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WISAARKHU aims to provide a diver-
sity, not necessarily a jointly exhaus-
tive collection, of perspectives on a 
chosen theme related to the learnin-
gandteachingofMathematics. It is a 
magazine for inspiring, for creating 
awareness, for sharing experiences, 
for communicating, for connecting, 
and for reflecting.

It is not a research journal. It does 
not purport to endorse any particu-
lar opinion or approach to the learn-
ing and teaching of mathematics. Its 
readership is intended for all from 
across the globe with an interest in 
mathematics.

Each perspective expressed in the 
content of WISAARKHU is that of the 
author. It does not purport to reflect 
the opinions of the editor or Stellen-
bosch University or the affiliations of 
the authors.

Each theme aligned with one of the 
quarterly Psychology of Abstract 
Mathematics discussions. The choice 
of each discussion theme is inspired 
by a challenge encountered in the 
learning and teaching of mathemat-
ics.

In this way the theme ‘Competi-
tion or Collaboration in Mathemat-
ics’ evolved for the first volume of 
WISAARKHU. There are four topics 
each speaking to a sub-theme of the 
overall theme that evolved from the 
contributions, namely, perspectives 
within and beyond mathematics, voic-
es of students, impact on the self, in-
fluence on learning and teaching of 
mathematics. Throughout the mag-
azine you will meet students, math-
ematicians, teachers, psychologists, 
educationalists, and others interested 
in mathematics.

No matter your interest in or experi-
ence of Mathematics, I hope you will 
read this magazine acknowledging 
the intention with which it has been 
written.

editor’s note

PROF INGRID REWITZKY

Editor-in-Chief

WISAARKHU is a reviewed maga-
zine. Each year, we plan to have one 
to two volumes and each volume 
has one theme. Even though it is a 
psychology of abstract mathemat-
ics magazine, it is often important 
to go out of these disciplines and 
touch others to have a better under-
standing of each theme. Do not be 
surprised to see columns in history, 
language, neurobiology, philoso-
phy, physics, economy... All these 
disciplines are closely related and 
complete each other. We are only 
attempting to share knowledge in a 
defragmented way.

Each column of this magazine pass-
es through at least four sets of 
eyes – the purpose of this process 
is not to accept or reject the piece, 
but if the contributor is willing to go 
through this journey, we want to help 
to ensure the value and quality of 
each column. So, his/her message 
reaches the readers in a human 
way, and helps or touches positive-
ly. Each editor has a special place in 
the team, and all are very talented. 
They are using their level of exper-
tise to ensure the value and quality 
of the finalized column. It is good to 
keep in mind that many of our con-
tributors are neither writers, nor ac-
ademics, and for some, this task of 
writing a column might be outside 
their comfort zone and very difficult 
– English might not even be their first 
language!

This magazine tries give each per-
spective a voice – keeping it as au-
thentic as possible to attempt to get 
to a more complete and genuine pic-
ture of the given theme.

Of course, it is clear that no picture 
will ever be complete.

OUR PHILOSOPHY

| ABOUT |
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The portrait was hand-painted by 
Nino Mekanarishvili.

Human minds are beautiful and very 
different from each other. Compe-
tition, human interaction and such 
things come from both our minds 
and our feelings, and that is the 
beauty of it.

The design contains imperfect sym-
metries that relate mathematics, art 
and life with each other. The same 
portrait in different styles (pointil-
lism, realism and cubism) symbolis-
es the competition in art.

The title of the magazine captures the 
vision of the Psychology of Abstract 
Maths project: to appreciate and 
make the most out of diversity.

WI

In most languages, the word math-
ematics is a slight derivation of the 
Latin
‘Matematica’. In Dutch, the Latin was 
replaced with a purism, introduced 
by the Flemish mathematician Si-
mon Stevin (1548-1620), namely 
‘Wiskunde’ meaning “the knowledge 
of what is certain”. The origin of the 
word can be traced to an earlier form 
of the Dutch word ‘Wisconst’, mean-
ing “the art of what is known”.

SAAR

The Hindi word for abstract, ‘Saar’, 
captures a deeper meaning than in 
English, as it also refers to essence, 
summary and gist.

KHU

The Ancient Greek word ‘Psūkhē’ lit-
erally means “life’s breath, spirit and 
soul”. It is regarded as the origin for 
the English word ‘psyche’, whence 
‘psychology’. But the word psyche 
is also derived from the Egyptian 
where ‘su’ is the she and ‘khe’ is the 
soul: hence the feminine nature of 
the Greek ‘psu-khe. Without the ‘p’, 
‘Sakhu’ means “the understanding, 
the illuminator, enlightener, the eye 
and the soul of
being; that which inspires”.

the coverour title
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Is mathematics taught for the sake 
of its beauty or for some purpose?

Should mathematics be concerned 
with humanity?

Does mathematics help with 
emotional and intellectual growth?

THE PROJECT

Illustration by Sophie Marques

Mathematics is the subject which 
starts with us in preschool and often 
remain with us to the end of our stud-
ies. It is valued by most and parents 
often feel despair to see their child fail 
this subject. Mathematics helps peo-
ple to solve problems by taking into 
account as many variables as neces-
sary. This means that any individual 
student could be empowered and giv-
en the opportunity and the chance to 
solve world problems, like poverty and 
hunger.

Mathematics is also about communi-
cation and the sharing of ideas. This 
could bring people together to solve 
the most difficult problems of our era; 
an aspect of mathematics that is of-
ten forgotten. The paradox is that no 
matter how people may be convinced 
of the importance of mathematics, 
most finish their studies wishing nev-
er to use the subject ever again, dis-
abling them from probably ever us-
ing mathematics in their future. The 
reality is that something is seriously 
wrong.

If it is true that mathematics can em-
power students with essential life 
skills, then why are we failing so dra-
matically to do so? How can we share 
this knowledge as widely and fairly as 
possible? If education is about help-
ing our students to be the best they 
can be, how do we do that with math-
ematics? How do we make mathe-
matics accessible, valid and visible for 
most? These are all the frustrations 
which brought this project to light. 
The project intends to understand 
this problem through as many lenses 
as possible, creating a space for col-
laboration between many levels of ex-
pertise, which was once upon a time 
unified and not fragmented: teachers, 
learners, lecturers of various disci-
plines, students, various departments 
of education, teaching and learning, 
language, social science, psychology 
and philosophy.

It is perhaps important to think about 
the legacy we leave behind as human 
beings and experts in our respective 
fields. Transmitting our knowledge as 
widely as possible is an essential part 
of the cycle of life and taking time to 
be empathetic and understand the 

difficulty and fear of our students is 
essential. Education should enable 
our students to improve their skills 
and to give back to their communities.
The human mind is certainly the most 
complex mechanism and a lot of var-
iables are at play. When reflecting on 
how we teach math, it seems we wish 
to remove, ignore, and forget emotion 
and humanity. But even famous math-
ematicians acknowledge that knowl-
edge arises from experience.

Is it really wise to push emotions to 
our subconscious? What conse-
quence will it have for our students? 
Globally people consider mental 
health and emotional intelligence to 
be important indicators of being suc-
cessful. Perhaps making maths more 
human, more focussed on the life 
skills it equips us with will lead to the 
development of more emotional intel-
ligence in future generations.

The goal of this project is to rethink 
how we teach mathematics in order 
to raise great human beings with em-
pathy and the will to make a positive 
change in society. Bringing math-
ematics and psychology together 
could give a human side to mathe-
matics, making it more accessible 
and warmer to students and help to 
resolve the anxiety often associated 
with the subject. This was the moti-
vation behind sharing knowledge via 
regular interdisciplinary themed dis-
cussions and launching this maga-
zine.

DR SOPHIE MARQUES

Porject Managing-Director
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Mathematics is Everywhere

π λ σ

One plus one,
Calculations you make throughout your age. 

Halving a recipe, scheming your change,
Or imagining the right angle to hit a tennis ball, a common topic is shared.

Ω α ß    

The seamless symbolism displayed in art, the pyramids in Giza still stand,
Due to the mathematics in its foundation,

Gluing together the atoms of life.
To the moments of confusion and utter stress, when nothing seems to make any sense,

Two plus three will still be equal to five.

? + =

The precise feelings emanating from my core doubling each day we spend together. 
How many possibilities are there for the things we could do together?

The limit does not exist.
To remembering my Exes and all I could think was Y,

Then, I realized we were two parallel lines that unintentionally crossed pathways.

√ X ÷

The mere calculation performed in surgery has power over the life and death of the sedated 
fella. From the incision in your abdomen to the dosage of penicillin,

One plus one has to equal to two and,
Integrating our struggles with respect to time, between our birth and death, is equal to Life.

θ Y μ

SIDUMISO SIJABULISO VUMA

BsC Molecular Biology & Biotechnology, Stellenbosch University
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If a change needs to be made, what and how should we go 
about it, always keeping in mind that we are all human beings 
and an important goal of education should be to establish a 
learning environment where we feel balanced, guided, and 
valued as such.

— Dr Sophie Marques

In my perception of the world, com-
petition is promoted above all. It is so 
integrated into ourselves that we are 
often driven by it, no matter what, and 
often subconsciously.

I wish to understand how much are 
we really promoting collaboration in 
education? How beneficial and nec-
essary is it to our contemporary soci-
ety to have the skills to collaborate in 
critical thinking? How important and 
difficult is it to do abstract mathemat-
ics in collaboration?

I wish to hear the students’ thoughts 
and experience on this. How much do 
they work with each other? And how 
do they experience it? Why? How 
hard and complicated is it to collabo-
rate when our natural inclination is to 
compete?

FOREWORD

Should we promote collaboration 
or competition?

What was said…

The first part of the discussion cen-
tered on group work. Some of the 
advantages of group work mentioned 
was that it leads to the exploration of 
different methods and that working in 
pairs is a mechanism for encourag-
ing healthy competition. Some of the 
disadvantages were that it is faster 
to work on your own, it takes time to 
explain in a group and to find the time 
for arranging meetings with team 
members and that group work is ex-

hausting for an introvert. There was a 
suggestion of a mark being assigned 
for how well a group works together, 
as opposed to one mark for the final 
product the group produces. In terms 
of group dynamics, it is best to first 
identify each person’s strengths and 
to work from there. The overwhelm-
ing feeling was that group work is not 
fruitful if it is not monitored.

There was a lot of discussion around 
the theme of competition. Compe-
tition prevents complacency, drives 

Illustration by Cayla Basson
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progress and is a natural part of hu-
man civilisation. Competition should 
always be a personal choice and 
centered on mutual respect and that 
ranking should not determine value; 
but that there should be reward in 
participation. Competition could be 
damaging if self-value is attached to 
it. An argument against competition 
is that it slows down progress, since 
it teaches us to overshadow anoth-
er’s progress, being at the top may 

hamper progress, while being at the 
bottom may be demotivating. Collab-
oration, as opposed to competition is 
a driver for progress. The healthiest 
competition is with yourself.

Educators should not put students 
into boxes but acknowledge that 
each individual has a different starting 
point and goals. Perhaps we should 
consider how this may be better ac-
commodated in our assessment ap-

proaches. In closing, one participant 
quoted... fr
om Game 
“Power resides where the people 
believe it resides.”

DR KARIN THERESE HOWELL

Department of Mathematical 

Sciences, Stellenbosch University

(dedicated to Jacob Ward)
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| TOPIC 1 : ABSTRACT MATHEMATICS APPROACH |

Reflecting on competition
Is it possible to neither accept nor 
reject the notion of competition? Zu-
rab Janelidze approaches competi-
tion from the perspective of abstract 
mathematics. 

Competition measures the success 
of those who compete based on 
criteria set out in advance. Without 
setting out the criteria in advance, 
the competition will not be fair. If I 
am taking part in a competition, I 
need to know against which criteria 
my performance will be assessed. 
Once I know that, if I am determined 
to have a meritorious achievement in 
the competition, I will focus on fulfill-
ing those criteria. The goal of suc-
ceeding in the competition will have 
a principal influence on what I will do 
in my preparation for succeeding in 
the competition. My activities in such 
preparation will thus be geared to-
wards getting myself to excel in the 
criteria that have been set out. I will 
be careful not to get side-tracked 
in this process so that I do not shift 
away from the goal.

The word ‘competition’ can be under-
stood in a broader sense too, with the 
elaboration above being still applica-
ble. Here are two such examples:

• Meeting a deadline can be seen 
as a competition. In this competi-
tion, you either win or lose.

• Preparing for an exam can be 
seen as a competition. Here, the 
results of your performance are 

typically graded. Achieving less 
than a certain grade is a definite 
loss, and more — a definite win.

In principle, we may think of anything 
where rules that determine success 
have been set out in advance and 
where there is a definite point in 
time where your performance will be 
judged against these rules, a compe-
tition. In this way, one’s life itself can 
be seen as a competition perhaps: 
the rule is to remain happy, and the 
point in time when the assessment 
will take place is the time of biological 
death. Now, here is a question: do you 
think you will have a meaningful life 
striving to be happy as an outcome 
of your life? Replace happiness with 
anything else which may be more 
important for you and ask the same 
question. For me, the answer to this 
question is ‘no’. Am I saying that I pre-
fer not to know what the criteria are 
by which my success will be meas-
ured? No, I am not saying that either. 
For, if I said that, then it would follow 
that if I live a life where I do not know 
what it means to have a successful 
life, then I would consider having lived 
a successful life. Put simply, neither 
do I accept competition, at any level 
in fact, nor do I reject it. But how is 
this possible? Is this logically sound? 
Must it not be so that competition is 
either good or bad? Not at all. Ab-
stract mathematics shows that quite 
beautifully. This is how.

First of all, through abstract mathe-
matics, we come to know that any-

thing logical must begin with a sys-
tem of beliefs, which in mathematics 
are called ‘axioms’. As much as we 
want to be logical, we must come to 
terms with the fact that the only way 
to confirm those beliefs is to base it 
on another belief system — so beliefs 
always come first. Confirming a state-
ment based on a set of beliefs means 
being able to build up to that state-
ment using logical rules (which are 
themselves beliefs); in other words, 
to find what in mathematics is called 
a ‘proof’ of the statement. There are 
numerous examples in mathematics 
where for a given axiomatic system 
(in ordinary language, for a given be-
lief system), a given statement neither 
has a proof nor its negation has a 
proof. So, it is quite normal for some-
thing not to be true and neither to be 
false. When this happens, we usually 
think of the framework described by 
the belief system as ‘abstract’. For 
instance, if we talk about an abstract 
human being called Peter (so the only 
axiom on Peter is that he is a human 
being), then neither it is true that Pe-
ter speaks English and nor it is true 
that he does not speak English. If it 
had been a concrete Peter, then one 
of the two would be true. But our Pe-
ter is an abstract Peter — he could be 
the English Peter or the Japanese Pe-
ter who does not speak English.

Because since our Peter is an ab-
stract Peter, whatever conclusions 
we make about him would have to 
apply to all Peters, not just some of 
them. So if we say he speaks English, 

Illustration by Zurab Janelidze

Illustration by Zurab Janelidze
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| TOPIC 1 : ABSTRACT MATHEMATICS APPROACH |

then all Peters must speak English. If 
we say that he does not speak Eng-
lish, then no Peters should be able to 
speak English. So clearly, neither is it 
true that the abstract Peter speaks 
English, nor that he does not speak 
English. In the belief system that I have 
in life, neither is it true that competi-
tion is useful/meaningful, nor is it true 
that competition is useless/mean-
ingless. In fact, in my belief system, 
this concept plays no role at all. You 
might say then that based on the dis-
cussion above I have a very abstract 
approach to life — this is relative, but 
of course, I do; show me someone 
who has a concrete approach to life 
and I will (mathematically) prove you 
wrong.

However, what I said above about my 
belief system is about to change (our 
belief system evolves, of course). I am 
very close to adopting a belief that 
competition hinders one from acquir-
ing knowledge at a deeper cognitive 
level. If I adopt this belief, it will have 
significant consequences on my life. I 
will then know that every time I have 
to meet a deadline, the work that I 
will produce will be of low quality and 
every time I request my students to 
write an exam, the knowledge that 
they will acquire in the process of 
preparing for the exam will be of low 
quality too — even if they score full 
marks. I have not explained why I am 
thinking of adopting the belief above. 
Well, if I could reason it out, it means 
it is a consequence of my existing be-
liefs, and I already said above it is not. 
Therefore, I cannot reason it out. The 
absolute truth is, I just have a hunch, 
after rereading the first paragraph of 
this text.

FEB 2020

PROF ZURAB JANELIDZE

Department of Mathematical Sciences, 

Stellenbosch University 

https://zurab.online/
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Context  matters. Jonathan Jansen explains why mathemat-
ics teachers should use their professional judgement when 
it comes to co-operative versus competitive learning.

I liked two things about learning school mathematics – the 
opportunity to work together in small groups to solve a 
complex ‘word problem’ and the chance to compete with 
classmates to solve a quadratic question ahead of others. 
Both these contexts – cooperation and competition – pro-
vided me with valuable lessons in life and in learning. In 
life, I learnt that each context offered me ways of seeing 
the world as a complex place where team-work and indi-
vidual effort both have their place. In learning, I found that 
the pooling of intellectual resources helped solve a wicked 
problem, but that applying your mind to resolving a prob-
lem on your own forced you to think hard and draw deep 
beyond what you thought lay within you.

As I watched my 18-month old granddaughter on the vid-
eo-feed from New Zealand stand on her toes trying to open 
the latch on the door, it struck me that the easiest thing to 
do would be for one of her parents to rush over and do it for 
her or they could lift her up to do it herself. Better still, they 
could stand back, as they did, and watch her struggle to 
figure (sic) out the workings of the latch-door mechanism 
all by herself. Eventually, she did unlock the door and what 
happened next, I will never forget—a smile that conveyed a 
very powerful sense of individual achievement.

One day I would hope her parents enter the young child in 
a mathematics Olympiad. I would like her to compete with 
the smartest children in mathematics for three reasons. 
One, the young learner will never know how good she is 
until measured against the smartest children in the room. 
Two, when competing with smart children she will find her-
self stretched to do even better than what she might have 
thought possible. Three, she must learn the value of com-
ing second or third or further back and then have the grace 
of going to a competitor and saying, ‘well done.’

There is of course a compelling argument among critical 
theorists of education that competition is one of those val-
ues that prepares children for assimilation into a capital-
ist economy. The notion of winners and losers in an open 
market economy, the argument goes, derives from the 
ruthlessness of capitalist competition. By competing with 
others for the highest marks in a mathematics classroom, 
these academicians contend, children are also learning a 
set of values through what is called the hidden curriculum 
of schooling. This position gives pause for thought, but I 
think it is too cynical since a judgment about the value of 
competition depends on the context of application.

It is certainly the case that competition can be harmful 
when winning or losing becomes the absolute end and 
where human worth is assigned differential value depend-
ing on whether a child finishes first or tenth in a mathemat-

Is there a place for competition 
in mathematics?

Photograph by Nino Mekanarishvili
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ics test. But that kind of outcome is 
not pre-determined in the curriculum. 
What matters is the kind of pedagogy 
exercised in the course of teaching 
mathematics. A good teacher would 
use a strong performance in mathe-
matics teaching to build the self-es-
teem of a student lacking in confi-
dence. A better teacher would take 
time to motivate a student whose 
mark jumped from 40% to 60% to 
help boost that child’s sense of ac-
complishment. Context matters.

One of the devastating practices of 
some of my white science lecturers 
in the first year of university was to 
tell the crowded class filling the am-
phitheatre to come down to the front 
of the room to collect their marked 
scripts. That act in itself had debata-
ble merits except that the more than 
100 scripts were carefully arranged 
such that the highest marks were 
at the top of the pile and the lowest 
marks at the bottom. Needless to 
say, by the time the lecturer called 
the names of those in the lowest 
quarter of marks scored, the class 
had already emptied. The goal here 
was racial humiliation not healthy 
competition among students doing 
the science degree. In the same way, 
co- operation can be mechanical in its application and not 
signal the higher order values that one would expect from 
collaborative learning. This was perhaps one of the single 
most important lessons learned from an earlier curricu-
lum experiment in South Africa called ‘outcomes- based 
education’. This progressive policy included the idea that 
students should learn through teamwork solving problems 
together rather than in competition with each other. We 
now know that simply working together as an organisation-
al routine does not guarantee deep learning let alone the 
benefits of shared learning that comes from merely arrang-
ing children in groups. Put bluntly, competition no more 
prepares children for a capitalist economy than co-opera-
tion makes students oven-ready for a socialist economy. It 
depends on the context.

This means that the mathematics teacher should use her 
knowledge of the subject and her knowledge of how to 
teach to determine which problems lend themselves to 
co-operative learning among groups and which are more 
appropriate contexts for competitive learning arrange-
ments among individuals. Choosing the context for learn-
ing is, in the final analysis, a case of professional judgment.

PROF. JONATHAN D. JANSEN

Distinguished Professor of Education, 

Stellenbosch University
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“No one enters here if 
he is not a geometer”
Laurent Neveu-Marques delves into 
the historical relationship between 
philosophy and mathematics and ar-
gues for continuous metaphysical re-
flection.

There is a lot to say about the rela-
tionships between mathematics and 
philosophy, but it seems to be re-
capitulated by an inscription at the 
entrance of Plato’s Academy: “No 
one enters here if he is not a geom-
eter”. Clearly it means there is a link 
between these two disciplines, but 
this could be understood in different 
ways. Commonly we understand that 
mathematics is a qualifying program, 
which provides the foundation to do 
philosophy because of its high level 

of abstraction. However, this is the 
visible part of the iceberg and even 
the good reasons why they could be 
seen as a propaedeutic, show us a 
more complex relation.

In his seminal work The Republic, 
at the end of book six (509d-511e), 
just before the famous allegory of 
the cave, Plato makes a hierarchy of 
types of knowledge, figured by a line 
which is divided into two sections: 
one regards the visible realm (all we 
can know by our sense), and the sec-
ond one regards the intelligible realm 
(all we can know only by intellect). 
These two sections are subdivided 
in two according to the same propor-
tion. Thus we have four sections that 
map types of objects with types of 
knowledges.

Firstly, representation: this is knowl-
edge of images, like reflects or 
shadows. Secondly, belief: this is 
knowledge by the perception of phys-
ical objects. Thirdly, thinking: this is 
knowledge of mathematical objects 
like numbers or figures. Fourthly, in-
tellection: this is knowledge by direct 
contemplation of what Plato called 
Ideas or Forms like Beauty, Justice, 
etc.

Illustration by Sophie Marques

We can easily understand that we 
need to follow this line to attain the 
last section and therefore we first 
need to be geometers before becom-
ing philosophers. And why does Plato 
write “geometer” rather than “math-
ematician” if the objects of the third 
section are not only figures but also 
numbers?

It is because geometry, which is a part 
of mathematics with algebra, shows 
with more evidence that objects of 
mathematics are not so abstract as 
ideas which are objects of philoso-
phy, because they suppose a kind of 
possible representation. We can have 
a representation of a triangle, for ex-
ample, but we do not have the same 
about justice, beauty, and goodness. 
As we say, “geometry is the art of 
making correct reasoning with false 
figures”: geometry maintains a re-
lation with a kind of representation. 
In the first two sections, knowledge 
is better if objects are perceived di-
rectly rather than their images. This is 
the same between the third and the 
fourth sections. But, if geometers use 
images, they know they are images 
and not reality (and therefore they 
can make correct reasoning despite 
these images): this is a crucial step 
toward philosophy which does not 
use image anymore.
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At the time of Plato, mathematical 
objects were simpler than those of 
recent times: numbers and figures 
can easily be put in relation with rep-
resentation. For this reason, we can 
easily make an objection based on 
the very high level of abstraction of 
modern mathematics. Therefore, we 
must consider one more difference 
between mathematics and philoso-
phy: mathematics is hypothetico- de-
ductive. Principles of mathematics 
are hypothesis (like axioms) from 
where thinking is possible. Accord-
ing to Plato, philosophy (dialectic) is 
a knowledge by direct intellection of 
her objects. This is the reason why 
philosophy is the kingly science: 
“comprehensive mind is always the 
dialectical”. But the inscription at the 
entrance of Plato’s Academy does 
not put philosophy and mathematics 
in competition: it would be an error 
to read the hierarchic difference be-
tween a comprehensive mind and a 
hypothetico-deductive system in this 
way. The global knowledge is a line. 
There is therefore a continuity and 
complementarity between them.

According to Plato, our world and all 
objects it contains are copies of forms 
or ideas located elsewhere, outside 
the famous cave where we are living. 

In the Timeus, Plato explains the rela-
tion between these two places by us-
ing a cosmological myth (a common 
practice at his time); but for the first 
time ever, he uses mathematics in or-
der to express the way our world is 
made. For example, the four elements 
(air, water, fire and earth) are based 
on different regular polyhedrons and 
this explains their different qualities. 
All we can see is reducible to two 
types of triangles and rectangles, and 
the world’s soul has the structure of 
an armillary sphere. This is enough to 
see that mathematics and philosophy 
are complementary. And this is still 
the case!

The history of Science shows us that 
a lot of philosophers were mathema-
ticians: Thales, Pascal, Descartes, 
Leibniz, etc. They explained our world 
not only by using paradigmatic meth-
ods of mathematics (like Descartes 
or Spinoza) but also mathematical 
tools and concepts, as we just saw 
that Plato had done. At all times we 
are surprised by the world’s harmo-
ny and by the fact that this harmony 
can be expressed by mathematics: 
is the book of the world written in 
mathematical language as Galileo 
said? When a mathematician has this 
kind of question about mathematical 
realism, when s/he wonders about 

the basis of mathematics, s/he is no 
longer simply a mathematician but a 
philosopher too. The famous Gödel’s 
theorem of incompleteness shows us 
a structural limit of mathematics. How 
powerfully they could be, they always 
call for metaphysical reflection to try, 
again and again (may be ever and 
ever), to see outside the cave!

LAURENT NEVEU-MARQUES

Agrege in Philosophy, 

University of Bordeaux
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On the history of proving 
false ‘theorems’
Despite its inhumanly pristine appear-
ance in textbooks and the classroom, 
mathematics is a human endeavour, 
sometimes stimulated by debate and 
controversy.

We typically view mathematical theo-
rems as necessarily true once prov-
en; that is, they cannot be demon-
strated false, provided a ‘good’ proof 
has been supplied (one that is valid 
and has true premises). Furthermore, 
the methods of proving such theo-
rems are usually viewed as pristine 
and untainted by any empirical con-
siderations or scientific methodology, 
involving only deep reflection about 
mathematical facts. I would like to 
suggest that this default character-
isation is mistaken, and that mathe-
matical practice at least sometimes 
takes on a methodology akin to that 
of the natural sciences. In this sense, 
mathematical progress is made via 
bold conjectures followed by at-
tempts to find falsifications of them. 
Now, this is not at all apparent, since 
one’s usual exposure to mathematical 
practice is in the classroom, where 
one is presented with theorems with 
the apparent aura of necessary truth 
that appear simply to be the product 
of some great feat of armchair reflec-
tion by a mathematician.

Consider Euler’s Formula: F – E + V = 
2. This theorem claims that all poly-
hedra satisfy this formula, where F is 

Photograph by Nino Mekanarishvili

the number of faces, E is the number 
of edges (or sides of the faces) and 
V is the number of vertices (or cor-
ners) of any polyhedron. When I was 
first presented with this theorem, it 
was claimed that the idea originated 
with Euler (which is true), but in ad-
dition, that he demonstrated by valid 
proof that it is true (which is false). In 
actual fact, Euler’s Formula was only 
demonstrated true approximately 
two centuries after his initial proof. 
The historical dispute about this the-
orem will be instrumental in my aim to 
display how mathematics can take on 
a more scientific flavour of conjecture 
and refutation. So, let us turn to this.

Euler began with the following ques-
tion: Is there a universal way one can 
characterise polyhedra, within 3-D 
geometry, in an analogous manner 
to the trivial characterisation that all 
polygons share (simply V = E), within 
2-D geometry?[i] In 1758 he provided 
a proof, but for simplicity I will brief-
ly sketch Cauchy’s ingenious proof 
from 1813 [ii] :

To demonstrate: For any polyhedron 
(we take a cube as an example), once 
it is projected on a 2-D plane it will 
satisfy F -E+V=1.

1. For any polyhedron, remove one 
of its faces and project the remain-
ing surfaces on the 2-D plane (Fig. 
1). Since only one face was removed, 
we obtain a polygon satisfying F - E 
+V=1asthereadercancheck.

2. Triangulate the polygon: this is sim-
ply when a polygon is sub-divided into 
triangles meeting edge-to-edge with 
same number of vertices contained 
in the pre- triangulated polygon (Fig. 
2). The triangulation increases both E 
and F by same amount, so F - E + V 
= 1.

3. Beginning with those on the exteri-
or, remove trianglesone by one. There 
are two possibilities when removing 
a triangle: either one edge and one 
face will be removed, or one face, one 
vertex and two edges will be removed 
(Fig. 3 & 4). Consequently, this pre-
serves F - E + V =1.

Repeating this process until we reach 
the last triangle, we note that this tri-
angle trivially satisfies F - E + V = 1. 
Therefore, for any polyhedron, once 
it is projected onto the 2- D plane it 
will satisfy F - E + V = 1. And so for the 
original polyhedron, which was just 
the same as the polygon except that 
it had one more face (which we re-
moved in the first step), F-E+V=1+1=2. 
Q.E.D.

Did Cauchy’s proof demonstrate the 
truth of Euler’s Formula? There are 
many issues with this proof, but there 
is an essential concern: does the 
projection in the first step hold for all 
polyhedra? And how do we know that 
this is true? If it is true, we need an ad-
ditional proof for its truth – a lemma. 
Nonetheless, this fact did not per-
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turb mathematicians such as Crelle, 
Matthiessen, Jonquières to mention 
a few. They thought Cauchy’s proof 
demonstrated the irrevocable truth of 
Euler’s Formula.

Yet, a little less than a year after 
Cauchy’s proof, L’Huilier claimed he 
had a counterexample. [x] It involves 
“a solid bounded by a pair of nested 
cubes” where one cube is inside the 
other, but neither cube touches the 
other (Fig. 5). [xi] This polyhedron 
falsifies the possibility of a proof for 
the lemma, since if a face is removed 
from the inner cube, then the poly-
hedron is not projectable onto a 2-D 
plane (likewise if we remove the face 
of the outer cube). Furthermore, Eu-
ler’s formula is false for this polyhe-
dron; it only satisfies the formula F - E 
+ V = 4 (check it below). Furthermore, 
Euler’s formula is false for this poly-
hedron; it only satisfies the formula F 
- E + V = 4 (check it below). 

Now, this is an outright falsification, 
and so the theorem should be re-
jected. But this is where the meth-
odology of mathematics starts to 
resemble that of science. In science, 
when confronted with a falsification 
of a hypothesis, there is an attempt 
to explain the falsification away in a 
non-ad hoc manner. This is done by 
modifying the hypothesis; and this is 
exactly what happened in the histori-
cal development of Euler’s Formula. In 
response to such counterexamples, 
mathematicians changed the defini-
tion of a polyhedron. We have been 
playing fast and loose with the defi-
nition of a polyhedron, so I will define 
it now as Euler inter alia [xiii] defined 
it: “A polyhedron is a solid whose sur-
face consists of polygonal faces”.[xiv] 
After L’Huilier’s counterexample, the 
mathematical community changed 
their definition to that of: “A polyhe-
dron is a surface consisting of a sys-
tem of polygons”.[xv] , [xvi] This defi-
nition precludes the counterexample 
above from being characterised as a 
polyhedron; it is really “two polyhedra 
– two surfaces, one completely inside 
the other”. [xvii]

But with this definition accepted, it 
gave rise to another counterexam-
ple by Hessel 1832. [xviii] Consider 
a twin- tetrahedron; this is a polyhe-
dron constructed when two polyhe-
dra are connected by either an edge 
or vertex (see Fig. 6 & 7). For any 
twintetrahedron, it will only satisfy 
the formula: F - E + V = 3. Therefore, 
it proved to be another falsification of 
Euler’s Formula under the new defini-
tion of a polyhedron.

 What happened next? You guessed 
it; the definition of a polyhedron 
changed again! This new definition 
was clearly articulated by Möbius in 
1865, to avoid characterising twintet-
rahedra as polyhedra, and was for-
mulated roughly as: “[A] polyhedron 
[is] a system of polygons arranged in 
such a way that (1) exactly two poly-
gons meet at every edge and (2) it is 
possible to get from the inside of any 
polygon to the inside of any other pol-
ygon by a route which never crossed 
any edge at a vertex.”[xxi], [xxii] I will 
leave it up to the reader to check, but 
it suffices to say that this definition 
avoids the first counterexample by 
L’Huilier and the two twintetrahedra 
counterexamples presented by Hes-
sel (the first criterion excludes Fig. 
6 and the second criterion excludes 
Fig. 7). This only brings us to 1865. But 
by now you would not be mistaken in 
predicting that a slew of counterex-
amples and additional refinements to 
the definition of a polyhedron ensued, 
though I will leave the examples here. 
[xxiii]

This brief historical excursus above 
should have made it apparent that a 
central notion to Euler’s Formula was 
poorly defined – the polyhedron. It 
was only through a laborious and it-
erated process of conjecture, proof, 
theorem, refutation by counterex-
ample, and then amendments to the 
definition of the polyhedron, that 
mathematicians came to understand 
what polyhedra were; and from that, 
successfully characterise all polyhe-
dra as satisfying the formula: F - E + 
V = 2. This should suggest that math-
ematical theorems and proofs are not 
trivial or only the product of deep re-
flection. It requires a community, and 
a messy to and fro between its mem-
bers by process of proof, refutation, 
amendment, proof, refutation.... This 
is how natural sciences generally pro-
gress and, as I have been suggesting 
by our historical analysis, sometimes 
mathematics too. But this leaves us 
with a curious result; it potentially 
permits the idea that we can prove a 
conjecture that is false. (For example, 
Cauchy’s proof of Euler’s Formula in 
1813; the conjecture he proved was 
blatantly false under his definition 
of the polyhedron). Does this mean 
that mathematicians can prove false 
theorems? Does it matter? It might 
be objected that this just displays 
that there was something wrong with 
Cauchy’s proof, so mathematicians 
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cannot prove false theorems. Not-
withstanding this curious debate, at 
base the discussion ought to have 
shown that mathematics is a human 
endeavour, sometimes stimulated by 
debate and controversy over the truth 
of theorems, despite its inhumanly 
pristine appearance in textbooks and 
the classroom.
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How neuroscience helps us 
to understand numerical and 
mathematical cognition
In this contribution, Christine Marques 
discusses how neuroscience can 
contribute to Mathematics education 
by better understanding the cognitive 
processes involved in mathematical 
performance.

Early mathematical abilities provide 
the foundation for academic and pro-
fessional success. Identifying and 
understanding the neural basis of 
mathematical thinking is of utmost 
importance not only for studying ac-
quired abilities from an evolutionary 
perspective (Butterworth & Walsh, 
2011) but also to help us understand 
the origin of mathematical learning 
disabilities in individuals. Behavioral 
research, the first field attempting 
to correlate brain area to numerical 
abilities, has identified key numerical 
competencies necessary for math 
skill acquisition (Siegler, 1987). Nev-
ertheless, neuroimaging methods, in 
particular functional brain imaging, 
provide a second and unique level of 
analysis that complements behavioral 
methods by providing unique insights 
that were more difficult or impossible 
to assess with behavioural measures 
(Superkar, 2013).

Numerical and mathematical pro-
cessing analysis in neuroscience 
research.

Illustration by Nino Mekanarishvili

The field of neuroscience has en-
riched the field of mathematical 
cognition thanks to the develop-
ment of neuroimaging research fo-
cusing on the study of underlying 
brain areas associated with specific 
mental activities. A variety of neu-
roimaging techniques (Grabner et 
al. 2010a, b) enable researchers to 
acquire high-quality information on 
temporal and spatial brain activity 
associated with mathematical pro-
cessing in individuals with different 
capabilities. One of these techniques, 
called event-related brain potentials, 
is based on electrophysiological re-
cordings of a reflection of electrical 
activity of the brain associated with 
cognitive processes in real time (Nev-
ille et al. 1993), offering high temporal 
resolution images over the course of 
problem solving. Another major tech-
nique, functional magnetic resonance 
imaging (fMRI), enables the detection 
of differences in processing, thereby 
potentially leading to a more compre-
hensive understanding of the under-
lying processes and brain structures 
involved.

Localisation of brain activation as-
sociated with mathematical pro-
cessing.

Numerical processing involves sever-
al interrelated mechanisms including 
memorisation, arithmetic principles, 
comprehension and arithmetic facts 
retrieval (Kaufmann et al., 2013). The 
Triple-Code Mode of numerical cog-
nition, a multi-route model (Dehaene, 
1992 ; Dehaene & Cohen, 1995), pos-
tulates the existence of three rep-
resentational codes for numbers : ab-
stract magnitude (Dehaene & Cohen, 
1995), verbal number words and Ar-
abic digits representations (Dehaene 
& Cohen, 1995). This model empha-
sises the role of the parietal cortex 
in arithmetic and number processing. 
Dehaene et al. (2003) identified three 
regions of the parietal cortex linked to 
number processing, namely intrapari-

etal sulcus (IPS) found to be involved 
in calculations; posterior superior 
parietal lobule (PSPL) linked to the 
visuospatial and attention aspects of 
number processing (Dehaene et al. 
2003); and angular gyrus (AG) found 
to be involved in the verbal process-
ing of numbers and arithmetic fact 
retrieval (Grabner et al. 2009). More-
over, the parietal cortex has been 
found to also be associated with 
word-problem solving (Newman et 
al. 2011), geometry proof generation 
(Anderson et al. 2011) and algebraic 
equations (Sohn et al. 2004).

Other neurocognitive studies have 
linked the frontal cortex to atten-
tion-control processes and working 
memory (Badre 2008, Gruber and 
Von Cramon 2003), while the left-lat-
eralised cortical network has been 
found to be activated by more ad-
vanced mathematical problem solving 
such as integral calculation (Krueger 
et al. 2008). Additionally, neuroscien-
tific research also focused on math-
ematical problem solving associat-
ed with different representations of 
mathematical objects and found that 
different representations of functions, 
as verbal or equation for example, 
are connected to different cognitive 
processes (Sohn et al. 2004), with 
each representation mode imposing 
different attention demands, and the 
symbolic representation being more 
demanding.

Structural and functional charac-
teristics of brain activation reflect 
individual differences.

One of the main interests of neuro-
scientific research is to understand 
differences in individual mathematical 
abilities in order to help children to 
overcome mathematical difficulties. 
In fact, poor mathematics capabili-
ty is observed in some children and 
can be due to different factors, such 
as sociocultural (poor instruction), 
environmental or physiological math 
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ability (inherent weakness in mathe-
matical cognition leading to develop-
mental dyscalculia, for example).

Some studies investigate the effect 
of emotional factors on mathemat-
ical learning. Kucian et al. (2018) 
examined the relationship between 
math anxiety and changes in brain 
structure in children with and without 
mathematical disabilities and found 
that math anxiety not only hamper 
children in arithmetic development, 
but is also associated with altered 
brain structure in areas related to fear 
processing (amygdala). This empha-
sises the impact of emotional factors 
in mathematical learning and encour-
ages teachers to consider math anx-
iety to prevent detrimental long-term 
consequences on school achieve-
ment. Harada et al. (2013) investi-
gated the effect of social influence, 
more specifically perceived social 
power, on mathematics performance 
and found that heightening a person’s 
sense of social power (enhancement) 
can increase their performance by 
reducing cognitive interference In 
this contribution, Christine Marques 
discusses how neuroscience can 
contribute to Mathematics education 
by better understanding the cognitive 
processes involved in mathematical 
performance.

Early mathematical abilities provide 
the foundation for academic and pro-
fessional success. Identifying and 
understanding the neural basis of 
mathematical thinking is of utmost 
importance not only for studying ac-
quired abilities from an evolutionary 
perspective (Butterworth & Walsh, 
2011) but also to help us understand 
the origin of mathematical learning 
disabilities in individuals. Behavioral 
research, the first field attempting 
to correlate brain area to numerical 
abilities, has identified key numerical 
competencies necessary for math 
skill acquisition (Siegler, 1987). Nev-
ertheless, neuroimaging methods, in 
particular functional brain imaging, 
provide a second and unique level of 
analysis that complements behavioral 
methods by providing unique insights 
that were more difficult or impossible 
to assess with behavioural measures 
(Superkar, 2013).

Numerical and mathematical pro-
cessing analysis in neuroscience 
research.

The field of neuroscience has en-
riched the field of mathematical cog-
nition thanks to the development of 
neuroimaging research focusing on 
the study of underlying brain are-
as associated with specific mental 
activities. A variety of neuroimaging 
techniques (Grabner et al. 2010a, 
b) enable researchers to acquire 
high-quality information on temporal 
and spatial brain activity associat-
ed with mathematical processing in 
individuals with different capabili-
ties. One of these techniques, called 
event-related brain potentials, is 
based on electrophysiological re-
cordings of a reflection of electrical 
activity of the brain associated with 
cognitive processes in real time (Nev-
ille et al. 1993), offering high temporal 
resolution images over the course of 
problem solving. Another major tech-
nique, functional magnetic resonance 
imaging (fMRI), enables the detection 
of differences in processing, thereby 
potentially leading to a more compre-
hensive understanding of the under-
lying processes and brain structures 
involved.

Localisation of brain activation as-
sociated with mathematical pro-
cessing.

Numerical processing involves sever-
al interrelated mechanisms including 
memorisation, arithmetic principles, 
comprehension and arithmetic facts 
retrieval (Kaufmann et al., 2013). The 
Triple-Code Mode of numerical cog-

nition, a multi-route model (Dehaene, 
1992 ; Dehaene & Cohen, 1995), pos-
tulates the existence of three rep-
resentational codes for numbers : ab-
stract magnitude (Dehaene & Cohen, 
1995), verbal number words and Ar-
abic digits representations (Dehaene 
& Cohen, 1995). This model empha-
sises the role of the parietal cortex 
in arithmetic and number processing. 
Dehaene et al. (2003) identified three 
regions of the parietal cortex linked to 
number processing, namely intrapari-
etal sulcus (IPS) found to be involved 
in calculations; posterior superior 
parietal lobule (PSPL) linked to the 
visuospatial and attention aspects of 
number processing (Dehaene et al. 
2003); and angular gyrus (AG) found 
to be involved in the verbal process-
ing of numbers and arithmetic fact 
retrieval (Grabner et al. 2009). More-
over, the parietal cortex has been 
found to also be associated with 
word-problem solving (Newman et 
al. 2011), geometry proof generation 
(Anderson et al. 2011) and algebraic 
equations (Sohn et al. 2004).

Other neurocognitive studies have 
linked the frontal cortex to atten-
tion-control processes and working 
memory (Badre 2008, Gruber and 
Von Cramon 2003), while the left-lat-
eralised cortical network has been 
found to be activated by more ad-
vanced mathematical problem solving 
such as integral calculation (Krueger 
et al. 2008). Additionally, neuroscien-
tific research also focused on math-

Figure by Christine Marques
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Neuroimaging studies not only 
demonstrate the neural basis of 
mathematical difficulties and disa-
bilities (Butterworth et al. 2011), but 
also demonstrate connections be-
tween brain activity and intelligence. 
According to some studies, intelli-
gence is associated with the reci-
procity of several brain regions within 
a widespread brain network (Colom 
et al. 2010; Desco et al. 2011). Some 
studies focused on the relationship 
between intelligence and the area of 
induced brain activity during cogni-
tive task performance (Jausovec and 
Jausovec 2000). These studies have 
led to the formulation of the neural 
efficiency hypothesis of intelligence, 
which states that “brighter individuals 
display lower (more efficient) brain 
activation while performing easy to 
moderate difficult cognitive tasks” 
(Neubauer and Fink 2009). However, 
while performing difficult and chal-
lenging tasks, intelligent individuals 
will exhibit higher brain activity (Neu-
bauer and Fink 2009).
Taken together, these studies 
demonstrate that neuroscientific dis-
coveries can contribute to mathemat-
ics education by helping us to better 
understand the underlying cognitive 
processes involved in mathematical 
performance, and the neural basis 
of success and difficulties in mathe-
matics learning, problem solving and 
reasoning. Thus, collaboration be-
tween mathematics educators and 
neuroscientists would be crucial to 
allow implementation of neuroscien-
tific findings in educational practice.
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ematical problem solving associat-
ed with different representations of 
mathematical objects and found that 
different representations of functions, 
as verbal or equation for example, 
are connected to different cognitive 
processes (Sohn et al. 2004), with 
each representation mode imposing 
different attention demands, and the 
symbolic representation being more 
demanding.

Structural and functional charac-
teristics of brain activation reflect 
individual differences.

One of the main interests of neuro-
scientific research is to understand 
differences in individual mathematical 
abilities in order to help children to 
overcome mathematical difficulties. 
In fact, poor mathematics capabili-
ty is observed in some children and 
can be due to different factors, such 
as sociocultural (poor instruction), 
environmental or physiological math 
disability (inherent weakness in math-
ematical cognition leading to devel-
opmental dyscalculia, for example).

Some studies investigate the effect 
of emotional factors on mathemat-
ical learning. Kucian et al. (2018) 
examined the relationship between 
math anxiety and changes in brain 
structure in children with and without 
mathematical disabilities and found 
that math anxiety not only hamper 
children in arithmetic development, 
but is also associated with altered 
brain structure in areas related to fear 
processing (amygdala). This empha-
sises the impact of emotional factors 
in mathematical learning and encour-
ages teachers to consider math anx-
iety to prevent detrimental long-term 
consequences on school achieve-
ment. Harada et al. (2013) investi-
gated the effect of social influence, 
more specifically perceived social 
power, on mathematics performance 
and found that heightening a person’s 
sense of social power (enhancement) 
can increase their performance by re-
ducing cognitive interference during 
calculation. Chen et al. (2018) stud-
ied the neurocognitive mechanisms 
by which a positive attitude towards 
math (ATM) influences math learning 
and skills. This study found that ATM 
was associated with increased en-
gagement of the hippocampal learn-
ing-memory system and higher math 
achievement.
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Jacques Rabie makes the case for collaboration in Math-
ematics by comparing the approaches of two mathemati-
cians,16th century Niccolo Fontana and 20th century Paul 
Erdős, and looking at the impact each one’s approach made 
on the progress of Mathematics.

In 1535, the mathematician Niccolo Fontana ([3]) won a 
duel against fellow mathematician, Antonio Fior. This was 
no ordinary duel: instead of a battle of physical strength, 
the mathematicians were testing each other’s mathemat-
ical abilities. Such duels were not uncommon in 16th cen-
tury Renaissance Italy; in particular, Bologna University, 
where this public competition was held. 

The focus of this particular competition was solving cu-
bic equations. At this time, a general solution to a cubic 
equation (ax3 + bx2 + cx + d = 0) had come to be seen as 
impossible. Fior had made some progress by finding a for-
mula for cubic equations of the form x3 + ax + b = 0. Fon-
tana, having heard of Fior’s discovery, and fearing defeat in 
the competition, also developed a formula for such cubic 
equations, as well as a formula for equations of the form x3 
+ ax2 + b = 0 — a discovery that ensured his success in the 
duel. In the highly competitive and cutthroat environment 
of 16th century Italy, Fontana even encoded his solution in 
the form of a poem in an attempt to make it more difficult 
for other mathematicians to steal it.

| TOPIC 1 : HISTORIC APPROACH |

Competition and collaboration  
in mathematics: a case study
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In 1539, the mathematician Gerolamo Cardano ([1]) invited 
Fontana to Milan and convinced him to reveal the solution 
to the special cubic equations. Fontana agreed, but made 
Cardano take an oath not to share the secrets of his for-
mula. Using Fontana’s work, Cardano then found a way to 
reduce any cubic equation to one of the form x3 + ax + 
b = 0. In 1545, six years after Fontana shared his secrets 
with Cardano, Cardano published a paper with this result. 
Despite the fact that he gave credit to Fontana in his work, 
Fontana was furious. This resulted in a decade-long fight 
over the publication. Undoubtedly, however, the result 
paved the way for many new mathematical discoveries. 
Cardano’s student, Lodovico Ferrari, used similar tech-
niques to that of Fontana to find a formula for the roots 
of a quartic polynomial. Almost 300 years later, the young 
Évariste Galois showed that there was no formula to find 
the roots of a general quintic polynomial, settling a centu-
ries-long question.

Fast forward to the 20th century, when one of the world’s 
most renowned mathematicians, the Hungarian Paul Erdős, 
was born ([2]). Over his career of more than 60 years, Erdős 
published more than 1500 papers in various mathematical 
fields, surpassing the 18th century Swiss mathematician 
Leonhard Euler. Most of his work was collaborative — in 
his lifetime, Erdős had 511 different collaborators. Until his 
death in 1996, he regularly travelled back and forth be-
tween mathematical institutions. Due to his prolific collab-
orative output, the Erdős number was created to describe 
an individual’s degree of separation from Erdős, based on 
collaboration. For example, Albert Einstein’s Erdős number 
is 2, since he did not collaborate with Paul Erdős, but he 
did publish joint research with Ernst Straus, who was one 
of Erdős’ major collaborators. The median Erdős number 
for published mathematicians is 5, while the median Erdős 
number for Fields medalists is 3.

The legacies of Erdős and Fontana stand in stark contrast 
with one another. While Fontana obsessed over keeping 
his discoveries secret, Erdős took pride in working with 
other mathematicians. Whereas Fontana’s work took years 
to develop, Erdős was a main force in revolutionising mod-
ern mathematics. While Fontana gained fame in the math-
ematical community through competitive success, Erdős 
hardly ever won awards for his work: Erdős himself never 
won a Fields medal, nor did he collaborate with anybody 
who did. Fontana prided himself in solving mathematical 
problems on his own, while Erdős famously offered cash 
prizes for problems that he felt were just out of the reach 
of the current mathematical thinking (both his and others).

The contrast between these two mathematicians illustrates 
my view about competition and collaboration in mathemat-
ics: that it is collaboration, not competition, which most ef-
fectively leads to mathematical advancements. Fontana’s 
methods provided a stepping stone towards a rich body of 
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work, but had Cordano not gone against his wishes, this 
body of work may have taken many more years to develop. 
Conversely, Erdős’ collaborative approach to mathematics 
was critical to the development of mathematics in the 20th 
century.

The failure of competitive mathematics in this regard, I be-
lieve, is for three main reasons. Firstly, competition does 
not incentivise those who succeed to continue pushing the 
boundaries of known mathematics: either Fontana wasn’t 
bothered to try and solve a general cubic equation, or he 
couldn’t do it by himself. Either way, his competitive nature 
hindered him from further developing mathematical knowl-
edge. Secondly, competition discourages those who fail 
from trying again. It is often the case that a struggling stu-
dent gives up hope when comparing themselves to their 
peers. Thirdly, and probably most importantly, competition 
shifts focus away from the goal of pushing the boundaries 
of mathematics, and instead focuses on the desire to be 
the best in a field, even if it means that progress is stifled 
in the process.

Collaboration, on the other hand, has the potential to unify 
great minds at any given time towards a common goal. It is 
for this reason that I believe that collaboration should be 
favoured above competition in the study of abstract math-
ematics.
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Your marks should not 
define who your are
Michelle Namachemo writes about 
the ongoing battle between operating 
within an education system that val-
ues marks and other external meas-
ures, and not letting those external 
measures define one’s worth as a hu-
man being.

As someone who enjoys learning, 
the education system is by far the 
biggest hindrance to my learning. It 
is set up in a way where education is 
made competitive as opposed to val-
uing knowledge and fostering a cul-
ture where learners are compelled to 
study out of their own interest. Time 
and time again it has been shown how 
detrimental current systems can be 
to young learners.

That is why I made a conscious 
choice, years ago, not to be en-
trapped by said system. My journey in 
detaching myself (as far as one can 
while still participating in the educa-
tion system) was a very difficult one. 
It consisted of frustration, confusion, 
introspection and just when I thought 
I had achieved it, I regressed. I think 
it’s still somewhat of a work in pro-
gress.

It all began when high school start-
ed. In primary school, I was the star 
pupil and my high school was a top 
girls’ school, meaning everyone else 
was also the best in their respective 
primary schools. I was no longer the 
best; I was now average. I finally got 
a taste of what it was like to not be 
the best, and after a childhood of be-
ing defined by my stellar academics, 
I was in turmoil and lost all sense of 
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who I was. It was a horrible feeling, 
so I searched long and hard within 
myself for what mattered to me and 
what I wanted to be known for and 
defined by.

With the aid of a life-altering event, 
I decided that knowing and under-
standing phenomena, people and 
systems and being a kind, reliable, and 
helpful person is what mattered to me 
and what I wanted to be defined by. I 
realised that my marks, neither objec-
tively (my mark) nor subjectively (how 
my mark compared to others) were 
not a measure of my intelligence, but 
rather a measure of how much the 
education system had entrenched it-
self in my mind. I noticed that I adored 
reading on topics for the sake of it, so 
much so that even if I failed a test it 
didn’t bother me too much. Tests be-
came a formality, something required 
of me that had no real meaning to me. 
My focus was on the knowledge sim-
ply for the love of it.

I had moments (more so during times 
of very high pressure) when I would 
regress. This mainly happened during 
exam times because as much as the 
mark did not define me, it would still 
determine whether I could proceed to 
the next stage. It was an aggravating 
feeling knowing that something that 
didn’t represent me and all my com-
plexities would determine my future. 
The longer I spent in such stressful 
periods the more prone I was to hear 
a little voice in my head, saying that 
maybe I was defined by these num-
bers after all. This is what my entire 
year in engineering has been like, 
very high pressure and constant re-
minders of how my academic results 
determine if I am worthy of attaining 
my goal of becoming an environmen-
tal engineer.

The time pressure put on us every 
day means I no longer have time to 
take my learning into my own hands 
and do it at a pace where my interests 
remain intact. Rather, all the learning I 
do has an end goal. I study not out of 
interest but more so because I have 

a deadline to meet by which time I 
must assimilate the information, be 
it a test or exam. The mass of infor-
mation and impossibly little time to 
digest it leaves me unable to enjoy 
the process of learning. It has long 
been argued that the time pressure 
prepares us for the working world but 
from what I’ve noticed the capitalist 
world in which we live in is very ex-
ploitive in its nature. These immense 
time pressures are consequences 
of employees not being valued as 
human beings who get stressed and 
tired. Ultimately preparing students 
for such an environment normalises 
the idea that they are a commodity as 
opposed to living, breathing human 
beings.

Hence, despite my unending love for 
physics and having a cool lecturer 
who had experiments in class using a 
guitar and bagpipes, last semester’s 
physics was not enjoyable. Learning 
it in class was interactive and awe-in-
spiring, but it still didn’t save the sub-
ject when it came to the content vs 
time battle.

As for advice to other students, I 
would suggest they find meaning in 
their lives that is neither academic 
nor reliant on measurement by oth-
er people or systems put in place to 
forcefully mould us in specific ways. If 
you can find your worth in something 
that cannot be given or taken from 
you by someone else, you can deter-
mine what has control over you and 
your sense of happiness and worth.
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How does one have a healthy relation-
ship with competition? In this contri-
bution, Kamaldien Ashwin writes that 
it starts with being a humble learner 
and an insightful ‘loser’.

Growing up I was a bright but ex-
tremely arrogant child; I thought my 
knack for mathematics made me bet-
ter than others and never saw any-
one as competition when it came to 
school. The first primary school I at-
tended did not have the best systems 
nor equipment to help us learn, but I 
was quite well off in my personal life, 
so I found it a lot easier to learn than 
the other kids. My arrogant self-put 
down others when it came to explain-
ing work to them, simply proclaiming 
them as ‘too stupid’ to understand 
while partially not wanting them to 
learn as I liked being top of the class. 
This time of my life I would describe 
as me being on the extreme of my un-
healthy competitive nature. 

After moving to a better primary 
school and graduating to a decent 
high school, I quickly realised that 
the microcosm of super-genius sta-
tus I enjoyed was a facade. Person-
al issues like girls and pre-puberty 
plagued me as well. I realised the ta-
bles had turned, and I was now ‘too 
stupid to understand’. Things contin-
ued like this until I made a conscious 
decision in grade 10 to start applying 
myself more and become someone, 
I could be proud of. I’ve never been 

My ongoing quest towards 
healthier academic competition
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the kind of person to be buried in a 
book, but my number one speciality 
was doing my homework, as com-
mitment proved easier than learning. 
My upward trajectory allowed me to 
become one of the first two matric-
ulants at my high school to receive 
the 80%+ average award. These 
achievements and acclamations 
once again gave me a small amount 
of arrogance, which helped with my 
bravado and confidence going into 
university. 

After being declined by Stellenbosch 
University’s engineering faculty, I 
came to terms with the fact that my 
maths and physics marks simply wer-
en’t good enough. I felt that by exten-
sion I wasn’t good enough either. By 
some miracle, I was later accepted to 
the engineering faculty just a week 
before orientation. I came into the 
faculty flustered and with thoughts 
that I did not deserve to be there. This 
feeling of not having earned my place 
was a huge reason for my struggle 
with depression during the first se-
mester. I felt like I could never take a 
break, working more than 30 hours 
a week outside of class. “If the oth-
er students were accepted because 
they are that much smarter than you, 
you have to work this hard”, was my 
constant motivation for this unhealthy 
behaviour. I would describe this time 
in my life as me being on the oppo-
site end of the extreme, never feeling 
good enough because others are do-
ing so much better. 

It is still difficult at times, when your 
friends are doing better than you or 
when you are doing better than all of 

them. This rush of positive or nega-
tive emotions is what drives our com-
petitive natures, the need to stay on 
top and the fear of being at the bot-
tom. But I have found somewhat of a 
balance between the two extremes 
I’ve experienced in my life. Therefore, 
the title of this piece is phrased as 
an ongoing quest - an ongoing and 
ever- changing challenge to change 
the way of thinking that I’ve been ex-
posed to for my entire school career.

After meeting with the university’s 
psychologists, I realised that I had 
been measuring myself against my 
performance in school - if I failed a 
test, it felt like I have failed myself. I 
started becoming more involved in 
my group of friends and doing more 
outside of the classroom. I rediscov-
ered myself as a person outside of 
my academic studies. One day it fi-
nally clicked, I am so much more than 
my grades. I learned how to distance 
myself from my grades: if I failed, I 
just didn’t know enough at that time. 
Developing these ways of thinking, 
especially when you are told in most 
of your school years that you must do 
well in school to accomplish anything, 
can be hard.

For any high school students read-
ing this, I recommend that you begin 
changing your view on school and as-
sessments now. The earlier you start 
to have a healthier relationship with 
your competitive spirit (or lack there-
of), the better. I hope my journey helps 
you become better prepared for the 
road ahead, as these skills don’t only 
apply to tests and results. Being a 
humble winner and an insightful and 
objective loser will serve you well in 
the long run.
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Laylaa Motala discusses how societal pressure regarding 
gender roles eventually led her to being competitive in her 
studies. She also tells of her journey of turning that into 
something positive.

As a child, my parents never limited me to the “things girls 
should do”. I could climb trees, change tyres and use heavy 
duty power tools, on countless occasions nearly losing my 
fingers in the process. However, as I grew up, I was increas-
ingly faced with society’s opinions around gender roles. 
From then on, being a young feminist, I made it my mission 
to do everything that boys did. As a result, I became com-
petitive from a young age and felt compelled to be the best 
at everything I did. Having entered a largely male- dominat-
ed field like engineering, I feel a constant need to prove my 
capabilities as a woman.

This competitive nature filtered into my studies – more 
specifically mathematics – and as a result I’ve always been 
inclined to study on my own. It helps me learn better and 
understand concepts faster without any interruptions. 
With group study, I also tend to get distracted and end up 
conversing more than studying. I believe that studying on 

Gender roles, competition 
and mathematics
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my own rather than in a group has enabled me to develop 
important life skills like work-scheduling, prioritising and 
self-motivation. When I entered university, I was placed in 
an environment where I was not unique in terms of my ac-
ademic abilities. This made it difficult for me to identify a 
group of people to use as a target for my competitiveness.

I soon realised that I was so consumed by the idea of com-
petition that I lost sight of the reason I was trying to be 
the best at certain things. Over the last few months, I’ve 
tried to work on my shortcomings and develop a better and 
healthier environment for me to compete in. I found that 
when I isolate myself and study on my own it becomes eas-
ier for me to establish a therapeutic environment in which 
I focus on my own academic achievement – specifically 
mathematics – and how I can improve myself.
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The inequity equation
Cecilia Hernandez writes about the 
path out of poverty - good grades, 
getting into college, graduating and 
finding a well-paying job. She realized 
that to succeed on this journey she 
needed to ask for help and collabo-
rate with others.

\

It always felt like New York Universi-
ty found me. I never considered NYU 
as a real option for me until I received 
an e-mail explaining their Higher Edu-
cation Opportunity Program (HEOP).
HEOP understood the inequities that 
come with growing up with a lower 
socio-economic background and be-
ing a minority, both of which make the 
feat of being a college graduate more 
difficult to reach. Before College, I 
never took the time to analyse this in-
equity equation. However, I did mem-
orise the solution. Get good grades, 
plus get into college, plus graduate, 
equals get a well-paying job. I am not 
sure when the exact moment was 
when I started to break down this 
equation beyond the rote memorisa-
tion I trained myself to do my whole 
life. 

But I will always vividly remember the 
first Saturday in spring break of my 
freshman year at NYU when I called 
my mom to let her know that I will be 
coming home after work and asked 
her if she was excited to see me. Sad-
ly, her response was that the place I 
had called home my whole life was no 
longer our home. We were evicted. 
Leaving all our belongings, childhood 
memories behind a locked door. For 
the first time the equation felt unsolv-
able. Graduating college did not feel 
like the solution for me. There was 
no home to go to that Spring break 
so instead I stayed in my dorm room 
on Fifth Avenue contemplating if I 
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should drop out of college and get a 
full-time job to help my family. Part of 
me believes that the reason I stayed 
to finish the semester was because I 
did not want to let go of the equation 
I had memorized for so many years.

As I transitioned between my college 
years, my problems at home were 
harder to solve. Simultaneously, as 
I progressed through my math ma-
jor, my classes became harder as 
they were no longer about solving 
equations, but instead about proving 
complex theorems. College became 
about proving to myself that I could 
overcome the inequalities I was born 
into as well as the competition that 
comes with attending a prestigious 
university.

By the end of my fall semester of my 
senior year, the mathematical proofs 
I encountered in class felt unsolva-
ble. At home, my family was also go-
ing through another eviction. Some-
thing else that felt unsolvable to me. I 
couldn’t keep up with my classes and 
the competition of my senior year. I 
was stuck and out of options to solve 
these problems. Once I accepted that 
I couldn’t prove these alone, I began 
to make progress. My professors, 
classmates, and academic advisors 
never made me feel like I wasn’t good 
enough to be in NYU’s competitive 
environment. Instead, they were com-
passionate and provided me with 
extra help outside of class, words of 
encouragement, and strategies to 
graduate.

Collaborating with others to come 
up with solutions was ultimately what 
helped me graduate from NYU. The 
solution I had memorised for many 
years - get good grades, get into col-
lege, graduate, and get a job without 
further analyses in a lot of ways was 
true for me. After graduation, I got a 
job in Finance, and a few years lat-
er, in Data Analytics. It almost feels 
like a dream come true to know that 
I helped my family get out of pover-
ty and that I made the right decision 
to finish my degree. Further analys-
ing this equation though shows me 
that getting these opportunities and 
keeping them have been extremely 
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difficult, given how competitive these 
fields are, but I believe my major in 
mathematics prepared me for them.
For me, life after college has been 
about proving to myself that I can 
ask for help, collaborate with others 
to continue to grow and learn in my 
career, and continue to pay it forward 
in honour of those who have helped 
me along the way and continue to 
help me.

CECILIA HERNANDEZ
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couraged to always help one another and not compete. 
By doing this the knowledge, partially attained in lectures, 
is solidified and thus creates group orientated engineers, 
who can solve problems accurately and timely. In my view, 
the opinion that competition improves one’s self is false. 
The reason being that competition is a ‘two-way street’ 
where there is a winner being advantaged and a loser be-
ing disadvantaged.

Triven Govender contends that the idea that competition 
improves the individual is false because winners are advan-
taged and ‘losers’ are disadvantaged.

In today’s society, competition is a motive for individuals to 
grow and thrive in ‘being the best’ in whatever aspect the 
individual is participating in. It also has become a way of 
conceptualizing wealth and prosperity. However, I disagree 
with this norm. Competition is a very one-sided affair, in the 
sense that an individual only benefits from ‘winning’, while 
the ‘loser’ becomes emotionally despondent in working 
harder and learning from previous failures.

For example, in high school there is an award system based 
on competition. In a positive light, it is a way of driving the 
best academics or best sports persons to continue striv-
ing for excellence. However, the demotivation of those who 
work as hard, if not harder, heightens due to the lack of ac-
knowledgement given to them. This can lead to continuous 
failure of the ‘loser’ and an unbalanced acknowledgement 
of the ‘winner’. In such a system of ‘losers’ and ‘a winner’, 
a division is created, and the ‘losers’ lose their motivation.

A person, thereafter, becomes more prone to valuing their 
achievements and goals on others. This in turn creates 
boundaries that stop a person from reaching their true 
potential. As Engineering students, we are continually en-

The winner takes it all

Illustration by Nino Mekanarishvili
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matics can understand more dif-
ficult things”. After my first year 
at university, I can confirm that 
among those difficult things he 
was referring to was solving com-
plex antiderivatives.

After having completed the first 
year of engineering mathematics, 
with a few nightmares of receiv-
ing zero in my exams due to for-
getting to add that constant after 
completing an antiderivative, I can 
not only testify that my thought 
patterns have changed but that a 
person’s psychological state also 
plays a large role in the methods 
they use to complete that first 
year of engineering mathematics.

I can be described as one of 
those learners who desires to first 
properly understand something, 
regardless of how long it takes, 
before applying the related theory 
to simplify expressions and solve 
equations. However, the pace at 
which content is released and 
taught at University is not kind to 
university students like me. Being 
in such a position where I was fall-
ing behind faster than I could un-
derstand the work being taught, 

In this article, Mpoyi Luboya re-
flects on the challenges that he 
experienced in an undergraduate 
engineering mathematics course. 
Luboya describes how attending 
the mathematics symposia gave 
him insight into his personal per-
ceptions related to learning math-
ematics.

I always found it weird at first 
when my father said, “doing math-
ematics changes the way you 
think, and people who do mathe-

Life lessons from solving 
complex antiderivatves

Illustration by Nino Mekanarishvili 

changed my initial sentiments of 
enjoyment and appreciation for 
mathematics to one of distaste. 
That mind-set hindered me from 
fully applying myself and my 
grades suffered.

Taking a step back and joining 
these mathematics and psycholo-
gy discussions helped me under-
stand how my psychological state 
affected my studying. Perhaps it 
was through my previously per-
ceived ideas and prejudices of 
how abstract or concrete the cal-
culus I studied was, or how I per-
ceived mathematics from an early 
age and how it was portrayed to 
me played a role in how I choose 
to interact with it.

To me, this series of discussions 
showed that knowledge really 
is power, and through its proper 
harnessing and utilization one can 
alter the course of one’s degree 
and better understand oneself.
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According to Google, competition is the activity of striving 
to gain or win something by defeating or establishing 
superiority over others. I don’t believe in competition, but 
setting a goal or target for myself even though what I’m 
challenging myself to do is under the name of competition. 
The reason behind this is because it allows me to do 
self- review andcheck my progress rather than having to 
compare myself with others.

Another reason, is that it spares me the disappointment 
and feelings of depression of having lost the competition, 
but it also allows me to work even harder to reach my goal 
when given another chance. I am aware that we live in a 
space where competition is a key factor in determining 
potential. But, at the same time, I feel that competition can 
negatively affect one’s self esteem and lead to anxiety 
and depression especially when feelings are attached to 
the competition. It can even destroy friendships. Healthy 
competitions may unlock potential and open doors of 
success for other people, whereas unhealthy competitions 
may destroy and leave a person with a bitter heart. I taught 
myself to be my own competitor and set goals for myself. 
Goals that motivate me to work hard and strive to achieve 
them no matter how hard it seems. My motto is that nothing 
is impossible and everyone can reach their goals and full 
potential only if they compete with themselves. You can 
never measure your potential and success by competing 
with others.

Tshogofatso Brigette Lope argues that collaboration can be 
successful if students are taught the necessary skills early 
on. She further discusses how competing with oneself can 
be a good motivator to achieve one’s goals.

According to Google, collaboration is the action of working 
with someone or a group of people to achieve a common 
objective. Collaboration is a good thing, but not always 
effective. Preference of collaboration is based on personal 
experience and the activity which you have to do. It might 
take two hours to do a certain task in collaboration and 
only an hour to do the task individually. I think sometimes 
we lack collaboration skills and discipline and that is why 
we are not in favor of doing it. Some people are social 
people and would prefer to divert a work session into a 
conversation when in a group and normally prefer to work 
individually to complete a task. Whereas others are work- 
focused, either individually or in a collaboration, and would 
focus on getting the work done and reaching the group 
goal or target. Most of the time when children collaborate, 
one person would complete the whole group’s work, which 
may affect how we collaborate when we grow up.

Most of the time when children collaborate, one person 
would complete the whole group’s work, which may affect 
how we collaborate when we grow up. We are unsure of 
disciplinary measures in the group to avoid diverting a group 
work session into a discussion and we are unable to assign 
each individual a section of the work. In a collaboration 
there is a lot we can accomplish and learn, especially when 
we are studying. Collaborating can divide the work and 
multiply success. However, due to lack of self-discipline, 
collaboration skills, focus, and shared goals, collaboration 
may seem hopeless and difficult to accomplish. I believe 
collaboration can be a success if students are taught 
how collaboration should work from early childhood, 
collaborating with people with the same objective as you, 
prioritizing discipline, and knowing exactly what impact you 
make in the group.

Distinctive thoughts on 
collaboration and competition

Illustration by Nino Mekanarishvili
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ing and progress. Further steps along this path, however, 
display the obvious flaws in such an oversimplified deduc-
tion. Without conflict the individual would stagnate. We 
have been built up by evolution from challenge and strife, 
all desire and motivation are fundamentally tied to this con-
cept, the fear of losing and the elation of success or victo-
ry. If this were not the case and the primary motivators of 
man were something else, humanity would not have won 
the contest of survival so many times.

From the second point of view the steps of logic have their 
order inverted, however largely coincide in their conclu-
sion. While society may currently ‘view’ it as wrong, the re-
ality is that the loss of some portion of its number is often 
a necessity to facilitate growth, this is the foundation of 
natural selection and evolution. As such it would seem the 
natural choice to enforce an environment of extreme com-
petition to facilitate the optimal improvement of the whole 
by weeding out the weak and letting the strong attain their 
potential. This is after all the underlying principle of the 
most successful and prolific economic system on the plan-
et to date, namely Capitalism. This however, is once again 
an oversimplification, one must view the society as a whole, 
and from this point of view it can clearly be seen that such 
a rampantly competitive environment inhibits the progress 
of the whole by restricting access to all achievements that 
would be impossible to accomplish alone.

Thus, if the goal is overall improvement, using almost any 
method of measurement, cooperation is an indisputable 
necessity. There does not exist a superior of these two op-
tions. I instead would argue that from almost any frame of 
reference in which the betterment of humanity is the goal, 
they are both wholly necessitated, and by no means mutu-
ally exclusive. Without competition there is no motivation, 
and thus no progress, while without collaboration in turn, it 
would be impossible to accomplish anything of an existen-
tially ‘ad rem’ scale.

Kai Grotepass argues that if the betterment of humanity is 
the goal of our activities, then we need both competition and 
collaboration.

Anyone who has grown up in modern society and has 
stopped for a moment and thought about what we are do-
ing will have at some point, consciously or otherwise, pon-
dered the nature of human progress. Is life nothing but an 
endless competition, a rat race with everyone grabbing as 
much as they can before they meet their demise? Or are 
we a collaborative community, working together towards 
ends greater than ourselves, a global colony of proverbi-
al ants? Or, to ask a more subtle question, do these two 
seeming opposites result in different answers?

If one is required to compare a number of things - as is 
the case here - the first step should almost always be to 
ascertain the contexts and circumstances within which the 
comparison is taking place. With this case, there are two 
natural positions from which one may easily approach the 
topic. The first premise is that of the individual, which is, 
par necessity, mostly aligned with the values of the modern 
liberal outlook on life. The second is that of society, not in 
the sense of the moral or ideological views held thereby, 
but the concrete improvement of knowledge and structure 
within society from an objective standpoint, which could 
perhaps be more concisely defined as a ‘special premise’ 
as in, pertaining to the species.

From the position of the individual the first and most obvi-
ous step is that competition is a negative, and only through 
collaboration does one improve and progress. This conclu-
sion may be drawn with the following logical step: Compe-
tition, in and of its very existence, implies the prospective 
possibility of failure, or loss, both of which are typically 
viewed as unfavourable occurrences. Collaboration in con-
trast has no such drawbacks and instead facilitates learn-
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A rant about rats and ants

Illustration by Maria Esteves
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seventh grade, while some even started during the fifth 
grade. That’s seven years of preparation! It’s not at all unu-
sual to see advertisements targeting parents, for example, 
“My child started preparing last year, when is your son go-
ing to start?” These kinds of tactics are used by so-called 
“coaching institutes”, where students are taught how to 
“crack” this exam. Some students attend school during the 
day and coaching classes or private tuitions in the evening, 
early morning, or even night. This has led to a problem of 
dependency on extra tutoring. [2]

I too have gone through the torture of being told every 
day that I will not be able to get into a college without this 
amount of studying. I was told by my school principal that 
sleeping for seven hours a day is too much. I was told to 
study ten hours a day outside of school (which is seven 
hours long). These kinds of messages are not uncommon 
at all and it is one of the reasons why students adhere to 
this insanity. Moreover, the pressure on parents has re-
vealed that they believe this is ‘unavoidable’ [2]. Accord-
ing to the National Crime Records Bureau, around 9000 
students commit suicide each year [3]. The analogy of a 
pressure cooker is extremely apt.

As students, we knew what was expected of us. The pres-
sure stemmed from society and parents. Currently, most 
students start preparing for this early by joining extra tui-
tion classes or coaching institutes. The coaching institutes 

Lakshmi reflects on the highly competitive process of col-
lege applications into engineering and medical colleges in 
India. Her article provides a personalised account of the 
immense pressures associated with these college applica-
tions.

Imagine millions and millions of people all running one race. 
The race is both a sprint and a marathon. It’s more like run-
ning for your life every day. At least, that’s how it’s made to 
seem. It’s a race to an elusive dream. To win this, one must 
let go of almost everything else. Some run far from home, 
some run without sleep.

This is real, and it’s called ‘The Rat Race’. For those who 
are from India, they know this issue all too well. The rat 
race is caused by the extremely small number of seats in 
decent engineering and medical colleges and is fuelled by 
the craze for students to pursue those professions. The 
problem is on an insane scale. Each year, more than a mil-
lion students enrol to take the ‘Joint Entrance Exam’ [1]. 
Then, the top 10,000 students get to write the next level 
of the examination for the prestigious ‘Indian Institutes of 
Technology’. The top 50,000 will get admitted to the ‘Na-
tional Institutes of Technology’. The rest will either attend 
private or state level institutions, or not attend college at all.

The pressure to get into one of these colleges is intense 
and begins early. My friends started preparations by the 

The Rat Race
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specifically prepare candidates for these examinations 
and not to help with the school syllabus. As we entered 
high school, the pressure was on, and coaching classes 
took place every day, including weekends. The coach-
ing industry was valued at $40 billion in 2015 itself [5]. 
The average fees to attend a coaching institute would be 
over Rs.50,000 (around 700USD) a year, and that is if it is 
non-residential [4]. Often students are sent off to coaching 
institutes in other cities or towns so that their focus is sole-
ly on their studies.

Picture this - every day you are told that how much you 
study decides whether you crack the exam, and whether 
you will have a good life. You are told that there are stu-
dents in other parts of the country that study eighteen 
hours a day and you are supposed to compete with them 
for a future. You must constantly resign yourself to the fact 
that you have to study, not for school, but for a single exam-
ination at the end of it all.

In this state of affairs, most forget why they learn science, 
or even how to learn science. We only remember the tricks 
to answer questions in an exam. The ultimate aim is to 
reach college, not to learn. They barely prepare us for what 
comes after getting into college. The system forces us to 
be narrow minded. Those who try to learn for the sake of 
learning lose out. After losing out one more time, they too 
join the race. There is no escape.
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The value of collaboration
Joy Mighty delves into the importance of collaboration in 
our efforts as humans to solve tame and wicked problems.

Last October, after delivering the keynote address at Stel-
lenbosch University’s 12th Annual Scholarship of Teach-
ing and Learning Conference, I was invited to contribute a 
short article on the theme of collaboration to the inaugural 
issue of this magazine. The launch of this magazine is one 
of many efforts by faculty in the Department of Mathemat-
ical Sciences to humanize Mathematics and make it more 
accessible to students. I congratulate the editors on this 
worthwhile initiative that is consistent with my own views on 
the need to engage students by using active, collaborative, 
and experiential pedagogies that involve them in their own 
learning through meaningful connections with the materi-
al, their peers and their instructors. In this article I discuss 
the value of collaboration and its potential for developing 
an appreciation of diversity, fostering deep learning, and 
ultimately developing lifelong social and professional skills. 

Two characteristics of today’s world provide the rationale 
for teaching students to work collaboratively. The first is 
the enormous diversity of people on the basis of social 
identity. The human population is growing at such a rapid 
rate that the United Nations estimates that we will reach 
10 billion by 2050. Concomitant with this rapid growth in 
numbers is the phenomenon of an increase in diversity in 

all its dimensions including race, ethnicity, gender, age, 
language, sexual orientation, physical and mental abilities, 
religion, class, and other aspects of social identity. Despite 
our size, advances in telecommunications and transporta-
tion, the collapse and/or reshaping of geographic borders, 
and numerous free trade and other agreements have re-
sulted in unprecedented global economic and cultural in-
tegration. As many and as diverse as we are, we have truly 
become a global village with the capacity to communicate 
instantly with each other across vast distances, languages, 
and time zones. It is therefore almost impossible to remain 
unaffected by all the other related trends of the twenty-first 
century including: the proliferation of new multimedia tech-
nologies; the environmental crisis of human induced global 
warming; terrorism, war and their devastating consequenc-
es; poverty; and the rapid spread of previously eradicated 
or unknown diseases. There is also a growing world food 
crisis. 70 to 80% of the world’s poor live in rural areas that 
depend on agriculture. But several factors such as the use 
of prime agricultural land for urban development, failure to 
renew this valuable resource, and changing weather pat-
terns continue to deplete the world’s agricultural capacity. 
The shortage of food has led to steep price increases on 
staples leading to food riots in some parts of the world as 
the poor struggle to survive. Yet, according to the United 
Nations, the world also has enormous wealth that is dis-
tributed unevenly.

The second characteristic of our 
world that necessitates collaboration 
is the complexity of its problems. We 
live in times with high levels of un-
certainty and problems that have not 
been previously experienced. Tradi-
tional approaches to problem-solv-
ing are incompatible with this brave 
new world and its complex wicked 
problems that are different from tame 
problems. Although tame problems 
may be complicated, they have typi-
cally occurred before and can there-
fore be solved by applying known 
procedures and processes. Exam-
ples include training an army, per-
forming heart surgery, or conducting 
wage negotiations. By contrast, wick-
ed problems are practically unsolv-
able or, at best, there is no known 
procedure for solving them. How do 
we, for example, solve the problems 
of poverty, hunger, crime, or global 
warming, and when or how will we 
know that such problems have been 
solved? Wicked problems are not 
only global in nature. Every organiza-
tion, large or small, private or public, 
profit or not- for-profit has its share of 
unique wicked problems. Most impor-
tantly, one individual or one discipline 
alone cannot solve wicked problems. Illustration by Cayla Basson
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our teaching should have among its learning outcomes the 
development of students’ skills in working collaboratively.

To achieve these outcomes, students should be exposed 
to a rich variety of perspectives and opinions through 
disciplinary knowledge from multiple sources, as well as 
through interactions with students, faculty and communi-
ty members from a wide range of academic, social, and 
cultural backgrounds. Collaborating with others of diverse 
social identities and perspectives helps students learn to 
think comparatively, shift their mental frame of reference, 
and apply disciplinary knowledge meaningfully and ap-
propriately as they adapt their behaviour to different con-
texts. Collaboration harnesses the diversity of cultures, 
perspectives, disciplines and skills to achieve previously 
unimaginable integration and unity. Engagement with di-
versity through collaboration has the potential to broaden 
horizons; enhance communication; improve intergroup re-
lations and mutual understanding among people from dif-
ferent cultures; reduce prejudice; lead to self-discovery and 
growth; develop critical thinking; enhance decision-making 
and problem-solving; increase commitment to social jus-
tice, civic engagement and community service; and im-
prove cognitive development and academic success.

I hope that this magazine will help readers explore ways 
of teaching that encourage students to value diversity and 
reap the many benefits of collaboration. Best wishes!
 

Wicked problems require innovation, collaboration, and di-
versity of perspectives. These problems require new ways 
of thinking and of seeing the world so that we bring togeth-
er in a fully integrative and cohesive way all of our available 
knowledge, methodologies and resources to help us solve 
these problems. The wicked problems of the 21st century 
necessitate that we attack them collaboratively.

One example is the Human Genome Project, an interna-
tional 13-year project to map the genes of human beings. 
To accomplish its goals the project needed the combined 
efforts of biologists, geneticists and computer scientists. 
In addition, the inherent ethical, legal and social issues re-
quired scholars to cross disciplinary bridges in such fields 
as law, human rights, ethics, philosophy, sociology, psy-
chology, anthropology, and infectious diseases to name 
a few. This international collaboration was a convergence 
of genomic sciences, medicine, and social policy, and in-
volved at least 18 countries. This is clearly a complex is-
sue that is of great significance in our ongoing efforts to 
understand the genetic make-up of the human being and 
how that make-up influences and is influenced by a host 
of other variables. It is not unique to a single country or 
a single discipline. It is of importance to the entire human 
race and requires knowledge from just about every field to 
understand it fully.

Given the scope of our diversity and the complexity of the 
wicked problems facing our world in the 21st century, the 
ability to work effectively in multidisciplinary, multinational 
and multicultural teams, and the capacity to develop cre-
ative solutions to shared problems are not only desirable 
skills; they are absolutely essential. Thus, to be relevant, 
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Sophie Marques argues that each person’s “best” is an in-
ner process. Is it possible that competition is pushing us 
away from the best version of ourselves?

Competition relies on external judges and external rules to 
oneself, determined in advance and/or out of our control. It 
is constructed in a limited way from what is already known 
and often with a predicted goal depending also on the lim-
ited perception and understanding of the judges. The out-
come of the competition is often difficult to detach from 
emotions. As a result, it often triggers a distorted evalua-
tion of self-worth and inaccurate identifications that are, to 
me, often the cause of mental health problems.

Illustration by Sophie Marques

Could competition be pushing us 
away from our “best self”?

In my opinion, “our best” cannot be efficiently determined 
with competition. It is an infinite inner process. If “our best” 

is limited by the finiteness of the for-
malizations of our conscious minds, it 
would push us away from the possi-
ble discovery of our best self. Not to 
forget, the planet might soon need 
a large-scale powerful constructive 
interdisciplinary collaboration to sur-
vive, maybe almost competition free.

I could never argue that humanity is 
able to function without competition. 
This would require too many variables 
and knowledge beyond my expertise. 
But I believe that everyone can make 
a choice about how much of the com-
petitive world he or she is willing to 
accept and needs in order to fit in and 
be healthy. While doing so, I feel, it is 
important to stay aware of how limit-
ing competitiveness is.

Looking back at some of the people 
that made the impossible possible, in-
cluding the Wright brothers, Thomas 
Edison, Albert Einstein, Isaac New-
ton, and Galileo Galilei, several ques-
tions may come to mind. Could they 
have been competing with anyone? 
Even with themselves? Or did they 
have a very clear and precise vision 
and and did not allow judgment to de-
viate them from it?

Listing the biggest competitive events 
in history, including wars, hierarchies, 
competition with nature itself, com-
petition between disciplines, compe-
tition for resources, competition for 
power, competition for being true, 
competition for consummation, com-
petition between gender, and rac-
es further questions may arise. Was 
progress a result of this competition? 
Or was progress independent and 

set itself away from the competition, made by people who 
learned how to detach themselves from it?

Let’s consider a scenario where one aims to achieve a goal 
and, in the process, to work towards detaching oneself 
from competition and to make use of opportunities to learn 
from others, therefore growing and building meaningful 
connections. This may require one to question everything 
and listen to everyone without judgment, suspicion, or prej-
udices, oneself included. Perfecting that skill would there-
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fore require a setting aside of oneself. That does not mean 
having a low self-esteem. But rather requires one to detach 
oneself and the beliefs of the external world from one’s 
questioning and listening to obtain a “justified true belief”, 
as philosophers call it. This is the hardest thing for me, in a 
judgmental world imprinted in social media. We are almost, 
in my opinion, programmed by society to judge. According 
to my perspective, judgment is a permanent scar remaining 
after competition; judgment is indicative of an opinionated, 
subjective value.

This I consider to be in contrast with the idea of evaluation 
that refers to a neutral,objective value. Objectivity is to me 
an ideal that I believe I will never be able in my entire life 
to say honestly, I have achieved. We might need to keep in 
mind that our perceptions are distorted in a unique way by 
nature. But continuously perfecting the skill of objectivity is 
a quest that, in my opinion, could perhaps get us closer to 
unraveling our purpose and set us further away from com-
petition.

Mathematics is the formal tool that permits us to form com-
parisons and, in a sense, makes competition very concrete.

How could we apply this philosophy to 
teaching mathematics? One could try 
to create a space free from judgment: 
valuing mistakes, struggles as part of 
growth, acknowledging and valoriz-
ing any contributions or inputs. One 
could respect and value any form of 
knowledge and discipline. One could 
shape the students into independent 
learners. One could also encourage 
questions and sometimes leave the 
students with more questions than 
answers. One could try to build on 
ideas instead of swiping them away. 
One might not present oneself as 
having all the answers and free from 
making mistakes. One could value the 
learning process and progress with-
out any fixed goal if not a constant 
will for improvement and growth. One 
should inspire self-awareness, em-
pathy, and compassion, and work on 
emotional intelligence at all ages. To 
me, human beings strive for meaning-

ful connections and need those for a balance and healthy 
lifestyle by “definition”. It could be beneficial to know how 
to encourage and set meaningful connections and collabo-
ration in classrooms. Finally, in each single class one could 
encourage students to be concerned about their well-be-
ing and not neglect enjoying themselves with and without 
others. Life is also about that.

In closing, I believe that a large part of learning is acquired 
by learning from role-models. We might need to make sure 
to set the example we wish to see in the world and that that 
example is in harmony with our actions and words. Why is 
that relevant to society? Universities and schools have a 
considerable influence on how future generations will be 
in the world, with no-one being understated or overlooked.

Knowledge without wisdom, which will happen without 
emotional intelligence and constructive connections, is 
very dangerous and sad to observe.

SOPHIE MARQUES

Department of mathematical sciences, 

Stellenbosch University
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in a variety of contexts from daily 
social interactions to organisational 
settings. Competitive behaviour is the 
manifestation of the unidirectional 
push to do better and protect one’s 
superiority.

Striking a balance between our com-
petitive nature and the social ben-
efits of collaboration can be tricky. 
There are advantages and disadvan-
tages of both approaches, and the 
approach one takes is personal and 
shifts depending on circumstances. 
An individual can push a personal and 
self-centred agenda in a blatant man-
ner, or they could use subterfuge and 
don the guise of a collaborative spirit, 
all the while gaining benefit without 
reciprocating. In a world of snakes 
and ladders everyone is attempting to 
reach the top. The reality of a world 
with limited resources dictates that 
we must work together in a demo-
cratic and civilised fashion.

Over time the environment and my 
personal experiences have resulted 
in my current set of ideas and be-
haviours. Raised alongside my disa-
bled brother I was taught to measure 
success relative to my own abilities 
and intrinsic goals. This principle has 
guided my professional and personal 
life. I believe it to be possible to lever-
age our innate competitive drive into 
behaviour that is healthy, productive, 
and pro-social. My vocation is one of 
action research, implementing psy-
chology-based interventions with a 
humanitarian ethos. I have chosen 
a profession which makes it easy to 
collaborate with my colleagues and 
draw on my competitive drive to deliv-
er evidence-based interventions that 
rely on good scientific practice.

I recently returned from a trip to Tan-
zania to climb Mount Kilimanjaro with 
my father (who is 38 years my senior). 
The seven-day epic journey was to 
reach its high point after a final push 
to the summit. To my dismay, I had 
to make a last-minute decision and 
leave my father behind to summit that 
magnificent mountain alone. At the 
end of the day we must find our own 
balance and decide why and how we 
climb the mountain.

Daniel Page writes of his belief that 
it is possible “to leverage our innate 
competitive drive into behaviour that 
is healthy, productive and pro-social”.

There are numerous theories of be-
haviour that examine and discuss why 
humans behave and compete in the 
ways they do. Literature on competi-
tion and collaboration is diverse, cov-
ering multiple academic disciplines 
(psychology, economics, business, 
sociology, and political science) and 
focuses on several fields (academia, 
business, sports, and healthcare).

Social comparison theory posits that 
individuals are propelled by a drive to 
improve their performance and min-
imise discrepancies between their 
own and others’ level of performance. 
Motivational theories describe that 
an individual may be driven by intrin-
sic rewards such as enjoyment and 
satisfaction or extrinsic rewards such 
as status and money. Self-determi-
nation theory describes the human 
need for autonomy, competence, and 
relatedness. Achievement motivation 
theory illustrates the human need for 
achievement, power, and affiliation. 
Goal orientation theory is a social- 
cognitive theory which examines the 
reasons why people set goals and 
whether an individual has an ego ver-
sus task orientation.

Simply put, people are complex, 
each with their own set of experi-
ences which guide their cognitions 
(thoughts) and behaviours (actions). 
Whether we like it or not competition 
is ubiquitous in the social, education-
al, and vocational domains of life. 
People seek to elevate their position 

Why we climb the mountain?
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Sarah Selkirk discusses the large gender disparity in par-
ticipation of women in mathematics competitions, and how 
we can change or create new mathematical enrichment pro-
grams to be more gender inclusive and thus attract more 
women to mathematics and mathematics-based careers.

I recently received an email from a popular coding compe-
tition website with the subject “Do you feel it is less fem-
inine to code?” It was an attempt to encourage more of 
the registered female coders to participate in their online 
competitions as opposed to just doing practice challenges 
in a non-competitive environment. They claim that 24% of 
their active users are female, but in their most advertised 
and hyped up competition only 4% of the participants are 
female. Do women tend to shy away from competition, and 
if so, how does this affect the number of women participat-
ing in mathematics and mathematical disciplines?

My journey to studying mathematics is largely related to my 
enjoyment of mathematics competitions – my first memo-
ries of really enjoying mathematics involved participating in 
mathematics olympiads while in primary school. I remem-
ber sitting outside the examination hall with some other 
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Mathematics competitions and 
women in Mathematics

girls and comparing our answers 
while waiting for the other students 
to finish. At this point my school’s top 
performers in these olympiads were 
all girls, and there were possibly even 
more girls than boys that took part. 
I didn’t participate in many mathe-
matics olympiads in high school, but 
when I took part in programming and 
mathematics competitions during my 
undergraduate years, it was very ap-
parent how few women were partici-
pating in these events.

Studies show that participation in 
mathematics competitions (or any 
extracurricular mathematics activ-
ity) increases the likelihood of high 
school students following careers in 
mathematics [5]. In [7] authors note 
that “adolescents become aware of 
their strengths and interests and spe-
cialize accordingly by choosing, for 
instance, major and minor subjects. ... 
It is during this crucial time that they 
are increasingly given the opportuni-
ty to participate in informal and out-
of-school learning programs.” Since 
most students participating in, and 
especially achieving in, mathematics 
olympiads are male this perpetuates 
the gender disparity in mathematical 
careers.

The annual International Mathematical Olympiad (IMO) 
hosts teams of high school students from over one hun-
dred different countries, where each country selects and 
sends six students to participate in the mathematics olym-
piad. In 2019’s IMO only 65 out of the 621 contestants were 
female [2], and looking through statistics from the past few 
years reveals that the number of female participants re-
mains close to 10%. It has been shown that males and fe-
males do not differ in terms of mathematical abilities [3], so 
what causes participation of women in the IMO to be 10% 
instead of 50%?

Competition is said to have two main dimensions – rivalry 
for resources and the ranking of relative performance. In 
both types of competition, studies have shownthat in com-
parison with a non-competitive control test, women’s per-
formance is negatively affected in a competitive environ-
ment, while men’s performance is positively affected [6]. 
In one study investigating the effect of ranking of relative 
performance they found that given a problem set, men in-
creased the number of problems attempted and also the 
number of correct solutions. However, in the same 
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student has his or her own problem, 
it is quite common for participants to 
receive ideas from each other. Co-
operation rather than competition is 
stressed. Each week the participants 
give talks on their progress during 
the previous week to the group.” This 
program has succeeded in encour-
aging young female mathematicians, 
and has produced 15 out of the 24 
winners of the Alice Schafer Prize for 
excellence in mathematics by an un-
dergraduate woman.

In South Africa, we have several ex-
cellent competitive mathematics en-
richment activities that are being run 
at high school and university level. 
While these competitions do good 
work and I know a number of people 
(myself included) who have benefit-
ted from participating in them, I am 
not aware of any collaborative (and 
thus more female- friendly) mathe-
matics initiatives. With the evidence 
that competitions negatively affect 
women’s performance and thus par-
ticipation, contributing to the gender 
imbalance in mathematics careers, 
perhaps it is time to start a collabora-
tive mathematics enrichment activity 
for high school learners!

situation women decreased the num-
ber of attempted problems, thus 
decreasing their number of correct 
answers. The study concluded that 
increased participation in competitive 
environments harms women’s chanc-
es of success.

Apparently women tend to opt out of 
competitive situations, and attempts 
to encourage them to opt into com-
petitions only have limited success 
[4]. So what can be done to encour-
age females to continue with further 
studies in mathematics when the 
mathematics olympiads are the main 
extracurricular activity offered to high 
school students? The key seems to 
be in initiating out-of-school mathe-
matics programs for high school stu-
dents which involve a collaborative 
aspect rather than a competitive as-
pect.

Similarly, there are a number of re-
search programs or camps for un-
dergraduate students in America (an 
extensive list of these can be found 
on the Mathematical Association of 
America’s website). Although these 
are not for high school learners, this 
type of initiative again encourages 
participation in mathematics without 
a competitive aspect which is more 
gender inclusive. One such program, 
the Duluth Undergraduate Research 
Program [1] says “the program is 
loosely structured. Although each 
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Ronalda Benjamin draws on her own 
experiences growing up in an un-
der-privileged community and asks 
whether people from such back-
grounds are more inclined to collabo-
rate than to compete.

Some environments encourage col-
laboration.

When reflecting on my relationships 
with people who are attracted to 
Mathematics but grew up under con-
ditions of poverty and attended poor-
ly resourced schools, I cannot think of 
a single person who was so focussed 
on ‘winning’ and ‘competitiveness’ 
and ‘individual success’. Somehow, 
‘suffering and hardship’, has installed 
in them generosity and openness to 
share information and intelligence in 
an unselfish manner. For this reason, 
I am convinced that there is a cor-
relation between the poverty levels 
of (mathematics) students and their 
collaborative nature during their aca-
demic careers. However, I have also 
noticed that, regardless of how will-
ing they are to collaborate, once their 
contributions are underestimated, 
these students immediately disen-
gage.

But do people from humble begin-
nings compete? Against their peers 
or a system?

Illustration by Cayla Basson

I argue that it is highly unusual that 
a person from a deprived neighbor-
hood, who has succeeded against 
the odds and has managed to get into 
a university, may have a competitive 
spirit. Such individuals however often 
feel too ‘poor’ to compete against 
their respective peers. Instead, they 
grapple privately with the challenge 
of being around peers from high- in-
come families.

I grew up enjoying and devoting 
most of my time to two things: doing 
Mathematics and playing Volleyball. 
However, the less privileged ubun-
tu community, in which I was raised, 
did not encourage competitiveness. 
Even as a volleyball player I did not 
have a competitive bone in my body. 
I have always tried to enjoy what I do, 
learn as much as I can and put forth 
my best efforts - not caring about 
winning at all. Yet (surprisingly?) I 
was still presented with ‘prestigious’ 
awards in sport and academics.

It was not an easy decision at first, 
but I decided to pursue a career 
in mathematics, rather than sport, 
and I remember all too well my first 
mathematics lecture. I stood in front 
of the class whilst both looking for a 
place to sit and someone that ‘looks 
like me’. That day I remembered the 
words of a lady from my neighbour-

hood: “What makes you think you will 
make it?” This lady’s voice, which I 
oftentimes still hear, has certainly 
caused me to work a lot harder as I 
was even more determined to excel 
despite the many challenges I had to 
face along the way. Yes, even now, I 
still compete against her words.

Though competition inspires some 
people to reach new heights, I be-
lieve that, especially for those coming 
from disadvantaged backgrounds, 
it is primarily just about making your 
best contribution – and not beating 
your peers – to get that scholarship, 
or most importantly, “make it in life”. 
For me, bringing your best to the ta-
ble (while still remaining respectful), 
has always been enough to get you 
to your next level, regardless of who 
you are, where you from, whether you 
work by yourself or in a team.

But I cannot help but wonder, if I 
had grown up in a different environ-
ment, where community wasn’t the 
order of the day, would I still have 
operated like this?

The inlfuence of upbringing on 
collaboration and competitiveness

RONALDA BENJAMIN
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ed 10 years ago, one reason being 
that her husband was a bit burned 
out from working crazy hours, work 
pressure and competitiveness being 
immense in his industry. The move to 
New Zealand was refreshing as they 
have such a good family culture, peo-
ple do not work late and have more 
family time. This he enjoyed, for a 
while, but the slow pace and lack of 
innovation slowly became frustrating 
as he was himself driven by an inter-
nal need to accomplish continuously a 
goal and move forward. Fast forward 
10 years, and he has again worked his 
way up into a high-pressure position 
but is once again feeling the pres-
sure of what you have to put in to get 
into that position. So, the irony for me 
is that now he is not really having to 
compete for a job, but he has to be 
able to handle pressure. He really no-
ticed how his colleagues at work were 
much worse at handling pressure, 
having to take regular breaks from 
work if they were confronted with high 
pressure situations where he would 
just (or felt he had to) push through. 
Why? Probably a combination of per-
sonality and cultural heritage.

Timothy Gunn, a paediatric neuropsy-
chologist, said competitions should 
teach children that it is not always 
just the best or the brightest who are 
successful, but rather that those who 
work hard and persevere can be very 
successful too. The key for me is thus, 
in the words of Devan McGuinness 
(on the website Parents): “When done 
right, competition can help your chil-
dren learn skills they’ll use throughout 

Karin Brand shares her personal re-
flections on the sources of compe-
tition and how competition can be of 
value.

Is competition still healthy in today’s 
times where the societal problems 
are so big that no one-man or wom-
an can solve it alone? Would it not just 
be better for us to all work together 
towards a common goal? If you ask 
these questions the broad spectrum 
of answers is quite amazing.
Generally, the competitive personali-
ties would answer that it is about the 
recognition and some not just piggy 
backing on other’s success without 
playing an equal part. The non- com-
petitive personalities would, general-
ly lean towards it being all about the 
greater good, and the experience is 
more important than the outcome. So, 
the question must then also be asked 
is what makes certain people more 
competitive than others? Inglehart 
and Baker (2000) stated that despite 
dramatic economic, political, and so-
cial change, the impact of a society’s 
cultural heritage persists to shape 
values and beliefs. Then I wonder, 
are we as a South Africans shaped 
to be more competitive and is this 
somehow connected to our heritage 
of complexities across the cultures 
or is this connected to our school 
system that is, in my opinion, loaded 
with volumes of work that requires an 
excessive amount of time just to get 
through it, rather than teaching skills 
like research and group work.

Recently my sister visited from New 
Zealand. She and her family immigrat-

The problem is not competitions, 
but the competitors
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their lives”. The problem is not the 
competition, but in how it is present-
ed by parents, teachers, employers 
and how it is interpreted by the com-
petitors. Healthy competition helps a 
person to grow and give their best. 
However, if the benefits and reasons 
for competition are not explained, 
especially to young children, compet-
itors may think that they have to be 
the best instead of realizing that the 
process of participation (in a competi-
tion) is what makes you grow, and that 
this growth is of value. The person’s 
self-worth should not be measured 
by whether they win or lose. It is im-
portant to have a balanced life where 
your roots are in many fields and all 
the feedback is not from one area. It 
is being able to pick yourself up and 
say, I am disappointed, but I have oth-
er successes, so it is okay. In that way 
you can learn to keep going because 
the prize is personal growth, not an 
accolade or trophy.

KARIN BRAND

Psychologist in private practice, 

Hermanus.



VOL 01 FEB 2020

 51 // WISAARKHUWWW.WISAARKHU.CO.ZA

| TOPIC 3: THE BETTER SELF |

Collaboration in Mathematics 
Olympiads

Dirk Basson emphasizes that even 
though mathematics Olympiads are 
competitions, preparation often in-
volves teamwork and that this social 
aspect of the competition makes the 
experience of participating enjoyable.

I have been involved in Mathemat-
ics Olympiads for most of my life. 
Throughout high school I was a con-
testant and since then I have been in-
volved in training our national teams.

A Mathematical Olympiad is inher-
ently a competition. However, many 
former contestants look back with 
fond memories, not to the compe-
tition itself, but to the interactions 
with other like-minded students, and 
to the “beauty” of the mathematics 
they encountered. For example, Po-
Shen Loh, the USA Team Leader to 
the International Mathematical Olym-
piad (IMO) 2014-2019 recounts his 

Illustration by Nino Mekanarishvili

own experience in the Mathcounts 
training program in the USA in an in-
terview with ArtOfProblemSolving.
org [1]: “...what really sucked me in 
was that there were a lot of us who 
were working together as part of a 
team. Of course, it was competitive, 
but inside our room, it was extremely 
supportive.” Paradoxically, Olympiad 
contestants seem to experience a 
greater degree of collaboration than 
high school learners who do not par-
ticipate in Olympiads.

Collaboration is an important part of 
training for the International Mathe-
matics Olympiad (IMO). At the IMO 
students get 4.5 hours to solve three 
problems. It therefore takes patience, 
perseverance, systematic prob-
lem-solving, a deep knowledge and 
understanding of various branches of 
elementary mathematics, and some-
times a bit of creativity to solve even 

one of the three problems. In training, 
contestants are given previous IMO 
problems to work on and it some-
times takes weeks or even months 
to come up with the right idea. This 
can be rather disheartening if you 
are working alone for many months 
but becomes a valuable experience 
if it is interspersed with interactions 
with others going through the same 
process.

Unfortunately, funding and expertise 
to participate in mathematics Olympi-
ads are limited. This means that the 
experience is limited to those con-
testants who place at the very top of 
various competitions. In other words, 
if you are already doing well at Olym-
piad style problems, then you are in-
vited to a camp where you can expe-
rience this collaborative atmosphere. 
It would be great if there was a way 
to expose more learners to such an 
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atmosphere at an earlier age.

There are a few initiatives that make 
this kind of training available to more 
learners. The University of Cape 
Town hosts a weekly Math Circle, 
Stellenbosch University has sim-
ilar classes on Friday afternoons, 
and the South African Mathematics 
Foundation started the Siyanqoba 
programme and oversee the annu-
al South African Mathematics Team 
Competition. In the latter, one of the 
papers is written by a team of ten 

learners who collaborate on solving 
ten difficult problems. But the most 
encouraging aspect of the initiative 
is not the competition; but rather 
the atmosphere created by dozens 
(or sometimes hundreds) of learners 
getting together because they enjoy 
solving mathematical problems. A 
mathematical Olympiad is inherently 
a competition, but one may argue that 
learners enjoy it largely due to its so-
cial aspect: comparing ideas, learning 
from each other, and most of all en-
joying the process.
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When you lose, do 
not lose the lesson
Mariam Salie provides a personal re-
flection on her early experiences with 
mathematics and collaboration and 
shares her insight of the value of col-
laboration.

As a child, I always loved mathemat-
ics. My friends thought I was weird, 
but my teachers loved me and my 
parents were very proud. But it was 
the challenge of pushing myself every 
time I tried to complete a new sum or 
apply a new formula that got me. It is 
quite something to beat your own high 
score! I remember in my very early 
days at school, I was identified as one 
of the ‘brighter’ kids and placed in 
group ‘A’ on the mat. This meant that I 
got to help the teacher with ensuring 
that my fellow classmates in the other 
groups got up to speed. This was my 
favourite part – being able to explain 

to others and feel as excited as I did 
the first time, I got it right, when they 
finally understood the math problem.

You may think that I probably made 
it as a math genius, but this is not 
the case. These are the memories 
that came up when I thought about 
the concept of competition versus 
collaboration. For me, it was never 
a competition, it was always about 
collaboration. The only competition 
was with myself, trying to better my 
understanding or be able to complete 
a sum quicker than before. There was 
a euphoria for me working through a 
math problem, especially when I got 
the answer wrong. I was determined 
to figure out the mistake, simply be-
cause I knew there was always a way 
to get it right. For most people, mis-
takes are a challenge and simply put, 

people do not like to make them. I have 
always thought though that there are 
lessons in failing. I often think about 
my attitude when it comes to this and 
I guess I have my dad to thank. He 
instilled in me one of many mottos – 
when in life you lose, do not lose the 
lesson. This has prompted me time 
and again to continue even when I 
want to give up.

Collaboration is an important part of 
training for the International Mathe-
matics Olympiad (IMO). At the IMO 
students get 4.5 hours to solve three 
problems. It therefore takes patience, 
perseverance, systematic prob-
lem-solving, a deep knowledge and 
understanding of various branches of 
elementary mathematics, and some-
times a bit of creativity to solve even 
one of the three problems. In training, 
contestants are given previous IMO 
problems to work on and it some-
times takes weeks or even months 
to come up with the right idea. This 
can be rather disheartening if you 
are working alone for many months 
but becomes a valuable experience 
if it is interspersed with interactions 
with others going through the same 
process.
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What to reward
Leandro Boonzaaier asks us to ques-
tion what is rewarded within our aca-
demic systems and critically reflect 
on the metrics that we use to evaluate 
ourselves.

It has been said that people do what 
they are rewarded for. What is being 
rewarded in our current academic 
system? A short, admittedly perhaps 
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not complete answer, would be that 
for faculty members it is the num-
ber of publications in peer reviewed 
journals, and depending on the disci-
pline, how much money your research 
brings in. For students, it would be 
good grades and being top achievers. 
Now the next question is: “What are 
the rewards?” For faculty members it 
is promotion, potentially more funding 
and prestige. For students, it is pass-
ing courses, scholarships, obtaining 
their degrees and ultimately the pros-
pect of employment.

A question that naturally arises is 
whether these metrics (that which 
is being rewarded) are accurate re-
flections of the state of affairs. For 
example, do good grades necessarily 
mean that a student has a thorough 
understanding of the course materi-
al? It certainly can mean that, but it 
isn’t guaranteed. Good grades could 
simply mean a student scored well on 
the tests. Do more published articles 
mean someone is a good research-
er? In short, are our metrics measur-
ing what we want them to measure, 
or are they simply proxies for far 
more complex phenomena? I cannot 
presume to answer these questions 
here, and it is certainly not my inten-

tion to pretend to have answers for 
them. I merely pose these questions 
to provoke thought.

For most of my student and profes-
sional life (as a faculty member) I 
was trying to score the good grades 
and publish more. In a sense, I was 
competing against “the system” and 
also indirectly with my peers. He who 
publishes more, wins. Unfortunate-
ly, stress and ill-health were the only 
rewards I received from the system. 
It took me quite some time to realise 
that the metrics used by the system 
were not necessarily an accurate re-
flection of my abilities. For the sake 
of preserving my health, I eventually 
exited the formal academic system 
nearly six years ago.

I am not saying that all forms of com-
petition are bad. Certainly, there are 
contexts where competition makes 
sense. I am simply asking whether the 
metrics we use to measure success 
in academia are appropriate, and 
what their ultimate effects are on stu-
dents and faculty members. To what 
extent do we allow the results of the 
competition, in the sense discussed 
above, to determine our identities and 
self-worth?
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I still compete, but now with myself. 
For me it has now become a matter 
of whether I can understand enough 
of a topic to be able to do something 
useful with it. I am no longer driven by 
an arbitrary, external measure. I am 
still outside the formal academic sys-
tem, but I have started collaborating 
with academics on research projects 
again. However, without the pressure 
of my potential promotion being de-
pendent on the number of publica-
tions, I find myself enjoying research 

again. This was the very thing that 
attracted me to academia in the first 
place – I could do what I enjoy and get 
paid for it.

To say what exactly should be re-
warded is difficult. No matter what 
one decides on, it will not be able to 
capture all the subtleties associated 
with human beings and their activi-
ties. We are simply far too complex. 
However, I do think we could do with 
taking a step back and looking at our 

current reward systems in academia 
and asking whether they do what we 
think they do, or what we want them 
to do.

LEANDRO BOONZAAIER

Self-employed , Independent 

Consultant 
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Rizwana Roomaney shares some of 
the pitfalls, challenges and opportu-
nities that competition and collabo-
ration present us with in an academic 
setting.

Competition. Is it good? Is it bad? Is 
it necessary? These seemingly sim-
ple questions are quite complex and 
largely dependent on both the indi-
vidual and context. In a world where 
resources are finite, competition is 
omnipresent, as we compete with 
one another for survival and to flour-
ish. Competition is good because it 
allows us to strive for greatness. It is 
bad because it can lead to feelings of 
inadequacy. In a world that is geared 
to support those who excel, compe-
tition may even be necessary. Com-
petition is rife among students, with 
many vying for academic excellence 
and recognition in order to obtain 
prestigious scholarships and grants 
while at university. These grants and 

Should we compete 
or collaborate in an 
academic setting?

scholarships are provided to the top 
academic achievers and therefore, 
the academic environment promotes 
competition.

The issue that I am grappling with is 
whether lecturers and supervisors 
should encourage competition. I am 
inclined to say that we should not, be-
cause it can lead to harmful intra and 
inter-personal dynamics. But not all 
competition is bad. The environment 
where competition takes place is of 
importance. As lecturers and super-
visors, we should be creating envi-
ronments that foster healthy com-
petition. Where winning is not tied to 
one’s identity or essence but rather 
motivates students to excel. Moreo-
ver, personal excellence should never 
be to the detriment of others. Com-
petition is often pitted against collab-
oration, but together may afford many 
advantages to students.

Collaboration goes beyond the com-
pleting of a task at hand and can 
promote personal growth and social 
cohesion. While competition at uni-
versity relies on strong academic ca-
pabilities and self-drive, collaboration 
requires good interpersonal skills, 
time management, compassion and 
empathy. All these skills are valuable 
to students and should be developed 
at university.

Not all students are keen to collabo-
rate. I often have students requesting 
to change groups or worse, complain 
about group members when assigned 
group projects. Reasons for these re-
quests vary from students not pulling 
their weight, feeling team-mates are 
not as academically strong as they 
are and preference in working inde-
pendently. These students fail to re-
alise that group academic tasks are 
about more than the academic out-
come but develop skills beyond those 
of traditional, independent learning 
tasks. For me, it is obvious that both 
competition and collaboration play 
integral roles in learning, professional 
and personal development and nation 
building. The question is ‘how do we 
create an environment that fosters 
healthy competition and engaged col-
laborators?’

The starting point may be an aware-
ness of these facets at play and dis-
cussing the benefits and drawbacks 
of both. Creating spaces where stu-
dents can voice their experiences 
with both competition and collabora-
tion and their needs, successes and 
failures regarding each can result in 
students recognizing and embracing 
both. Moreover, a broader definition 
of achievement should incorporate 
the extent to which students embrace 
collaboration, and this should be-
come a key factor in the awarding of 
scholarships and awards. Emphasis-
ing both competition and collabora-
tion in a healthy, responsible manner 
will benefit students, academics and 
broader society.

RIZWANA ROOMANEY

Department of Psychology,

Stellenbosch University

Illustration by Nino Mekanarishvili
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Etsy ange ianao e

A:
Raha toerana ambony tsy hananam-piadanana
Nanaganam-pahavalo tamin’ ny fifaninanana,
Moa mahasoa va?

Satria ny anao mantsy
Ny tenanao no ambony,
Ka tsy mba nilalao tamin’ ny fo madio intsony
Fa nampiasa antsy nanatrobaka ny hafa:
Izay nitsikian’ ny vintana ka nitady ho tafa.

Dia faly ve ianao?
Ity fidehadehakao mba ajanony kely.

Tsy fantatrao angaha fa kodiarana ny fiainana?
Ny voninahitrao sy ny toeranao ambony, moa azo itarainana
Raha sanatrian’ izany misy loza izay manjo?
Tsy maintsy mila ny hafa ianao hampionona ny fo,
Hampitraka ihany koa raha tojo adin-tsaina ka tsy tafi-
arin-doha.

B:
Ka ilaina ve izany ny fifaninanana e?
Toa kihana ny anao no mibahan-toerana.

Come!

Illustration by Nino Mekanarishvili

A:
Ilaina mihintsy kah!

Ny mpifaninana an, mila fanomanana;
Miezaka hanatsara ny vokatra eo an-tanana.
Ka izany indrindra no mitondra fivoarana.
Ny fandrosoana izao dia tena vokatr’ io:
Ny fitaovam-pitsaboana, ny finday sy ny sisa,
Ny teknolojia izay hitanao anio

Izao kosa anefa, raha hifaninana ihany, manana fahendre-
na.
Sy ny maro hafa tsy ho ary ho voatanisa.
Olombelona ny tena koa mitandrema!
Sao mihevitra ny hafa ho tsy misy vidiny sy ho ambany in-
drindra
Ka ny tenanao izao, ny saina, fo, fanahy dia ho potika sy 
simba.

Dia izao koa, mba teny kely farany,
Ny olona rehetra samy manana ny anjarany.
Tsy izao rehetra izao akory hifaninana avokoa,
Ny fifanampiana mantsy manampy antsika handroso lavi-
davitra kokoa.

Hosana Ranaivo shares a creative poem on competition and collaboration.
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Come!

A:
If it is a high place without peace
Achieved by making enemies from competition,
Is it good for you?

Because for you
Your own self is above everything
So you do not play a fair game anymore
But instead you stab others with knives:
Those who might have a chance to succeed.

Does that make you happy?
Please stop your boasting.

Do you not know that life is like a wheel?
Can you call upon your glory and your place
If something bad happens to you?
You must need others to comfort you,
and encourage you in your dark moments.

B:
So do we need competition then?
It seems that all you do is criticise.

A:
Of course we need it!

Competitors need to plan;
And try to improve what they have on hand.
And that indeed brings improvement. 
Development is a fruit of that:
Medical materials, phones etc.,
Technologies that you see today
And many other things that cannot be listed.

But if you want to compete, do it with wisdom.
You are only a human being so be careful
Lest you think of others as worthless
Whence you, your mind, your heart and your soul will be 
broken and destroyed.

And in closing, a final word,
Everyone has their own allotment.
One should not compete in everything in life,
Because collaboration helps us to go further.

HOSANA RANAIVO

PhD Student in Mathematics, 

Stellenbosch University
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Louren van Niekerk shares with us 
his inspiring story of his mathematics 
journey. He shares with us his initial 
interest in mathematics that started in 
grade 4, and how this interest sparked 
a competitive streak in him. He chal-
lenges readers to commit themselves 
to one goal for several years.

Take a moment to think of what you 
would be like if you centred your 
energy on one specific goal and 
worked towards that goal for a few 
years. Maybe five or ten years? You 
probably think you would gain a lot 
of skills… or knowledge… or money? 
You would find after a few years, you 
gained more than you could have im-
agined. A lot more, in fact!

So then, what would happen if you 
made it your goal to do mathematics 
to the best of your abilities from the 
age of 10 years old and for the next 
10 years of your life? The following 
would be your story:

You would start in your grade 4 class 
at school. You would be jumping in 
your desk like popping popcorn to 
answer almost every question your 
teacher presents the class. You 
might get some questions wrong, but 
the teacher will congratulate you on 
the many questions you got correct, 
which will only make you more excit-
ed. The teacher will recognize your 
enthusiasm for mathematics even 
more than your mathematical abili-
ties. The teacher will inevitably con-
tact your parents and suggest that 
you participate in advanced mathe-

Growing Up A Mathematician

Illustration by Nino Mekanarishvili

matics programs and competitions, 
recognizing immense potential in you.

A number of after-school mathemat-
ics programs exist all over South Afri-
ca for learners from grade 4 to grade 
12. Competitions such as the South 
African Mathematics Challenge for 
grade 4 to grade 7 learners can be 
found at samf.co.za. The South Afri-
can Mathematics Foundation (SAMF) 
will be your window into the world 
of mathematics. Other competitions 
such as the UP Mathematics Com-
petition, Living Math Olympiad online, 
competitions on bricsmath.com and 
competitions hosted by your school, 
town or province are also at your fin-
gertips.

After a competition or two, eventually, 
you will start to win chocolates and 
money (for chocolates). You will be 
hooked. Your competitive edge will 
grow. By the end of grade 6 you will 
be renowned for mathematics by the 
learners and teachers alike. But it is 
only at this moment that your true po-
tential will come to bloom.

By this time, SAMF will have scout-
ed you from your results at the SA 
Mathematics Challenge and your 
reputation of silver and gold medals 
at other competitions. You will be rec-
ommended to write the team selec-
tion test for the SA team traveling to 
the Po Leung Kuk Primary Mathemat-
ics World Contest (PMWC) in Hong 
Kong the following year. Undoubtedly 
a smart kid like yourself would pass 
all the selection test rounds and make 
the team at the start of grade 7. Over 
the next 6 months, you will receive 
advanced training for PMWC that 
would place you at the mathematical 
level of a smart grade 9 learner. Pret-
ty smart!

At PMWC, you will make many inter-
national friends and experience the 
global mathematics culture. Your 
young eyes will glisten at the sight 
of the global community engaging 
in mathematics, the gifts all the oth-
er countries exchange with you and 
tons of fun mathematical puzzles to 
solve. It is at this time and age that 
you will start to notice mathematics 
in everyday life and be amazed by its 

beauty unfolding all around you.

PMWC not only has an individual 
round, but also a team round. Your 
training for this round, as well as 
other team competitions such as 
the ASSA South African Mathemat-
ics Team Competition for grade 7 till 
grade 12 learners, will teach you how 
to collaborate with those around you. 
Most importantly, you will learn that 
even if you are the best, you are not 
the best at everything. You might be 
the best at algebra and puzzle-like 
questions, but your buddies are far 
better at geometry or logic. Not only 
that, but you and your new friends will 
voluntarily seek to learn from each 
other their area of specialties. The 
team knowledge and trust will snow-
ball and everyone will love mathemat-
ics even more.

Competitions will continue to present 
themselves to you. The International 
Mathematics Competition (IMC) for 
grade 9 and 10 learners will once 
more teach you tons of mathematics 
in 6 months, but this time till grade 
12 level, if not more (imagine writing 
a matriculation mathematics exam in 
grade 10 and scoring 80%). The SA 
Maths Olympiad for grade 8 till grade 
12 will cement you as a national math-
ematician among 30 000 entries. 
Programs like the SAMF Olympiad 
Training Program and the Siyanqoba 
Regional Olympiad Training Program 
will keep your knowledge growing 
years ahead of your classmates.

You will be invited to the Stellenbosch 
Mathematics camp for high school 
students held in December for the 
top 50 candidates selected in SA. 
The best at this camp get invited to 
the April camp for the top 15 candi-
dates in SA. There, you will either be 
placed in the team for the Pan African 
Mathematics Olympiad (PAMO) or 
the International Mathematics Olym-
piad (IMO), which is the pen-ultimate 
and ultimate honor, respectively, to be 
part of as a school kid. You will know 
difficult university mathematics and 
so much more. You will now be re-
nowned for your mathematical intelli-
gence by students and talent-search-
ing companies alike, all over SA.
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After 10 years, finally in your first year of university, you will 
have nearly unmatched calculative creativity, a highly-effi-
cient work ethic, multiple connections nationally and inter-
nationally, financial freedom by student standards, strong 
collaborative skills and a fascination for all things mathe-
matics. You will be invited to train the next generation of 
young mathematicians and give back all that was given 
upon you. The assets, skills and experience you have will 
propel you into your degree and beyond with flying colours.

This was me, and it could be you. This is the beauty of 
mathematics; there are seemingly endless opportunities 
growing up to become GREAT at it. Why not BE great?

Pascal poem

One
word here

and two words there
still they get more every line I compare

maybe there is a pattern I am unaware where the 
words get doubled by a pair

LOURENS VAN NIEKERK

Mathematics Honours Student,

Stellenbosch University
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Competition: helping 
or hindering learning?
Hanelie and Danél Adendorff reflect on the competitive na-
ture of learning and suggest that students shy away from 
collaboration because they are unsure of how to interact in 
groups when learning.

Have you ever played the old gold miner game? In this clas-
sic, you collect gold, stones, and minerals to reach your 
goal and progress to the next level. Occasionally, when I 
look at universities internationally, I fear that this game is 
quite an apt metaphor for the higher education space.In a 
TEDxYouth talk entitled “What drives us to be competitive?” 
Claire Lauterbach asks whether competition “make[s] you 
better or bitter?” In it, she recounts an experience in her 
8th grade year where she had to choose between helping 
her twin sister improve her English paper, and run the risk 
of it being better than her own, or withholding the advice in 
the hopes of beating her sister. In the rest of her talk, she 
elaborates on her prolonged battle with this need to win. 
As I listen to her, I wonder if anyone else can see what is 
happening here, how our focus on achievement is poten-
tially sacrificing learning at the stake of performance.

In another TED talk, Hamid Tizhoosh argues that compe-
tition destroys education and that the mentality of ranking 
and competition in higher education is a fertile breeding 
ground for stress, anxiety and worse. Sadly, large parts of 
the higher education game runs on competitive principles. 
Just ask grade 11 learners all over South Africa. From the 
first day of their penultimate school year, they are prepped, 
prodded and pushed to be ready for the all-important 
grade 11 and 12 examinations. Repeated reminders ensure 
that they remain acutely aware of how their performance in 
these events will set the course for the rest of their lives. 
Like it or not, students compete to get into university, get 
places in hostels and get bursaries, and then compete 
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again to get into postgraduate pro-
grammes.

No wonder our students sometimes 
approach higher education like a 
game in which they just need to col-
lect enough points to level up, and 
eventually out. In the 11th grade Math-

ematics class of my daughter, students get frustrated 
when some learners repeatedly ask the “same” question, 
because that means less time to engage with the harder 
questions that they will need to master to excel in the final 
exams. Increasingly, parents seek return on investment, 
and demand explanations and question assessment prac-
tices when the money they have poured into their child’s 
education does not deliver the expected results.

Sadly, it is only after the completion of the school year and 
examinations that my daughter will allow herself the priv-
ilege of enjoying Mathematics (or Art or Science) for the 
sole purpose of just indulging in the beauty of it.

Somewhere, in this return-on-investment, marks-driven 
performance game, I fear we have lost learning. Is not 
the ultimate return on investment that a learner learns 
something – like a love for Mathematics, or how to reason 
through a problem, or make sense of an abstraction or how 
to appreciate a work of art?

In a seminal review of literature on cooperative learning, 
Johnson, Johnson and Smith (2007) points to various so-
cial, psychological and academic benefits of cooperative 
learning, suggesting cooperative learning as an antidote to 
the social Darwinistic idea that students must be taught to 
survive in a “dog-eat-dog” world.

Lecturers, however, repeatedly remind us that students 
do not enjoy group work. So, each year when I meet new 
science and agri-science students during group work ses-
sions, I ask them how they feel about group work. Each 
year they tell me the same: it is not the group work they 
hate; it is being in a dysfunctional team. This is supported 
by Johnson, Johnson and Smith’s (2007) assertion that the 
question is no longer what is best, but how best to imple-
ment effective cooperative learning:

“In the 1960s, the major controversy was whether compet-
itive efforts would produce higher achievement than coop-
eration. In the 1970s, the major controversy was whether 
individualistic learning would produce higher achievement 
than would cooperation. Both of those controversies have 
been resolved by the research. One controversy today is 
the gap between effective implementation of cooperative 
learning and causal implementation.”

We might be tempted to assume that students have been 
adequately prepared for group work or cooperation 
through the CAPS system. But, during the 4th Psychology 
of Abstract Mathematics discussion, students told us that 
this is not so, that they need guidance on how to get group 
work right.

Preparing students to work together effectively, to deal 
with interpersonal and group formation issues, is not easy 
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and not well documented in literature either. Following the 
advice of Johnson, Johnson and Smith (2007), the science 
and agri-science faculties offer group work preparation to 
the students in the University Practice (Extended Degree 
Programme), Science in Context (1st year B.Sc) and New 
Product Development (4th year, food science) modules. 
What we have learned from this, is that we need to learn 
much more. And we need to do make this learning a pri-
ority.

The solution of wicked global crises, such as poverty and 
climate change, will demand new generations of scientists 
to work collaborative across specialities, experts tell us. 
My daughter’s 11th grade friends agree. Might it be time 

that we rethink our practices or at least our beliefs about 
learning?

DR. HANELIE ADENDORFF & DANÉL ADENDORFF

Stellenbosch University
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The battle of memes
Jonathan Shock writes about a different, but very important 
competition taking place in society today – the competition 
for the mental space to think about deep things and not to 
be distracted by the noise of modern life.

If I were to give you a contour map of an unknown mountain-
ous landscape, you could stare and stare at it, but dropped 
into that landscape you would most likely find yourself 
completely lost. A more successful approach would be 
for you to construct a complex mental representation in 
your mind’s eye, jumping between the contours and the im-
agined hills and valleys, cliffs and streams. To do this takes 
deep thought and a cutting out of the world beyond you 
and the map. If you were to sketch pictures of these im-
aginings from different perspectives, you would give your-
self a much richer idea of the land you were about to be 
dropped into. The more distinct perspectives, the better 
the true understanding of the new world.

To me, this contour map makes for a good analogue with 
the writings of mathematics which students are faced with 
every day, and this mental play is how we begin to truly 
understand the mathematical landscape. But to do all of 
this takes deep, concerted thought, blocking out the noise 
around us. The problem is that the noise around us seems 
to be getting ever more intrusive and thus deep thought 
is harder to come by. Our mental fac-
ulties are being tested by competing 
distractions which are being engi-
neered precisely to keep us locked 
into their matrix. These distractions 
are by now well-known and frequent-
ly discussed, from social media, to 
an instant choice of one of a million 
films, or a billion video clips, or an un-
countable number of memes. Meme 
in the original sense of the word. A 
meme is an idea which is transmitted 
from one person’s brain to another, 
and evolves over time, the most ‘in-
teresting’ idea being the one which 
survives and goes on to future neu-
rologically manifested generations. 
These satisfyingly simple memes 
compete for the demands of the 
complex memes which have been 
passed down over centuries of the 
concerted, deep study of mathemat-
ics, and one has to question which 
meme is winning. For mathematics, 
in a sense, is a meme. It is an agreed 
upon idea which has competed with 
other ideas and has been seen as 
the best, through some measure of 
correctness, which again is an idea 
which we have agreed upon. A meta 
meme. It is the idea which has prov-
en most useful, most beautiful, most 
reproducible, both in the scientific 
sense, and in the ideo-genetic sense.

We have a generation now to whom we are trying to trans-
mit information, which must be chewed upon to truly digest 
it. At the same time brain space and cognitive workload is 
being fought over by the morass of memes which have not 
had so long to evolve as mathematics, but have had an in-
finitely faster mode of reproduction and evolution, and have 
become exceedingly good at invading our brains. It is the 
well-tended garden versus the blight which we must keep 
at bay in order to be able to cultivate the beautiful, the fruit-
ful and the complex.

So, we are faced with a competition which we have never 
had to deal with before, at least not to the same degree. 
Seneca, 2000 years ago, noted how we fritter away our 
hours. The problem remains, and it may be a larger and 
more existential question than ever as to how the land-
scape of complex ideas can win against those which tickle 
our neurons in less cognitively taxing ways.

DR. JONATHAN SHOCK

Senior Lecturer, 

Department of Mathematics and Applied Mathematics,

University of Cape Town
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Teaching in and as a society
Professor Geo Quinot is clear that 
academic institutions should increase 
collaboration in teaching and learning 
in order to tackle complex social prob-
lems.

The age-old saying, “it takes a village 
to raise a child”, has been attribut-
ed to various African cultures and 
was made internationally popular by 
Hillary Rodham Clinton as the title of 
her 1996 book, It Takes a Village: and 
Other Lessons Children Teach Us. In 
my view, it can just as easily be ap-
plied to the university context. At its 
core, the proverb brings home the 
fundamental role that collaboration 
plays in developing young minds. As 
such, one would think that it would be 
an easy fit as a leitmotif for (higher) 
education. Unfortunately, this is not 
the case at many universities today. 
Rather than collaboration, university 
education is today characterised by 
competition. The traditional liberal 
conception of the university and the 
more recent increased neoliberalis-
ing of higher education, evident in the 
sharp rise in managerialism that any 
university lecturer experiences on a 
daily basis today, have cemented a 
highly individualistic and with it, com-
petitive, paradigm of teaching and 
learning in higher education.

In my view, such an approach to 
teaching and learning is not a good 
fit for universities wanting to prepare 
graduates to tackle the pressing is-
sues of our time – issues that are in-
creasingly of the wicked kind: think of 
climate change, poverty, increasing 
levels of inequality, energy crises, 
global pandemics etc. The challeng-
es that today’s graduates will face are 

unique, complex social problems with 
many interdependent factors that 
are themselves symptoms of other 
problems, that are ill-defined, with no 
way of knowing that a response is fi-
nal or how to test a response and no 
solution, only ways of managing the 
problem with each response having 
significant implications. That is, tru-
ly wicked problems. It will be highly 
naïve, and in some ways quite dan-
gerous, to think that we can deliver 
graduates that will make meaningful 
contributions to society in the future 
based on highly individualistic and 
competitive approaches. What the 
major challenges facing us today call 
for is thought leaders that are com-
fortable and able to move across and 
beyond the strict confines of narrow 
disciplinary contexts and individual 
effort. Their paradigm should be to 
draw on a vast range of fields and 
expertise in collaboration with others, 
doing the same, in order to formulate 
responses that can match the com-
plexity of the challenges at hand.

The need for such a collaborative 
approach is, however, not only of an 
instrumental nature. We do not only 
need to adopt a collaborative ap-
proach to teaching and learning in 
order to produce graduates that can 
adequately serve society’s interests 
in future. We also need to adopt a 
more collaborative approach in order 
to reinstate a more humane focus in 
higher education. As Kathleen Lynch 
(2010:55) has accurately noted, the 
neoliberal approach to higher edu-
cation that has prioritised individual-
ism and competition has produced 
among students (and lecturers) ‘a 
deep alienation in the experience of 
constantly living to perform, particu-
larly when the performance is ex-
perienced as being of questionable 
educational and scholarly worth’. We 
thus need to embrace a collaborative 
approach in order to foster society 
through teaching and learning.

All of this is not to suggest that there 
is no need for competition and a focus 
on the individual. Individual thought 
and competition of ideas remain im-
portant characteristics of a critical at-
titude, which is in my view essential for 
a healthy, democratic and prosperous 
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society. But a healthy competition of 
ideas need not be equated with the 
marketplace of ideas as epitomised 
by Justice Oliver Wendell Holmes Jr.’s 
remarks a century ago in the US Su-
preme Court case of Abrams v. Unit-
ed States (250 U.S. 616 (1919)), where 
he spoke of free speech in terms of 
the “free trade in ideas”, stating that 
“the best test of truth is the power of 
the thought to get itself accepted in 
the competition of the market”. This 
equation of a competition of ideas 
with the marketplace of ideas car-
ries a particular ideological slant, 
which need not be accepted in order 
to endorse the notion of a competi-
tion of ideas. As Sparrow and Goodin 
(2001:45) have persuasively shown, 
alternative metaphors, such as their 
“garden of ideas”, may provide a con-
ception of the competition of ideas 
that is not market-based. Their con-
ception recognises the importance 
of the competition of ideas within a 
contextual setting that simultaneous-
ly recognises the importance of the 
interdependence and interaction of 
various dimensions of the ecosystem 
within which ideas flourish or wither. 
Their metaphor is thus one that com-
fortably accommodates both compe-
tition and collaboration.

The point is simply that we must shift 
our focus in teaching and learning 
towards greater collaboration. In Nel 
Noddings’ (2012:777) words, “in the 
21st century … recognition of our 
global interdependence and a com-
mitment to cooperation must replace 
the 20th-century emphasis on com-
petition”.

A more collaborative approach to 
higher education requires us to criti-
cally engage with a number of char-
acteristics of teaching and learning 
that are typical at universities today. 
Consider the typical approach to 
curriculum for example. I am not sure 
that studying a distinct field within a 
distinct module within a distinct pre-
defined programme by an individual 
student from entry to exit can neces-
sarily deliver the type of collaborative 
learning that I have in mind. I think 
we will achieve greater collaborative 
success if we were to adopt a more 
flexible and fluid curriculum design. 
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This should allow for much greater 
freedom for students to move be-
tween disciplines and combine learn-
ing from vastly different areas around 
their own interests rather than a rig-
id, predefined set of courses that we 
consider essential for them to master 
in order to pursue a career we have 
predefined.

Another area to consider is that of 
outcomes. Our paradigm of outcomes 
as the drivers of teaching-learning 
practice today is highly individualis-
tic – it is aimed at describing what the 
individual student is capable of, most-
ly in isolation from the social context 
within which the learning is placed. 
We should critically engage with our 
formulation of outcomes to pursue 
more collaborative aims as the de-
sired results of teaching and learning. 
Transferring (some of) the control 
over what the learning outcomes of 

a particular course of study should 
be to the learner, with reference to 
insights from care ethics regarding 
the need to respond to the real de-
velopmental or education needs of 
the learners as opposed to assumed 
needs (Noddings, 2012: 771) and with 
reference to functionings within Sen’s 
(1999:75) capabilities approach, may 
be fruitful starting points in shifting 
outcomes in a more collaborative di-
rection.

If universities are going to continue 
being important institutions in socie-
ty in the 21st century, they will have 
to ensure that their teaching-learning 
endeavours are anchored within their 
societies. This requires a conceptual-
isation of higher education teaching 
and learning as both reflecting and 
modelling society. We must teach 
both in and as a society.
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Brandon Laing proposes three inter-
esting mathematical problems and 
contemplates why students may not 
engage with these problems.

If you select a random student on the 
Stellenbosch campus (or indeed al-
most anywhere in the world), it is al-
most guaranteed that they will have a 
negative view of mathematics. It is no 
secret that our beloved subject is not 
exactly a talking point at parties.

It is my belief that this ‘distaste’ stems 
from two major fronts; an individual’s 
academic upbringing together with 
the perception of the subject they 
absorb from their chosen media out-
lets. A question that every mathemat-
ics educator tackles is how one can 
make mathematics enjoyable and 
perhaps more importantly, how one 
can encourage the desire to explore 
mathematics for explorations sake? 
To that end I would like to discuss 
three mathematical problems I found 
making the rounds on the internet in 
various versions.

Digit Frequency

What digit is the most frequent be-
tween the numbers 1 and 10000 (in-
clusive)?

The Power of Perception: 
Mathematics and the Media

At first glance, this problem would 
probably put most people off from 
even attempting it. It ticks all the 
‘wrong’ boxes for a palatable prob-
lem, namely, it has numbers and asks 
the user to make a claim about these 
(wretched) numbers. It also appears 
to make use of a great deal of values. 
However, if you give this an attempt 
it doesn’t matter how large the range 
of values is.

The problem with our digit problem 
boils down to the lack of will of stu-
dents to experiment. In my own lec-
tures with education students, I am 
often concerned with how unwilling 
they are to write down their ideas 
and explore a problem. They would 
simply see the large 10000 and con-
clude that the number is far beyond 
casual reason.

Three Students at A Hotel

Three students rent a hotel room for 
the night. When they get to the hotel, 
they pay the $30 fee, then go up to 
their room. Soon the bellhop brings 
up their bags and gives the students 
back $5 because the hotel was hav-
ing a special discount that weekend. 
The three students decided to each 

keep one of the $5 
dollars and to give 
the bellhop a $2 tip. 
However, when they 
sat down to tally up 
their expenses for 
the weekend, they 
could not explain the 
following details:

Each one of them 
had originally paid 
$10 (towards the in-
itial $30), then each 
got back $1 which 
meant that they each 
paid $9. Then they 
gave the bellhop a 
$2 tip. HOWEVER, 3 
x $9 + $2 = $29.

The students couldn’t figure out what 
happened to the other dollar. After all, 
the three paid out $30 but could only 
account for $29.

I love this problem. It is so subtly cruel 
that it can only make you smile when 
you solve it. However, someone who 
has no interest in a mathematical rid-
dle would most likely be put off by the 
amount of information and feel over-
whelmed. When we set problems for 
our students, it is very important that 
we remember we are fighting a battle 
for their interest. Modern media lives 
or dies on speed of digestion after all. 
We must aim to make our work bite-
sized and instantly engaging.

Foreign Country Riddle

In a certain country ½ of 5 = 3. If the 
same proportion holds, what is the 
value of 1/3 of 10?

At first glance, this problem is a 
head-turner for sure. What I find most 
interesting is the apparent falsity it 
presents. The fact that it asks us to 
accept that half of 5 is 3 is madden-
ing enough to steal our interest. The 
problem is also short enough that we 
don’t lose interest before we finish 
reading it. Oddly enough it is proba-
bly the most mathematically involved 
of the three problems and yet from 
my students I know this one is the 
first one they will fully engage with. It 
is that glimmer of silliness that makes 
the problem fun and lively.

When we as mathematicians develop 
new ideas we also go through various 
phases of ‘silly’ conclusions. I’m sure 
all of us have attempted to formulate 
definitions that on first try lead to cra-
zy outcomes or unforeseen conse-
quences. But in those moments, we 
learn, we improve, and most impor-
tantly, we engage.
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“It is my desire that this should serve not only the Students of 
Mathematics as a subject but all classes of Students. I should 
like them to learn what Mathematics has meant in the history of 
human thought and in the development of human civilisation, 
and in particular how it is the joint product through the ages of 
men of various colours, diverse races and different religions 
and modes of life and is one in which all can take equal pride.”

— Extract from GBB Rubbi’s will
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