
MATHEMATICS
JANUARY 2019 • Vol.48 • No.1

IN
 S

CH
OO

L

For SECONDARY and COLLEGE TEACHERS of MATHEMATICS        

 OFC_IFC_January_2019.indd   1 12/12/2018   10:50



To apply to be an examiner, please visit 
cambridgeinternational.org/makeyourmark

Become an examiner 
with Cambridge

Requirements are:

• applicants should have teaching 
experience with a degree in a 
mathematics related subject.

• successful applicants will require a PC 
and broadband to allow them to access 
Cambridge on-screen marking systems.

We offer:

• a powerful insight into the teaching and 
assessment of Cambridge qualifications

• support in developing your own  
professional practice

• the highest standards of training and  
support and competitive rates

• freelance opportunities, based on contracts  
for services for each examination series, which  
fit around your existing commitments.

To support our continued growth worldwide, we are 
expanding our examiner network, and inviting 
teachers to develop their professional practice by 
becoming Cambridge examiners. We are 
welcoming examiners for our range of 
mathematics qualifications at Cambridge 
IGCSE, Cambridge AS & A Level and 
Cambridge Pre-U.

2018 Jan CI Maths in School AD.indd   1 04/10/2018   12:57
 OFC_IFC_January_2019.indd   2 12/12/2018   10:50



Mathematics in School, January 2019      The MA website www.m-a.org.uk 1

Editorial Committee
Editor Dr Chris Pritchard 
14 Livingstone Avenue, 
Callander FK17 8EP 
e-mail: chrispritchardmis@gmail.com

Editor Prof John Berry 
e-mail: jsberry47@gmail.com

Reviews Editor Grant Macleod 
Lomond School, 10 Stafford Street, 
Helensburgh, Argyll & Bute G84 9JX 
e-mail: g.macleod@lomondschool.com

Editor-in-Chief Bill Richardson 
(All periodicals published by 
The Mathematical Association) 
e-mail: wpr3145@gmail.com

Sub-Editor Helen Morris 
e-mail: oldfield.morris@btinternet.
com

Production Editor Tina Webb 
e-mail: webb.tina@btinternet.com

Front cover: by k.design, Winscombe, Somerset, featuring Taj Mahal, Agra. 
Photo credit: Chris Pritchard

Editorial
If this issue has a theme it is what we can learn from each other as teachers (and indeed 
from those who are not teachers). In the leading article, one that I consider among the 
best we have published in recent years, Ed Southall relates that he observed a lesson 
which led to a host of different methods to the solving of a particular problem. The craft 
of the teacher under observation was seen in his selection of the particular problem. 
Ed was clearly impressed by this feature, but even more so by the minimal-intervention 
approach of the teacher, and he learnt from it despite already being a very experienced 
teacher and teacher-trainer. Likewise, Tara Davis tells of her peer observation of her 
colleague in Hawaii who was organizing the classroom activities in what appeared 
a chaotic way at first sight. But what she witnessed led to Tara’s abandoning desk-
based work for group activities at the whiteboard. I recall how when observations first 
came in, at least in my school, they were very much top-down. An assessment of the 
teacher’s skills was being made by a more senior colleague. This was wholly antithetical 
to promoting improvement and for some teachers it was nothing short of a confidence-
sapping exercise. The far-superior peer observations came in later; they were bottom-up, 
teachers supporting teachers, the observers as the learners. Sharing ideas is superior to 
simply passing judgement.

A second mini-theme is found in the articles of Sachit Misra and Nigel Derby, and that is 
the solution of cubic equations. We teach how to solve the general quadratic equation, 
resorting to the formula when factorization fails. Only a small subgroup of cubics are 
tackled, those for which an initial linear factor reveals itself swiftly. But there are ways 
of treating the general case and those ways and the history of their development are 
fascinating. Incidentally, there may be some advantage in reading Nigel’s article before 
Sachit’s despite the order in which we print them in this issue. Sachit will hopefully 
be assuaged by our inclusion of the world’s most aesthetically pleasing building on 
the cover, a building within easy travelling distance of his native Delhi. You may have 
noticed that a number of Islamic patterns and buildings have appeared on the covers of 
Mathematics in School in recent years, many of them captured on my travels. I make no 
apology for this; it is not a statement about religion but about the beauty of symmetry 
and harmony. As to the Taj Mahal itself, when I saw it for the first time in November, it 
made my jaw drop!

Chris
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Recently I was fortunate enough to observe a teacher 
investigating a linear sequence with his class in a 
somewhat unconventional way. The lesson utilized a 
hands-off approach for the majority of the student-led 
task, and what struck me was how successful it was. 
Carrying out an investigative lesson with students can 
be problematic, and I’ve had my fair share of disastrous 
attempts. Whilst I’m used to seeing tasks being 
independently approached by students, after watching 
this particular lesson I have come to appreciate the 
subtle, sometimes unintended influences I have over a 
student’s thinking and direction. I think that by being 
conscious of this, I can improve the depth and quality of 
student thinking and whole-class discussion.

The lesson began with the teacher displaying the array 
sequence at the bottom of the page. Initially pupils were 
simply asked how many dots there were in each figure, 
and given a short amount of thinking time to count them. 
Rather than providing the answer, or asking students 
what it was, a follow-up question was asked instead – 
How many dots would there be in the tenth figure? 

So far the lesson seemed fairly standard to me, 
although looking at the lesson plan, it was very clear 
that the intentions were more specific than to simply 
investigate sequences or find the nth term. The teacher 
stated in the planning that the purpose of this lesson 
was to “raise the quality of student understanding of 
mathematical processes”. Here, ‘processes’ meant the 
journey to deriving the answer, rather than the answer 
itself. The figures were directly chosen to prompt 
deeper thinking about interpreting and understanding 
algebraic expressions and equations, with this lesson 
being part one of two. The nth term was intended to 
be the lynchpin of an investigation into algebraic 

manipulation, rather than focusing on its derivation or 
application thereafter. 

As students were given time to work independently to find 
the number of dots in the tenth figure, with no guidance at 
all from the teacher regarding how to achieve an answer, 
I was struck by the creativity and variety of approaches 
across the classroom. Students who were stuck were 
simply encouraged to keep thinking and try out ideas, 
rather than being given a specific hint. As an observer, I 
initially felt that this was a mistake: why would you not 
help a student to progress? What if the student simply 
sits there and waits, rather than trying to find an answer 
or a way in? It almost felt cruel to hold all the clues and 
answers back when some students were clearly making 
no progress (or so it appeared) compared to others in 
the room. However, to my surprise and delight they did 
indeed continue to think, and probe, and question. They 
were clearly frustrated at not making headway, but they 
persisted anyway. In the latter years of my teaching I feel 
I have developed a really positive learning environment 
in my classrooms, which certainly helped with issues 
such as perseverance and being content with making 
mistakes; however, this seemed more advanced than that. 
I wondered how long it took to develop this particular 
classroom culture. I know from experience that often 
students are happy to opt out when things get difficult, 
or sit back and wait for someone else to do the hard work 
and find ways into a problem, but perhaps in my role as 
a teacher I somehow subconsciously promote this. In 
my role as a teacher trainer, I point out to trainees that 
if you go through the answers to problems with students 
at the end of every activity, some can develop a habit of 
waiting for the answers rather than finding things out 
themselves – but maybe there are more subtle things I 
have missed that can help nurture a healthier problem- 

All Roads Are Equal
Increasing depth through less direction

by Ed Southall
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It would be easy enough to focus on the answer, show 
that it’s true, and move on. However, in this instance, the 
teacher displayed the tenth figure to the class:

He allowed students to count the dots to confirm their 
answers were, or were not, correct. Again, the teacher 
was not particularly interested in who got the answer of 
40 and who did not; students now knew if they made a 
mistake, and could check where and how, and students 
who had no answer, finally had one. Instead, the focus was 
now on the derivation of the answer. This feels distinctly 
different from a lot of lessons I have seen, where the 
culture of finding the correct answer reigns over the 
focus on methods and their comprehension. I have often 
found my most productive lessons were those where I 
explicitly stated that I wasn’t interested in the answers, 
but the methods. I sometimes have given the answers 
to students before an activity has begun, to enhance 
confidence and reduce anxiety. “Show me how we get to 
here”, or “convince me that these are the answers” can be 
powerful statements in the right lessons. 

Student approaches were gathered and displayed on the 
board: 

4 × 10 
10 × 4 
4 + 4(10 – 1) 
21 × 2 – 2 
(10 + 1)2 – (10 – 1)2 
2 + 3(10 – 1) + (10 – 1) 
20 × 2 
11 × 11 – 9 × 9 
2 + 3 + 4 + … + 11 + 11 – (1 + 2 + 3 + … +8) 
10 + 11 + 10 + 9

The sheer variety of approaches was impressive, and 
due in no small part to the distinct lack of guidance from 
the teacher. Had he prompted, given hints, suggested 
particular strategies, so many of these methods would 

solving environment? From what I was observing, not 
helping students was, paradoxically, helping students.

No hands were raised when answers (correct or 
otherwise) were derived. The teacher noticed a few 
students had become content with their answer, and 
instead of enquiring what it was, or checking if it was 
correct, or announcing it to the class and starting to move 
on, he stated that anyone with an answer should try a 
different approach to convince themselves that it’s true. 
A simple strategy, but one that purposely slows down 
the pace of the lesson to allow others more thinking 
time, without revealing anything other than that some 
students think they have a solution. And so those who felt 
they were finished began to question their own methods 
and strengthen their mathematical argument as to why 
their answer was correct.

This strategy surprised me, as in my own practice I’m not 
sure I’ve asked students to find a second approach to a 
problem in a bid to enhance their understanding of the 
concept. Often I have been content with the fact that they 
can find the solution at all. But this emphasis on methods 
over solutions was not only interesting to me, it was 
also interesting for the students. I wondered how often 
I have stood in front of a class and made the decision to 
stop an investigative task early because a few students 
had reached what I considered to be its conclusion. The 
balance between giving them time to think things out, and 
stopping because some students seem to have reached 
the natural end of the activity is a very difficult one, and 
something I don’t think I’ve ever truly mastered. I believe 
you can always improve it, and veer away from previous 
mistakes, but learning is messy and unpredictable. I’ve 
become more effective at adapting as I go, but I’m not 
convinced this is a perfectible skill. 

I was again surprised at their tenacity and enthusiasm 
in exploring and probing, although I shouldn’t have been. 
After all, this to me is exactly what real mathematics is 
about. This was exactly what the teacher wanted. His 
planning emphasized that a desired outcome was to 
enable students to revisit a problem-solving process 
having gained a new point of view, to acquire deeper 
meaning and extend ideas. I was reminded of Paul 
Lockhart

  “…math, like painting or poetry, is hard creative work. 
That makes it very difficult to teach. Mathematics is a 
slow, contemplative process.” (Lockhart, 2009, p45)

Student approaches, even at this early stage of the lesson, 
showed just how important the lack of guidance was in 
enabling them the freedom of pursuing a method that 
made sense to them, and gave incredible insight into how 
they perceived the problem. Several pupils wrote in their 
notebooks 

4 × 10 = 40.
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This was identical to the thinking behind

(10 + 1)2 – (10 – 1)2.

Clearly in these two examples, the students were fully 
involving the figures in their thinking. Both students 
manipulated the shape to make it into a more convenient 
structure, but others left the shape as it was and worked 
around that constraint. For example, 2 + 3(10 – 1) + (10 + 1).

They explained that “each row has 3 dots in it, except for 
the first and last. The first row always has 2 dots, and 
the last row has one dot more than the number in the 
sequence”. Whilst this isn’t strictly true if you consider 
the first term (a 2 × 2 square), it is true thereafter:

Finally, there was the student who wrote 

2 + 3 + 4 + … + 11 + 11 – (1 + 2 + 3 + … + 8).

During the observation, I struggled to follow how this 
method was derived; however, when I looked at her 
work, she had drawn some annotations showing that she 
had seen the diagrams in this way (working right to left 
in each figure):

And so the first term was 2 + 2, the second, 2 + 3 + 3, and 
the third, 2 + 3 + 4 = 4 – 1.  So for the tenth figure the 
student was thinking of the diagram in this way:

have failed to materialize. Each one reveals the different 
ways in which children were thinking and ‘seeing’ 
the arrays in front of them. There was no preferential 
treatment given to any method by the teacher. It didn’t 
matter if some were much longer than others, or less 
‘efficient’. Every approach had equal value, which in 
itself was a clear strategy used regularly to develop 
the classroom culture to enable this lesson to run so 
smoothly. 

Students were encouraged to think about each method, 
and try to understand how and why it was formulated, 
with no help from the person who had the original 
thought and again, with no guidance from the teacher. 
One student explained  for example, as “the total amount 
of dots in each figure produces the sequence: 4, 8, 12,... 
which is 4 × 1, 4 × 2, 4 × 3, … so the tenth term is 4 × 10”.  
The student here had an apparent disconnect between 
the numerical sequence, and the pattern of the diagrams, 
relying only on the number pattern generated by the sum 
of the dots.

Conversely, 4 + 4(10 – 1) was described as “The first in 
the sequence has 4 dots, and the second has 4 + 4 dots, 
and the third has 4 + 4 + 4 dots. So the number of groups 
of 4 to add to the original 4 is one less than the number 
in the sequence”. This student seemed to be using the 
diagrams to inform the thought process, as well as the 
number of dots, whereas the child who produced 4 × 10 
seemed to focus solely on the latter. 

The logic behind 11 × 11 – 9 × 9 was that the figures 
“looked like steps, and I made them into squares”. The 
student’s work included a diagram to help explain the 
thinking:

Hence the second figure in the sequence, is seen as  
3 × 3 – 1 × 1, the next figure as 4 × 4 – 2 × 2. So the student 
viewed the tenth figure as:
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convinced students were as enthused at the end of the 
process as they were at the beginning. I would perhaps 
have asked groups to work on three or four methods 
each, and selected just a handful to discuss as a full class – 
although this would possibly compromise the perceived 
equality of worth of responses. This again reassured me 
that there really is no perfect approach to this style of 
lesson, but that the benefits of students experiencing true 
mathematics, deep thinking, struggle and enlightenment 
sometimes outweigh the security blanket of making 
lessons and responses more predictable.

At this point in the lesson students were asked to find 
the nth term, which they were able to do quite easily 
(this skill had already been secured in previous lessons). 
However, the teacher’s intention was to enable students 
to perceive both that the nth term, written as 4n, did 
not actually help them structure the shape, and that the 
expressions written on the board were different ways of 
expressing the same idea. As the lesson ended, students 
were left with the question “how do you make the 
connection between your idea and 4n?”. In other words, 
students were being asked to show that expressions on 
the board were all equivalent to 4n (where n = 10). For 
example,

(10 + 1)2 – (10 – 1)2

would be rewritten as: 

(n + 1)2 – (n – 1)2

and students would work out whether that was in fact 
equivalent to 4n:

(n + 1)2 – (n – 1)2

= (n2 + 2n + 1) – (n2 – 2n + 1) 
= 4n.

This was left as a homework task to bring to the next 
lesson. 

After the lesson I revisited the teacher’s lesson plan and 
began to appreciate the level of thought put into not only 
the structure of the lesson, but the specific array they 
had chosen to use. The sequential array structure that 
formed the basis of the lesson was carefully selected to 
enable what the teacher perceived as ‘a large number 
of approaches’, including, purposefully, the ability to 
restructure the shape into a square (presumably to allow 
for more variety in answer notation, e.g. 112 – 92). The 
thought and strategy behind the selection of examples I 
choose when teaching mathematics is an important skill 
often overlooked, but highlighted well by Wiliam (2011) 
and Takahashi (2009). 

Observing this lesson was a genuinely enlightening 
experience. For clarity, I would not advocate using this 
dramatically reduced level of teacher input as my default 
approach for teaching mathematics, but as with any 
teaching strategy, I certainly think it has its place as a 
valuable tool to use as and when appropriate to the 

adding together the number of black dots in each column 
(from right to left), then subtracting the sum of the 
columns of red dots (again right to left). 

Each mathematical expression was dissected in this way 
and explored through the teacher but crucially the input 
was entirely from the students. The teacher only asked 
questions. I wondered what would happen if no student 
answered any question, but it didn’t happen. At no point 
did the teacher guide their thinking beyond checking for 
errors. This simple, perhaps counter-intuitive, strategy 
enabled children to think for themselves and allow the 
sequence to make sense in their way rather than a way put 
upon them by the teacher. Just giving a simple hint, such 
as, “Why don’t you think about it in this way?”, or “Can you 
make it into a different shape?” would have significantly 
narrowed their thinking, and potentially pigeon-holed 
solution approaches into a one-size-fits-all method that 
few students have ownership of, or appreciate with any 
real depth of understanding. I wondered how often I had 
been guilty of this; certainly more times than I would care 
to admit during my early teaching career. I would either 
impose my own method on students without letting them 
explore it for themselves, or select two or three methods, 
only to determine (often without consultation with the 
class) which was most efficient and ditch the others. Upon 
reflection, this for some students must feel as though I 
am emphasizing that there is a ‘right’ way, and many 
‘wrong’ ways, despite their arriving at the same correct 
solution. I’ve since learnt that whilst there certainly are 
more efficient ways to do things, helping students arrive 
at that conclusion by themselves is an important step to 
developing the right culture in the classroom. 

Whilst I had learnt a lot about how I could improve my  
own practice based on what I was seeing, towards the 
latter part of the lesson I also picked up some things I 
didn’t think worked as well as they could have. The teacher 
made the decision to go through each of the numerous 
methods students had come up with independently, 
which took up a lot of time and discussion. Although each 
method was indeed fascinating to me as an adult, I’m not 
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Females continue to be under-represented in 
mathematics-related disciplines. In the UK only 
21% of STEM (science, technology, engineering, and 
mathematics) workers are women (WISE, 2015). 
Similarly, in the United States, women comprise only 
25% of computer and mathematical occupations (US 
Bureau of Labor Statistics, 2017). Females fail to enter 
or remain in maths-based careers due, in part, to non-
productive dispositions and gender stereotypes shaped 
by external factors (e.g. the media, families, peers, and 
school staff). The unfortunate result is that society loses 
important contributors to STEM progress, which requires 
mathematics skill, and women miss opportunities to 
engage in stimulating, high-paying, high-status careers 
as well as to develop important life skills.

The middle grades are an especially important juncture 
for students in determining career paths, especially 
for females due to sensitivity to gender roles and peer 
opinion that can erode confidence and interest in STEM 
(e.g. Mohr-Schroeder et al., 2014). For example, a survey 
conducted with 1200 middle-grades boys and girls 
showed that more than twice as many boys as girls chose 
STEM for future careers, and the same two-to-one ratio 
of boys to girls said their parents would support such a 
choice (Shapiro et al., 2015). Therefore, the middle grades 
are a highly important crossroad for promoting and 
sustaining girls’ engagement in mathematics-oriented 
content and career paths. 

One strategy for supporting girls’ interest in and self-
identification with mathematics is to provide good 
female role models (Stoeger et al., 2017; Techbridge, 
2013). However, what is a role model? Further, what is 
a ‘good’ role model? Teachers are in a key position to 
provide students with role models, which is especially 
important for girls in relation to STEM. In this article, I 
provide brief background information on role models 
for girls in STEM, followed by strategies for teachers 
to prepare effective STEM role models for females and, 
finally, selected resources for further pursuing this effort.

Role Models for Females in STEM

Techbridge (2013) says, “A role model is someone whose 
own passion and enthusiasm help motivate others and 
inspire them to see possibilities for their own future” (p. 
4). According to Techbridge, interest in mathematics-
based careers can be fostered by women in STEM simply 
sharing their own stories and experiences, thereby 
helping to dispel negative impressions of women in these 

fields. Female role models who use mathematics on the 
job can be local STEM professionals through women in 
STEM around the world. STEM professionals may be 
found through word-of-mouth (e.g. social media posts) 
and contacts with local businesses or wider networks 
for specific occupations or hobbies (such as Women and 
Drones, womenanddrones.com, or The Ninety-Nines, 
an international women pilots’ organization, www.
ninety-nines.org). 

Role models may be invited into schools physically 
for school-wide or classroom events or via video 
conferencing (e.g. Skype, Facetime, or Zoom). Today’s 
technological world also expands role model options 
into asynchronous means, such as social media and 
e-mail. In addition to these interactive avenues, ‘canned’ 
historical and contemporary role models are available 
at various online sites via textual biographies and video 
presentations (see ‘Selected Resources’ at the end of this 
article). While face-to-face and technological approaches 
each offer their own advantages, online methods offer 
some practical benefits, such as easing transportation 
issues, providing flexibility with individual schedules, 
and allowing access to a broad variety of role models, 
including same-age peers (Stoeger et al., 2017). 

ROLE MODELS FOR GIRLS IN MATHS
by Lynda R. Wiest
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Role models are more knowledgeable and experienced 
individuals who serve as exemplars for less experienced 
individuals in a specific area, here mathematics, and who 
provide career information or guidance. Role models 
can engage in one-shot experiences that teachers can 
readily arrange. At the least, a good role model should 
be accomplished and knowledgeable in her field, a 
good communicator, and enthusiastic (e.g. McCann, 
2013). Further, females from under-represented groups 
(e.g. minoritized racial/ethnic groups) are especially 
important to consider because “for low-income and 
under-represented girls, the chances of knowing a 
woman working in STEM with whom they can identify 
are small” (Kekelis, 2017, p. 57).

Preparing Role Models for Presentations

Female role models first need practical details for a 
presentation they will give to young women, including: 
the objective of the talk; audience composition and size; 
whether the talk will be conducted for a stipend or gratis; 
date, time, location, and parking information; available 
equipment and materials; and session approach and 
format (e.g. lecture, discussion, engagement in a task, use 
of visuals, and time for questions/answers). Regarding 
the session approach and format, based on my extensive 
experience in this area, I suggest that the speaker be asked 
to share key information (see next paragraph); include 
some discussion (e.g. pose a few questions); conduct a 
brief age-appropriate activity (preferably one that is not 
too complex and that has real-world application); include 
visuals (e.g. photos); use minimal, large text on slides; 
bring job-related props if possible; use some job-related 
language but be mindful of the audience’s developmental 
level; allow some time for questions and answers at 
the end; and show enthusiasm for the material and in 
interactions with the audience.

A number of areas are important for presenters to address 
within the content of their talk. For example, role models 
should establish that “they have interesting lives outside 
their labs or other work environments” (Mosatche et al., 
2013, p. 24) and that “engineers and scientists make a 
positive impact on society and the world around them” 
(Techbridge, 2013, p. 7). Key topics to ask female STEM 
role models to address in a talk include some or all of the 
following (Techbridge, 2013; Wiest et al., 2017):

• What her career is (name, brief general description).

• Why she entered this career.

• Preparation needed to enter this career.

• Specific types of work she does on the job, including 
an example of a recent or current project, and how 
she uses mathematics on the job.

• How this occupation can help improve the world or 
individual lives.

• To what degree and in what ways the job involves 
collaboration, communication, and creativity.

• What she likes and does not like about the job. 

• Obstacles encountered in preparing for the job or on 
the job itself, and how she overcame them.

• Personal hobbies and interests.

• How she balances professional and personal life.

Kekelis (2017) not only carefully prepares guest female 
STEM professionals for their role with young women, 
but she also gives them feedback on their performance 
in terms of what went well and what might be improved. 
(This is best done only if a continuing relationship with 
the individual is likely to be formed.) Teachers can 
extend role model presentations by sharing information 
themselves after the presentation or having students 
research facts they still want to know. Examples include 
typical salary or salary range for the occupation and 
important contributions (e.g. inventions) made by 
females within that occupation.

Closing Thoughts

At this point in time, young women still need an extra 
‘boost’ to help them consider mathematics-oriented 
careers. Female role models in STEM can be an important 
influence on young women in that regard. Young men, 
too, can benefit from seeing a broader range of people 
in maths-related careers to help them value everyone’s 
capabilities within and potential contributions to these 
fields. The resources that follow can help teachers 
identify, provide, and prepare female STEM role models 
for inspiring all students to see themselves as potential 
STEM professionals and to better understand the role of 
mathematics in these careers.

Selected Teaching Resources for Providing 
Female Role Models in STEM

• Biographies of Women Mathematicians: https://
www.agnesscott.edu/lriddle/women/women.
htm

• I’m an Engineer (Engineer Girl): https://www.
engineergirl.org/Engineers/Directory.aspx

• People Like Me Resource Pack (WISE): https://
www.wisecampaign.org.uk/people-like-me/the-
resource-pack

• SACNAS (Society for Advancement of Chicanos/
Hispanics and Native Americans in Science) 
Biography Project: http://bio.sacnas.org/
biography/

• Techbridge Girls: Role Model Training and 
Resources: http://www.techbridgegirls.org/
index.php?id=29
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• Tutorial: How to Find Female Role Models in STEM 
(IWITTS): http://www.iwitts.org/free/tutorial

• Women @ Energy: https://energy.gov/diversity/
listings/women-energy

• Women@NASA: https://women.nasa.gov/

• Women in Math – Portraits: http://www.european 
womeninmaths.org/women-in-math/portrait

• Women in Maths (videos; University of Nottingham): 
https://www.youtube.com/playlist?list=PLpRE 
0Zu_k-BzU0p1ccpVy15R7a__exwcA
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Scaling  Equilateral  Triangles

         A                        B                              C                                    D                                          E                                               F

Our basic equilateral triangle, A, consists of two ‘set 
square’ (1, 2, 3) triangles. Using multiples of the 
hypotenuse (length 2) or the middle side (length    ) as 
the new side lengths, we’ve managed to scale it by several 
factors, but D has presented a problem. Why? When 
will the next problematic scale factor occur? Using the 
shortest side  (length 1) to make up odd numbers, for 
example (2 × 2 + 1 × 1), will we have success?  Can we use 
a combination of 1s and     s, or 2s and      s, for example 
(2 × 2 + 1 ×      ) 

For a discussion, and a .pdf of the picture for projection, 
go to www.magicmathworks.org, then ‘Publications’, 
then ‘Scaling equilateral triangles discussion’ and ‘Scaling 
equilateral triangles picture’. 

3

3 3
3

Keywords:  Area; Linear scale factor; Area scale factor; Surd.

Author  Paul Stephenson
e-mail: pstephenson1@me.com

by Paul Stephenson

07-09-Wiest role for girls.indd   9 06/12/2018   12:42



10 Mathematics in School, January 2019      The MA website www.m-a.org.uk

My colleague Barbara is very organized and soft-spoken. 
I knew that she scheduled all her classes in room number 
212, which it just so happens to be a room with 8 
whiteboards in it. I had seen the huge bin of whiteboard 
markers that Barbara carried around with her. But I was 
completely unprepared for the scene of total chaos, but 
in the best possible way, that unfolded during my peer 
evaluation. I had never imagined what a lively classroom 
Barbara had; her method of simultaneously having all 
students work at the whiteboards changed my teaching 
in a simple but profound way.

I often tell my colleagues about the way I conduct class 
and that it includes students standing at the whiteboards. 
I have even primed substitute teachers to instruct the 
student to “go work on their boards” as part of the 
lesson plan. However, when returning to class I have 
had the students tell me that the substitute teacher 
did not, in fact, have them work at the boards. Perhaps 
casual discussions or one-sentence instructions are not 
sufficient to get the message across. This is why I am 
writing this article now, to share the simple but powerful 
observation that I took away from Barbara’s class and 
have been using ever since. Asking students to go work at 
whiteboards (or chalk boards, or giant post-it notes stuck 
up on the wall) instead of working at their desks is an 
extremely powerful and transformative classroom tool. 

I will describe the ways I use this method in more detail 
below, but the essence of the technique is simply to have 
students stand and work at the whiteboard instead of 
sit at a desk. I assign students to working groups that 
change approximately every three weeks. I prefer the 
groups to have three students each, but I have used 2–5 
students per group, depending on class size. Each group 
is assigned to a whiteboard, and that is their dedicated 
workspace. The students all know where to do their work 
and who to do it with. During the first few class periods 
in a semester, when I ask the students to work at their 
boards I often need to make sweeping hand gestures to 
ensure they all rise from their seats. I give tutorials on 
how to properly close a whiteboard marker so they don’t 
dry up, and assign one student per group to fetch markers 
for the rest, so that all students have their own marker. 
This sounds silly, and it is, but it helps foster calmness in 
larger classes, and it helps break the ice. 

It will be made clear to the students when it is time for 
them to work on mathematics, and once we get into a 
rhythm as a class, they know that the place they do this 

work is at the whiteboard. The types of problems that 
students can work on at their boards include homework, 
quiz solutions, in-class exercises or group projects. Most 
of the time my students are presenting solutions to 
problems that everyone has had time to contemplate, but 
not everyone knows how to solve yet. There are various 
ways to implement the work at the whiteboard. 

• Do one and then check one: This is when all groups of 
students work at their boards simultaneously on the 
same problem. Whenever most groups are finished, 
I ask all groups to move to their left to the next 
whiteboard over. Once there, they must check the 
work written by the previous group. They can then 
either have a short conference with the adjoining 
group, or rotate back to see the comments on their 
whiteboard. I will initiate a large group discussion 
only if several groups had incorrect or incomplete 
answers or if there is still confusion or questions. 
This can be implemented with several problems 
in succession, and is a good way to help improve 
student abilities to read and critique mathematics. 

• Individual presentations: If the students were 
asked to attempt several problems for homework, 
I may ask for individuals to present their thinking. 
This works better in smaller classes, where all 
the individuals can go to the boards to write their 
answers simultaneously. At the beginning of class, I 
walk around and ask each student which questions 
they want to present, and also what technique they 
used. I then assign a problem to each individual to 
solve on a whiteboard. It is possible to have more 
than one student present the same problem if they 
used different approaches. Once most students are 
finished writing, they take turns explaining what 
they did in a whole-class discussion. It is so much 
more time efficient to have the solutions all written 
on the board simultaneously, and it allows me to 
provide feedback or answer questions in real time as 
students write. 

• Group presentations: This can be used in a variety 
of settings. Given a larger class, small groups can 
be employed to write up solutions to homework in 
much the same way as the individual presentations 
described above are used in small classes. The 
groups come to a consensus on a solution to assigned 
problems at their boards. Groups can also be asked 
to present in-class work on problems given during 

Everyone, Go to Your Boards
by Tara C. Davis
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and small group discussion. It provides easy classroom 
management as well. For example, if a group finishes 
early, I can always send them to another board to help 
other students or check their answer. I can also ask 
them to move to a blank board and solve their problem 
in a different way, or try to draw a picture to accompany 
the explanation, or write up the answer more formally 
or clearly, adding justifications or cleaning up notation. 
Instead of the students feeling like they are being given 
busy work, they view these added challenges as being 
more legitimate when they have a place to make them 
public. 

I teach in the mathematics department at a small liberal 
arts college to mostly sophomore and junior students. 
My class size ranges from 5 to 40 students, and I have 
found the board work to be effective across class 
settings, regardless of size or content. There is nothing 
special about the fact that I am introducing college-level 
topics and I suspect this technique would work easily 
in a middle or high school setting as well. I teach using 
inquiry-based learning, which ranges from mostly in-
class group problem solving to the Modified Moore 
Method. Although my preferred pedagogical method 
lends itself more easily to the use of board work during 
class, it could be easily incorporated into an active lecture 
environment. All of the times that students are working 
on problems are opportunities for them to be at their 
boards.

What I saw when I observed Barbara’s class that day 
was true student engagement. All mathematics teachers 
sometimes need to lecture, but when students are 
seated at their desks, it is easy for them to be passive. 
Their instructor does not know if the student is paying 
attention or not. What struck me as an observer was that, 
whenever Barbara sent the students from their seats to 
their whiteboards, they seemed like flowers blooming. 
They were awake, they did not have their cell phones out, 
they were talking to each other (hence the higher noise 
level in the room that originally struck me as chaos), 
and they were most definitely all doing mathematics. 
I have received positive feedback from students, both 
in informal communication and on course evaluations, 
and I have never had a complaint or negative comment 
regarding the board work. I even have to tell students 
to remain seated long enough for me to give them 
instructions on what to work on – as they start going to 
their boards as soon as possible every class!

class, after they have had ample time working at the 
board to come up with a proposed solution. When 
teaching larger classes, this is often the technique 
I use. In this case, if all groups are working on the 
same problem, the board work can be leveraged for a 
whole-class discussion of the solution and problem-
solving strategies, with the instructor calling on a 
group or with groups volunteering to present their 
work. 

• Gallery Walk: This is similar to the ‘Do one and then 
check one’, except that all groups will be working on 
different problems. In this technique, each group has 
a problem that they may or may not have seen before 
assigned to them. They work at the whiteboard to 
come up with a solution. When they are done, they 
walk around to visit the work of the other groups. If 
they finish quite early, they often help other groups. 
If some groups finish before others, they can check 
each other’s work. Each student is expected to write 
some compliments, questions and comments on 
the boards they are viewing. Once all boards have 
several comments on them, the groups view their 
problem solution again, and we go around to have 
class discussion about each solution. The students 
appreciate being able to read and critique a solution 
and then discuss it further, as witnessed by students 
often requesting more gallery walks on midterm 
evaluations. I often have students engage in gallery 
walks whether I have asked them to or not! I have 
also seen a gallery walk turn into a whole-class 
discussion with all students gathered around one 
group’s whiteboard, collaborating on an incomplete 
proof. Students that are shy and quiet in whole-class 
discussion seem to participate more in gallery walks.  

• Jigsaw (jigsaw.org): In this technique, each group is 
assigned a novel problem and work at the whiteboard 
to solve it. Once all the groups have finished, the 
instructor asks the students to number off, forming 
new groups for the day. The new groups consist of 
one student expert who has solved each problem. 
The new groups split up amongst the boards, and 
the student expert whose unique problem is solved 
on the board at which the group is standing must 
explain the solution. The groups rotate boards and 
each student has an opportunity to explain the 
solution to their problem to other students who 
did not solve that problem. This technique can be 
a good way to draw out shy students who may not 
be comfortable speaking in large-class discussion, 
and allowing them a chance to explain their group’s 
thinking as displayed on the whiteboard.  

All of the teaching techniques described here could be 
implemented without the use of whiteboards, and none 
of them are novel or created by the author. However, my 
experience tells me that using the boards adds another 
dimension to the activity. It also facilitates teamwork 
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Introduction

In 2011, I wrote about the need for our able (and all our) 
students to be taught in an active way, so as to improve 
their motivation and understanding of the subject (Hunt, 
2011). The thrust of the new mathematics curriculum 
and the new GCSE in mathematics supports this. It is 
to enable students to be fluent in the subject, to reason 
mathematically and to solve problems. 

The KS3 Mathematics National curriculum explicitly 
states that:

  pupils who grasp concepts rapidly should be challenged 
through being offered rich and sophisticated problems 
before any acceleration through new content in 
preparation for Key Stage 4.

Synoptic assessment in the GCSE examination means, for 
example, that students not only need to be able to solve 
an equation, they need to be able to produce an equation 
from the information they are given, solve the equation 
and then give some meaning to their answer.

It was of no surprise to read the following from Ofsted 
(2017) in their inspection findings that the areas of 
improvement included:

  the development of mathematical reasoning across the 
mathematics curriculum. Reasoning is integral to the 
development of conceptual understanding and problem-
solving skills. 

Ofsted requires all schools to identify and monitor the 
progress of their able students. National data show that 
too many of the most able students are still being let 
down and are failing to reach their full potential (Ofsted, 
2015).

Schemes of Work

So what needs to be done? If we accept that our able 
students are achieving 110+ as their standardized score 

at KS2 then we need to ensure that these students are 
achieving GCSE grades 8 and 9. We need schemes of work 
that develop conceptual understanding and problem-
solving skills. I have given some examples of these in 
Hunt (2018).

NCETM have produced a useful check-list for what to 
look out for when assessing a student’s understanding of 
a topic (NCETM, 2017):

• describe it in their own words

• represent it in a variety of ways, e.g. using concrete 
materials, pictures and symbols

• explain it to someone else

• make up their own examples

• make use of it in various ways, including in new 
situations and solving problems.

It is important when developing a scheme of work that 
each of the above criteria is achievable within the scheme 
of work.

The assessment within and at the end of the scheme 
of work needs to monitor the progress that has been 
made. NCETM have produced KS2 and KS3 assessment 
materials relating to the content statements in the KS2/
KS3 programmes of study. At KS3 it would be useful to 
use the Year 6 assessment materials to diagnose what 
the students understand about the content within the 
scheme of work. The KS3 assessment materials can then 
be used to assess what progress has been made at the 
end of the scheme of work. 

There are two sets of questions given, either ‘mastery’ 
or ‘mastery with greater depth’. The mastery questions 
contain examples of what students need to be able to 
do to demonstrate deep and sustainable learning. The 
mastery with greater depth questions contain examples 
of how students continue to explore the mathematics 
by going deeper. The following examples illustrate what 

Improving the 
Mathematics Curriculum 

for our Able Students
by David Hunt
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is meant by mastery with greater depth. These are the 
types of examples able students should be able to answer 
to demonstrate that greater depth of understanding that 
is required. 

KS2 Year 6

“Three teams are taking part in the heats of a 4 × 100 m 
relay race competition on Sports Day. If the mean time 
of the four runners in a team is less than 30 seconds, the 
team will be selected for the finals. At the start of the last 
leg of the relay race, the times (in seconds) of each team’s 
first three runners are:

 Team Peacock: 27, 29, 31
 Team Farah: 45, 43, 37
 Team Ennis: 29, 30, 25.

Which of the teams have the best chance of being 
selected? Explain your reasoning.”

KS3

 “Ten friends work in jobs where they each earn around 
the national average salary. One of them then gets a new 
job that pays a salary of £10 million per year. Describe 
how this changes the ‘average’ salary for the group of 
friends.

Five numbers have a mean of 10. Three of the numbers 
are 10, 10 and 10. What can you say about the other two 
numbers in the data set?”

NCETM (2017)

The examples illustrate that students need to understand 
much more than the recipe of how to calculate something, 
in these examples an average. They need to understand 
why they may need to find an average and what the 
average means in terms of the problem they are trying 
to solve. Often (as in the examples above) it is being able 
to use and understand the reverse process that enables 
our students to explain what is happening and to solve 
problems.

In working in this way we will not only improve the 
reasoning and problem-solving skills of our most able 
students, but of all students. If this happens we can then 
demonstrate that we are improving the standards of our 
students in mathematics.

Similarly at KS4, our able students, who are accessing the 
Higher GCSE content, can show their progress by using 
Higher GCSE questions as the assessment for the scheme 
of work.

Department Policy

The mathematics department need a policy for the more 
able and talented. I would suggest it should be based on 
the above, and the following process adopted.

Identification of more able and talented students 
(KS2 standardized score/other information, teacher 
recommendation).

• Schemes of work give opportunity to deepen 
understanding, reasoning and problem-solving 
skills. 

• Monitoring over KS3/4 – use of NCETM assessments 
and past GCSE questions to ensure on track to achieve 
their potential – intervention if required [the process 
being subject to annual review].

A mathematics club and use of the UK Mathematics Trust 
materials/competitions and visits to University events 
will enhance the mathematical experience of our able 
students.

Conclusion

In developing schemes of work that give opportunity to 
deepen understanding, reasoning and problem-solving 
skills, all our students will be given the opportunity 
to achieve their potential and go on to be able to use 
mathematics in further study, work and in their lives, for 
their own benefit and for the benefit of society. 
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Highly experienced author and former Chief 
Executive of MEI Roger Porkess looks at how My 
Revision Notes (from Hodder Education) for A  level 
Maths can help students in the new linear exams.

The obvious change with the new A levels is the move 
from modular to linear assessment but much more 
important is their underlying philosophy. There are now 
three overarching themes covering logical argument 
and proof, problem solving and modelling; in addition 
much of the statistics is expected to be taught using 
a large set of real data. So mathematics at this level is 
no longer about carrying out standard techniques on 
autopilot. Instead students need to understand what 
they are doing, explain it and apply it in non-standard 
situations; they need to be able to think mathematically. 
In addition they are expected to make good use of 
computers and advanced calculators. In the years 
ahead, these skills will be important to them in higher 
education and in the workplace.

So to succeed in the new examinations students 
need not only to be fluent in the techniques in the 
specification but to be comfortable with the new 
underlying requirements. Written with today’s students 
in mind, My Revision Notes draws on tried and tested 

material and is packed with useful features. Whichever 
textbooks their school has chosen, students will benefit 
from using the Hodder revision guides. Not only do 
these cover all the necessary material, tailored to the 
different specifications, but they contain many other 
useful features, starting with a diagnostic test that 
enables readers to identify their areas of weakness and 
so target their revision. 

When students have decided which topics need 
revision, they can turn to the relevant section where 
they will find an introduction to the topic and a list of 
key facts, followed by worked examples with advice on 
the important steps in the solutions. Common mistakes 
are highlighted.  

When they are ready, they can test themselves with 
multiple choice questions. These are a unique feature 
and help students to cement their understanding. 
Each of the wrong multiple-choice answers matches 
a common mistake and when students check their 
answers, using the online answer sheet, they receive 
clear explanations of reasons why they may have chosen 
the wrong answer.

Finally, students can put their skills to the test and get 
ready for the exams with an exam-style question for each 
topic. Skeleton answers are given for these questions at 
the back of the book and there are full worked solutions 
online. 

Those students who work diligently through the 
sections indicated by their initial diagnostic tests will 
be much better prepared for the exams. They will have
understood the content better and they will also have
absorbed wider skills that will be tested in the forth-
coming exams and will be valued when they leave the 
classroom for the workplace.

How to revise for 
the new A-level 

Maths exams

50% off My Revision Notes and Exam Practice

To claim your exclusive 50% discount off My Revision Notes and Exam Practice  
visit www.hoddereducation.co.uk/mathsinschool  

and enter the discount code WC0007810 at the checkout*.

*Terms and conditions apply. UK educational establishments only. Orders must be placed via Bookpoint or www.hoddereducation.co.uk by 31/03/2018. Not valid in conjunction with any other offer. 
Discount applies to A-level Mathematics My Revision Notes and Exam Practice books only and excludes all eBooks, Dynamic Learning resources, digital downloads, Assessment, magazines and events.

•  ADVERTORIAL  •  ADVERTORIAL  •  ADVERTORIAL  •
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Suppose a pupil writes (or calculates) something like:

speed = distance + time.

Ouch! What is going on here? On a grainy photocopy of a 
worksheet, a ÷ sign may look a bit like a + sign, so perhaps 
that was the source of the mix-up? It can be tempting to 
seize on something like this as though it is a completely 
ridiculous statement. “How can you add a distance and a 
time?” the teacher might say. “They’re in totally different 
units! What units would the answer be in?” It seems 
obvious that you can add things only when they have 
the same units, otherwise you’re doing something that 
is dimensionally absurd. If only pupils would use their 
common sense and think about what they are doing. Can 
you add apples and oranges? Of course not!

But is this all really so obvious? After all, I can add apples 
and oranges to my shopping basket. Well, perhaps that’s 
not really ‘adding’ in the mathematical sense, although 
adding is often treated as ‘putting together’. I can certainly 
add fruit together, such as when I’m trying to reach my 
five portions of fruit and vegetables a day (Note 1). So, 
maybe adding apples and oranges is OK if you’re treating 
‘fruit’ as the category, because then you can add fruit to 
fruit? Or maybe, instead, we should say that we’re adding 
the dimensionless number of portions, rather than adding 
actual ‘fruit’?

School algebra really doesn’t have much to do with 
apples and oranges. ‘Fruit salad algebra’, where 
something like 3a + 2b is taken to mean ‘three apples 
and two bananas’, is often invoked when collecting like 
terms (‘If we have 2a + a, then how many apples have 
we got altogether?’). However, this risks building up a 
‘letter-as-object’ misconception (Küchemann, 1978), 
where pupils lose sight of the fact that a and b represent 
numbers. The shift from saying “So how many a’s have 
we got?” to saying “So how many lots of a have we got?” 
can be valuable, because in the latter case a is more 
clearly a number, rather than an object. We might even 
have ‘negative 3 lots of a’. This confusion about what 
letters stand for leads to people writing things like ‘a 
chair has four legs’ as c = 4l, only to find that, when they 
substitute in l = 8 legs, instead of getting 2 chairs, they 
get c = 4 × 8 = 32 chairs! Trying to persuade pupils that 

l = 4c is the right formula can be very difficult: “A leg 
equals four chairs? That’s ridiculous!” 

Treating letters as objects totally breaks down when 
you start to want to write things like ab or b2 (a square 
banana?). Surely these things are ‘obviously wrong’ in the 
same sense that ‘speed = distance + time’ is ‘obviously 
wrong’? And yet, in algebra, we can write things like

a + ab = a(1 + b)

if we want to, without worrying at all about dimensions. 
We often think of a letter as a length, and that seems to 
be OK (a length is not an ‘object’?), but then when we 
write quadratic expressions like x2 + 2x + 1, should we 
worry that we seem to be adding ‘an area’ to ‘a length’ to 
‘a dimensionless number’?

Pupils are often reluctant to define their letters when 
doing algebra. If they are doing routine exercises, the 
letters needed may already be defined in the question 
anyway, but in more substantial problems where pupils 
have to choose their own letters it is very important to be 
precise about what they mean. I have often found that if 
you insist that pupils define their letters they think that 
you are making a fuss about nothing, and so just write

‘a = apples, b = bananas’

to please you, which actually doesn’t help very much. 
Consider these two alternatives:

1. If a is the price of an apple and b is the price of a 
banana, then 3a + 2b is the cost of buying 3 apples 
and 2 bananas;

... whereas ...
2. If a is the number of apples and b is the number of 

bananas, then 3a + 2b pence is the cost of buying a 
apples and b bananas if they are being sold at the 
bargain price of 3 pence for an apple and 2 pence for 
a banana.

In both cases, the expression represents the cost, but 
on the one hand it is the cost of 3 apples and 2 bananas 
and on the other hand it is the cost of a apples and b 
bananas. So, writing ‘a = apples, b = bananas’ doesn’t tell 
us which of these alternatives is the one we mean. These 

by Colin Foster
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are quite different uses of a and b that arise because of 
the commutativity of something like 3a. You can perhaps 
get away with vague statements like ‘a = apples’ when 
a refers to some quality of an apple (e.g. the cost or the 
weight), but not if a stands for the number of apples.

In the first case it would make no sense to write ab (how 
could you attach a meaning to multiplying the price of an 
apple by the price of a banana? – and the units would be 
‘square pence’!), but in the second case there is no logical 
reason why you couldn’t write ab. For example, if you 
had a apples, each of a different variety, and b bananas, 
each of a different variety, then ab would the number of 
different-flavoured apple–banana smoothies you could 
make using one apple and one banana. I admit that that’s a 
bit contrived, but the point is that it is not mathematically 
incorrect – and it certainly isn’t absurd. In both cases, 
there is no problem with writing a + b: in the first case, it 
is the total cost of one apple and one banana, and in the 
second case it is just the total number of fruit.

So, the fact that the expression a + b cannot be simplified 
doesn’t really seem to have very much to do with saying that 
“you can’t add apples and bananas”. If a and b just represent 
some numbers, and we know what those numbers are, 
then a + b can certainly be simplified to a single number. 
Whether terms can be combined seems to depend on 
the relationship between them rather than whether they 
involve the same or different letters of the alphabet.

Sometimes, the distinction between a quantity like cost 
and a dimensionless ‘number of …’ is a bit unclear. Does 
a distance d include the units (d = 10 metres) or is d ‘the 
number of metres’, in which case d is a pure number and 
the distance is ‘d metres’? (Note 2) In the latter case, d 
has no dimensions, so it isn’t very obvious why I mustn’t 
add, say, d and t (time), as then I’m just adding up two 
numbers. Perhaps the argument is that mathematically 
you could add them up, but the number you would obtain 
would have no real-world significance. But, perhaps 
it would, and you just have to think of the appropriate 
situation for it? (Note 3)

Returning to the original question about why we can’t 
have ‘distance + time’, my difficulty is that the correct 
formula,

is no more obviously acceptable, from a dimensional 
point of view, than the incorrect one – unless you happen 
to be already familiar with units like ‘metres per second’. 
Why do we say that ‘metres plus seconds’ is ridiculous 
but ‘metres divided by seconds’ is fine? Isn’t this a bit 
odd? How can you possibly divide a metre by a second? 
They are in different units!

There doesn’t seem to be a pure mathematical way 
to resolve this. Certainly, some quantities have useful 

properties in the world and others don’t seem to (or 
perhaps their usefulness has not yet been realized?). But, 
in that case, there is nothing mathematically wrong with 
distance + time; it just probably isn’t going to be very 
useful. However, it does seem that there is something 
fundamentally different about 

multiplication/division
versus

addition/subtraction

in terms of what it makes sense to do.

To take a different example, what would happen if we 
multiplied a force by a distance? Someone might ask: 
How can you possibly multiply a newton by a metre? 
What on earth would you get? Well, you would get a 
‘newton-metre’ – it just so happens that we have an 
alternative name for that, ‘the joule’, which sounds 
more respectable, but on the face of it it’s still an odd 
combination of units. And there are far odder ones 
throughout science. There is certainly no rule against 
strange combinations of units, whether they are given 
single names or not. (Note 4)

Rather than relying on rules about what is ‘allowed’, we 
should be thinking about meaning. The Nobel-prize-
winning physicist Richard Feynman (1992) described 
reviewing some school textbooks, in one of which some 
values were given for the temperature of different-
coloured stars. He was mildly irritated that they referred 
to green and violet stars, which don’t exist, but what 
really annoyed him was the subsequent question:

  John sees two blue stars and a red star. His father sees 
a green star, a violet star, and two yellow stars. What is 
the total temperature of the stars seen by John and his 
father? (Feynman, 1992, pp. 293–294)

He was outraged that there was ‘no purpose whatsoever 
in adding the temperature of two stars’, describing it as 
just ‘a game to get you to add’. Just because something 
may be in the same units (here temperature) and, in 
some sense, can be added, does not mean that there is 
necessarily any purpose in doing so. Perhaps adding 
temperatures might make sense if you wanted to 
calculate the mean temperature for some reason (Note 
5); by extension to that, I suppose you could say that 
multiplying the temperatures together could make sense 
if you wanted to calculate the geometric mean.

Dimensions are a powerful idea – I remember being 
astonished at school to see how knowledge of dimensions 
could enable you to work out the formula for something 
like the time period of a pendulum (up to a constant) – 
and even see that mass wasn’t involved – which almost 
seemed too good to be true. But it seems that there is no 
rule from dimensions that can function as an alternative 
to thinking about what you are doing. Even when marking 
a mathematics test, does it really make sense to add up a 
pupil’s mark on question 1 and their mark on question 2, 

speed =
distance

time
,
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if those questions happen to relate to completely different 
topics? By themselves, dimensions are a problematic way 
of deciding what we should or shouldn’t be doing.

Notes
1.  See http://www.nhs.uk/Livewell/5ADAY/Pages/Why5ADAY.aspx

2.  The latter may be more common in mathematics and the former 
in science.

3.  This reminds me of that sixth-form question: “If you integrate 
acceleration, you get velocity; if you integrate velocity, you get 
displacement. So what do you get if you integrate displacement?”

4.  Torque is measured in newton-metres (N m), and this is dimension-
ally equivalent to the joule, the unit of work or energy. But this 
dimensional equivalence doesn’t mean that it would be sensible to 
add a torque to an energy. In fact, rotational work is calculated by 
multiplying a torque by an angle, in radians, which is dimensionless.

5.  It certainly would make sense to add temperatures if you were 
adding a starting temperature and a temperature increase to find 
a final temperature.
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The Problem 

A given convex quadrilateral which is not a trapezium.

MN is the midpoint section of the side AD and BC, as 
shown in Figure 1.

It must be proved that      

Fig. 1

The Proof

The point K is the midpoint of the AC section as in Figure 
2 (AK = KC).

 

 
Equality exists when ABCD is a trapezium.

Fig. 2

Below is a link to a GeoGebra applet that demonstrates 
the inequality between the lengths of the segments. It 
is possible to drag any of the vertices of quadrilateral 
ABCD and thus change the lengths of its sides and angles. 
In any situation the inequality exists, except where the 
quadrilateral becomes a trapezium. https://www.
geogebra.org/m/g6uTHHuR

Proof without Words
by Moshe M. Stupel and Jay Jahangiri
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B
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2

>MN.

MN<MK+KN	=	1
2
DC+ 1

2
AB	=	 AB+DC

2
	.
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Instructions Coding (Linear Equations) 

The alphabet has been coded. Each letter has been replaced with a number. 
Your job is to find out what numbers have replaced what letters, decode the 
message and follow its instructions.

3A - 12 = 24 
17 = 2O + 1 

Coding Solve Linear Eq. 
1.1

3V+25 = 100 

Coding Solve Linear Eq. 
1.2

2(M – 1) = 26 
2N – 2 = N + 19  
Coding Solve Linear Eq. 

1.3

3B + 2 = B + 16  

Coding Solve Linear Eq. 
1.4

10 + 3W = 25 

Coding Solve Linear Eq. 
1.5

5L + 1 = 7L - 3  

Coding Solve Linear Eq. 
1.6

3R – 8 = 40 

Coding Solve Linear Eq. 
1.7

P – 30 = -8  

Coding Solve Linear Eq. 
1.8

3K – 16 = K + 24 

Coding Solve Linear Eq. 
1.9

31 = 3(Z + 1) - 2 
7I – 10 = 5I + 24 
Coding Solve Linear Eq. 

1.10

5Q – 6 = 2Q + 6  

Coding Solve Linear Eq. 
1.11

4(C+1) = 80 

Coding Solve Linear Eq. 
1.12

10 + 2F = F + 28  
3S = 4S - 6 

Coding Solve Linear Eq. 
1.13

7(D – 1) = 0 
10 – 2E = - 16

Coding Solve Linear Eq. 
1.14

5Y + 8 = 3Y + 60 
3U – 25 = U + 5 
Coding Solve Linear Eq. 

1.15

10 - 4G = -2 
4H – 10 = 3H + 1  
Coding Solve Linear Eq. 

1.16

100 = 4T + 4 
6X – 30 = 4X + 16 
Coding Solve Linear Eq. 

1.17

10 - 2J = J - 17  

Coding Solve Linear Eq. 
1.18

by Rachael Horsman

Instructions Coding
(Linear Equations)
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Message  

5 13 2 2 1 8 21 13 26 8 15 11 12 25 13

1 13 19 8 1 13 1 24 11 13

12 2 22 11 12 7 13 24 21 8 5 26 8 15  

19 12 21  19 8 2 2 13 19 24 26 8 15 16  

22 16 17 10 13  7 26 14 12 24 19 11 17 21 3

13 12 19 11 6 19 13 21 12 16 17 8 5 17 24 11

24 11 13  19 8 16 16 13 19 24

13 4 15 12 24 17 8 21

Solution 

a b c d e f g h i j k l m
12 7 19 1 13 18 3 11 17 9 20 2 14
n o p q r s t u v w x y z
21 8 22 4 16 6 24 15 25 5 23 26 10

Message

Well done: you have decoded the alphabet. Now match each scenario with the 
correct equation. 
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A favourite starting point for teaching mechanics is very 
likely to be kinematics and projectile motion, not least 
because students will already have met the so-called 
‘suvat equations’ in GCSE mathematics and science. 
Further, these two topics seem to avoid having to deal 
with Newton’s laws, indeed anything to do with forces at 
all. This is true of kinematics, the study of motion without 
considering what might be the causes of the motion, but 
it is not true of projectile motion as we shall see.

Kinematics: suvat Equations

The introduction to the suvat equations at GCSE will 
probably have been through graphs. The constant 
acceleration, a, is the gradient of a velocity–time graph 
and the equation v = u + at emerges by comparison with 
the equation of the straight line, y = mx + c. The distance 
travelled, s, is then the area under the velocity–time 
graph and so we have s 	=	ut + 12at

2. And the equation  
v2 = u2 + 2as follows by substituting for t from v = u + at  
into                      .
But whilst these equations might be revisited by the 
methods above, are they the most appropriate methods 
at A level and what is more, are they the most appropriate 
methods for study beyond A level? The answer to both 
questions is without doubt that they are not.

First, because we now have the calculus available and 
if we are dealing with acceleration as a scalar then why 
not use the calculus to derive the basic equations? This 
not only shows the application of a recently acquired 
and very powerful tool but is an introduction to solving 
simple differential equations, a topic in A level and in 
degree level work, and the use of initial conditions to 
establish constants arising from the integration. 

Therefore we begin with a particle at an origin O, moving 
in a straight line with initial velocity u and a constant 
acceleration a:

 

 
Integrating both sides with respect to t, we have:

 

where c is a constant of integration.

When
 
t 	=	0,	ds

dt
	=	u,	 the initial velocity and so at time t, 

 
Integrating again with respect to t, we have:

 

 
where k is a constant of integration.

When t = 0, s = 0, since the particle is at the origin, and so 
k = 0, giving:

  

Projectiles and Vectors

Second, again because we now have the calculus available 
and we have to introduce vectors and the beginnings of 
vector calculus, the graphical interpretation is no longer 
valid. Since the dimension of 

rr  is unstated, and it may 
well be of dimension n in work at university, the distance 
travelled is not the area under a graph; in general we do 
not have a graph at all! This also means that we cannot 
and should not write down the vector statements by 
direct comparison with the equations we have derived 
graphically. The vector statements represent different 
quantities, vector quantities, and must be derived 
by methods in keeping with the quantities that they 
represent. 

We will use projectiles as an example of the use of vectors 
in the description of motion but first a word about the 
notation associated with vectors. The position vector of 
the point P with respect to an origin O, is represented 
variously by, r, r ,	r , 	rr , depending upon the examination 
board or the texbook used. Which is chosen matters 
not, so long as students are aware that there are several 
possibilities and that they need to be able to work equally 
fluently with all of them. Next is how components are 
dealt with. Here we sometimes see the use of i, j, k to 
represent the components of vectors in the three mutually 
perpendicular directions, x, y, and z. Alternatively, we may 
use column vectors. In what follows, the i, j, k notation 

TEACHING NEWTONIAN MECHANICS: 

KINEMATICS AND PROJECTILES
by Tom Roper

s 	=	ut + 12at
2

d2s
dt2

=a.

ds
dt
	=	at +c ,

ds
dt
= v =u+at .

s 	=	ut + 1
2
at2 +k ,

s 	=	ut + 1
2
at2.

20-21-Roper kinematics.indd   20 06/12/2018   16:25



Mathematics in School, January 2019      The MA website www.m-a.org.uk 21

will be used because it forces us to consider what the 
derivatives of i, j, k are, respectively. They are of course 
all zero, because each is constant in both magnitude and 
direction; the use of column vectors hides this fact. 

So let us now consider a particle projected from an origin 
O with an initial velocity  u whose direction is at an angle 
θ to the horizontal (Fig. 1).

Fig. 1

Ignoring air resistance the force acting upon the particle 
is its weight, mg, acting vertically downwards; so applying         
F =ma 	we have:

 

 

 
Integrating with respect to time we obtain:

 

 
where c is a vector constant of integration.

When t = 0,

 
Integrating a second time with respect to time we obtain:

 

 
where C is a vector constant of integration.

Therefore we have

What we appear to have are two equations, one for v  
and one for r  but in fact there are six equations. The two 
components of acceleration, 0 and –g, in the x and y or 
i and j directions, respectively, the two components of 
velocity, ucosq and usinqt − gt ,  and the two components 
of the displacement, ucosqt  and usinqt − 1

2
gt2.  

From these six equations we may derive everything 
we need to know about the projectile and its path. The 
standard results, e.g. the greatest height attained, the range, 
etc. do not appear to be required by the examination boards 
but nevertheless no study of projectile motion would be 
complete without obtaining these standard results.

.
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mg
θ

y

x

u

O

F =ma =−mgj

a 	=	d
2r
dt2

	=	− gj.

dr
dt
	=	v 	=	c − gtj

v 	=	u 	=	c 	and	c 	=	ucosqi+usinqj.

So	we	have	v 	=	ucosqi+ usinq− gt( ) j.

r 	=	ucosqti+ usinqt − 1
2
gt2

⎛
⎝⎜

⎞
⎠⎟
j +C

When	t 	=	0,	r 	=	0i+0 j 	and	so	C 	=	0.

r 	=	ucosqti+ usinqt − 1
2
gt2

⎛
⎝⎜

⎞
⎠⎟
j.
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Introduction

If we have any linear polynomial, ax + b = 0, it is easy to 
come up with the algebraic solution for any a and b. The 
answer is simply x = –b/a.

We also know that for quadratic polynomials,  
ax2 + bx + c = 0, we can find the roots for any a, b and c 
from the formula:

But there exist polynomials of higher degree. There 
are equations for cubic and quartic (or biquadratic 
polynomials) but there is no analogous formula for 
polynomials of degree 5. In 1826, Nils Henrik Abel (1802–
1829) proved that there simply cannot be such a formula.

Completing the Square

If ax2 + bx + c = 0, then dividing by a and rearranging we 
get:

Adding a suitable constant on both sides, we have

 

 
so that,

And that is how the famous equation is derived.

But how do we work with: ax3 + bx2 +cx + d = 0 ?

Completing the Cube

A formula for solving cubic equations can be found, 
though it is cumbersome to derive and it has its own set 
of exceptions: 

(1) The formula can deduce only real roots and 
coefficients a, b, c have to be related in a way that it forms 
a regular cube.

(2) There will only be two cases, one where all roots 
are equal and the other when there is only one real root 
because the polynomial intersects the x-axis once. Note 
here that the constant d, shifts the graph of the cubic 
vertically.

 
Relation between Coefficients

The general cubic equation, ax3 + bx2 +cx + d = 0

can be rewritten as: x3+ bx
2

a
+
cx
a
+
d
a
	=	0.

We make a comparison with (x + y)3 = 0, which in its 
expanded form is:

Solving Cubic 
Equations

 
 

by Sachit Misra

x 	=	−b± b2−4ac
2a

	.

1x

x + 11
2

x2
+ 2xx2

1

1

x

x

x2+ bx
a
=−

c
a
	.

x2+ bx
a
+
b2

4a2
	=	 b

2

4a2
−
c
a
	,

x + b
2a

⎛
⎝⎜

⎞
⎠⎟

2

	=	b
2 −4ac
4a2

	.

x 	=	 −b
2a
± b2 −4ac

4a2
	=	 −b± b2 −4ac

2a
	.
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x3 + 3x2y +3xy2 = y3 = 0. 

Equating terms, we have:

 

 
or 
 
 
Hence

 

 
Now that we have this relationship, let us see if it really 
works.

Example

(3x + 7)3 = 0 can be expanded to give

27x3 + 189x2 + 441 x2 + 343 = 0.

Check if the relationship holds:
 
 
 

Derivation of Cubic Formula

The cubic expression ax3 +bx2 + cx + d is a perfect cube if 
b	=	 3ac . Then the associated cubic equation becomes:

 
(1)

We have all that we need to derive the cubic equation 
because

 

expands to give

 

 

(2)

Equations (1) and (2) share the same first three  
terms. We will add and subtract the 4th term to nullify 
the effect: 

(3)

which is the same as equation (1).

Therefore:

We notice that bc – 9ad is effectively a discriminant, so 
that real roots are yielded when it is positive and complex 
roots when it is negative. 

Try it Out

Take any cubic polynomial with b2 = 3ac with any 
arbitrary value for d and apply the derived formula.

Extensions 

The same approach can be used for quartic, quintic, 
sextic and even higher degree polynomials, but only if all 
the roots are equal. The reason that quartic and quintic 
formulas have not been made is that we are not trained 
to visualize dimensions more than three and hence it is 
difficult for us to generalize formulas for higher degree 
polynomials. We may not be able to solve these formulas 
by hand, but with modern day computing it is possible to 
find roots of polynomials having degrees in thousands if 
not millions.

The cubic equation capable of handling any cubic 
polynomial and giving all three roots was first published 
by Cardano in 1545, and can be researched easily online. 
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=	b.

x3 + 3ac 	x2

a
+ cx
a
+ d
a
	=	0.																																																																		 1( )

x+ b
3a

⎛

⎝
⎜

⎞

⎠
⎟

3

	=	 x+ 3ac
3a

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

3

x3 +3. 3ac 	x
2

3a
+3.

3ac( )2 x
3a( )2

+
3ac( )3
3a( )3

=	x3 + 3ac 	x2

a
+ cx
a
+

3ac( )3
3a( )3

.

x3+ 3ac 	x2

a
+
cx
a
+

3ac( )
3

3a( )
3
−

3ac( )
3

3a( )
3
+
d
a
	=	0																																																 3( )

x+ 3ac
3a

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

3

−
3ac( )3

3a( )3
+ d

a
0

⇒ x+ 3ac
3a

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

3

=

=

3ac( )3

a( )3
− d

a

=

c 3ac( )−9ad

9a2
 .
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The equation x2 + x – 2 is a quadratic, because the highest 
power of x is 2, and the equation has two solutions:  
x = –2 and x = 1. These values are called the ‘roots’ of the 
equation and we teach a method and a formula that will 
find them if they exist. The quadratic is a fully solvable 
problem at high school level but I would not write an 
article on ‘exploration into quadratics’. There is not 
really enough there to explore. When I was at school, I 
remember asking my teacher if there was a formula like 
the quadratic formula that would solve cubic equations, 
like x3 + x2 + x – 2 = 0.

He gave the sensible answer “Try to find one simple root 
first”. And this was good advice because by guessing and 
testing we could see fairly soon that x = –2 is one of the 
roots. Then we could ‘factor out’ that root to write the 
equation as (x + 2)(x2 – x + 1) = 0. So my teacher’s advice 
worked and I was able to use it to reduce the cubic to a 
linear factor and a quadratic factor, which I knew how to 
deal with. But it was not really satisfying since it depended 
on there being a simple root, like x = –2, which was easy 
to guess. If there were no simple integer roots it would 
be more troublesome. In general, we need a formula, and 
there is one. The reason my teacher did not show it to 
me is that he thought it was too complicated. But I don’t 
think so and am going to show it to you. The method 
has a long history, dating from the Tang Dynasty in 7th 
century China through to Persia in the 12th century, but 
it was properly established in Italy and France in the 16th 
century. 

There was a French mathematician working at the end 
of the 16th Century named Francois Vieté, but he was 
better known by his Latinized name Franciscus Vieta. He 
considered the equation 

which, if multiplied through by w3, becomes the equation

w6 – qw3 – p = 0,

which is a quadratic equation with w3 as the variable and 
so, using the quadratic formula, it has the solution

Vieta, with a touch of genius, realized that a very famous 
cubic equation written as x3 + px – q = 0, translated into 
his equation

if he made an inspired substitution, setting

Your Turn (1)

The Binomial Formula says that 

(a + b)3 = a3 + 3a2b + 3ab2 + b3.

Substitute x =w− p
3w

	. into the expression x3 + px – q, expand 
out the cubic term and simplify to get the equivalent 
expression

Then all Vieta had to do was substitute two new variables

into the equation

and it had the neat and simple solution

 

And since x3 + px – q = 0 and

are the same equation, the first equation has the same 
solution as the second when you make the substitution 
of x for w. Hurray! A thousand-year-old problem solved.

Your Turn (2)

Write the solution to Vieta’s quadratic equation using the 
quadratic formula with p and q. Make the substitution

An Exploration into 

Cubics
by Nigel Derby

w3−
p3

27w3
−q=0,

w3 = q± q2+4p
2

	.

w3−
p3

27w3
−q=0,

x =w− p
3w

	.

w3−
p3

27w3
−q.

P = p
3
	and	Q= q

2

w3−
p3

27w3
−q=0,

w3 =Q± Q2+P3 	.

w3−
p3

27w3
−q=0

P = p
3
	and	Q= q

2
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and simplify to get the solution,

I said that x3 + px – q = 0 was a very famous cubic 
equation, and it was very famous in Vieta’s time, at least 
to mathematicians. This equation had been studied, or 
you might say squabbled over, by a small group of Italian 
mathematicians fifty years before Vieta. They squabbled 
over who discovered what first, and who stole what from 
whom. Their names include Scipione del Ferro, Niccolo 
Tartaglia and Girolamo Cardano. Mathematics today is 
a civilized process in which mathematicians earn their 
living by making discoveries and writing them up in 
internationally respected journals. It was not like that 
then. There were no journals in which to publish your 
discoveries. There were not even widely-recognized 
symbols in which to write your mathematics. Equations 
were mostly stated in words, usually in Latin. It is said 
that Tartaglia passed his formula for the cubic to Cardano 
in the form of a poem, swearing him to secrecy about 
it until Tartaglia had the chance to write his own book, 
establishing himself as the discoverer. He never forgave 
Cardano for apparently breaking his oath. Mathematics 
had the status at the time as something like a mystic art 
known to a select few. In Germany and Britain it was 
known as the Cossic Art, from the Italian word ‘cosa’ 
meaning a ‘thing’. Renaissance mathematicians used the 
word to mean the unknown quantity to be found, which 
we now often call x or y or z. 

Let’s try an application of Vieta’s method. I chose the 
simplest example I could by picking ‘nice’ values for p and 
q, and got x3 + 3x – 4 = 0, where P = p

3
=1	and	Q= q

2
=2.	So

Now, we might spot an easy solution to this equation 
straight away. But let’s see what happens if we dive 
straight into the method. Recall that

 

so

 

and since we should ‘rationalize the denominator’, we write 

2± 5( )−
1
3 	as	– 2± 5( )

1
3 	and	get		x = 2+ 5( )

1
3 + 2− 5( )−

1
3 .

Note that since the expression is symmetrical in +/–, 
the +/– term before the square root has been removed. 
Henceforth, all roots in the expression for x will be 
positive. So we have our answer, sort of.

Your Turn (3)

Show that if

then

 

Now rationalize the denominator by multiplying 

throughout by Q− Q2+P3( )
1
3

 
and show that x 	=	w− p

3w

=	 Q+ Q2+P3( )
1
3 + Q− Q2+P3( )

1
3 ,

  
 

where

 

When the value 2+ 5( )
1
3 + 2− 5( )

1
3  is put into the 

calculator the answer given is 1! How does that happen? 

The calculator gives the number 2+ 5( )
1
3  as 1.618…  

Perhaps we should recognize this number? It is equal 
to 1

2
1+ 5( ) and is usually given the symbol φ, the golden 

ratio. 

  

 

The root is 1.  

Your Turn (4)

φ is one of the two roots of the equation x2 + x – 1 = 0. 
Using the diagram below, set a = 1 and a + b = x and by 
requiring that sides of the big rectangle (a + b) × b and 
the small rectangle (a × b) are in the same proportion, 
derive the equation above.

Also, show that since

 
and the calculator tells us that w = φ, with φ defined by  
the equation φ=1+ 1

φ
	,  then x is necessarily 1.

We have found a solution to our equation and it is x = 1. 
Cardano and Vieta would have stopped there. They were 
getting hints of other solutions but they were solutions of 
a strange and disturbing nature. These mathematicians 
were not entirely comfortable with negative numbers. So 
the square roots of negative numbers were altogether too 
much for them to deal with. These days mathematics is 
quite comfortable with both negative numbers and their 

w3 =Q± Q2+P3 .

w3 =2	±	 22+13 =2	±	 5	.

x =w− p
3w

x = 2± 5( )
1
3 − 2± 5( )

–1
3 ,

w 	=	Q+ Q2+P3

p
3w

	=	 P

Q+ Q2 +P3( )
1
3

	.

x 	=	w− p
3w

=	 Q+ Q2+P3( )
1
3 + Q− Q2+P3( )

1
3 ,

P 	=	 p
3
	and	Q	=	q

2
	.

2− 5( )
1
3 	=	−0.618…	=	1−φ	=	1

2
1− 5( ).

So	 2+ 5( )
1
3 + 2− 5( )

1
3 	=	φ+ 1−φ( ) 	=	1.

a

a + b

ba

x 	=	w− p
3w

	,
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square roots, which are called complex numbers. This 
reminds me of a quote from the great mathematician John 
von Neumann – “In mathematics you don’t understand 
things. You just get used to them.” 

We now know that a cubic will always have three real 
roots, or one real root and two complex roots. So we will 
need to look for two more roots. To proceed from here 
we need to make use of complex numbers. Let’s look at a 
famous cubic equation from the 16th century.

In the middle of that century, the mathematician 
Girolamo Cardano had found a solution to the particular 
cubic equation z3 – 15z – 4 = 0, but it involved the square 
root of –121 which baffled him. Using the method we 
have just used,

 

  
 
So Cardano had found the root

 

 
He stopped there, unable to conceive how to proceed 
from such a strange thing. 

(We note at this point that the cubics we have considered 
are all of the form z3 + pz – q = 0. This kind is much easier 
than those with a term in z2. But it often turns out that 
with a bit of ingenious fiddling you can get rid of awkward 
problems, including a term in z2 if need be.)

Your Turn (5)

Start with the general cubic equation

x3 + a2x2 + a1x – a0 = 0.

Make the substitution

and rearrange to get z3 + pz – q = 0. p and q defined in 
terms of a2, a1 and a0.  

Some time after Cardano left his puzzling solution, the 
Italian mathematician Rafael Bombelli tried to make 
sense of it. The equation was not written in the neat form 
we have here, of course. There was no agreed notation 
at all for arithmetic, not even a plus sign, a minus sign or 
equals sign. So, as others had done, Bombelli invented his 
own method. 

We see opposite a page from Bombelli’s Algebra, published 
in 1572, in which he describes the rules for complex 
multiplication. Bombelli was not sure what −1  was. 
He called the new number ‘plus of minus’. We now know 
it as the complex number i. But he proved himself to be 
an excellent mathematician by ignoring what it was and 
figuring out what it did. He clearly stated consistent rules 

for arithmetic with this new number. The first of the three 
rules pictured translates as “plus times plus of minus 
equals plus of minus” or, as we should say, 1 × i = i. The fifth 
line says “plus of minus times plus of minus equals minus” 
or, as we would say i2 = –1, a breakthrough indeed. 

Above we see where he solves our problem in a neat 
and economical way. The first symbol is a 3 (the familiar 
symbols for digits were established by this time) and it 
seems to be sitting in a boat

This is our x3. A similar symbol before the p on the next 
line is a “1 in a boat”

and this is our x. So the equation at the top reads  
x3 = 15x + 4.

Bombelli noted two key things; firstly, that 
−121	=	11 −1 , secondly that by using his rules for 

arithmetic for the magic “plus of minus”

 

 
and 

So 2+11 −1  and 2−11 −1  were the cube roots of the 
two terms in the solution and when added together they, 
of course, gave the answer, 4. Cardano knew this ought to 
be the case but did not know why. Bombelli had made it 
clear.

P 	=	−15
3
	=	−5,	Q	=	 4

2
	=	2,	and

Q+ Q2+P3 	=	2+ 4−125	=	2+ −121.

z 	=	 2+ −121( )
1
3 + 2− −121( )

1
3 .

x 	=	z−
a2
3

2+ −1( )
3

	=	2+11 −1

2− −1( )
3

	=	2−11 −1	.
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I will not deprive you of the fun of translating the text 
above to see this happening, but I will say that “R.q” 
means the square root, “R.c” means the cube root, 
“p.di.m” is short for “pui di meno” (our i, the square root 
of –1) and the symbol that looks like a capital L and its 
reflected twin are Bombelli’s brackets ( ). 

I have the greatest admiration for all those hard-working, 
head-scratching mathematicians struggling with these 
strange new numbers in those times when they had no 
agreed language or symbols to write equations in. They 
persevered, trying to make sense and structure of this 
strange new world and over time pulled them out of their 
fog of obscurity into clear definition, so that they became 
a reliable and essential foundation of mathematics. 
Without them the many discoveries of the Enlightenment 
and after, that gave us the world we have today, would not 
have been possible.

Your Turn (6)

Show that 

 
and  

Translate Bombelli’s method to show it is a statement of 
our method of solving the problem.

Bombelli did not know that there are three cubic roots 
of any number and three roots of any cubic equation, 
so did not go on to find all three. That discovery (of 
what came to be called the Fundamental Theorem of 
Algebra) and putting algebra and complex numbers 
on a firm foundation was left to the next generation of 
mathematicians – Euler, Gauss and Cauchy.
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Last time…

In part 1 of this article, we developed a coding system to 
describe the angle patterns in simple orthogonal polygons 
(SOPs). These are polygons whose adjacent sides are 
perpendicular; so their interior angles are either a right 
angle (R) or 270° (T). We also showed that SOPs must 
have an even number (n) of vertices and that if r and t 
represent the number of R and T angles, respectively,  
r = t + 4 (as well as r + t = n).

Through a number of iterations we arrived at a code that 
comprises the number of R angles between each pair 
of T angles (where T angles occur consecutively on the 
perimeter, 0 is used). So the code for the following 8-SOP 
is [3.3].

Answers!

We also asked that you have a look at the codes for 10-
SOPs. You should have found that as n = 10, r = 7 and t = 3, 
which means that the code will have three elements that 
total 7.

The possible codes are shown in the panel alongside, 
with typical illustrations (remember that reversals and 
cyclic permutations don’t affect the outcome).

For 12-SOP codes, there will be four elements that total 8. 
Here they are, then, if you insist…

[8.0.0.0] [5.3.0.0]
[5.0.3.0]
[5.2.1.0]
[5.2.0.1]
[5.0.2.1]
[5.1.1.1]

[4.4.0.0]
[4.0.4.0]
[4.3.1.0]
[4.3.0.1]
[4.0.3.1]
[4.2.2.0]
[4.2.0.2]
[4.2.1.1]
[4.1.2.1]

[3.3.2.0]
[3.2.3.0]
[3.3.1.1]
[3.1.3.1]
[3.2.2.1]
[3.2.1.2]

[7.1.0.0]
[7.0.1.0]

[6.2.0.0]
[6.0.2.0]
[6.1.1.0]
[6.1.0.1] [2.2.2.2]

[7.0.0]                                 [6.1.0]

[5.2.0]                                 [4.3.0]

[5.1.1]                                 [4.2.1]

[3.2.2]                                 [3.3.1]

Simple Orthogonal Polygons
Approaching polyominoes 
from the ‘right’ angle             Part 2

by Rob Kearsley Bullen
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[5.0.0.5.0.0]

[3.0.3.0.3.0.3.0]

Any particular element of a code can be represented as 
a section of the perimeter of its parent SOP. For example, 
the 4s of [4.4.0.0] look like this:

   and   

The second is congruent to the first, reflected and 
rotated 90° clockwise, which obviously contributes to 
the symmetry.

These were my initial conjectures as to the rules 
governing symmetry. Are they correct?

•	 If a code contains at least one repeated element, 
it’s possible to design a SOP with at least one line 
of symmetry, though rotational symmetry is not 
guaranteed. [4.4.0.0] and [8.0.0.0] are examples. 

•	 If a code consists of k repeated groups of elements, 
it’s possible to design a SOP with k lines of symmetry 
and k-fold rotational symmetry. [5.0.0.5.0.0] (k = 2) 
and [3.0.3.0.3.0.3.0] (k = 4) are examples.

Also, this leads to another question: are there any codes 
that will generate SOPs which can only have rotational 
symmetry? We need to be careful with this one, too 
– remember that we can easily design the reflection 
symmetry out of a SOP, as seen with [3.3] above. What 
we want to know now is whether there are SOPs that 
can have rotational symmetry, but can’t have reflection 
symmetry.

Symmetry

Did you notice that some of the codes are in red, and if so, 
did you wonder why?

All of the SOPs with red codes can be designed so that they 
have some form of symmetry. They don’t automatically 
have symmetry: this only happens with a suitable choice 
of side lengths. Here are some examples:

[3.3] with bilateral and rotation symmetry

with rotation 
symmetry only

asymmetric

[4.4.0.0]

[4.0.4.0]

[8.0.0.0]
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So it’s time to revise the rules in the light of these results. 
This is what appears to be the case:

•	 If a code reads the same in both directions, it’s 
possible to design a SOP with at least one line 
of symmetry, though rotational symmetry is not 
guaranteed. 

•	 If a code consists of k repeated groups of elements, 
it’s possible to design a SOP with k-fold rotational 
symmetry. 

•	 If both of the above conditions are satisfied, the SOP 
can potentially have both k lines of symmetry and 
k-fold rotational symmetry. 

This explains why, for example, [4.2] can be symmetrical, 
even though its code does not contain any repeated 
elements.

Notation, Notation, Notation

You could argue that there’s now a good case for 
compressing codes that contain repeated elements, so 
that, for example, [4.0.1.1.4.0.1.1] and [3.0.3.0.3.0.3.0] 
could become 2[4.0.1.1] and 4[3.0], or even [4.0.1.1]2 and 
[3.0]4, respectively. 

I’m not convinced, because although these variants do 
make the potential symmetry aspects more explicit, 
they are conceptually more complex and might not suit 
learners who are uncomfortable with other types of 
formal mathematical notation.

Questions

‘Polyominoes, then?’, we hear you cry. Honestly, we will 
talk about them next time. Symmetry is fascinating, 
though!

In the meantime, why not have a look at a group of 
favourite polyominoes (the pentominoes, perhaps, or 
just the tetrominoes if you’re pushed for time), write 
down their codes and clocks, and satisfy yourself that my 
symmetry rules work?

Code Clocks

To help us make sense of this, a graphical device is useful. 
Spacing elements equally around the circumference of a 
circle allows the code to reveal the possible symmetries 
of the associated SOP. Here are the ‘code clocks’ for the 
symmetrical SOPs illustrated earlier. Lines of symmetry 
have been added, and the order of rotational symmetry is 
given in the centre of the clock, where appropriate.

[3.3] [4.4.0.0]

[4.0.4.0] [8.0.0.0]

[5.0.0.5.0.0] [3.0.3.0.3.0.3.0]

This makes it clear that having a repeated element is not 
sufficient to allow reflective symmetry: what’s important 
is that the code reads the same (cyclically) in both 
directions. This happens automatically in shorter codes, 
but it’s possible to generate longer ones where this is not 
the case. Consider [4.0.1.1.4.0.1.1], for example.

This is its clock.

And, fortuitously, this also answers the 
question about rotational symmetry 
without reflective symmetry. Here’s a 
diagram of one possible configuration.

It should be obvious that no amount of manipulation 
could ever introduce any lines of symmetry into this SOP, 
thanks to the ‘hooks’ at the extremities.

However, [4.1.0.1.4.1.0.1] has this clock:

Here is a possible configuration.
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NUMBERS ACROSS (LARGE LETTERS)

A
B
D
E
F
G
H
I
J
M
N
Q
R
T

2g
Half of N
Ascending sequence, step 1 
B reversed
3H
7f2g2 = 7 × f × f × g × g 
Prime number
Days in a fortnight
7afgH = 7 × a × f × g × H 
Square number
23 × 32

Multiple of R
B + t
g²

numbers down (small letters)

a square root of e
b prime number
d afgm = a × f × g × m
e 400 – 3g
f g – 2
g 2² + 3²
h square of 2f
i 5J / a
j 2T
m 3t
n multiple of f
q multiple of g
r 3(g + 4)
t square number

C R O S S
N U M B E R

P U Z Z L E S

09-12-Cross No Puzzle 2.4 22/3/18 11:56 Page 1
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No secondary school textbook that I ever came across 
explained how the prescribed solutions of second-order 
differential equations of the form

 
                                     (b, c constant) (1)

 
were derived. We were instructed to solve the quadratic 
equation

D2 + bD + c =0 (2) 

and write down the solutions of (1) in one of three forms 
according to the nature of the roots of (2). In retirement 
I saw, in another context in a university textbook, a 
suggested substitution, namely to put

 

 
and this clue opened up a treasure trove of lovely 
secondary school mathematics.

I shall illustrate this treasure by considering the equation

    (3)

We know how to solve first-order differential equations, 
so we try putting z = dy/dx to reduce the order of the 
equation. (3) now becomes

 

 
The 6y term stops this being a soluble first-order equation 
in z. We now try the substitution

 
                          (D constant)        (4)

(–D works out more nicely than +D) From (4) we deduce 

   (5)

 
Using (5) in (3), 

Using (4), 

 

      (6)

To eliminate the y term, choose D such that 

D2 – 5D + 6 =0         (7)

(The similarity in form to (3) is obvious.) From (7),  
D = 3 or 2 Suppose we choose the former. Then (6) becomes 

 

 
The integrating factor (I.F.) is e ∫

−2dx
	=	e−2x .

Therefore,

 

 

 
From (4), 

 
Therefore,

 

 

 
 e–3xy = –Ae–x + B.           (B constant) 
 y = –Ae2x + Be3x

 y = Ce2x + Be3x            [C = –A]

which is the usual prescribed result.

For the Reader

To find the other two seemingly strange forms laid down 
as solutions by the prescribed rules, try solving the two 

A MATHEMATICAL CONJURING TRICK

by William Wilson

d2 y
dx2

+bdy
dx

+ cy 	=	0

z 	=	 dy
dx

+ky

d2 y
dx2

−5dy
dx

+6 y 	=	0.																			

dz
dx

−5z +6 y 	=	0.

z 	=	 dy
dx

−Dy.

d2 y
dx2

	=	 dz
dx

+Ddy
dx
	.																																		

dz
dx

+Ddy
dx

−5dy
dx

+6 y 	=	0.

dz
dx

+ D−5( ) z +Dy( )+6 y 	=	0,

⇒					dz
dx

+ D−5( )z + D2 −5D+6( ) y 	=	0.

dz
dx

−2z 	=	0.

e−2x dz
dx

−2e−2xz 	=	0,

d
dx

e−2xz( ) 	=	0,
e−2xz 	=	A, 	a	constant

z 	=	Ae2x .

dy
dx

−3y 	=	Ae2x .

I.F.	=	e∫
−3dx

	=	e−3x .

e−3x dy
dx

−3e−3x y 	=	Ae− x ,

d
dx

e−3x y⎡⎣ ⎤⎦ 	=	Ae
− x ,
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equations below:

 

 
 
Now repeat for 

 

 
where b and c are constants. (The formula for the sum of 
the roots of a quadratic equation will help.)

Finally, show that the technique extends to third order 
and to nth order differential equations.

Keywords: Differential equations.

Author   William Wilson.
e-mail:  williamwilson2935@talktalk.net
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dx2

+bdy
dx

+ cy 	=	0

The Mathematical Association 
Calendar 2019 
The Mathematical Association
ISBN: 0723794502023
£6 each (or £5 for 2 or more)

There are many different ways to use 
images in the mathematics classroom, 
such as having explicitly mathematical 
diagrams (like the 100-square) or diagrams 
to which mathematical techniques can 
easily be applied (for example arrays 
of objects that can be counted using 
multiplication).

The Mathematical Association Calendar 
2019 takes a different approach. Each 
image inside the calendar is a high-
quality A4 photograph of something that, 
in most cases, was not created with the 
intention of being overtly mathematical. 
There is a fairground carousel, a raft of 
ducklings, a row of stepping stones and, 
my favourite, a sand dune with dozens of 
rusting anchors all pointing in the same 
direction. Below the picture is another A4-
sized page. The left-hand two-thirds is the 
calendar for that month, with space next 
to each number/day to write in events. 
Weekends are shaded, and some key 
dates have been added already, including 
bank holidays (for all parts of the UK) and 
some mathematical events (pi day and 
some maths challenge days).

Alongside this is text that gives some 
mathematics inspired by the image, but 
not in a ‘count the objects’ kind of way. 
The stepping stones are used to introduce 
an investigation into the number of ways 

a goat can cross the river when he is able 
to step onto the next stone or jump over 
a stone. The fairground carousel asks for 
a graph of the motion of the horses and 
suggests further exploration of angular 
velocity. The ducklings introduce some 
probability and the anchors provide a 
context for some trigonometry. As can be 
seen, some of these suggested tasks could 
be tackled by those in upper key stage 2 
and others by those in the sixth form. 

This calendar could be displayed in 
a staffroom or departmental office, for 
teachers to take inspiration from, or in a 
classroom for pupils to look at. The tasks 
could be used with whole classes or with 
a smaller group such as a maths club. I 
think everyone (pupils and teachers) will 
see something new in it, even if it is just 
the way mathematics can be inspired by 
beautiful photographs.

Mark Dawes

How I Wish I’d Taught Maths
Craig Barton
John Catt Educational Ltd,  
12 Deben Mill Business Centre, 
Melton, Woodbridge IP12 1BL
http://www.johncattbookshop.com/
ISBN: 978-1-911382-49-2
£19.00

The community 
of mathematics 
teachers (certainly 
those that I have 
regular contact with) 
have received this 
book with great 
joy, and it’s easy to 
see why. It’s a large 
and dense volume, 
packed with research 

implications and weighty educational 
ideas, but written in the chatty and 
amicable style that those who know Craig 
from the podcast will be familiar with. I 

suspect for many people this is, as Kris 
Boulton says in the foreword, ‘the book 
I wish I’d written’, and it is the book so 
many maths teachers have desperately 
needed in a time when we are being told 
to search out, reflect on and use evidence, 
but often have no idea where to start. It’s 
a bold and personal book, as well as an 
evidence-based one, and done in some 
style.

Well-structured and with repeating 
sub-headings for clarity, the book takes 
elements of mathematics teaching like 
‘Motivation’ and ‘Deliberate Practice’ and 
breaks them down into some constituent 
parts, examining the evidence. There is 
a clear move from ideas that Craig used 
to subscribe to (or an admission that he 
wasn’t sure how to even characterize his 
approach, at times) towards ideas more 
founded in research, particularly cognitive 
science, as is clear from his references. 
There is a huge amount in this book – 
enough sustenance for a year’s CPD or 
more – and it is nutritious without being 
too heavy, a real accomplishment.

However, the blend of references – some 
highly academic, some simple relaying of 
conversations – is lovely, and as a starting 
place for being a critical practitioner and 
examining one’s own ideas about maths 
teaching, it is an excellent concept, well 
executed, and I would recommend it as 
such. Where I have reservations is in the 
narrative structure and accompanying 
tone – ‘I used to do that, silly me, but 
now I do THIS!’ which seems to fail to 
acknowledge the basic scientific idea that 
if our ideas were wrong before, they will 
likely be wrong again. I commend Craig for 
examining so openly how he has moved 
from one paradigm to another in many 
areas of maths teaching, but the sense 
that he has completed his journey can’t 
help but creep in, as does the emphasis 
at times on cognitive science research 
over other fields. A slightly more measured 
approach, exploring more broadly and with 
more nuance, would have been preferable 
for me, although maybe not as marketable.

Indeed, this is perhaps both the big 
advantage and the big disadvantage of 

REVIEWS • REVIEWS • REVIEWS • REVIEWS • REVIEWS

33-35-Wilson conjuring trick and REVIEWS.indd   34 14/12/2018   11:35



Mathematics in School, January 2019      The MA website www.m-a.org.uk 35

this book – it is quite general and as such 
very applicable to other subjects (great!) 
but this means it sacrifices some attention 
to detail in maths education research, for 
me. While he includes plenty of helpful 
content, the omissions – such as ideas 
about maths anxiety, use of calculators, 
and inclusion of learners with disability 
in maths lessons – seem important. If 
the book seeks to be specifically about 
mathematics learning, I wonder if more 
subject-specific content would have 
been a better choice. The helpful use of 
examples perhaps saves it in this regard.

I have no doubt that any book of this 
type you choose to focus on will be 
somewhat self-referential, using quotes 
and ideas from a selection of experts and 
teachers who then appear on the cover 
and in the introduction raving about it. 
This is not unusual or an indication that 
this book is not to be taken seriously – 
however, and it is a large however, I find 
it particularly noticeable here. Were there 
an index (and the book is very much the 
worse for not having one), I wonder if this 
would be even more apparent. I have 
had the privilege of working with a range 
of experts in mathematics education 
research over the last three years and I 
see few of their ideas represented here, 
causing me to worry that some of the false 
dichotomies and cycles of alternative/
mainstream in education are being 
unconsciously perpetuated. 

So – I recommend this book, and 
commend Craig on the incredible hard 
work it must have taken to write, but urge 
a critical eye and a gentle warning that 
the neat narrative disguises something far 
more complex and messy. But that’s partly 
what writing a book is, and this is still a 
good one.

Lucy Rycroft-Smith

Mathematics Exam Practice for Year 
1 and AS
OCR A Level  
ISBN: 978 1 2367 1
Edexcel A Level 
ISBN: 978-1-5104-2363 3 
Publishers:
Hodder Education, 
Carmelite House, 50 Victoria 
Embankment, London EC4Y 0DZ 
www.hoddereducation.co.uk
£7.50

To supplement the Hodder Education My 
Revision Notes for OCR and Edexcel these 
Exam Practice books have two pages of 
questions for each of the topics covered 
in the Revision Notes. So there are 21 
exercises starting with proof, through 
the pure topics to the statistical ones 
and finally covering the mechanics ones 
finishing with variable acceleration. There 
are over three hundred questions in total 
with short answers included at the ends of 

the books and full solutions available on 
line.

The questions are written by experienced 
examiners and subject specialists and are 
well graded allowing students to develop 
their problem-solving skills which, when 
combined with good use of the My 
Revision Notes, should ensure they are 
well prepared for their examinations.

John Sykes 

The Beauty of Numbers in Nature
Ian Stewart
Ivy Press, Ovest House, 58 West 
Street, Brighton BN1 2RA
http://www.quartoknows.com
ISBN: 978-1-78240-471-2
224 pages
£14.99

If you are looking for 
a book with the wow 
factor to impress, go 
no further. The Beauty 
of Numbers in Nature 
is a beautiful book 
– glossy pages and 
stunning illustrations 
hook you right from the 
beginning.

Ian Stewart, Emeritus Professor of 
Mathematics at the University of Warwick, 
Fellow of the Royal Society, is a prolific 
mathematical author – one might describe 
him as the David Attenborough of 
mathematics. He has a marvellous ability 
to make the complex understandable 
and the mundane beautiful. Previous 
books include those co-authored with Sir 
Terry Pratchett exploring the science of 
Discworld.

The book is written in three parts. Part 
one is entitled Principles and Patterns. 
It introduces a number of questions and 
provides an overview of the patterns we 
can look out for, starting with the simple 
and much-asked question “What shape 
is a snowflake?”. The second part – The 
Mathematical World – relates mathematics 
to the patterns discussed in part one. 

This is by far the largest part of the book 
weighing in at approximately one hundred 
pages. Part three – Simplicity and 
Complexity – looks at some of the more 
complex issues mother nature throws at 
us. It examines chaos, fractal geometry 
and the universe before concluding with 
the chapter entitled very simply ‘The 
Answer’ which returns to the question 
posed in the opening words of the book 
‘What shape is a snowflake?’.

Ian Stewart is well used to making 
mathematics accessible to all and this 
book is no different in that respect. Most 
of the topics Stewart covers fit into one 
double-page spread. The book explores 
patterns; patterns are predominantly 
visual – consequently Stewart is able to 
avoid mathematical notation and formulae 
throughout and explains the mathematics 
in a manner that is straightforward 
and easy to read. Even so, the more 
mathematically inclined reader will not 
feel cheated – there is more than enough 
depth within the material.

My favourite double-page spread 
introduced the idea of screw symmetry – a 
form of symmetry I don’t think I have come 
across before. The chapter started off with 
the humble corkscrew before exploring 
the helixes of the tobacco mosaic virus, 
spiral staircases of a French chateau, the 
double helix of DNA and helical tendrils of 
climbing plants.

Elements of the book seem to have 
their providence in days gone by. In one 
of the chapters Stewart alludes to modern 
computers coming equipped with CD-
ROMs. We’re far more used to DVDs or 
internet downloads instead. However, the 
point he makes about the mathematics 
of data compression is still valid; the 
nostalgic reference doesn’t spoil the text. 
Elsewhere, the Double Bubble Conjecture 
is discussed without mention of its final 
proof in 2002. In 2001 Stewart published a 
book entitled What Shape is a Snowflake? 
This book seems to be an update on the 
original work; although parts of it seem to 
have missed being revised.

I thoroughly enjoyed reading this book 
and recommend it wholeheartedly.

Mark Crossley

The team of reviewers is seeking to increase its number. 
Therefore, if anyone would like to review books and/or 

software, please contact Grant Macleod at

g.macleod@lomondschool.com

supplying your address to which books can be posted.
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hays.co.uk/education

LOOKING FOR YOUR NEXT 
MATHS TEACHING ROLE?
LOOK NO FURTHER

REFER A FRIEND AND EARN £250*

If you refer a teaching colleague and they are placed with Hays.

 *Terms & conditions apply.  
Please visit hays.co.uk/refer-a-friend/terms-and-conditions

facebook.com/HaysEducationUK @HaysEducationUK 

TEACHER OF MATHS
BALLAKERMEEN HIGH SCHOOL
Isle of Man, MPS/UPS + benefits 
Ballakermeen High School is a fully comprehensive  
11-18 secondary school with a reputation for high academic 
achievement. It is looking for a passionate and enthusiastic 
teacher of maths from September 2019. You will be highly 
motivated, an excellent classroom practitioner and an  
expert in your subject. This role is in a supportive education 
environment open to NQTs and experienced teachers.

Contact Hannah Connell on 0151 242 5100, 
email hannah.connell@hays.com or visit  
hays.co.uk/jobs/teach-isle-of-man

CURRICULUM LEADER OF MATHS
MISBOURNE SCHOOL
Buckinghamshire, MPS/UPS + Fringe + Bucks Competitive  
+ TLR1.3
The Misbourne School requires a passionate and imaginative 
curriculum leader of mathematics, to lead and grow the 
curriculum team. You will need to be able to motivate and 
develop teachers as well as monitor learning to get the best 
possible outcomes for its students. Maths is a successful 
curriculum area and there is a good uptake of maths and  
further maths at A Level where results are very high.

Contact Hazel Baxter on 01273 729465,  
email hazel.baxter@hays.com or visit  
hays.co.uk/jobs/misbourne

 
This is just a selection of the opportunities that we currently 
have to offer. To contact one of our recruitment experts, 
email us at permanent.education@hays.com

TEACHER OF MATHS
LONGHILL HIGH SCHOOL
Brighton, MPS/UPS
Longhill High School is a mixed, 11-16 community school in 
Brighton. It is looking for a teacher of maths to join a team 
of committed, vibrant and innovative teachers. You will have 
the ability to motivate students to succeed and progress, 
irrespective of ability. Longhill offers extensive professional 
development based on your needs and aspirations as well as 
the opportunity to be part of a team that believes in working 
together to achieve excellence.

Contact Richard Lanning on 01273 729465,  
email richard.lanning@hays.com or visit  
hays.co.uk/jobs/longhill-high-school 

TEACHER OF MATHS
LIGHT HALL SCHOOL
Solihull, MPS/UPS + TLR (£2,667)
This is an excellent opportunity to gain experience teaching 
maths within an enthusiastic, experienced and very successful 
team in a happy, harmonious school. Maths is enjoyed by 
students across all year groups of the school. All students are 
entered for either the foundation or higher tier exam and all 
attainment indicators at GCSE are above the national average. 
You will be part of a school where challenging pupils is a 
strength of the faculty, with 21% of pupils achieving grades  
7-9 in 2018.

Contact Paul Hunt on 0121 236 4476  
or email paul.hunt@hays.com
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