
from 2-3 of 
them.

T: If we are 
going to 
communicate 
w ith the rest 
of the world, 
we will need 
to  use a 
notation that 
other people 
understand. 
People have 
agreed on 
two
notations.

On board: 
2.20 4.40
F maps 2.20 
to  4.40 
F(2.20) = 4.40

F of 2.20 
equals 4.40

F of any 
number = 
multiply it by 
2 .

F(x) = 2x

What would 
the following 
functions do? 
f(x) = 3x 
h(x) = 2 x - 4

just choose 
the ir own?

Is the lesson 
helping 
students 
defend their 
choices?

Do all
students
understand
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functions and 
explain what 
they do

Have students 
set functions 
for one 
another to 
decipher in 
pairs.
e.g. f(x) = 1.8 X 
g(x) = 2 X

Repeat
what the  
functions are 
doing?

Are students 
discussing the 
function 
meanings 
with one 
another?

Ss can now 
practice using 
function 
notation on 
problems.

Ts decide in 
advance of 
further 
activities 
here.

Can students 
use these 
notations?

5. Practice and 
Extension 

Ask students to rewrite each 
of the sentences from the  
introduction using this 
notation.
Ask a student to  read each 
of these.

6. Summing up 
Main points from today

•  Functions have 
names like f, g etc.

•  New ideas require 
new notations, so 
we don't have to  
w rite so much

•  Functions can be 
expressed using 
mapping or f(x) 
notation

Evaluation:

•  Did the context of the two shops help students appreciate the value of naming 

functions?

•  Did students appreciate the value of shorthand for expressing the relationship 

between a function, an input, and the corresponding output?
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•  Did the opportunity to try to invent their own notation for that relationship help 

them understand and appreciate the standard f(x) and mapping notations?

• Did the lesson provoke students to think critically about their own and their 

classmates' ideas, and did it help them express the ir reasoning?

Other Lesson Ideas:

■ Haga's Theorems (paper folding/origami) -  Euclidean Geometry, linear algebra & 

word problem

■ How Fast do Trees Grow? -  Using Tables & Graphs to Explore Slope

■ Number G o lf-  numbers and operations
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Agenda; Initial Meeting

Date:

Meeting 1;

Introductions

Roles (discussion of 
as opposed to  
assigning)

Facilitator:
Note takers:
Timekeeper:
Researcher o f materials:
Lesson Plan recorder:
Updating and circulating lesson Plan:
Convener to  send out reminders and arrange room:

Discussion of Long- 
Term Goals and 
Research Objectives

Personal objectives
1

Group objectives:

i

Decide on a 
Research Theme

Research Theme or long-term  goal

Building a shared 
understanding of 
Lesson Study

Questions on lesson study
Book and DVD available to  be viewed.
YouTube channel and /or in ternet resources

Building a Timeline

Sharing of resources Dropbox or email to  share teachers' resources

Observation
Techniques

Review and 
Reflection

Study curriculum 
and identify topic(s) 
of interest 
(Time permitting)

Project Maths curricula

47



Ini t i a l  M e e t i n g

Long-term Goals and Research Objectives of participating in Lesson Study

2012/2013

Personal Objectives

Teaching Objectives

Classroom Objectives

Objectives for Students
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Teaching-Learning Plan Template

Meeting Number: 

Date:

School:

Participating Teachers:

Instructor:

Date:

Intended Class & Year Group:

Lesson Title

Research Theme/ 
Subject M atter Goals/ 
Lesson Goals

Lesson Rationale:
Why focus on this topic?
What is difficult about learning or 

teaching this topic?
What is currently noticed about students 
learning this topic?
Why we have designed the lesson as 
shown.

How does students' understanding of this 
topic develop?

Where does this lesson relate to the 
curriculum

How will the learning be assessed?
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Lesson Design

Lesson Title;

Year Group:

Lesson O bjectives: 

Long te rm  objectives:

Approximate Student Anticipated Anticipated Points to
Time Guide Learning Student Teacher notice &

_________________Activities_______ Responses_______Responses_______evaluate
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Lesson Flow for instructing Teacher

Lesson Flow Role of Teacher (s)
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Observing the Research Lesson

Observes may wish to take these actions while observing:

1. M ake  notes on individual student com m ents  and conversations, noting the  names  

of students

2. Not situations in which students are collaborating or choosing not to  collaborate

3. Look for examples o f  how students construct their understanding through the ir  

discussions and activities

4. Docum ent the  variety of methods th a t  individual students use to solve problems, 

including errors.

Observer Questions Notes
Was the goal clear? Did the 
supporting activities contribute 
effectively to achieving the goal?

Was the flow of the lesson 
coherent and did it support 
students' learning of the 
concept?

Were the activities and the 
materials helpful in achieving the 
goal of the lesson?

Did the classroom discussions 
help promote student 
understanding?

Was the content of the lesson 
appropriate for students' level of 
understanding?

Did students apply their prior 
knowledge to understand the 
content of the lesson?
Did the teacher's questions 
engage and facilitate student 
thinking?
Were student ideas valued and
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incorporated into the lesson? Did 
the lesson summary refer to 
student theories or ideas?

Was the lesson summary 
consistent w ith the lesson goal?

How could the teacher reinforce 
what the students learned during 
the lesson?
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Lesson Observation Log

Lesson Title:

Goals o f the  Lesson: 

Observation objectives:

Activity/Student Observation Significance

Conclusions:

Further questions raised:
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Observation & Reflection Sheet

What surprised me:

Wow!

I'm wondering:

Pretty exciting:
^ ....... .. .

Not sure about this:

A little confusing:

Other:
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APPENDIX D

D1 Semi-structured Interview Guide: 1 

D2 Semi-structured Interview Guide: 2 

D3 Semi-structured Interview Guide: 3
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A P P E N D IX  D1 -  Semi-structured Interview Guide: 1

1. How long have you been teaching mathematics?

2. How long have you been teaching at this school?

3. Why did you decide to become a mathematics teacher?

4. How would you describe your own approach to the teaching o f maths?

5. What has been your experience of CPD to date?

6. In your opinion, how useful have these sessions been?

7. Have you spoken with colleagues about the content of these sessions in the days 

following the CPD? If so, what are the conversations about?

8. In your view, what are the characteristics o f effective professional development?

9. Have you implemented resources or lesson plans from professional development 

sessions?

a. If yes, were you afforded the opportunity to  review these resources or 

lesson plans?

10. Have you been offered follow-up support or further resources after a professional 

development session?

11. What, if any, changes would you make to the CPD currently available?

12. How often, if ever, do other teaching professionals observe your classroom 

practice?

13. How do you feel about another teaching colleague observing your classroom 

practice?

14. How do you feel about another teacher observing your classroom practice?

15. If you have scheduled or formal meetings with other maths teachers in your 

school what issues are generally discussed? (textbooks, students, methodology, 

topics, student allocation, assessments etc.)

16. Do you regularly converse with your mathematics colleagues in an informal 

manner? If so, what is generally the content of these conversations?

17. What are your expectations o f participating in this research?

18. Do you have any worries about participating in this research?
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A P PEN D IX  D2 -  Semi-structured Interview Guide: 2

1. How have you found participating in research meetings during this process?

2. Have there been fru itfu l ideas in these meetings o f the group? (How did they 

come about?)

3. Have there been moments of frustration during these meetings?

4. How are you finding the group dynamics?

5. Can you see changes in the group?

6. Do you feel comfortable enough airing all of your opinions during a meeting?

7. Do you think other members of the group are being open and forthcoming with 

their opinions during meetings?

8. Did topics come up in the meetings that you think you may not have otherwise 

addressed?

9. Have the topics of meetings changed during other scheduled meetings or 

informal conversations?

10. How did you find it teaching in front of your piers? (only relevant to some 

teachers)
11. How did you find the experience of observing in a class where one o f your 

colleagues was teaching?
12. Did you notice any change in the research lessons in how students engaged in the 

lesson?
13. Is there any change in how students were engaged in the research lesson?

14. Has participating in the group changed how you teach?

15. Has participating in this community o f practice changed you personally? If so, 

how?

16. (Crannog only) Has participating in the project maths RDO programme affected 

your involvement with this community or these meetings?
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A P P E N D IX  D3 -  Semi-structured Interview Guide: 3

1. Have you enjoyed the conversations within the lesson study meetings? Why?

2. Did you enjoy the engaging in lesson study as a practice with your colleagues?

3. Did you feel that the planning meetings and meetings after a lesson dealt 

properly with the lesson objectives /  content /  long term goal?

4. In what way did your observations of the research lesson assist the process? 

Could/Should this be improved?

5. Do you feel there is respect w ithin the group?

6. Do you see trust as an important part of the workings o f the community?

7. Do you feel that there is a mutual engagement by everyone in the group? (No one 

leader or one strong voice)

8. Do you feel there is a communal responsibility for the activities o f the group and 

meetings?

9. Do you feel ownership of the shared repertoire for everyone in the group? -  

resources developed during the year and others?

10. Do you think you've built up shared terminology (shared meaning, shared 

language) within the group?

11. How do you think differences o f opinion and tensions have been resolved during 

the year? (collective mediation)

12. Has there been more sharing o f resources since the beginning of the year?

13. Is there more talk about content o f lessons? (in and out of meetings)

14. More talk about teaching methodologies? How you teach something? (pedagogy)

15. Do you feel participating in the community and lesson study has increased your 

mathematical knowledge?

16. Do you feel that participating in the community and lesson study increased your 

awareness of teaching approaches?
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17. Do you feel that participating in the community and lesson study has increased 

your own confidence w ith the mathematics content? Teaching new curriculum? 

Engaging with your colleagues?

18. Do you feel you've engaged more w ith project maths curriculum and approaches?

19. Do you think this model of professional development benefits classroom practice 

and how students engage in mathematics class?

20. Do you feel you're thinking more about how students think in class? How they're 

engaging with the lesson?

21. Do you think there is a distinct identity for this community of teachers w ith in the 

school?

22. How well has the school supported the project? Principal? Other staff? Has this 

made a difference?

23. Do you feel this community has developed as it has because of the environment 

and staff in the school?

24. Has it made a difference having funding available for supervision & substitution?

25. Would you recommend this as a form of professional development to  other 

teachers? Other subjects? Why? Do you think it's sustainable?
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APPENDIX E -  Data Samples

El - Samples of Transcripts from Lesson Study Meetings

E l Lesson Study Meeting Transcripts Sample 1: Doone 

E l Lesson Study Meeting Transcripts Sample 2: Crannog 

E2 Samples of Transcripts from Teacher Interviews 

E2 Teacher Interview Sample 1: Doone 

E2 Teacher Interview Sample 2: Crannog 

E3 Samples of Summary of Researchcr Log 

E3 Researcher Log Sample 1: Doone 

E3 Researcher Log Sample 2: Crannog 

E4 - Researcher Field Notes Sample
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APPENDIX El - Samples of Transcripts from Lesson Study Meetings

E l Lesson Study Meeting Transcripts Sample 1: Doone

18/2/2013 Cycle 3 Post-lesson Meeting

138

65
66

67

68

69

70

71

72
73
74
75

A: By the second one and third, he was just going off and doing the graph, you Icnow, he even felt
confident in doing that,

I r
B: Even that, that's huge.

S : Is yours cold?

A: No.

B: Mine is roasting.

K;... Mine’s cold.

B: It's just the same with Stephen in the group that I was watching, he was the guy I was
saying...He said, nah, I, there's just not enough information there for me to do that question, and, 
but he was calculating how high the ball would go and all that stuff and then the guys who were 
straight into the maths were like, "oh yeah, that makes sense". So everybody was offered...

76 P: Everyone made a contribution, yeah, from their own strengths, yeah.

77 K: I was really impressed when I gave them this out and majority of groups, bar two I think, didn't
78 even draw a graph. They went straight into, they obviously got the table of values and went, "ok,
79 well this is complete symmetrical, so we have the answer". Another one solved this and then
80 solved this, so...

81 A: Yeah, there were good lead-ons, I think that was a great one.

82 K: That was a great question. Well done you,'cause you

84 K;... and it is so relevant and they were even laughing, I could hear them saying, George Hook's not a
85 mathematician...

86 B: Oh yeah yeah yeah.

87 P: George Hook doesn't know.

88 K:.. but it's good as well because the numbers aren 't symmetrical, so it's not as easy, you have to do
89 the graph.

90 A: Yeah.

91 B: Yeah, yeah.

92 K: This one, you don't, but I'm glad I chose one with that, I am glad I didn't have five there.

93 A: They still did a graph, like, most of them.

94 B-. Like, in both instances, like, particularly in C there, like, if you go to  any training in any job, like,
95 you know if you do group work and... 00:04:56

96 A: Yes.

97 B:... you know, like, you're always sitting around chatting, or the first chance to not talk about what
98 they're on task to do or something that's realted to...

Doone 138
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25/2/2013 Cycle 4 Planning Meeting 1

k :
ac3

811

812

813

814

815

, 816

, 817

818 
. 819

Ls 20

^ 2 1L
J s 2 3

180

K: So definltelv the third lesson. I think...

E; Mmm.

K:...so they know square root and...

E: The other thing about learning for the students is they can learn the  theorem , but then it is 
confusion when the  diagrams are labelled in any given way. So, how do I say th a t better?

D: So w hat is it?

E: You know, we discussed it.

D: They can learn it, but...

E: We think it's saying, = C^ but it's meaningless to  them  when you give them  a thing and 

D: Yeah.

E:...and A is the hypotenuse and then you go, Â  + = Ĉ .

D: Yeah.

E; They don 't actually understand...

D: So that's  rote learning.

K: Yeah, concept rather than formula.

B: That's what I was saying about your man in sixth year.

E: Concept rather than formula.

B; He said it to  me and "I rem em ber", he just rattled it off. I asked him, "what does it
mean?". It didn't mean anything.

E: Yeah, exactly.

K: We want them  to know the  English sentence.

D: Yeah.

E: Yeah.

K: In their own words.

E; To be like, "hypotenuse is on its own 03:48

D:Yeah

E: So, recognising the hypotenuse. Well, that might come down further here. We just want to 
know what is difficult about It so that they...

K: That's the main one, I think...

E: ...they know the formula, but they can't conceptualise it.

E: Yeah.

130225 001 180
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181

D: Mmm. W hat about teaching It?

E: W hat's difficult about teaching it?

D: I've never taught it. ^
K: I think...

E: I think because we have focused too  much on that.

K: Yeah.

E: We know it. We know that this Is the  formula, but we don 't look at it from th e  kids...

D: The concept around the  formula ra ther than  the formula.

E; And It's only th a t you, talking about that today, if they label the hypotenuse A, I hadn 't actually
realised that th a t is w hat's causing th e  problem. They don't... I keep... 

K: I always just label it X or...

E; Yeah.

K;...just some random letter.

E: So...

K: I never use A, B, C or H...

E: We... Ithink we.., always teach bv form ula.

K:...and I never use H because H is som etim es height of a pole...

K:... H hypotenuse. So I'd always label X the...

E: Ok. So, my problem teaching It is th a t 1 focus too  much on the  formula. ^

K: I used to. This year, though, I actually am really happy with the  way I did it this year because I was 
just doing It as in I w asn 't writing... You know the  way you would, normally, "Ok, solve th e  problem". 
We get them  to  w rite down the formula, a} + B^= and underneath sub in.

E: Yeah. 05:04

K: I was skipping that stage altogether and just going straight to...

B; Mmm.

K:... 5^ + X  ̂= 10^

B: That's what I do, yeah.

K: I was completely skipping... They w eren 't writing down any formula. There was no formula to 
learn.

862 E: So, ok.

130225 001 181
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El Lesson Study Meeting Transcripts Sample 2: Crannog

8/11/2012 Cycle 1 Post-lesson discussion

1 F:

D:

3 F:

X D:

5 W:

6 D:

F:

248

W hat is this guy sitting here?

Eh, Joe...

He is very good...

Yes

He is th e  top  class...

No...

He lool<ed at it and he had it worked out. He said "No, no, no...get th e  square, and th en  add 
g one onto  your answ er and then  square that", he had it all sussed out a fter a relatively short tim e, he 
9 had worked ou t th e  answer... ^  cuAr

iC  D; I d idn 't even know that...

11 F: After I would say about...

12 W: I think it was m ore exciting for them  than  I though t it would be...

13 E: Yeah...

14 F: Well I think th e  way you s ta rted  it off w as brilliant. I think you got them  in terested  by talking
15 abou t th e  com petitive Pharaohs and as they  cam e up with all th e  answ ers you w anted , which was
16 great..

1 '  D: They cam e up with the  questions them selvesi

18 W: Their imagination of it, they  just so rt of plugged into th a t m ore...

19 F: No, it was great...

20 D: It was a good classroom  to  do it...

21 F: It is...

22 D: Did you like th e  way I had it se t up this morning?

23 F: It is so bright, like my room  is just dark and dull and dreary... And th e  o th e r thing I love abou t C U & -
24 this is I don 't have a rem ote  control... No I have to  stand  up on top  of a chair or a desk to  use mine...

25 A: Are they  not used to  building bricks like tha t?

26 (All conversing a t once)

27 A: Do they sit like this usually?

28 D: Pairs, pairs, pairs.

29 F: It worked. Those guys over th e re  I was watching, they  really helped each o ther. They hugely
30 helped each o ther, they  w ere listening to  each other...

31 D: They are used to  th a t because they  talk the  w hole tim e in th e  class, and it is always that
32 loud.

33 F: But they  are actually, they  had g reat discussions...

Crannog 248
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21/2/2013 Cycle 3 Planning Meeting 1

471

696 W: A suggested exercise to  do ­

e s?  S: And then  they  graphed it...

■ 698 W; It is quite  linear, isn 't it?

699 E; Yeah...

700 F: You w ant to  try  to  ge t som e m otion in this...

701 W: Some rate  of change.

702 S: It is, th e  difficulty is in timing. That they  find it very difficult to  tim e it properly and th a t is
703 your issue there...

. 7 0 4  E: Yeah...

705 F: You would probably need to  start off actually w ith a linear situation and look a t a constan t
706 ra te  of change... just to  get them  into th e  idea of a ra te  of change...

707 E: And th e  fact th a t it is a slope...

708 F: Yes, you would possibly need  to  s ta r t off w ith th a t  a t th e  very beginning, som ething linear;
709 and connecting th e  ra te  of change to  slope, and then  do  th a t quite  reasonably briefly, m aybe with a
710 couple of exam ples...

711 W: You could drop... th e re  is a physics experim ent w here  they  have a, like a trap  door th a t you
712 drop a ball on to  it, it hits the  trap  door, th e re  is a tim er on it so it tells exactly how long it took  to
713 drop over a certain distance, and th a t would be linear, well it should be linear, your slope should be
714 nine point eight.. X-f ,

715 A: Yeah...

716 W: If you graph w hat is what...

717 F: D istance...speed against tim e...

718 A: Speed against time...

719 F: Not distance against time...

720 W: Yeah, so speed  against tim e...

721 A; I never got th e  right num bers for th a t though...

722 W: No it is very difficult...

723 F: That would have to  be speed  against tim e, not distance against time...

724 A: I did th a t with classes and you have to  give th em  results, I d o n 't know w hat, but they  w ere
725 never able to  get ten , it was always crazy num bers...

726 W: So th a t w ouldn 't hold...

727 A; But it might be a nice one to  do  as part of a unit, w ith th e  TYs, to  give them , you know, an
728 introduction...

729 W: I am sure w e could borrow  th a t from science...

Crannog 471
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APPENDIX E2 -  Samples of Transcripts from Teacher Interviews

E2 Sample 1: Doone

M ichael Interview 3

240 M: Em just a tot yeah. Ehhh I  m ean  eh you're  bringing in different methodologies there 's

241 loads of different way th a t  you 're  utilising in in classes. I mean like everyone just goes group

242 work default,  you know it's not just group work it's em  paired work, it's reading, it's active

243 engagem ent  with tools. And by doing th a t  you're  getting people  saying, oh well we could do
244 this, there 's  just so many ideas going on you know?

245 A: Yeah. And do you think it engages,  it benefits how s tudents  engage in those  lessons?

246 M: I think so yeah.

247 A: Why?

248 M: Well there 's  no definitive, t h e re 's  no definitive for this but I guess if you 're  bringing more

249 in and you're more engaged and there 's  a more focussed approach to it, you 're  more

250 certain about what  it is tha t  you're  doing and w hat  you w ant  to achieve and you have a

251 planned structure, well they 're  going to be more involved with it as well. W hereas the

252 opposite  is if you have som eone  who comes in and is all over th e  place. The kids a re  all over
253 th e  place as well, you know you lead them.

254 A: Mhmm okay. Do you think tha t  you're  thinking m ore  about how studf.nts are thinking in
255 th e  class?

256 M: Em no I don 't  think so.

257 A: W ere you always?

■*' 258 M; I always, yeah I always try to think of it from their  point of view.

259 A: Okay.

260 M: It's just the  way I always look at it.

261 A: Right so this has just e nhanced  or

262 M: It just reinforces to me tha t  it's really really im portant  to alv/ays think how do kids see it?

263 A: Yeah.

264 M: You know em w e 're  doing final accounts there  on the  board and for m e in school you

265 know you get lost in there ,  so I'm always conscious of the  fact th a t  this is how I felt a t  that

266 time. How do they  feel, w here  are they a t?  It's really important.

267 A: Yeah no it is really important and not everyone thinks like th a t  though, so.

268 M: Well I don 't  know, probably not actually no.

269 A:So

246
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E2 Sample 2: Crannog

Eileen Interview 3

215 A: But it would. Do you feel you are thinking m ore about how studen ts think in class after

216 doing this?

217 E: Yeah I probably would ask myself a bit m ore like how would they  react to  this or w hat

218 questions will they  have, like p re-em pt their questions or p re-em pt the ir confusion, em,

219 yeah I would think about th a t a little bit more.

220 A; Why do you think you would think about th a t a little bit m ore?

221 E: Well I suppose it was som ething th a t we always thought of w hen w e w ere planning our
222 lessons and it was som ething th a t we planned for, that if this goes to o  quickly we'll do this

223 or if they don 't ge t it we'll go a t it this way or, you know, we always planned for th e
224 eventuality, so, I suppose I do th a t on my own now.

225 A: Great, yeah, th a t's  good. Then within the  school here do you think th a t the re  is a distinct

226 identity for th e  m aths teachers as a com m unity?

227 E : Yeah I think because w e are just m aths teachers that might help, th a t we a ren 't shared

228 betw een  th e  tw o departm ents, th a t w e 're  just em , m aths teachers, so I do think we are
229 seen as having our own little com m unity and th e  fact th a t we have our own building, so we
230 are like..

231 A: Oh yeah, does it not do any of the  o ther subjects?

232 E; Well if th e re 's  no mad teachers like myself, if these room s are em pty  som e people use
233 them  but this is th e  m aths block.

234 A: But is th e re  like a science block or..?

235 E- Yeah th e re 's  a science block and then  th ere  is em , well th en  th e  classroom block is pretty
236 m uch everybody and th en  th ere 's  the  English and music block.

237 A. Right, so it is very distinct?

23* E There is, yeah.

23S A. ITS tughlighted?

iJC  E <ve are th e  m aths block yeah.

T i l  A. Ar>c do you think then  it m ade a difference how the  Principal supported  this project and

r c  o t ^ ' ’ staff supported  you guys being involved in this research?

1*3 £ Err. yeah well I think he is always very keen on it, he was very in terested  in seeing how

2*^ w e  go: on. em , yeah I think he was enthusiastic about our involvement, yeah.

I t s  A. Has it m ade a difference having funding available for supervision and substitu tion? A bit

of a - obvious question but I have to  ask.

147
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APPENDIX E3 -  Samples of Summary of Researcher Log

E3 Researcher Log Sample 1: Doone

14/11/2012 Cycle 2

D ate of event; 14/12/12

Length of audio filY; 00:31:11

5: Few changes m ade to  th e  pow erpoin t be tw een  th e  m eeting and th e  lesson (from researcher log). 
Owen happy with th e  class. Nora pointing ou t th a t one group w asn 't able. Lisa noting th a t she would 
have liked Owen to  highlight th e  im proper fraction a bit m ore. Teachers very forthcom ing in their 
feedback  and Owen d o esn 't seem  to  be taking it personally. It really does feel like a team  review and 
com m entary  on the lesson. This Is d ifferen t to  the last reflection m eeting w here it did seem  to  be 
focused on Lisa. This is focused on th e  lesson and th e  studen ts. Everyone using "we" did they  do the 
sam e after Lisa's lesson?

Log: G reat session. Class was really good. S tudents w ere problem  solving and th e  teachers w ere 
recognising w here they  need  to  im prove in giving roles to  studen ts . Good studen ts w ere 
m agnificient in in terpreting , draw ing graphs and diagram s. Only one group got to  p resent. Very 
favourable. Excellently scaffolding. Could have done m ore w ith th e  "why". Maybe O w en's con ten t 
know ledge let him dow n on that. S tudents engaged. Show m e boards very useful. G reat to  know 
they  can be used like tha t. Groups w ere  hard, need m ore teachers  w hen you have m ore groups. 
Team teaching would be useful. Reflection w as brilliant. Seem to  have com e to  a new  level w ith 
that.Everyone really honest. No-one w anting to  be rude or critical but an awful lot w as said th a t 
n eed ed  to  be said and w as critical. All w anted  to  get everything ou t. Dont' think anyone held 
anything back and d o n 't think Owen thought th ere  w as anything personal in th e  reflection. G reat 
m ove for th e  com m unity. Strong progress. Overall lovely reflection. I have to  do w ork on th o se  
lesson plans. Nora involved which w as good. Michael tends to  be a little negative. Would be nice to  
do m ore of th e  group work. There w ere  m om ents in th e  group work w here  studen ts said "now  I get 
it"...really showing teachers how they  engage. Dialogue b e tw een  th e  s tuden ts  w as good and the 
hook helped. Initial activity to  get them  straight into it. Overall a very good result and progress with 
th e  COP. Dialogue happening. M om ents of interactions. "W e" w ere  in th a t table. Environm ent th a t 
w e 're  sitting in has som ething to  do  w ith how w e a re  interacting.
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E3 Researcher Log Sample 2: Crannog

8/11/2012 Cycle 1 Post-lesson Meeting

D ateo fevenF : 8’" N ovem ber 2012

Length; 1:03

6: Teachers all very excited directly after th e  lesson. Surprised a t studen ts ' engagem en t and 
imagination. Very interesting the  observations each teacher had on their ovin groups. Teachers 
enjoying sharing their observations of th e  s tu d en t g roup work and group dynamics. A lot of 
reflection and m entioning s tuden ts  individual work. Dave reflecting on his own practice. 
Conversations on how we can facilitate groups better.

Post Lesson LoJ: studen ts  did th e  group work wonderfully & first tim e in group. Good fo r te ach e rs  to  
have one group and to track s tu d en ts ' thinking and progression in dealing with th e  question . Charts 
useful for the  group work. Surprised th a t s tuden ts  graphed. Class could have done with 10 m ore 
m inutes. Very well structured  lesson since the  groups d idn 't need  as much guidance because it was 
scaffolded so much. Dave not nervous. W alter m issed out on not observing s tuden ts  since he just 
looked at the  pow erpoint. Directly a fter class th e  big, enthusiastic  conversation started  in the  
classroom. Initial excited reactions. M eeting a little bit m ore subdued. Good deb ate  on th e  c on ten t -  
part of th e  reflection in discussing th e  content. Teachers found the  observation in teresting  and 
recording studen t com m ents instead of questions. Everyone is going to  use this lesson in th e ir  own 
groups. Thrilled with how it all w ent. Good group to  work with. Nothing is an issue. All teache rs  
th e re  for the  lesson and post-discussion. Think th e y 're  all really enjoying the  process. Should I 
interview m ore people a t the  mid-way point.

Participants:

A: Aoibhinn

E: Eileen

F: Fiona

W: W alter

D: Dave
I

S: Stephen

M; M artin

J: Judy

Crannog 247
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APPENDIX E4 -  Sample of Researcher Field Notes

29/11/2012 Crannog Cycle 2
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APPENDIX F -  Lesson Study Artefacts

FI Planning Materials

FI 1: Doone Lesson Plan Cycle 3 

FI 2: Crannog Teacher Goals 

FI 3: Crannog Series o f Lessons 

FI 4: Crannog Planning Notes 

FI 5: Crannog Doing Mathematics Questions 

FI 6: Crannog Lesson Plan Cycle 3 

F2 Research Lesson Curriculum Materials 

F2 1: Doone Lesson 1 Questions 

F2 2: Doone Lesson 2 Differentiated Questions 

F2 3: Doone Lesson 2 Problem Solving Worksheet 

F2 4: Doone Lesson 4 Presentation 

F2 5; Doone Lesson 4 Questions 

F2 6; Crannog Lesson 1 Worksheet 

F2 7: Crannog Lesson 3 Worksheet 

F3 Observation Notes

F3 1: Doone Lesson 1 Sample Observation Sheet 

F3 2; Crannog Lesson 1 Sample Observation Sheet 

F3 3: Crannog Lesson 2 Sample Observation Sheet 

F4 Samples o f Student Work

F4 1: Doone Lesson 1 Student Work Sample 

F4 2: Doone Lesson 2 Student Work Sample 

F4 3: Doone Lesson 3 Student Work Sample 

F4 4: Crannog Lesson 1 Student Work Sample
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APPENDIX FI -  Planning Materials 

Doone Lesson Plan Cycle 3



FI 2: Crannog Teacher Goals
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FI 4: Crannog Teacher Planning Notes
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FI 5: Crannog Doing Mathematics Questions
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FI 6: Crannog Lesson Plan Cycle 3

Introducing Calculus

Par t icipat ing Teachers :

Ins tructor :

Date: March 2013

In t en d e d  Class & Year Group:
Transi t ion Year

Lesson Title Int roduc ing Calculus

Goal o f  t h e  
Lesson

Lesson Rationale:  
Why  focus  on 

this topic?
W h a t  is difficult 

a b o u t  learning or  
t each in g  this 
top ic?
W h a t  is cu rrent ly  
not iced a b o u t  
s t u d e n t s  learning 
this topic?

How d o es  
s tu d e n t s '  
u n d e r s t a n d in g  of 
this topic 
dev e lo p?

W h e r e  d o es  this 
lesson re la te  to  
t h e  curr iculum

In t ro duce  i n s t a n t a n e o u s  ra te  o f  c h a n g e  an d  assoc ia te  t o  
slope.
Discovery learning of  h o w  to  find an in s t a n t a n e o u s  
s p e e d  ___

Tradit ionally,  calculus f u n d a m e n t a l s  hav e b ee n  
m i s u n d e r s t o o d / o v e r l o o k e d  in fa vour  of  proced ure .  
S tu d e n t s  d o n ' t  really u n d e r s t a n d  t h e  av e ra ge  versus  t h e  
i n s t a n t a n e o u s  speed.
S tu d e n t s  d o n ' t  recognise  t h a t  f inding t h e  s lope  o f  t h e  
line o r  t a n g e n t  t o  a curve  b e t w e e n  point s  t h a t  ar e  closer 
an d  c loser  t o g e t h e r  is r e p r e s e n t e d  by di f ferent ia t ion.  
S tu d e n t s  also n e e d  a m o r e  c o n c re t e  u n d e r s t a n d in g  of 
limits in o r d e r  to  c o m e  to  this conclus ion

Through  pract ical  expe r i ence  of  t h e  d i f f erence  b e t w e e n  
i n s t a n t a n e o u s  and  av e ra ge  s pee d .

First, s t u d e n t s  m e a s u r e  the i r  o w n  d is tances  and t im e s  in 
a g ra nd  scale e x p e r i m e n t  involving a t r a c t o r  on a pitch. 
S tu d e n t s  graph this  d a t a  and  t ry  t o  find t h e  s p e e d  o f  t h e  
t rac to r .
S tu d e n t s  guided  t o w a r d s  an u n d e r s t a n d in g  t h a t  t h e  
i n s t a n t a n e o u s  s p e e d  can be  fo u n d  by f inding t h e  s lope 
o f  t h e  line at  a cer ta in  point.
5.2 a Find first der ivat ive  of  l inear and  q uadra t i c  
fu nc t ions  (but  n o t  by rule)
b Associa te  der ivatives  wi th s lopes  and  t a n g e n t  lines 
c apply  d i f ferent ia t ion  t o  ra te s  of  c ha nge
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(Project Maths)
5.2 (HL) a differentiate linear and quadratic functions 
from first principles

5.3 Explore patterns and form ulate conjectures 
concerned with linear graphs.
Justify conclusions of finding rate of change represented 
by a slope.
Communicate mathematics verbally and in written form.

W hy we have 
designed the 
lesson as shown.

Giving calculus a context and rationale. 
W hy the need for calculus arises.

How will the 
learning be 
assessed?

Feedback from groups' answers.
Assessing their understanding through questioning. 
Homework sheets.

W here do we Show students
record the data? worksheet

At w hat point do 
we measure the 
tim e for the tractor 
crossing the line?

W hen tyre hits 
the line on the 
pitch (between  
tw o cones)

There should be 
at least 2

Not just 
taking 1 
results but 
an
average 
(mean) of 
all 6 
results.

Student Learning 
Activities

Lesson 1:
Tractor Class

M eet and give 
students instructions 
o f w hat will take 
place:

2 people at each 
station recording 
tim e o f tractor to 
that point.
1 stopwatch, 1 
recorder.

6 TY Classes 
involved:
At least one person 
from each class should 
record the time at each 
station for each trial up 
to a maximum of 6 per
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station per trial.
Start your stopwatch 
when you hear the 
whistle blow.
Stop the stopwatch 
when the tyre touches 
the line.

Teacher: Look at 
times, discuss and 
discount any outliers.

Homework:
What type of graph 
do you expect? 
Why?

Lesson 2:

How might you find 
the speed of the 
tractor from the 
graph you did for 
homework?

Video of cylinder 
filling:

Homework:

Pupils should then students with Discountin
return to class and information from gany
record all the each station. This outliers
information into needs to be from the
their own sheets. shared.... 

(Possibly on a
results.

Students in groups spreadsheet on
discuss any outliers board?)
in the data and
discount them (to Why discounting
avoid inaccuracies) outliers?
Students calculate
the mean time for
each station and Students may find
record on their this difficult and
worksheet. so have been 

given graph paper
Graph the data. with time and

Time on distance intervals
long indicated on the
horizontal sheet.
axis.
Distance on
short Students should
vertical axis. expect to find a 

straight line.
Note: dependent 
variable is usually 
on the horizontal 
axis but not 
practical here to 
measure distances.

Students will 
hopefully realise 
that the slope of 
the graph will give 
them speed (from 
distance over time)

Emphasise 'rate 
of change'

Students graph the 
changing height of 
the cylinder with 
time.

Again, emphasise 
rate of change of 
height with time.
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Students complete 
questions o f cylinders 
filling with w ater 
(linear graph).

Extension questions: 
cone filling with
water._______________
Lesson 3:

W hat did you find 
that was unusual 
about the cone filling 
with water?

Show video of Usain 
Bolt in
Olympics....hand out 
graph with questions.

GeoGebra graph of 
Usain Bolt shown on 
board:

1. How fast do 
you think he 
ran during the  
race? Give 
your answer 
correct to 2 
decimal 
places.

2. Do you think 
he ran at this 
speed 
throughout 
the whole 
race? Give 
tw o reasons 
for your 
answer.

3. How do you 
think we 
could 
calculate 
Usain's speed 
at precisely 1 
second into

Not a linear graph...

From tractor class, 
students should 
recall finding the  
slope between two  
points in order to  
find the rate of 
change of distance 
over time.

Some discussion 
here: students may 
not that the graph 
is not fully linear, 
he speeds up at the  
start.

This should lead 
students into 
thinking about 
limits....finding tw o  
points that are 
extrem ely close to  
the 1 second data 
point.

Emphasise: linear 
graph, slope 
giving rate of 
change.

Does it m atter 
w hat tw o points I 
choose?
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the race?

Victoria Pendleton: 
Quadratic graph of 
cyclist's race.

1. What is her 
speed?

2. Is her speed 
changing?

How would we find 
the speed at exactly 
3 minutes?

Leading students to 
the concept of a limit 
-  gap between points 
tend to 0.

Homework: further 
sheet with 2 
quadratic
distance/time curves 
and getting the speed 
at particular points.

Leading to 
differentiation by 
first principles?

Students working in 
groups. What speed 
when? Students 
should hopefully 
realise that her 
speed isn't 
constant.

Students working in 
groups.
Guide students to 
finding speed from 
3 to 10, 3 to 9 etc. 
Speed from 2 to 4?

Students to find 
instantaneous 
speed at certain 
points.

Guide students to 
the average 
speed over 
journey is total 
distance/total 
time.
Or getting speed 
over a period of 
time by working 
between 2 points.

Students should 
begin to realise 
that the closer 
the points are, 
the more 
accurate the 
speed.

Possibility of 
leading students 
to tangents and 
graphing slopes 
of tangents 
(which will give us 
a straight line)

If required here, 
refer to frog 
jumping across a 
desk. Each hop is 
only half the 
length of the 
previous hop. 
Does it reach the 
other side? 
Comment.
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A P P E N D IX  F2 -  Research Lesson Curriculum Materials

F2 1: Doone Lesson 2 Questions

Do your best to solve this problem in your group.

As part of your answer include on your Show M e boards:
•  a diagram /m odel
•  the maths you worked out
•  greater than/less than/sam e as
•  explanation of your answer

Problem:

Brian had a birthday party yesterday. A 

quarter of the birthday cake remained 

the party. This morning, Brian ate a third 

the remaining quarter cake. W hat fraction 

the whole cake did Brian eat this morning?

after

of

of

Problem:

The Ireland rugby squad played Argentina tw o weeks 

ago. One fifth of the players had eye problems. Of 

this one fifth, half wore contact lenses. W hat 

fraction of the squad wore contact lenses?

-  m
Problem:

There are 30 students in a class. 16 are sent 

for the M M R needle but one quarter of 

16 students are terrified of needles, what 

fraction of the whole class will be afraid?

down

these
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F2 2: Doone Lesson 3 Problem Solving Worksheet

Problem Solving Questions for Students: Functions & Calculus

1. In your own words what are you being asked to do? Will a diagram 

help us?

2. What information have you been given that may help you do your 

calculations?

3. Can what you have learnt in previous classes help you? If so, how?

4. What method w ill you use fo r solving this problem?

5. What is the best possible solution?
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F2 3: Doone Lesson 3 Questions

Problem

During th e  recen t  Ireland  v England match in th e  Aviva Stadium as p a r t  of 

th e  Six Nations competition, Jonathan  Sex ton  kicked a Garryowen b e fo re  he 

went o f f  with an injury. A Garryowen, also known as an "Up and Under", 

allows th e  attacking team  to  disrupt th e  defensive line, take  th e  defence 's  

p ressu re  o f f  them selves and put offensive p ressu re  on th e ir  opponents. 

However, th e  kicking team  risks losing possession of th e  ball, a f t e r  which th e  

opposing team  may counter a ttack .

George Hook and Brent Pope, as well as being famous fo r  th e ir  rugby 

commentary a re  also keen mathematicians who have calculated th a t  th e  

height of th e  ball above ground during th e  Garryowen can be described  by

H = 25t -4 .9t2

where H gives th e  height of th e  rugby ball above th e  ground a t  any time, t ,  in 

seconds.

a) How long is th e  ball in th e  air fo r?

b) W hat is th e  maximum height reached  by th e  ball?

c) I f  Jonathan  runs a t  a speed of 7m /s  and is not tackled or hindered in any 

way. The ball will land 26m away. Will he catch  th e  ball?
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Problem

After years of research and clinical trials, 2 
biologists have shown that the temperature of 
a person suffering from the flu can be 
modelled by the function:

T  = + 1.2t +  98.6

Where T is the temperature in degrees 
Fahrenheit, at time t, in hours.

Una is feeling unwell and visits Dr. Nolan's surgery. Dr. Nolan diagnoses her 
with the flu.

a) Predict her temperature after 1 hour.

b) Predict her temperature after 2 hours.

c) A fter how many hours will her temperature peak?

d) Body temperature is 98.6°F (37°C). How long until Una's temperature 
returns to normal?

85



F2 4: Doone Lesson 4 Presentation
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F2 5: Doone Lesson 4 Questions

Problems Involving Pythagoras" Theorem

Question 1

The aeroplane in the picture is departing Hong Kong 

airport. After leaving the ground it climbs along a 

steep, straight line.

At a certain point, the aeroplane has travelled 400m 

in straight line distance on the ground and has 

climbed 300m vertically.

(i) If you were to give a mathematical name to the steep, straight line that the aeroplane has 

followed, what would that name be?

(ii) Using Pythagoras' Theorem, can you calculate how far the aeroplane has travelled in a straight 

line?

Question 2

The "Maid o f the M ist" is a boat that brings tourists 

up to the Niagara Falls, on the border between F 

Canada and America.

It goes up the river and stops 120m from the Falls, 

which are 50m in height.

(i) If you were to estimate how far it is from  the 

fron t o f the boat to the top o f the Falls, how far 

you think it might be?

(ii) Measure the distance from the fron t o f the boat up to  the top o f the Falls using 

Pythagoras' Theorem. How far would it be?
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Question 3

Rory Me Elroy lives in Florida. He can âda

has a personal je t and pilot to  fly 

him around America. He flies 

4000km  to play a golf tournam eni 

in California. A fter this, he flies 

900km  to m eet his girlfriend  

(tennis player Caroline Wozniacki' 

in Las Vegas for a few  days. He 

then flies home from  Vegas to  

Florida.

(i) Measure the distance from  the Las Vegas to Florida using Pythagoras' Theorem . How far would  

it be?

Question 4

Susan is looking to buy an iPad. She goes to  the Apple store and 

prices up the d ifferen t options. She decides on the  W IFI and 

mobile in ternet version. It is 24cm tall and 7cm wide. But Susan 

wants to know how the m easurem ents diagonally from  corner 

to corner.

i) Can you id e n tify  th e  righ t angle  fo r  her?

ii) Can you use P ythagoras ' T h e o re m  to  he lp  h er

ca lcu la te  th e  m issing leng th?
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Question 5

James is doing some training drills by running triangular 

laps o f the pitch. The pitch is 84m  long and 13m wide. 

Using your knowledge of Pythagoras' Theorem , can you:

(i) Identify the right angle in the triangle?

(ii) Calculate the length he runs diagonally from  one 

corner flag to

the o ther corner flag?

Question 6

The larger sail on a boat is the most im portant for 

getting up a good speed. It is 3m wide across the 

bottom  and 4m  tall.

(i) M ark in the length o f the sides.

(ii) Identify a right angle w ith in  the triangle o f the sail.

(iii) Can you calculate the length o f the sail from  the  

bottom

corner to the top point?
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F2 6: Crannog Lesson 1 Worksheet

Homework Worksheet

For each of th e  fo llow ing  situations, genera te  a tab le  showing the  n um ber o f square blocks used per layer.

1. A square based pyramid w ith  steps 

o f one block w id th  along one side.

Number o f Number o f
layers bricks
1
2
3
4
5
6

2. A pyramid w ith  two blocks as the top layer where the length and w id th  o f each 

layer increase by one block.

Number o f 
bricks

Number of 
layers

3. The pyramid in question 2 w ith  steps o f one block w id th  along one side.



4. A pyramid with the layers shown here.

Can you find a general formula for any of the above?
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F2 7: Crannog Lesson 3 Worksheet

Victoria Worksheet (modified from PM D T curriculum materials)

1. What is her speed?
2. Is her speed changing?

Below is a distance-time graph of the firs t ten minutes of a warm  up cycle by Olympic Gold 
medallist V ictoria Pendleton.

Distance in km5

4
B = (9.4.05)

C = (8. 3.2)3

D = (6, 1.8)

E = (5. 1.25)

A = (3. 0.45)
Time In Minutes0

108 970 61 2 3 54

3. W hat is her speed at exactly 3 minutes?
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APPENDIX F3 -  Observation Notes

F3 1: Doone Lesson 1 Sample Observation Sheet

Observation & Reflection Sheet

W h a t  s u r p r i s e d  m e  ‘  ' r  < -  I -  , '  .  v f
\  ■ i  '  ^  ^  ■ y  i  '  »  ‘  >
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X . . . ■  ■

"  ’ ' ' ' * I  " XX X  X

 ̂IA1a.aiI ^
M  I^.

rt ( v:

Pret ty  exciting.
Not  su re  a bo ut  this.

 . , 11-.
i . l ( ' i  v , J  1 u  f v  ' . A  .' ' - ')■'...........I

f t i .  1 '  ^  I  N  V j  ' U , - v  ■ f  U  '  ^  . V

, ji
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K .  I t  ' . I > V ‘ ^

: 'I  ' .................

Ot her \ u L  I li >/

I I. y . . ^' t U I'V-i < • 11 f * v.f

-A i
Aoibhmn N( Shuilleabhiw  School o# Education Trtnlty C ollefe Dubl'r

1 ' ■  t
I o l Education

h i .  11- . .  t i •
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F3 2; Crannog Lesson 1 Sample Observation Sheet

Recording Students' Questions

Point in the Student Question
lesson

/o  ̂ Pb ]r M

i'll of j'jit'

' t - ________

 ̂v-"T (HC>v.—
I'vvvO/ p\ll£ .'%2oua;^ T>î  

lJ OJ |C . . . . .

It3' cocivhv/’,,

UouJ ch ^  k-YiO ‘oU^ Ifc 
UteU' 'I  ̂ ____________

-n:^ ^
.  1 , t e .  /fe

>( ^
[\r's l(iUe_

î (_L §J/̂ Koi tiisa. Hsr

Ttl oC i(iL ^  ,/ i_

I'Ti ‘̂ ' - y  i>< ( , 3> '5

r y r  dAfe

Significance
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F3 3: Crannog Lesson 2 Sample Observation Sheet

Recording S tudent Talk

P o in t in  the  S tu d en t Q uestion Significance
lesson

T H f

^  A

(i4, hL ^■<1'
o-f / t .  I- / t
2/) /

C -
^̂ 2̂̂  9- -ĵ Lj oiffcrfrilw ^■‘-----  :

o j{

c o ^ h i y ^ ^

r  , --—

_  P r j * .  -  * '( .-I '

1̂
k<!-~ei S '  ^

A v iic r  c - j o o  ‘ ^ t "  o p  t m  f ' 3 ' K F r r ^  <.-sju:i*^<. 

iSflok Tto QneiK pavJ\'-^ c~?<AnfLt' t-iUtKJ P a  t-^ '̂6 =>v.x- -tcp

/M )  ^ l O f i  01^ 7W(? ^'C-T<WC<e (^RAcaPi)
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APPENDIX F4 -  Student Work 

F4 1: Doone Lesson 1 Student Work Sample

In the tabt* balov. Die tDp 
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F4 2: Doone Lesson 2 Student Work Sample

Cake.
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F4 3: Doone Lesson 3 Student Work Sample
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F4 4: Crannog Lesson 1 Student Work Sample

, . .1  ■ 

- I  '  ‘ -I

J eud X - 4

keutl 5 - 1

kexjej ^ ^
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I  (
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F4 5: Crannog Lesson 2 Student Work Sample
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APPENDIX G -  Data Analysis

G1 Shallow Description o f Teacher Meetings 

G2 Notes on Teacher Meetings 

G3 Refining Coding Themes 

G4 Suggesting Initial Codes 

G5 Coding in Phase 3 o f Analysis 

G6 Final Open Codes in Phase 4 o f Analysis
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APPENDIX G1 -  Shallow Description of Teacher Meetings 

G1 Sample 1: Doone

399

Transcripts Doone 26/11/2012

Cycle 2 Meeting 2

D ate of Transcribing:

Length of audio filY: 1;27

2; Lool<ing th rough  th e  artic les and  reso u rces th a t  I b rough t fo r th e  fractions. Teaching read ing  and 
reacting  to  th em . Kate re-d e fin es w h ere  th is lesson is beginning a t th e  end. M ichael has found  a nice 
piece explaining th a t  p eo p le  in g en e ra l have no concep t of w h at function  th e y 're  using w ith 
frac tions. Lisa ag rees th ey  could w ork th is into a w o rk sh ee t m ultiplying by on e , less th an , o r  g re a te r  
th an . Nora th en  highlights th e  o rd e r  o f th e  m ultiplication. T eachers really focusing on  w h a t should  
th e  ob jective o f th e  lesson. Real shift in th e ir  focus from  th e  last o n e. Lisa brings th e  idea of m easu re  
in to  th e  lesson. Kate w an ts  th e  'show  m e board s '. O w en is now  very nervous ab o u t th e  lesson, 
w h e th e r  his s tu d e n ts  have u n d e rs to o d  w h a t he  has tau g h t. Idea of n u m b er line, h ighlighted  by 
M ichael, has com e directly  from  o n e  of th e  resea rch  lite ra tu re  p ieces b rough t in by th e
re se a rc h e r  O w en very w o rried  ab o u t teach in g  it, really qu iet in th e  m eeting . O th er teach e rs
assuring  him th a t  th e  lesson id eas and plan a re  th e  u top ia , no t th e  reality. Also assuring  him th a t  not 
all s tu d e n ts  every 'g e t ' every th ing . A g reem en t reach ed  on w h at th e  lesson shou ld  look like and 
prog ress as.

LiteraturY: Colin Foster, 50 M a th em atic s  Lessons, page 70 (Foster, 2008)

(Li, 2008) types of qu estio n s

(Petit, Laird, & M arsden , 2010) Lisa -  th ey  g e t frac tions as pizzas!

(Coughlin, 2011) divisor role

(Son, 2012) visual exam ples fin discussion

(Cram er, M onson, W hitney, Leavitt, & W yberg, 2010) -  sam ples of types o f s tu d e n t w ork 

(Tsankova & Pjanic, 2009) -  b irthday  cake exam ple  

(Johanning, 2011) -  e s tim atio n  on th e  n u m b er line

(Taber, 2007) -  alice in w o n d erlan d  q u estio n s re fe ren ce d  in th e  discussions

Log: nev er as relaxed. N ot used  to  w orking to g e th e r  and  d o n 't  have th e  sa m e  physical space.
N othing has been  b ased  really on  p rob lem  solving. The use  of "w e" will be intei-esting to  se e  if 
th e re 's  th a t d ev e lo p m en t. T hey 're  g e ttin g  m o re  co m fortab le  w orking to g e th e r  bu t th e y 'r e  nervous 
a t th e  th o u g h t of teach in g  in f ro n t of each  o th er. I'll have to  stay  calm  and fo cused  an d  relaxed  a t 
th e  nex t m eeting .
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G1 Sample 2: Crannog 18/10/2012

Date of Transcribing: 

Date of EvenF: 

Length of audio file:

15'" October, 2013 

18/10/2012 

01:23:17

5: Trying to  find th e  o th er pa tterns th a t s tuden ts might find with th e  lego. All of th e  teachers attem pting  
rf>e activities to g e th er around th e  table. Fiona has com e up with ano ther extension problem  for 
STjdents th a t's  exponential. Huge am ount of thought going into the pa tte rn s and the  sequence  of 
•w ie w o rk  questions scaffolding th e  problem s. Interesting how a shared  LEGO language developed in 
m a t m eeting. Everyone knows w hat a four by tw o is etc. Teachers w orried ab o u t w hat they  need  to 
observe in particular for this lesson and how  they'll guage if studen ts know w h at th ey 're  doing.

Hs. No work done ou tside of m eetings not like 
■Facilitator to  do extra work in organising 

rw o u '’ces. Leads to  cubic equations, visual, story all to  th e  lesson.
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APPENDIX G2 -  Notes on Teacher Meetings 

G2 Sample 1: Doone 27/2/2013

27/ 2/2013

7 4Mhi» referencing an in-service - she Felt like one of the students!

24 in te r e s t  in th e  o th e r  school.

28 I use th is  resource fo r  n \y  n e x t  m e e tin g  w ith  VJesley -  sharing  resources across 

schools!

lO O  in te re s te d  in th e  research

1 0 8  w ill m iss th e  sessions

127 coo p era tin g  o u tside  o f  th e  classroom  n o w  d u e  to  th e  lesson

study!!!! NB S haring  resources :)

138 w e V e  s ta r te d .

1“? “? discussing syllabus c o n te n t  in re la tion  to  m o c k  ex a m

249 ho o k  fo r  th e  lesson. a n n o yed  it  w as poop o o ed  la st w eek?

278 decid ing  on th e  n u m b e rs  fo r  s tu d e n ts

301 p r e - e m p tn g  s tu d e n ts ' responses a n d  q u o tin g  s tu d e n ts .

320 m in d m a p  in stea d  o f  te m p la te .

347 s tu d e n ts  will th in k  th e y 're  consecu tive  n u m b ers . D isagreeing w ith  th a t

th ey 'll sp o t a p a t te r n

3 5 5  re fle c tio n  fr o m  previous tea ch in g  th is  lesson
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G2 Sample 2: Crannog 7/3/2013

Ŵ /<3

5 3 7  Notes taking  a lot o f tim e

5 4 7  articulating th e  objective/purpose o f th e  lesson.

S<bO Filling ou t lesson p lan taking  a lot oF tim e  too.

&01 need to  re -d o  th e  workshop in order to  find slope. Teachers sp o t this now  

-  p re -e m p tin g  m eeting  the  objective.

6 8  8 practical to  th e  theoretical

7 2 0  p re -e m p tin g  d ifficu lt ta sk  fo r studen ts

8 4 8  w a n t real life as opposed to  an im a ted  For th e  studen ts.

8 5 8  planning class discussion 

/

teachers doing th e  question  

8 8 0  Facilitator suggesting textbook as a resource. Teachers never do.

8 9 2  th e  class activ ity  

8<?4 ta lk  about slope

9 0 1  discussion w hen  you come back into class.

9 Z 1  modiFying th e  activ ity  again.

9 9 J  M fifr  planning ou t the  lesson Z  in th e  module.

1 0 3 0  g e ttin g  th e  stu d en ts  to  th ink , they 're  puzzled.

1 0 4 9  teachers no w  looking For notes.
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APPENDIX G3 -  Analysis Codes Phases 1 i& 2 

APPENDIX G3a - Phase 1 Codes

Curriculum Reform: Awareness o f  Curriculum

Attitude to Curriculum

Engagement with Curriculum

Implementing PM Curriculum approaches:

o Increased communication in the classroom  
o Problem solving 
o Decreased reliance on textbooks 
o Student talk

Teacher Learning/Professional Developm ent

Changing Practices in Classroom:

o Wait time 
o Discovery learning 
o Changing environment

Attitude to current Professional Development

Reflecting on Lessons

Development o f  the community'

Teacher Confidence

Teacher Collegiality

Focus on students:

Focus on student thinking 

Students talking about maths 

Student engagement 

Greater classroom interaction 

Learning for understanding
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APPENDIX G3b - Phase 2 Codes

Curriculum

• Awareness  of new curriculum

• Attitude to  new curriculum

• Engagement with the  curriculum

• Reflecting on lessons/pract ice

Teacher learning

o Lesson planning

■ Content

■ Differentiation

■ Scaffolding

■ Asking questions of the  others  -  pedagogy 

New Approaches:

o Causing s tuden t 's  confusion/frustrat ion for learning /  Discovery 

learning

o Using graphing/model ling as ano th er  form of solving 

o Building on resources  and model l ing/concrete resources  

o Different approach  to  teaching/ learning a topic introduced to 

s tuden ts  /  Teachers  sharing new mathematical  s trategies  

o  Teachers creating new quest ions

o Utilising research articles /  Researching a new m ethod  as a 

teaching tool.

o Manipulating resources  (as suggested by Manchester  study, Hanley 

2010) /  Introducing new resources  

o  Focus on language and on notat ion

o Implementing PM Curriculum approaches:
o Increased communication in the classroom  
o Problem solving  
o Decreased reliance on textbooks

o Observing s tudents  in class

■ Noting s tuden t  misconceptions /  Where  s tuden ts  are 

having difficulty

107



o Reflecting on students' learning & Describing students reactions

■ Referencing student talk

o Reflection on own practice (Difficult to observe and not teach)

■ Observing other teachers' practices.

■ Following up the lesson -  sequence of learning

Changed practice: Classroom environment - desks

Project Maths

1. To create a learning environm ent which engages students. Students 

participate in learning environments that are open to new ideas and gain 

confidence in expressing their mathematical ideas and considering those of 

others. (Expressing Ideas)

2. An approach to teaching and learning which gives prominence to learners able 

to develop their skills in communicating and working with others with 

teachers facilitating discussions. Students are encouraged to work together in 

groups to generate ideas, problem solve and evaluate methods. Learners 

communicate mathematics verbally and in written form. (Social Aspect)

•  Planning group work

•  Changing classroom layout

•  W hole Class discussion

•  Facilitating group work

•  Students presenting their work

3. A focus on learners understanding the concepts, building from the concrete to 

the abstract and from the informal to the formal. Fostering students' sense of 

creativity, they will be confident and able to apply their mathematical 

knowledge in a range of contexts (Jeffes et al., 2012) (Relational 

Understanding)

•  A focus on the 'why'

•  Scaffolding worksheet questions and homework questions.
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•  Giving students tinne to  process the top ic (quadratics 1 post lesson)

4. Investigative, problem-focused approach to  learning mathematics w/ith 

emphasis on application in real-life settings and contexts where students 

become active participants in developing the ir mathematical knowledge and 

skills (Cosgrove, Perkins, Shiel, Fish, & McGuinness, 2012) (Problem Solving)

a. W ant the students to get stuck.

b. A llow  students tim e to  construct and ask questions

c. M odelling a question

5. Teachers are encouraged to  use supplem entary resources instead o f a 

trad itiona l over-reliance on textbooks as a curriculum  source (Cosgrove et al., 

2012) (Textbooks as a resource)

a. Creating questions

b. Utilising new resources

c. Creating worksheets

Teacher Confidence

Teacher Practice

* changed due to observation

* Teacher Collegiality

* Focus on student thinking

* doing the activities

* what will students ask

* anticipating student responses

* Attitude to current Professional Development
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APPENDIX G4 -Initial Codes Phase 3

Codes

Teacher

Student Curriculum

Teacher Lens

PTRc Personal teaching reflection after conducting

PTRo Personal teaching reflection after observing

TRst Teacher reflection on student talk and questions

TR Teacher as researcher in lesson study

Student Lens

ST anticipating student talk

SUp anticipating student understanding in planning

sum reflecting and interpreting student mathematical strategy

SUr reflecting a student response

PEM Pre-empting Mistakes/Answers
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SCe articulating common student errors

PK Prior knowledge

SE student engagement

SA Student ability

IS identifying students by name and particular circumstance

Curriculum Lens:

CA Concrete to abstract sequence

CC Contextualising content

Seq Sequencing activities and lessons

WC Planning whole class discussion

EncST Encouraging student talk

L A focus on language

GW Planning/discussing group work

CE Changing classroom environment

Fac Teacher guiding students and student communication

RTB Resource textbook

CR Concrete resources developed or modified

RBW Board Work

RL Resource Literature
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A P PEN D IX  G5 -  Coding in Phase 3 of Analysis

Code Sub-code Descriptor Quotation
Question 1: How does this model of professional development encourage the 
teaching and learning approaches envisaged in Project Maths?

Teacher perspective

Teacher Reflection Personal Teaching Reflection

PCK

Teacher as researcher Researcher lens

Teacher re flecting  on how  

they  conducted th e  research  

lesson and w h a t they  

learned

Teacher reflecting  on w h a t 
they  learned from  observing  

th e  research lesson

Reflecting on students' 
questions

Teacher v iew ing th e  lesson 

as a w ay o f researching an 

aspect o f m athem atics  

teaching

Judy "it was interesting 
like, in terms of I know 
that I would rush them  
along "

Kate "It was brilliant 
and I just looked down 
at the questions that
were asked 'is it
always going to be two 
up in the top corner?"' 
p 200[l]

W alter - "Which is the 
more interesting class 
to observe? p364
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Doing Mathematics Activities Evaluating mathematics 
questions and activities

Student perspective

Student talk (planning) Teacher quoting student in
planning

Student mathematical thinking Student Understanding
(anticipation and 
interpretation)

KCS
(evaluating
examples)

Teachers doing activities in 
planning and evaluating 
them on merit of building 
student understanding

Doone cycle 4, doing 
and sequenctng 
questions according to 
scaffolding learninB-

KCS (interpret Teachers speaking utilising
student talk) student voice 24 as perimeter, 

research cycle 1.
KCS Teacher referencing Kate "What does 2
(anticipate students' understanding of a over 7 mean.... They
student topic know what 2/7ths
production) is...But do they know 

what 2 divided by 7 
is? Why are they the 
same thing?"

KCS (interpret Teacher deciphering why Kate "But we lose the
student students did something division
production) incorrectly on something symbol ,, and they're

specific in class. like "Well, it's not 
divided by anything, 
like"...."That is 
divided by". 1 was 
horrified" p345
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Reflecting on stu den t 
responses

Prior Knowledge

Pre-em pting stu den t 
m istake/answ er/difficulty

Common stu den t errors

Identifying s tu den t prior 
knowledge

T ea ch e r  re flec ting  on  w h a t  Nora "And Lisa, I'm

KCS
(antic ipating
s tu d e n t
m isconcep tio

n)

su rp rised  th e m  a b o u t  
s tu d e n t s  during  o b se rv a t io n

T ea ch e r  p red ic t ing  w h a t  
m ight co n fu se  a s tu d e n t .

sorry, I have to tell you 
ano ther very interesting 
observation. The little 
fella beside me, he was 
squaring them  up to 
five and tha t  was grand, 
but when he got to  six, 
he started to
multiply for
perim eter! " p l97 [l]
Kate "T hey 're  like 'b u t  
it 's n o t  t h e  s a m e  
th in g ' Oh no!" 
p 3 4 7 [ l ]

KCS 
(anticipating' 
s tu d en ts ' ,  
c o m m o n
c o m p u ta t io n  
o r  co n cep tu a l  
errors)

T ea ch e r  a r ticu la ting  w h a t  
th e y  e x p e c t  t h e  s tu d e n t  to  
a l read y  know.

Changing 2^2 to  3^2 
in cycle 1 o f Doone -
•.T- -

Nora

Kate "They'll know that 
from primary school" 
p83
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Student engagement

Student ability

Identifying students

Curriculum lens 
(teaching approach)

Concrete to Abstract

KCS
{motivating
students)

KCS
(sequencing
content)

Teacher referencing how 
student will /were 
engage(d) with a particular 
activity
Teacher reflecting on how 
'able' a student may be in 
answering a question.....

Teacher identifying 
particular student by name

Walter "I think it was 
more exciting for 
them than I thought it 
would be" p248 
Owen "I brought the 
weaker ones up and 
they just, it's like, 
they don't get it"
Lisa "There's the guy 
who was colouring in 
the whole square at 
the start, look it, in 
blue, Stephen. Yeah, 
he'd be, he'd be weak 
enough as well"

Teacher articulating going 
from concrete to abstract 
concept

Nora "It's very easy to 
see on a diagram that 
1/3'̂ '* of 2 is exactly 
the same as 2/3rds" 
p344
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Contextualising content

Sequencing activities

Sequencing lessons

Communication within class Whole class

KGS
(interesting
and
motivating for 
students)

Teacher providing context 
relevant to student for a 
question

KGS Detailing what activities
(sequencing students w ill engage in what 
content) order
KGS Detailing what w ill come
(sequencing before and after in terms of
content) building students'

knowledge

Teacher encouraging 
discussion and 
communication as a whole 
class

Michael: "And I've 
said linked to reality, 
and maybe you are 
right, like. I think the 
way you put it, it's not 
always about reality, 
it's about
contextualisation It
doesn't have to be 
'the ' reason that 
makes it  amazing, it's 
just, it's a reason that 
makes them 
comfortable enough 
to do it". P46

Nora "Yeah, I ju s t feel 
strongly. I'd  jus t like 
to know each, what 
was coming after it, 
you know, what to 
emphasise or how 
much they w ill hear 
square roo t" p261 
Fiona "this is what they 
need to do, to speak it 
and say it"
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Encouraging Student 
questions and Student tali<

A focus on language

Facilitator of learning

Curriculum Lens
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Teacher encouraging 
discussion and 
communication o f students 
with each other

Teachers focusing on the  
specific language used in 
class

Critique or wariness of 
group work

Altering classroom 
environm ent for group work

Teacher guiding student 
learning but not directing it. 
Not 'telling' the student

Choosing students to  
present to the class

Fiona "Yeah, I like 
them, it's the 
questioning that's the 
key thing I think 
to....'cause getting 
them, 'cause giving 
them all the 
information of even 
quite a bit of 
information..." pl45  
Walter "the word 
'model' is important" 
pl53 and Doone 
p349[l]
Owen "So, my 
objective for the  
lesson is to tolerate  
group work" p 3 8 6 [l]

Lisa changing desks in 
her room
Fiona "Okay, still our 
biggest challenge is, 
how do we generalise, 
how do we get them to 
actually think of doing 
that" pl59
Dave "I'll need to pick 
one group that got it 
the way we wanted 
it..." p l60



Classroom Resources Textbook

Curriculum materials

External materials

Board

Modification o f or 
developing classroom 
resources

Research literature
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Referencing the  
textbook as a 
teaching/learning  
resource

W hite board used during 
lesson

Teachers modifying 
curriculum materials, 
classroom resources or 
ideas from resource 
literature for use within 
their own classroom. 
Including worksheets 
etc.

External research 
literature: teacher 
magazines, education 
literature

Brian "...because 
that's the nature o f a 
lot of schools, you 
just go through the  
book, and it's Chapter 
5"

Lisa post lesson 1

Lisa "...Now, can I 
just say there isn't 
the, there's a very 
good Project Maths 
'Introduction to 
Fractions'"p360[l] 
Owen "I liked this 
example here with
cake like the
diagram here shows it 
well, I think" p 409 [l]



APPENDIX G6 -  Developing a Framework for Phase 4 of Analysis
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A PPENDIX G7 -  Final Open Codes in Phase 4 of Analysis

Code Sub-code Descriptor Quotation

1) How is teacher l<nowledge, particularly pedagogical content knowledge, enhanced through lesson study?
Knowledge of Content and Students

Prior Identifying student prior Teacher articulating what they
Knowledge knowledge expect the student to already

know. Kate "They'll know that from primary school" p83
Incorporating students' Teachers incorporating what Stephen They do it  in f irs t year actually. We do it
prior knowledge prior knowledge they expect of with them, i t  comes up

students into the research Fiona So we could jus t give them a number, a simple
lesson plan. one, one like that and then go onto n+2 by n+3 or

something...
Walter And then do multiplication with algebra tiles?
Fiona Yeah, ju s t to show tha t these are the factors.

Anticipating Pre-empting student Teacher anticipating what Michael You're going to be saying to
student mathennatical thinking student might think about and them..."Why is the room square?" And they're going to
mathematical how they might understand a say, "well, because the length and the width are the
th inking mathematical idea. same thing."

Anticipating students' Teacher predicting how a Stephen Because some would look... i f  it  is 1, 4, 9
mathematical response: student might respond in terms some w ill look a t i t  as being squared; some w ill look at
strategy of their strategies attempting an i t  as being...

activity. Fiona Add 3 and 5...
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Noticing
student
mathematical
thinking

Sequencing
mathematical
content

Highlighting Common 
Conceptions

Noticing students' 
mathematical strategies

Interpreting student 
mathematical response

Attending to student talk

Teachers highlighting in their 
planning what mistakes or 
interpretations are commonly 
made by students.

Teacher commenting on how 
student reflected on an 
activity/answer

Teacher interpreting/making 
sense of why students did 
responded in a specific way

Observing and reflecting on 
students' questions in the 
research lesson

Nora Can I just suggest that rather than 4 there 

Lisa Yeah

Nora I prefer to go fo r 9 because an awful lot of 
people half things and double things.

Kate "There was the guy who got the mistake first, but 
then he corrected himself..." p291[l]

Nora "And Lisa, I'm sorry, I have to tell you another 
very interesting observation. The little fella beside me, 
he was squaring them up to five and that was grand,
but when he got to six, he started to multiply for
perimeter! " p292[l]
Kate "It was brilliant and I just looked down at the
questions that were asked 'is it always going to be
two up in the top corner?"' p200[l]

Observing and reflecting on 
student talk within the research 
lesson Lisa p463[l]
Knowledge of Content and Teaching

Sequencing activities Detailing what activities
within research lesson students will engage in what

order
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Developing 
contextualisin 
g content

Evaluating
mathematics
questions

Student
engagement

Sequencing lessons Detailing what will come before 
and after in terms of building 
students' knowledge

Nora "Yeah, I ju s t fee l strongly. I'd jus t like to know  
each, what was coming a fte r it, you know, what to 
emphasise or how much they w ill hear square roo t"
p261

Contextualising 
mathematical content

Teacher providing context 
relevant to student for a 
question

Brian: "And I've said linked to reality, and maybe you 
are right, like. I think the way you put it, it's not always
about reality, it's about contextualisation It doesn't
have to be 'the ' reason that makes it  amazing, it's just, 
it's a reason that makes them comfortable enough to 
do it". P46

Developing
questions/activities
Evaluating

mathematical activity

Teachers develop specific 
activities relevant to the 
research lesson objective and 
relevant to students.
Teachers engaging in problem 
solving themselves/answering 
questions

p524[l] conducting teacher should be familiar w ith the 
content.
p26[2] fly question

Teacher Knowledge of Student
Engagement o f specific Teacher referencing how W alter "I think it was more exciting for them than I
class groups and specific particular student will /were thought it would be" p248
students engage(d) with a particular

activity
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Student ability

Identifying
students

Communicatio 
n within class

Games within class

Differentiating fo r  
students

IVIodifying content 
Whole class

Students communicating 
understanding

Student/Student talk

Teachers including games within 
class in order to further engage 
students.
Teacher reflecting on how 'able' 
a student may be in answering a 
question......

Teacher identifying particular 
student by name

Teachers differentiate activities 
for students according to their 
perceived ability

Changing curriculum content 
according to specific 
class/student ability 

Teacher encouraging discussion 
and communication as a whole 
class

Students encouraged to 
articulate 'why' something is 
happening
Teacher encouraging discussion 
and communication of students 
in class groups with each other
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p 471 [l] Last Man Standing
Owen "I brought the weaker ones up and they just, it's 
like, they don't get it"

Lisa "There's the guy who was colouring in the whole 
square at the start, look it, in blue, Stephen. Yeah, he'd 
be, he'd be weak enough as well"

p 561 [l] Owen "I'll give this to my strongest group"
"do you think I would be better to start them  off with 
just common factors and give them  an expression and 
just get them  to do that maybe?" p361 crannog 

Fiona "this is w hat they need to do, to  speak it and say 
it"

p 467 [l]

Fiona "It worked. Those guys over there I was 
watching, they really helped each other. They hugely 
helped each other, they w ere listening to each other"



Students presenting their 
work

A focus on language

Changing classroom 
environment

Facilitating group work

Specific students explicitly 
encouraged to present their 
work to their colleagues as a 
whole class
Teachers focusing on the 
specific language used in class 
dependent on student 
understanding
Altering classroom environment 
for group work

how to' facilitate group work, 
choosing groups e tc / giving 
roles /  number of students.
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Dave "I'll need to pick one group that got it the way we 
wanted it..." p l6 0
W alter "the word 'm odel' is im portant" p l5 3  and 
Doone p 349 [l]

Lisa changing desks in her room p 477 [l]

p478 & 479[1] Kate "you might ask one or two...."
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