
 

 

  

Number 119 
 

2021 



Homework Space is the exclusive new digital solution for 
homework, available for a range of Junior Cycle subjects. 

Homework Space includes ready-made, curriculum-
aligned assignments for homework setting and will 
save you hours spent on marking, so you can focus 
on lesson planning and other important teaching 
areas.  It makes tracking student and class progress 
easy and has a clear structure to use alongside 
whatever textbook you use with your class.

The ultimate 
homework solution is here.

Homework set easily, marked automatically.

...and here...

...and here...

...and here...

...and here...

...and here...

...and here...

Explore more at Folens.ie



 

Contents - 119 
IMTA Council 2020 – 2021   3 

IMTA Branches 2020 – 2021   4 
Welcome from Chairperson  5 
Junior Maths Competition 2021 Regional and Final  7 
Euler: a mathematician without equal and an overall nice guy Peter Lynch 18 
Numeracy in the Post-Primary Curriculum – Teachers Are Diving Deep! 
Cornelia Connolly, Enda Donnelly, Stephen Gammell, Warren McIntyre, Enda Carr, Seamus Knox 20 
Death and Taxes … Paul Holland 24 
Peter’s Problem 2020 – Solutions 28 
Teachers’ self-perceptions of mathematical knowledge for teaching at the transition 
between primary and post-primary school 
Niamh O’Meara, Mark Prendergast, Ian Cantley, Lorraine Harbison & Clare O’Hara 40 
The gender gap in post-primary mathematics Aidan Roche 61 
 

 
 

 

 

 

Acknowledgement 
The IMTA would like to thank Folens Publishers for sponsoring and preparing the Flipbook edition 
of this Newsletter. 

 
 
 
 
 
 
 
 

Irish Mathematics Teachers’ Association 
Cumann Oidí Matamaitice na hÉireann 

The IMTA was founded in 1964 to promote and assist the teaching of mathematics at all levels. 

Membership is open to all those interested in mathematics and mathematics education. 

As the IMTA is represented on all NCCA mathematics development groups, through their 
C o u n c i l  a n d  branch meetings and development group, have a direct input into syllabus 
revisions and curriculum changes. 

Membership for 2021 – 2022 is €20. See branch information for contact details.  



 
 
 
 
 

IMTA Council 2021 – 2022  
 

Chairperson:  Ciarán Duffy chair@imtacouncil.com  

Vice-Chairperson:  Eoghan O’Leary info@corkmaths.ie 
 
Secretary:  Enda Donnelly waterfordimta@gmail.com 

Treasurer:  Horst Punzet imtadublin@outlook.ie 

CPD Coordinator:  Aidan Roche imtawexford@gmail.com 

Clare/Limerick/Tipperary:  Jack Neylon clareimta@gmail.com 

Cork:  Eoghan O’Leary info@corkmaths.ie 

Dublin:  Horst Punzet imtadublin@outlook.ie 

Galway:  Jane Keenan imtagalway@gmail.com 

Kerry:  Mike Keating kerryimta@gmail.com 

Mayo:  Michael Walsh mayoimta@gmail.com 

Midlands:  Rory Kearney midlandsimta@gmail.com 

Waterford/Kilkenny:  Enda Donnelly waterfordimta@gmail.com 

Wexford:  Aidan Roche imtawexford@gmail.com 

Primary Level Representatives:  Mairéad Holden and Ann Treacy 

Third Level Representatives:   Elizabeth Oldham and Cornelia Connolly 

Newsletter:  Eoghan Long, Elizabeth Oldham, Horst Punzet 

 

 

  

mailto:chair@imtacouncil.com
mailto:info@corkmaths.ie
mailto:waterfordimta@gmail.com
mailto:imtadublin@outlook.ie
mailto:imtawexford@gmail.com
mailto:clareimta@gmail.com
mailto:info@corkmaths.ie
mailto:imtadublin@outlook.ie
mailto:imtagalway@gmail.com
mailto:kerryimta@gmail.com
mailto:mayoimta@gmail.com
mailto:midlandsimta@gmail.com
mailto:waterfordimta@gmail.com
mailto:imtawexford@gmail.com


 

IMTA Branches 2021 – 2022 
 

Cork Branch: 
Email: info@corkmaths.ie  
Website: http://corkmaths.ie/ 
Chairperson: Eoghan O’Leary 
Secretary: Eoghan Long 
Treasurer: Tom Ashman 
Clare/Limerick/Tipperary Branch: 
Email: clareimta@gmail.com 
Website: http://www.clareimta.ie 
Chairperson: Seán Murphy 
Secretary: Ciara McMahon 
Treasurer: Lorraine McInerney 
Donegal Branch: 
Email: donegalimta@gmail.com 
Chairperson: Margaret Bonner  
Secretary: Kieran Sweeney  
Treasurer: Martin Gormley 
Dublin Branch: 
Email: imtadublin@outlook.ie 
Website: http://www.imtadublin.ie 
Chairperson: Helene Suttle 
Deputy Chairperson: Horst Punzet 
Secretary: Catherine Sweeney 
Treasurer: Elizabeth Oldham 
Galway Branch: 
Email: imtagalway@gmail.com 
Chairperson: Stefanie Carr 
Secretary: Jean O’Connor 
Treasurer: Jane Keenan 

Kerry Branch:  

Email:kerryimta@gmail.com 

Facebook: @imtakerry 
Chairperson: Caroline Foley 
Deputy Chairperson: Mo O Connor 
Secretary: Mike Lynch 
Treasurer: Marina Mulvihill 
Mayo Branch:  
Email: mayoimta@gmail.com 
Website: https://www.mayoimta.ie 
Chairperson: Michael Walsh 
Secretary: Margaret Kenny 
Treasurer: Lorraine Gallagher  
Midlands Branch:  
Email: midlandsimta@gmail.com 

Facebook: @IMTAmidlands  
Chairperson: Emma Keane 
Secretary: Claire Donohue 
Treasurer: Laura Guinan 
Waterford/ Kilkenny Branch:  
Email: waterfordimta@gmail.com 
Website: www.waterfordimta.ie 
Chairperson: Enda Donnelly 
Secretary: John Hartery 
Treasurer: Maria Halley 
Wexford Branch:  

Email: imtawexford@gmail.com 

Website: http://www.imtawexford.com 
Chairperson: Padraig Lacey 
Secretary: David Crowdle 
Treasurer: Aimee Doyle 

  

mailto:info@corkmaths.ie
http://corkmaths.ie/
mailto:clareimta@gmail.com
http://www.clareimta.ie/
mailto:donegalimta@gmail.com
mailto:imtadublin@outlook.ie
http://www.imtadublin.ie/
mailto:imtagalway@gmail.com
mailto:kerryimta@gmail.com
https://www.facebook.com/imtakerry/
mailto:mayoimta@gmail.com
https://www.mayoimta.ie/
mailto:midlandsimta@gmail.com
https://www.facebook.com/IMTAmidlands/
https://www.facebook.com/IMTAmidlands/
mailto:waterfordimta@gmail.com
http://www.waterfordimta.ie/
mailto:imtawexford@gmail.com
http://www.imtawexford.com/


 IMTA Newsletter 119, 2021    Page 5 

 

Welcome from Chairperson 
It is my great pleasure to invite you to read the 119th edition of the IMTA Newsletter. 

So many wonderful educators and mathematicians have contributed to this excellent resource since 
its inception in 1964 and most recently overseen so professionally by Michael O’Loughlin. Michael 
has now passed the baton to Horst Punzet. On behalf of the Council of the IMTA I would like to 
sincerely thank Michael for his Trojan efforts in compiling the newsletter and know that he has left 
a wonderful legacy for mathematics educators to utilise. I wish to thank Horst for taking up the 
challenge and he has already set about collating excellent resources for us all to use.  
 
The IMTA national Council had lapsed for a time in 2019/2020 but we are back in business with a 
wonderful committee ready to work hard for mathematics teachers nationally. We now have 
representatives from primary, second and third level, coupled with representatives from almost 
every branch in the country attending regular meetings; Zoom has its advantages!  

The national Council has made two significant submissions to the Minister for Education, the SEC, 
the inspectorate and the NCCA in the past year to express our concerns re the state examinations 
2021. Thank you to all our members who responded to our survey in advance of our second 
submission. The letters, survey results and responses from the SEC are all available on our website. 
While there is no perfect outcome to the assessment arrangements for the Class of 2021, we hope 
that you and most importantly your students are satisfied with the improved choice that now exists 
on the papers. Only time will tell if the pressure of trying to finish the course adequately will be 
reflected in the examinations.  

The national Council also worked hard to present Maths Fest 2020 last November. We were 
delighted to work with the PDST to offer such a wide variety of topics, many of which were a 
reflection of the blended learning environment we found in ourselves in. Little did we think that 
we’d have to put our digital skills to such quick use again as we found ourselves teaching remotely 
in January. Thankfully we have had ample CPD opportunities to learn new techniques using 
Microsoft Teams and Google Classroom as well as so many other beneficial digital tools for online 
teaching. Let’s hope we can continue to build on such skills when we return to full face to face 
teaching this April.  

We will continue to offer CPD in any areas that you feel are lacking and are always interested to 
hear from you. We had over 20 CPD offerings on a near weekly basis since January 6th. Another 
added benefit of Zoom is the ability to offer CPD sessions to a much wider audience, more regularly 
and all of which can be recorded and viewed later. This can all be done from the comfort of our 
own homes but is certainly not without its flaws. While we see utilising Zoom as the way forward, 
we would not like to exclusively do so. To use the buzz phrase of the year, perhaps a blended 
approach to teacher CPD is the way forward?!  
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Our national Council has also worked hard to update our website and to offer a huge new array of 
resources for teachers. We have a bank of online quizzes in both Microsoft and Google Forms 
format as well as ready-made Mock exam style questions which are all free to use. We are always 
updating these resources and can do so only with the help and generosity of teachers all over the 
country. If you have ready-made quizzes or resources that you’d like to share please send them our 
way and we would be delighted to add them to our website.  

The work done at branch level across the country has been immense, especially given the 
challenging times we have faced since March 2020. Please continue to work with your local branch 
or if none exists, you might consider working with some like minded teachers to establish one? 
Given the unusual year it has been, we decided to waive any fees for 2020/2021 for teachers who 
were members in 2019/2020.  

We have endeavoured to carry on with the usual competitions this year and both the Junior Maths 
Competition and Peter’s Problem were triumphs. Sincere thanks to Horst Punzet, Patricia Lewis, 
Jim O’Leary, Neil Hallinan and Dominic Guinan for all of their hard work in organising these and 
well done to winning students and schools. It is unfortunate that we had to cancel Team Maths this 
year but we listened to your feedback and decided the year was frantic enough! We will be back in 
2021/2022.  

Finally, thanks to all the teachers who have made contact with us throughout the year to offer help 
in any way, to organise competitions, to attend meetings, to present a CPD session, to make 
suggestions or to compliment the work of the committee. To all of the volunteer branch officers I 
thank you sincerely and I encourage any of you thinking about getting involved to do so; it’s 
important to share the load!  

 

Wishing you, your families and your students all the best for the term ahead, 

 

 

 

Le gach Dea-ghuí, 

Ciarán Duffy, 

Chairperson  
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     Comórtas Sóisearach Matamaitice Éireann  
       Irish Junior Mathematics Competition 

2021 Regional and Final 
 

Section A (5 Marks) 
 
1.  What is (5·7 + 4·3) × 78·6, correct to two significant figures? 

          786            790        78             88        66 
  
2. How many odd prime numbers are there between 0 and 10? 
 

         5           4      3         2      1 
 
3.  The ratio of John's height to June's height to 2 : 3. If June is 1.245 metres tall, how tall is John?

  
          62·25 cm       41·5 cm      83 cm     186·75 cm           14·9 cm 
 
4.  What is the value of – 4pq if p = 2 and q = –1?   
 
          –12             – 8              6               8                 12   
 
5.  A shopkeeper is selling hand sanitiser at a certain price but feels it might fetch more due to 

the current pandemic. First, he increases its price by 10% and later by an additional 10%. 
Sales fall off however and he is forced to reduce the price first by 10% and later by a further 
10%. What percentage of the original price is the finishing price? Answer to the nearest 
whole number. 

 
          80          98     100             102             120 
 
Section B (7 Marks) 

6.  Megan bought seven identical chocolate bars. Each cost less that €1 and she got 12 cents 
change. What amount of money did she give the cashier? 

    €3             €4       €5   €6       €7 
 
7. A class of 20 students averaged 66% in an exam, and another class of 30 averaged 

56% in the same exam. What is the average percentage for all 50 students? 
             58               59               60               61                 62 
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      Comórtas Sóisearach Matamaitice Éireann  
       Irish Junior Mathematics Competition 

2021 Regional and Final 
 

8.  Rod enters a lift in a tall building. He went up 3 floors, down 5 floors, up 7 floors, 
and down 9 floors. He was then on the 23rd floor. On what floor did he enter the 
lift? 

                 21               23               19              27               25 
 
9.  What is the smallest possible number of children in a family so that each child has at least 

one brother and at least one sister? 
                  2                3                 4                5                 6 
 
10. What is the 100th number in the sequence 1, 5, 9, 13, 17, 21, 25? 
       397             399        401     403         405 
 
Section C (8 Marks) 
11. How many triangles can be formed whose sides are whole numbers and have a 

perimeter length of 10 cm?  
         1                  2                 3                4                5 
 
12.  What is the total number of squares of all sizes in the figure below?  
  

 

 

               9            10               13              20               22 

13.  The positive integers are arranged in rows as shown below. Which row has a sum 
nearest to 220?   

 1 2 3 4 5 
 6 7 8 9 10 
 11 12 13 14 15 
 . . . . .  
 . . . . . 

. . . . . 
 
     5th            6th           7th           8th            9th  

14. If 5 cats catch 6 mice in 6 minutes, how many mice would be caught by 30 cats in 30 minutes?

     30            180             150            6                900   
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  Comórtas Sóisearach Matamaitice Éireann  
   Irish Junior Mathematics Competition 

 2021 Regional and Final 
 

15.  A computer is programmed to scan the digits of the counting numbers. For example it 
scans 1 2 3 4 5 6 7 8 9 10 11 12 and then it has scanned 15 digits. The computer begins 
its task and scans the first 1788 digits. What is the last counting number scanned? 

       533              632              645            1599            1689        
  

 
Answers 
 

1.   (5·7 + 4·3) × 78·6 = 786, which is 790 to 2 significant numbers. 

2.  There are 3 odd prime numbers between 0 and 10: {3, 5, 7}, 

3.   If 3 parts = 1·245 m then John is 1 245 2 0 83 m 83 cm tall.
3
⋅

× = ⋅ =  

4.  4 4(2)( 1) 8.pq− = − − =  

5. If P is the original sell price, 1 10 1 10 0 9 0 9 0 9801P P× ⋅ × ⋅ × ⋅ × ⋅ = ⋅   
It is 98% of the original price 

6. 6 0 12 0 84.
7

− ⋅
= ⋅  No other value gives a whole number. 

7. 66(20) 56(30) 60%.
50
+

=  

8.  23 (3 5 7 9) 27th Floor.− − + − =  

9. 2 brothers and 2 sisters = 4. 

10. Difference is 4. 100th number = 1 + 4(99) = 397. 

11. Only two triangles can be formed, {2cm, 4cm, 4cm} and {3cm, 3cm, 4cm}. 

12. There are 20 squares. 

13. 9th row is 41 + 42 + 43 + 44 + 45 = 215. 

14. 30 cats will catch 6 × 6 mice in 6 minutes, and so will catch 6 × 6 × 5 = 180 in 30 minutes. 

15.  1 9 is 1 digit (9). 10 99 is 2 digit (90 2 180). 100 199 is 3 digit (90 3 270).
1788 189 1599      533 533 99 632.

3 3

− − × = − × =
−

= = ⇒ + =
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     Comórtas Sóisearach Matamaitice Éireann  
       Irish Junior Mathematics Competition 

 2021 Regional and Final 
 

The 2021 Irish Junior Maths Competition was undertaken online and proved to be a great 
success. 203 schools from across the country registered and a total of 6306 students responded. 
The average mark was 32.2% and a total of 60 students achieved over 75%. 

 

The competition is designed so that the majority of students should achieve full marks in Section 
A,  the first five questions worth 5 marks each. This was perhaps somewhat affected by Question 
1, where a large percentage of students failed to round to two significant figures. 67% of 
students failed to round the answer, either misreading or not understanding the concept. 
Question 5 was also badly answered with only 14% of students correctly dealing with changing 
percentages. 

Well done to all the students who were awarded the Irish Junior Mathematics Competition 
trophies for outstanding results and congratulations to Kai Seino, from Mercy Secondary School, 
Mounthawk, Tralee, Co. Kerry who achieved an outstanding 100%. Kai was awarded a 
Microsoft Surface Pro laptop, which was very kindly supplied by Microsoft Ireland. 
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L-R Ms Sinead Muldoon Walsh, Deputy Principal; Mr Daniel McCarthy, Kai’s Maths teacher; 
and Kai Seino, overall 2020-2021 winner, from Mercy Secondary School, Mounthawk, Tralee. 

 

 

Trophy winners from Ardscoil Na Mara, Tramore, Co. Waterford 
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     Comórtas Sóisearach Matamaitice Éireann  
       Irish Junior Mathematics Competition 

 2021 Regional and Final 
 

Breakdown by question 

 

 

 

1. What is (5·7 + 4·3) × 78·6, correct to two significant figures? (5 points) 
15% of respondents answered this question correctly. 
 

2. How many odd prime numbers are there between 0 and 10? (5 points) 
37% of respondents answered this question correctly. 
 

3.  The ratio of John's height to June's height to 2 : 3. If June is 1.245 metres tall, how tall is  
John? (5 points) 

43% of respondents answered this question correctly. 
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     Comórtas Sóisearach Matamaitice Éireann  
       Irish Junior Mathematics Competition 

 2021 Regional and Final 
 

Breakdown by question 

 

4. What is the value of – 4pq if p = 2 and q = –1? (5 points) 
29% of respondents answered this question correctly. 

 

5. A shopkeeper is selling hand sanitiser at a certain price but feels it might fetch more due to 
the current pandemic. First, he increases its price by 10% and later by an additional 10%. 
Sales fall off however and he is forced to reduce the price first by 10% and later by a 
further 10%. What percentage of the original price is the finishing price?  

 Answer to the nearest whole number. (5 points) 
13% of respondents answered this question correctly. 
 

6. Megan bought seven identical chocolate bars. Each cost less that €1 and she got 12 cents 
change. What amount of money did she give the cashier? (7 points) 

43% of respondents answered this question correctly 
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    Comórtas Sóisearach Matamaitice Éireann  
       Irish Junior Mathematics Competition 

 2021 Regional and Final 
 

Breakdown by question 

 

    

7. A class of 20 students averaged 66% in an exam, and another class of 30 averaged 56% 
in the same exam. What is the average percentage for all 50 students? (7 points) 

24% of respondents answered this question correctly 

8. Rod enters a lift in a tall building. He went up 3 floors, down 5 floors, up 7 floors, and 
down 9 floors. He was then on the 23rd floor. On what floor did he enter the lift? (7 points) 

54% of respondents answered this question correctly 

9. What is the smallest possible number of children in a family so that each child has at least one 
brother and at least one sister? (7 points) 

50% of respondents answered this question correctly 
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    Comórtas Sóisearach Matamaitice Éireann  
       Irish Junior Mathematics Competition 

 2021 Regional and Final 
 

Breakdown by question 

 

 

 

10. What is the 100th number in the sequence 1, 5, 9, 13, 17, 21, 25? (7 points) 
29% of respondents answered this question correctly 

11. How many triangles can be formed whose sides are whole numbers and have a 
perimeter length of 10 cm? (8 points) 

14% of respondents answered this question correctly 

12. What is the total number of squares of all sizes in the figure below? (8 points) 
50% of respondents answered this question correctly 
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                                      Comórtas Sóisearach Matamaitice Éireann  

       Irish Junior Mathematics Competition 
 2021 Regional and Final 

 

Breakdown by question 

 

13. The positive integers are arranged in rows as shown below. Which row has a sum 
nearest to 220? (8 points) 

27% of respondents answered this question correctly 

14. If 5 cats catch 6 mice in 6 minutes, how many mice would be caught by 30 cats in 30 minutes? 
(8 points) 

35% of respondents answered this question correctly 

15. A computer is programmed to scan the digits of the counting numbers. For example, it 
scans 1 2 3 4 5 6 7 8 9 10 11 12 and then it has scanned 15 digits. The computer begins 
its task and scans the first 1788 digits. What is the last counting number scanned? (8 
points) 

15% of respondents answered this question correctly 



The Educational Company of Ireland 

A COMPLETE RANGE OF MATHS TITLES

Ph: 01-4500611, Email: info@edco.ie, Website: www.edco.ie

Junior Cycle

LC Revise Wise

Exam Papers

Leaving Certificate
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Euler: a mathematician without equal and an 
overall nice guy 

 
By Peter Lynch, first published in The Irish Times, January 21st 2021 

 
Mathematicians are an odd bunch.  Isaac Newton was 
decidedly unpleasant, secretive and resentful while Carl 
Friedrich Gauss, according to several biographies, was 
cold and austere, more likely to criticize than to praise. It 
is frequently claimed that a disproportionate number of 
mathematicians exhibit signs of autism and have 
significant difficulties with social interaction and 
everyday communication.  
 
It is true that some of the greatest fit this stereotype, but 
the incomparable Leonhard Euler is a refreshing counter-
example. He was described by his contemporaries as a 
generous man, kind and loving to his 13 children and 
maintaining his good-natured disposition even after he 
became completely blind. He is comforting proof that a 
neurotic personality is not essential for mathematical 
prowess. 
 
Euler, born in Basel in 1707, showed early signs of genius. He studied with Johann Bernoulli, one 
of shining stars in a dynasty of brilliant Swiss mathematicians. Euler learned much from Bernoulli 
and was soon to outshine his brilliant mentor. With little chance of a position in Switzerland, Euler 
accepted a post at the Imperial Academy in St Petersburg. Over a fourteen-year stay, he made 
many innovative advances in mathematics and mechanics. He also lost the sight of his right eye. 
 
Sojourn in Potsdam 
 
In 1741, as political conditions in Russia became threatening, Euler accepted an invitation from 
Frederick the Great, King of Prussia, to move to the Royal Academy in Berlin. His work there 
resulted in election to the Royal Society (London) and the Paris Academy. King Frederick was 
most interested in military applications of science, and Euler had to undertake studies in ballistics, 
navigation, canal design and other practical tasks. 
 
Having fallen out of favour with the King, Euler returned to St Petersburg in 1766. His complete 
loss of sight seemed not to slow his output and he continued to produce work of great originality 
and ingenuity up to his death seventeen years later. 
 
Euler had a phenomenal memory. In his youth, he learned the entire text of Virgil's Aeneid and he 
could recite it flawlessly into old age. He knew the first hundred prime numbers and also their 
squares, cubes and powers up to the sixth degree. And he had a remarkable capacity for 
complicated mental calculations. A biographer wrote that Euler calculated without effort, “just as 
men breathe, as eagles sustain themselves in the air”. 
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A Prolific Mathematician 
 

The vast body of mathematics owes more to Leonhard 
Euler than to any other single person. His achievements 
cover an enormous range and underlie all major 
branches of mathematics. In 1911, scholars began 
publishing his collected works. His Opera Omnia 
includes some 900 articles, many of great profundity, 
written in German, French and Latin.  With 80 volumes 
so far, this project is only now nearing completion. 
  
Euler revolutionised mathematics, greatly extending its 
boundaries. He was inexhaustible: no other 
mathematician has been so prolific. His work embraces 
calculus, differential geometry, number theory and 
infinite series. In physics, he made major contributions 
to analytical mechanics and hydrodynamics. He laid 
the foundations for several new branches of 
mathematics: graph theory, the calculus of variations 
and partial differential equations.  

 
Many results attributed to other mathematicians are to be found in Euler's works. He had a major 
influence on mathematics through the nineteenth century, and continues to inspire mathematicians 
today. His textbooks remained as essential sources for a century or more. 
 
Euler died suddenly in 1783. Although by then completely blind, he had continued to produce 
striking new results. The preparation for publication of a backlog of his work kept his assistants 
busy for a further four decades. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The author:  Peter Lynch is emeritus professor at the UCD School of Mathematics & Statistics. 
His interests include all areas of mathematics and its history. He writes an occasional mathematics 
column in The Irish Times and has recently published a collection of articles entitled Thats Maths 
II: a Ton of Wonders (https://logicpress.ie/2020-3/).  
His blog is at https://thatsmaths.com/. 
  

https://logicpress.ie/2020-3/
https://thatsmaths.com/
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Numeracy in the Post-Primary Curriculum 
Teachers Are Diving Deep! 

 
Cornelia Connolly1, Enda Donnelly2, Stephen Gammell2, Warren McIntyre2, Enda Carr2, Seamus Knox3 
 

This paper introduces the ‘Deep Dive in Numeracy’ project which highlights the importance of 
teaching numeracy across the post-primary school curriculum. The aim of the Numeracy Deep 
Dive Project is to encourage and foster teacher collaboration in the co-professional design of a 
series of lessons developing students’ numerical and mathematical skills, and comprehension 
across subjects. The purpose of the project explores how numeracy can be integrated in a 
meaningful and constructive manner in a range of subjects across the curriculum at post-primary 
and how these subjects can, in turn, influence the manner in which relevant concepts can be 
addressed in mathematics lessons. The project fosters professional development amongst teachers 
and promotes a deeper understanding of numeracy which is necessary for learning, educational 
growth and development 

Numeracy involves mathematical proficiency, it is however less abstract than mathematics and 
has immediate relevance in the lives of students (Steen, 2001). Numeracy is not another topic to 
be added to mathematics specification but rather involves context and the use of numbers, 
calculation or diagrams in social practice; whilst mathematics involves some degree of abstraction 
or concern with structure (Barwell, 2004; Steen, 1999). Lynn Arthur Steen (1941-2015) who 
published extensively about Numeracy said: 

“Mathematics climbs the ladder of abstraction to see, from sufficient height, 
common patterns in seemingly different things. Abstraction is what gives 
mathematics its power; it is what enables methods derived in one context to be 
applied in others. But abstraction is not the focus of numeracy. Instead, 
numeracy clings to specifics, marshalling all relevant aspects of setting and 
context to reach conclusions.” (Steen, 2001, pp.17-18) 

Numeracy or being numerate is about using mathematics to act in and on the world, people need 
to be numerate in a range of contexts (Goos, Dole, & Geiger, 2011). Numeracy has a purpose, 
problem solving or critical and it is the ability to make discerning decisions about everyday issues 
that involve mathematical concepts. Numeracy clings to the specifics, it combines all relevant 
aspects of setting and context to reach conclusions. With data and numbers everywhere in today’s 
society it is important that we ensure our young people leaving our school system can all make 
informed decisions, that they have the skills and knowledge not to take everything we are told or 
exposed to at face value. Numeracy is driven by challenges and issues which are important for 
everyone in our daily lives. 

The 2015 ‘Promoting and Improving Numeracy’ report (DES, 2015) proposed five objectives to 
improve numeracy within the school curriculum. They found that numeracy in subjects other than 
Mathematics is most effective when teachers project a positive attitude to the use of mathematics 
in their subject; when the teachers explore authentic contexts which are integral to the learning of 
their subject; use explanations, and teaching approaches, in line with those used by the 
mathematics department and the other main carrier subjects; make explicit the ‘cognitive conflicts’ 
that arise when the same ideas are interpreted differently in their subject and in mathematics, in 
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order that their students embrace and resolve them; and finally, support individual students at the 
point of need, with the mathematics required in the learning of his or her subject. The Deep Dive 
in Numeracy project, designed by the Professional Development Service for Teachers (PDST) and 
the Teacher Education Section of the Department of Education and supported by NUI Galway, 
embodies these suggestions along with best practice from mathematics education and professional 
development communities (Bonner, 2006; Graven & Venkat, 2007; Hill, Schilling, & Ball, 2004; 
Tall & Vinner, 1981).  

The most transformative professional development situates subject-specific teacher learning 
within communal contexts (Borko et al., 2010; Frykholm, 1998; Shulman & Sherin, 2004) and the 
Numeracy Deep Dive Project involves a community of practice where teachers identify and agree 
material to be explored, creating authentic contexts to facilitate the exploration. The project 
involves pairs of teachers from the same school - one who teaches mathematics and another 
teaching a carrier subject. Taking place in post-primary schools nationwide, the project fosters 
collaboration in lesson design with a particular focus on developing students’ numeracy and 
mathematical skills. The focus of the collaboration is to recognize and exploit authentic examples 
of numeracy and mathematics in the carrier subjects and to co-create lessons which treat the 
mathematical concepts in an explicit, rigorous and context-rich fashion. In offering multiple cross-
curricular possibilities, teachers choose topics within subjects, affording adequate overlap between 
the learning outcomes on the mathematics specification and those of the identified carrier subject.  

The project commenced with a pilot study in academic year 2016-17 involving three schools. 
Outcomes from the pilot study were encouraging and included motivational gains by students who 
perceived mathematics to be challenging. Due to the positive findings by the pilot schools and by 
the six schools in academic year 2017-18, a plan to support a greater number of schools involving 
the integration of mathematics with an increased variety of carrier subjects was considered and 
developed. It was decided that Deep Dive in Numeracy would be continued each year with a 
growing number of participant schools and now in academic year 2020-21 there are fifteen schools 
in the project with the PDST supporting schools who volunteered, in consultation with the 
Inspectorate which was a feature of the earlier iterations. The academic year 2020-21 school and 
carrier subject list are detailed in Table 1. The agreed area of focus is on an area of numeracy 
common to both subjects, resulting in an authentic, rigorous treatment of mathematical concepts 
and in a collaborative fashion that was without precedent for participants.  
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Table 1. Participant schools and carrier subjects in academic year 2020-21. 

School Carrier Subject 

Ardscoil Mhuire, Corbally Limerick (64290V) Science 

Old Bawn Community School, Tallaght, Dublin (91336W) Science 

Coláiste Ghlór na Mara, Balbriggan, Co. Dublin (68082L) Science 

Kingswood Community College, Tallaght, Dublin 24 (76293U) Woodwork 

Baileboro Community School, Co. Cavan (91351S) Art 

Enniscorthy Vocational College, Co. Wexford (71630K) Technical Graphics 

St.Kevin's Community College, Dunlavin, Co.Wicklow (70800E) Science 

Marino College, Dublin (70250S) Science 

Ballymakenny College, Drogheda, Co. Louth (91573N) PE 

Lusk Community College, Co Dublin (76213T) Physics 

St. Mary's, Glasnevin (60770P) Science 

Moyle Park College, Clondalkin, Dublin 22 (60121B) Science/Physics 

St David's CBS, Dublin 5 (60471F) Biology 

Swords CC, Co. Dublin (76475D) Geography 

Buttevant Coláiste, Co. Cork (76067L) Science 

 

Since 2016 the project has resulted in an unprecedented level of collaboration between participants 
and as a consequence, cross-curricular links are forged and plans are made regarding the 
achievement of student learning outcomes in areas of commonality between mathematics and a 
carrier subject. While the Senior Cycle was not the intended focus of the Deep Dive in Numeracy 
we see the potential and positive implications for students who have participated, particularly in 
regard to horizon concepts underpinned by the mathematics specification for the Leaving 
Certificate and Leaving Certificate Applied. Participant teachers reflected that to make gains in 
professional learning within the parameters of the project, an honesty, openness and flexibility 
towards colleagues is required. The main challenge for most teachers on the project is the time 
required for the lesson design which was largely attributed to the hectic nature of school life and 
inexperience with cross-curricular collaboration. However challenges are not seen as 
insurmountable and all teachers have demonstrated a willingness to engage in and expand their 
range of collaborative experience with their colleagues. 
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Death and taxes…… 
Paul Holland 

In life there is one other thing we can’t avoid – queues.  
We queue for admission, we queue at traffic lights, your 
call enters a queue, your computer queues documents 
for printing.  Queues are ubiquitous, and probably 
universally hated. 

Queues have received attention in mathematics, 
business and scientific studies because time spent in line 
is time lost.  In business, time lost is money lost.  Time 
lost to people means less quality time in their lives.  
Sometimes time lost may be life-or-death.  What follows 
is a look at some aspects of queuing mathematics – it is 
a limited introduction and cannot claim to be 
comprehensive.  There is as yet no perfect set of 
formulae that cover all queuing situations – but that 
holds for prediction in general anyway. 

A relatively simple and common queue is one that involves a single server.  People join the queue 
independently and randomly.  The queue operates on a first come-first served basis.  People arrive 
at a certain average rate and there is a certain average number of people served in a unit time 
interval.  If the service rate is greater than the arrival rate, the queue moves. 

 

Let’s adopt some symbols and formulae. 

µ = Average number served/hour (or whatever time interval is appropriate) 

λ = Average number joining queue/hour 

Utilisation factor (probability that the service point is busy) = λ/µ. 

Note that if λ > µ, endless queues ultimately form and the formulae given below are irrelevant 

Once the queue is up and running, the average number of people in the system (waiting or being 
served), Ns, can be calculated as; 

𝑁𝑁𝑁𝑁 =  
𝜆𝜆

µ − 𝜆𝜆
 

Average time a person spends in the system Ts = Ns/λ 

The average number of people waiting in the queue Nq = (λ/µ)Ns 

The average time a person spends waiting in the queue Tq = (λ/µ)Ts 
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The probability that there are n people, waiting or being served, in the system is given by the 
formula; 

𝑃𝑃(𝑛𝑛) = �
𝜆𝜆
µ
�
𝑛𝑛

�1 −
𝜆𝜆
µ
� 

 

Example of the use of the formulae 

A stall dispenses soft drinks at a funfair.  It is operated by one person.  Serving one person takes 
on average 2 minutes.  On average, the proprietor would expect to see 25 people over the hour.  
For simplicity, assume people order and pay individually. 

Rate of arrivals in the queue λ = 25/hour 

Rate of service.  60 minutes in an hour, takes 2 minutes to serve a person. µ = 30/hour 

Probability the stall is busy at any time  

= λ/µ  

= 25/30  

= 5/6 

Average number of people waiting or being served   

Ns = λ/(µ-λ) 

     = 25/(30-25) = 5 

Average time required to get a soft drink 

Ts = Ns/λ 

     = 5/25 

     = 1/5 hour or 12 minutes 

Average number of people in queue awaiting service 

Nq = (λ/µ)Ns 

      = (25/30)(5) 

      = 25/6 or 4 people approx (between 4 and 5) 

Average time spent waiting for service 

Tq = (λ/µ)Ts 

     = (25/30)(1/5) 

     =1/6 hour or 10 minutes 
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Probability that there are 8 people in the system 

P(n) = (λ/µ)n(1-λ/µ) 

P(8) = (25/30)8(1-25/30) 

        = 0.03876 or less than 4% 

Exercises 

1. At a camera shop operated by one person, the average time taken to serve a customer is 4 
minutes.  One can expect an average of 10 customers over an hour.  Repeat the 
calculations given in the example above for the camera shop 

2. An office with one service desk can serve an average of 36 people over an hour and can 
expect 34 people per hour on average to come looking for service.  They decide to set up 
a second service desk at the other side of the office (i.e; 2 separate lines).  How much less 
time on average will people have to wait in a queue for service? 

3. You have cause to make frequent calls to a service department.  You find that 5/6 of the 
time, your call enters a queue.  You find on average that you have to wait 25 minutes to 
get talking.  You always get the same person so it appears to be a single-line queue.  
Estimate how many people the department could deal with in the average hour and how 
many people come looking for service (ignoring those who give up in frustration!).  

4. Explain why a multi-server queue (one queue where you go to the first available server) 
is regarded as superior to having a separate queue for each server. 

5. Looking through the window of an office you pass each day, you note a queue an 
average of 10 people in length, waiting for or being served by one person.  About once in 
every 7 days, you notice the server is free.  Assuming our formulae apply, can you 
deduce much information from what you see? 

 

Some thoughts 

• Making an appointment for a service, where that is possible, means you simply avoid a 
queue.  Sometimes you may be in a queue but the first come-first served principle 
doesn’t apply – as happens if you show up at A and E without an appointment. 

• There are also what are called finite queues where there is a limit to the queue length.  
They have their own formulae.  For example, a class tutor may be interviewing students 
and calls them down 4 at a time. Another example would be a car-wash facility with 
waiting spaces for 3 cars only.  There are separate formulae for these situations which we 
are not covering here. 

• A server can deal with an individual in a time which can vary, sometimes quite a bit.  We 
have used average times in our formulae.  There are more comprehensive formulae 
which take account of standard deviations in service times.  There are also separate, and 
complex, formulae for multi-server lines which are best used with a spreadsheet. 

• Customers, frustrated with queues, may go elsewhere.  Time spent in queues may result 
in quantifiable loss to a business which might make it profitable to pay for extra servers.  
Shorter queues could attract more customers, resulting in longer waiting times – the 
economics are complex. 
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Answers to exercises 

1. µ = 60/4 = 15.  λ = 10.  Ns = 2.  Nq = 1.33.  Ts = 0.2 hrs.  Tq =2/15 hrs.  P(8) = 0.013 
approximately. 
 

2. Initially λ = 34 and µ = 36.  Calculate Tq.  By adding a second server, λ is halved to 17 
while µ remains unchanged – reducing the pressure on a server does not make him/her/it 
work faster (How might you change µ?).  Calculate Tq again and find the reduction in 
waiting time, 27 minutes approximately. 
 

3. λ/µ = 5/6.  Tq = 25/60 hrs.  Solve algebraically to get µ = 12, λ = 10.  It should be 
pointed out that one would need to have made very large numbers of calls for the initial 
estimates to be accurate.  Ultimately one is not sure what system is operating here. 
 

4. When there are separate queues for each server, people in a line may find themselves 
behind somebody who takes a long time to be dealt with.  With one queue and multiple 
servers (as one sees at airline counters), such delays are minimised. 
 
 

5. We can suggest the probability of the server being busy λ/µ = 6/7 and that Ns = 10.  
However we find that we cannot make any progress in finding values for λ or µ, 
particularly as we have no time measurements.  The best that might have been obtained 
was a ratio.  The length of a queue of itself can give no indication of how quickly it 
moves. 

 

Paul Holland, formerly Presentation College, Galway 
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Problem No. 1 

A car travels 24 860 km. The driver rotated the 5 tyres (spare wheel included) so that each 
tyre got equal wear. How many kilometres did each tyre travel? 

Problem No. 2 

Using a certain code two of the words GLARE, LARGE and REGAL are written as 52314 
and 41532. 
(i) What is the third word which is not written in the code? 
(ii) What word would be represented by the code 21325? 

Peter’s Problem 2020 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. 1 Solution 

The 4 wheels travel a total of 4 x 24860km = 99440km.  

This is covered by the 5 tyres, so each tyre travels 99440 19888 km.
5

=  

 

 No. 2 Solution 

G  L  A  R  E 

L  A  R  G  E 

R  E  G  A  L 

5  2   3   1  4 

4  1   5   3  2 

In the final column 4 and 2 correspond to E, E and L and so they must be E and L. That 
means REGAL is one of the words used. 

Therefore, matching REGAL, R = 5 or 4; E = 2 or 1; G = 3 or 5; A = 1 or 3; L = 4 or 2. 

Since E is not in the first column and cannot be 4 it must be 2.  

Therefore L = 4, R = 5, G = 3, A = 1.  
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Problem No. 4 

A 24-hour digital clock shows 6 numbers for hours, minutes and  seconds. 
How many times in any 24 hours do all 6 digits change at the same time? 

Problem No. 5 

An electricity meter reads 58273. All digits are different. How many more units of electricity 
will have been used when the other 5 digits are first displayed together? 

Problem No. 3 

Log on to the website www.engineersweek.ie. 

Click on the tab ‘Get Involved’, select ‘Secondary Schools’ and view the video 
‘Women in Engineering’. 

How many engineers were named in the video? 

Peter’s Problem 2020 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. 3 Solution 

There are 5 engineers named in the video. 

No. 4 Solution 

The hour digits change when the minute and second digits move from 59:59 to 00:00. This 
happens every hour but only one hour digit changes until 09 changes to 10; again when 19 
changes to 20; and again when 23 changes to 00.  

This means that there are 3 times when all 6 digits change at the same time. 

 

No. 5 Solution 

The other 5 digits are 0 1 4 6 9. The smallest change will occur when the 5 changes to a 6. 
Thus the 8 must change at least through 9 to 0. The remaining digits to be used are 1, 4 and 9. 
The smallest increase occurs when they appear as 149. 

Then 58273 changes to 60149. The increase in the units used is 60149 – 58273 = 1876. 

There are 1876 more units used. 
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Problem No. 6 

If the density of gold is 19.3 tonnes per m3 and the price of gold is €44 per gram, find the 
value of a cube of gold the edges of which are 5cm long. 

Problem No. 7 

If you were to count the digits in the page numbers in a book, starting at Page 1, on what 
page would you be when you reached the 2020th digit? 

 

Problem No. 8 

For how many integers, n. is 
100

n
n−

 also an integer? 

Peter’s Problem 2020 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. 6 Solution 

1m3 = 1 000 000cm3 ; 19.3tonnes = 19 300 000g. Therefore 1cm3 = 19.3g.  

The value is 19.3 x 44 = €849.20 per cm3.  

A cube of 5 x 5 x 5 = 125cm3 has value 125 x 849.2 = €106,150.00. 

 

No. 7 Solution                                                                                     

Pages 1 to 9: One digit per page for 9 pages: total 9 

Pages 10 to 99: Two digits per page for 90 pages: total 180 

Total so far: 189. Remaining count: 2020 – 189 = 1831. This count will be due to 3-digit 
pages since 900 three-digit pages are possible giving a total of 2700 which is too high. 

Then, 1831 ÷ 3 = 610 with Remainder 1. 

Thus, 99 + 610 = 709 pages counted on the 2019th digit, so the 2020th digit falls on Page 710. 

Answer: You would be on Page 710. 
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Problem No. 9 

The diagram shows a pentagon ABCDE. The angles at A, B and C are right angles. The 
lengths |AE| and |ED| are equal.  

Peter’s Problem 2020 

 

 

 

 

 

 

 

 

 

Find the area of the pentagon in the form .b
ca  

No. 8 Solution 

Let ,  where  is an integer.
100

n k k
n
=

−
 

We can isolate n:   

      

(100 )
100

100
( 1) 100

100
1

n k n
n k kn
kn n k
n k k

kn
k

= −
= −
+ =
+ =

∴ =
+

 

Since (k+1) cannot divide into k to give an integer result (k + 1) must divide into 100.  

There are 18 divisors of 100,the values of (k + 1), which are: 

±1, ±2, ±4, ±5, ±10, ±20, ±25, ±50, ±100.  

This means that there are 18 integers for which the result is also an integer. 
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Problem No. 10 

Show that if p is a prime number greater than 3, then p2 – 1 is always divisible by 24 
with no remainder? 

Peter’s Problem 2020 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

No. 9 Solution 

Draw DF parallel to BC to meet AB at F. 

Draw EG perpendicular to FD to meet FD at G.  

|EG| = 16 – 11 = 5. 

Let |GD| = x. Then |AE| = |FG| = 15 – x. 

By Pythagoras Theorem |ED|2 = x2 + 52 = x2 + 25. 

|AE|2 = |ED|2 

(15 – x)2 = x2 + 25 

225 + x2 – 30x = x2 + 25 

30x = 200 so 200 20 GD
30 3

x = = =  and 20 25FG 15 15
3 3

x= − = − = . 

Area of ABCDE = area rectangle FBCD + area rectangle FGEA + area triangle EGD 

                           25 1 2011(15) 5 (5)
3 2 3

   = + +   
   

 

Area of pentagon = 223 1
3
 cm2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

No. 10 Solution 

p2 – 1 = (p – 1)(p + 1) and (p –1), p, (p + 1) are three consecutive numbers.  

Since p is an odd prime, both p – 1 and p + 1 are even numbers which are both multiples 
of 2.  Since (p – 1) and (p + 1) are consecutive even numbers, one of them must also be a 
multiple of 4 so their product contains a multiple of 2(4) = 8.  

Since p is odd and not a multiple of 3, one of (p – 1) or (p +1) must be a multiple of 3. 

Therefore the product is a multiple of 8 x3 = 24. 

Therefore p2 – 1 is always divisible by 24 with no remainder. 
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Problem No. 13 

Peter cycles a journey on a Greenway at an average speed of 12 km per hour. He returns to 
his starting point at an average speed of 20 km per hour with the wind at his back. What is 
his average speed for both journeys? 

Problem No. 12 

How many 3-digit numbers are there where the sum of the three digits is 10? 

Problem No. 11 

You have 10 stacks of 10 gold coins. All of the coins in one of these stacks are counterfeit; 
all the other coins are not. A real coin weighs 10 grams. A counterfeit coin weighs 11 
grams. You have a modern digital scale that provides an accurate readout. 

   How can the fake pile be identified in one weighing? 

Peter’s Problem 2020 
 

 

 

 

 

 

 

 

 

 

 

 

No. 11 Solution 

Label the piles from 1 to 10. Take one coin from pile No. 1, two coins from pile No. 2, three 
coins from pile No. 3 and so on until finally taking ten coins from pile No. 10. 

Altogether there are 1 + 2 + 3 + … + 10 = 55 coins. 

Place these 55 coins on the digital scales. 

If all the coins were real the total weight would be 550g. However, since one pile contains 
fake coins the weighing will show a number higher than 550 by the number of coins taken 
from the fake pile. e.g., if pile No. 2 contained fake coins then the weight shown would be 
552g. 

No. 12 Solution 

The combinations of digits and the number of rearrangements possible in each case is 
019 – 4    118 – 3   226 – 3   334 - 3 
028 – 4    127 – 6   235 - 6 
037 – 4    136 – 6   244 - 3 
046 – 4    145 - 6 
055 - 2 
Total: 4(4) + 4(6) + 4(3) + 2 = 54 
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Problem No. 14 

Each of the symbols represents a number. The addition totals for each row and column 
are given, except one. 

Σ Π Π Σ 26 
λ Π Σ λ 25 
Ω Ω Ω Ω ? 
λ Π Σ Π 28 
21 32 22 24  

Find the number represented by the   ? symbol. 

 

Peter’s Problem 2020 

 
 

 

 

 

  

No. 13 Solution 

Let d = the distance travelled on the Greenway so the time taken is .
12
d   

The time taken to return the same distance is .
20
d  

Let a = the average speed for the both journeys. Then the time taken is 2 .d
a

   

Therefore 2 .
12 20
d d d

a
+ =  Multiply both sides of the equation by 60 ,a

d
 to give 5a + 3a = 120 

That is 8 120 15a a= ⇒ =  

His average speed for both journeys is 15 km/hr. 

 

No. 14 Solution 

From Row 1:   2Σ + 2 Π = 26; therefore Σ +  Π = 13; [A] 

From Row 2:     Σ +  Π  +2 λ = 25; therefore 13 + 2 λ = 25 so 2 λ = 12; therefore λ = 6. 

From Row 4:   λ + Σ + 2 Π = 28; which is 6+ Σ + 2 Π = 28 so Σ + 2 Π = 22; [C] 

Taking [A] from [C] we get  Π = 9; and so from [A]  Σ + 9 = 13; therefore  Σ  = 4; 

From Column 2: 3Π  + Ω = 32 so 27 + Ω = 32; therefore Ω = 5. 
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Problem No. 15 

Choose any 3-digit number where there is a difference of more than 1 between the first 
and third digits. 

Reverse the order of all 3 digits in your number and subtract the smaller number from the 
greater number. 

Reverse the order of all 3 digits in your answer and add these two numbers. The answer 
is always 1089. 

Why? 

 

Problem No. 16 

What is the next letter in the list A, C, G, M….? 

 

Peter’s Problem 2020 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

No. 15 Solution 

Choose digits a, b, c with c > a + 1. 

                c                                  b                            a  

Subtract         a                                  b                            c  

        (c –1) – a                (10 + (b – 1)) – b         (10 + a) – c. 

=       c – a – 1                              9                  10 + a – c 

Reverse  10 + a – c                            9                    c – a – 1 

Then c – a – 1 + ( 10 + a – c ) = 9 for the first and third digit sums; 

So we get 900 + 180 + 9 = 1089 in every case when c > a + 1. 

 

No. 16 Solution 

Assign numbers 1 to 26 to the letters of the alphabet.  

The letters A, C, G, M follow the sequence 1, 3, 7, 13.  

i.e. 1, 1 + 2, 1 + 2 + 4, 1 + 2 + 4 + 6. 

The next letter corresponds to 1 + 2 + 4 + 6 + 8 = 21 which is U. 
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Problem No. 17 

I have two types of square tiles – one of side 1cm long and the other of side 2cm long. 
What is the area of the smallest square that I can form using equal numbers of each of the 
types of tile? 

 

Problem No. 18 

A brother and sister have asked their parents to put money aside for them for Christmas. 
Their parents said that they would put money aside for them every Saturday from when 
they returned to school on August 26th 2015 until they would go shopping on December 
8th 2015. 

They offer them the choice of saving €1 for the first week, €2 the second week, €3 the 
third week and so on for each of the children or, 1 cent the first week, 2 cents the second 
week, 4 cents the third week and so on for the children to share equally. 

The children chose the first option. 

(i) How much did each child get for their Christmas shopping on December 8th? 

(ii) How much more would have been saved for each of them if they had chosen the other 
option? Give the answer correct to the nearest 5 cent. 

 

No. 17 Solution 
Since there are equal number of both tiles they can be matched 1-to-1. Together one big and 
one small tile will cover 22 cm2 + 12 cm2 = 5 cm2. 

Let n be the number of each type of tile. The area covered will be 5n cm2 and also a square. 
Thus the area will be square number which is a multiple of 5; ie. 25, 100, 225, … 

For an area of 25cm2, n = 5 so 5 of each is required with a side of 5cm. But using 5 large tiles 
requires a side of at least 6cm. 

For an area of 100cm2, n = 20 so 20 of each is required. 20 of the small tiles form the same 
shape as 5 large tiles so a square can be formed with the shape of 25 large tiles in a 5x5 grid 
with a side of 10cm.  

Thus, the area of the smallest square that I can form is 100cm2. 

Peter’s Problem 2020 
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Problem No. 19 

I want to buy a car in Northern Ireland and I respond to the following advertisement: 

 

 

 

 

Vehicle Registration Tax (VRT) must be paid. 

Use the internet to calculate 

(a) the percentage rate of VRT quoted 
(b) the Current OMSP (Open Market Selling Price) 
(c)  the amount of VRT calculated 
(d) the net cost of the car in Euro, correct to the nearest euro, given that the exchange 

rate is €1 = 89p Sterling. 
 

 

 

 

Peter’s Problem 2020 

 

 

 

 

 

 

 

 

 

  

FOR SALE:  2015 (Feb) Ford Focus 2.0, jet black, Titanium 145ps, 
automatic transmission, petrol engine, 5 door hatchback, 

56789 miles. One careful owner. £10,500. No offers. 

 

No. 18 Solution 
There are 15 Saturdays between the two dates given. 

In the first choice the amount saved for each child will be (in euro) 1 + 2 + 3 + 4 + …+ 15. 

This totals to €120 for each child so €240 has been saved. 

(i) Each child receives €120 for Christmas. 

(ii) In the second choice the amount saved will be (in cent)  

1 + 2 + 4 + 8 + 16 + 32 + 64 + 128 + 256 + 512 + 1024 + 2048 + 4096 + 8192 + 16384. 

This totals €327.67. 

The extra money saved is €327.67 – €240 = €87.67 which is shared between the two 
children so €87.67/2 = €43.835 = €43.85, to the nearest 5c, more would have been saved 
for each of them. 

So answer (ii) €43.85. 
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Peter’s Problem 2020 
 

 

 

 

 

 

 

 

 

  

No. 19 Solution 

Find the Revenue VRT Calculator at 
https://www.ros.ie/evrt-enquiry/vrtenquiry.html?execution=e1s2  
Enter the details to get a quote. 
The answers will correspond to the following: 
(a) the percentage rate of VRT quoted = 30% 
(b) the Current OMSP (Open Market Selling Price): May vary by date of query. 
(c) the amount of VRT calculated : Varies according to the Current OMSP. 
(d) the net cost of the car in Euro, correct to the nearest euro, given that the exchange rate 
      is €1 = 89p Sterling.: Varies according to the Current OMSP. 
Note: The Statistical Code for speeding up the VRT Calculator entries is 41086331. 

Problem No. 20  

In the following diagram which is bigger, Area 1, the striped area between the circle and the 
outer square or Area 2, the solid coloured area between the circle and the inner square? 

 

                                                           

 

 

 

No. 20 Solution 

Let r = radius of the circle. The length of the side of the larger square is 2r and the area of 
the larger square is 4r 2. 

 Let x = length of the side of the smaller square. 
Then, by Pythagoras Theorem x2 = r 2 + r 2 so x2 = 2r 2.  
The area of the smaller square is x2 = 2r 2. 
 The area of the circle is πr 2.                                                   
Area 1, between the circle and the outer square = 4r2 – πr2 = r2(4 – π) = 0.858r2. 
Area 2, between the inner square and the circle = πr2 – 2r2 = r2(π – 2) = 1.141r2. 
Therefore Area 2 is bigger. 
 

 

 

 

https://www.ros.ie/evrt-enquiry/vrtenquiry.html?execution=e1s2
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Problem No. 21 

Two congruent rectangles have a common vertex and overlap, as shown in the diagram. 

 
Find the area of the drawing that is not common to both rectangles. Note: All measurements 
are in cm. 

  

Peter’s Problem 2020 
 

  

No. 21 Solution 
Label the vertices. Join AH to form two right-angled triangles AEH and ADH which have a 
common hypotenuse AH. 

Let |AD| = x. Then |EF| = x and |EH| = x – 2.  

Since |AB| = |CD| = 8 then |HD| = 4. Also |AB| = |AE| = 8. 

By Pythagoras Theorem we have |AH|2 = |AE|2 + (x –2)2 = x2 + |DH|2; 

82 + x2 – 4x + 4 = x2+ 42 

           68 – 4x = 16 

                   4x = 52 

                     x = 13 

Then, area triangle ADH = 13(4) 26
2

= ; area triangle AEH = 8(11) 44.
2

= . 

The common area = area AEHD = 26 + 44 = 70. 

Area rectangle ABCD = area rectangle AEFG = (8)(13) = 104. 

The required area = (area ABCD – area AEHD) + (area AEFG – area AEHD) 

                             = (104 – 70) + (104 – 70) 

                             = 34 + 34  = 68 

Answer: The total area not common to both rectangles is 68cm2. 
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Teachers’ self-perceptions of mathematical 
knowledge for teaching at the transition between 

primary and post-primary school 
Niamh O’Meara, Mark Prendergast, Ian Cantley, Lorraine Harbison & Clare O’Hara 

Introduction 
Internationally, the transition from primary to post-primary education is one of the greatest 
challenges that young people experience during the entire time spent in formal education. This 
transition, which typically occurs between the ages of eleven and thirteen, is deemed to play a central 
role in academic performance, well-being, and the mental health of the individual [1]. It presents a 
significant challenge with lasting effects on the educational career of the student [2]. The challenges 
presented by this transition are multifaceted[3]. Barber [4] describes the transition as a set of five 
hurdles comprising bureaucratic, social and emotional, curriculum, pedagogy, and management of 
learning, all of which must be overcome simultaneously. In addition to this, Evangelou et al. [5,p.2] 
conducted a study in England to investigate factors that contribute to a successful transition for 
children and ascertain that: 
. . .  developing new friendships and improving their self-esteem and confidence; having settled so 
well in school life that they caused no concerns to their parents; showing an increasing interest in 
school and school work; getting used to their new routines and school organisation with great 
ease [and] experiencing curriculum continuity. 

As demonstrated, the majority of research conducted into what constitutes effective transition 
refers primarily to curriculum and pedagogical continuity. Likewise, research conducted in the area 
of problematic transitions all point to a lack of continuity in this regard [6, 7]. Although the 
transition from primary to post-primary education can cause a decline  in student achievement and 
attitudes across a range of subject areas, existing literature indicates that mathematics is often one 
of the subjects most affected [8–10]. Research has shown that the transition from primary to post-
primary mathematics education can result in a significant decline in students’ academic 
performance, confidence, interest and liking for the subject, leading to disengagement and reduced 
levels of self-confidence and motivation [11,12]. Furthermore, Bicknell et al. [3] found that the gap 
between high achieving and low achieving students widened significantly during the transition 
period in this subject area while Hernandez-Martinez et al. [9] found that the impact of different 
educational transitions was more profound for weaker students as they progress from primary 
through to third level education. Attard [11] investigated students’ experiences of the transition 
from primary to post-primary mathematics education in Australia. She listed curriculum, 
pedagogy, assessment strategies, social interactions and students’ relationships with others as key 
factors that dictate the success of transition. Likewise, Galton et al. [13] found that teachers’ lack 
of knowledge of what students had already covered in primary school led to a negative feeling 
among students regarding needless repetition and lack of curricular progress. This contributed to 
an ineffective transition from primary to post-primary mathematics. As was the general case, these 
researchers concluded that content and pedagogical continuity played a significant role in 
determining the effectiveness of the transition from primary to post-primary mathematics 
education. 
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Building on these findings, this particular study analyses the levels of knowledge (in domains 
pertinent to transition) that teachers, in Northern Ireland (NI) and the Republic of Ireland (ROI), at 
both sides of the transition, possess and the impact that this knowledge can have on the transition. 
The work of Putnam and Borko [14,p.4] posits that ‘early cognitive theories typically treated 
knowing as the manipulation of symbols inside the mind of the individual’ while Ernest [15] sees 
teacher knowledge asa construct that providesa basis for teachers thought processes, before, during 
and after teaching. A combination of these views was the view of teacher knowledge adopted for 
this study. The authors also recognize that teacher knowledge is multifaceted and researchers 
acknowledge that it is one of the key characteristics of effective teaching [16,17]. This paper 
indicates that aspects of a teachers’ knowledge base also play a central role in facilitating a smooth 
transition between primary and post-primary mathematics education. This work determines how 
such levels of knowledge, in domains pertinent to transition, impacts on teachers’ approach to 
teaching and their ability to provide the necessary support to students during the transition period. 
This study is unique in that it investigates this issue from the perspective of teachers at both sides 
of the transition, in two different education settings, namely the NI and ROI education systems. 
The initial step was to develop an appropriate theoretical framework that integrated the issues 
surrounding transition and teacher knowledge. 

Context 

Northern Ireland 

In NI, there are 12 years of compulsory education, seven years in primary and five years in post-
primary. Some students also spend an additional two years in post-primary to study for the General 
Certificate of Education Advanced Level (GCE A-level), or other vocational qualifications, required 
for entry into further or higher education courses. Children start primary school at four or five 
years of age, and progress through three stages as depicted in Table 1. After Key Stage 2 children 
transition to post-primary education. Compulsory post-primary education consists of two stages 
(Table 1). 

Phased in since September 2007, the NI curriculum promotes a student-centred approach to 
learning, and places considerable emphasis on the development of skills and capabilities deemed 
to be important for lifelong learning. Statutory minimum requirements detail the specific aspects 
of mathematics that should be addressed during Key Stage 2, namely processes in mathematics 
(mathematical problem solving); number (including some aspects of elementary algebra); 
measures; shape and space; and handling data [18]. However, the exact content to be covered during 
each year of Key Stage 2 is not prescribed. In comparison, the statutory requirements for Key Stage 
3 have been published in the form of a set of minimum requirements which place considerable 
emphasis on the skills and capabilities that should be developed. These only briefly refer to the fact 
that stu- dents should acquire knowledge and understanding of number; algebra; shape, space and 
measures; and handling data [19]. 

In practice, the actual mathematical curriculum content covered by NI post-primary schools during 
Key Stage 3 is school-specific, but is usually guided by the requirements outlined in the so-called 
levels of progression for the statutory teacher-assessed cross-curricular skill of ‘Using 
Mathematics’. Therefore, while there is some alignment between the strands referred to in 
curricular documents for Key Stage 2 and Key Stage 3, as highlighted in Figure 1, at both phases 
and perhaps even to a greater extent at Key Stage 3, schools are given considerable autonomy to 
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decide upon the precise mathematical content their students study, and how that content is 
sequenced. 

Table 1. NI Education System. 

  Year Typical age   Year Typical Age 

 Foundation Stage   Year 1  4/5–5/6 Key Stage 3   Year 8 11/12–12/13 
  Year 2 5/6–6/7   Year 9 12/13–13/14 

 Key Stage 1   Year 3 6/7–7/8   Year 10 13/14 – 14/15 

  Year 4 7/8–8/9 Key Stage 4   Year 11 14/15–15/16 

 Key Stage 2   Year 5 8/9–9/10 years   Year 12 15/16–16/17 

  Year 6 9/10–10/11 years 

  Year 7 10/11–11/12 years 

Figure 1. Alignment of primary and post-primary mathematics curricula in NI. 

Republic of Ireland 

In ROI, education is compulsory between ages six and sixteen, or until a student has completed 
three years of post-primary education. Students in ROI spend eight years in primary school and, 
while they are compelled to spend a minimum of three years in post-primary education, the 
Department of Education and Skills [DES] indicate that the majority of stu- dents (90.6%) attend 
for five or six years before progressing to third level education or the workplace. Children in ROI 
generally commence primary school at four or five years of age. Table 2 shows the different year 
groups and the typical age of students as they progress through primary school. 

Students finish primary education at the end of 6th class, and progress to a post-primary school to 
continue their education. Post-primary education in the ROI consists of two cycles. Junior Cycle 
is compulsory for all students and consists of 1st, 2nd and 3rd Year (Table 2). At the end of 3rd 
Year, students in ROI must sita state examination, known locally as the Junior Certificate. All 
students are obliged to study mathematics at Junior Cycle. Between the Junior and Senior cycles, 
students have the option of enrolling in a one-year ‘transition year’ programme that is available in 

Transition
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a large proportion (81%) of post-primary schools in ROI [20]. This programme is a non-academic 
‘gap’ year, which seeks to promote students’ social and personal development [21]. Students then 
progress, either directly from Junior Cycle, or from transition year, to Senior Cycle. This is a two-
year course of study consisting of 5th  and 6th Year (Table 2). At the end of the two-year period, 
students sit another state examination, referred to as the Leaving Certificate, and performance in 
this is used to determine admission to third level courses. 

Over the past 20 years, the mathematics curricula for primary and post-primary schools in ROI 
have changed considerably. In 1999, a revised primary school curriculum was introduced, which 
sought to ‘enable the child to think and communicate quantitatively and spatially, solve problems, 
recognize situations where mathematics can be applied, and use appropriate technology to support 
such applications’ [22,p.2]. The primary school mathematics curriculum outlines content 
objectives for each year of primary education under the five strands of number, algebra, shape and 
space, measures, and data. Therefore, while primary teachers have autonomy in terms of the 
pedagogical approaches they employ, and the sequencing of topics, they have little autonomy in 
relation to the content taught. However, with no formal examination at the end of primary 
education, this is not always the case and many post-primary teachers report significant differences 
in the mathematical knowledge, ability and skills that students from different feeder schools 
possess on entry to post-primary education [23]. In 2010, a revised mathematics curriculum, 
known as Project Maths, was introduced at post-primary level in ROI. As a constituent element of 
this revised curriculum, a Common Introductory Course [CIC], consisting of five strands, was 
introduced for all 1st year students. Four of the five strands central to the CIC are very closely 
aligned with the primary school mathematics strands, as depicted in Figure 2. 

The primary aim of the CIC was to closely align the mathematics curricula that students 
experience at either side of the transition, but it also sought to avoid the streaming of students by 
ability level too early in their post-primary education. 

Table 2. ROI Education System. 

Primary Education Post-Primary Education  

Year Typical age Year Typical Age 

Junior infants 

Senior infants 

4–5 years 

5–6 years 

1st Year 

2nd Year 

12–13 years 

13–14 years 

First class 6–7 years 3rd Year 14–15 years 

Second class 7–8 years Transition Year 15–16 years 

Third class 8–9 years 5th Year 15–17 years 

Fourth class 9–10 years 6th Year 16–18 years 

Fifth class 10–11 years 

Sixth class 11–12 years 

Transition
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Figure 2. Alignment of primary and post-primary mathematics curricula in ROI. 

Comparing the jurisdictions 

As this study reports on transition in two different jurisdictions, it is important to highlight at this 
point the similarities and differences between the two jurisdictions that are pertinent to this study.  

These are presented in Table  3. 

The similarities presented in Table 3 highlight that the key transitional periods in a child’s 
educational journey occur at similar ages in both NI and ROI, hence ensuring that there is an 
opportunity to compare the transition between primary and post-primary mathematics education in 
these two jurisdictions. The differences, on the other hand, present the authors with possible causes 
for any differences identified as will be discussed later. 
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Theoretical framework 

The framework that underpins this study is that proposed by Anderson et al. [24] and is well 
validated and utilized by researchers internationally [e.g. 2,25,26]. This framework outlines the 
types of discontinuities that typically arise as students transfer from primary to post-primary 
education and then details the critical factors which allow for smoother transition. However, for 
the purpose of this study, a new dimension was necessary. This study investigates transition from 
the perspective of teachers and, in particular, it explores the impact of particular dimensions of 
teacher knowledge on transition. This dimension needed to be reflected in the 
theoretical framework. With this in mind, the proposed theoretical framework combined the 
Anderson model with a model of teacher knowledge, namely Ball et al.’s [27] model of 
knowledge. This was deemed a suitable model for this paper as it specifically looked at 
knowledge required for teaching the subject of mathematics and it encapsulates many of the 
knowledge domains proposed by models designed for post-primary teachers (e.g. Ernest [15]) 
The adapted theoretical framework for this study is presented in Figure 3. 

Figure 3. Theoretical Framework. 

The aspects of the adapted theoretical framework that are relevant to this research are the: 

1. discontinuity pillar as this relates to the gap that currently exists between primary
mathematics education and post-primary mathematics education;

2. support pillar as this is the dimension that recognizes the role of teachers in the transition
process, and;

3. teacher knowledge pillar as this is one of the factors that helps determine if a teacher has a
positive or negative impact on students’ transition.
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The discontinuities outlined in this model, both social and organizational, were proposed in the 
work of Anderson et al. [24] and are multifaceted. Their work indicates that as students progress 
from primary to post-primary education the discontinuities they experience include: 

• An increase in school size, both in terms of the physical size of the school building and the
number of students enrolled in the school.

• An increase in departmentalization and streaming at post-primary level.
• Greater emphasis on behaviour with less tolerance for any misdemeanours.
• A shift in focus towards ability and competition as opposed to effort and development.
• A change in relationships with teachers.

The framework subsequently details three concepts that are key to overcoming obstacles and 
facilitating a more effective transition, namely transitional success/failure, preparedness and 
support [24]. Of particular relevance to this study is the support domain as it is the domain that 
details the teachers’ role in transition. Anderson et al. [24] outline how support, to augment 
students’ experience of transition, can manifest itself in four different ways (informational; 
tangible; emotional and social), all of which can, and should be, provided by peers, parents and 
teachers. However, in order for teachers to offer this support to students the authors hypothesize 
that it is necessary that they possess the knowledge required for such an undertaking. Hence, the 
support domain in the theoretical framework for this study is underpinned by particular domains 
outlined in Ball et al.’s [27] model of knowledge. This model of knowledge extends the work of 
Shulman [28] who first proposed a model of teacher knowledge consisting of three domains – 
subject matter knowledge; pedagogical knowledge and curricular knowledge. Ball et al.’s 
[27,p.400] model of knowledge divided subject matter knowledge into three subdomains: 

• Common Content Knowledge: Mathematical knowledge required by people across all
professions and in every walk of life.

• Horizon Knowledge: This ‘ . . .  is an awareness of how mathematical topics are related over the
span of mathematics included in the curriculum’ and so requires the teacher to know the
mathematics their students have encountered in the past and that which they will encounter in
the future [27,p.403].

• Specialized Content Knowledge: Knowledge of mathematics that is unique to the pro- fession
of teaching and helps differentiate a teachers’ knowledge base from that of a mathematician
or layperson. It facilitates the ‘unpacking of mathematics that is not needed - or even desirable-
in settings other than teaching’ [27,p.400].

Furthermore, Ball et al. [27] established three different subdomains associated with pedagogical 
knowledge: 

• Knowledge of content and teaching: The knowledge that allows a teacher to combine what 
they know about teaching with what they know about mathematics (i.e. combining 
pedagogical and content knowledge).

• Knowledge of content and students: A knowledge that allows teachers to understand students’
thought processes, to anticipate what they will find difficult or confusing and to identify where
misconceptions may occur.

• Knowledge of content and curriculum: This element of a teacher’s knowledge base com- bines
teachers’ content knowledge with a knowledge of the curriculum. It requires them to use their
own knowledge of mathematics to understand the interrelated nature of the mathematics that
appears on curricula that their students have already experienced and will experience in the
future.
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While this model was originally designed to determine the range of knowledge domains needed 
by primary teachers, there is a significant overlap between this model and other models for teacher 
knowledge proposed for post-primary teachers e.g. Ernest [15]. As such, the authors propose that 
one model of teacher knowledge is sufficient to underpin the support dimension for teachers at 
either side of the transition process. The domains of this model that are particularly pertinent to this 
study are Horizon Knowledge, Knowledge of Content and the Curriculum and Knowledge of 
Content and Students. These domains specifically refer to the need for teachers to possess a broad 
knowledge of the mathematics curriculum that their students have experienced in the past and will 
experience in the future, as well asa knowledge of students and the school context. The authors 
hypothesize that these knowledge domains are critical for effective transition. They support 
effective teaching whilst also ensuring that teachers are in a position to provide support. This 
revised model of transition was then employed by the authors in all subsequent stages of the study. 
It was used to derive the questionnaire for the study and also as a lens to analyse the transition 
from primary to post-primary mathematics education in both ROI and NI. 

Research questions 

The review of the literature, which clearly outlined the key barriers to successful transition and 
described the importance of an extensive teachers’ knowledge base, in conjunction with the 
theoretical framework, helped the authors derive the following research questions for this study: 

1. How familiar are 6th class/Year 7 primary school teachers with the teaching methodologies
promoted and the syllabus employed in post-primary mathematics and vice versa?

2. What are the consequences of these levels of knowledge in relation to the teaching approaches
adopted by post-primary teachers when teaching mathematics to first year post-primary
students?

Methodology 

The research design for this study involved the distribution of questionnaires to a represen- tative 
sample of 6th class and Year 7 teachers in ROI and NI, respectively, as well as 1st Year and Year 
8 teachers. The questions contained in the questionnaire reflected the key dimen sions from the 
theoretical framework and sought to investigate if the knowledge possessed by teachers enabled 
them to offer the support necessary fora smooth transition. To allow for comparison of responses 
from teachers from both jurisdictions the questionnaires distributed were extremely similar, with 
the only difference in wording resulting from the differing school contexts in each jurisdiction. 
Furthermore, the questionnaire distributed to primary teachers closely mirrored that distributed to 
post-primary teachers. All questionnaires consisted of a mixture of open  and closed questions and 
were based on the ‘teacher dimension’ of the theoretical framework. Four teacher research 
advisory groups [TRAG] were established to assist with the development of the questionnaire. 
One TRAG involved three 6th class teachers from ROI; another involved four 1st year teachers 
from ROI; a third involved two Year 7 teachers from NI; and the final TRAG involved two Year 
8 teachers from NI. All teachers involved in the TRAGs were experienced in their positions and 
were recruited using a purposive sampling method (each teacher was known in a professional 
capacity by at least one of the researchers). They were invited to participate based on the expertise 
they could bring to the research and the contemporary experiences they have in similar peer groups 
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to the research participants. Their remit was to advise on the development and distribution of the 
questionnaires and to provide a key stakeholder perspective to any of the issues raised by the 
literature. Each member of the TRAG had access to the theoretical framework in advance of the 
first meeting. Members of the TRAGs also assisted with the piloting of the questionnaire. The 
survey questions that were relevant to the aims and objectives of this paper are presented in Table 
4. 

The sampling frame for the study was all 3,300 primary schools and 723 post-primary schools in 
ROI along with all 827 primary schools and 202 post-primary schools in NI. The targeted teacher 
sample size, which allowed for a 5% margin of error, across each of the education levels, and in 
both jurisdictions are presented in Table 5, below: 

By consulting primary TRAGs in both jurisdictions, the authors established that on average, there 
is one 6th class/Year 7 teacher in each primary school in ROI and NI. As  a result, a simple random 
sample of 700 primary schools in ROI (21.2% of all primary schools in the jurisdiction) and 450 in 
NI (54.4% of all primary schools in the jurisdiction) were selected. Having also consulted post-
primary TRAGs in both jurisdictions, it was established that on average, there are two teachers 
teaching 1st Year/Year 8 mathematics in each post-primary school in ROI and NI. Using this 
estimate, a stratified random sample1 of 200 post-primary schools in ROI (27.7% of all post-primary 
schools in the jurisdiction) and 150 in NI (74.3% of all post-primary schools in the jurisdiction) 
were selected. 

The questionnaires were distributed to schools in ROI in April 2016 and to NI schools in September 
of the same year. This decision was made because of the availability of funding and local advice 
from the TRAGs in both jurisdictions. The primary school questionnaires were sent to the principal 



 IMTA Newsletter 119, 2021  Page 49 

of each school and they were asked to distribute it to  the 6th class/Year 7 teacher. The pack sent 
to each of the 1150 principals included an information sheet for their perusal, a teacher information 
sheet along with the questionnaire and a stamped address envelope [SAE] for the questionnaires 
to be returned in. The post-primary questionnaires were sent to the Head of Mathematics in each 
of the 350 schools and they were asked to distribute the questionnaires to 1st year/Year 8 
mathematics teachers. The pack included information sheets for both the Head of Mathematics 
and the teachers, along with two questionnaires and two SAEs. The information sheets issued to 
the primary school principals and the post-primary Head of Mathematics invited the recipients to 
make copies of the questionnaires for additional teachers in their schools, if necessary. Each SAE 
included in these packs was also givena number corresponding to the school selected so 
researchers could identify the schools that had not returned the com- pleted questionnaires. Two 
weeks after sending the questionnaires, follow up telephone calls were conducted in both 
jurisdictions in a bid to increase the response rate. Upon receipt of the completed questionnaires, 
the quantitative data was entered and saved into the computer programme SPSS. 

Results 

In total 428 primary teachers responded to the questionnaire. 130 of these were based in NI (a 
response rate of 28.9%) while 298 were based in ROI (a response rate of 42.6%). 248 post-primary 
teachers returned surveys. 75 of these taught mathematics in NI (a response rate of 25%) and 173 
taught mathematics in ROI (a response rate of 43.3%). 

Research question 1 

In order to determine primary teachers’ perceived level of curricular knowledge at the transition the 
primary teachers in the study were surveyed about their levels of familiarity with the 1st Year/Year 
8 mathematics curricula. The results are presented in Figure 4. 

Figure 4. Primary teachers’ responses when asked: ‘How familiar are you with the First year/Key Stage 3 mathematics 
syllabus?’ 

The majority of primary teachers, across both jurisdictions, stated that they were not familiar with 
the curriculum that their students would be studying the following year. In ROI, 166 teachers 
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(56.1%) who responded to this question stated that they were somewhat or highly unfamiliar with 
the first year mathematics curriculum while 83 NI teachers (63.8%) who responded were of a 
similar disposition. On the other hand, 110 teachers (37.2%) in ROI felt they were somewhat or 
highly familiar with the curriculum on offer in the first year of post-primary school while the 
corresponding figure for NI was 32 (24.6%).  
Figure 4 indicates that a higher proportion of NI teachers felt somewhat or highly unfamiliar with 
the curriculum taught during the first year of post-primary education when compared with their 
ROI counterparts. However, a Mann Whitney U test indicated the differences between the two 
jurisdictions were not significant (U = 17191, p > 0.05). 
 
In addition to investigating primary teachers’ level of knowledge of the mathematics curriculum 
being taught in the first year of post-primary education, this study also sought to ascertain how 
knowledgeable they were in relation to the teaching strategies that post- primary teachers employ 
in 1st Year/Year 8. To address this research question, primary teachers were asked to rate their 
familiarity, again using a 5-point Likert scale, with the teaching methodologies favoured by 1st 
Year/Year 8 teachers. The responses are outlined in Figure 5. 
 
As was the case when discussing their levels of knowledge relating to the syllabi, the majority of 
primary teachers also claimed to have deficient levels of knowledge in relation to the pedagogical 
approaches that their students would be exposed to during the following year of their education. 
71.5% of teachers from ROI and 69.2% of teachers from NI stated that they were highly or 
somewhat unfamiliar with the pedagogical approaches employed by their colleagues when teaching 
1st Year/Year 8 students. On the other hand, less than 1% of teachers in NI and 4% of teachers in 
ROI felt very assured in their levels of knowledge in this regard. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Primary teachers’ responses when asked: ‘How familiar are you with the recommended teaching 
methods for first year/Key Stage 3 mathematics?’ 

 
 
Although a greater percentage of teachers in ROI reported feeling somewhat or highly unfamiliar 
with the teaching strategies employed in 1st Year, a Mann Whitney U test showed that there was no 
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statistically significant difference found between the responses from the two jurisdictions 
(U = 18193, p > 0.05). 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Post-primary teachers’ responses when asked: ‘How familiar are you with the sixth class/Key Stage 2 
mathematics syllabus?’ 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7. Post-primary teachers’ responses when asked: ‘How familiar are you with the recommended teaching methods for 
first year/Key Stage 3 mathematics?’ 

Similar questions to those discussed to date were also posed to post-primary teachers to ascertain 
their levels of knowledge in relation to the mathematics curriculum and pedagogical approaches 
that their 1st year/Year 8 students would have experienced prior to the transition. The responses 
received are outlined in Figure 6 and Figure 7. 
 
The results here differ somewhat from those reported by primary teachers. In this case, the majority 
of NI post-primary teachers (73.4%) stated that they were either highly or somewhat familiar 
with the curriculum that their students would have studied the year previously. Although a 
considerable number of ROI teachers had a similar outlook (39.9%), the majority (52.6%) still felt 
highly or somewhat unfamiliar with the content contained on the sixth class curriculum. When 
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surveyed about their levels of familiarity with the pedagogical methods employed by 6th class/Year 
7 teachers, 50.6% of post-primary teachers in NI claimed to be highly or somewhat unfamiliar with 
such approaches while the corresponding figure for the ROI was 76.3%. On the other hand, 33.4% 
of NI teachers claimed to be highly or somewhat familiar with these approaches compared with 
15.6% of teachers teaching in ROI. 
 
A Mann Whitney U test was conducted to see if there was a difference in the responses received 
from the two jurisdictions. The results in relation to teachers’ knowledge of   the 6th class/Year 
7 curriculum indicate that there was a highly significant difference between the responses 
received from post-primary teachers in NI and those received from post-primary teachers in ROI 
(U = 4104, p < 0.001). Therefore, the difference  in the proportion of teachers from NI who 
stated that they are somewhat or highly familiar with the Key Stage 2 curriculum is statistically 
significantly greater than the proportion of ROI teachers who said they are somewhat or highly 
familiar with the 6th  class curriculum. Furthermore, there was a highly significant difference 
noted in relation to teachers’ levels of familiarity with the 6th class/Year 7 pedagogical 
approaches (U = 4239.5, p < 0.001). Again, a higher proportion of NI teachers stated that they 
were somewhat or highly familiar with the approaches used in the final year of primary education 
and these differences in responses across jurisdictions were statistically significant. 
 
Research question 2 
 
The second research question was two-folded and sought to analyse the knock on effect of the 
perceived gaps in teacher knowledge reported by the teachers in this study. In order to address 
this research question both groups of teachers were first asked to rate their agreement with the 
statement ‘There is a fluid transition between primary and secondary mathematics’. The 
responses received are provided in Figure 8 and Figure 9. 
 
Figures 8 and 9 both indicate that a larger proportion of teachers in NI are in agreement with 
this statement than is the case in ROI. 29.2% of primary teachers and 37.3% of post-primary 
teachers from NI believe there to be a fluid transition between primary mathematics education and 
post-primary mathematics education. This is compared with 11.5% of primary and 21.2% of post-
primary teachers in ROI. In order to see if these differences in responses were significant the 
authors conducted the non-parametric Mann Whitney U test. The difference in responses received 
were highly significant between both groups of teachers (Primary: U = 14491.5, p = 0.00 < 0.05; 
Post-primary: 5018.0, p < 0.01). This again indicates that a significantly higher proportion of NI 
teachers, at both levels, believe the transition from primary to post-primary mathematics education 
to be smooth compared to their colleagues in ROI. To further investigate the second research 
question post-primary teachers were asked to outline the strategy they used when teaching incom- 
ing 1st Year/Year 8 students.  
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Figure 8. Primary teachers’ responses when their opinion on the statement ‘There is a fluid transition between the primary 
and post-primary mathematics curricula’ 

Figure 9. Post-primary teachers’ responses when their opinion on the statement ‘There is a fluid transition between 
the primary and post-primary mathematics curricula’ 

Based on the literature review conducted by the authors, and in conjunction with the advice 
received from TRAGs, the following were the options that teachers had to choose from when 
responding to this question: 
 
− I see it as an opportunity for a fresh start and initially assume as little as possible about 

student knowledge or ability. 
− I use the Education Passport2 (ROI)/or information from primary schools (NI) to get 

information on students’ prior knowledge and ability. 

− I use post-primary entrance test results or my own evaluation test to get information on 
students’ prior knowledge and ability. 

− Other (Please describe). 

Republic of Ireland Northern Ireland 

Republic of Ireland Northern Ireland 
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Figure 10.   (a) ROI teachers’ description of the approach they adopt with incoming first year students 

    (b) NI teachers’ description of the approach they adopt with incoming first year students. 
 

Post-primary teachers’ responses to this question are outlined in Figure 10. 
 
Figure 10 indicates that the approaches used by mathematics teachers when teaching 
mathematics to students in their first year of post-primary school differ between the two 
jurisdictions. For example, in ROI the majority of 1st Year post-primary teachers (68.0%) stated 
that they see first year mathematics as an opportunity for a fresh start with students and initially 
assume very little prior knowledge. On the other hand, only 23.2% of teachers in NI favoured this 
approach. Instead, the majority of teachers in NI (47.8%) stated that they use some form of 
entrance examination to gauge students’ ability and prior knowl- edge and they design their Year 
8 lessons based on the information garnered. Based on the findings presented in Figure 10, the 
authors hypothesized that there was a significant difference in the responses from the two 
regions. To test this, a Chi Square test3 was conducted, as the data in this instance was not ordinal. 
This test indicated a significant association between school jurisdiction and the teaching 
approach favoured with incoming 1st year or Year 8 students [x2(3, n = 238) = 45.781, p = 0.00, 
Cramer’s V = 0.44]. According to Cohen (1988) the Cramer’s V result indicates that the 
independent variable (jurisdiction) has a medium impact on the dependent variable (approach to 
teaching first year/Year 8). 

Discussion 

 
Transition from primary to post-primary mathematics has been linked to declines in stu- dents’ 
attitudes towards mathematics and their mathematical achievements [10,29–31]. Due to such 
findings, the authors were keen to unearth potential causes for the prob- lems that arose during 
this transition and so investigated the role that certain dimensions of teacher knowledge can play 
in the transition. The first research question underpin- ning this study required the authors to 
investigate how familiar 6th class/Year 7 teachers were with the post-primary mathematics 
syllabus and the teaching methodologies promoted at post-primary level and vice versa. The 
results of this study suggest that primary teachers, in both jurisdictions, do not possess an in-
depth knowledge of the curriculum and teaching strategies employed during the subsequent 
phase of education. Almost two- thirds of all primary teachers surveyed in NI (63.8%) as well as 
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over half those surveyed in ROI (56.1%) stated that they were highly or somewhat unfamiliar 
with the Year 8/1st Year curriculum. These proportions rose when these teachers were 
questioned about their knowledge of the pedagogical approaches employed in the following year 
of schooling. 70.3% of NI primary teachers and 72.4% of ROI primary teachers stated that they 
were highly or somewhat unfamiliar with the teaching methods recommended for use in the first 
year of post-primary education. These findings indicate that teachers, in both jurisdictions, do 
not possess some of the key knowledge domains that were deemed necessary by Ball et al. [27]. 
For example, teachers in this study do not appear to possess high levels of Horizon Knowledge 
or Knowledge of Content and Curriculum or Knowledge of Content and Students, three domains 
which were central to the model proposed by Ball et al. [27]. According to Ball and Bass [32,p.1] 
horizon knowledge is defined as ‘ . . .  a kind of mathematical ‘peripheral vision’ needed in 
teaching, a view of the larger mathematical landscape . . .  ’ and this study provides evidence that 
6th class/Year 7 teachers simply do not have this ‘peripheral vision’ or curriculum knowledge 
[15]. This is corroborated by Mosvold and Fauskanger [33] who found that teachers in their study 
did not possess  a strong understanding of the mathematics on the horizon as such knowledge 
was not held in high regard. According to Zazkis and Mamolo [34], knowledge of the 
mathematical horizon affects the pedagogical choices that a teacher makes and limited 
knowledge in this area, as reported by teachers in this study, can affect the approach teachers 
adopt when teaching mathematics in the final year of primary school. Furthermore, the theoretical 
framework underpinning this study indicates that teacher knowledge plays a key role in the support 
that primary and post-primary teachers can offer during the transition period. Hence, the authors 
conclude that deficient levels of horizon knowledge/knowledge of con- tent and curriculum on the 
part of teachers, as demonstrated here, may have a detrimental impact on students’ experience of 
transition as teachers will not be in a positon to sup- port students as they progress from one 
educational phase to the next. Such support was a critical aspect of the pathway for a smoother 
transition outlined in this study’s theoretical framework. 
 
When post-primary teachers were questioned in relation to their knowledge of the curriculum 
and pedagogical approaches adopted in the last year of primary school, the majority of ROI 
teachers indicated that they were highly or somewhat unfamiliar with both the curriculum and 
the pedagogical approaches employed. This was in line with the findings of Smyth et al. [35] 
who reported that only half of post-primary teachers are  familiar with the primary curriculum. 
According to the National Council for Curriculum and Assessment [NCCA] [36], failure to 
understand what and how students learn in primary school can lead to students becoming confused 
as they enter post-primary education, meaning that the low levels of horizon knowledge reported 
by teachers in this study will undoubtedly affect student’s experience of transition between the 
two phases. However, the situation in NI was significantly different. In NI only 25.3% of teachers 
reported being highly or somewhat unfamiliar with the Year 7 curriculum while 50.6% of those 
surveyed stated that they were highly or somewhat unfamiliar with the pedagogical approaches 
employed. The results showed that there was a significant difference in the perceived levels of 
horizon knowledge between post-primary teachers in ROI and those teaching in NI. Asa result, the 
authors anticipate that NI post-primary teachers are better equipped to support students through 
the transition process and they sought to identify why this significant difference existed. 
 
To help eradicate some of the obstacles associated with the transition from primary to post-
primary education, Sutherland et al. [37,p.6] recommended ‘ . . .  barriers should be removed at 
national and local level to enable the joint training, development and support of primary and 
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secondary teachers, especially those who work with pupils around transition from primary to 
secondary school.’ Such a training programme was available to teachers in NI from 2015 but no 
such programme was offered to teachers in the ROI. The Continuous Professional Development 
[CPD] programme in NI was established to address issues surrounding the transition from 
primary to post-primary school and to provide teachers of mathematics in both phases with high-
quality professional learning experiences to promote the development of cross-phase curricular 
and pedagogical knowledge and skills. Between January 2015 and June 2016, a two-day 
programme was offered to post-primary mathematics teachers, and two half-day training sessions 
were offered to primary school teachers in NI. 
 
The findings of this study, which showed statistically significant differences in the levels of 
horizon knowledge of NI and ROI post-primary mathematics teachers, suggest that the initial 
stage of the NI CPD project has led to beneficial effects in terms of post-primary teachers’ levels 
of familiarity with the content and pedagogical approaches employed in the final year of primary 
schooling. On the other hand, the authors acknowledge that similar benefits were not apparent in 
relation to primary teachers’ horizon knowledge, as there were no significant differences at this 
level between the two jurisdictions. However, it is important to note that, during the initial stage 
of the CPD project, the professional development of post-primary teachers was prioritized and it 
was only in the 2016–17 academic year that the focus of the CPD project shifted to the provision 
of cross-phase CPD. So, while the authors cannot say with certainty that the CPD programme 
was the sole reason for the differences reported between the two jurisdictions, there are positive 
indicators to suggest it helped NI post-primary mathematics teachers to develop a deeper 
knowledge of the curriculum and pedagogical approaches employed in the final year of primary 
educa- tion, thus giving them an advantage over their ROI colleagues. The authors recommend 
that this programme is officially evaluated in the near future to determine exactly what 
contribution, if any, it made to improvements in teachers’ levels of horizon knowledge in NI. If 
it is found to play a significant role in improving teachers’ levels of horizon knowledge, then this 
programme should act asa model for CPD for teachers at either side of the transition 
internationally. 
 
The second research question sought to investigate the ramifications of teachers’ levels of 
knowledge on the teaching approaches adopted by post-primary teachers. Research has shown 
that deficient levels of horizon knowledge limit the pedagogical choices available to teachers [34]. 
The main finding to emerge from this study was in relation to the different approaches employed 
to teach students in their first year of post-primary mathematics by teachers in the two 
jurisdictions. NI teachers, who reported high levels of horizon knowledge, were mainly in favour 
of using entrance examinations and building on the knowledge demonstrated by students in this 
assessment when designing their Year 8 classes. It would be anticipated that such an approach, 
which involves building on the knowledge students developed in primary school, would 
challenge students as they progressed between the phases and this challenge is something that 
has been deemed necessary by researchers internationally [38, 39]. On the other hand, ROI 
teachers, who reported low levels of horizon knowledge, were, for the most part, in favour of 
treating 1st Year as a ‘fresh start’ and assuming as little as possible about students’ prior 
knowledge. This corroborated the find- ings of the NCCA [36] who found that almost one-third 
of Irish students reported that several first year subjects involved repetition of the content studied 
at primary school. This repetitive approach, coined the ‘tabula rasa’ approach, has been found to 
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have a negative impact on students’ as they transition from primary to post-primary education 
interna- tionally [3]. Galton et al. [13] found that this ‘fresh start’ approach led to boredom in 
students competent in the material and disillusionment among students who had strug- gled with 
the material originally. Other researchers also indicated that such an approach could lead to both 
confusion and disengagement thus affecting students’ attitudes and commitment to mathematics 
during the transition process [40]. The authors hypothe- size that the approach favoured by ROI 
post-primary teachers is a consequence of these teachers’ self-reported, lack of knowledge of the 
curriculum and pedagogical approaches employed in the previous educational phase. The authors 
posit that only when teachers fully understand the content and pedagogical approaches that their 
students were exposed to previously will they be able move away from the tabula rasa approach, 
which disregards prior learning, and adopt an approach that builds on the progress their students 
have made to date in an engaging and motivating manner as promoted by Evangelou et al. [5]. 
 
Conclusion 
This research focused on school transitions, primarily between the ages of 11 and 14, whereby 
students move from primary to post-primary education. Many studies have previously 
acknowledged the impact that this particular transition can have on students’ attitudes and 
attainment in mathematics [10, 29–31]. The theoretical framework which underpinned this study 
outlined the role that teachers play in the transition and their support is seen as one of the 
cornerstones of successful or smooth transitions. However, teachers can only provide such support 
if, as the framework suggests, they have the knowl- edge required to ensure curricular and 
pedagogical continuity. Hence, this study sought to investigate the self-reported levels of 
knowledge of teachers at either side of the transition and to determine how such knowledge 
impacts on their approach to teaching. While the research was undertaken in two neighbouring 
jurisdictions on the island of Ireland, the findings are of significance internationally as successful 
transition is an educational goal in many counties around the world [12, 41, 42]. However, the 
research is particularly timely and relevant in the Irish context as one of the Government objectives 
in the ‘Action Plan for Education 2017’ is to improve the transition of learners at critical stages in 
the education system [43]. 
 
This study combined Anderson et al.’s [24] model of transition with a model of teacher knowledge 
to design a theoretical framework that informed the research instrument and provided a lens for 
analysing transition in mathematics education. The results highlighted how the majority of 
teachers, with the exception of NI post-primary teachers, reported low levels of knowledge in 
relation to the curriculum and pedagogical approaches being adopted in the previous/subsequent 
phase of education. These low levels of knowledge meant that teachers were not in a position to 
support students through the transition process and that post-primary teachers in the ROI were 
compelled to adopt an approach to teaching that involved the repetition of prior learning. 
Research has indicated that such an approach tends to lead to boredom and disengagement. Such 
repercussions would undoubtedly lead to discontinuities as the students progressed from one 
education phase to the next. 
 
The authors strongly recommend that action needs to be taken to help ensure a smoother 
transition internationally and one possible approach is to ensure teachers at both levels become 
familiar with each other’s curricula. Teachers are not to blame for  the deficient levels of 
knowledge reported in this study as many, particularly in ROI, have never been given the 



 IMTA Newsletter 119, 2021    Page 58 

 

opportunity to explore and develop the aforementioned knowledge domains which can contribute 
to a smooth transition. To address this, the authors suggest that the CPD programme employed 
in NI is formally evaluated and, if shown   to impact on teachers’ levels of knowledge, it should 
act as an exemplar for other CPD initiatives that seek to improve horizon knowledge among 
teachers at either side of the primary to post-primary transition. The authors also recommend that 
time is allocated   in the school year to events that promote communication and collaboration 
between teachers at either side of the crossing. Relationships must be encouraged between local 
post-primary schools and their feeder primary schools. Such initiatives will help teachers further 
develop their knowledge in the critical domains outlined in this paper.  It will allow primary 
teachers to become more familiar with the mathematics that students will learn at post-primary 
level while simultaneously ensuring post-primary teachers develop the knowledge required to 
build on the skills, knowledge and attributes which the learner has developed in the preceding 
phase. The authors firmly believe that the actions outlined here will help to improve  teacher 
knowledge and this in turn will  enable teachers to support students in the transition process. 
Only when teachers are in a position to offer such support will issues surrounding the transition 
be somewhat overcome and in turn the actions recommended here will help to ensure greater 
conti- nuity and improve the fluidity of transitions from primary to post-primary mathematics 
education. 
 
Notes 
1. The strata used in this selection process related to school type in both  jurisdictions.  There 

are four different types of post-primary school in ROI and two different types in NI. Hence, 
the strata used in ROI were secondary schools, comprehensive schools, community colleges 
and vocational schools while in NI the strata were grammar schools and non-grammar 
schools 

2. In 2014 the Irish Government launched an Education Passport initiative to improve 
communication between 6th class and 1st year teachers. The overall purpose of the initiative 
is to help the child experience continuity as they move from primary to secondary education. 
Primary schools are required to pass documentation onto secondary schools which detail the 
child’s progress and achievement, as well as signalling what support they may need. 

3. When conducting the Chi Square test the authors noted that the expected cell count was 
sufficiently high for more than 80% of cells. 
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The gender gap in post-primary mathematics 
By Aidan Roche 

Research has identified a gender gap in the mathematical attainment of post-primary students 
around the world, favouring male students. In Ireland, following a review of the outcomes of a 
high-stakes examination taken by students at the end of post-primary schooling over an 18- year 
period, a similar such gap has been identified here and is widening. Data are presented to show 
that this gender gap widened with the introduction of a revised post-primary mathematics 
curriculum, colloquially known as Project Maths. This paper explores potential reasons behind 
the widening gap. Problem solving appears to be the pivotal issue and spatial ability may be a 
contributory factor.  

High-achieving students and the gender gap at Leaving Certificate  

The State Examinations Commission (SEC) has published annual statistical reports since 2001 
on examinations.ie detailing the attainment of 55,000 or so students who sit the Leaving 
Certificate (LC) examinations each year. In 2020 due to Covid-19 less than 800 students sat the 
LC examination in mathematics and gender statistics have not been published for this cohort nor 
are statistics of students who received teacher calculated grades for LC 2020.  

Inspecting SEC’s statistics for 2019, we see that one in every three students sat the Higher Level 
mathematics papers, with 6% of these students achieving the highest H1 grade (90% - 100%). 
Within this there are three notable gender differences: More male than female students sat the 
Leaving Certificate Higher Level mathematics examination; more males achieved the highest 
grade; and, of those who sat the HL examination, a greater proportion of males than females 
achieved the highest grade (Table 1).  

Table 1: Gender participation in the Leaving Certificate Mathematics Examination 2019  

 Male Female  Male Female 

Mathematics students at 
all levels 27311 27783 Achieving at least 90% 766 332 

Higher Level students 9323 8830 % HL students achieving 
at least 90% 8.2% 3.8% 

% Gender taking Higher 
Level 34.1% 31.8% % HL students achieving 

at least 70% 37.9% 30.4% 

It has always been the case 2001-2019 that more male than female students sit the Leaving 
Certificate Higher levelmathematics examination. This is perhaps surprising given that every 
year from 2003 to 2016 a greater number of female students completed the preparatory Higher 
Level Junior Cycle examination (Shiel & Kelleher, 2017, p. 75). However a new persistent 
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gender gap among Junior Certificate (JC) students has also emerged since the introduction of the 
new Project Maths examination. Every year 2001-2009 more female than male students 
achieved an A grade in the Junior Cycle Higher Level examination but every year since 2011 
more male than female students have achieved this grade (Figure 1). 

Figure 1: Comparing the number of male and female students achieving over 85% in the Junior 
Certificate examination 2001-2019* (*Data not published for 2010) 

Even allowing for the weighted difference in participation when one compares the percentage of 
males and females who sit the Leaving Certificate Higher Level examination who achieve the 
highest H1 grade (SEC, 2019) we can see that a gender gap persists each year 2001-2019 (Figure 
2).  
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Figure 2: Comparing the percentage of Higher Level Students achieving at least 90% in the Leaving 
Certificate Mathematics Examinations 2001-2019 by gender.  

The gap in achievement has widened significantly since 2012. The gap appears to change at the 
time of the phased introduction of the new post-primary mathematics curriculum 2012-2015, 
colloquially known as Project Maths. Prior to this (2001- 2012), of those who took the Higher 
Level paper, on average 1.5 times more males than females achieved the highest grade. Since the 
new Leaving Certificate Higher Level examination was fully implemented (2015-2019), that 
ratio has considerably worsened from a gender equality viewpoint 2.2 times more males than 
females who took the examination achieving this grade (Figure 3).  

Figure 3: Comparing the proportion of male to female candidates that achieve a H1 grade in the 
Leaving Certificate Higher Level Mathematics Examinations 2001-2019.  
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There has also been a significant change in the gender of students achieving over 70% in the 
Leaving Certificate Higher Level examinations. In nine out of the eleven years prior to the 
introduction of the new Project Maths examination a greater percentage of female candidates 
than male candidates achieved over 70%. Since the introduction of the new examinations a 
striking new gender gap has emerged in favour of male candidates. 

International context of a gender gap in mathematics  

The existence of a gender gap in students’ achievement in mathematics is not unique to Ireland. 
Research in the US found that while there are no mean differences between boys and girls upon 
entry to primary school, girls lose one-quarter of a standard deviation relative to boys over the 
first six years of school (Fryer & Levitt, 2010). Robinson and Lubienski (2011) also established 
that the gender gap in mathematics widens at post-primary level. There is international evidence 
that it is among the highest achieving students that the distinction between the sexes is most 
pronounced.  

Ireland has taken part in two series of International comparative tests in post-primary 
mathematics: TIMSS that for Grade 8 (second year) students and PISAfor 15 year olds.  

In TIMSS 2019 no EU country had higher mean mathematics achievement than Ireland at Eighth 
grade. Students in Ireland achieved a mean score of 524 in mathematics, which was significantly 
above the TIMSS scale centrepoint (500). Six countries (Singapore, Chinese Taipei, the 
Republic of Korea, Japan, Hong Kong and the Russian Federation) achieved mean mathematics 
scores that were significantly higher than Ireland’s score (ERC, 219, p.17). Although Grade 8 
boys (552) achieved a higher average score than girls (545), and more boys than girls achieved 
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the High and Advanced Benchmarks this difference was not statistically significant (Table 2).   

 

Table 2: TIMSS 2019 Grade 8 percentages of each gender from Ireland reaching each 
Benchmark. 

(ERC 2019, p.36) 

In Ireland PISA 2018, males achieved a mean score of 502.6 on PISA 2018 mathematics, while 
females achieved a mean score of 496.7. The gender difference (5.9 score points), which 
amounts to less than one-tenth of a national standard deviation, is not statistically significant, 
and is only slightly larger than the OECD average difference (5.2) in favour of males, though the 
latter is statistically significant (ERC, 2018, p. 105). However, in Ireland, a significantly higher 
percentage of males performed at or above Level 5 (9.9%) compared to females (6.6%). On 
average across OECD countries, a similar pattern emerged with a significantly higher percentage 
of males (12.3%) achieving proficiency Levels 5 and 6 than females (9.5%) (OECD 2019e, 
Tables II.B.7.17)  

POTENTIAL REASONS FOR THE GENDER GAP AT LEAVING CERTIFICATE FOR 
HIGH-ACHIEVING STUDENTS  

The widening of the gender gap in Leaving Certificate Higher Level attainment might be due to 
several reasons including: affective factors, changes to the nature of the examination, 
synchronous changes within the educational system, and perhaps gender differences in spatial 
reasoning.  

What has changed?  

Beginning in 2012 students passing Leaving Certificate Higher Level mathematics received 25 
bonus Third Level entry points. This is recognised as being a major factor in doubling the 
number of students sitting the Leaving Certificate Higher Level examination from 15.8% in 
2011 to 31.5% in 2018 (SEC, 2019). It is likely the attraction of a bonus point reward has 
increased the proportion of students with lower mathematical ability in the Higher Level 
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population. It is also probable that, on average, Higher Level mathematics class sizes have 
increased. It could be argued that the effect of these changes on high-achieving students might 
be gender neutral.  

With the phased introduction of the new mathematics curriculum (NCCA, 2013) teachers across 
the country engaged in substantial professional development focused on methodologies, use of 
dynamic software, and teaching through problem solving (Shiel & Kelleher, 2017). In parallel, 
hundreds of out-of-field teachers (Ní Ríordáin & Hannigan, 2011) were up-skilled through 
universities. However, in TIMSS 2015 one fifth of students were still taught by teachers whose 
main area of study was something other than mathematics, which was considerably larger than 
corresponding proportions in the highest achieving countries (Clerkin, Perkins & Chubb, 2018).  

Perhaps the most influential change was in the Leaving Certificate Higher Level mathematics 
examination itself. The new Leaving Certificate Higher Level examination phased in between 
2012 and 2015 became far less predictable than the ‘old’ papers as more questions required 
solving problems in unfamiliar contexts. Also, topics that would have previously been contained 
in stand-alone questions are now interconnected in expansive, layered questions. Commenting 
on the overall percentage decrease in the A-rate, the Chief Examiner’s Report (SEC, 2015) noted 
a substantial increase in the number of candidates taking HL and a deliberate attempt to increase 
the emphasis on problem solving and higher order thinking skills, “Skills that students find 
difficult to master and teachers may find difficult to instil” (SEC, 2015, p. 9). We might 
reasonably conjecture that a student’s problem solving ability is now more important than ever 
for examination success, but why are female students in Irish classrooms finding mastery more 
elusive than their male counterparts?  

Affective measures relating to gender performance mathematics  

Research has demonstrated that affective measures impact students’ performance in 
mathematics. Many studies have considered the influence of mathematical-gender stereotypes 
(Good, Aronson, and Harder, 2008; Song, Zuo & Wen, 2017), the gender attitudes of parents 
and teachers (Gunderson, Ramirez & Levine, 2012; Hyde et al. 2008), and how these negatively 
impact on female students’ performance in mathematics. Other affective factors such as: 
confidence and grit (Flanagan & Einarson, 2017); self-efficacy, attitude and self- concept 
(Erturan & Jansen, 2015; Franceschini et al., 2014; Nosek & Smyth, 2011); the role of 
competition (Niederle & Vesterlund, 2010); and the role of culture (Nollenberger, Rodriguez-
Planas & Sevilla, 2016) affect female students’ performance in mathematics across many 
countries. Fryer and Levitt (2010) observed a gender gap that was evident across every stratum 
of society and could not be explained by either less investment by girls in mathematics or low 
parental expectations. While these considerations may be worthy of further exploration in the 
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Irish context, it is not apparent how any of these effects would have changed considerably 
between 2012 and 2015, leading to a widening of the gender gap for high- achieving students in 
LC mathematics.  

Gender differences in spatial ability  

Researchers have frequently found gender differences in spatial ability in favour of males (Reilly 
& Newman, 2013). Flaherty’s (2005) study, which included Irish participants, found that while 
gender gaps in spatial ability in favour of males were global phenomena, they are not stable 
because culture and experience influence these gender differences. Early stage research in 
Ireland suggests that this spatial ability gap widens as students move through post- primary 
school (Harding, 2018). This is not unique to Ireland. Mix and Cheng (2012, p. 219) found that 
for children with visuospatial defects the gap in spatial ability widens over time.  

Gender differences in spatial ability might be a contributory factor to the mathematical gender 
gap being discussed in this paper. Spatial ability is an aspect of intelligence that “depends on 
understanding the meaning of space and using the properties of space as a vehicle for structuring 
problems, for finding answers and for expressing solutions” (National Research Council, 2006, 
p. 3). Mix and Cheng (2012, p. 5) argue: “The relation between spatial ability and mathematical 
performance is so well established that it no longer makes sense to ask if they are related.” 
Spatial reasoning is a strong predictor of success in mathematics (Casey, Nuttall, Pezaris & 
Benbow, 1995; Cheng & Mix, 2014; Lowrie, Logan & Ramful, 2016; Moè, 2015; Newcombe, 
2013; Wai, Lubienski & Benbow, 2009).  

Spatial ability and problem solving ability are related. Spatial reasoning can reduce working 
memory load and increasing success in solving mathematical ‘word problems’ (Duffy, 2017). 
Hill, Laird and Robinson (2014) identified gender differences in working memory in favour of 
males. When dealing with novel tasks and problems set in unfamiliar contexts, such as the new 
HL LC examination, students are rewarded less by rote-learning and algorithmic practice and 
more by spatial ability and application of working memory (Ma, Husain, & Bays, 2014). 
Students with high levels of spatial ability tend to be much more adept at mentally representing 
word problems in mathematics which leads to significantly higher success rates in problem 
solving (Boonen, van Wesel, Jolles & van der Schoot, 2014; Kozhevnikov, Motes & Hegarty, 
2007).  

Teaching and learning characteristics of the Irish mathematics classroom  

Clerkin, Perkins and Chubb (2018) identify that working on problems for which there was no 
immediately obvious solution was more common internationally than in Ireland. Also 
teachers’ ratings of confidence were slightly lower than the TIMSS average in relation to 
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showing students a variety of problem-solving strategies (Ibid). This contrasts with the cultural 
script in Japanese classrooms (Stigler & Hiebert, 1999).  

Considering the amount of time students experience mathematics in school, the average annual 
instructional hours devoted to mathematics, reported by teachers, was 109 in Ireland compared 
with a TIMSS average of 138. In particular, time spent teaching geometry in Ireland was 
significantly lower than TIMSS average (Clerkin, Perkins & Chubb, 2018) and this may explain 
why Irish students underperform in this topic in international tests. In PISA 2012 students in 
Ireland performed significantly less well on the Space and Shape (i.e. geometry) subscale 
(Perkins & Shiel, 2013). This weakness in Shape and Space is line with Ireland’s relative 
underperformance on the geometry subscale in TIMSS (Clerkin, Perkins & Cunningham, 2016). 
More research is required to determine if Irish mathematics students are missing out on activities 
that would develop their spatial thinking skills and the consequences of this shortcoming.  

Participation rates in subjects requiring high levels of mathematical and spatial skills  

In Ireland, there is a persistent gender imbalance in subjects that may have consequences relating 
to mathematical achievement including applied mathematics, physics, engineering, technical 
graphics, woodwork and metalwork (McGrath, 2016). Further research on the opportunities for 
Irish female students to engage in spatial skills development and the impact of such experiences 
on female students’ outcomes in mathematics may be worthwhile.  

CONCLUSION  

It is notable that in PISA 2012, 2018 and TIMSS 2015, 2019 the gender gap disadvantaging Irish 
female students at the higher benchmarks continues. A gender gap at the highest level of 
attainment in Leaving Certificate Higher Level mathematics seems to have always existed but 
this paper highlights that it has widened with the phased introduction of the new mathematics 
examinations in 2012-2015. This widening of the gender gap seems to be connected to changes 
in the exam, which now requires greater problem solving proficiency. A new gender gap in 
Junior Certificate higher-level mathematics has also been highlighted. The inequity may have 
significant future implications for female participation in STEM, the economy and gender 
equality.  

Further research and action is required to understand and address is gender imbalance 
highlighted in this paper.  
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