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Keynote Lecture
The students we now have in 2014 were almost born with technology in their hands.
Numerical and graphical calculators are accepted tools on every student's desk. But they also
have smartphones, tablets, ipads, with even more powerful apps, always at their sides. How
does this change math education? What can we still expect them to be able to do "by hand"
and where will they need technology to support them? Have we gained something while
encouraging them to use all these tools?
We will show examples of math calculations that used to be done manually 30 or 40 years
ago and that are accepted today as being done via technology. Today's students will smile if
we attempt to explain that these calculations used to require a lot of time and paper. Looking
at the way technology has evolved in the last 15 years, we believe we should be asking
ourselves which math operations will make students smile in 30 years from now, thinking of
how we did these calculations in 2014. Since numerical calculations are now mainly done
with technology, we need to consider which level of algebra students really need to acquire,
since calculators, apps and software can do more and more of these operations for them.
Computer Algebra Systems (CAS) are easily available. Shouldn’t we be showing them how to
better use this technology? To be aware of its limits and caveats. Examples will be presented
to illustrate this.
At our university, all engineering students are required to have a CAS calculator. This has been
mandatory now for 15 years. We will discuss how this has changed the way we teach some of
our topics and show examples of how technology has allowed us to continue to cover the
same general curriculum, discarding some manual calculations and having students explore
and work even more mathematics or more challenging problems. We will also present how
students themselves evaluate this technology in their learning environment and how good
they consider their teachers are in teaching and using this CAS environment in the
classrooms.
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Context! Our experience with CAS at ETS
What do we teach? How?
Looking back…
How technology has changed our teaching
Looking forward…, What should/could change…
Conclusion
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About ETS : École de technologie supérieure

Ø
Ø
Ø
Ø

Engineering school in Montréal, Québec, Canada
We hosted TIME-2004 and ACA 2009 (Applications of
Computer Algebra) at our university
Our students are mainly graduates from college technical
programs
More info: http://www-eng.etsmtl.ca/ets_in_numbers.html
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About ETS : École de technologie supérieure

Ø
Ø
Ø
Ø

Almost 1 out of 4 engineers in Québec comes from ÉTS
More than 7600 students (5600 at undergraduate level)
1500 new students each year
All maths teachers and students have the same calculator and
textbooks
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1999: TI-92 Plus CAS handheld
CAS calculators are mandatory since 1999
2002 : TI Voyage 200
Other software (Derive, Maple, Matlab,
DPGraph, Geogebra)
are used by some teachers.
2011 : TI-Nspire CAS CX

Only CAS calculators are allowed during math
and science exams (no laptop).
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CAS handheld calculators are very well integrated in
our curriculum and courses (see previous conferences
of Gilles Picard and/or Michel Beaudin)
Next September, we will have at least 108 different groups
or classes, in math and science (29 of these groups will be
first semester course in mathematics)
over 40 different teachers, lecturers and assistants, will be in
charge of these groups
each course, lasting 13 weeks including midterms (but not
counting final exams) have 3 hours a week for theory with a
lecturer or teacher and 3 hours/week for
tutorials/lab/practical work with the same lecturer or with a
teaching assistant.
Math topics include: pre-calculus, calculus of one and
several variables, basic linear algebra, differential equations,
probability and statistics, discrete math, Fourier analysis etc.
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before 1997, we would roll in classes chariots with projector
and computer, to show DERIVE or Maple software
celebrating this summer 22 years of ACDCA conferences and
20 years ago the first DERIVE conference in Plymouth UK
my first conference in 2001 was in Albuquerque New
Mexico, ACA’2001 Applications of Computer Algebra
(Education meets Computer Algebra session) with my
colleagues Michel Beaudin and Kathleen Pineau
at ÉTS, the last 15 years of mandatory CAS calculator for all
students have been quite an experience
Let’s go even further back…
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What are we calculating here « by hand »?

Of course, we are calculating the square root of 176,68
9
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we accept working with technology for numerical
calculations (or not…)
basic arithmetic: 8x7 or 28/4 which students
should know…
this is necessary for what purpose? Apart for the
obvious, we need this for algebra calculations, for
example to factorise x 2 + 15 x + 56 or derive 8x 7
we do want them to calculate simple problems by
hand and this should always be the case
in pre-calculus and in the first course on calculus,
part of the exams at ETS are without calculators
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many students arriving at ETS are lacking basic
math knowledge and have poor numerical skills
basic errors and why technology can help (or not)

Technology cannot help here if they don’t know the priority of
operations. But a CAS calculator can motivate them in the
second example to understand where the simplification came
from
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Motivating basic algebra with the aid of CAS

Teaching the concept of function
You can ask them, what happened with the last
result, can they explain it…
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Solving non-linear system of equation
A physic colleague came to see me, complaining
that the CAS calculator (the Voyage 200 at that
time), was not able to solve this system of
equation:
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True, Nspire-CAS is not able to solve the system yet, but if you square the
equations, you get an answer
Interesting here to note that squaring the 3 equations is exactly how this teacher
started his 2 pages of manual solution for this problem
Technology will not do everything for the user, we need to learn how to work
with it
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Probability and statistics: our basic course doesn’t
use classic tables anymore (Binomial, Poisson,
Normal, Student’s, etc). All our students have a
calculator with all this statistic functions integrated
and much more (data analysis, confidence intervals,
hypothesis tests, regression). Our teaching has to
adapt to this evolution of technology…
Let’s do more statistics and more applied problems
with correct interpretation of results, and less
manual calculations
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Let’s talk about he need for applications: very early
in math education we consider application of basic
concepts.
For example considere a situation where you want
to buy online tickets for a upcoming show. Let’s say
it costs 4$ (internet buying fee) plus 2$ per ticket:
So you create this function for cost C(n)= 4+2n
What’s the cost for 5 tickets C(5)=4+2x5=?
This is very elementary math and numerical
calculation, so everyone should be able to get the
correct cost…
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Very good article by John Wilson:

¨

http://www.casinoenterprisemanagement.com/articles/april-2010/mathbox-20-view-soapbox
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A good article on how technology and math education
have evolved over the last 30-40 years
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Now let’s go back to my earlier problem of buying 5 tickets at
2$ each. This does seem to be a problem for some primary math
school teachers…
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If you take the basic Window’s calculator and do the calculation,
you will find the wrong answer (30 after hitting the equal sign).
Of course, this happens because this a very basic calculator, with
no stack for intermediate results. In this case, after hitting the
multiply, the calculator did the first operation showing 6 for result.
Then hitting the 5, this makes the intermediate result disappear.
Of course, this shows that technology can give wrong answers if
you don’t know how to ask the right questions…
Of course the scientific version wil give the correct answer, 14.
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In 2010, this study done in UK was picked up by many media,
for example this article in The Gardian:
http://www.theguardian.com/education/2010/feb/14/primary-teachers-fail-maths-tests
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Let’s show some more examples with Nspire-CAS
software, where we motivate math topics using
technology, showing students that they have to know all
the basic rules to understand the results we get using the
calculator or the software and showing also how to ask the
right questions…
We also have to consider where are we going with
technology for doing math. For example, take a look at
Wolfram Alpha website (there is also an app available):
http://www.wolframalpha.com/
Just enter a simple expression, for example x 2 + 15 x + 56
Not knowing what you want, the system will give you
everything you could possibly want with this (graph, roots,
factorisation etc.). It’s like when Google completes your
question for you…
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After 15 years of mandatory use of CAS
calculators, we can say it has had a big impact on
teaching to our engineering students
We think we should still be teaching all the basic
topics and techniques, using technology to show
how these apply
We should be using technology to motivate
presentation of even more mathematical concepts
We will be seeing less paper pencil calculations for
symbolic calculations, the CAS system will be
more and more efficient, being able to do all
calculations usually done by hand.
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In 20 years, what will math education be like?
To answer, we should also ask what will
technology look like…
We should expect all basic algebra and calculus
operations being done with technology
More than ever, we will need to teach
mathematics, the language, rules…
Tablets? Handwritting math recognition, vocal
math commands… For sure!
Thank you!
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