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Second Language Through Mathematics

In the last few decades, problem-solving has been considered an

important element in teaching mathematics (Radford, 199 6a, I 996b).
Students must be able to apply arithmetic and algebraic formulas to
real situations. In second language learning, research has indicated
that to develop competence in a target language, the language must
be used in natural, real-life situations (Fishman, 1989, 1968; Krashen,

1987; Leblanc, 1990; Mollica, 1996).'These goals impact on the
teaching strategies used in both subject areas.

Furthermore, the learning of mathematics and of a second
language are by nature complimentary activities. Second language

learning is in itself a problem-solving activity. Sfirdents are constantly
required to solve problems about the way the target language works
in order to be able to understand and produce messages. This
experience enables students who develop competence in a second

language to demonstrate enhanced problem-solving skills (Duquette,

199s).
Another similarity in the cognitive processes involved in the

learning of mathematics and of a second language is that of the
formulation and testing of hypotheses. In the learning of a second

language, students create hypotheses about the way in which the target
language works from the input data to which they are exposed. These

hypotheses are tested when learners produce utterances in the second

language. The reactions to their target language production constitute
feedback which enables them to revise and refine their hypotheses

about the way in which the language works (Lightbown & Spada,

1994).
In the learning of mathematics, hypothetical reasoning is

importantbecause it is one of thebases in the construction of formulas
as models of concrete or mathematical situations (Radford, 1996c).

Indeed, in order to describe the relationship between two or more
variables, the students have to form a hypothesis about the variables
and then test it.

In the bilingual or immersion classroom, there is another
important connection between the learning of mathematics anb of
the target language. Academic achievement in immersion classrooms
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Second Language Through Mathematics

linguistic processing. Social interaction is also an important factor to
second language learning (Germain, 1993). Consequently, activities
which encourage discussion and interaction among learners are an

essential part of immersion pedagogy. Teachers should encourage

students to rnanipulate the target language in order to test their
knowledge and hypotheses about the linguistic aspects of the second

language (Lentz, Lyster, Netten, & Tardif, 1994). Teachers must
encourage students to negotiate both target language meaning and

form with each other and the teacher in order to improve their
understanding and control of the target language (Ellis, 1986; Lyster,
1994).The use of pair and group work is appropriate to achieve these

ends (Artzt & Newman, 1990).
Research has also shown that the learning tasks undertaken by

students must possess certain characteristics in order to be most
effective. Problem-solving activities are the best type of group work
to ensure language manipulation as well as intellectual and
motivational involvement (Long and Porter, 1985; Paulston, 1995).

Thus, engaging students in interesting activities in which the focus is
on sharing experiences, communicating, understanding, and
intemalizing the mathematics content responds directly to all the
criteria mentioned above.

Lastly, in a second language learning context where the emphasis

is on communication rather than on analysis of the target language, a

hierarchical sequence of language learning tasks needs to be
developed which is not directly related to the linguistic difficulty of
the target language. Thus learning tasks must be developed in such a

way as to enable students to move from relatively simple linguistic
requirements to more complex ones. The use of a hierarchical
sequence is also recommended in the teaching of problem-solving
skills in mathematics, guiding students from a trial and error method
where numbers are chosen in an unsystematic way to an approach

that requires abstract or hypothetical reasoning. This progression
integrates both a linguistic and a cognitive hierarchy which can

enhance learning in both areas.
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Second Language Through Mathematics

would be better to first solve other simple problems related to it. The
problem-solving procedures for the simplified problems will then
allow the students to evolve gradually towards a more complex
problem-solving method which will, in turn, solve the target problem.

At the level of language and communication, it is important that
the problem be provided in the target language in such a way that
every student understands the given problem. The target language
input that is provided to students needs to be comprehensible for the
subconscious processing of language data to operate effectively
(Krashen,1987). The terms of reference, names and expressions to
describe the procedures should be gradually introduced, used and
reusedby the students in relation to the target problem to assist them
in gaining automatic control of these target language items. This is
another reason for making sure that students progress from the simple
to the more complex.

We. shall begin by considering a simplified mathematical ver-
sion of the target problem.

"Jane Kimble, a grocer, checked her supply of milk and
counted 30 containers of milk. Some were 2 L cartons and
others were 3 L bags. Altogether there was a total of 83 L of
milk. How many of the containers were 3 L bags?"

(Simplified probiem)

Figure 1. Changes associated with the models (the processes used
in each problem-solving model are described below).

Type ofmodel Changes from one model to the next

89

Algebraic-symbolic model

Arithmetic model

Manipulative-based model

Trial and error model

The student faces conceptual changes when moving from
arithmetic abshaction to an algebraic symbolic abstraction

Abstract frontier (manipulatives are left behind)

The snrdent faces conceptual changes in the thought
process when moving into a more organized way of
thinking
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Second Language Through Mathematics

by 8 litres. This means that we must add some bags or cartons. Helped

by manipulatives, students can see that if they add I bag, they must

remove a carton in order to keep the number of containers equal to

30. Changing some datain the original problem gives students practice

in using the new arithmetic-manipulative-based model as well as

manipulating the key words and structures associated with these

"or."ptr. 
Small groups orpairs of students should then be encouraged

to develop other similar problems, using manipulatives, in order to

internalize both the mathematical concepts and the target language

data.

An Arithmetic-Abstract Problem'Solving Model

An arithmetic-absffact problem solving model continues to use

hypothetical reasoning, but it is based on using only arithmetic
concepts without using manipulatives, and thus moves the student

into abstract cognitive processes for solving mathematical problems.

In order to motivate students to use this method, we need to confront

the students with a problem whose solution, using the manipulative

method is not easy. Therefore, we change the data in the problem in
such a way that quantities are so large that it becomes tedious to

solve via manipulatives. This brings us back to our target problem.

We should now encourage students to solve the problem by
manipulating ideas instead of concrete objects.

Suppose that the number of milk bags is the same as the number

of milk cartons. We then have 40 of each. Calculate the number of
litres. In the cartons, we have 40 x2 = 80 litres; in the bagi we have

40 x i = l2llitres. We then find that we have 80 + 120 = 20?litres
of milk, but the problem requires a total of Z2}litres. We are 20 litres

short of the total. So our assumption that we have the same number

of bags and cartons is wrong. We can then conclude that we need

more bags than cartons. If we add one milkbag, we have to remove

one milk carton (in order to keep the number of cartons and bags

equal to'80), and we gain one litre of milk. But we need 20 litres, so

we have to remove 20 cartons and replace them with 20 bags. So it

91



.slepotu Eurllos-urelqord snorlerd
eql ur euop sul\ se 'lepour 

^\eu 
eql [q pellos oq o] suolqord repuns

reqlo esodord uec sluepn1s eql .slql e^elqce qt Jepro u1 .s1uepn1s ,(q
pez{utuelul eq ot speeu Ieporu 8um1os-urelqord clurqe8p sgl

'ouuluo ur 6 epurE ul lq8nq flunsn uoqunbego ed,(1
euo $ sHl l3q1 pelou eq 01 sr \' 0zz = @ + hil€ + @ - oilz :uorlunbe
eql leE eA 'seDII 977 pnbe lsnur ,(14uenb sHl ereq/h ,(x + hil€
+ (x - 0il2 se seIIIJo reqrunu plot eql sserdxe ueql rruc earr .se4q g
sploq 8uq e pue 'ser11 Z splog uouec u 1eql ue^IC .x + 0t lnq .0t lou
sr s8uqgo reqrunu lc"xe eqt (u,n eurzs eqt qI :x - At mq (0g JoJpq)
07 tou sr suouBJ Jo Jeqrllnu ]c?xe eqJ .Joqunu sq] eq r 1e1 .,(peerle

Jeqrrnu srql 1llorDl e,l\ luql (Suruoseer pcrleqlod,(q) esoddns rrBc e^\
(puoces eql uro.g elorueJ pue ts{J erll ol ppe ot eluq e/rr Jequnu eql
Surcnpep uerp puu s8uq pw suouuJ ueel\teq sJeuruluoo Jo Jequnu
eqt Sulpprp) uo4nlos Iecrretunu ? qlllr\ Buruurteq Jo puetsuJ

1ppontr Euprlog-urelqord ep.rqe8ly uy

'esn Jreql qu^\ peprJoss"
sossecord elrlruEoc eql crlsrrrolnu oJoru Eunleru uI ueql slsrssu
s? IIe/( se 'sulelr e8en8uel tetre1 peluleJ eql ezrleruelq 01 sluepqs
selqeue urelqord;o ed,(t eurus eql Jo seldruuxe Jorllo Jo luerudolezrep
eql 'selp?lndruuur errnber feqt op rou .pelnbeJ sr Jorre pu" Iulr1
ou l,futr tcerlp ? ur stuelqoJd go fpureg eprm ,(le,ululer u qcuordde
ol tueql Surrnolp;o eEuluulpe eql suq Iepou Burrrlos-urelqord meu

sruelqordlcnlsuoc puu ssncsrp oslu truc fiaqt.p = tc + xq lo - t + x
uroJ eqtJo suelqord:srpo.,e1o{o.rd osp uuc sluepnls ro/pu? reqcuel
eql '€tuelqord 1su1 eqt ul Blup eqlJo euros Bur8ueqc suelqord reqlo
esodord ol pe{s" eq ueqt uuc srrud ro sdnorE ur s}uepnls .stuepnls

eqt,(q pezrl?ruetul eq ol speeu Smrrlos-urelqordgo poqteu SFII
:{1nrr 3o s8uq 09 = 0Z + 0, ptre suouuc 0Z = 0Z - gp ,surevtet

L66l'Zl'luurnof asvs^NZ6



Second Language Through Mathematics

Concluding Remarks for Teaching

The main idea of our approaoh consists in trying to construct a

hierarchical progressive sequence of learning activities for
mathematics and second language acquisition. In mathematics, the
sequence of problem-solving models, Ml -> M2-> ... -> Mn, starts
from a simple model, Ml, and arrives at a more complex model, Mn.
The choice of the models that precede the final model, Mn, depends

on the Mn model itself and on the knowledge of the students. We
aimed at a model capable of solving the grocer's problem using the
algebraic knowledge presented in the intermediate grades. Therefore,
we should use algebra with only one unknown. In order to accomplish
this task, we must use a progression in which the next model is
constructed in the hierarchical sequence, based on the previous model.
We can note at this point that the grocer's problem can be solved by
other methods. One does not need to divide the number of containers
in half. One can select arry x value between 0 and the number of
containers, that is 80. Although other methods could solve the grocer's
problem, the method of dividing the number of containers in two
naturally leads to the algebraic problem-solving model at which we
aimed. That is why the "dividing in two method" plays such a central
role in our didactic sequence.

The previous principles can be applied to many situations. The
success of our approach in a mathematics class wili depend upon the
teacher's ability to choose appropriate simplification of the problem
and to obtain a suitable hierarchical sequence of linked models. It
will be particularly necessary that the use of concrete models based
on manipulatives be coherent with the abstract problem-solving
models.

For second language learning, it is imperative that a coherent
sequence of hierarchical activities be developed in order that a
progressive sequence may naturally ensue in the linguistic demands
in the target language made upon the students. In addition, it is
important that activities be so organized that students work together
in groups to interact and manipulate the target language. The
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skills. Indeed, given that students are encouraged to communicate
and to co-operate in the finding of solutions to thg problems embedded
in the classroom activities, they are forced to use the second language
throughout the communication process. Doing so, the learning of a
second language, as well as the learning of mathematics itself, acquires
a new, practical, and challenging sense.

In closing, we see that the process of developing skills in
mathematics provides teachers with an excellent opportunity to
stimulate and encourage the development of skills in the target second
language. It is becoming increasingly clear that language teachers
should collaborate more closely on such projects with other subject
matter teachers, especially at the secondary level where subject areas
are compartmentalized in separate departments. Studies that focus
on findings of such collaborative projects should prove to be insightful
in helping us understand how language for communicative purposes
is intricately linked with the development of other skills.

1. This article is supported by two Canadian research grants.
The first is a grant from " I* Fond de recherche de l'Universitd
Laurentienne (FRUL)". The second comes from the Department of
Education of the Government of Newfoundland and Labrador.

2. This problem was taken from"Ontario Provincial Matheruatics
Benchmarl<s" (Ministry of Education and Training, Validation Draft,
September, 1992, p. 39). Inquiry and Problem-Solving Domain, Grade
7 to Grade 9. The problem is supposed to be solved by all the students.

3. An interesting problem is the following: "Jane Kimble checks
her milk inventory. There are 80 containers of milk: Some are 2L
cartons and the others are 3 L bags. There is a total of 195 L of milk.
What, then, must be the number of 3 L bags?" Let's suppose, as in
the previous problem, that we have 40 milk bags and 40 milk cartons.
We find that we have 200litres instead of 195 litres. Thus, now we
have 5 litres more, so we have to replace bags by cartons.
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