Communications

For the learning of mathematics:
how far are we willing to go?

YASMINE ABTAHI

“How far are we willing to go, for the learning and teaching
of mathematics?” This question is not a question of accessi-
bility: How far are we willing to go, to have western
mathematical knowledge accessible to everyone? Instead,
this is a question of imposition: How far are we willing to go
to teach mathematics to different communities, without
being mindful to what the learnt knowledge does to the
integrity and wholeness of the relational knowledge(s) that
already exist(s) in those communities? Three intertwined
events led me to ask this.

Event 1: In Kautokeino, Norway, I attended a seminar
called ‘Interplay between culture, language and “math-
ematics” by Maori, in Aboriginal Australia and in
Sépmi’. In one of the presentations, I heard the phrase,
“Tepee is not a cone’, said in an opposing tone.

Event 2: In another presentation in the same seminar, a
slide referred to the ‘cultural iceberg’ (Figure 1).

Event 3: My reflection on my own teaching of mathe-
matics to a group of Indigenous colleagues in Canada.

I draw on these events to highlight a question that chal-
lenges my thoughts: In what ways we might cause harm, in
teaching of mathematics to members of non-Western commu-
nities? This question is not meant to be gloomy, looking for
harm and suffering. On the contrary, it is a footing for hope.
Rorty (1999) explains one cannot hope a utopian society.
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Figure 1. The cultural iceberg.

Rather, all we can do is supplement our pre-existing soci-
eties, not by increasing our philosophical sophistication but
instead “simply by having our attention called to the harm
we have been doing without noticing that we are doing it”
(p.- 237). Elsewhere (Abtahi, 2022), I explain how I might
have caused harm in my teaching, in Event 3. Here, hoping
for a more just mathematics education, I systematically
think about how the two factors, ‘compartmentalisation of
knowledge systems’ and ‘the learning of mathematics with-
out liberty’, could lead to unintentional harm in the way we
teach mathematics.

Within widely used theoretical ideas, such as ethnomath-
ematics or fund of knowledge, and with good will and
intentions, the inclusion of cultural and linguistic resources
of different communities in the teaching and learning of
mathematics has been endorsed. Equally, the challenges of
this endorsement have been explored. For example, Lunney
Borden (2013) shares a story of her challenge. She writes:

I took it for granted that my students would immedi-
ately say “middle,” which would let me explain why
we call this point the midpoint, but my assumption was
incorrect. I should have known better, I do know better.
But in the moment, I had forgotten. What is important
is that I corrected myself and created a space that
allowed my pre-service teachers to learn about these
taken-for-granted assumptions as well (p. 8).

From these beginnings, I tell my story.

My story

Hearing the phrase ‘Tepee is not a cone’ created an initial
tension for me, thinking, is “Tepee is a cone’ a misappropri-
ation of a culture to the advantage of teaching western
mathematics? Seeing the image of the ‘cultural iceberg’
(Figure 1) made me think, there are surely inter-related cul-
tural, historical, and social knowledges, within the elements
of the tip and the base of the iceberg. What does the addition
of western mathematical knowledge do to the integrity and
collective knowledges within the iceberg? One year later,
my reflection on my own teaching in Canada transformed
these questions into an ethical dilemma. Specifically: By
teaching mathematical knowledge, as outlined in the Ontario
Mathematics Curriculum (OMC) for example, are we caus-
ing harm to the collective of social, cultural and historical
knowledges of non-western communities?

In the summer of 2019, I taught the content of OMC to a
group of colleagues—Chippewa of the Thames First Nation,
Canada. No epistemological reflections or even acknowl-
edgement are evident in the OMC with respect to Indigenous
(or any other) ways of knowing, being, and doing. This is
why I call the mathematics in OMC an indifference mathe-
matics. Indifference refers to the mathematical knowledges
that are listed in the curriculum, with not only no concern
about the differences in the diverse cultures and epistemolo-
gies, yet more importantly with no interest in the effect
(harmless or otherwise) of these indifference mathematical
knowledges on different cultures and epistemologies. I
taught this indifference mathematics. As a Pers, I drew on
my historical and cultural resources to do so. I invited my
students to do the same. Nevertheless, I taught indifference
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mathematics. Thinking about the image of the iceberg, I
wondered, in including my own culture and the culture of
my students in the teaching of indifference mathematics,
which part of the cultural image had I utilised and which had
I neglected? How did my neglect affect the integrity of the
pre-existing collective knowledges of the cultural iceberg?
Factors of compartmentalisation of knowledge systems and
the learning of mathematics without liberty help me think
further.

Compartmentalisation of knowledge systems
In many communities, including Canadian Indigenous cul-
ture (Battiste, 2017) and my own (Abtahi, 2022), knowledge
systems are holistic, and interdependent with life and being.
Knowledge is an understanding of one’s position in relation
to other things. For example, where I live ‘ice’ does not only
mean water that is frozen and has become solid. ‘Ice’ could
mean danger; it could mean safety; it means the beginning of
the Winter or the beginning of the Spring. These knowledges
that are integrated into webs of beings and doings are vital to
the wellbeing (and survival) of communities. Hence, it is
critical to understand how imbalance and the partial teaching
and learning of any forms of knowledge (including mathe-
matical knowledges) fundamentally affects the wholeness
and wellbeing of different knowledge systems. Patel (2016)
explains that compartmentalisation of complex wholes into
disparate pieces facilitates the naming and ordering of those
pieces and parts in order to gain dominion over them:

Partitioning diverse and complex life forms into non-
permeable categories [...] and keeping them separate,
are inextricably necessary for the colonial project of
naming and sorting for the purpose of metering worth
and safety while also justifying disparities as part of a
natural order. (p.14)

Similar to Patel’s claim, Ruef and Jacob (2021), see math-
ematics education as a social endeavour of wholeness:
“interweaving people, concepts, contexts, and conjectures”
(p. 14). I extend Ruef and Jacob’s statement with an invita-
tion to interweave cautiously, and with careful ethical
reflections. Let me give an example. At a surface level,
“Tepee is not a cone’ could exemplify the frustration that fol-
lows the compartmentalisation of a sophisticated
knowledge. In the phrase ‘Tepee is a cone’, the knowledge
and the rooted historical and cultural understanding of a
tepee as part of a whole is fractured to be reduced and
adapted to a mathematical thing. The shape of the tepee, out
of any context, is attributed to a cone. What does this super-
ficial correlation of a Western mathematical attribute do to
the integrity of communities that live in and care for a tepee
and might not care as much about a cone?

This question leads to the illustration of the cultural ice-
berg. Community practices accumulate over centuries and
dynamically interact with each other to compose a purpose-
ful, whole system (as is shown in Figure 1). Dividing up
wholes into parts, may allow for close-up and curious
inspection of those parts, e.g., the cone-ness of a tepee. But
as a consequence, the overall knowledge system becomes
contaminated by a relation wherein some knowledges
become worthier than others. A particularly worrisome
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extension is Patel’s (2016) assertion that “In coloniality,
divisions and gradations are necessary in order to have
greater and lesser amounts of control and power over those
divisions” (p.19). Although colonialism is not my focus
here, Patel’s declaration points directly to my tension. I
worry mathematics education compartmentalises a whole,
hence, giving control and power to certain kind of mathe-
matical knowledge, specifically where there is no liberty in
the kinds of mathematics to learn!

The learning of mathematics without liberty
I share the story that Doolittle told at CMESG in 2010:

I once met a man named Philip Wolverine who lived a
traditional life, making with his own two hands every-
thing that he needed. Philip told me that he had never
turned a key in his long life. He had never driven a
vehicle, operated heavy machinery, locked his house,
or started a generator. When I offered him the opportu-
nity to turn the key in the vehicle I was driving, he gave
me a smile and gracefully declined the opportunity.

In Doolittle’s story, Philip has chosen a key-less life. When
Philip was offered an opportunity to use one, he had the lib-
erty to smile and gracefully decline, which he did. In Event
3, I offered my students the learning of a Western indiffer-
ence mathematics, as outlined in OMC. But I did not ask
them whether, within the wholeness of their lives and the
lives of their communities, the learning of this mathematics
might play a role such as the role the ‘key’ played in Philip’s
life. The mandates of my job did not include offering my
students an opportunity so that they could smile and grace-
fully decline the learning of OMC mathematics, if they
wished so. My tension did not stop here. What if, in his
story, Doolittle had encouraged (or even forced) Philip to
turn the key in the vehicle? What would such an encourag-
ing (or forceful) act have done to the wholeness and integrity
of Philip’s life as Philip knew it? Noting that the OMC does
not embed the values of Indigenous or any other communi-
ties, what might the mathematics they were encouraged (or
forced) to learn have done to the integrity of my students’
lives and their communities? Consequently, how might this
learnt knowledge have affected the practices of these com-
munities at the base of the iceberg?

Thoughts to finish

The point I would like to raise here is that the possibility of
disturbances caused by scattered episodes of the compart-
mentalisation of knowledge and by learning Western
mathematics without liberty might be seem small. But is
there a possibility of a substantial cumulative effect of all
these small disturbances that could make the learning and
teaching of indifference mathematics not helpful, but harm-
ful?

I end by acknowledging that I am not an Indigenous
Canadian. I, by no means, have the knowledge or the rights
to speak about the details and complexity of interrelated
knowledges within the cultural iceberg of Canadian Indige-
nous communities. However, I am a mathematics educator
and a researcher. Hence, I am responsible for my own acts of
teaching and researching. Here I shared my ethical tensions



as a teacher and a researcher, to create a sense of discomfort,
to rethink how far we are willing to go and what cultural
resources we are willing to tap, for the teaching and learning
of mathematics, with or without equal consideration to what
the learnt mathematics knowledge does to the complexity of
interrelated knowledges of different communities.
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The name game: the role of
cultural affordances in learning
probability

DANYAL FARSANI

A name, without a doubt, is a social construct. It is a cultur-
ally given and socially shaped phenomenon subconsciously
affecting how one is perceived in modern society (Mehra-
bian, 1990). The naming decision lasts a lifetime but does
not appear to be a thoughtful process for many, particularly
those from a Catholic tradition in Latin America. They were
named after their parents, their grandparents or perhaps their
uncles. Some even share their name with several previous
generations. Moreover, when they start their own family,
they continue the tradition with their children. A name is
much more than a word,; it contains a high symbolic value in
personal and family life.

It is not uncommon to observe that in most Chilean fami-
lies, the name is inherited as a tribute, as a way to preserve
parental history or to appeal to memory. First-born children
are often named after a parent. Figure 1 illustrates how a
man (Carlos) and a woman (Maria) traditionally name their
children. Their first-born son would be called Carlos, identi-
cal to the father’s name. The second-born son could be
named anything by free choice, in this case, Roberto. The
first-born girl would carry the name of her mother, Maria. It
is a common practice that if, e.g., Carlos (the son) got mar-
ried, his first-born son would also be called Carlos.

Conditional probability: two child problem
In conditional probability, there is an interesting and long-
standing paradox which is often referred to as “The
two-child problem” (Gardner, 1959, pp. 49-51), where the
following question is posed:

Carlos + Maria

v
Carlos Roberto Maria

Carlos Ricardo

Figure 1. The name DNA tree.

A man and a woman have two children. We know that
one of the children is a male. What is the probability
that the other is a female? Three common assumptions
are made that:

1. Each child is either male or female,

2. Each child has the same chance of being male as
of being female, and

3. The sex of each child is independent of the sex of
the other.

It is common to hear a response stating that the answer is /2,
as the sexes of the children are independent. However, this is
not the correct answer. The information in the question is
both necessary and sufficient to conclude that three of the
four equally probable events for a two-child family in the
sample space meet the condition, as in Table 1.

The Girl Girl (GG) combination can be ruled out, which
leaves three possible arrangements: Girl Boy (GB), Boy Girl
(BG) and Boy Boy (BB). So in two out of three cases, the
other child will be a female. Based on the equiprobability of
BB, BG, and GB, the probability of the other child being a
girl is %.

Older child Younger child
Girl Girl
Girl Boy
Boy Girl
Boy Boy

Table 1.  The four possible events for a two child family.
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The name game and conditional probability

I have personal and professional experiences covering three
different continents in four very different countries. From my
exposure to different cultural backgrounds, I started to think
about another, slightly differently worded question which asks:

Carlos and Maria have two children. We know that one
of the children is called Daniel. What is the probability
that the other is a female?

This second question is derived from the first question.
The only difference is that male names (Carlos and Daniel)
are substituted for males, and Maria is substituted for a
female. The mathematical logic remains isomorphic, and the
strategy for judging the conditional probability remains the
same, but strangely enough, not always in Chile. I have pro-
posed this question to many of my colleagues in
mathematics education and undergraduate students, and I
often received a response like: “Oh, the probability of the
other to be a female is surely zero”.

Many Chileans agreed that the remaining three events
(BB, BG and GB) were equiprobable but preferred the fam-
ily name tree over the mathematical logic. Given the
information in the second question, many non-Chileans
were looking for the ‘sex of the other child’, but for
Chileans, both the sex of the other child and the chronolog-
ical order was crystal clear. A typical response I received
was: “It is obvious that Daniel is the second son, with the
first-born son being called Carlos, of course, just like his
father. I am a Roman Catholic, and this is the name game we
all play in our families”.

Final thoughts and ‘where next’

Culture plays a role in what we perceive as good or bad; it
influences how we dress and what we eat. Culture even
determines how we feel and express our basic emotions.
What we get emotional about, what is appropriate to express
and how we modulate those basic expressions of emotion is
culturally dependent. When it comes to mathematics, only a
few studies have ever explored how cultural differences
influence answers to ‘real world’ questions—whether those
‘real world’ questions concern shape, space and size
(Macpherson, 1987) or interpretation of results (Fasheh,
1982). This short communication raises awareness of the
interaction between conditional probability on the one hand
and established cultural patterns of belief, thinking and
behaviour on the other hand. It points to the importance of
culture in influencing how some Chileans perceive solving
conditional probability problems differently. Their culture
allows them to perceive ‘parochial probability perspectives’
that are apparent only to them. It is not surprising that each
culture provides different epistemological access enabling
different perspectives on how mathematical ideas can be
understood. It appears that people of diverse cultural back-
grounds could be allowed to have different perspectives on
how conditional probability problems are perceived and
solved. Further cross-cultural and ethnomathematical stud-
ies across various tasks and settings could reveal how people
of diverse cultural groups may be empowered/hindered in
their mathematical thinking. This would then raise the ques-
tion of whether mathematics is neutral in its discourse.
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On the intricacies of using the
symbol plus-minus

IGOR’ KONTOROVICH

Do you remember the first time you came across the symbol
‘+’? My first encounter was in an algebra lesson on qua-
dratic equations. I recall the teacher putting

-b+VbZ-4ac -b—VbZ%-4ac
Xy = and x, = —

on the board, which made me balk at writing almost identical
things twice and wish there were some way to combine the for-
mulas. Surprisingly, my wish came true: ‘+’ was introduced,
restoring brevity and economy to mathematical writing.

This memory surfaced recently, when I investigated the
understanding of square roots among students in a remedial
pre-academic course in Israel (Kontorovich, 2021). Some-
what expectedly, ‘+’ frequently featured in students’ writing,
and I interpreted it as in the story above. In this communica-
tion, I foreground additional ways students can use the symbol
and consider them from the asset-based perspective (e.g.,
Adiredja & Louie, 2020), drawing on the symbol’s history.

Historical notes

Cajori (1993) shows that the mathematical road towards the
contemporary ‘+’ went through experimentation with notation.
When we attend to how mathematicians explained their
symbols, myriad intricacies come to light. All the accounts
following come from Cajori’s work, (§201, pp. 245-246)
unless otherwise noted.

Isaac Newton introduced ‘L’ to denote cases where the
signs of an attached parameter are ‘indeterminate’, meaning
that the symbol is used “indifferently for + or —”. William
Jones normally used ‘+’ and ‘¥’ but in giving the general
form for the solution of quadratics he also uses ‘V’. In his
words, “Therefore if Vv be put for the Sign of any Term, and
A for the contrary, all Forms of Quadratics with their Solu-
tions, will be reduc’d to this one.

1
If xxVaxVb=0then Ala *iaanb|?”

Note that the plus and the minus options do not come
through in Newton’s ‘L’ and Jones’s ‘v’ without mathemati-
cians’ commentary; it is ‘%’ that brings them to the fore.
Also, notice that in some cases, one ‘really’ chooses plus or
minus, in the sense of selecting a single option and moving
on. In other situations, both would be taken into account



sequentially (e.g., the quadratic formula). Accordingly, ‘+’
emerges as a polysemous symbol, the usages of which are
context-dependent; different but closely related.

A trace of this polysemy of ‘+’ is visible in the symbol’s
name. Leibniz refers to the symbol as “plus or minus” (trans-
lated in Cajori, 1993, p. 223). Albert Girard goes as far as to
ingrain the word ‘or’ in his version of the symbol—

+
ou

Interestingly, Girard’s ‘ou’ has been preserved in some
languages (e.g., ‘plus ou moins’ in French, ‘mais ou menos’
in Portuguese), but not in others (e.g., ‘muroc-Minyc’ in
Ukrainian, ‘mds/menos’ in Spanish, ‘plusminus’ in German).
The need to select between the two options can feature more
than once. Newton and Jones flip their symbols to denote
that whatever selection has been made in the first instance,
the opposite choice should be made in the second. Da Cunha
uses ‘t’ and ‘F’ for these two options and marks them with
an apostrophe (+’, ¥’) to denote a new use independent of
previous occurrences. Similarly, Leibniz uses ‘¥’ for the
opposite of a previous ‘+’ and introduces ‘(+)’ and ‘(F)’ to
employ in situations where the meanings are independent
from previous uses of ‘+’and ‘F’ (Cajori, 1993, p. 223).

Students’ usages of ‘+’ symbol
In Kontorovich (2021), I used a written questionnaire, which
asked students, in a remedial course prior to university, to
extract square roots from squared radicands and explain their
answers. The ‘+’ symbol featured in none of my questions
but in many students’ responses. The students were at the end
of an instructional sequence on arithmetic and algebra, i.e.,
two weeks after an intense re-engagement with topics they
first met in secondary school. Their course teacher confirmed
that the exercises in the questionnaire were not dissimilar to
those they discussed in class. The students’ work was not
time-limited, and all of them submitted their questionnaires
in less than 25 minutes. Hence, I assume that their use of the
‘+’ symbol was internalized and deliberate.

Anna used ‘+’ in questions with parameters: as a response
to ‘V(x?)=", she wrote ‘+x’, and she completed

Va7 =

with ‘+a’. She explained that “the outcome of root should be
positive”. Accordingly, while ‘+’ featured in Anna’s final
results, her explanations addressed them as a single positive
entity. Therefore, it appears that Anna used the symbol as the
absolute value or as a function that attaches ‘plus or minus’
to its argument to ensure that the outcome is positive. As an
anecdote, let me share that for many years the official list of
formulas that students could use in Israeli matriculation
exams included the distance of the point (xg, yo) from the
line Ax+By+C=0 and the area of a triangle with the coordi-
nates (x;, ¥1), (X2, ¥2), and (x3, y3). The formula for the
former was given as

Axy+Byy+C

d=+
VAZ + B2

Complete mwn

« DX @ 'UBND 19000 Y 'Wian viv Xia b emnd 10ona
RS X o
b: 2o
b-§ A Va__10e
020 ;&&8._,.’5\1?“9:‘:2_.5_3!-)9;);)_ o

The real number b is square root of a if...

bl

v Va equals to b
The sigw of the parameter b will be
equal to the sigw of the parameter a

Figure 1. Excerpt from Batia’s questionnaire.

and for the latter as S = +(x;y, = X,y; + X2y3 = X3) + X3)1 = X1V3);
this is not very far from how Anna used the symbol.

Different usage of ‘+’ emerges from Batia’s responses
(see Figure 1). If taken literally, her symbolic sentences
appear almost mutually exclusive. However, her verbal
explanation suggests that each symbolic sentence is con-
cerned with a different aspect of the relation between a
and b: their numeric values (the upper) and their signs
(the lower). This bears a resemblance to Newton’s ‘indif-
ference’ and Jones’s ‘any sign’. Contemporarily
speaking, Batia appears to use ‘=%’ as per the signum
function

1 x>0
sgn(x) ={—-1 x<0
0 x=0

to symbolize the equality of parameters’ signs, i.e.
sgn(a)=sgn(b).

Two additional comments about Batia’s usage of plus-
minus are in order. First, construing her ‘+’ not as a
conventional symbol but an idiosyncratic construction it
makes sense for her to add a commentary to explain herself.
This is what mathematicians do when introducing new nota-
tion. Second, the choice of ‘+’ is not arbitrary: Batia wished
to address the link between the signs of two parameters, but
had no access to the sgn notation. Thus, she adhered to the
most relevant symbol among those in her repertoire. Note
the resemblance of this notational move to Da Cunha and
Leibniz, who drew on ‘+’ to construct more sophisticated
sign-related symbols.

Students’ introduction of ‘x’
More often than not, ‘+” appeared in students’ simplifica-
tions of the radicands at some intermediate point. However,
in Batia’s questionnaire, the symbol systematically featured
from the first step (see Figure 2). She explained, “Our course
teacher said that many students forget the negative root, so I
put the plus-minus not to be one of them” [1]. This statement
illuminates the dual role of Batia’s ‘+’: as a means to capture
both cases simultaneously and as a memory aid to ensure
none of them is forgotten. For the latter, it makes sense to
introduce the symbol from the very beginning.

Batia’s introduction of the first ‘+’ in each simplification
chain is noteworthy (e.g., “£V169” in Figure 2). Much has

V169= + [d69 © + {3

Figure 2. Excerpt from Batia’s questionnaire.
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Ve = Wa” -2k WGy = Wi -+ 1
The voot operation of 2 gives a2 B 3mQ, 2l
2 answers, positive and negative e 2 Q)

Figure 3. Excerpt from Cobie’s questionnaire.

been written about how good notation emancipates the mind
from worry about the underpinning meaning at each move,
and allows the hand to actually make the move (e.g., Mason,
1980). When making such a move, subsequent symbols
emerge from manipulations with the preceding ones. Batia
does not seem to be there yet; she used the initial ‘+’ as a
memory aid and introduced it into the simplification chain
‘manually’. But once this insertion was made, the ‘+’ that
followed appeared as deductively inferred copies of the pre-
vious ones.

Another interesting introduction of the symbol featured in
Cobie’s responses (Figure 3). The diagonals that he put over
the root and square symbols are often termed as cancela-
tion—a symbolic act in which relevant elements are crossed
out to disappear at the next step, leaving the uncancelled
symbols intact. However, Cobie’s cancelation did not yield
‘13’, which he explained with the duality of the square root.
Accordingly, his ‘+’ emerges as a confluence of ‘v’ and ‘B>,

Students’ unpacking of ‘+’

Mason (1980) adapts the well known modes of internal rep-
resentation of Bruner to the context of symbol use. Mason
proposes that people are enactive when they manipulate the
symbols confidently, iconic when they have a mental image
behind the symbol, and symbolic as a meaningless articula-
tion. Mason maintains that “A symbol is symbolic if it
describes or expresses or stands for an idea but has not yet
become an enactive element” (p. 11).

Mason’s categorization appears relevant to situations that
summoned the students to unpack ‘+’ as part of their simpli-
fication chains. Some of the students acted symbolically
when they simplified such expressions as ‘V(13%)+1" into
‘+13+1’ but neither continued with the calculations nor
explained their answers. Other students were remarkably
enactive, which was evident in how they systematically
unpacked the symbols in a range of expressions involving
numbers, parameters, and parametric expressions. For
instance, Dania simplified ‘7+a’ into ‘7+a or 7-a’ and
‘+(-1-y)+1’into ‘—y or 2+y’. Interestingly, the students con-
nected their doubled answers with ‘or’, ‘and’, and by writing
one under the other without articulating the logical connec-
tion between the two options. These forms of writings
resonate with how ‘+’ is named in different languages, and
each of them is reasonable in its own way.

The request to simplify Vb* + V(-b)* triggered some stu-
dents to resort to ‘+’ twice (see Figure 4). Yet, only one
student accounted for all four options, interpreting both sym-
bols independently as Leibniz’s “(+)”. True, this may be a
matter of other students acting “forgetfully”, as Batia put it.
But it can also be a matter of them assuming dependence
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AT = A8 -y

-2b
Figure 4. Excerpt from Cobie’s questionnaire.

between the two instances. For instance, Cobie may have
assumed that once the first ‘plus or minus’ has been selected,
the second symbol should be the same sign. Da Cunha and
Leibniz presumably made the same assumption, as they
introduced new signs to stand for a new use of ‘+’ indepen-
dent from previous uses.

Conclusion

With this communication, I cast light on rarely addressed
intricacies of ‘+’ to show that even mature students can
struggle with using the symbol conventionally. But if stu-
dents are not taught these nuanced, polysemous, and rather
arbitrary intricacies explicitly (see Hewitt, 1999), it seems
unfair to explain away the idiosyncrasies that they develop
with ‘confusions’ or ‘misconceptions’—an asset-driven take
appears not as a matter of choice but necessity in this case.
Tracing how mathematicians used the symbol across history
assisted me in offering a more considerate and appreciative
view on students’ mathematics.

One implication from the above is that explicit discus-
sions on the conventional use of the ‘+’ symbol may be of
value for students. But before adding to teachers’ busy
plate, it seems worth considering whether there should a
place for ‘+’ in mathematics lessons. Indeed, while Sesay
(1982) argues that “it is hard to conceive of mathematics or
the teaching of mathematics without symbols and opera-
tions with these symbols” (p. 45), it is easy to imagine
school mathematics without ‘+’: it features in a confined
number of topics, where its function is often limited to cap-
turing two things simultaneously. Hence, no major
mathematical harm will probably be done if educators aban-
don the symbol.

I invite discussion on the ‘+’ symbol’s right to exist (and
maybe of others’ as well!). But I also advocate for granting
it this right—not despite its intricacies, but because of them.
Specifically, because of the opportunities that they provide
for teaching, learning, and experiencing mathematics as “a
social and cultural construction that always has and always
will involve human choices and sensibilities [which] can
make space to explore students’ curiosities and leverage stu-
dents’ perspectives” (Adiredja & Louie, 2020, p. 43). In the
words of Polanyi (1973), “The mind which entrusts itself to
the operations of symbols acquires an intellectual tool of
boundless power; but its use makes the mind liable to perils
the range of which seems unlimited” (p. 94). With all the
perils that came after, my first encounter with ‘+’ will always
remain the story of acquired power and a “proof of concept”
that mathematics lessons can be a place where students’
wishes can come true.
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Note

[1] In Israel, as well as in many other places, the term ‘square root’ is con-
ventionally used to point at both numbers, when ‘v’ —the symbol featuring
in the questionnaire—is preserved for the non-negative roots. I wonder
whether Anna confused between the term and the symbol in her account of
what the teacher said.
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Fig. 143. (a) Harpinia plumosa Kr.; (b) Stegocephalus inflatus Kr.;
(¢) Hyperia galba.

—From ‘On Growth and Form’ by D’Arcy Wentworth Thompson
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