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Keynote Lecture

ow have in 2014 were almost born with technology in their hands.
phical calculators are accepted tools on every student's desk. But they also
ablets, ipads, with even more _|Ioowerful apps, always at their sides. "How
education? What can we still expect them to be able to do "by hand"
| eq{fp}nolo y ’fo?support them? Have we gained something while
ese tools”

vill show examples of math calculations that used to be done manually 30 or 40 years
and that are accepted today as beln%_done via technology. Today's students will smile if
tempt to explain that these calculations used to require a lot of time and paper. Looking
vay technology has evolved in the last 15 years, we believe we should be asking
es which math operations will make students smile in 30 years from now, thinking of
did these calculations in 2014. Since numerical calculations are now mainly done
inology, we need to consider which level of algebra students really need to acquire,
Jlators, agps and software can do more and more of these operations for them.
Iter Algebra Systems (CAS) are easily available. Shouldn’t we be showing them how to
sg{ tfgﬁs technology? To be aware of its limits and caveats. Examples will be presented
ate 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 earnm% environment and how good
tr|1ey consider their teachers are in teaching and using this CAS environment in the
classrooms.



hnology in Teaching Mathematics:
'ng Back and Looking Forward

Overview

[ lence with CAS at ETS
t do we teach? ow?
1g back...
>hnology has changed our teaching
1g forward..., What should/could change...
on
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: and (Applications of
lgebra) at our university

‘are mainly graduates from college technical
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of 4 engineers in Québec comes from ETS

00 students (5600 at undergraduate level)
udents each year

, ths teachers and students have the same calculator and
- textbooks



atlab,

' ebra)
ome teachers.
e CASCX

1ly CAS calculators are allowed during math
d science exams (no laptop).




N

\What do we teach? How?

dheld calculators are very well integrated in
m and courses (see previous conferences
1 and/or Beaudin)

: er, we will have at least 108 different groups
or classes, in math and science (29 of these groups will be
t semester course in mathematics)

I 40 different teachers, lecturers and assistants, will be in
arge of these groups

course, lasting 13 weeks including midterms (but not
ting 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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Eool<ing back...

would roll in classes chariots with projector
show DERIVE or Maple software

22 years of ACDCA conferences and
JAVE conference in Plymouth UK

irst conference in 2001 was in Albuguerque New
0, ACA’2001 Applications of Computer Algebra
cation meets Computer Algebra session) with my
ues Michel Beaudin and Kathleen Pineau

= atETS, the last 15 years of mandatory CAS calculator for all
students have been quite an experience

= Let’s go even further back...




Looking back...

What are we calculating here « by hand »?

Of course, we are calculating the square root of 176,68



oking back..

g trig values without a calculator

05739
053818
05847
05876
05905

0.5934
055963
03902
.el21
6050
DG0E0

6109
06138
d.e167
06196
.6225
L6254

0.6283
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Today

ept working with technology for numerical
s (or not...)

IC: 8X7 or 28/4 which students

his IS necessary for what purpose? Apart for the
vious, we need this for algebra calculations, for
mple to factorise or derive

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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Today

dents arriving at ETS are lacking basic
dge and have poor numerical skills

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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Today
basic algebra with the aid of CAS

= You can ask them, what happened with the last
result, can they explain it...
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Today

lon-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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Today

pire-CAS is not able to solve the system , but if you square the

Io OuU 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

2 E-Jr-a-ln(1]+c =0
} 2 ’

A solvel |2 E'Sz—ka-ln(ﬁ)ﬂ] =2-J2'(E'22—k'a-ln(2)+c] ,{a}f,c}|kbt]andcdﬂandad0
| 2

o

s 152—k-a-1n(1ﬁ]+c) 29

{ 12

2 (e a b in(2)-c-128 1) =29and 2 (3 @k n(2)c-32:1) <2 2 (o K n(2) -2 1) and 2 4k =0

ke In(1}+c=0
2

solve|( 2 E Sz—k' a ln(8]+c]=8' (E 22—k- a ln(Z]ﬂS] ,{a,k,c}
2

a= AN (= m— A1 = —

51 B4 84l
oml2) o 459

fi>0

[ Sl

2 |& 162-k-a-1n(1@]+c]=292
2




Today

and statistics: our basic course doesn’t
les anymore (Binomial, Poisson,

S, etc). All our students have a

IS statistic functions integrated
much more (data analysis, confidence intervals,
)othesis tests, regression). Our teaching has to
pt to this evolution of technology...

do more statistics and more applied problems
with correct interpretation of results, and less
manual calculations

!
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Today

about he need for applications: very early
cation we consider application of basic

or example considere a situation where you want
ouy online tickets for a upcoming show. Let’s say
)sts 43 (internet buying fee) plus 2$ per ticket:
you create this function for cost C(n)=4+2n

'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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Today
\lery good article by John Wilson:

John Wilson

The Slot Mathemagician
Peterborough, Ontario, Canada (Ontario, Canada) Wiriting and Editing

Join LinkedIn and access John Wilson’s full profile. It's free!

As a Linkedin member, you'll join 300 million other professionals who are sharing connections, ideas, and opportunities.

* See who you and John Wilson know in common
» Get introduced to John Wilson
» Contact John Wilson directly

View John's full profile

ohn Wilson's Overview

Writer at BNP Media
The Slot Mathemagician at ICS Gaming
Acting Captain at Peterborough Fire Services
Technology Editor at Casino Enterprise Management
Freelance Writer at Game Time International
Columnist at Slot Tech Magazine
Education  Sir Sandford Fleming College
Connections 168 connections

John Wilson's Experience

Writer

BNP Media

Privately Held; 201-500 employees; Publishing industry

June 2012 — Present (2 years 1 month)

The Slot Mathemagician

ICS Gaming

December 2003 — Present (10 years 7 months) Peterborough, Ontario

| am the Slot Mathemagician, published in 9 magazines around the globe with over 100 articles published.

My articles center on slot math theory, game design, slot systems and CRM/BL. | attend gaming conferences where | am freque
moderator and provide a three-hour session on slot math.
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Today

article on how technology and math education
ed over the last 30-40 years

ARTICLES

~ CRSINOFEST

Mathbox 20: The View from the Soapbox

Article Author = Publish Date Article Tools
John Wilson March 31, 2010

° VIEW ALL ARTICLES IN THE CEM ARCHIVE

About the same time I started high school, affordable pocket
calculators were coming onto the market. My first calculator was
quite simple, an eight-digit Texas Instruments with a red LED
display and a magnifying lens over each of the digits. It provided
the four basic functions and nothing more. I suppose that it's not
surprising I had one—I was a technology junky even before it was
fashionable. From that first basic device, I soon moved on to more
advanced calculators with trigonometric functions, graphing
capabilities, and finally, programmaide in BASIC.

Harbingers of doom? Perhaps. Not all was well in technology land
back in those days. Teachers wamed that these diminutive pocket
calculators were, in fact, harbingers of doom. They would maks us
lazy, turn our brains into mush, and render us unable to perform
the most rudimentary of operations without them.

1 was, however, able to convince my math teacher to allow me to

use this evil device to check my work and verify my answers. This,

1 believed, was logical and sound. If I had incorrect answers, I

could go back and redo them undil I had done them comrectly.

Otherwise, I was proceeding under the assumption that my work

was comrect. I wanted to use technology as a tool to verify my

work and help me leamn. This would surely be better than waiting
until class the following day to find out that I had the wrong answer, when I had neither the time nor indination
to redo the work. By that time we would have moved onto another lesson, and I would have an emroneous
understanding of the material we were continuing to build upon.
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Today

Last week I came across on article discussing mathematics in England. The article dedared that primary school
math teachers were failing to attain the standard of arithmetic expected of 11-year-olds, according o new
research. Furthermore, on average, the teachers answered only 45 percent of the gquestions comectly.

One such question was included in the artide: What is 4 + 2 x 52 Apparently it's a difficult question, and one
that few answered comrectly. I seriously doubt, however, that anyone reading this article would be unable o
answer it corectly. Yet, the article claims that a television station asked teachers this question while conducting
their own research for a feature documentary. Only 20 percent of teachers could answer the question. Even a
television show reported that the answer to the question was 30 rather than 14, the correct answer.

What I found most interesting was the ensuing discussion on the webpage that reported the story. The
comnversation between readers and the comments they posted were startiing. Among my favorites: "Actually if
additicn took priorty it would be 40, not 30."

The only way I can get the answer to be 40 is to rewrite the guestion as 4 x 5 x 2. If the question had been
misread this way, I could understand it. And misreading the question actually makes more sense than most of
the posts that followed. However, this blogger did know that addition was involwed, so I am unsure how exactly
he obtained his answer. Monetheless, he was confident enough in his work to post a reply to the article.

The next response, I believe, is more typical of the current understanding of mathematics: ™A question so
ambiguous is a poor test of competence. One writer comments they used to use it as a trick guestion.”™

How could this possibly be construed as a trick question? This question is simple and basic in nature, testing for
the simplest of mathematical rules: the order of operations. It is far from ambiguous. In fact, it would be dafficult
to have a simpler, more direct guestion.

This comimenter at least recognized the point of the question:

"It is important to understand the order of mathematical operations when doing algebra, programming or
scientific calculations. Without this understanding you would get into an unholy muddle quite quickly.
Understanding the order of calculation is not really important for an 11-year-old as these types of calculations
are usually beyond them. You may note that if the mathematical operations order were so important, then 60
percent of calculators should be considered faulty. For example, those using Microsoft Windows, as an 05, will
note that there are two calculator options built in. One option is called “standard” and the other "scientific.” For
the example given in the article, the standard calculator option would answer 30 and the sdentific option would
give 14, If an 11-year-old doesn't know this then it really is of no conseguence as most adults don't know the
answer either, teacher or otherwise.”

S go back to my earlier problem of buying 5 tickets at

21



Today

take the basic Window'’s calculator and do the calculation,
Ind the wrong answer (30 after hitting the equal sign).

, this happens because this a very basic calculator, with
Intermediate results. In this case, after hitting the

he 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.

1 @ Calculatrice - I:'- i Calculatrice - ':' E Calculatrice - ':'

Affichage Edition 7

Affichage Edition 7 Affichage Edition 7
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Today

IS study done in UK was picked up by many media,
this article in The Gardian:

A test comprising "27 straightforward maths questions" carried out by 155 primary
school teachers has revealed a "shocking lack of mental arithmetic ability and basic
maths knowledge".

Fewer than four out of 10 of those who sat the test — designed for 11-year-olds — could
calculate 2.1% of 400, and only a third answered correctly that 1.4 divided by 0.1 was 14.
Overall, four out of ten scored 40% or below, only one got all the answers correct and
the average mark was 12 out of 27 or 45%.

Alison Wolf, professor of public sector management at King's College London, said: "I
am horrified by the statistics. I think that our obsession with generic teaching skills has
crowded out time in which we could be making sure that people have the basic content
and knowledge of content that they need."

The test, carried out for the Channel 4 documentary series Dispatches, included

addition and multiplication sums, simple algebra and questions involving fractions,
conversions and averages. Teachers performed well on some of the easier questions. For
example, 97% were able to work out 2 x 5 - 4 = 6 and 75% knew that three sevenths of 21
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Today

some more examples with Nspire-CAS

ere we motivate math topics using

Ing students that they have to know all

) understand the results we get using the
Alculator or the software and showing also how to ask the

t questions...

ISo have to consider where are we going with
ology for doing math. For example, take a look at
fram Alpha website (there is also an app available):
“- = Just enter a simple expression, for example
= 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...



http://www.wolframalpha.com/

.

CONCLUSION

Irs of mandatory use of CAS
can say It has had a big impact on
ngineering students

j e think we should still be teaching all the basic
Ics and techniques, using technology to show
these apply

should be using technology to motivate
ntation 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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CONCLUSION

what will math education be like?
e should also ask what will

e should expect | basic algebra and calculus
rations being done with technology

2 than ever, we will need to teach
ematics, the language, rules...

| - @ [ablets? Handwritting math recognition, vocal
| math commands... For sure!

= Thank you!
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